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Blologlcally act::l.ve phoxbol esters cause I-IL-GO prmyelocytlc
leukemia cells.to dlffererrtlate into cells resembling normal
macrophages. Elevation of intracellular Ca?t by ionophores and
activatio.vn of protein kinase C (PKC) by phorbol esters often cooperate
J.n a syne.rglstlc marlner to e11c1t a full biological response; hence, a
similar effect was: sotx;ht in HL~60 cell differentiation. Assessment by
a number of criteria conclusively demonstrated that treatment of HI~60
cellsmﬂlsubﬂm&stmldmnmumsofptnrbol&stersmﬂlepmnce £
ca?t ionophores caused macrophage-like differentiation. Synergistic HL~

66 cell differentiation was phenotypicaly similar to the TPA-induced
. ‘response yet was associated with a distinct pattern of gene regulation.
In particular, induction of the proto-oncogene c-fos did not correlate
 with syne.ralstlc dlfferentlatlm. This precluded a mumber of possible
mechanisms wh:Lch mght underlle the dbserved oooperat1v1ty and suggested
that Ca?t may nﬂeperﬂerrtly.tngger essential camponents of the HI~60
differentiation program. | |

. In an immmnological survey of varlous tissues and cell lines,

the major PKC substraté. of platelets (P47) was detected in HL-60 cells.
P47abundance1nl-£tr-60c:ellswasmcreased4 0+ 0.5 folddpon
differentiation with ret:.mm acid (Ra), ama.rently because of a

parallel 1nduct10n of P47 mRNA RA-dlfferentlated cells were therefore &
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chosen as an nRNA source from which to cloaaérP47. Immunological

screening of a lambda gtll library yielded positive recombinamts

\

acprassﬁganopénreadjmframe@atmbdlaipeptide :
from parz.fled platelet P47. Ei:pmssion of P47 sequences j )
E_._ coli showed the the P47 cDNAencoded a pmtem of M, 40,087. 'Iherrllg
sequemewasmtsimilartoanyother]mownsequencemtdidomtaina
patative ca2t binding EF-hand and a strong candidate region for
phosphorylation by PKC. The 3.0 kb P47 mRNA had some urusual structural
features and was restfricted to differentiated white blood cells.
Analysis of the P47 gene suggested it has been conserved through
vertetwste evshukion and that in humans it b @ comiles B end, A
I polymorphism detected in HL~60 cells by sequencmg of cINA clones was
confirmed in the nommal hman population. Preliminary characterization
of human P47 genamic clones confirmed the gene structure deduced from
Southern analysis. - The P47 sequence refuted two candidate functions for
this protein in the platelet. |
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1.1 MDMMG‘ASAPARADI@!HRWCMDG SN

'Ihe glabal perspective oftlusworkhasbeenthemlecularbas:.s
for aging. Mﬂm@thea@ermentsd@cnbedfall J.rrtoammSmalle.r
framework than this, a background on celiular and mole;:ular aspects of
aging will be presented so that the approaches taken can be placed in
this context. » | |
Most organisms which exhibit cellular specialization inevitably
: experlence a predictable decline in tissue function that culminates in
organ failure and death. This process is called aging. On a cellular
level, J.mpa_u:ne.nt of tissue fmi:timmst derive from inadequate renewal/
of ifferentiated cells from a relatively small population of
undi fferentiated stem cellsw@ich themselves, have' 1ittle or no overt
phémtype (reviewed in Walton, 1982; Harley, 1988). The process of stem
cell differentiation usually involves cne or more divis'icns after which
daughter cells acqu.u:e a progressively more dJ.fferentlated phe.xwtype and
»an mc:reas:.ngly restricted division pctentlal The eventual trans:.tlon
to a highly differentiated cell type incapable of further division is .
called terminal differentiation. Two schematic representations of this
process are shown in Figure 1.1.1. | |

Varlous agmg theories based on cell dannge and/or accumilated



@ Stem cell replicative limit \

T S Stem cell-- S P S Sh— :
.‘ . Differentiated cellm w® : ' -
N | . Aged CE"/ : o '

o) . Stem cell replicative limit ~

Maturation
divisions

s

1

¢ - - Fig. 1.1.1. Possible heirarchies culminating in terminal
differentiation. b, Terminal differentiation preceded by expansion of
the cell.population. a, Direct descendence of a differentiated cell
fram a self-renewing precursor. In each case the dashed line represents
camitment to ‘a lineage of restricted division potential. . Taken
directly fram Walton (1982). : o o
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' errorsseemunlzkelymtheabsenceofabnormalgeneregulatlonarﬂ '
' protem synthesm in se.nesce.nt cells (e.q. Gupta 1980 thtlJ.ng et al,
1986, Harley et a_l, 1980)7 The seminal cbservation of I-Iayfllc]{ ard
Moore on the correlation between in yitro fibroblast lifespan and
spec1es lifespan suggests there is a genetic or programmed element in
 » ,agmg (rev:.ewed in Hayflick, 1984) FJ.brublast senescence 1tse1f can be
defmed as a dlfferentlat.lon patlmay in wtuch dlstnmqt cellular
phenotypes are associated with a loss of division potential (Bell et al,
l1978,; jBayreuthe‘r _e__t al, 1988). Despite the intriguing correlations
~ between lifespan and fibreblast proliferation (see Hayflick; 1984), it
| is inclear whethe.r’fibf?blast Eenescence is a good model for 'or_ganiéﬁic
agmg, smce fmlte d.wlsmn potent:.al :m vitro may mt be limiting in
. ‘cheoxgamsm Inannreact‘.remexanple, senaltransplantatlonof | 4&7/
nmsebonemanwtolemallylrradlateddonorsmnbecarrledmtover 7
several individual lifespans (e.q. Schofield et al, 1986). It is*even
less certain whether the stem cells which re-populate each tissue are

" themselves mertal This qu&stion- is difficult to resolve and prdbably
depends crifcically_ on the cellular microenvircrment. For example, mouse
flbmblast:s can be mamtamed nﬂefm:.tely J.n sennn—friae medmm but
mﬂergo a pnedlctable cr151s in the pmen:e of serum (Ioo et al, 1987).
Even a reproduc:bly finite llf%pan in v1tro does not‘\neoessarlly
mdlcatethataucellsmapnmaryculmreaxemrtalsmceeamcell | ,.
-passage results in successive dJ.lut::Lon of the culture; this would
elininate the stem cell population once the expected frequency of stem
cells fell below one pe.r culture (for review ard critique, see Harley
and Goldstein 1980) In the context of agirng, however, the 11tportarrt



everrt:ually replaced to manrtam tissue J.ntegrlty
Naively, it 1s not at all clear why an orgamsm should not be

able to constantly renew damaged or aged cells and be immortal. The

'-veryemstenceofmmercellswhldlcanbendefmltelymaantamedma

continously proliferating state belies any biochemical’ necss1ty for
cell mortallty However', 1t is clear that st:rmgegtt oontml mechamsus
preventmalmltedcellgrwth 'Ihefmltece]lgrowthpctentnlof
normal cells overides the transformed ;henotype in oell fuszl.ons
(rev1ewed in Stanbridge et al, 1982). A molecular basis for this may
reside :'i.n the function of recessive oncogenes (i:'eviewed in Harris,

1986) . More to the pomt f1broblast cell fusmns md.lcate that the

se.rmcent phenctype is dam.nant over young cells w1th hlgh prollferatlve o

. Gi9%¢)
potential’ (seenmpkmetalforancverw.ew)

Sevexalreasonsmnbemagmedwhyanorgamsmstmldlmltﬂye

ﬁ,diviz-'.ion portent:l.al of most _of its cells. Irreversible commitment to
cell cycle exit may be a primary mechanism of reducing necplastic
potential. m'zs, cancer is often thought of as blocked differentiation
coupled to mwmt::rolled gxwth st.mulat:l.m (revxewed in Tzen et al |
1988). ' A bias of stem cell populations towards differeatistion would
mmMiwmmudmfmml/MM
ecormlcstarﬂpomt 1tlswastefultomamtamcellsmastateof .
division readiness when fmctmnally there is no need, parl:lcularly 1f
mmal function entalls Severe cellular damage. The suprastructure of
tissues ﬁdwl::tedly also militates agamst random division and renewal.
Oxgamsms may maintain a negative first derivative of stem cell renewal

r

Gt

Vpointié.tha;cmstsamticcells are apparently mortal and hence must be.

\
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inordertoavm.dthe sii::atimof‘ﬁ)apf:ropriatetissuehypertrt-xhy in
mature individuals. Certainly from an evolutionary perspecﬁive, in
which successful reproduction is paramount, this is sensible. Only a
few species satisfy the evolutionary dictates which permit a log
lifespan (Todd, 1973) . These postulates still do not precisely answer
why the duzl requirement of stem cell maintainance and provision of
diffemntia;éd cells to ensure tissue integrity and function cannot be

.,mainta:ined-irdefh)itely, asﬂxeyamforms}:ofﬂxeadﬁltlifeofeven |

- very long-lived species. Understanding the nature of the stem cell .

commitment event is necessary to resolve this question. )
Nearly all aspects of biod:emiét.ry, cellular and molecular
bioiogy mrmiﬁbly impinge on the regulation of stem cell commitment.
Mectianisns of mtemeuular signalling, signal transduction and gene
requlation as well as various biochemical' alterations may influence this

- process. Buphasis of any one of these areas leads to a biased theoty of
aging, many of vhich have been described. Ultimately though, the fine
line between differentiation and stem cell renewal is no longer
mamtamed‘ In spite of the Tumerous possibilities, a sensible plaqe to

 begin elucidation of this problem 15 the mlecular natire of
differentiation J.tself._ ‘Ihemfluem:e ofagu‘gmtluspz;cﬂﬁsmaythen
be examined.

cmpepéua;ly, ‘the simplest notion of differentiation is a
hierarchy of gene regulation in which one or a fewmastergenes com‘:.nlal‘
the expréssmn of ﬂtmarw genes whose products confer specialized
cellular function (Blau, 1988). 'me terminal dlfferentlatmn of

- mycblasts: into myotubules is the most striking e::a:;ple of this process"
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'yet discovered. A single gene called MyoDl confers an entire program

of muscle specific gene expression on mouse embryonlc fibroblasts

" (Davis, R.L. et al, 1987; rev:.ewed J.n Blan, 1988) Moreover, a

hlemrchy of gene expression exists since the product of the myd gene

acts in mmpmsive fibroblast sublines by inducing MyoDl expression,

presumably amongst other dmarges neoessary to confer suscept:.blllty to.
MyoDl action - (Pmney et al, 1988) Happily, the MyoDl gene product is a
nuclear mosphoprctem that bears st:.mrg smllar:l.ty to the c-myc
ancoprotein (Tapscctt _;e_t-a_l 1988). ThJ.s ebcanple nlustrates perhaps
the most fruitful approach available, that 15, prograss:.ve o
1derrt1f1cat1m of genes in a dlfferentlatlon cascade and finally
determination of how the master gene for a part:.cular lmeaggpls

controlled. 'musfarcmlythemusclecellsystemhasyleldedsuch

| grat:l.fylng r&sults.

Although a ‘m.use and effect relationship between a master gene
and a given dlffe.rentaated state has been demonstrated, differentiation ,
is net'a rigid, irveversible. program of gene expression. Plasticity has
been demonstrated by miscle-nommuscle cell fusion, in which the

cy'toplasin of i:fancle cells redirects gene expression in fibroblaét,

Keratinocyte and hepatocyte miclei (Blau et al, 1985). Other examples

include conversion of clonal Eu-myc B-cell lines to stable macrophage-
like cell lines by v-raf (Klinkén et al, 1988) and rapid induction of
glcbin transcription in rm-é.tlythmid‘mclei after fusion to
erythroleukemia cells (Baron and Maniatis, 1986). It is possiblé that a
hJ.erclrchy of dlfferentlated states corresporﬂ:.m to tissue spec1f1c1tle£
may exist.
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‘ Given the apparent irrtard'nangeabilify of differmtiatéd states,
it is pmbable that t:hey share cammon subsets of gene expression and

'assocmted regulatorynedaammns One such fundamental unit may encode

thepmgramthatccmmtscellstoatennmallmeage. Apotentlal
canhdatemthmp:ocesshasbeenﬁentﬂiedasanm%cmponentof
senescent fibroblasts which causes cell cycle exit upon microinjection

" into’ young fi.l_)rcblasts‘(nmp]d..n et al, 1986). A similar inhibitory mRIA
is present in quiescent T cells (Peppérkok et al, 1988). If fibroblast

-~ . . aging in v1t'm is corslde.red as a pmtxacted d:.fferentlatlon program,

' ﬂ}entlusmMAorothergrowthaxmtspecﬁlcgenes (Sdme:.deret

1988) maySpeclfythepartofthemscadethatleadstoceucyclemt.
'Ihlsarguesstrmr;lyforagenetlccmpmentmtheprooasof
senescence, as mferred frcm orgamsm lifespan and in v1tro pop.:latlon
doubl:mg st:udles Naively, the control mechanism of senescent cell le\m
production or higher gene in this heirarchy could provide a molecular.
basis ‘for camn.lunerrt to terminal differentiation (rev:.ewed in Levenson
and Housman, 1981' Weir and Scott, 1986)

With the cutlock t'hat the decision between renewal and
differentiation c:rltlmlly influences the aging process, and that common
mechanisms underlie this decision in different, tissues, the HL-60 cell
line will be introduced as a mdel system for the study of terminal
differentiation. |



1.2  THE HL-60 CEIL, LINE AS A MODET, SYSTEM

- FOR ‘TERMINAL, DIFFERFNTIATTON

1.2.1 Overview of Hemopoiesis
Hempomes:Ls entails the generation of all mature blood cell

typesfrana;iwntyplcstemcellpmnsom. lmdlmrkhascmfn.rmai
the basic idea that hemcpo.tetlc dlfferentlat.lon as accaupamed by
lineage restrlctlcm and a reduction in dJ.V].SlOI’l potential (reviewed in
Jibettox'l and Dexter, 1986; Dexter aJﬂSpocmcer 1987; Clark arﬂ Kamen,
1987). 'Ihehleraxd'ty outlined m Fig. 1. 2 1 indicates thevanous
lineages which culminate in fully differentiated blood cells and sm‘\eof'r

the factors which influence their differentiation. The pluripotent stem

cell czpable of regenerating all mature blood cell forms has recently
'bempanfledtohamgermtyarﬂasfewaszoofttmeceuscan
cmpletely reconstitute lethally irradiated mice (Spangrude et a_l,
1988). Stem cells comprise less than 0.05% of the total bane marrow
~ population (Spangrude et al, 1988) . Rennélrkably,‘all blood cell
cmpartnmtscanbem—pcpdlatedfrmmlylorzmmllymaﬂced
stenoells t:.ansplantedmtolethally 1J:'rad.1ated mice (I.em.sdﬂcaetal,
1986) Moreover, clonal fluctuation oocurs anongst dlfferent st:em
oells,sothatasmestemcellclonedeclmanothernsestotakelts
plaoe (Lemischka et al, 1986). 'nusmcms:.stentwlththeobsewatlm
of Spangrude et al (1988) that9‘7%of1:hestemcellpcp.11at1ma.smthe
.El/GO;haseofthecellcycle. -

_ ﬂxehamponetmsystemmstrespmﬂtomanyvanedstressaswer
the lifetime of the organism. Not only is rapid renewal required (1011
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Fig. 1.2.1. Schematic overview of hemposes:LS. The cascade of
differentiation in response to various cytokines is shown.
Abbreviations for colony forming um.ts (CrUs) are: GEMM, gramulocyte—
Ny exythrocyte-mncyte-megakaryocyte , megakaryocyte; Eo, eosinophil;
GM, gramilocyte—meonocyte; E, eryﬂlrold. BFU-E, erythroid burst fonnmg
unit. Abbreviations for cells are: n, neutrophil; e, eosinophil; ‘
_basophJ_l m, monocyte/macrophage; E, erythrocyte; M, megal-:aryoqrte
Various colony stimulating  factors (CSFS) are dm1bed in the text
exceptforerythmpoeltm (Epo) . 'I‘akendJ_rectlyfrunClark_eaJﬂKamen
(1987). : :



cells/day in-porsal mvmls‘ (Descter and Spéoncer, 1987)) but
enhanced renewal of specific compartments must be achieved in various
infected states, deperﬂngontheeffecmroellreqm.red 'mobasm
parameters :mfluence stem cell differentiation. Soluble protein factors
profoundly influence blood cell growth, 'differentlatlm and viabulty in
vitro; ‘these have been the subject of interse molecular analysis
(reviewed in Clark and Kamen, 198'7) . To date th%e include four major
colony st:im:lati.rg factors (G-(SF- G(—CSF, M-CSF ard IL-3), six other

d:.fferertt mterletﬂcjm the a, B and T-mterferors, tum::ur necrosis

R factor (TNF) , and various differentiation- -indncing factors and

'mubltom ALL except: the latter have been iolecularly cloned and
therebyobta:nedms:fﬁcmntquantitytotstmwtroardmvwo.
As indicated in Fig. 1.2.1., the CSFs are major regulators of" hampoemc
dJ.fferentJ.atJ.m Recent evidence suggests the lineage specificity of '
leac:h factor 1sm.11t.1pcl:ent and mn ult:.mately influence ste:ncells
tha:{selves (Somda et al, :}.988) . It appears that mterplay between the
various factofs is critical to the resultant pattem of proliferation
and differentiation. Not only are various blood cells targets for these
factors, butuxﬂerammpriate stimilation the seﬁecellsmay act‘as a
- SQUree ofcytokmes Administration of specific CSFs in vivo can
selectlvely enhanoe spec1f1c blood cell pqxlatlors For :mstance, .
- xecmbmantG—(Bmearkedwrtmpemawhexeasm-{SFcaus&mt
only neutrophil proliferation but also increased mmbers of macrophages
_ and other granulocytic forms (Clarke and Kamen, 1987). -
" A second and mich less well defined influence on stem cell

-differentiation is the mcroerwlrommxrt created by bone marrow stromal



1 .

_ gﬁells. This unresolved heterogenews matrix of oeils supports long term
growth and survival of stem cells in vitro in the absence of added CSFs
(Decter and Spooncer, 1987). Moreover, effects of the matrix are not
mediated by soluble factors released during co—culture as culture
betweenstxmalcellsardhenopmetmstemcellscarn&grmﬂmarﬂ
dlffererrtlatlm signals (Dexter and Spooncer 1987) .

1.2.2 The HI60 w Yenkemia Cell Line.

This brlef overv1w of hanopo:Lesm sets the stage for a
'disq:ssimofmerm—soml_lmeusedasani_nv_ig_ﬂmmdelfor‘ |
differexmiatim in these st:ud.les HI~60 cells were isolated in 1977 -
) ' from a patient thought to have acute promyelocytic leukemia (coiij:s et @
al, 1977). Recently, the HI~60 bone marrwhas been reclassified as FAB
M2, an acute myeloblastic leukemia, rather than FAB M3, acute
prmyelo&yuc leukemia (Dalton et al, 1988). Despite a clear
mr]_:hologlml relationship to normal myeloui precursors, the HL~60 line _'
..mmlupotentmﬂzatltcanbelrducedalonggxarmlocytlc,
monocytic/macrophage and eosmqiullc lmeaga; (reva.ewed in Ablta 1984;
Harris and Ralph, 1985; Collins, 1987; I.eglise etal, 1988). This
apparent discrepancy is illustrated in Fig. 1‘2 ;mvmn.ch the ,
morphologlml l:meage ass:Lgrm\ent is at odds with the ablﬁty to acquire
dxaracterlstlcsofthreedlstamttermmlcelltypeﬁ ethér
 described as "lineage infidelity’" (Greaves et al, 1986) or "partially -~
unblocked" d.‘l.ffere.ntlatlm (Ross et al, 1986), 'the HL—GO cell response

is yet amt:her indicator of the plast101ty of the dJ.ffere.rrtJ.ated state.

,J
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Fig. 1.2.2. HI~60 differentiation in relation to nommal .
. myelopaiesis. HL~60 cells morphologically resemble FAB M2 pramyelocytes
but clearly retain the ability to differentiate along 3 distinct .

lineages. This may be yet ancther example of the plastlclty of the,
dlffermtlated state. Modified frcxn Mitchell et al (1985).



mEGOce;lshavebeenuseqmivelyas'anmymmdel for
" myeloid diffezentiatim"am as a test system for dmtlmpeutic

agents ‘Jhecell lnxehasalsobeenmdelyusedasatlssuescnncefor
the isolation and/or clcm.ng of a variety of specific prote:i.rs and genes

(see Section 1.3.2). Haw?ngen&;havebeendmacterizedinﬂlemr _

60 line, ard the.u: regulation' during differentiation has provided
insight into their possible role in transformation (see Section 1.3. 1. .
HI~60 cells ompr:.se a relatively hamogenous population of prcmyelocyt&s
thatmnbemoreorl&ss syndamulslylrrhmedtofmntlmlterm.nal
cell types which express intact signal t:tansductlmgaﬂmys._ Thus
dlfferentlatedl{trsocellshavebeenusedtostuiyallaspectsof |
receptor coupled signal transduction (see section 1.5).
| mthregaxdtotemmaldlffexenuatlmazﬂstaneell

..mustlm, the I-ILr—GO line is clearly qnly a poor substitute- fo:f stem
cells themselves. - Nevertheless, HE~60 is one of the few mﬂ.tipotem: ¢
 lines available (conms, 1937) If the decision mechanism for

mbnerytmatemmallmeagean;levam:alcellcycle‘mtlscamm

amongst differenf cell types, then information gleaned from HL-60 cells
should be applicable to to differentiation in general. Altermatively,
the block in HL~60 diffexéntiatimmayhavémumugtodow!thﬂ;e -
nomaldec:.smnmaka.ngapparatus mwhldlcasestndlesmthecmrt:ml,
of stem cell renewal must awaJ.t mxtme 1solat1qn of large popalatmns

_ of stem cells for experimental mampulat:.m.

HL~60 cells grow contnnn:sly m S\.]SpenSIm culture, typlcally

_ in the presence of 10—20% fetal bovine serum. Prohferatlm can occur
mtheabsenceofsenmsupplaxerts&ﬁedmsulmarﬂtmnsferrmam

-

-
RS
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mjm:ained:lnﬂlemluxremedimn gé{é@g;g, 1980¢). An autocrine
factor set:reft:ed by HI~60 cells apparenl:ly centr:hxtes to their ability
to grow in culture (Bre:man_e_;al, 1981; Perldnsetg;, 198:;:\}111-60- ,
cellsmdubltapseuiodiploid]caxyotypewithanndaldlrumsanemmber
of 46 (American Type Oalt:m:e Oollect:lm Catalogue 1988) Se‘\'reral .
specific genetic defects in the lme have ,been adentlfled. Foremost, is
the ‘104-3(_) fol;l anplif_icatim of a' 95 kb region which encmpasses -the.c-
fiyc locus (Collins and Groudine, 1982). Although present as double

60 cells (Dalla-Favera et al, 1982), the original amplification event
appears to have proceeded via sub—mcrosoop:.c 250 &My

repl:.catmg units (Von Hoff et al, 1988) A ‘secand defect
‘associated with the original tumour is a point mutation in the N-ras .
locus which activates it to a daminant transforming gene: (l-nmy et al,

1983) Yetathn.rddefectmoncogeneloclofI-ErGOcellslsadeletmn

" ofbcthallelesofthepﬁgenebyd:rmnsm)elossandamcmdeletmn

event Wolf and Rotter, 1985) Ancther c.hrunosanal abberatlm related
tohentpmesmhasa]sobeendlscovemdmﬂxemrmgemmemﬂxatme
alleleofﬂxe&&ﬁFgmm@eletedﬁwd;xumsaneSaspartofﬂle
. 5q" anamaly (Huebner_e_t_',_a_\_l',‘ %85), It is mﬂcmwnlf this event
cmmamedtotmestablistmntorpmgfessimb the HL-60 neoplasm.
-Fmally,tmlucemstacnteprany%locytlclalkemasofthemsubtype
HL~60 cells do not show the t(15:17) translocation (Weil et al, 1988).
Amplified c-myc sequences have, however, been localized to this
breakpomtregmanL—GOoells (Wolmanetg 1985) o

| Finally, it should be noted that,t.he ;ilenutype Of the I{L:-G%me

o*



can drift ccrsiderably during prolonged culture. Chargw whic:h oocur
early in cell passage include a dramatic loss of gramlatim,
ultrastructural alterations detectable by electron micmsccpyand 2
reduction in the ‘mumber of spontamalsly diffemrtlated cells (]:egllse
et al, 1988; Parmley et al, 1987). Prolonged culture is also '
accatpamed by chrmxosanal alteratlons, incllﬂmg double-m:.rmte
"dIrGIDSGIB formation of regions bearing the c-myc locus, alterations in-
'ohcogene expression, increased mist:arx:e to d.lffermtaat'lm inducing
agents and J.ncreased growth rate (Van Hoff et al, 1988, Legllse et al,
1988 Kaplmsky etal 1988) Thus, care must be exercised in '

_extrapolating the behavior of any given HL~60 sublme to other in v1tro

systems!- let alone normal myelopoiesis. . “

" 1.2.3 Modes of HI-60 Cell Differentiation | s
| The list of agents which evoke HL-6 dlfferentlatlm has beccme
.

hearly \ﬁm\anageable.. PartJ.al canpllatlons from a recent review are
shown in Table 1.2. 1. Class:.flcatlm ©of HL~60 phemtyps have often

. i
beend.lsp:tedmthellterature thlsmdmbéedlyreﬂectsﬂleatmoml
context of HL~60 dlf%ermtlatlm. All forms of HI~60 dJ.fferentJ.atJ.m
aredefectlvemthatthephenotypesaduevedareatbatcmlyasubset
'ofthedmactenstlcs anbodledbymmaloeus (Skubitz and August,
—1983 Mureo et al, 1983; reviewed in Oollms 1a;L, 1987). Such effects .
in part form the basis for descrlptlons of lineage prunlscu.lty or
partial unblock_lrg of differentiated states in leukemia oells (Gmaves :
et al, 1986; Ross et al, 1986). In any event, “this caveag must be borne
mmnﬂvmenattemptn'gto idgntlfyanmreo cellpl‘xenotypeoruse

1Y
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Table 1.2.1 Agents capable of inducing HL~60 differentiation o
A Type of Inducer . Concentration-  Path- %
: - way Malurc
Polar-planar compounds o :
DMSO 10710702 M G 0 " ’
DMF . . i 10-1.1072M G 90
HMBA ' 25107 M G 9 .
. Other chemicals ’ T
. BA : 107 M. M 90
N : Purine and pyrimidine analogs . .
3 deazauridine . 2510*M G 85 .
’ ’ hypoxanthine 5-107*M G £s '
: thymidine © - 0-? M "G 30
neoplacin A ©3-10° Nk G 40
cyclopenthenyl-Cyt 10°7 M G 95
$ azacytidine - . M . G- 30
Chematherapeutic agents ) : o
actinomycin D 8-10""M G 85 .
- . methotrexate 14107 M G 35 N
© brdUridine v T30 M G 45 \ ;
' hydroxyurea B pg/ml G 15 -
" daunomycin - - 0.01 pg/m! G 35 .
ara-C 36-107°M M 30,
*  vincristine : 12-107° M = -
mitomycin C - 6-10""M - -
' ~adriamycine ‘ . 7-107%M - -
x-irradiation . 100 rads - -
Agents that increfise ‘
cAMP : S 00uM T M 90
(dcbAMP, thoophﬂlmc[PGE) - ‘
' _Inhibitors of PADPR-polymerase ..
'3 aminobenzamide vy 10pM M 50 -
theophylline 5107°M 52 ‘ ’
phosphodiesterase inhibitor: L
papaverine * . 113-107*'M M- 10
Tumor promoters o
- TPA T 1077107 M. M({\ 90
‘ - . teleociding T ' 510"'M M
5 ’ Proteolytic enzymes \
. chymolrypsin, ¢lastase ©40-107' M G 40
Antithymocyte globulin ) 10 pg/ml G 35
B Type of inducer Concentration Pathway . % Mawre
! DIF ' ~ : MandG  20G.30M .-
PHA-LCM 10% M. 6
G-IFN ' 10-3 U]ml M 20
. G-IFN+1.25 leHD3 10- 3 Ufml+10~ M M- 60
: vitD, 102°M M iU
3 10°7T M M 30
: Ara-C+1.25diOHD3 41077+10""M M 60 .
RA and metabolites = 10°"M G 40
‘RA . 2410-TM G 50 *
) Ara-C+RA 4-1077+10"'M . G 60
' . Aphidicolin+ RA 4107742-100'M G 50
. Jrypsin+RA T 4107107 G 90 :

.)
Non-physiological - indiucers are ‘listed in A and apparent

1:hys:.olog1cal inducers are listed in B. Both parts’ were taken dlrectly
- fram I.egllse ‘al (1988). o :

A
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differentiated HI~60 cells as a model for their normal hemopoeitic

* counterparts. Sdteofﬂmgnmwcritei‘iausgdtoclasiifydif&‘—rén/tiated
'HL——GO cells are listed in Table 1.2.2. By no means exhaustive, this
.llstlsmexelymterﬂedtoplacetheassaysusedinthlsnnrkinfhe
oontextofotherworkmthlscellllne Finally the structures of same
ofthecmpcmﬂsusedmthls/yﬁ(/areslmnmng.123 The
act1v1tyofead1nﬂucmgm1tmllbecms1deredaccord1ngtothe
lineage along which it induces differentiation.
i) “Gramilocytic Differentiation |

'

Ma.ny structurally unrelated agents have been identified which
J.nducem‘.:-GOOellsalongﬂuslmeage mﬁowasthefustcanpanﬁ
discavered to J.rriuce.Hl’.r-Go dJ.fferentJ.atJ.m (Collins et al, 1978) and is
- representatlve of several other planar polar solvents Whld‘l cause
gram:locytlc mauuata.on (renewed in Iangdon and Hickman, 1987).
Differentiation is accompanied by cne or two cell divisions before

permanérrt arrest in Gl occurs' (Collins et al, 1978) while commitment,
defmedasthemmmmperlodofexpcanerequuedtocause
Adlfferentlatlm after mﬂﬂxzmal of uﬁm:er, reqmrs at least 12 h
exposure to IMSO (Tarella et al, 1982). Proliferation is not obllgatory
for differentiation as cells arrested 'in Gl by thymidine treatment for .
48hmﬂergorapidmat1naﬁimmexpoaxretouﬁo (Taiellaetal
1982). Although DTSO—dlfferentlated dim-eo cells share pany features
with normal grarmlocytes. dJ.fferentJ.atJ.m appears defect:.ve in several
rega.rds and may thus rePresent J.mcq)let:e mamratJ,m (colln's, 1987} .
Dgsplte extensive use of these cmpcurﬂs as differentiation inducing
agents the.'l.r node of action is unknown (see Leglise et al, 1988). One
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Table 1.2.2 Various HL~60 ts
~ 4
Charscteriatic ,’ ' Uninduced Granulocyts . Monocyta Macrophageike Evsinophd

Myelobornuidau : Q- . 434 [T [E=xs ] o » +.
Easinophil peroxidase " % _—
ASD chloroacatate esterase ' ‘ +4 LT I S
Nonspecific asterase -, +# N +* . _w

+ Acid phosphatase T‘“ ' . ' nm +7
Biebrich scarlat . ™ o
Plastic adharanca . N LR e L 4"
Chsmotaxis AL 4 14 - w2
Chemotactic receptors LT R R LA R .
Complement receptors L fore 1o 14
F, receptors . . _ ) +4 T" e fu
Lysoryme . 4 fe e
NBT reduction . . .M +M +4 2
Phagocytosis B £ Y Y K
Microbicidal _n ' +“ ‘ + {17}
Monocyte/macrophage surface anhgens P B 4T o1
Granufocyts surface antigens - S 458 _- _-
Insulin receptors +% l w T W0 -
Transferrin receptors ‘ H* P L o Sy '

.

Arows ndmu-wmuummllludumthlrmmduudrlwm Blﬁkmmnpmdwdwmﬁuumﬂrmﬂn
ktarature, ll+)ndumpr-mt {=} indicatys sb 1 inch diw‘pmwmdﬁwllmfndnm

A partial  sumary of céllula.r markers is listed.

Collins (1987). : .=

-
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- Fig. 1.2.3. Structures of HI~60 inducing agents a, ;hoxbol
ester pekent ring system @8 conformation on left, 4a conformatlon on
right) ;-b, retinoic acid; ¢, 1 »25—~dihydroxyvitamin D3; d, ca?* ionophore
A23187; e, Ca?t ionophore ionamycin. Taken from Diamond et al .
(1980), Green and Chambon (1988) and 1988 Calbiochem mté.}og. '

!
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of the earliest effects of IMSO is ::apid conversion of
phosphatidylethanolamine (FE) to ptmphatidylmolme (PC) and release of
aradudom.cacﬁfranthermPCpool (Ziboh et al, 1986) hut the -
significance of this J.s unclear The wide variety of other chemicals
which induce gramulocytic HL-60 d:l.ffer\errtlatlm (see Table 1.2.1)
pmv:ﬂellttleclueastoaccumemmtmdlmald initiate
dlffererrtlatlm. Irrterestugly, it has been sugg&sted that agents Whld‘l
dlstlnprrmemetabollsm (seeTablelz 1) mayactbydecreasmg
cellular GIP pools and J.nlu.bltzmg G protein function (Wright, 1987).
Several biclogical mediatérs also induce HL~60 cells tovards a.
gramlocytic ],ixenotype stioiogicﬁl concentrations 6f retinoic acid
- (RA) cause maturation similar but not identical to that chserved with |
IMSO (Breitman et al, 'ms:)binatzmr et al, 1987). One di'ffere?é:e of
rote is the apparent absence of chemotactic peptide receptors in RA-
treated cells (Skubitz et al, 1982). Despite this the normally coupled

 oxidative burst system is induced and can be activated by phorbol esters

(Imaizumi and Breitman, 1986). Both sens1t1v1ty to dlfferentlatlon and -

uptakeofRAaremstpmnnede[masecells(YenarﬁA]bnght
1984):RA1tse1_fappeaJ:sto g vmlonmmlbynu:reasmgthe
lengthofGlaIﬂSphase(Gez ef‘al 1988)."camiﬁi1errtto'
,dlfferentlatlmnﬂrmedbyRAoccnnsaftermhofexpomrgard
approximately two cell divisions (Yen et al, 1984a). ’n{?s is
acoanpanledbydlstuctalteratlmsmmclearstmcmrewmdlare
rebamedthmxghsevemlodldwmxmsmtheabse:weofnﬂucer(!en
et al, 1984&) Elucidation of this event at a moiecular level may -

provide insight to the smtch wh1ch governs renewal versus
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differentiation. Towards this end, nuclear proteins that are either
induced during differentiation (Chou et al, 1984; Barque et al, 1987),
specific to HL-GO and other myeloid 1in&s {(Goldberger et al, 1986) or-

: altered in post txanslat.icmal modification upon differentiation (Barque

et al, 1987; Briggs andCasey 1988) have been 1derrt.1.f1ed.
'mepreﬂmedmodeofactlmofRAmHIrGOoellsoccmsvma
RA: rwludlactsmnudlthesamemam'leras id hormone

receptors (reviewed in Green and Chambon, 1988). forins of

receptor with different tissue specificities have been discovered thus

far (Petkovich et al, 1987; Giguere et al, 1987; Benbrock et al, 1983).
Initj.aliy, ‘there was no evidence for specific binding of RA to HL-60
cells (sumarized in coilins, 1987) but high affinity sites have been
recently detected (Wathne et al, 1988) nﬁsisc&:sistentwimuzelow
level ~of RA~receptor transcripts found in rat spleen tissues (Benbrock -
et'al, 1988). Despite ‘the accepted mode of action of steroid hormone.

'lﬂm-receptomarﬂamarermlydjxecteffectsdltrarscriptiminmse

myeloid cells (Chiocca et _a_i, 11988), intracellular RA-receptors may not -

be necessary for HL-60 differentiation since immobilized RA still

induces differentiation (Yen et al, 1984b; Wahtne et al 1988) There

.mmdaweforposttranscnptlanlcmtmlofmmmnﬂarnebyRAm

F9 teratocm;cizma cells (Wang and Gudas, 1988). It is possi‘.’ble that

same form of membrane perturbation by the alkyl moeity of RA"may.trigger _

differentiation (Yen et a_l, 1984b) . Hydrqinbic_ity is one

characteristic shared by many inducing agents including polar solverrts

morbolas‘tersarﬂotherllpqiullcdnlgs B | ¥
Perhaps the\most physiologically relevant inducer of |

-
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gramulocytic HI-60 differentiation is G-CSF. However, the effects of
protein are less marked than with other inducers (Metcalf, 1983; Begley
et al, 1987). Thus, gramlocytic cell surface antigens are evoked but
in the absence of overt morphological alte.ratimé. G~CSF transiently
stimilates HL~60 proliferation, however this is followed by clonal
e:¢ixxction-:'a§7e:cpectéd in a terminal lineage (Begley- et al, 1987).

. Additional cytokines or other physiological signals may au;ment the
response to G-CSF. In ocontrast to G-CSF, Q4-CSF elicits HI~60 surface
antigens representative of both monocytes and gremilocytes (Begley et
al, 1987) in accord w1th its ability to stimlate the progression of

- normal precursors along several lineages in vityo. IlLastly, pluripotent

CSF (]1:-3) alsoapparentlynﬂwesmrSOoellsalcmganasyetmﬂefmed

'1meage (Welte et al, 1985). | _ ,
Other protein factors vhich influence HL~60 differentiation have

been described. Serine pmteasessaxh as trypsin, chypotrypsin and
elastase cause gramulocytic maturation within 3-6 days (Fibac-h et al,
1985). This process depends absolutel} an proteolytic activity directed
towards the cell surface. CQuriously, a 1 . incubation period (up to 12
days) results in replacement of gramulocyti¢ characteristics with a
monocytic phenotype (Fibach et al, 1935).'_An6t1:ei-mmsa:a1pmtein .
inducer is anti-thymocyte globulin which evokes gramilocytic |
charactenstms apparently through tJ.ght binding to HI~60 cells (Hunter
et al 1985). This equine IgG prq:arata.cm also induces dlffe.rem:latlon 7
of normal myelo:.d precm:sors and is used clnmlly as an agltl—leukemc
agent (Hurter et ai./ 1935) ' B . ' -
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The s,_oect:rmn of lmcwn physiological gmmlocytlc inducers is
canpleted by a,class of sphingolipids, the neo-lacto series gangliosides
(Nojiri et al, 1988). These, lipids are synthesized early in IMSO-
induced dlffemtaatim, raising the possibility that pert:urbat:.on of
lipid metabolism leads to the production of agents which induce
differentiation. Significantly, the ganglio-series ganglioside @M3 is
increased by phorbol ester treatment and itself elicits nmmocytlc HL~60
' dlfferent:l.atlm (Nojiri et al, 1986)." Such effects may represent a
dJ.fferentJ.at:Lm ca.ml:erpart to autocrine growth stimalation of
mﬂlffererrtlated HL~60 cells (Bremnan et al, 1981; Perkins et al, 1984).

ii) Monocytic/Macrophage-Tike Differentiation

| Following the discovery of gramilocytic HL~60 differentiation,
Hr_r—60 cells were found to be capable of dlffe.rerrtnatlon towards cells
x&seublmg nonmal monocytes and their act:.vated form, macrq:hages l
Tumour pramoting I:hoﬂaol esters such as 12-0—tel:radwanoy1phorbol-l3— |
acetate (TPA) have pleiotropic effects on virtually every cell type
examined (reviewed in Diamond et al, 1980); the tetracycl:.c d.LteJ:'pene
phor:bol ring strugtm:e is shown in Fig. 1.2.3. Imt:.ally, TPA was
reported to cause gramilocytic maturation (Huberman and Callaham, 1979),
but this was soon re-class1f1ed as a macrqtage—li}c.e phenotype (Rovera
et al, 1979). Evén short exposufe to TPA results in strong adherence to
plastic and rapid cessation of cell division (Rovera et al, 1980) as
weuasamstofc‘aeuularambiodm@ld.ames (see Table 1.2.1).
GelI cycle arrest ocaurs nearly uniformly in late Gl so that cells |
beyond this point proceed t.hm:gh a final dJ.Vlsmn before acamﬂatmg

in G1/G0 (Rovera et _a_IL, 1980; Yun and Sugihara, 1986; Yen et al, 1987a).
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Undifferentiated HIr60 cells express approximately 10° phorbol
diester receptors per cell with a Ky on the order of 10 nM (Vandenbark
__e_t.Q, 1984) . ‘The phorbol ester receptor co-purifies with protein
Kinasa ¢ (PKC) and it is widely accepted that most if not all effects of
phorbol esters and similar tumour are mediated by PKC
(Castamga et al1, 1982. mw.ewedg.n Nishizuka 1984a,b). Most agents
which activate PKC induce HI~60 dlfferixdmumat the expectedl |
concentration for biological activity (Huberman et al, 1982; Vaxﬂenpark;
1984). Not une.xpectedly marked alterations in the HL-60 phosphoprotein
profile occur upon TFA treatment. For instance, phosphorylation of the
'}:ransfer:m receptor by PKC leads to its subsequent downregulation (May
et al, 1984) while the Na*/H* antiporter is phosphorylated and activated
thereby increasing ;mtracellular pH (Besterman et al, 1985). Mary other

Y unldmrtafled;hos;hopmtemsnmrpozate 32Pupm;horbolester

' stimilation (e.g. Feuerstein and Cooper, 1983; Mita et al, 1984;
| Feuerstein et al, 1985; Anderson et al, 1985), however the role of these
PKC substrates is uninown. Detailed aspects of PKC activation and HI-60
 differentiation-are discussed iff Section 1.4 and 1.5. |
Perturbation of the cAMP-based second messenger system also

causes HL~60 cell Jnaturatlon Originally, dihxty:ylcmdp and PGE‘. (which
elevates intracellular cAMP levels) were characterized as gramlocytic
irducers (Chaplinski et al, 1962). However, a more detailed analysis
hasshownthatmaddltmntomrkerscmnnntobothgramlocytlcard
monocytic dlfferwentlatlm, morx:cyte-speccxfa.c esterase activity is '.: )
J.tﬂqcedby these-agents (Chaplinski et al, 1985). As with miny other
MOers, differentiation in response to dbcAMP oomrsw:.tlmtany overt -

P
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morphological daange.-; in the cells (see Ieglise et al, 1988). Other
chémimls which evoke a monocytic phenctype are listed in Table 1.2.1.

Physiological inducers of manocytoid HL~60 differentiation have
been recognized more recently. Among these 1,25-dihydroxyvitamin D3
ws—(a‘nz%) elicits a phenotype most like {:hat of normal macrophages
(Murao et al, 1583)‘. . Although originally suggested to evoke
gramulocytic maturation, 1,25-(CH),D; has since been found to cause a
"myelanonocytic'fmgmtype (Rigby et al, 1985). This active metabolite
of v:.tamm D3 apparently acts in a steroid hormone-like fashion .thralgh'
a spec1flc cellular recept:or, recently cloned by Baker et al (1988).
 HL-60 cells express approxnmately 4,000 1,25-(CH) ;D3 receptors that have
aKgof 5nM aiangelsdorfe_tg 1984) ']heabllltyofvz.taman
analogs to induce HI~60 differentiation parallels both their affmlty
for the recept:or and their act:J.V1ty in cother blologlml sYstemsl (oStrem
et al, 1987). 2As for RA, differentiation by 1,25-(CH),D; can be
| uncoq.;led from proliferation although sérsitivit’y to 1,25-(0H),Dy is
_ greatest in G1/S to S phase (Studzinski et al, 1985). Contimucus
treatment with 1,25-(CH),D; culminates in G1/GO arrest after 2-3 cell’

divisions (fen et al, 1987a). One of the earliest events detected after

exposm:vetolzs-(cxi)z% J.sanJ.mreasemtheratloochtoPE (Ievy
et al, 1987), mich as cbserved in DMSO treated cells (Ziboh et al,
1986) Ancther cardidate for a- dlfferentlatlm med:.ator acc:mﬂ.ates in
1,25-(CH) ;D3 treated cells and is able to induce differentiation when
delivered to undifferentiated cel‘l_s‘ either directly or in cyt3plasts

' (Okazaki et al, 1988). Tt has been suggested that this protemacews
factor is assocnated with camitment (Okazaki et al, 1988). Fimally it
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s probably noteworthy that 1,25-(CH)3D causes nommal macrophages to
become osteoclasts, the principal mediators of bane resorption, and that
ﬂlismpabilityisalsgacqujredbymrmcellsupmiexpoénetol,zs—

| (CH) D3 (Bar-Shavitt et al, 1983).

Two other cytokines aside from GQ4-CSF (see above), namely T-IFN
and INF, havébééxlshwntoirﬂlweamncyticmrﬁo_ﬂuntype (Takei et
al, 1984; Trinchieri et al, 1986). Although the latter has anly weak
activity by itself, 1t synergistically augments the action of ©
subthre.:hold doses of T-IFN (Trinchieri et al, 1986). The mechanism for
eadquttmenﬂucexs is not well defined. -r—IFNmympartregulate
~ transcriptj®n via activation of PKC (Fan et al, 1988). One effect of
TNF.on HL-60 is the activation of a pertussinitaxin-sensitive GIP
bindihg protein (Imamira et al, 1988).- omerprote.macéous inducers of
nnnocyt:lc dlffea:entlatlm inciude a Mr 40, 000 protein known as
dlfferermlatlm-nﬂucn'lg factor (DIF) present in lymphocyte corﬂlt:l.oned
medium (Olssm et al 1984}). leferentlatlon in this case requires only
a single lelsz.cm before Gl arrest occurs (Yen and c.'m.ao, 1983) In
cmtrasttoDIF, apeptldefactorsecretedbyanmrﬁomllmresmtant
to mcmocytlc differentiation is apparerttly able to block monocytic
diff thn\ (Memelsohn et al, 1983). l'_astly, the effect of the
bone marrow erm.mnmt on HI~60 differentiation s.hould be mentioned.
m—mlbnewlﬂmammanbmemnwoell line (I<M-102) pmd1spos&=m.-60
cells towanis _dlffexmrtlatlm by 1,25—(CH)ZD3 (Chkawa and Hangaya,

' 1987). ‘This effect depends on cell-cell contact rather than sec:reted
factors, althoigh an interaction with extracellular matrix companents
-frunbor_\emnwemmmthecellularresponse.to'rPA. (Inikart et al,
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1987) .
iii) Eosinophilic/Basophilic Differentiation L ;
Finally, to illustrate the nultlpctent nature of the I-l]‘.:-é?)jcell
inchcta.malorgathn:dmyelom lmeagemllbenentimed

Prolonged culture of HL~60 cells in alkalme media (pH > 7.8) followed

by sodium butyzaj:e treatment causes the expresssion of eosinophil-

" specific histochemical reactivity and increased histamine levels,
characteristic of basophilic granulocytes (Fischkoff et al, 1984:
Fischkoff and Condon,1985). Maturation is incamplete both in function
and loss of proliferative capacity, although 5trong1y eosinophilic

.sublines have been developed (Tcmmaga et al, 1986). Thus, HI~60 cells
retain enough plast:.c:.ty to allow gene expr&ss.lon represerrtatlve of 3
_distinct terminal blood cell lineages. : '

7

S iv) Interactions Between Various Inducers

ItisﬁlearfruﬁﬂmabwedismsSimQ:hatmanyprogramofmr
60 differentiation share 2 features: maximal sensitivity“to inducers in
late G1 phase to early S phase of the cell cycle and Gl/so‘arre;t
-mbsequenttoavanablehrtlwmmberofoelldlusmnsmthe-'
presemg/ofnﬂmr Manycmbmatlonsofuﬂucmgagentshavebeen
teStedlnanattaxpttodefmeatleastatacellularlevelevents
uportantfordlffermtlatlm. Oftenthlshasocwredmtheseardlfor |
effective dmnthexapeut:.c regines against myeloid leukemias. Two |
tlmeshavemergedfrunthlsmrk First, monocytic inducers

. predéminate over agents which induce gmmlocytlc dlfferentlatlon
. Phorbol ester-induced maturation is unaffected by the presence of
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hexamethylene-bisacétamide (HMBA), a strong gramulocytic inducer, .
vmereasTPAcmplebelyovend%mmAevmafter3da}}spriorecposnmeto
the latter (Fontana et al, 1981) \JS'milarlg 1 25--(0H) 2Dy at a |
concentration of 1-120 nM induces morncytlcma.rkers even mtlaepmeme
of 1 )M RA (Miyaura et al 1985). TPA also dmmates Ra-induced
dlfferentlatim (Rovera et al, 1979) exge.nlfcellsée@iaitolom
TPAforonlylhfollowedby48hexposumto 1 M RA (Zylber-Katz et
al, '1986); Perhaps the most :dramatic_ example of monocytic hierarchy is
the HI60/MRT subline vhich. differentiates into mhdcytes when treated
with RA (Imaizumi et al, 1987). HNot only are these cells extremely
sensitive to RA (ED50.= 0.41 nM) but they urdergo normal granulocytic
differengiation in nsponse to DMSO or HMEBA (Ima.lzmnl et al, 1987) _
Although there are considerable karyotypic differences between paxerrbal
)’_ardm:-GO/MRI cells it is 1ﬂce1ythatoﬁi?re1at.1vely fewevenfs in the

RA nprogram have been alte.red to subvert it to monocytic differentiation.

'nmsmstkeyeventsnecessaryfortheccumxt;rentdecmlmshmldbe N

cammon  to bol:hmdes of diffe.rentiat.im.

' This leads to the second point, in that comitment to
dlfterentlatlon is not lineage specific. Pre—treatmem: of HL~60 cells
w1th either RA or 1,25-(CH) D3 for 24 h enhances the rate of
dlffenentlatlmmrespmsetothesecmﬂdrugmﬁxJJtaltermg its
11neage spec1f1c1ty (Yen et al, 1987b). In additim, a lower
concentzatlon of the fJ.nal dryg is required for full dlffexenfuatlm,

‘ mplymthatcomuﬁumthasahlgherthx&dnldthanhneage
determination. DMSO snm.larly enhancas the effects of 1 25—(&1) 2D3 but

mttnscasethecmwerseczm;otbedmxstmted (Ma:no:.etal 1986) ..

‘
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’mis;hexmmmhasalsobeendmlstretedwiﬂlminthatpre-
_ . /
treatment with IMSO, HMBA, butyric.acid or PA - maxkedly accelerates
dJife:'etrtJatlm in response to 16 nM TPA (Flbach et g],, 1982). A

monocytic differentiation mr.iucmg actlvity (DIA = DIF, see above) as .

o/
mJ,lasdba\MPalsoe}dubite:marnedpctencyszErGOcellsampxe-
treated with RA (Olsson et al, 1982). 'I‘.lmexw:tlts alls:;portﬂ:e
notion that early events in terminal d1ffexer1t1at1m are ooancn to all
1meagas Tosaneextentdlfferentlatlmamlgrowtharrestam |
separablemHLrGOOellsaniotheroelltypa*s(Yen, 1985; ¥Yen et al,
1987b), again Suggeﬁtmg that d:.fferentlatlon may be corfposed of
discrete interchangeable blocks of gene. express:.on. 'Ihe programs
enooduggﬁcycleemtarﬂmtmnttoatermmllneagemaybe
‘universal to all dlffererrtlatng systems w1thm an orgamsm Elemernts
cmtomanypmgramsofd;fferentmﬂmarelommlczrﬂ:ﬂate
ca@rmtsofsudmgemtic'pmgrans. 'nxenacts;ctlmlsdevatedto
genes ated during various n}od&: of HL~60 dlffe'IEIItlathI')

/

Lol
/

1.3 °  GENE REGUfATTON DURTNG HIL-60 CETL DIFFERENTTATION

o ’ \ ‘,.f‘f - .

The HL-60 system is ideal for uwestlgatmg differential gene '
control. suneseveraldlffemnuatedstatescanbeattamedma S
Witogenecus and reproducible manner. All differentiation-regulated
gmespmudeameansmmwhldmtheoontmllngelarentsofﬂae
renadal/dlfferentmtlm decmlon can be sa:gl'rt In part this can be
done by comparing "the yanous inducers of HL~60 'dlfferentlata.on w1th
regard toe}qaressmn of the gene.of'irrtere;t&i?* Patterns of géne

- . 29
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" expression cannm to all -differentiation paﬂmays may indicate a crucial
role for the génes involved. Genes characterized in the’ HL-60 system
thus farmllbereviewedwitheqhasismﬂnsemstperth'{enttothis
work. For the sake of clarity, genes that ars regulated during HL-60
dJ.fferentJ.atJ.m will be div1ded :erbo pu:uto-—mcogenas and other genes
either with a known function or as differmtiatlm-speclflc pmdw:ts of
urxietexm;med fm'lctlon

< ’ o
-

1.3.1 Proto-oncogenes | o

The, normal c&llularcamterpart;stotransfomu:ganogexmamearto )
-fomanhmegralparrofum'cmmmumkforgrwmam *
dlfferentlatlm (Bishop, 1985) Given the J,gnks between awogena:.s and
d:l.ffere.ntlatlon it is not suxpnsu’g ﬂﬁbﬁée transformmg genes,
often first identified m various leukam.as, impinge on ter::nal
hemopoetic differentiation. A he.u.ard:y of ancogene effects places
'nuclear gexmsmh as c-myce, c-fos and ¢=jun at the oent:re of gene 7
reg'ulatlon (Zarbl et al, 1987; Schonthal et al 1988). Urﬂe.rstalﬂl.;g
‘the ftmtmna:ﬂassocmtmnsofanogeneproductsmcthersystam
bears stmrgly an the1r possible rol&s in HI~60 differentiation.
Dlsmssmnofeadlonoogenelsrm_—anly nnmpleteh.rtmllbe -
roughly in proportlon tc the SLgrr"‘-.:ame to the work reportaiplg_thls
) oeme - ,

'Ihlshlghlycmﬁe.rvedgenewas fustrecogmzedasthetzansfonnug
.ge‘ne of the MC29 acute aVJ,an le.ﬂcenu._avm (Bister et al, 1977) ard is
the archetypal nuclear ancogene (Donmgr et al, 1982). Increased

&
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expression of c-mye is as‘s.oc':iated'wim cell cycle campetence, although
'mﬂmrc—mycmﬁﬁiorpmtein (Myc) arecellcycleregulated (reviewed .
in Piechaczyk et al, 1987) Expre;s:Lm of c-myc stimalates the
transcrlptlon of early genes in the GO to G, transitlon (Sdlweinfest et
al, 1988) as well as some heat shock genes (K.u’xgﬁ'he_t al, 1984).

Induction of c-myc is ncﬂ:, hcn;ever, \a.lfficierrt‘ to confer 'pmiif-exative
' canpetence (Smeland et al, 1985), nor is it necessary for the mitogenic
effect of plateletéderived growth factor (Coughlin et al, 1985). -
Rather, c-myc appears to oofre;ate with maint. e nance of‘a rnn-termmal

or pre*diffeientiéted state, which uéually Iaxt mt'always :mc:lud&s
proliferai;.ion. Transgenic mice bearing an Eu-myc fusion gene have

increased pre-B cell pop.:lat:.ms at the expense of more differentiated

forms (Lanckdon et al, 1986). leferentlation of mst: cell types in
v1trolsaccmpamedbyadeclme1nc-mycmlevels (sxmmnzedm
Freytag 1988) Conversely, constitutive expression of c—nyc from a
.heterologms prcnnter in transfected wrme eryﬂlroletﬂcem.a (MEL) cells
abrogatas dJ.fferent:atmn (Coppola and Cole, 1986; Prcxvdmmm and Lf\
Kukowska, 1986). De-regulated c-myc smllarly. blocks 3T3-I1 cell
differentiation by preventing the transition to a pre—dlfferentlated

‘state (F‘rejrt;ag, 1988). Fram ancther viewpoint;"e:mx‘&ssim_bf antisense
differentiation (Prowchownik et al, 1988 Gr-iep' and Westphal, 1988). In
splteoftheseresultsaxﬂmmtrasttodwnregulatlmofthem it
‘hasbeenfomxithatMycahnﬂancemMELoellsdoeslmtdecllne
dramatically upon differentiation | (Wingrove et al, 1988) . '

Regulatlm of c—myc expression is extremely complex, haviﬁg
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miltiple translational and transcriptional ca:ponents (reviewed in
Piedlaczyk et al, 1987). The human c-myc gene is eqaressed_tn.virtually
all oell typesarﬂca:pnses 3 exons (Colby et al, 1983; Batbeyggl,
1983) ' 'melattermocmmaintnemago;openreadngframsthatamde
the 64/67 kDa Myc nuclear phosphoproteins (Hann and Eisermann, 1984)': '
while the,' untranslated first exon apparently has muiltiple reg_ulatomy_
roles (see Piechaczyk et al, 1987). Various negative and positive
upst.reamregulatoryelemem‘s ml:eracttooontmlc-nyctxamcrjptim
(c.mmg et al, 1986; Remuers et al, 1986) -including a phorbol ester/cAMP 4
responsive eleneﬁr-:t th.c'h binds transcrlptlon factor AP-2 (Imagaua et al,
1987). Bothﬂxecenycnﬂﬂarﬂpxotemareextxemelym-stable (nevmwed
in Plechaczyx et al, 1987). _

, Expression of c-myc has-been investigated thoroughly in the HI~
60 cell line (reviewed in Collins, 1987). HL~60 cells overexpress c-myc
as a result of c-myc gene a:rpllflcatlm (see Sectlon 1.2. 2) , although it
hasbeenarguedthatthemrmalcamtexpartstoﬂb—ﬁﬂcellsexprnss
equally high c-myc TRIA levels (Gowda gt al, 1986). Downregulation of
c—mycmRnnlsoftenhxtmtalwaysanearlyeventafterexpcsm'etoan
mducmgagent . For instance, mso (Wantanabe et al, 1985), TFPA (Westm
‘et al, 1982a), dbcAMP (Trepel et al, 1987) and INF (MC('.achrenetal
1988} all reduce c-myc IRNA abundance to nearly urdet:ectable 1evels
within 6 h. mthectherharﬂ 125-(0H)2D3 arﬂRAcauseagxadual
J:Bductlmmtheorderofdays (Wam:.ambeetal 19857 Yenammemsey
1986) th.le cytosme arablmslde and 7-IFN have no effect at all on c-
‘myc transcnpt abundance (]:egllse et al, 1988; Mccadlren et al, 1988)

~
IneadlcaseteﬁtednmNAleve]sarecloselyparalleledbyMycahmia:ne
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(see above references) . Despite a few'emeptims, downregulation of c-
mycmmisrmwidelymgardedasamrkerofm‘rwcell
differentlatim (e.g. salem et al, 1988). nepm:sim of is '
closely Qinked to'GL/GO arrest (Einat et al, 1985) and’ my even d.u:ectly
trigger bell maturation; a partial monocytic phenotype is exhibited by
m:—somnsfect:antswmd:e:{msmgh levels of antisense c-myc TRA
_(Yokoyama and Imannto, 1987) Anti-sense euge@gormlectmes also
evokeweakdlfferentlatlma:ﬂgxwmanestofm.-so cultures |
(Wickstram et al, 1988) The similar kinetics of c-myc repressmn and
ﬂmappeam:neofdlfferentlatedcells, asopposedtorexmmng .
prol:LferdtJm oells, has been used to argue that c-myc is associated
with a predlffe.rent:a.ated state (F:Llnus and Baick, 1985) Cbmrersely,
non—spec1f1c arrest of HL-GO prollfe.tatlm by hydroocyurea is not
'accanpamedbyadecreasemcumyc (GI'OSSOaIﬂPltOt, Ba‘)/"nmsc—myc

is a candidate for a controlling element mﬂmemmewaldeczslm, albeit -

as a repressor of dlffererxtlatlavr’
mﬁﬂcesaneotherdlfferenmatmgcell systems J.nwtudlc—myc

mmlalsdecreasedbyapost-t:.-amcrlptlonalmd)amﬂn (e.g Dcmyetal,
1985) c—myctranscrlptlmlsdmnxegulatedmallmodesofmrmcell
dlfferentlatlm tested_thus far (Gmsso arnd Pitot, 1985a; Simpson et al,
11987; Trepel et al, 1987). Altered S1 muclease sens1t1v1ty at one site
upstream of e:-m..l ynelat&s w1th thlS event (Grosso and Pitot, 1985b)
Irterestingly, RA does not lower the rate of c-myc transcription- |
initiation but rather ::aus&s an elongation block at the end of exon 1
(Bertley and Groudine, 1986). Both TPA and TNF reduce c-myc e@ressic;n
by an identjcal mechanism @FCa“aaTeng _a; 1988). At first it was
;N "
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suggested this arose from a * bifinctional P, c-myc promoter in which RG
polymerase IIT replaced RNA polymerase IT-mediated transcription durmg
differentiaticn (Ctung et a1, 1987). However, it seems more likely that
.specificsequencesatthéeniofamlmusea'specificblockin |
transcription elcmgatlm in dlfferentmted cells (Bentley amd’ Grmdme,
1988) . Other omogene loci mcluim:; c—fos are regulated in a similar
manner (rev:Lemed in Bentley and Grodine, 1988) .

l Finally, recent evidence gleaned m part from HL~60 cells
suggests a poss1b1e function for c-myc. in mA repllmt:.on. Altl‘ﬁngh by
noneans,mmuml, ant;senmtolnmannycmn :|.ntu.b1tn~mrep11qatlon
in isolated HL-60 miclei inplying that c-myc expression is required for
replicative competence (Studzinski et al, 1986). However, the |
speclfJ.CJ.ty of thJ.s effect: has been seriously questmned (Gutlerrez et
al, 1988). More corvincingly, a plasmid contammg human autoncinously
replicating sequences (aRS) will not replicate in 'm.r-so cells if it is .
co—transfected with MyS antiserum (Iguchi-Ariga et al, 1987). In vitro
repllcatlm of ARS cmst:ructs is .'l.l‘).h]blted in a ar marmer (Iguchi-

\
Anga et al, 1987). SV40 repllmtlm is also enhanced by high level ¢

1cm (Classmetal 1987) . - Accordingly, anant:.semec—myc
eot1despec1f1mllyanests'1‘cellsmsmase(ﬂe1kk11aetal

y, Igudu-ArJ.ga et al (1988) have reported that in

in A repllcatlcm, Myc is necessary for an

er%ceractnn thatm:.desz upstreamofthec—myccodmgfegion
‘lltlvely regula its own expresszon These findings
nay prw1deaba51s forthecorrel onbe'bdeenc—myc express:.marﬂl}m

synthssm in HL—GO cells (Brevh et a 1986)

\ - . % _ .

+
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ii) - c-fos
Rapldlrﬂuctimofthecellularcognateofthermsarmvirus
transforming gene (Currdn and Teich, 1982) is oftek associated w.l.th ﬂ:e

orsetofnewprogransofgeneexpmsmn (reviewed in Verma and Sassone- -
corsi, 1987; Curran and Franza, 1988). As én other cell types, '
treatment of HL~60 cellsmth;iwrboleste.rscausesan immediate
measemc—fostxanscnptimthatlsmammlmtlunlharﬂmarly ¢
campletely subsides w:.thJ.n 4 h (M.ltdlell et al, 1985, Muller et _a_],, .
1985). As expected, the c-fos protein (Fos) -Closely parallels increases
-in mRNA levels(mtdmell et _a_i, 1985). Irndﬁction of c-fos transcr{:’Lptim
by TPA and serum is mediated tlirough the. serum response elenent (SKE)
~and its associated serum response factor (SRF); this nultmm:tmnal
transcription element also confexs PKC independent actlvatlon of c-fos
(Gi_'!.man, 1988). The c-fos pranotercont:.ams several additional. |
transcriptional elements. AsequenceadjacenttotheSREmthebuﬂmg
site for the AP-1 family of transc:rlptlon factors typified by p39°‘3'~’£_h/
(Rauscher et al, 1988a,b; Chm.etal, 1988; revz.ewedlnmrranand .
Franza, 1988). However, thlsAP—lsltedoesmtappeartocmrtrmxte“bo
the 'I'PA respmslverms of c—fos (Gllman 1988)." Two othe_r @s}eam
. elements respmslve to 'intracellular messengers have been identified in
the c—fos gene “'One of these confers Ca’*- inducibility while ancther is
required for cAMP-induced transcription (Sheng et al, 1988; Gilman,
1988). In HI~60 cells, cAMP treatment elevates c-fos in a }u.netlmlly
similar fashion to TPA (Tsuda et al, 1987). '

Fos apparently has no seque.me spec1flc mA binding capamty b.rt:
upon ccxuplex formation with 1339"‘3un is able to spec1f1ca11y activate

T

&
\
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tl:anscriptim from promoters containing the- AP-1 recognitim sequence

(Rauscher et _a_l, 1988b; Sassone-Corsi et al, 1988a). Examples of genes
activated by c-fos via AP-1 sites include collagenase (Schonthal et al,
1988), human metallothicein ITp (Angel et al, 1987) and c-Ha-res (mler

et g_i, 1988) . Surprisingly, Fos apparently negatively regulates its own

synthesis via the SKE and a heat shock pramoter-like element; Fos may
canpete with pagCiun iy mrs?.ptim cacplex formation with SRF |
(Sassone-Corsi et al, 1988b, deonthal et al 1988) In conjumtlon
with dastablllzmg sequences in the c-fos mRNA (Wllson and Treisman,
1988), this accounts for the. characteristic “spiked" uﬂuctlm of c-fos
(IEVlewedepelgelmnetal 1988) and - HSP70 (Sasscme—corsxetal "
1988b) . Embtl%.es in recognition seque.tna and the.u: assoc1ated bJ.ndJrg
factors may underlie the dlverse responseﬁ of gvexm urder the corrt'ml of

Fos(sgecurranandf'ranza ‘1_988) It is certain that post-

' translatlonal modJ.fJ.catJ.m of Fos; such as 1:hosphorylat1m in response

to TPA (e.g. Barber and Vemma, 1987), alsomdxﬂatesme respome of any
glvensetofgenes 'Itusmd:smssedfurthermSectlmldgl. -
Unlﬂcerepress1mofc—myc, c-fos mductlmlsmtageneral
featuré of HI~60 dlfferenta.atlmasm 'ocamsonlyupontre‘am:':t
mﬂiTPAorotheractl\rdtorsofPI«: (Mltchelletal, 1985) . Onereport- |
has suggested that 1 25—((11)203 induces c-fos (Mitchell eta_l, 1986) but :
ﬂus'hasmtbeen;eproduced(Calabretta, 1987) .. HI~60 sublines

resistant to TPA susceptnble to 1 25—(&1) oD; differentiate in t.he

absence of c~fos i (M.].tchell et Q],, 1986) Further, 1-01eoyl-2—

acetylglycerol~ J.nrmce HL~60 dJ.ffe.l:wentJ_atlm but nonetheless .
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-caUSeﬁ rapid accumilation of c-fos (Calabretta, 1987). Senm also
'iMC—fos,insenmstarved}Erﬁdceushmmﬂurtanyevide:n/e(of

| differentiation (Mitchell et al, 1986). Finally, the c-fos respanse has
been dlssocmted fram TPA-induced differmtiatim by cotreating cells
with very hJ.gh concentrations of ret:ml (an :i.nh:bitor of PKC) and TPA
foraBDmmperlodthenresusperﬂuqcellsmfrmhmedlmn (Calabretta
1987) . This procedure ‘apparently removes retinal from the culture but :
not TPA. Thus an Several grounds it has been arqued that c-fos is
neither necessary nor sufficient for the induction gf macrophage-1ike
cells by TPA. Based, the continued growth of HL60 cell cultures afber
‘mmmMNMMMMWMMMQRmmmei
that c-fos expression may be necessary (but-ﬂét suff101ent) for
cessation of HI~60 cell pmllferatlm rat'her than the acqu.ls:.tlon of a
differentiated phenotype (Mitchell et al, 1986) ‘Other systems s;ggest
'emsm@sammlngmm(muepg,w%hdﬁmmmmum(mma‘-
et al, 1985) and development (Ruther et al, 987). . - 7
| F:i.nélly, mbcytic dlffexentlatlm of HL-GO cells is accmpaniedr
'byanapprq:dﬁaté.z-fold rise in c-fos transcripts in the final -
differentiated state, regardless of inducing agent: (Muller et al, 1985;
Mitchell et al, 1985), possibly because of high levels of cSF-1 in serum
(see Sherr, 1988). Normai macmc;tugggiJgEEEEEE/Qgtéctable c-fos R
that is mdué:.ble to hlgh levels, implying a funct:Lonal role for c—fos

, mthesecells (Bravoetal 1987; Muller et al, 1985). I»kmever, cbfq_s
‘is particularly Vab.nﬂant in mrmalgmmlocytes so tf-at z'eguiatim of c-
fos in tlus form of HL-GO d;ffermtlatlm appears defectlve (Krelpe et

al, 1986).
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ii6) ofms -
This proto-oncogene, isolated by virtue of its similarity to the

transfom.mggene of the Susan MChonough feline sarcama virus, encodes

.the CSF-1 (or M—CSF) receptor which is expressed in normal monocytes
' (Sherr et al, 1985). The effects. of M~CSF are largely mediated through
llgarddemdenttyrosme}nmse activity ofthereceptorhxtmyalso
depend on receptor st:.rmﬂated phos;iwl:.p:.d turrmer (xev:.ewed in Sherr
' 1988). Truncated “forms of c-fms which encode rmr;pgulated tyros_me
kinase activity are oncogenic in cell types other than
menocyte/macrophages (Sherr,. 1988) . Although the c-fims transcrlpt is
uprequlated late in monocytic HI~60 differentiation and thus probably
~ plays no causal role in cell maturation (sariban et al, 1985), it does
serve as a .useful endpoint marker indicative of camplete differentiation :

(e.g. Mitchell et al, 1986; Sariban et al, 1987).

- iv) Miscellaneous oncogenes .
: e

A variety of cther enes are regulated during various modes

. of HI~60 differentiation. cellular hamolog of the AMV transforming,
et al, 1986) shares many properties
 with ¢myc including downregulation durmg H[r-GO d:l.ffererrtlatlon

gene, c-myb, (reviewed 1n

(Westin et al, 1982b). In contrast to c-myc, it 1s a:pressedmmly in
hemcpo:.etlc cells and thus may have a more limited role in growth and/or
dlffe.t:errl:latlon (Thampson et al, 1986). Althouch c—myb expression is
strongly associated with hemopoietic cell proliferation, its e.xpmsmn
can be dissociated fram cmyc in HL-60 cells induced to differentiate
with tiazofurin (mnri:?néa et al, 1988). Nonetheless, given its I

rnnne.::ms other similarities to c—inyc (reviewed in Brevli and Studzinski,
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. 1987), c-myb may contribute to maintenarice of the undifferentiated ‘
state.’ Otherevidexnesuggestéthatc—mybmayplayamommial role
than c-myc in exyuuolaﬂcauia‘diffemmiatim (Remsay- et al, 1986). In
any event, c-mybwasrntinvestigatedmthesest:ﬁies.

The B-chain of platelet derived growth factor {BLGF) emoded by
c-sis mnonmllyew:px&sedmseveralcelltypesux:ludmgplatelets
endothelial cells and macrophages (reviewed in Pantazis et al, 1986).
TreatnentofHLﬁOoellsw:thmmocythMasTPAorthrt
fntgrmnﬂoqrtichﬁnersmusesﬂmeamearmﬁceofboﬂlmuamcripts
and PDGF activity after 18 h exposure (Panta21s et al, 1986; Alltalo et

<a1 1987) . Actlutyofthec-srctyzosmeknmsenmeases '
s:bstantlallydurn'lgbothmmocyta.carﬂgramlocytlcmreo
deferentlatlonaltlnx;htheev:.derbefornlcreasedc-srcmRMXm

' equ.l.vocal (Barl-:am and Gessler, 1986). Smn;arly, c-fes ine
kinase activity is increased several fold in all forms of differentiated

| HL-60 cells even though protein sbundance is reduced by a similar factor

l(Smiltj.hgail_;e_t:._@_a_]_., 1985). 'Jhec-_-f%mmm:i.syeakly induced after o
several days exposure to RA (Fexrrari _e_t .a_l, 1985). Treatment of I-iL—Gé
cellswithTPAhztmtRAevokesacpxessiaiofthec—étsmnlear =
pmte:.ns again as a late event in differentation (Ghysdael et al, 1986;
mjlwara et al, 1988). Inductlm of c—Ha—ras transcripts may occur
during granulocytlc HL~60 maturation (Studzinski and Brevli, .1987)
whereas the c-N-ras mRMA is inaltered in all forms of HI~60
differentiation (Wantanabe et al, 1985). Finally, the c-raf m, which
encodesaserme/tmremmlmxasethatltselflsambstrateforﬂxew
fmstymsmekmase (Sherr 1988), macprtssedm}m—so(:ellsbutmt
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regulated during differentiation (Sariban et al, 1987).

'Ihelﬂ’.:-GO 1inehasprovedaninva1uabletismesmrceforthe
clmung of several genes regulated durmg myelopoiesis; however, all'of
'umerelatetodjffmxtiatedceufmntimraumum ol jof the
process. A recent survey of the literature includes the following
genamic or cINA clones: myelopercnudasewhldi;sstrmglydepmsedllpm
differentiation (Weil et al, 1987); the NADPH cxidase system cytochrome
b heavy chain that is induced during gmrmlocyt:l.c maturation (RoyerF
Pokora et al, 1986; Barker et al, 1988); ferritin heavy and light
'  subunits that undergo conplex regulation during vanwsmods of HL-60

" differentiation (Chou et al, 1986); unusual mutant actin axﬂmhﬂ.m
speclasalsoregtﬂatedinaa:uplexmamer (Salseretal 1985; Chou et
al, 1987) ¢ the protein core coamponent of dlmdroltm sulfate
proteoglycan faund in secretory gramiles (Stevens et al 1988); an
ADP/ATP carriex which mxkedly-decre:ass upon dlfferentlatlm (Battini
et al, 1987); ‘the antimicrobial deferisins of namrcphii gramiles which
areupregulatedafterumtreaunerrt(naheretal 1988) ....... -

'IheHL-GOsystemhasaJ.sobeenusedbyseveralgmxpsto _
identify genes vhose expression is a1tere—3. during dJ.fferentlatlon. This
apprcad'lhasmtyet 1dem:1f1eiany“naster" gezmcmparabletothose
of the rcrjd:\last system (Blau, 1988). Differential hybridization of cINA
librarieshasbeenusedtodetectclamwhidzareeitherincreasedor
decreased upon HL~60 dlffererrtlatlm (Davis et al, 1987) This approach

also ylelded mvel T-actin and p-~tubulin genes uzat are varJ.ously
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regulated during differentiation (Chou et al, 1987). Moreover, re-
introduction of corresponding genomic claones back into HI~60 cells
shmedthattlwywereregulatedinamnnalmamnr (Oolmnrmet_a_l,
1985). A similar ammad'l has also identified clones which are
cantrolled by micleo-cytofasmic t::arsport during HL~60 differentiation
,(Graham and Birnje, 1988). Other genes of unknown funct:.on nwestlgated
in the HI~60 systan:.ncludez zinc-finger proteins-that are
downregulatedbymsomm (Panmuti et al, 1988) and a pair of it
clones which encode Ca?*-binding proteins that are strongly upregulated |
by DMSO but repressed by TPA (Lagasse and Clerc, 1988).

Finally with reSpect to this work, 3 genes not well
characterized mHL:—GOc:ellswerenwestlgated basedonwhatlskrmn
,abmrt;theuﬁmlma:uregulatlmmomerceutypes These were TI~
18, metallothionein (MI), and the 78 kDa glucose regulated protein
(GRP?B). II-18 is a predan;narrtlymncyte derived cytckine with an
enormous range of biological activities including stimilation of
thymocyte proliferation and fever induction in vivo (reviewed in
Opperbin et al, 1986). IL1-f is abundantly expressed in
manocyte/macrophages and has in fact been claned from HL~60-cells
(Furutani et al, 1985), although its regulatitn during differentiation
hasnotbeend’lamctenzed 'Bmhﬂfamlyofsmallcystenie-ndl
pmtelrs is presumed to play a protective mleagzunstheavymetal ~ ,_\
| toxicity and possibly agamst damage caused by oxygen rad.lczls (revwwed
mHaner 1986) . . Sur::emature X ocyte;arﬂmmocytes localize ta.. ~
lesions and upon appropriate stimulation l.n'dergo a bacteriocidal . -
oxidative burst (dreview.ed inféior, 1984), increased basal arnd/of

&
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inducible MT expression may be associated with HL-60 maturation. In

addition, ﬂnmmAgmnommupsuemelmts_Mam
phorbol. ester respansive (Inﬁra and Karin, 1987; Angel et al, 1987) and
which may thus activate M transcription during TPA-induced HL-60 . |
differentiation. Altered basal and/or Cd?'-induced Mr transcripts may"
also be expected during various forms of HL~60 mabwration since PKC |
levels are decreased by TPA but elevated 2-4 foid by RA, IMSO or 1,25- .
© (GH),D3 (Zylber—Katz and_Glazer, 1985; Martell et al, 1987)
' Interestingly, I1~1B moderately increases MT' e.xpress:.m in
undifferentiated HI~60 cells (Karin et al, 1985)7
'memjorclassasofstmssxemasepmtehs (reviewed in
Pelham, 1986) may also play a role ;.r;'.c_ilffexentlatlm. Members of the
heat shock protein gene family are regulated ﬁrmg dlffe.ta'rtiatlm of
various cell lines jn vitro (Singh and Yu, 1984; Hemhold atﬁ}kpsman,
'_1988) ardacumﬂatemﬂlecellsofagedmmw
-‘(Flenm'xge_ta_l, 1988). 'IherelatedGRPs area]so Mwedmrespmseto
| a variety of stimili, particularly Ca2* icnophore treatment (revieved in
Lee, 1987). 1In this ‘work,_' GRP78 was used as a reportergene for the -

effect of A23187 on HL-60 cells.

. Having detailed same of the Jnown altarat:i.orxs in gene expr&es:.m _

during HI~60 differentiation, one of themajor s:.gnal tramdlx:tmn
rcutesmpmngmtlmetargetsm],lbedqswssed

<

2
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1.4 FY ﬁuJ'\.‘ﬂH'LL--"L‘lﬂ D LGIAL LI

1.4.1 Overview _

Alteration of cellular function can ultimately be traced to
requlatory signals which impinge an the cell surface. Transduction of -
signals detected by receptors to intracellular events is mediated by one |
or, more camonly, a cambination of second n&ssenger systems.

considering the diversity of biological signalling, relatively few
intracellular med.:.atocrs have been identified. Ca?* and cAMP have long
" been assigned this function whereas more recently the role of lipia-
der.wed med.lators has b&nne apparent (reviewed m lehJ.zu]m, 1984a, b.
Berndge and Irvine, 1984; Nishizuka, 1986; Berridge, 1987). '
I\mnverof;hos;hollpldsmtheplasmamarbranewasfust
recogmzedasanearlyeventmcellsumlatlmby}bhnarﬂ}bkm
(19537. Much later, receptor—medJated phosphoinositide (PI) turnover
 was fourd to denve “from the initial hydrolysis of phosphatidylinositol-
45-b15;hosphate (PIR,), vhich constitutes less than 5% of thé total P
‘pool- (reviewed in Berridge and Irvine, 1984).- Receptor activation is-
coupled via a G protein (Gp) -to a PIP;-specific phospholipase C
(reviewed in 00c‘h:mft,r 1987) . This gene.tates two d.we.rgent messenger
molecules, the soluble head group incsitol-1, 4 S—trls;hosphate (]I’3) and
the hydrqi}cblc 1,2-sn—-diacylglycerol (DAG). The latter activates a
phospholipid-caz*'-dq'jéiﬂent protein kinase (PKC) by causing its
. -assoc:.atlon w:.t.h ror "tmnslocatlm" to) the plasnna menbrane At the
-sametmen::,, mmleaseofm2+fxmacammtoftheerﬂqalasmc

ul(ret'.a.c:ulu::u by bmd.mg tc a spec1f1c receptor (revmwea m Berrldge,

.
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1987) . Bcthsignalsaretmnsient maismetabouzedeitherbym
kinasetoptws;hatidicacidwhidlttmre-ememthempoolorbyms
lipase to monoacyl glycerol and arachidonic acid (reviewed in Nishizuka,
1986) . The ‘latl'fer is further metabonzgd to the prostagla:ﬁjﬂ apd,

- "leukotriene mediators of inflammation, while mmcylglyceml is
cmpletelydegradedtoglyce.mlarﬂasecaﬂfreefattyacid I alko
| has two metabolic fates (rev:.ewed in Berridge, 1987). A speclfic
- gxosphcmono&ste.mse (IP3ase.) lwdrolyzos the 5 phosphate an t'he J.nos:.tol
. xing to generate 1,4-—5:10511:01 bisphosphate, th.ch is inactive for caz’f-
release 'nus:.st'hencouwertedtonnsltol mldlalsore-errtersthe
FI pool, by the sequential action of two re‘;inspimtases (Majerus et
al, 1988) . Alternatively, IPj is to 1,3,4,5-IP4 by the actlon
ofa specific kinase (Irvine etal, 1986)4 IP, camnot release
J.m:racellularCaz"'h.tt at least in same cell types (e.g. sea urchin |
cocyte), mnopmmmmc:a2+dlam'elsmﬁ’tllexebyﬁnﬂlernmease
intracellular ca2t cc:rx::entratlm (reviewed in Hmslay, 1087; Downes,
1988). Ithas recentlybeenproposedtlmtamregeneral role for: IP4 -
'maybetore—sequester(hz" i 0 hMacellularstmafterIP3 ~induced

[

release (Hill et al, 1988). IP, is metabolized

as yet unclear -
phos;_:horylatlon and de;:iws;horylatlm > thways (see|/ Majerus et al, |

| 1988) . ngher ;ims;imrylated forms of inositol may also have blologlcal
roles (see Domm 1988, Fink and Kaczmarek, 1988). 'The basic sdme‘faf
PIbasedmgnaltrarsductlmlsslmanlgurel4.1.

Iderrtlflmtmn of the major ccxcpments of th:l.s s:.gnallmg

netmrkwasacoonpamedbythedlsccverythatm is the.majorcellular
receptor for the tumour promoting phorbol chestexs (reviewed in
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Extracellular signals

% : W ! ' Plasma membrane |

~ulf
COOH -
AA * ) ) -
‘ ins 1,3.4,6-P, Ins1,3,4,5-7,
Ins 1,3,4-P.
Lithium ) ? %‘9
: * 2.
Ing ~gg——— InsP | -—— InsP, -
| . IP,ase

‘ ‘ - Cellul
L-L'! : * -, Ca?* ‘ res:ol:'tsa.;s‘
! . - Y o L H: r Ty ) *
Ins Py :LER X
Ins Py L

. Fig. 1.4.1: Schematic of phosphoinositide-based signal
transduction. Possible interactions between the variocus components are
indicated by (+) and (-) for cooperative and antagonistic responses,
‘respectively. ‘The known subspecies of PKC are indicated by Greek
letters. Possible points of action of P47, the major PKC substrate of

platelets are indicated by * (see Section 1.6). Modified from Altman
(1987). ' ) i 5

-



Nishizuka, 1984a; ﬁltmbatg, 1988) . 'Ihese compounds. (see Fig. 1;2:3)
bind to PKC with high affinity and activate the kinase in the presence
of resting intracellular CaZ* concentratm-s Aside from higher
affinity bmd:.ng than DAG, the major dlfference between the two
activators is the metabolic stability of phorbol esters (e.g. Rodrigez-
Pena ard ﬁozerigurt 1984). 'l This property causé prolongeci' '
inappropriate actlvatmn of PKC. A mmber of strucb.lrally unrelated
lipophilic agents also cause rm—;iwsmloglcal act.watlm of PKC,
- stereochemical aligrment of these agem's suggests ‘that the qugens at
| c3, C4, cgmﬂczomﬂﬂmlipoﬁﬁlicnbietyatmzofumm
-;horbolrmgsystanaxethecentexsmquuedformtexactlmmththe
‘k_mase (Wender et al, 1986; Jeffrey and I..].skmtp 1986) . Camputer
matdungofthevanousomformershasrefmedthlsnodel in terms of
bond_mg interactions between ligand and receptor? (Ttai et al, 1988)
Although more potent FRC act::.vators and J.nm.bltors may everrl:ually be
. de51gn¢d frau.su:h ccnsnleratlm's (We.rder et al, 1986) , the phorbol
esters have prwed i:waluaﬁle "prob&s for investigating the role of PKC

in all forms of signal transduction.

1.4.2 _Ir@mcrns Between PRC and CaZt

The two mtzacellular signals generated by PIP; hydrolysis act. .
in large part through ;iwsphorylation/de;hosplwzyl&tim cascades. This
is obvicusly the case for PKC whléh Lilospho‘rylat&s a rimber of cellular
pmtelns, though ma.rly of 'ch&se are of unknown functlon (Nishizuka, ‘
1986) . Ga2+ has long been established as a second messenger (mv1ewed

in Veigel et al, 1984). Many of its effects are mediated by ca].modulm '
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(), whidxu;m binsing ca?t serves to activate OM-dependent kinases
and phosphatases; other target proteins such as cytoskeletal components
and phospholipase Ay (PILAy) are affected through a direct interactien
with ca?" (see Veigl _aJ, 1984). With the advent of high cquantum
yield fluorescent ca2t chelators such as fura-2-(Grynkiewicz et al, .
" 1985) 1thasbecaneapparentthat0a2+51gnalsdomtmre1yocwrasa .
contimious elevation of basal ca2t 1evels but rather in any single cell
-are camprised of osclllatlons an a timescale of seconds (Woods et -@-l',
1986 Jaconi et al, 1988; Jaccb et al, 1988). A model to account for
this effect incorporates the known paxmeters of caZt requlation to
predlct a blstable state of intracellular Ca2* concentration (Mzyer and
Stxyer 1988) . The role of ca2* pericdic fluctuations is apparently to . \\
omwertuaethestcengmofagomststmnatmn 1ntoafrequency '
mdulateds:.gnal varlwsadvam-age;tothlssdlemhatvebeen
hypotl'mlzed (e.g. Jacch _e_t al, 1988; Meyer and Stryer, 1988) .

| Nataﬁydoca2+ammcgeﬁerateimepemerrtsigzﬁls, but they
areoftenabletocoépemtewith each other in a synergistic fashion
(Nishizuka 1984a; 1986) . 'mis'iuplies that subthreshold levels of
either 51gnal alane interact in a greater than additive fashion to
e11c1t a full blologlcal respmse This was fn:st noted for platelet
granule release (Kaibuchi et al, 1983) and has subsequently been shown |
in many biological systems fbrmanyoi;lxer_sr:orttenn and a few long term
m (Nishizuka, 1986). The basis for. synergism resides at least
in part at the level of PKC itself since the kinase is ca2+-depement
Ca2+red1msthereqturanentforDAGor;imorbol ester by nm'edsmgthe M
affmlty of PKC for the 11p1d cofactor (Dougherty ard Neldel 1986)

o

&
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_Medzaxﬁstically, Ca?t appears to "prime PKbe causing its loose
associatlmwiﬂmfheplasmamarbmneinmadhmstohmemctwiﬂlngg

(Wolf et al, 19853;b '). This may in part occur via a specific PKC
" receptor in scne cell types (Gopalakrishna et al, 1986). It is more
' geﬁexanyaccepted however, thatthek:i.naseint:eractsdirectlywiﬂl
‘hpld bilayers. Activation of PKC in Priton ¥-100 mixed micelles
suggests that a s:n;le PKC molecule im:eracts at ‘the manbu:am surface
w1tj.h 4 mos;iaatldylserme mlecules, one dlacylglyoeraol molecule‘ and
onelcéz*' ion in a five point membrane attacment model (Hanmn, et al,
1986). It appears that this interaction underlies synergism in many
et al, 1985a). ) ' |

A second more uﬂ:rect mechanism of Ca?t/DAG cooperativity

involves the proteolytic cleavage of activated PKC by C:az"‘-activateq .
nextral protease (CANP or calpain; reviewed in Suzuki, 1987). There are
two forms of CANP, p and m (ormlpainxammpaiﬁnj, whichha}vea
micramolar ard-miliimolar' dependency an Ca2¥, respectively. Both forms
are inactive until Ca?*-deperdent autolysis in the presence of m—
and phosphatidylinositol generates;-a fmgmem: that is catalytically
active tovards membrane as well. as cytosolic substrates (Suzuki, 1987).
In paxticular; calpain I Cleaves PKC into a Ca2t amd phospholipid- /’
hﬂepementld:ﬁééof SOmaaMaresiam'mmnb@nﬂz-egulatory |
fxagmerrtofaoma (Kishinoto et al, 1983). The catalytic fragment was

J.n fact originally isolated as the "acta.ve" form c'allecl prctein
kJnaseM (PKM) byInoueetal {(1977). A}tl-a@thebm oglcal roleof ‘

PKM has received 11tt1e attentmn, rmt.r@ll calpain I ccmrerts PKC to
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PKM during stimulation (Melloni et al, 1985). This apparently has |
functional signifi'mmer in that 'prior treatment with either leupeptin or C
mlpalnantlsermnprevemscleavage ofPKCarﬂsubseqmntdegramlatlm

(Melloni et al, 1986; Pontremoli et al, 1988). Moreover, the

respiratory
correlates with i phosphorylation of membrane proteins at the
expenSe of cytoskeletal protem phosphorylation (Pontremoli et al, .
1987).  Proteolytic regulation of the neutrophil activation response

~ thus suggests a ;iwsioiogica._‘l. role for PKM. The similar regulation of

is prolonged in the presence of intact PKC; this

the two enzymes and their biochemical copurification (Savant et al,
~1987) also siggests a phiysiological role for their interaction. FPhorbol ~
esters ai;peartogeneratemi:ﬂirgectly.bycmtjmslymahtainjmgxc
in an activated state which is silseeptible to proteolysis. This almost |
certainly accounts for dovn-regulation of PRC upon prolonged treatnent
with phorbol esters (Rodriguez-Pena and Rozehgmt, 1984; Chida et al,
1986; chmgcet al, 1987).
I\Tteractlmsbettn:eenCa2+ardH<CCznaJsoocmrfurtlae.r
downstream of the initial mgnalmthateachbmrd:ofthePIpaﬂmay
canhaveanﬁﬂeperﬂenttarget(s) thatccxwergeonlymthereﬁponse
generated. In the platelet: a2t causes the plns;i'mylatim of myosin
119htd1amsv1amyosm11ghtd1amk1nasearﬂﬂ¢rhosﬂnrylatesa4o-
47kDaprote1nofm1krmnfurx:t1m (Sano-et al, 1983). When . )
subthmsl-xold levels of each agent are employed together, the |
phosphorylation of each target protein is erhanced to near maximal
levels and a biological response (i.e. éecretic:n) ensues (Kaibuchi et - C

-

al, 1983; Rink et al, 1983). It should be noted that sufficient \x
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BtiﬁmatimofHCmnevdceaﬁﬂlplabeletxespaBeinttggbsermof
elevated intracellular Ca?' (Rink et al, 1983). Numerous other
'hﬁtmmﬂofsmwrgisnmslmrttemx&qumhavébeenmted(e.g.
Vicenti ;ndviuéreal, 1985; Park and Rasmissen, 1985; Weissmarm et al,
1986) although the mechanistic basis for most of these-is less certain
than in the-platelet. '
Ca2+andPKCmgnallmgalsomtemctm1a'gtemr&spcnsas
Synergism between TPA and Ca2' ionophores has been demonstrated for
. mouse T and B lymphocyte mitogenesis (Truneh et al, 1985; Monroe and
Rass, 1985; Cleversetél 1985) Both agents independently induce c-
mycarﬂc—fostranscrlptmnmnwselymlocytes (Moore et al, 1986) aﬁ;,
flbrtblasts (Kaibuchi et al, 1986). Irl f:lbroblasts the effects on- _
transcrlpt.lm are additive whereas synerglstlc :mdlx:t:.on of c—fos by TPA
arﬂlotmycmoocumsmratthymcm (Grinstein et al, 1988).

|

Likewise, mezerein and A23187 an‘xexg:.stlmlly induce the 7-IFN and TL-2
TRNAS. in human leukocytes (Croll et‘al 1987). "*fi-"-'f‘

In contrast to these obse.rvat:l.cms of cooperativity be:ween ca?t
and PKC, 1thasalsobecmeapparentthatPKCoftenantagmesthe -
actions of ca?t (reviewed in Berrldge, 1987) For exanple, the serum
induced elevation of Ca2* in 313 fibroblasts is abrogated by phorbol
esters (}PNeJ.letal 1985) Onamresubtlelevel, TPA decreases the
freq.mx':y of al-adrenerglc uﬂuoed ca?t oscillations in rat hefatocytes
(Woods-et: al, 1987). These effects could ooccur tlmx;h negative
feedback to phospholinase C (e.g. Kikuchi et al, 1987). Fmally, with
regard to gene regulation, phorbol esters and ca2t J.onophom can

dJ.rectly antagonlze each othex; for example,. mductlon of human' T oell

!
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receptor 7-subunit WRNA by jonamycin is blocked by TPA™ (Martinez-Valdez,
1988) . o

» ’ . ‘
1.4.3 Vanatausmﬂ)e}hsm______grl_g_l_m =

Perhapsmttmexpectedlyforasystemwhldlmmsigmls
formaﬁx:ly/mfferentstmﬂl mmanycelltypes vaxiatiorsmthe

"orig sdmeofPIummerhaveemerged 'meorigmaltenettl'nat

DAG is derlved excluswely froo PI hydrolys:.s no 1onger holds.
Substantml;vxdence has acc:unulated that mG can originate in a

‘ receptor- 11hked fashion_from a non-PI source (rev:.emed in Exton, 1988)

Elther‘ PC—spec1f1c PIC (Besterman et al, 1986; SlJ.vka et al, 1988) or
receptor—act:.vabed mos;ipllpase D (PLD) in cgnju_rctlm w:.th
phosphatidid ac;d';hospha'case (C‘abot et al, 1988;'Rosoff et al, .1988)
may generate DAG signals 1nthe absenc® of IP3. A PI-specific PI.Dmay
also generate DAG without concamitant elevation of ca2+ by IP; (Balsinde

et al, 1988).

Alteredregulat;onc&PKCmth&emstammayaJSOjnié&’_

,tothed:.ffexent fattyacmcarponentsofm-denvedDAGcmparedto -
'ﬂnt_ongmatmg fram PI (Mori et g_l, 1982) . Modulation of PKC can be -

achieved with a variety of lipid cofactors in addition to DAG.

Arachidonic acid, 11be.rated either by ms met:abonsm or via ca?t
receptor medmted actlvatlcn of phos;:hollpase Az activates PKC in tro |
(Sekiguchi et al, 1988). Otherlongdxamfreefattyapldscznalso

‘activate PKC to various degrees (Seklgudu et al, 1987) "

~In ccntrast sm.mn;o].d 11p1ds and other long chain bases thb:Lt
PKC actlvatlon by DAG in a roghly equimolar ratio (rev1ewed\1n‘ Wllsm
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et al, 1988). Inhibition of PKC by receptor linked hydrolysis of B
sphingolipids may oocur in rat pituitary Gells (Kolesnick and Clegy,
1988). It has been sugested that the sphingolipidosis syndrames may _
result from inhibition of PKC by, sphigolipids or gangliosides (Hanmmn .
_and Bell, 1987; Kreutter et af, 1987). o
Finally with respect to second messenger generation, two radical
variations on the PI scheme have recently emerged. It has been reported
that activation of PKC in vityo is 50 fold more efficient with FIP, than
with DAG (Chauhan and Brockeroff, 1988). If true, this throws dowbt on
the }ql,e«;flms and requires camplete re-evaluation of the PI response.
| . A second, less disruptive, finding has been the discovery of PIP3 |
generated as ‘part of the early neutrophil resfonse (Traynor-Kaplan et
al, 1988). 'Ihesepomtsmﬂerscoreamutlaﬁrymtethatmere
_association of PI turnover w1th a SpGCILflC blologunl response does not |
jimply causality. '.Iherequ)seof'rcall lynﬂmas‘ton:l-z is'a case in .
point (Sussman et al, 1983;M11iseta1 1988) . o
Further dJ.versz.ty in tra:mmbmne sxgnallmg is generated by
the existence of both miltiple PI-spec:.fic phospholipase c (e.g. Suh et
al, 1988) ardncsubspecias (mewedino:mammkkawa 1987;
Nishizuka, 1988)- Qurrently, '7dJ,st1nctPKCsubtypeshavebeen
-’ dlscovexed 'Ihe three ma]or subspecla are a, Bl/g2 (gene.mted by
altennbespllcmgofthesamegene Ometal 1987) and-r (Owssm'set
al, 1986a; Knopf et al, 1986). 'Ihesecorr&-mﬁtothetypem,_ II and
I forms separable from brain extract by '_madrm:ylapatite.darmatogr:phy'
(Yoshida et al, 1988). The different PKCS have a non-identical tissue

distribution which may help'aoc'ﬁmt for tissue specificltiy in response to
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a given'stimilus (e.g. Broadt et al, 1987; reviewed in Nishizuka, 1988).
' / .

. Preliminary sﬁ:diesjnyimg.lgge;ttlntﬂwm%f}ndlipid

requirements are sameuhat. diferent. for each BC (Sekiguchi et al, 1987;
Ruang et al, 1988). In a&iitmn, the B1/B2 subspecias is more rapidly
activated and dmmregmaﬂjx than the a form (Ase et al; 1988).
'mepraerpe‘bfmrethancneH{Csul?spemasmtlmagwenoell
type may-also explain the discrete concentration requirements of |

" different cellular responses.. Adherence of U937 cells to substratum

occurs at a 10-fold lower concentration of TPA than membrane

translocation and stimulation of choline incorporation (Skoglund et al,

1988). A similar discrepancy exists between adhe.réme and increased
mtﬁcellular;ﬂ in both U937 and HL~60 cells (]'.ada.nc et al, 1984:.:' The
more recerrtlydlscovexaidelta, eps:.lcn, anizetaH(Csubtypesarel%s

smulartoﬂueongmalﬂ@sequermshxtstule:dubltdeperﬂencem |
ca?* and phospholipid, again with slight variation anm'agst different

forms (Onoetg;, 1988). A related kinase, nPKC, discovered through its

hanologytocome.wedregmmmoﬂxerﬁ((‘s 1sum]sualmthat1t
e:dnbrl'smdepe.rﬂexnemcaz"' (Malviya et al, 1986; Ohno et al, 1988).

In com:rast, ca?t alone is sufficient to activate @-PKC in some cell -

types (Ho et al, 1988). Thus the Ca?* and DAG-based pathways may be

. separable ‘even at the level of PKC itself. ,Despite indications of

subtle fmctimal differétnes, the possibility .that many PKC subspecies

arose tlmuxgh gene duplication and neutral drlﬂ: should not be

discounted. Ult:mately, it may be quite dl.fflcult to prove a .-
physlqloglml role for each apparent characteristic cbserved in vitro.
g e . __~

ﬂhef)rimarystrmmreofpxchasievealedfeaumwhidlmay

- . ' a - ;‘\~



m'ﬂerliebeha‘{imm?ofthgldmsemﬂeroextaincaﬁitias. Based on
ocamparisons between the a, BMT—W, the amino acid sequence
can be divided into 3 constantregicnsarﬂSvariableregiaB (reviewed
in Nishizuka, 1988). The Vy_,C1_5 N terminal portion corvesponds to the
hyﬂro;hobic regulatory damain; this is joined to the remaining catalytic
daﬁainbythev:; hinge region. CANP apparently cleaves at this point to
liberate the unregulated catalytic fraguent (Nishizuka, 1988). Other
cmservedregmmofPKthﬁeaweakp.mauveEFhaxﬂdmninarﬂaZn _
fmger motif characteristic of INA bnximg proteins (Parker et al, 1986;
reviewed in Nishizuka, 1988). 'mé former: could account: for a secand 1ow
aff:m:.ty cnz"'-blrdng s:.te detected m the kmase (MJJ:akam. et al,

1987). mtatlve Zn finger dcma:ms in the regulatory damain may be
responsible for depenience on low concentratians of Zn2t or possibly
inhibition at hlgheézj.na cmmrtratlms (Murakemi et al, 1987; O.semely
et _a_l, 19'38).' It has also been suggested that this region my allow
association of PKC ?vifh the rucleus under same conditions or even bind, -
o INA (Testori et al, 1983; see Section 1.5.1). Although not |
idérrtical, the more recently dlscovered PKC subspecles é:dlibit a similar

overall structure to a, P1/B2 and T~PRC (Oro et al, ‘1988).

1.;4.4 Gene. m;m by PXC.

_ Whether associated with cell proliferation or differentiation,
phorbol esters dramatically alter gene expression in most cell types
(reviewed' in Nishizuka, 1986). At least some of the many responses to
serum may actually be due to stimnaﬁimi of PKC by serum 11pcpmtems

(Ways et al, 1986). More directly, overexpression of PKCgin fibroblasts
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is sufficient to confer a partially transformed phenctype (Housey et al,

1988; Persons et al, 1988). Many individual genes which play a role in -
differentiation and development respond to phorbol ;. @ mmber of

these have been claned and sequenced (reviewed in J et al, 1987;
Tippets et al, 1988). | |
At least one mechanism of phorbol ester-mediated transcrlg%
cantrol has recently been clarified by the resolution of several phorbol
a;l:ef rnsponsivé prmnter elements and the factors which bind them
< miswasde;cribedindetauasmlevmmtomehmétionmﬂﬁmtim
of c-fos (see Sect:.on 1.3.1). It is interesting that TPA induces
' tramc‘ripum of‘ c-jun as well as o—fos (]'.amph et'al, 1988). Thus, PKC
appears not only to modify existing transcription factors, but also to
induce the nuclear mediators of its own a_’cticéns. Activation of c=jun -
transcription by Jun/AP-1 has recently been demonstrated (Angel et al,
1988). In adiitim'to-the wéil—dmacterized Jun/AP-1 camponents, at
least four ot‘ner 'I'PA responsive motifs and their rapect:we binding
factors have been identified (reviewed in Jones et al 1988). The SV40-
aﬂnmermtam?m;e%reﬂpqslvgseqaawwhlmamdlsthﬁ- %
from the AP-1 site; the binding of AP-2.and AP-3 to the C element has °
been deﬁt;rst:l:atedby DNAse I protection ‘(Chui et al, 1987). ‘Like aP-1,
 some of these activating elenents are sufficint to confer TPA
_nrilnlbllltytohetemlogmsprunoterb macelltypespec:.flcmamier .
(Cui et al, 1987; Inagava et al, 1987). Yetamthertm.l.queelamrrtard
its lym;hoz.d derived factor, NF-KB, confer TPA inducibility in non-
 lymphoid cells (Nelsen et al, 1988; Wirth'arﬂ'Baltinnre, 1988). All
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. element or DSE) and its assocjatedbuﬂingpmtein (SRF) that mediate
bothindm:timardrepmssimofc—fostxanscriptimbyeithersenmor
phorbol ester (Sassone-Corsi et al, 1988b). As illustrated by c-fos
 (Schanthal et al, 1988) and.aP2 (Distel et al, 1987) promoters, these.

~ various phorbol m réspcmsive elements can confer positive or h
negative regqulation. A].tt'nou;h the known TPA respomi ements accamt
forpartoftheu-anscnptlonalz&:pmsetosexm, :|.tlsclearthat
other le#€ well characterized elements mist also contribute to serum
nﬂucmllity (Sassaone—Corsi 2t al, 1988b).

°

A plethom of mechanisms “for t:ransc:r:lptlm factor activation
| havei:eemmmveredl SRFbirmngactlvltylsdepemem:mtm ’
.:hosplwrylat:.on of serme and threonine mxdua which occurs anly in
serum treated cells (Prywes et al, 1988). Inl:kemamwr, the INA
binding ability of aAp-1 dezperds an ;insphorylatlm. AP—J p.n:ified from
TPA-stimalated cells binds the AP-1 site more tightly (Angel et al,
1987) and acta.vates trarqcnptlm in vitro (Lee et al, 198'7), this may .
actually occur via post—transcr:.pt:.onal modification of l'-bs, however
(Angel &t ;_,'1988).1 AP-2 behaves in a similar manner (Imagawa gg.l,
1987). Other t:arsénpucm factors, such as the heat shock factor,
appear to be constitutively phosphorylated and bind INA equally well in |
stimilated and unstimilated cells (Larson et al, 1988). Phosphorylation
of t:r.anscrlptlm factors may also canfer stability, as in the case of c—
ets phosphoryiation by PKC (Fujivara et ai, 1933') . Yet another
variation is the cytosollc interaction of NF-KB with a spec:.fic
J.thbJ.tor, IKB .TPA mduced phos;horyht:.cm of I¥B dlssocmtes the

ccnplex and allows‘ NF-KB to associate with the mucleus ‘whem.J.t .
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activates transcription (Baeuerle and na;tim, 1988).  Specific
transcriptional contxo only from \iaria.ls. cambinations of
different elements (e. g. Canb et all, 1986) and modificatim of their
respectivebiniing factors hxtalsofranc:ross-'t:alkbetweendiffemnt
elements via miltiple interactions with various binding factors
(reviewed in Robertsan, 1988). For example, AP-2 directs both TPA and
aMp signalling to the same element (Imagava et al, 1987). In some
c:.rc.nnstames AP-1 and a cAMP respons:.ve-;.actor bind J.dentlczl consensus
51teshxt1naconbextdepen:lentfashlm (Da.xtschetal l988).
Likewise, ﬂmmm:gemacuvaumbynacdepexﬁemamimepe:{dem
pattmays (Gllman 1988) 'I!me ,responsas may reflect entire families of
closely related bmd.mg pmtems with cnly small dlfferernes in sequence
"‘spec1f1c1ty (e.g. Hai et ia__l, 1988) . Sevexal Jun—related tra.nscrlth.m
factors have recently been claned and characterized (Nakabepgu et al,
1988). Ra;ulatory loops based on hamologous and heterologous
Uanscnptlm facl:or urte.ractlorsmllalsomﬂmbtedlycmtrmmeto
the ccnpl'e:o.ty 9{ miclear signal tr.ansductlm; dmer:.zata.m of AP-1 with
1tse.1fandw1ﬂ1Fo}hasrecent1ybemdmstxated (Halazcmeta.setal'
1988). Obvm:sly,@e varied elements of the PI-based Signal -
tmnsductnmsysbemmtselfoouldalsomtnmteheavﬂytothe
specificity of PKC medJ.ated trarsc:npt:. 7
Post-translational modification 't transcﬁption factors is not
anis wxerdsy PRC transduoes information to the
I ofH(Ctoﬂw&mlclearcouparurentocansmB
cells stmulatedmm Iabmd.mg 1lgardsordbcAMParﬂmayttmsbepart

of the cascade which stmulates B cell differentiation (Cambier et al,
. -1 ' = . - CL . .
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"1987). This is discussed more thoroughly with respect to HIL~60 |
differentiation in Section 1.5.1. Other pleiotropic effects of phorbol
esters such as phospholipid remodeling (e.g. Hoffman and Huberman, 1982)
and increased ADP-ribosylation of chromatin (reviewed in Singh et al,
1985) could-also mfluence gene expression.’

b

. , . .
. 1.5 PI-BASED) STGNAIL, oN X oN

BN
“Signal transduction may be viewed from two perspectives in a
diffeventiating cell sysl:an iIhe flow of signals that culminates in
' altered gene é:cp;:&sion is the cruclal part of dlffe.rex'rtlatim pHBcess.
o itself. In the case of HL~60 cell differentiation, pharbol esters
"/)\élearly act by impinging on-the PI signalling pathway. This will be
mldex’edmdeta.ll Asecondaspect mtalwaysd.lstux:tfrcmthe
first, mtheacquismmnofnewtxansdwumm:tasasapartofm;
dJ.fferentlatedphemtype MOoellshavebeentsedasamode_lsystan‘
toumtlgateﬂzecmplmgofdmtactlcpepum:eceptorocmpamyto
PIumloverarﬂtheultmateblologlcalr&spmse S:mceth:.s:l.s )
possa.blyrelevanttothemleofﬂ? (SeeSectJ.onls) 1tw:1_11alsobe
_dlsmssed butmtmgreatdetau

e [
1.5.1 HQ:a:ﬂBd:ctamofHL—GOOalllefermtlmm

The basis f@rthedlsparateeffectsof;imi:olesbers in
dlffererrtcelltypasmmtclear Alttnx;httmeompanﬂsoften
_m:.tlate cell pmllfemtlm (N:lstuzlﬂca, 1984) , many cell types are

.
induced. to differentiate mst:ead (reviewed in Gescher, 1985; Abrabm and



.

_onHL—GOOe.Js delmﬁchasbeencarnedmtmprotem

u:.‘_“"“' it

.;_‘ﬂwsplwzylatlm in HL-60 cells treated with phorbol esters. TPA evokes

L

Rovera, 1980). It is interesting that whereas 'I‘PA 1s a.stimilus-for
proliferation in early 61, it inhibits mitogenesis if applied to cells
in late G1 or S phase (Huang and Ives, 1987, Takada et al, 1988)
InportarrtlyfortheHD—GOmuelsystem 'I'PAcausesmmncytJ.c
dlfferentlatlm of normal. myeloid précursors (Abrahm and SmJley, 1981;
Griffin et al, 1985). - ‘ |

 Prior to identification of PKC as the'phorbol ester receptor, it
vas established that these compounds exert their effects an HL~60 cells
at the plasma membrane and remain there througln.rt:the differentiation

time course (Codper et al, 1982). One of the very early responses to

TPA is phospholipid Femdeling in which FE is converted-to BC via a
methyltransferase reaction (Hoffman and m:bernan 1982) Despite this,
the bulk menbrane ﬂuldltyofPILrGOcellsz.smtalteredby'IPA (Ipang
Cooper, 1980) Itwasalsomtedthat asforothe.rcel_].qrpes

_speca.flc phorbol ester binding was lost if H[r"GO cells were mcdbated
'w1th TPA for prolonged penods (Solarﬂq. et al, 1981). The efficacy of a
series of phorbol ester analoglm to cause mmocyta.c differentiation

paralleled their effectsq.n other blologlcal systems as well as

SR .. ' . .
activation of PKC in vitro (Vandenbark et al, 1984). A variety of -

: syntthicDAGsalsoevokeamxocytic HL~60 phenotype (Ebling et al,

19857 MNamara et al, 1984) . Further, ﬁmibitorsofH(Cs:.mas
palnitoyl carnitine (Nakakiet al, 1984), H7 (Matsui et al, 1986) and

va.ri'ous long c:haip bases (Merrill et al, 1986) block the effects of TPA

T
L+

rapld mos;horylatmn of a lmst 14 pmtems as detected by 2-D PAGE

v

.

I

e : oo ' J



60

(Rreutter et al, 1985; Homa et al, 1933) Proteins of known identity
include the transferrin receptor (May g al, 1985), the Na+/1{+ e}ﬂ:hanger
(Besterman et al, 1985) and vincalin (Aquino et al, 1988). " Heavy
phosphorylat}m of 2 low M,. species correlates strongly w:.th |
differentiation (Feuerstein et al, 1984). fAcausal role in -
differentiation has not been demonstrated for any of these events.

- Properties of differentiation-resistant HL-60 cell sublines
" confivm the above results. Decreased fluidity of the cytosollc leaflet
of the plasna menbrane in one TPA—re-.,J.stant HI~60 sublme presmnably '

affec;ts theability of TPA to interact w:.th PKC (Fisher ;ej; al, 1984) . A

reduction in the mumber of phorbol ester receptors in ancther subline
correlates with differentiation resistance (Perrella et al, 1986)..
correlates with saie resistant phenotypes (Anderson et al, 1985;, Homa

et al, 1986). In one instance ciefective PKC translo:ntim was
‘paralleled by a greate.r dependence on Ca2t and ;hospmllpld for
phosphorylation __1[_1 vitro' (Homma® et al, 1988). However, otHer defects
can also apparently confer res:.stameto TPA. Various c.hranosqual _'

- abnormalities including a reduction indmbleﬁmtemmmhe; |
have been correlated with several dlfferentmtlon r%mtam HEr60

sublines (Au et al, 1983). Ancther sublme (HL~60-1E3) 1s only sllghtly

alteredm 1$berbnﬂmgande1¢ub1tssmeofthemrgmlog1calr..

changes irdicat:.ve of macrophage-like differéntiatim‘ (I;eft:cidl et al,
1987). 'Ihese cells are apparently unable to camut to dlfferentlatlon
astheyrwmegrwthmrenovalofmorbolester (Elyetal 1987)

Obvmusly this d_efect is less trivial than mere ion of PKC

R
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signalling. Despite this, most TPA resistant HL~$9 sublines clearly

.indicate a role for PKC in differentiation to macrophage-like cells.

-Despite the wealth of data iuphcnta.ng PXC in TPA induced HL~60
dlfferentlatlm, two PKC activators which elicit similar patterns of
‘protein phosr.horylatlm as TPA do not cause HL~60 maturation or cell
cycle exit. 1-Olecyl-2-abety1g1ycerol (OAG) causes phosphorylatlon of 8
of the 14 protems identified by TPA treatment but withéut concomitant

" differentiation (Kreutter et al, 1985: Yamamoto et al, 1985; Morin et

Y

al, 1987). Although. suggested to disprove the role of PXC in HI~60

dlfferentlatlm, OAG is rapidly metabolized and thus may not consta.tmte
—a strong encuch dlffe.rentlatlm 51gnal (Kreutter et al, 1985). TPA an:l
OAGalsohavedlsparateblochemcaleffectsmwcellsmthatonly :
the;ixoxbolestercausasaraplddecreasemerﬂogexmsmsandm3
levels (Geny et al, 1988). In contrast to the weak effects of OAG, the
bryosﬁatin fAmily of mac:rocyclié: lactones not only have little. or.no
dlffemnt.latlm-nﬂxcmg activity tlmxselves but actually block HL~60
maturation caused by TPA (Kraft et al 1986) . Bryostatm 1 activates
PKC in HI~60 cells and platelets as judged by initial membrane -
translocation and protein phosphorylation (Kraft et al, 1987a; Warren et
g, 1988; Tallant et al, 1988), but importantly, does not repress e-mye
TRNA levels 1nHL—60c:ells (Kraftetal 1987). '

_ Bryostat:nsandphorbolestersalsohavedlspamteeffectsm
other blologlcal systems Bryostatm 1s an meffectlve tumour: prcmoter
mthenmSeskmsystem (Blungvery, -1988) axﬁaﬂypartlallymmlcsthe
effects of. phorbol esters on cultured mouse' fibroblasts (Bell'Aquila et
gf 1988) and epldermal cells (Sako et al, 1987; Kraft et al, 1988).

a7
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Moreover, bryostatin 1 acts as rm-cmpetitive inhibitor of the effects
of phorbol esters on MEL cell differentiation (Dell'Aqu.'ila et al, 1987)
These differences may be attributable to the nature of the
bryostatin:PRC canplex. Phorbol esters bind tightly but mvéréj:bly to
PKE whereas bryostatin forms an essentially in:eversibie camplex with
‘mCmmaKdmﬂlemconOenuatlmrarge (Warnahetg,, 1988) ; this
suggests ltrepresentsafur&xerrefuﬂnentofthe;iwrbolester
pharmacore (Wender et al} 1988). Tight binding of PKC to bryoshatm
cduldcausepartitionmgoftliekmasebolmorrectuembrane ‘.
canpartments in the cell, makjmitjnaccessibletomembstrates
necessary for biological raﬁponse In HI.r-60 cells bxyostatm |
stimilates rapid phosphorylation of the muclear protein lamin B (Flelds
ﬁ 1988) andseveral 701d)aprotemswh1d1aremtpims;hory1atedm
respcmsetoPDBu e}weptatveryhighcmnem:ratimws The latter
treatment still causes. differentiation, however (Warren et al, 1983).

Add:l.tmnally, TPA causes extensive phospholipid remodeling©f the plasma

 membrane whereas bryostatin and 06 do not. (Tetterhom Mueller,
' 1987; Kiss et al, 1987). ‘These cbservations are conpelling in light of
the fact that phorbol esters cause translocatlm of PKC the plasna

| membragitngéocc::‘:kﬁared to the myiear translocation which cocirs in cell -
‘types that do not dlffe.rentla (Girard et al, 1987; also see belw).
 Tn some instances cotreatment of cells with bryostatin and a ca2t
ionophore roston;s the expected response to PKC activation (Dell'Aquila
et al, 1988). Elevated Ca?* causes a transient association of PKC w1t'h'
the plassa membrane (Ito et al; 1988); t.h:.s may allow. bryostat:m to

actlvate the kinase in the appmprlate context for blologlcal activity.
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‘Finally, diffe:ent PRC subspecies may be more or less susceptible to
each agent. Bryostatin binds less strongly to mouse epidermal cell -
PKC than phorbol esters (Kraft et al, 1988). This may account for the
high rate of PKC degradation oiaserved in HL—GOO&IIS treated with
bryostatin (Kraft et al, 1937)‘. It is noteworthy that HI-60 cells
contain type IT (B1/B2) andtypeIII fa) PKC (Makowskeetg;, 1988) and
that normal 1e1_..acyt&= have predonnmntly type II PKC (Yosluda et al
1988)

'me dJ.strJ.‘mtJ.on of PKC mmumrea:tluty in HI~60 cells has-been
si;udled before and after treatment with TPA. Initially, the enzyme
redistrilutes from the cytosol of unstimilated cells to the plasma
meubrane (Girard et al, 1987). By 24 h, howsver, mch of the
- immmoreactivity is localizedtoﬂlemméarl;mbramymere itranairfs
for several days thereafter (Kiss et al, 1988). Ita;pea.rsthatthlsm
not accmpamed by phorbol ester repartitioning (cooper et al, 1982).

In contrast, bzyostatm evokes only a transient association w1th the
plasma menbrane followed by rapld nuclear relocation (Kraft et al
'198‘7a, 1987b). As for other bioclogical msponses (Dell-Aquila et al,-
1988), this inplies that initial 1ocali£atim of PKC must be to the
plasma mbrare for HI~60 differentiation to occur. However, a

. poterd::al role, for mxclear PKC in monocytic HL-60 dlffe.rentlatlm is

alsosuggaﬁtec}bytheeffectofmIPontheTPArespome. ].aw
concentrations of TPA which have only marginal effects alone are able to
cooperate with dbcAMP to induce differentiation typical of higher TFA
corncentrations (DelJ. et al, 1_968). ?Ihls is gccmpanied by‘evenmal )

association of PKC with the muclear membrane that is not cbserved with

%‘.



1w coment:ratiom of phorbol ester alone (Deli et al, 1988).
_ Although the physiological signifi :ance of miclear PKC is
‘unc:iear, PKC phosphorylates and activates topoisomerase IT in vitro
while novobiocin (a topoiscmerase IT inhibjtor) partially irhibits
phorbol ester-induced HI~60 differentiation (Sahyoun et al, .1986).
I.Jmted evidence also suggests that'PKC may regulate mxcleo—cytoplasmic
tra;xspc;rt of mRNA by phosriwrylatim of the nuclear merbrane NTPase-
transporter (Schroder et al, 1988) . - Regulation of at least cne TRWA..
“K durmg HL~60 dlfferent:.atmn ocaurs at this level (Graham and Birnie,
'1988). Several other nuclear substrates for PXC have been mbed (Warren
et g1, 1988). Increased poly (ADP) ;ibésylation'of miclear proteins in
"~ respanse to TeA (Singh et al, 1985) could also be mediated by PKC in the
nucleus. A11theseeventsmayne1p mltlatethealteredpatternofgene
expression that c::.'l:minat:es in the dJ.ffe.rentJ.ated phe.rntype
' The proper physa.olomml cctmte.rpart to prolonged PKC act.wata.on_
in myeloid dlfferentaatlon is unclear In HI—60 oells, TPA causes a 50%
decreasemendoge:msIP;,andDAGlevels (Geny et al, 1988): th.lscwld
contribute to differentiation as a similar reduction occurs early m -
HMBA-induced MEL, dlffere:(&atlm (Faletto et al, 1985). Moreover, ‘
morboleﬁﬁersmxectlysxmsmsfomatlmmg;tr_o( and
Cabot, 1986). 'Itmeeffectscxxﬂdbe-anmportantcmpcnmt f‘the )
extensive phospholipid remdeling in the plasm mebrane induced by TPA
(Héff;én and Huberman, 1982). | Although PKC si:im.:lation is often
\’) | ._ acccuparuéibylncreases in mtracellular _(hz"'_,. many examples of
~ independent I¥G signalling have been discovered (reviewed in Exton, '
1988). With respect to myeloid diffe;}e::tiz;tim, both G-CSF and GU-CSF

~ _ . .
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apparently stimilate the production of DAG in the absence of elevated
Ca) (Dexter and Spoancer, 1987), as does IL-3 (ihetton efjal, 1989).
Ancther physiologiml inducer of monocytic HI~60 differentiation, T-IFN,
also mediata‘mtscriptla'lal dlan_;&s solely through activation of PRC
in both HL~60 cells and other cell types (Fan et al, 1988). Finally,
agmlstnrhxcaiprocmctlmofmsfmpchasbeendemmstmtedin; .
variety of cell types, including HI-60 cells (Besterman et al, 1986) - |
"TPA may thus directly mimic an ehdogenous‘ signalling pathway in . ‘.?,;{”
hemopoietic differentiation. In this regard, it is noteworthy that ”
phorbol esl:ers m%}“ldly J.nduce maturation of normal human mye.ldalasts to
macro;hage—lzke cells (Grlff:m et al, 1985).

1.5.2 Ca?* and m;so Cell pifferentiation

The role of the Caz"' branch of PI-based sn;na.llur; in HI=60
d1fferentmt10n is not clear. ‘ca?t is probably mportarrl: for the
d.lfferentlatlm of same cell types (re‘.uewed in Ve1g1 et al 1984) ; for
:mstance Ca2+uptakelsanearlybut*posszblymtessent1alevmtm .
MEL dlfferentmtlm (Zevenson et al, 1982; Faletto and Macara, 1985).-

Since 1,2}(03) oDy is a p‘ny'sualoglcal regulator of Ca?" metabolism, the
effect of this inducer an Ca?* in HL~60 cells has been well studied.
Elevata.on of [Ca?*]; occurs 6-12 h after exposure to 1,25-(CH) D3, but
thlsamearsrelatedtoamlldlmofnrtraoellularm2+stomm
ant1c1pat10n of dlfferej'rtlated qell ‘functlon (Hruska et al, 1988) .
Thus, monocytic HL~60 differentiation induced by 1,25{(CH),D; is not
inhibited by QM antagomsts (Matsui_et al, 1985) and is only marginally
supressed if at all by removal of e:jc_tracéilqléi' caZt (Levy et al, 1988;

e
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'

" Hraska et al,”1988). TFurther, d»:antagmists ave purported to increase
dlfferentiation in respose to RA, D-BO and dbcAMP (Veigl gg],, 1986)
vhile other ca2t antagmist‘s and caz"‘—deflcient medivm apparently
erhance the effects of 1,25-(CH);D3, RA and [MSO (Ckazaki et al, 1986)
'meddcontentofmrmoellsalsodecreasesasoellsamexposedto
1,25-(0H) 2D (Brevli et al, 1986). Coanter to these cbservations, in
one 1solated report cast %qhore A23187 vas found to enh%?ﬁe RA-
induced HL-60 differentiation (Chapelar et al, 1987). Given the
plezotrcsplc role of Caz"' in cell regulation it is dbviously difficult to

.. ascr:.be a speciflc effect in d:l.fferentlatlon to this second messenger.

1.5.3 in lefef.ra'ltlabed H~60 cells

Muchworkmsmnaltransdtx:tmnhasbeencaxrledcutmth
isolatedplateletsardmxtrngialls-'~ In both cell types there are
clearly nultlple mteractlons between various mgnall:.rg networks
partlmlarlytlwseccntrolledbymz and PIC. ‘This is manifest in the

_ ccxrplexneutrq.iulmspmsewmdl mcllﬂesdmemta}ns release of
gramle ccntents and generation of a bacteriocidal supermade anion

ﬁaswellasthegenemhmofc&:ersecmﬁarymﬂanﬁatory
medlator" (rev1ewed .m Iackle, 1988) Since HL:-GO cells dlffe.rerrta.ated
mﬂxagem'ssmﬂlasumpmnderepmdumblyruncgemscell

' pq:ulatmrswludzcloselymmrtimrmrmalcamtetparts theyhave
beenwexl:enswely used to mve'stlgate aqomst-mduced PI turnover and
'subsequenl: events. o

Reoeptorompling'éoﬁothmzaniPIrowrsviaGpmtejns

r.\?.l

o , , _ . '
- (reviewed in Burgoyne et al, 1987). The PI-specific PLC that responds

. ”~
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to MIP in m@m (Kilmc:hi et al, 1986a; Athnes et al, 1987)

and intact cells (Brandt et al, 1985) is activated by non-hydrolyzable
GIP analogues and inhibited by pert:lmsis to:dn Stimlation of

‘nan::ophnsormsodiffemntiatadmrsoéuswiﬂammusesan
inmediatedecreaseinPIPZalﬂaoorwanltantj:nreaseinIP3 (Dougherty

et al, 1984;: Burgess et al, 1985).. \fnmcidm w1th or sllghtly
precedes Ca?t reiease from intracellular stores (Burgess et al, 1984),
recently locallzed to an erx:loplasnlc ret.lculmn—assocmted oxqane‘@
called the ncalciosome" in HL~60 cells (Volpe et al, 1988). The 1,4, 5
Ip; respmsepeaksm.tthS arxitlmrapldlydeclm, whereas
1,3,4-IP3 slowly rises throughout the period of stimilation (Buxgess et
al, 1985). Production of the former occurs at basal Ca?? levels whereas
the 1a£te.r is not generated unless Ca2* is elevated (Iew et al, 1986).
In human neutrophils, ttxéinitialCa2+rn£pmxsedL1etoﬂieactimofIP3
is followed by a prolanged elevation that depends on extxacelltﬂ.ar Ca2+
possibly through the action of a ca2+ charnel (‘I‘ruett et al 1988) ,

‘ alﬂlon.lgh an 1c>!1c>phoret.1c effect of phosphatidic acid cannot be ruled out
(Kord'lak_ et al, 1988} -Activation of the Ca2* influx is ligand specific
in that ITB, stmmlates PI mmover yet causes only a transient ca2*
‘peak cytod:alasmB, mthectherharﬂ causes a delayed increase in"

‘Ca?t without the IPy-mediated initial peak (Truett et al, 1988).
‘Likewise, cdncanavalin A evokSs. only the delayed influx of extracellular

_éca2+ (Korchak et al, 1988b). _ RS

The k.metlc:s of DAG amm:latlm also follow a ccxrplex pattern

I.n mlSO—d.'LffeJ:entJated HL~60 cells, fMLP causes DAG levels to peak after

Amm(Pnessetal 1987). Atoremec:.seanalysmmmman”
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neutrophils suggests that, as for Ca?t, a response cccurs with-an early
" maximm at 5—305 follmoedbyasustahﬂdriseforsevemlmﬁmtas
(Truett et al¢ 1988; Reibman et al, 1988). Differential labeling of
.llpidpools :indicatsthattheinitial mleaseofmsisfrmmvnmas
- sustauedmobilizatimoccurs from a non-PI source, possibly PC (Reibman
et al, 1988). The former is independent. of elevated ca?t while the
latter depends absolutely on high levels of cnz*' (Redlbman et a1, 1933)
'1‘0<Ecxnp11catematters further, theﬂﬂPmceptorlsa;parentlyalT
~ coupled toa PC-specific PID in uﬁo-differentiated HL~60 cells; this
activity campletely accounts for the early formation of phosphatidic
ac:.dardPEmstam:latedcells (Pa:.,e_tgl, 1988). The contrilution of
these events to DAG formatioh is unclear. The similtanecus activation
of several different mosgtmllpasaﬁ coviously leads to the complex
" regulation of secmﬂmsemers inthena.xtrqhil response.
© The order of cellular events which follow stimilation correlate
" with soe of the cbserved alterations in second messenger abundance
(Truett et al, 1988). Agonists such as ITBy, which weakly activate PI
turnover, induce chemotaxis-and gramile release but not the superoxide
burst. Stronger stimilation of cells with fmpcausas a sustained .
elevation of caZ* and DAG, thereby activating the NADPH oxidiasé system.
The temporal -order of cell@lérresporgsesdoﬁwida'witﬁ'ﬂmatmpom
order of second messenger release, that is migration and g_ranule‘
 gecretion are early events agsociatedwithéx turmover whereas the
oxidative btn:st metabolism is stmulated by the 1ate phase of DAG
production (Reibman et al, 1988). 'Ihe.‘relsalsoacormrdamebetween

'ﬂleconcentratlonﬂﬂthehmrard)Yofneutro;iulactlvatlm. low
. . L :

e
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" concentrations (1078 M) cause chemotaxis, whereas a 10~fold higher
concantration evokes bacteriocidal responses.(Omann and Sklar, 1988).
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Despite confusion in much of the earlier literature (summarized
in Tyagi ;et_:;a;,'1983), Jt is now clear that PKC activation by DBG is
largely responsible for activation of NADEH axidase. TPA has long been
m to @ause prolonged activation of the iespiratory burst (DeChatelet
et al, 1976), 1.n spite of its ability to inMibit PIC activity and BMIP-
induced®PT turnover (Kikuchi et al, 1986b; 1987). Evidence which
suggests a central role for PKC in activating the NADPH axidase system
n'ncltxies "pnm.n;' oftheneutrqiu.lrespmsetoﬂt[?bylw
concentrations of TPA (MCmau et al, 1984). Compcwed to EMIP alone,
TPAprmmgmcreasa:ms levelsa:ﬂcorwanitantbz‘productiqxbyq
factor of 2 and reduces fMIP-induced Ca2* transients by 50% (Tyagi et
~al, 1988). Blunting of the ca?t response is due to inhibition of PIC
'via PRC vhereas the increased DAG release tnder this condition indicates

a non-PI lipid sa.irce (Tyagi et al, 1988).\‘ Accordingly, s;_iungosme
-mmblts 0y” qexm'atlm mthcl.rt a!.te.nrg the ca?t rmpcn‘se (Tyagi et al,
1988).. mcmtrast partlalactlvatiﬁ’aofthemspuatm:ynmstby
| agelrrswhid)nx:reasemtraoellularcra2+probab1yar:safrm ~ .
nnblllzatlmofDAGfrunanon-PIsmme, mld'lasmﬂ:elatterphaseof
the ;hysiologlcal response (RJ.der and Niedel et al, 1987). In MSO-
differentiated HIr-GO cells, A23187 increases DAG levels by 4-5 fold for ..
at least 30 min (Preiss et al, 1987). Conversely, suppression of caz"‘ -

trans:Lents by mtr;\cellular buffermg also severely depresse; DAG

%
formation (Korchak, 1988a). As J.rﬂlcated above, although mobulzatlon

of DAG correlates strangly with the resplmtory burst, there may be an
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‘additiohéimqurmrtforﬁwspmtmicacfdmuﬂsm (Korchak et
al, 1988a). o

| Molecular analysis of the chronic gramlanatmsdisease (OGD):
‘statehasoorrobgratedu:emleofm:mmemdauveum |
Na:txcptulsfxmosnpatlentsammabletogaﬂrateoz upmagonist
stimalation g'euewed in OJrrmtte and Bablor, 1987) Defect:.ve
[hospimrylata.m of several M, 44-48,000 proteins by PKC correlat&'. w1th
the non-functional NADFH oxidase system (Okam.n'agtg_l, 1988. see belc:w
for details). In normal cells pmlmx;;} pt:osghorylatim of a Mr 47, 000
'prctemlsassociatedmthastzm'gr&spuatorymrst (Reibman et al,
1988). Coincidentally, a st.laerpu:Ubemwas investigated 1nHI:-60
cellsaspartofﬂusmrk. mebadgmnﬂfortlusnsccveredmthe

@

1.6 mmmmww
7 et

The platelet is cne 'of the most extensively studied cell types

I 3

: mtllr'egardtoshorttexmmed':anlsnsofmgnal'\smﬂixﬂm (reviéaed in
Majerus, 1987). In response to agmlsts such as ﬂn:mbm, platelets
undergo rapid-shape change, aggregate sec:retegramxlecom:entsand \ |
release arachidonic acid mtabol}xé\mmmum of the basm PL ©
sdleneofmgnaltxanschx:tlmwascarnedwtmmlscell (mauedin
Nishizuka, 1984). Despite ‘this, thenechanlsm of PKC act:Lon in p1ate1et, '
stlmlus-response coupl:.ng remains m'ce.rtalg Platelets can be‘iully
'stumlatedbyeltherTPAorQAGmtheabsenceofumeasedCa%

—D I S el
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cmfummgtheoentralroleofn«:inthlsprocass (Rmketal 1983).
Further, uﬂu.bltfonofmbys;tngosmeabollshesallbutﬂuemost
p:el:unmary platelet responses to agom.st (Hannun et et al, 1987)
Activation of the Nat/Ht exchanger by, PKC may in fact be a.co-requisite
for caf® re.lease from intracellular stores, mplyug that PKC may lie at
the apex of platelet 51gnal transduction (SJ.ffert and Akke.rman, 1987) .
_Other]umntargetsofPKCmtheplateletunludevnmlm (Werth et
at, 1983), myosin 11911t chams (Na}ca etjal 1983) and possibly tal:m

' (Ia.tchfle.ld and Ball 1986) However, quqrrtltatlvely t.he most important
PEC subst:rate in platelets is an’ apparent M- 40—47 00 prctem (Lyons et
al 1975; Haslam and Iynham, 197/7) , referred to he.re as P47- (Haslam et
al 1979) but also known as the "4OK" protein (Sano et al, 1983). P47
phos;iiorylatidl ocalrsm.thm 5s 'of thrc:nbmexposure (I.yons.et al, .
1975). ard closely parallels the earllest: cellular response to platelet
"actJ.vatlrg factor, that is, a shape change.,ﬁapetma and SJ.egel 1983)
(\H%kagm;stssudqasADPcannﬂuceaggregatmnmtlmtm?
ﬂns;horylatlm, whereas degramulation is always preceded by P47

'

‘.phpsphorylatlm (Haslamand Iymam 1977). P47 accounts for aqut'l% of

' platelet prcrteie/gm‘l actually cms].sts of uw to 11 varlously

. gxkghorylated isoforms dlstmgtusluble by 2D-PAGE (Imacka et al, 1983)

'ﬂhreeofthesemayansefmpnmrystmcmrevanatlonsmcethey

o

appear as mpns;imrylated forms in unstimulated platelets; in conttast \/

P47 1solated frcm thrambin tre& ﬁatelets is found almost: exclu51vely
as phosphorylated species (Imao}ca et al, 1983). Beyond the detailed

- bicphysical d).amcterlzatlon reported by Imacka et al (19835 little is |
~ known of P47 sl:ructure or function. |

e



At least 5 can:i_idate functions, all based on rather tenous.
~ evidence, have been postulated for P47. In one way or ancther, each
concerns ‘same immediate aspect of signal transducl'_i.m or -is part of the
-early response to stimnation. - Pn'ne.re poss;ble, wtative a7 functions
(/’havebeenindicatedmr‘ig 1.4.1. 'nzesx;gestedfmutiasofpﬂvdll-
be outlined in order of Historical ‘oocumnce ‘
i) a,im@er;gf_ﬂw_m_fw_lx B S
The lipocortins J.nl'ublt several types of PI.AZ ;LDMaxﬂmay
msdlate the dm:l—mﬂamatory effects of glucocortlcoids (reviewed in
o Hollenbery et al, 1988; Pepmsky et a_J,, 1988; c:mptmg;g;, 1988).
'nusclassofatleastﬁsl:ruclmxallyrelatedproteinshasalsobeen ,
gajren 'che generic name annexins (Geisow et al, 1987) In addition t:o
Fl&g, inhibition, the fimctional dlvers1ty of the annexins extends to .
anti-coagulant activity, s.:bstrates for varicus la.nasa (including the '
epidermal gxwth’factor receptor, PPE0Sre a}nd PXC (Kaplan gt; al, 1988)) .
assoc:.atlon with secretory vesicles and Ca2*-dependent binding to
m;;nbrane"‘ a}ﬂ actin filgwents (rev1ewed in GJ.esow etﬁfwm) Inmited
mgzggmmttxatcalpactmlmynﬂneﬁxslmofsecmtory '
* vesicles at physiological ca2+ concentraticns (Drust and Creutz, . 1988)
@ked cus_eﬁvatmn of a 70 amino acid tetranenc repeat ammgst the |
amnexins correlates with their 2bility to bind 4 Ca?* ions in the
pzmwe of phospmllpld (Crmptcn et al, 1688) "ﬁus repeated motlf
mayalsoccmtamthes:.teof mtaexact:.mmthact:n (Kaplanetal

1988) . R 3 | x -
Given’the smllar size of .P47 and the llpocort.ms that TPA‘ ‘
repressés‘/the PILA, thbltory act:.vzty of a similar prote:.n in . f —
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rmttq:h.ils it was postulated that the proteins may be related (Touqui
et al, 1986). This notion vas substantiated by Partial immmo-
c:rossreactivity with remcortin (11pocortin V) and inhibitim of PIA; by |
partially purified P47 (Touqui g al, 1986). In addition, _
phosphorylated P47 from thrombin treated platelets apparently had less
irhibitory activity. There are, however, several weak points in these
a::glmenfs Non-specific protem—llp;.d mteractlm (e.g. by’ &m also
causes apparent inhibition of PIA, so-that the spec:.fic:.ty of inhibition

Dby 40 kDa containirg platelet fractions is questicmable. In fact, the J("P’

mechanism of lipocortin action may involve perturbation or seiuestration
of substrate lipid rather than direct inhibition of PIA, ‘(_Haigle.r et al,
1987). Abrogation of plateet 40 kDa anti-PIA, activity by the
sennnoml:mls. Moreover, mﬂyaverysmallfxﬁctim'ofthe L
phosphorylated 40 kDa species is precipitated by renocortin antiserun
(Tcuqul et al, 1986), agajnu suggestive of a ;bn-Sp'ecific effect.
Finally, this role has been tested indirectly by stimilation of
platelets with & and 7 thrombin; déspite equivalent phosphorylation of
Pé?byeadl.stimlusathrad)inwasableto(m‘:seammidmﬁcacid ' 7
releasegCrouch and Iapetina, 1986). Tus, it seems unlikely that P47
is a member of the lipocortin family. .
ii) an inosito_l-—l 4,5-tri te 5 ‘ IPjase)
Attermation ‘of Ca2* release from Intracellular stores occurs in

partbyhydrolys:.sof145—IP3tol4-IP2 (seeSect10n141) In the

- platelet and in V1tro PKC appears to activate the IPjase by mcreasmg .

its Vpay, thereby forming an elegant negative feedback loc:;fJ on PI-based ' :
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_Ca2+ telease (Molina et al, 1986; Commolly et al, 1986). The platelet

IPjase is a cytosolic enzyme which apparently .c0purif.ie£ with gt;,
(Conmolly et at; 1985; 1986). However, published IPjase pigparations
a::*emthanogenea.:sas,several oﬁlerbaMSamviéible in gels stained .
. for total protein (Connolly et al, 1986). The low specific activit_y of '
= the platelet IP3ase. is also su;gesta.ve of incamplete purlflcatlon
(canpa:e to Hansen et al, 1987). Given the high aburdance of P47 in .
platelets, it is }mllkely on teleological grounds that it is an enzyme
whidm catabolizes minute quantities of a txansiérrt messenger molecule. ‘5 B
Rather these results are more reasonably explained by fortuitous
copurlflcatlon of P47 with the 2 Irjase.
) iii) _ ator of actin pol vization"

Activation of platelets and vhite blood cells entails rapid
reorganization of the cytoskeletm incl
polymerized actin. . Tt is estimated tha
actin and that -this n)preases upto upon threnbin s%
(Jermings et al, 1981;\Majerus, 1987). Partially pquéf:l.ed P47 fmm

a marked increase in = - -

platelets contain 50% F

unstimilated platelets supposedly inhibits actin polym'erizatim' in vitro
at a molar ratio of 1:200, whereas P47 isolated from thrombin-treated
platelets appa:te.ntl}; does mt block the G to F actin transition
'(Hashinoto et al, 1987). These results cbviously coincide with cbserved ..
. ) | |
| changes in actin polymerization upon agmlst st#mlation Qf platelets.
Many actin regulatory proteins have bein dmarai:terized but of those
| idéntified. in the plaéeiet_\no:;ge are in, the 40-47,000 M, range (reviewed -
in Pollard, 1986). '. : - o | -
. iv) The g-subunit of pyruvate dehydrogenase (a—PCH) /
L -

1
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Very;akwidgwebasedmpartial immmoreactivity and similar
Mrhasbeenusedtoaxggastthatm7isidenticaltoa-m{ (Chiang et .
al, 1987). To ascount for the cytosolic location of P47 it was |
postulated that «PIH, a mitodmﬂnal matrix enzyme is released to the
cytosol during cell preparation. Although ropid glucose metabolism |
oecurs upon platelet stimlation (;dajenas, 1987) ,- it was reported Chiang
"" et (1987) that [ims;horylatlon of a.-P[:H decreases its activity, an
mllkely juxtaposition of events. How P47 could be mosptmxylated by
3

PKCmmdethemtodmﬂnawasmtaddressed

'\v) A _soluble of the NADPH oxi:

-

Y

Phagocytlccells mamlyneut:m;hllsandeosum.lls cantain a
smiciallzed system of rane #ssSociated electron carriers which '

catalyze the fon reduction of O by NADFH: B 7 ,.
;mnm+02-vi + 0y .

m:.sreactlmarﬂthecellularevents 1thavebeenrev1ewed

s

in detail by Babior (1984) and Rossi (1986). Alt not em:J.rely
Clear, it appeaxs that the NADPH oxidase L-a 45-66\kDa protein which
" transfers electrons vi{iihe of all of FAD, ubiquinone-50 and an iran-
~ Tsulfur 8ent::e to a pemltmat:e cytochrame (bssg) and fmany to oz
(rev:.et»zed in Babior, 1987; Prince and Gtmon, 1987) . . Activation of thJs
dmmnayocamthmx;hﬂmephosplwrylaum of a group of My 44-48,000 |
{pmtems (posszbly the oxidase 1tself) by PKC @]@mra et al, 1988).
These proteins may camprise a "cytoso;l.lc.‘factor" requ:.red for act;vatlm
of the pirified oxldase in vitro (Curmutte et al, 1987).
meG}Dstatemhmnaxslséha:aq:erlzedbythenabultyof '

phagocytes to generate a mﬁplratory burst (rev1ewed\1n Qurnutte and

o
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. Babior, 1987) and y arises from absence of the cytochrame bssg
_heavy chain and/ ective phosphorylation of the 44-48 kDa protein(s)
(Okamura et al, 1988; Royera-Parker et al, 1986). The former has been
ﬁleauarlyclmedﬁmmrmceusmﬂsrmtobeabsemmmex-
11nked.=§\ofosn (Royera-Parker et al, 1986; Dinauer et al, 1987). "In
cmtxast,meu—mkoapmteﬁsampresentmaupatients,mtat '
least in the autoscmal recessive disease state, are not ;hosﬁm:ylated S
by PKC either in vivo or in vitro (Segal et al, 1985; Kramer et al,
1988). Some evidence suggests that all forms of CGD may be
phosphorylation defeﬁ:tive (Ha a et al, 1986; Okamura et al, 1988).
G.wenltsMraJﬂcytosolJ.c location, P47 maybeﬂml‘KCs:.:bstxate .

involved in act.watlon of the respiratory bm:st, presumug it is even

3
~present. in rleutrqiuls Ccmpansm of pI values for P47 (pI 6.1 to 6,5,.

@okaetgl, 1983) a:ﬂtheOSDcytosohcproten‘ns (P 6.8 to 7.8,

ommmetmguggostsﬂmttlwymymtbe identical.- Daspz.te

this, no other phosphoproteins are visible in this region of 2D-PAGE

' autoradlograms of each cell type, with the possible exception of class M

'~ HIA antJ.gens (Feuerstein et al, 1985). The patterm': of suocessively |

phosphorylated forms ofosopmtemammv arealsoqulte similar

(Imacka et al, 1983; Okamura et al, 1988). Althouch platelets are

incapable of a respiratory burst, they do contain other membrane-bound

receptor-activated oxygenating wstens, such as cyclo-oxygenase and .

' 1ipo-oxygenase (Babior, 1987). Either of these could be cofttrolled by

P47. |
Anumerentdrawbackoftheplateletsysternlsthatltlsnot

anenabletomlemlaranalymssmoeth%ecellscmtammm%anddo
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not undergo protein synthesis. In order to help elucidate P47 structure
and function, it is essential to identify this protein in a system where .
it can be radiclabeled with both 355 and 32p; molecular cloning of “the
P47 cINA could also be achieved in such™ cell type. The HL~60 cell”

@

line proved to meet’ these requ:.renents

1.7 ' SOOPE OF THIS WIRK

Synexglsmbemeencaz‘fammc asmmdcedbymnpmmsam
plwrbolestersrespectlvely,hasbeandamtratedformnysimrttem
mspmses. Iymwcyteactlvatlma:ﬁmtogermlsaxeﬂleaﬂylmgtexm
responseshmmtobenﬂucedmalﬂcemmer 'nmstoactemdthe
caweptofsynexglanh':PI—based&gnauingtoamtherchssoflong
temre‘spmse,theeffectofplwrbol%tera:ﬂmz"' ionophore
cot:reatmem: on HL~60 dJ.fferentiatJ.m was examined. The dlfferent.latim
respmsetoﬂwseagentswasdxamctenzedbyvanmsceuularcntena
arﬂbyhybndizationsttﬂlesmthammaerofhmngerm _

'mesecmﬂpartoftmsttmlsdesmbesmemleuuarclmug
ofP47frmI{[r600ells Notmlywasﬂaismgmfimttforvanms
aspectsofplateletsigmltmnsdlx:tlmamn(cmtlmhxtltalso
ﬁ:lfﬂedcneoftheongmalobjectives ofthiswoﬂc, that is isolation
of differentia fm—speclflcp:'odtxcts Regulation of both P47 protein ‘
and mRNA in HI~60 was exte.ns:.vely character:.zed The mphcztims

oftheP47prim‘ry
thm:ghevolutlmwemccrsldemdmthrespecttoﬂlepxtatweﬁmctlms
ofth:.sprotem



MATFRIALS AND METHODS

=

'2.1.1 Chemicals

The following sources were used for critical reagents: |
- A23187 ' Sigma Chemical Co.

cytosine arabinoside ° Sigma Chemical Co.
i 1 CAMP o - Sigma Chemical Co.
dimethylsul foxide BIH Chemicals
‘ 1oumycm ‘ , Calbiochem .
hen egy white lysozyme ‘ Sigma Chemical. Co.
mezereip - . Sigma Chemical Co.
- Microcooous lysodiekticus . .. Sigma Chemical Co. .
nitro blie tetrazolium Sigma Chemical Co.
_ p-nitroptencl - Sigma Chemical Co.
1-oleoyl-2-acetylglycerol ‘Sigma Chemical Co.
retinoic acid (all-trans—B) . Sigma Chemical Co.
phorbol-12,13-dibutyrate - Sigma Chemical Co.
4B-phorbol--12,13-didecancate . Sigma Chemical .Co.
4a-phorbol-12, 13~-didecancate Sigma Chemical Co.

12-0-tetradecanoyl-phorbol-13-acetate Sigma Chemical Co.

Alltlssueallturereagentswereobta:nedfmmfrmGlbco/B’RL
/. Other chemicals and supplies were of standard laboratory grade.
2.1.2 Radiochemicals ) ¢
[T-32p]-ATP (3,000 Ci/mmol) and 32904 ~#(carrier free) were
- obtained froam New England Nuclear through -the laboratory of Dr. P.
Branton, Department of Pathology, MMaster Uxﬁve:sity. [3%S]-methionine
(1,400 Ci/mol) was also cbtained from-Amersham. [a-32P]-GATP and

”

@ | . 78
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[

[a32Pj—dCI'P (3,000 Ci/mucl) v purchased from either Amersham or ICN
) i

Radiochemicals, [1i251'j-prctein A was kindly supplied by the tory
‘ c _
" w@pf Dr. R.J. Haslam, Department of Pathology, MMaster Universi:

fﬂlsmk/g' .

R&strlctlonerﬂomxcleas&swerepjrchasedfrcmeco/mL Pharmacia
or New England Biolabs.. AMV reverse transc:rlptase o polymemse I,
gene 32 protein, Riase H, T4 polymlcleotldek.mase, mmgbeanmclease
and Klenow large fragmeémt were obEamed from H1armac1a_._.: T4 DA llgase
was prrechased from either Giboo/BRL or Fharmacia. 'BooRT methylase was
‘obt:amedfraanmegaBlotedm 'IheSequenasesequencmgkltwasbcn.\ght
. £rom U.S. Biochemical. e
2.1.4 Cell Lines . |
| - The HI~60 Golde subline was kmdly supplied by Dr. G. mean‘,
He:ﬂersmHospltal Ham:thmarﬂmamtamed in RPMI 1640 supplemented
w1th 10% (v/v) FBS, 2 mM Irglutamme, 0.5% v/v) ant:.blotlc/antmycctlc,
ZS’BMsodlmublcaﬂ:\onateand SnMI-IEPBthfer (pH 8.0) at a f:malpHof
7.6+01. Orlglmlpassagem::-SOcells (P13) wered:rtamedfzmthe
Amerlczn 'Iype Qulture collectlm (ATCC) and mannt:amed in the same
med:.mnexceptthatzo% (v/v) FBSwasadded Allcellcultuxewas
carried out in either flasks or dishes cbtained from commercial
suppliers (Falcon Incmstrles or comlng Plastlcs) 62, Raji and U937
cell lmmrekndlypm@dby ~B.J. c.‘Larke, of
'Pathology, M°l~Iaster University and ined as for the HL~60 Golde

. . : ' \ b
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2.1.5 Other Biological Materials
Purified platelet P47, anti-human P47 rakbit serum and pre-immune
senmwasprwmedbytmalaboratoryofnr. R.J. Haslam, Department of

' Pathology, MMaster Um.vers:Lty OKM-1 mouse maoclcnal ant:body was

-

cbtained from Ortho Diagnostics Systems and fluomisothiocyanate—
conjugated goat anti-mouse ani:ibodywaé.kjmlypxwidedbythe
‘laboratory of Dr. D.N. Sauder, Departmerrt of Immmology, MMaster

C.Um.vers:.ty Materlals supplled on a oné t:.me ba51s are cited under

L

’
technical: aclmowledgeme.nts ’

-

. l . ." i ﬂ‘-
2.1.6 Cloning Vectors and Host Sl:r:a.ﬁls

The PUC 118/119 vectors and MV1193 host cells (Viera and Messing,:
1987) mre cbtained ‘from Dr. A.B. Futcher, Departme.nt of Biochemistry,
MMaster University who originally cbtained them from Dr. J. Viera. The

ct, 1089 and 1090 host cells and anti-rabbit mouse-
phatase conjugate, BCIP and NBT) waspurchasedfrunpruuega
Dephosphorylated lambda “ZAP arms and BB4 and XIr~1 Blue host

were cbtained from Stratagene. The pKK-233 bacterial expression .
vector and Neol 1ﬁﬂcersweregmgsedfmnmamacia:au109ceu§'
(cbtained from Dr. S. Mak, Departﬁe.rrt of Biology, MMaster Uﬁiversity)
wereusedasmehoststram 'mepms-Noolzbacterlalexpresmm
vector and N5151 and 2R 68 host cElls (schatznan. and Rosenberg 1987)
were kmdly suple.ed by the lab of Dr. G. Shcre, Depart:nent of

L
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. Biochemistry, MCGill University. mm/j:}ljaﬂng was also carried cut
in [H5a competent cells cbtained from Giboo/BRL. ‘An amplified EMEL 3
| mnuanlemmcyteqamiclibmrywasbmghtfrmmamemaman

. unampl:.fled EMBL 3 human lymphocyte gencmic library was kindly pn:m.ded
by Franco:.se Fernandez; —Rachubinski of Dr. M. Blajc'hmn's 1aboratozy,
Departmem: of Pathology, }ﬁhster University. Both were pmpagated in
1E392 cells as descnbed by Frischauf gt al (1983; 1987).

C2.1.7 oINA probes

Htm\an c-myc (pi-lSRl) and c-fos (pc~fos—-1) ge.nanlc clones were _
obtained from the ATOC. GRP78 (3A4) and GRPI4 (4C3) clomes were k.mdly
provided by Dr. A.S. ILee, Departnerrt of Biochemistry, University of
Southern California. The plasmid pHS1 containing the human MIIIp -
promoter was cbtained from Dr. M. Karin, Division of Pharmacology,

School of Medicine, University of California, San Diego.

2.1.8 Ol_l.guucleot;des | )

meoligmmmmmmblezllwemsyxmizedwith"

an Applled Biosystems 381A Autcmated INA Synthesizer (in laboratory of
Dr. H.P, \%Deparbnem: of Biochemistry, MMaster Umversa.ty) or
cbtained fmmthecentral Facility ofthemstlmte for Lblemlar -
- Biology and Biotechnology, Mcuaster Um.vers:.ty strand polanty is
indicated by (-) and (f) for complementarity to the non-template (i.e.
mRNA) and template strands, respectively. Underlmed bases indicate a
msmatchmthmldtypesqm &mermptedmﬂmbscrlptedbases
separated by a slash indicate degenerate pos:.tlcms. Prior to syntheszs



oligo/strand

myc

actin

fms

HTAP

IL-18 .

(dT)qg

P4T  AB391T

" AB296
AB207.
AB319
48317
AB316
_AB119
AB114
" ae9s

ABB2
AB321
AB320
AB318
AB4T6

AB4TT

AB120
AB113
AB336°
AB4S3
ABLS?2

)
-
)

+)
{+)
{+)

+) .

o
+3
+)
)
)
)

Table 2.1.1 List of Oligonuclectides

sequence

T 51-GAGAAGCCGCTCCACATACAG-3!

. 51-ATGCTGGCTGGACAGG-3'

5'-GATCCACATCTGCTGGAAGGTGGACAG-3‘
5¢-GCTCTCGATGATCTTCCAGCG-3!
5'-GGGCAGCAGGAGTAGCAGCT -3
5;-TCGCTTfTCCATCTTCTTCTTTGG-3'
5'-TTTTTTfTTiTTTTTTTT-3‘

51 -CTCTCAGGCAACTCCTCTCAGCAGCTGGGE-3!Y

. 5'-GCTAGTCAGAGTGLTC-3!

51-GCGATTCCTAACAGAC-3+
§1-GTGAATTGCTCCCAGG- 3
S1-ACCTTGCACACCACAT -3
§--QAAGGCCAAGAGCAAG-3-
S4-GAAACAGAATCTCACA-3'

5 ¢+ AACTCAAGCAGGAGCTGCT -3
50 - CAAGAGAGGATTTGAT-3! .
51-AGCGGATCAGAGAGGG -3
5+ CGACTGCCAGARACCA-3"
51-GATGATGTGATTCTGA-3!
54-TGECCTCCCRARCTE -3¢
$¢-CTGCTGGTGTCCTTC- 3¢
51-GGAGTAGETGAGGGTC 3"

51 -ACCCTGACCACTAACTA-37

5'-GTTCCATGGTGGCTGGA-3!

51-6AATGGE/  ceToeeaely Aty TTTCCT- 3¢

5'-CTCACTQ&;{TCCTGCCAT-3'

170
521
872

1214

1608

. 1929

2225
2470
10 .
354

696

1030
1445
1764
2303

354
929

549
1086
1945
670
705

506
857
1199
1593
1914
2207
2456
25
369
4kl
1044
1459
1769
2319
-10
330
912
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reference
Battey et al, 1983

Ponte et al, 1984

‘Coussens et al, 1986

Karin & Richard, 1982
Bell et al, 1987
Harley, 1987



'2.2.1 CGrowth of HI—60 Cells

83

oligonucleotides vere searched against currem:dat:a bases for fortuitous
'similax:itytootllerseque:m.' The actin oligomuclectide was
.Icmplarférmaxytoa, B and T actin with a maximm of 1 mismatch between
the human and chicken sequences (Ponte et al, 1984). Similarly, the myc

oligormclecrtidewascmplén'entaxyi:oc; N and L myc sequences with at
most a single mismatch between the human and chicken sequences (Nau et
al, 1985). - =

Cells were maintained in suspension culture at a density of 2 x

105 to 2 x 106 cells/ml by subculturing every 2-3 d_ays at a ratio of
between 1:2 and 1:10, as required. mﬁerttmecmﬂitims, theGolde
mblinedmbledévery%hmmeaseaﬂypaésagecensfm'mm
doubled eve’::y 48 h. Unless otherwise indicated, all experiments
descnbedenplcyedcellsobtamedfrmﬂxem&passagemmer
between 20 and 50. 'Ihiscorrmpondedtom'mreﬂ)ana months of

continucus culture. OellsearlierthanPleeremtuSedbfgcausethey

underwent a crisis in which highly gramilated cells were lost from the

pop:iatiai./‘ﬂis'has been ml:ed by other investigators (lLeglise et al,
"1988‘). Other cell lines (U937, K562, Raji and HL-60/MI-myc) , were

mamtamadlnthesanemedlaastheGoldeHIrGOsublineatsmﬂar

" densities. Cells were stored in liquid hitrogen at a density of 10’

cells/ml ‘in RPMI 1640 cortaining 20% (v/v) FBS and 10% (v/v) IMSO.
Vials cont:amng 1ml ofcellswere initially frozenwrapped inpaper
a

* -

N3

y
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towels at -70°C ar in the vapour of a liquid nitrogen tank.
E:qae.nm-rtsmrgcaxried out with pooled populations to
eliminate variation in the cell density of individual flasks. Prior to

- each en:perimentcellswerevisuallyinspectedforv:lability. this was

occasionally confirmed by trypan blue dye exclusion (Freslmey 1983)
Small scale prepamtlons used for determination of cell growth
mmhologg, anc'l enzymatic activity were carried out on 5 m1 of cell ‘_
a:spensionmltureinGOmdishes I:arqe'prepaxatiom»ofcellsformm ‘

" extraction (typically 40-60 nl) were cultured in either 75 cm?'flasks or

100mmdlshes angswereaddedtowlurres at either 1:300 or 1: 1000
dilutions from stocks in ethanol (phorbol esters, RA), MSO (A23187,
ionamycin, 1 25-((Ii)2D3), ar water (dbcAMP, cytosine arabincside, CdClz)
Adherentdlffexentlatedcellswemrexwvedbygentlescmpmgmﬂza

g ruhberpols.canan. 'me,samepu:ucedm'ewasappliedtoalla:pen.mental

corditions. Once suspended,all cultures were pelletea either at 1,500 x
g for 2 mimutes in a clinical centrifuge or 15,000 x g for 10 s in an
Eppendorf microfuge.

2.2.2 Assessment of Differentiation

Adtmremetosjbstrabmwasassessedqualltatlvelybyshakmg

'ﬂmwltmev&cseltoldentlfymspensmcellsarﬂﬂlenassmmngthe

culmretothefollowmgran;e no adherent cells (=) toalladhererrt
with extensive clunpmg (++). Attempts to cuantitate adhere.me were
not reproducible since methods for removing suspended cells dislodged a
variable frgct:ion of attached cells. Subcellular morphology was _
examined in cells stained vith May Grumald-Geism (carried out Jy the



laboratory of Dr. R. Barr, Department of Pathology, MVaster
University). Niclear to cytoplasmic ratics were estimated by light
micxoscopy,usi:ganeyeplecegridtonéﬁlneﬂledlameter/\f«naclela;d
cells. At 1000 x final magnification, 1 grid division corresporﬂed tol

TE

Lysc:sana]‘*a‘l%natlcactlv:. secrebedmtoﬂlemedlmnbycells

wasquantltated according’to Huberman /g’al (1982) . Briefiy;l.3 ml of =
aoang/mlsuspersmnoflyoghllizedm@mcocwsmg_t]_.__mmm-
KoHPO, (pH 6.24) was inoculated with 0.5 ml of cell supe:matant:\anda
| furtherl.Zmldf'd'xesanethfer. bigestimofmemidbacterial
suspe11smnwasm1itoredat450mevery3m1nforatleast9mm,the
strateé Of digestion was converted to lysozyme equivalents by mterpolatlon
_ofastandardamvederlvedfrmdllutimsofaheneggmitelysozyme
solution. Activity vas then namalized to cell mmber.’ Cellular acid
phosphatase activity was measumd by hydrolysm of p-nitrophenol by cell
extracts (modified from Schnyder and Baggiolini, 1978). The cell pellet
frml.sm'ofwlunewaswastﬁaneinmlbeéco'sm ‘and disrupted
by addition of 100 ul 0.05% ngItomn (w/v) and pipetti.ng vigorously.
ﬂhesuspensmnwasspmfoermtwinan&pemiorfmcmfugearﬂso
ulwasdﬂutedintolSOulofreact;mmxwhmhomtamedSnﬂp—
mtroﬂmlmlmni{sodlmnacetate (pH 4.5). The reaction was |
irmbatedfo:_;_30minat37'Candthenterﬁinatgdbyt1madditiondf1m1
of 1 M NaCH. ‘AbsorbarnemsmeasuredatQQSmarﬂanabsoluterateof
hydrolysis calculated based on an extinction coefficient of 18,800
(M/cm) ! for the nitrophenol product. m’isvaluéwasu;ehmrmiized to
cell mnnber...'me‘abil}tylofcellstogenemteasubemddebtnstwés

-
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assessed by reduction of nitroblue tetrazolium to a blue-black Formazan
A precipltate (Yen et al, ]_.984a). A 0.2 ml aliquot of a solution _
containing 160 T TPA (100 ng/ul) and 0.2% NBT (w/v) in PBS was added to
0.2 ml of cell suspensimarxinnxbatedat37¢for20min ‘Ihe

.suspermslmwasthencamtedmahanocytmeterforcellsomrtammg

' intracellular black deposits. At least 200 cells (as independent sets
‘ofatlea'st 100 6e115)mreca.mtedforeachsamp§e |

OKM-1 react1v1tyof mtactﬂb—ﬁOcellswasassessedbynﬂlrect
mnmﬂmmm elther visually or with a flow cytameter. Staining
was carried out based an the method of Sauder et al (1981). Cells (1-5
x 10%) were washed once in PBS cont:ammg 0.2% (W/v) NaN; and 2% (V/V)
FEardremspexﬂedmOBmlofom-lmousenonoclonalantabody

-

(diluted 1:24 mazme/pBS) After a 30 min incubation at 0-4°C, cells
were washed with 1_m1 PBS/azide/2% FES, resuspended in 0.3 ml of goat
| antl-nnlse IgG-FI'm cmjugate (diluted 1:10 in azide/m)axﬂ.set on ice
for an additlonal 30 min. Cells were again washed in PBSf/;azidefz% FBS
- and resuspended in 0.4 ml of the same solution. For visual experments,
cell viability was monitored by addition of 50 ul ethidium bromide (60
ng/ml _:'Ln EE) to the final Sl.lspenSJ.m“ Wet mounts for fluorescence: ~
mici;osgopyweremadgbylinirqﬂmedg&sof’aowerslip\;ithvaselﬁmé
and dropping the coverslip over 50 ul of cell suspension. In this
state, celis remained viable for several hours. Flunrlasence was
evaluated at 400 nm. Positive cells were scored as those with an .
intense halo of green fluorescence around their periphery. Inviable
cellsstau‘aeddlffuszlyarﬂhadomgemxclelas t of ethidium
bromide penetration. At least 200 cells fron each sample were scored by

-



naive cbservers, Flowcytanefl:rym identically treated cells (escept
for the omission of ethidium bromide staining) was carried out by Barb
Furk (Department of Clinical Chemistry, MMaster University Medical
Centre) cn an Ortho System I laser flow cytometer. W{c
flucrescence was corrected by subtracting readings from cells stained
with secondary antibody cnly. |

cell WYSJ.S of at least 107 cells vas carried out with
the same,flow cytometer. Nuclei were isolated, stained with propidium
iodide and evaluated according to standard methods *(see Gray an ’
Darzynkiewicz,~ 1987). |

2.2.3 Measwement of Intracellular ca2t

"HI-60 cell populations were measured using the quin2 fluorescent
‘dyeessentlallyasflrstde;cnbedby'nsmngtgl (1982). The:
_exc:ltatlon and ‘emission maxima of free unnZ in smllf:.ed medium - ‘
. ('l‘s.len et al, 1982) were verlfled on a Perkin-Elmer 44 MPF ﬂmm
- -Spectrophotometer; mefomerocmredatsagmarﬂmelatteratws
m. 'nmevaluesmreusedforallstmseqtmttetperments 'I‘yplcally,
1—-15mlofHL—60c:ellswerex&msperﬁed msertmfreeRHﬂil&Oata
density off108 cells/ml.. Quin2-Al was added to a final cmcem:tat::.m of
SOuM Afternnzbatmnat 37Cfor20m.m, thesusperslmwasdlluted
10-fold with senum free DM 1640 ard held at 37°C for an add:.tioral
min. cellswerethenpelletedatBOO:cgforSmnmaclmlcal
cent:t'lftx;ealﬂralspez'ndedataflmldelBlt)Loflelo—’ oells/ml in
REMI 1640 at 37°C. Eb(periments were initiated with 1 ml of cells which

were 'pelleted ir‘i“aan-}':pperﬂorf microfuge for 5 s and transferred to a

\



fluorométer cuvette in 2 ml of simplified medium. The cavette vas
mah@h‘ﬂdatB?'Carﬂﬂlecmmwé'cmmimmslystinedwiﬂlamtor_
driven propellor. Drugs were added from stock sofitions such that the
final solvent omcéntratim nevers exceeded 0.3%. "lfxaoes were terminated
byadditimofmudetwotoéfﬁalmntratimofon. This
easedallantracellularqumztoqenerateamaxnumﬂuorwcence
signal. Badmng_ﬂuomoer&-msoetexmmdbymmmofmmm4
nMarxiadJustﬂ'gthe;HtOSBmtthKOH Ca2+freemed1mwas
identical to simplified medium except for the absence of CaClz (mt.he‘

absemeofmmthlsyleldsanmmlm2+concentzatlonof10un('Is:.en*'

et al, 1982). The following fluorameter, settings were routinely ®

employed: ekcitation slit width = 4 mm, emission slit width = 10 m,

chart speed = 10 ay/min, ADV = 7.5, sensitivity = 10.65, respanse = 1.5, |

~ pen range = 1'V.
2.3 - . ANALYSTS OF PROTEINS

2.3.1 _;esm

One dimensional SDS polyacrylamlde gel electropimosls (SpDs-
paGE) ¥ carried out exactly as described by O'Farrell (1975). Cell
pellets were lysed directly in'sample bufferand boiled for 5 min just
prior to loading. Gels were cast as either\ll% (Figs. 4.1.7, 4.3.3 and

4.3.4) or 13% (Figs. 4.1.1-3, 4.1.5-6 and 4.1.8-9) acrylamide or as a 7-

15% acrylamide gradlent (Fig. 4.1.4)' and run at either 250 V for 4 hor -

- 80chem.19ht mrta.lthetrac]urqdyereamedthebottanofthe

separating gel. Afte.r electrqahores:.s, gels were stained for total

~
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“protein with 1% Coomassie Brilidant Blue. Gels of 3%s-labeled proteins
. were dried either directly or after fluorography (Fujiki et al, 1984)

and exposed to Kodak XAR-5 f£ilm at -70°C. Gels of 32p-labeled samples
were dried directly and exposed to £film at ~70°C in the presence of an

2.3.2 Imumoblot Amalysis .

Electrophoretic transfer of proteins to nit¥ocellulose was

mtens:.fymg screen.

carried out according to Erickson et al (1982). Pelleted HL-60 cells .
werewashedtwmemthlcecoldpmprdrwzspendedmlmlg thlswas
leldedlntohmparts (between 11 and 4:1) axﬂeachfractmnwasm
precipitated bg additlm of 1/3 volume of 30% (v/v) 'K!A. The smaller
fraction was analyzed for protein content (Lowry et al, 1951) and used
to calculated the amount of the larger fraction suspended in sample
buffer required to load 80 pg of protein. Fractionation of HI-60 cells

| . ‘ | w
was achieved by sonicating a cell suspension (3 x 107 cells/ml, 4 x 1% s

bursts at 0-4°C with a Heat S}—staus-Ultrasonics W140D probe scinimtor’ at

maximm power) in 20 mM MES (fH 6.5) containing 0.02% leupeptin and

. spinning the homogenate at 100,000 x g for 30 min at 4PCinaBeckman
_ Airfuge. Menﬂoraneand.cytosolpmtemcmmentmsdetermmedm

parallel TCA pneclpltated fractions as described above Tr:.ton X-~100

insoluble cytoskeletal fractions were prepared accordJ.ng to the method

of Pontremoli et al (1987) and processed for electrqhoresxs in an
jdentical faslu.on to other HL~60 .sanples.

Samples were electio;horesed in pacallel with purified plate.lei:

P47 and pre-stained molecular welght markers "(Sigma) cn a 13% acrylamide
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gel. Transfer to nitrocellulose (0.45 um) was caJ:ned out with a BioRad
mréblo?amaratus at 100 mA for 16 h. After 't:l:ansfer the filter was
pre-washed with 100 ml of blocking solution (Blotto 5% (w/v) non—fat
milk powder in 0.3% (w/v) Tween 207154 mM NaCl/2mM NaH,FO, (pH 7.2)) for
30m§mt:esthen incubated with a 1:100 dilution of P47 antlsermn for 30
minutes. After washing with saline/phosphate/Tween 20 for 45 min, the

. ® . .
filter was incubated with 1 uci of 125I-protein A in 100 ml Blotto. The

| £i1tet was washed again and exposed to Kodak XK-1 film at =70°C in the
bresexmofanintersifyingscreeﬁ Inmmbré"activebarﬁswereaxtart

and quarrt.ltated by gamma counting. Backgrcund radioactivity was

‘accambedforbysubtractamcamtsdetectedmreprtsentatlveareas

thatshmoedmspeclflcjmmreactlvmy Oan'ntsweremvertedto
absolute amounts of protein by interpolation of P47 standard curves
genexabed in the ‘Same manmer. |

Analys:.s of bactenal 1ysata; was camed out in sm.l_lar fash.lon
with the following exceptions (basedmtheprocechreof?ujﬂuetal
1984). volunes of saturated ovem19ht cultumﬁ (typlmlly 20 u.l

.ofalsmlc.ilmrelysedmaooulsalmlemffer,abc:utzougof

bacterial protem) wre electrophoresed on an 11%- ac:cylama.de gel. After
transfer, blots were rmsed in 50-100 ml of blocking solution (1% (w/v)
bovme hemoglobm in tns-mffemd saline (TBS: 10 mM Tris-Cl (pH 7. 4),

- 0.9% NaCl)) at 37°C for 30 min. The filters were then sealed in plastic

bags and 10 ml of the blocking solution with a 1:300 - 1:1000 dilution
P - . - -

of P47 antiserum was added. To reduce bacterial immmoreactivity, 100

1l of‘ a bacterial lysate (made from a 50 ml overnight culture of the )

a;prop;‘iatebactérialstminresusperﬂedithlofTBSmﬂsaﬁcatedat
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ma:dmmpmzerfor3x2miﬁhnsts)‘wasaddeatothepmbesoiutimfdr
15-30 mimtesbefa:e addition to the blot. Blots were gently rocked for |,
90mim1t&sat2§‘c (orove:night'atv.qthenmedfzmbagsarﬂ
rinsed as follows: ™~ TBS 10 min, m;plusoos% (w/v) NP-402x20m1n,
"I'BSlOm:m Blotswerere—sealedinplas&cmths-—mmlofbloc]urg
solutloncmtainjnglucioflzsI-proteinAanirockedforwmjnm%
motswerethenwashedasabovearﬁexposedtox—:ayfumat-voCm
mepra)enceofanintensztfymgscmm Althmgheadm:lmm.nxblot
procedure gave similar results, the latter appeared 2-3 fold more
sensitive and required mich less antiserum. |

2.3.3 Inmmoprecipitation - |

Cell lysates or in VJ.tm translations were mwpreclpltated
according to Fujiki et al (1984). Metabollc 1abellJ.ng of RA-
differentiated HL-60 cells with (35s]-methionine (10 pci/ml, 1.6 X 106
. cells/l_nl, 2 ml/timepoint) was carried ocut in Dulbecco's mi.n.imal
essential medivn (MEM) lacking methionine but supplenented with 103
(u/v) FBS. ILabelling of cells with 32r0,3 (0.5 mCi/ml, 1.5 x 106
cells/ml) was carried cut in unsupplemented FO43"~free Dulbecco's MEM in
Zismlﬁppemorfmicroﬂxgembe Cells were washed twice with PBS and
resuspetﬂad in 100 |.|.1 bmdmg bu.ffer (10 nM 'I'rls-Cl (pH7. 4), 1% (w/v)
'NP-40, O. 1% (W/v) SDS, 150 mM NaCl, 10 m¥ methionine, 2 mM EDIR, 25
pg/ml leupeptin, 25p.g/m1ant1pa1n 12.5 pg/ml chymostatin and 12.5
pa/ml pepstatin) . Afterpelletmgaxtcellmmlel (30 s in Eppendorf = 2 H
mlcmfuge) ardadengQOOulbnﬂmgbufferarﬂzo u.lP47antJ.se.rtm the

‘solution was rocked at 22°C for 90 min or ove.mlght at 4°C.
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Trmanoglobulin was then absorbed onto 20 Wl Staphlocoocus aurens cells
(pmmslmedéS'alo%alspasiminzxiaﬁQjthffer) for901;linat
22°C. alnceusweretlmmnetedaxﬁsequentianywasmdwimlml |
each of the following; b:mdmg buffer (3 washes), bmdnn; h:ffermnus-
Smarﬂmmmwaslm),bnﬂ:ngmffermnmssm EDI'AandNP-40 (1

| wash)arx:lbnd].rghlffermmsSDG ED]:A NP—40arriNa01 (1wash) . Cell
pelletsmrettmboﬂedforSmnmsanplebuffer, electrqimre;edm
anll% acrylamide gel, flmmgm;hedarﬂe:@osedtofum at ~70°C.

2.3.4 Protein Sequencing o
o ’.lhiswoﬁ»:was carrledmtat Smith Kline and French Laboratories

" by Ange.la Varr:n.duo anc‘l Mark Strchsacker under the supervision of Dr.
R.G.L. Shorr. Briefly, purified human platelet P47 (frtm the laboxatory
of Dr. RJ. Haslan) wasdenatured alkylated and further pirified by

: revetse}_:haseHPI.Cms:aOAVydacC,; column using a linear gradient of -
0-70% acetonitrile in 0.1% trifiuorcacetate.” ONBr and tryptic frag:rents
wereresolvedmthesalneC4 colu:mandaBec]manClg column,
respectively. SequenceanalysmwascarnedwthechanBQMaﬁﬁm )
acid sequencer. Hmnylthldlydantom-amun acids were analyzed an a Cig
column as described by Hawke et al (1982).

2.4 ANATYSTS OF NOCIEIC ACIES .
. ' o ~

v

Unlessstatedctherwmallteduuquesusedmmcazrledqxt
aocord:.ngtoeltherp:oductdata s.heets Maniatis et al. (1982) orDaVJ.s

et al, (1986). Another source ocms:.onally used was O.m:ent Prctocols
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in Molecular Biology-(Ausubel et al, 1987). Aildigrﬂardhﬁffer'sarﬂ
«solutimamalsodmcribedinﬁxesesam H.briefovervie.wof
ecpernnental strategy is presented with detailed modification of
emstmgprutocolsorrelevantcmwrtsasmessary
2.4.1 Iabelling and Bybridization of DNA Probes \ R

i) oligonuclectides

pesalted oligomcleotides proved adequate for all applications.
Typically, 5' end labeling reactions were carried out in 30 ul of
reaction buffer containing 10 ci of T-ATP (3,000 Ci/mmol), 6 pmol of |
oligorucleotide (i.e. o,oc;lsazsg units or 33 ng, assuming 1 Apgo = 20
ug of 16-mer) and 2-4 U of T4 -polymcléotide kinase at 37°C for 40 min.
mzynedartamedfrunnmmacmappearedmrestablearﬂgavebetter
hmoratimthanuﬁt.fimHzL. Reactions were stopped on ice and
incorporation of 5! 32m4‘x;ras estimated from Cerenkov counts remaining
on DES1 paperafte.rwashugﬁ x 100 ml of P wash solutlon (0. 1HNa3I=04,
10 mM NQ,P207) Typ:.mlly, 106 cpn/pmol was d::t:alned corresponilrg to
a spec1f1c activity of roughly 2 x :I.O‘3 dpn/p.g. Nlt:rocellulose filters
cmxtammbanﬂmmlemamdmmpmlwbndlzedmaplasticbagforat
least30mjnin5xDenhazdt'ssolutim, 5xssc, axﬂ'lewashina-
volume of roughly 1 m1/10 cn?. Iabelled ohgomcleotme was dlluted
into 1-3mlofprehybrldizatimsolut1marﬂaddedtoﬂ1ebagtog1vea
final probe concentration of 1-300,000 con/ml. If the expected Fimber
‘of bound target: moledules exceeded the mumber of probe molecules added
(e:‘é- tor (AT)4g or actin signals), probe was d.iluted\with éold
oligomicleotide’ such that at least a 2-fold excess over target sequences



- (- | ' R ‘ 94
[} \ ‘ K . . . ) '
was maintained. Hybridization was at 42°C overnight, except for (aT);ga,

_mic:.‘mwaéatroan'telpe.tatneforﬁh. Fi].te.:swemvﬁshedinZ%SSC

atmcmtemperatnn'e4x5mm Waslmgat48°Cgavesm:%&imé.\s
w1th only sl:.ghtly lower backgrcund Nm-speclflc (dT) 19" binding- was

.remcvgedbywashngianSSC-atr?an_tempemmre,4x5mm.
11y DA fragments ' |

‘ me:arﬂanprinermeumdofFeipbefgavagelsgein(m33;1984)
as used. DigestedmAwaselectmptwmedinl%lmmeltingpomt T
agamseat4CarﬂbarﬂsofmterestwereemlsedaIﬂdllutedw1,1
volmnesof-watef'. Suffi errtlllhwasloadedsuchthatbarﬂsofl J:%

_ telylug:lponduuuonttnsgaxﬁafnm
Y 1 ng/ul. Alternatively, DNA fragments were
isolated using the Gene Clean kit (Bio/Can Scientific) based cn the
pmce&ne of Vogelstein and Gillespie (1979). The 'fouowing'cc?aiti_ons
ﬁ_dreprwesent the fi vgts:u:m of the random primer protocol: 20 pM'each
ANTP except the radi eotide (usuauy LaJ%pjym 3000 Cl,/mnnl 10 °
- uCi/ul): 5 Aggg units/ml of '(dN)g7 20.mM Tris-Cl (pH 7.5); 30 ng DNA
fragment in‘ 0.3% IMP agarose;—25 WCi dATP (1_u‘M): . Practically, 10 pl of
a 5 x stock solution of VTP in Tris-Cl (g 7:5) was conbined with 30 pi
of fragment solution, 3 pl of 90 Aygg Units/ml (dN)G, 2.5 ul of [u—32P]- |
) dATP and 5 Wl of steruewater 'mereactlmwa&mtmtedbﬂaddltlon
of 2-5U Klemw fragment (p]:eferably marmacla enzyme) and allowed to
proceed for 0. 5—24 h. Despite the lmlta.ng concent?ratlon of [a—329]-
dATP, a 2 min c'hasé'ﬁ:.th 20 uMdATP had no effect on total incorporation g
or hybr_idi’?;ation'of the probe. The major modification in this method
campared to that originally described is the increased p of the

!
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reaction buffer, from 6.6 to 7.5,/ The former vas designed to reduce
cor;tamjxuatj:ge:mhmleaseactivi inld.exﬁpreparatiomafthee:mense
of slower polymerization rates. However, most ccmnercial enzymes are
g mcleasefreeandhencemnbeusedathigherpﬂ, allowing shorter
 reaction times if desired. Rea.ctimswerehaltedbyaddltimofan
equal volume of st:op solution (Feinberyg and Volgelstein, 1984). Free
1sctopewassepaxatedfrunlabe11ed[lﬂ\byceﬂtnfugat1mtlmxgha
Se;indexG—SOcolmmforlmnatspeedGmaclmlcalcentnfuge
(Maniatis et al, 1982). Typically, 105-10% Cerenkov cpm/jg fragment was
cbtainef. The probe solution vas diluted to 0.3-0.4 ml with TE and |
boiled for 5 min before storage at ~20°C. Unless otherwise indicated,
lhybridizatimdmditims for CINA probes were as follows: 5 x SSC, 5 X
Denhardts, So%formamuie OSxP&Qsh 250 pg/ml sheared and denatured
sa]mnspemmm, 0.1% SDS, arxi2x105-106qmofpmbe/mlof
hybrldlzatlcmmx Prehybrld.l.zatlmmtheabsexneofpmbewas for at |
‘ 1east:i h at 48°C. Aft:er ovemlght hybridlzatlm at 48* C filters were
"washed twice in 2 x SSC, 0.1% SDS for 15 mn_at. _22'C, then twice in 0.1
' x SSC, 0.1% SDS for 10 min at 48°C, unless ;tated otherwise. After
. washing, filters were blotted for 1 min on 3 MM paper, wrapped in Saran
 film while still moisty and exposed to Kodak XAR film at ~70°C in the
presence of -an intensifying screen Afber appropriate exposures, bound.
probe was stripped off by heating for m,mmqn:.l X SSC, 0.1% SIS at
85-50°C. Up to seven successive reprobings of the samd filter could be
achieved in this mamner. If possible, blots were first probed with
oligm‘mleétides since they were easily removed under less harsh
N\: con‘.iltlm'l&- (60—70’&). — |
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'mestaxﬂazdmxkerenployedinuﬁsworkwasthemnlmp ™
laddSar DNA (0.5 ug) was 5' end-labelled with [32P3-1-A'1'Pinan |

exchange reaction catalyzed by T4 polymxleotide kjmse_arﬂ separated

i ted radioisctope over a Sephadex G-50 spin colum :
(Maniatis et ,1982) Marke.rsfm:Nortl'xemamlysismxetahenlmm

RNA sanple buffer\and boiled for 5 min prior to 1oad.u1g 'lyplcally,

10,000 cpm of marker oould be vismlized by, autoradiography after
' several hours exposure at -70°C.
2.4.2 RVA Amalysis _

RNA was jsolated from all cell types and tissues by a

modification of Chirgwin et al (1979) as-described by Rachubinski et al -

(1985). Briefly, cells were pelleted (up to 5 x 107) and. taken up with
vigorous pipetting into 2 ml of 4 nganid.]mum isoth::.ocyanate, 0.25 mM
Na ci&ai:e'(gﬂ 7.0), and 0.1 M mercaptoethancl. The viscous solution
was‘layefedovera‘z 5m1cushim‘of‘57nc2301andsp.mina'seclman
SW50.1 rotor at 30 000rpnor1na80rvall'1‘31‘41.4 at 27,000 rpm for 8-
24h. The upper phase, interfaczalllﬂarﬂlwerphaseweremedby_
aspiration. Tubes were jnverted just as the last of the CsCl solution

L1

ﬁsremvedtoavoidco&amhiatimofthe&%pellet. After draining in-

an inverted position, tube walls were wiped dry with Kimwipe tissue
wrapped around a sterile cotton swab. Pelletsmredlssolvedm 0.05%
SDS, heated at 56 °C for 5 min, chilled on ice am centrifiged in an
Eppendort microfuge for 5 min at room temperature. RVA was precipitatad
from ‘the supernatant by addition of 33 l'of 2M KOAC (pH 5.5), 200 ul
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waterandlmlofabsﬁlut:e'ethanol inann;pmﬂorfum:. "Samples were
precipitated at —20°C for more than 20 min and recovered by centrifuging
for 5min at' 4 'C. The supernatant was aspirated and pellets rinsed
. with ice cold 70% ethanol, 100 uf NaOAC, FH 6.0. 'mepeuetwasttm
driedandre;usperﬂed .'i.n 100 1l of sterilewater Typically, 4 wg RA
wasobta.inedperloﬁcel}s tmsvaluedrqpedtolessmanlpgperloﬁ
RA-differentiated HL~60 cells. Iarge scale prepaxaticms of RNA for
isolation of the poly(A)* fraction utilized, jdentical conditions except
‘that RN was spun out of ethanol in a Beckpan JS-13 rptcmat's,oooim
" for 20 min at ac. . | B |

| Selection of poly(a)t RNA was carried ;.It on an (dT);, cellulose
colunn ssentially as described "(Maniatis et al, 1982) . '.'_[yplmlly 1-2

;g of total RMA in 1 ml of binding buffer was applied to a 0.5 ml colum

. and the etuent recycled once after heating to 70°C. Eluticn of poly(a)*t
minlmsaltnﬁferms‘fouamwt;mﬂmmassaym
below. Poly(A)*t RNA containing fractions were pooled and precipitated
with wheat germ tRNA carrier as described (mdmbins}d.gt al, 1985).
RNAwasquantltatedbyﬂxeeﬂudlmnbmdeﬂmrwoexnenethodof
Morgan et al -(1979). ASequom-‘I‘u:mer}bdel 450 fluoramneter was
callbratedmth’_‘“ugofastaxﬂardﬂ%sqlutlmsettoavalueofmo
piislmffer. Attlussettunglpgl“\gaveareadmgoflso
Imlearltywasmamtanndfrtmotomo,abcvethlssampl&sweredlluted
and re-read. WAoontammatlmneasxredbyﬂmresoerneatml_l.s ‘
rarelyocwredarﬂmsalwaysbelows%. niiiwasquantifiédinasimilar
mamnre.:ceptthatOSp.gwassettolOOm;HllSthfer. |

Sp_ec1f1c RNA specles were detected e:.ther by dct: blot or

il

g
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Northern analysis (Thomas et al, 1980). RNA (0.25 to 1 pg) was heated

to 70°C for 5 min in 6 x SSC, 3o%foma1dehyde then spotted under
‘vaammuoniuoceuulosettmhadbeenwettedfustinmterﬂmm
10(}c/$§@foratleast15min After RNA dotting, filters were baked for \
'2-4 h in'vacuo at 80°C. Alternatively, samples (15 pg total RNA, 0.5 pg
poly(a)* RNA) were electrophoresed an a 1% agarose, 6%*(-v/v)
fomalddxydeéelmzommrate (puam,ozmmmcmamnmnug

: l:uffer.- PrJ.ortoloadjng drleddmmsanplesmredlssolvedm45u1
.ste.rilewaterarﬂaddedtoﬂ.smmmSamplebuffer (canposedonp.l
1oxmrmj'1§mffer; 3.5 pl formaldehyde, 10 pl deicnized formamide, 2

. Kl formalﬁide dye mix and 320 my/ml sucrose) arﬂ-heated'at,’iO’C' for 10
-min. IlwlMs:moseprevartedaQort;exeffectthatomedfmquerﬂy
upon pipetting samples into the wells. Gelswe.re.nmatGOVforSh
midxbmxghtmehrmqimlblueﬁﬁddm‘dyetothebottcmofme

' gel. Mwastxmisferred'toniuooelluloseinloxéscwmwick
method (Mamata.s et al, 1982)/ Efficiency of ttansferwasdleckedby
.ethldlmnbramdestanm;gofthegelaftercvenughttmnsfer. FJ.lters
werehakedmvaaxoatBO'CforZ%harﬂpmbedasdescnbedeectmn

2. 4.1.

2.4.3 INA amalysis - .

Transformtlm of bactermwas carried out according to the
caCl, method (Mamatis et al, 1982) or the high efficiency protocol of
Hanahan (1983) except that the pH of campleted ligation reactions was
mfferedbytheadqiumoflulof1ums (pH 6.3). This overcame the
inhibition of transformat:l.on by alkaline pH (Dr. A.B. Futcher, personal .
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 canmmication). Plasmidum‘wasisolatedfrmbacterialcellshyﬂxe.
alkaline lysis miniscreen method (Bin1boim and Doly, 1979) for screenirg
'puposesandaccommgto Pulleyblark et al, (1983) for large scale
preparations. Bacteriophagelanbdamnwasmlatedeiﬂlermamall

scale £rom 10 ml lysates (Davis et al, 1986) or f:un500m1 lysates

according to the following procedure mod:l.fied from Maniatis" et al (1_932)
_amnavisetg;(lgss) Wenugtxthostceuanmregmwninme
presemeofoz% (w/v)maltosearﬂlOnﬁMgClzwasagoarﬂed(lsoo)alﬂ o
grown for 1-1.5 h until turbidity was just v:.s:lblg. Typically, 500 ul
oE-lysate'fmmasmllscaléprepamtimwasmennmnatedintothe

culture; each clone and minilysate had different infectivity and titre
sothatmreorleﬂsmlmwassanetim&sused(betweenzoomarﬁl

m). Iysmoccurede—lzharﬂwasccmpletedbytheaddltimofmml -
| Of CHCLy and shaking for 10 min. After adding 60 ml 5 M NaCland 5ml 1
Mi-igS04;lbacterialdgbriswassgmaltat8000rpminaBechnanJA—10

rotor for 20 min at 4°C. Then 60 g polyethylene glycol (PEG) 6,000 <
(formerlyBOOO)wasdlssolvedmthempernatantaxﬂmagewa:eallowed B
topreclpltate forlhtoovermght at 4'Carrls:hsequently pelleted in
a Beckman JA-20 rotor at 8,000 rpm ‘for 20 min. The precipitate was
 pipetted off the walls of the cefttrifuge bottle, suspended 15 ml ™ and
" twice extracted with CHCL,. 'Iheaquemsphasewasrmedavoidmgthe
large utterfacearﬂbm@t'toafmalvoltmeofnBmlwith‘lﬂ.to
th15278gofC3C1wasaddedg1vmgafmalcormtmtimof413M. ._
"Ihe solution was centrifuged at 40,000 rpm in a Beckman VTi 50 rotor for B
20-36 h. -mebactenq:hagebarﬂwasvmmuedagajnstadaﬁc o
badagmmbysmnj:gan_inte;nse'ngntmtopof,meﬁmeamm
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thraaghﬂlesideofﬂ:embewitha3mlsjﬁ:geﬁttedwiﬁhan18—gaug¢
needle. FPhage DNA was then extracted as described (Maniatis et al, ..
1982). Up to 1 ngléf lambda [NA, - suitable for further manipulatien, :las
Southern analysis was carried out with 20 pg of digested
genomic DNA isolated from tissues (liver) or cells (HL60, lymphocyte,
chicken exbryo fibrd:lasf:) by proteinase K digestion as described by
et al (1982). mectxoptlbmiswasinba%agaxbseaxﬂlxm
at 25-30 V for 24 h. Alternatively, for analys:s of gencmic clane DN
(0.5-1.0 pg) field mverSJ.cm gel elect:r:ophom:.s was cm:rled out: usmg a
Blo—Rad PulsewaveModel“IGO smtdlersetata forward time of 0.7
secords and a forward to reverse ratio of 3:1. Electrophoresis at 170~
200 .V for 6~12 h resolved bands below 50 kbp. Transfer to o _,\\

nitrocellulose was carried tut in 10 x SSC by the sponge method .~ -

e

(Maniatis et al, 1082). - Blots were probed as described in Section

2.4-1- -

+

2.5.F Gcnstmctlmofdlmln.bxan.&e

P47 clcn'\eswereobtamedbythestrategyfustdescnbedby

’
' -

Young and Dav:.s (19;3) usmg t.he lambda gt11 e:q:r&ss:.on system (Promega
Blotech) and a polyclonal P47 antiserum provided by Dr. Rﬁf Haslam.
'Ihemethod of Wickens et al (1978) as modified by Rachubinski et al
(1985) was used to constmct double-stz.anded‘cum Poly(A)"' RNA was

1solated from HL-60/MI-myc cells that had been dlfferentlated w1th 1 uM

L e
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RA for 5 days. The first strand was synthesized in the following °
reaction buffer: 50 mM Tris-Cl (pH 8.3), 100 mM KC1, 6 mM MgCly, 10 mM

* dithiothreitol, 1 mM each dNTP, 200 pmol (dl‘ha. 10 pg poly A* RMA in a
final volume of 105.ul. The reaction was m.ltJ.ated by add:l.tlm of 50U
AMV reverse transcriptase and incubated at 42°C €or 1 h. A radicactive
side mactimwéscax:riedwtbgaddirgviuciof [:3‘2P]—a-dCI'Pt65.‘;L1 of
sto;pedmicewaterarﬂlabeledcﬂmmlyzedonas%acqﬂan;ide
denaturing gel (Maniatis et al, 1962). RV template was heat denatured
awayfmmchyboumgfoermardthesecorﬂstrandsynthwuedm

: thesamereactlmmbebyadd.mganequalvohme (95 pl) of: 200 M -
I-]E'PES (EHGQ), 14511HKC1 26 mM MgCl,, 4ﬂﬁd1thlothreltoland075m
of'eadudNTP. ﬂl:ereac:‘timwasinitiatedwim3ongg.Q£m.

 polymerase I and incubated at 15°C for 2 h. Dovble-stranded cDNA
synthesis was also ‘monitored with a radloactlve side react.mn and

* analyzed along with snx;lestramedcmn Appmx:mtely 30 ul of the
polykb%wascawertedtofizststrarﬂcu\m,am30%.ofthelatl:erto_

| The

ha_u:pm loop with S1 muclease (Wickens et al, 19'78), mmg bean raclease
. (}ﬂi)wastestedmpartoftheradlolabdledsecmﬂsb:ard Titration
revealedthat40UHEiperugofcmAreducedﬂxesworﬂstrandsme\
rangetothatoﬁthefuststmrﬂ. UptolGQU/ugdldmtfurthet_' |
degrade the cDNA, confirming the specifici:tjr of this muclease.. The
remaining cINA (0.5 u;'inloo'ul) wasdilgtedi.r;tosoo;ﬁ.lofm

reaction buffer and cleaved with 45 U of MEN at 37°C for 30 min. The
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maqtimmsstopéedbyadditimofmm'tozom. It was assumed that

INA erds were left in blunt form by MEN treatment. The cINA was ethanol
- precipitated, resuspended in 100 ul TE and passed over a Sephadex G-50

spin colum. Blunt ended cINA was methylated with 5 U EcoRT methylase
m 110 |1 ofreaction buffer (Prdmega Biotech) at 37°C for 1 h. The
reaction mix was phenol-chlorofor extracted, ‘ethanol precipitated and
resuspended in 12 pl water. Kinased ECoRI linkers (5'-OSGAATTOOG-3',
300 ng) wereligatedtogulof'cum (about‘lpg=1pm1)-jnzoplof'
11gat10n buffer with 2 U T4 oA ligase. ' The reaction was followed with I
106 cpm of 32p ' end labeled linkers (0.3 pmol) and allowed to proceed
overmglxt at 16°C. The solutlon ;:as then dlluted up to 200 ul with
EcoRI react:.m buffer and digested for 4 h with 100 U of EcoRI.
Dlgestedlnﬂcersweresepaxatedfrancmmwmrcmatogmghyoverasm
Sepharose CL~4B colurm (Maniatis et al, 1982). The cDNA peqk eluted’
first (in about 3 x 0.3 ml fractians) and contained 8% of thf: counts of
the linker psak. After ethanol préci'pitatioﬁ in the preseme of »10 pg
cnmerwheatgemtm, half the ctaA (ammxmtely 0.5 pg) was
ligated to 1 pg of dephosphorylated lambda gtll arms (Prcmega B:l.cttech)

,.m.10u1at16Cfor2hwr$¢ ngatedproducts (0.5 ul) wereobserved_

as high M,. radiocactive species on a 1.% agarose gé]‘..‘ The ligated cINA .
(9.5 ul) was packaged in vitro and titered on Y1090 cedls in top agarose
omtainirg'io il of 100 mM IPIC and 10 pl of 108" (w/v) XGAL. Two thirds
oftheplaqilésccmtajnedrecanbhmrtinsei&andloﬁ i]ﬂeperderrtclorleé-
weredata:ned OnethJ,rdofthellbrarywasglatedatadenmtyofsx
103-104 plaques/dish and screened with P47 amélsermu at a dilution of -

1 500 e.xactly as recamerﬁed by the su;pher (Promega Bictech).
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Titratim of the alkaline phosphatase canjugate on purified platelet P47
slmedﬂ:ato.ngoaudbedetecpedattnisaﬁtibodydﬂutim.
Approximately 30 immmoreactive Vclorm‘ of varying size and intensity
_ were cbtained. Initially 4 of these (clone 23, 34A, 34B and 57) were
piaquep;rifieaammpmpatedbymemj:ﬁ-lysatemeum (Davis et al,
1986). Three recombinants (34A, 348 and 37) liberated inserts when =
. aigested with BooRI. These were subcloned into pUCL1S (Viera and
Messing, 1987) as both EcoRT fragments and as the oluplete RonI-SacT
insertSflarﬁ:edmeadlsidebyapprmdmatelylldooflanbdamA ‘
Subsequem:ly, allﬂmerananungmmmoreactlveplaqtm from the initial
plat:l.ng were picked and frozen in smpl:.fled med:.mn conta:umg % (v/V)
mso after various stages of purification. Subsequent to the isolation
of all clones, the l:lbrarywasanpllfledbytheplate 1ysatemethodarﬁ
stored at 4°C and ~70°C.
'l‘woaddltlcmalllbxan&sweremadesubsequmttothefust
lambdagtlleaq:reﬁsz.mhbmry 'IlmeiAsmrcemﬂusmsewas !
- parental HI~60 cells (from the ATCC) differerrtlatedmth 1M RA for 5d.
Syndmxsofﬁlllagﬂzﬂ%wasmmbyﬂm'm&:odofqmlerard
Hoffman (1983), which was followed exactly as described in Davis et al |
(1986). Blunt-ended cINA was methylated and EcoRI linkers were added ab
described above. After digestion with ECRT, half the cINA vas ligated
to dephosphorylated lanbda ZAP ard half to lamkda gtll arms. Each was
packaged with the same extract (Packagene, Promega Biotech) but the
1aubdamp1mmryoontazmdon1ylo4uﬂepemmtc1m,mmasthe
1anbdagt1111bxaryhadat1east5x105pnmxyremmbmants All of
the former and 10% of the latter were plated for screenmg.‘ The
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remainder of the lambda gtil library was frozen at ~70°C. Reccubinants
were identified by hybridization first to a 2 kb Pvull P47 cINA fragment
then to 32p end labelled oligomuclectide (AB206) complementary to the
extreme 5' end of P47 cINA. Full length clones thus cbtained were
plague purified. All 3 lambda ZAP clones (31, 2Al ‘and m; were
excised as pBluescr:Lpt plasmld exactly accord.mg to the supplier |
(?tratagene) nmmgthclmfrmmelamdagtulmmxywere '
digested with EcoRT and analyzed by a f£ill-in reaction with [32p)-a-dATP
and electrophoresed on a 5% acrylamide gel (Maniatis et al, 1982). The
lengest recambinant (3-1) was subclaned into pUC118 and pUC119 as the

KpnI~SacI insert.

" 2.5.2 INA Sequencing

Single stranded DNA template from PUCLI8/119 vas cbtained by
infection of MV1193 cells bea.n.n;the plasmid of mtex&:t (Viera and
Messing, 1987). An overnight culture was diluted 1:10 (0.3 ml) -
and inoculated with 3 x 109 MI3KD7 phage. Afterlhfurmergrwm
cellswered:lut:ed14 mtomedlaccnnammgmug/mlkanamycmmorder
toselect‘"\formfectedcells cellswe.reallowedtogrmforan
ade.tJ.tmal 8 h before phage were harvested by PEG prec:.p:.tat:.m (Davis
et al, 1986). 15 nl of supernatant proved sufficient for up to 10
sequencing reactions (roughly 10 pg). DNA sequencing was ofiginally
carrmda:tmthlﬂerwfragmentaccordugtoﬂxe%sequercugmmal
| This was supemededbythememcanymodlﬁedwummlymmsenethod
('I‘abor and Rldaaxfiﬂsm 1987) usmg the Sequenase kit (United States

Bloc.hemlcal) . The ‘only modification to the suppliers protocol was to
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carry out all reactions in drawn out capillary pipettes held tip down in
Eppexﬂorfmjmﬂxgembes INA was sequenced either from M13 universal
priners(lSarﬂl'lmclectide BRL)oo:frunspecJ.ficpnmsbasedm
sequence cbtained from previous primers. The entire sequence of two
dm(3@,343)'msdemmhmﬁmna§tedsetsofmmm%se,
deletion mrtants, gene:ated exactly according to Henikoff (1984). The
opposite strand was sequenced from subcloned BcoRT fragments and
_specif:.cmm?._rs. mmm&mﬂlelanwbdaZAPhbraxymmcmwertedto
the single stranded .form exactly as described by the supplier
(stratagene)arﬂseqtmnedfruuthemrevemeprmerardspeciﬁc
primers. Occasionally sequencing was done by the double stranded method
of Zhang et al (1988). S o L” |

2.5.3 Expression of P47 Sequences

| AnNcoImtethatoontamedthef:rstm—frameA‘IGwascreatai
by. site-directed mutagenesis of full length single stranded template
.ongmallyusedforseqwemmg 'I\aoclm (342 and 331) were mutated

using the single prlmer method (Zoller and Smith, 1984). The following

coxﬂltlmswereadaptedfxunthemo-mmta-ceneprotocol. 2-3 pgof -

single stranded umtelplate (either 34A or 3A1) was amealedto 70 pmol
of kiriased AB336 in 10 ul ammealing buffer (20 mM Tris HCl (pH 7.4}, 10
TH MyCly, 50 mM NaCl, 1 mM dithicthreitol), heated to 65°C and allowed
_tocooltorocmtarperaulreinthewaterbaﬂi. The reaction was made 1
x in synthesis buffer (0.5 mM dNTP, 1 mM ATP, 30 mM Tris HCL (pH 7.4),
12 mM MgCly) and 1 ug of gene 32 protein, 2UofT4n~m“po'1yme:asear&2
U of T4 DNA ligase were added. The reaction was incubated at 22°C for &
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min then at 37°C fcu:QOmnatwhldltmemwasstoppedbytheaddltion
Of 30,11 TE and 1 Wl MES (pH 6.3). 'Itusmixtlne (2 41) was used to
transfpm conpetent DHSa cells, thereby yielding several thousand
colanies. The G-G mismatch created by the mitagenic oligomuclectide was
insufficiently destabilizing to screen colony lifts by differential
hybridizatim (Zoller and Smith, 1984). Therefore, 10-fold excess cold
prlmeroalplementaxytothesamereglm (AB206) wasaddedtothecolony
hybridizations (basedmg;a J‘Ea?face, i987) . Mutant colonies were then .
éasily igentified by washing in 6 x“ssc at increasing temperatures
(Zoller and Smith, 1984). A further rodification permitted divect
identificaticn after a single roan temperature wash. Colanies (200)
were randonly picked ento a grid plate and grown for 24 hours such that
theywerevery large. The con:’espmﬂ:mgoolomr liftcontaiixedmdz_mre
target plasmid than mrtagenic probe; hybridization to equilibrium (18 h)
mtlmpreserx:eof 10—folde:eoessw1ldtypeprmag:allmeaimnfm
‘mtantcolmu&stoarmealmthmostofthemtagemcpnmerarﬂthusbe
detected after a smgle wash at 22°C. Positive clongs detected by
either method were digested with Neol to confirm themtatlon bt only
léss than half released the expected 1.1 ¥b insert, probably becaise of
incomplete synthesis from the single primer. The Neol fragment from 34A
was subcloned into pﬂ(—2’3§ (Amarn and Brﬁsius, 1985) as was the '
corresponding wild type Pvull fraguert after in-frame NooI linker (5'- -
cmom'éscm-s- ) addition and digastim with NcoI. Ligation feactions
were used to transform J}ﬂ(_)9/cells and colony hybridization was used to
detect recambinants. Overnight cultures of freshly transformed colonies
wéregrwninﬂ)elabsetm&rdpreserweofo.lmmc. Cell pellets

Rl
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u } .
from 1.5 nl of culture were lysed directly in 300 ul of sample buffer

and 20 pl of this was electrophoresed an 11% acrylamide and stained with
Coamassie Brilliant Blue. Immuncblot analysis was carried out on 2-; pl -
of such lysates. .- ) | | .

NcoI fmgments fxunmxtated34Aarﬂ3A1c1mwerealso :
inserted into the NcoI site of pOTS Ncol2 (of the pAS vector series
(Schatzman and Rosenberg 1987)) and transformed into'NS:LSl host cells.
0vem19htaﬂ%gmt30¢weretarpembare1rﬂucﬁma4zc
shakJng water bath arﬂ cultures analyzed as above. Altenlat:.vely, the
urﬂqmninsertmpcxsmolzwasdrqpedmtbydlgesuonmth&cxam
partial digestion with NeoI. The approprlatefragme.nt camprised of
' vector and P47 Neol ms@wasblmt—erﬂedandxe—cmﬂanzed The
omstructwast:ansfqmedmomsa oellsarﬂtemperaulre—lrduoedmthe

I vitro transcription and trenslation of the P47 coding region
was carried out in the pGEM-3Z vector (Promega Biotech). 'Ihe'2khp
PvuII fmgment of P47 was cloned into the Smal site.. A m:.m.-pxepaxatim
oftheresultantmombmantplasmdwas lmearlzedmﬂxﬁaniﬁalﬂlugl
" used as a tekplate in the Pramega Biotech T7 RNA polynerase/rabbit
refjculocyte system. Products of the in v1tro translation were
electro;horagdmanll%acxylamldegelarﬁexposedtofummthart
~ fluorography. Similar reactmns carr:.ed out with the pBluescript 3A1.

. clane yielded 1derrt1ca1 results.
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2.5.4 mmé
Qurrent databases (EMBL Genbank, PIRSWJ.ss)weresean:hed

agamstthem?pmteinmﬂmcleicacidsequemeusingPIRsoftware
based on the ms'm, FASTPE, and FASTA algor:.tlmxs (Lipman azﬂ\Pears._m,
1985; Pearson and Lipman, 1988). Recent (later than May 1988) sequences
of ihtetestwereeﬁtemdmammnyarﬁtmteda_géi:stﬂ?usingmesmne |
| algoritims. 'Iheoretlcal ana1y51s of P47 protein and nucleic aéid
sequence employed the Umvers:tty of Wisconsin Genetics chrg:uter Gmup
(UWGQG) softwa.repac}cage (Devexemceftal, 1984). PIRarﬂtmcx;were
‘accessed on the Ottawa SND Vax system. Recording and preliminary
analysis of sequence data were done with Beckman Microgenie software
installed on a Zenith 158 mcrocmputer |
MJltlplesequemeallgmnentwasdonemththeAIIGNprogram
(Bacon aIﬂ'Artierscm, 1986) as modified by Dr. C.B. I@'ley, E. Harley and
Vivian Ii. Aligrment ofJ EF-hand domains was over the 30 residue stretch
defined frem crystallographic data byKretsmger (1980)\ . Conserved
residues were weighted twice that of similar but non-conserved matches.
ca?* binding activity. simiia_rlg; pkc phosphorylation éit,es were
aligned over an empirically determined 10 residue stretch for 8 known
- PKC sites 4 at a time for all possible cambinations. ‘Matches between
basic (arginine and lysine) or serine and threcnine.residues were
we:.ghtedtw:.cethatofnatd'es mthestarﬂaxdmatnx 'Iheb@tal of .
thealﬂ'ummtesweredeslgna asacomsetandusedtotastagaust

-_ -
. wr AR

cther seque.me;



RESULTS AND DISCUSSION
3. - SYNFRGISTIC EFFECTS OF PHORBOL, ESTERS AND Ca?t JONOPHORES
P ON HL~60 CELL DIFFERENTIATION

.sl ! .‘“ \

Rﬂ‘sultspr&«antedmth:.ssectlonshowthatthePKCandca2+

branches of PI—based s:u.gnal transduction can act in a synerglstlc
 fashion to induce macrophage-like differentiation’ of HL~60 cells. | “The
various cellular criteria used to assess differentiation induced by
either a high ooncermtlon of TPA or a low concentration of TPA in’
conjunction with ca2t ionophore A23_i87 suggested that similar but not
identical phenotypes were achieved. The t;ene.rality of synergistic
differentiation was shown with various bidlogically active phorbol |
esters, Ca?* jonophores and myeloid leukemia cell lines. Synergistic
and TPA-induced dlfferentlatlon were assessed at a mglecular level by
hybrldlzatlm analys:.s with 8 reporter genes, including the proto-
oncogenes c-myc and c-fos.. The mpllcat_wns of these results are
"dlscnssedwmhrapecttoh‘mnarﬂpxtatwemedmanlsns of mteractlm

between PKC and calt. g

109
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3.1 CEIUIAR PARANEIYRS OF SYNFRGISTIC HIr60 DIFFERENEIATION
o . | ol ) | B '
3.1.1 Alterations of HI~60 Cell Proliferation and Morpholoqy .
Initial establishment of the dose-response relationship for

synergistic HI~60 cell differentiation relied on visual assessment of
cell morphology. An interaction between phorbol esters and Ca2*

ionophores was. cbvious at a TPA concentration of 0.5 nif, which itself'

caused no m:phological alterations (Fig. 3.1.1). In the prmence of

300 nM Ca2* ionophore A23187 this low concentration of TPA evoked marked

adherence to s1.1bsh:at.um cell clu:rp:.ng, formation of derdritic processes

ard a 'nearly ccnplete inhibition of proliferation.. This .response was

similar to cells treated with 10 nM TPA. For the sake.of brevity in .
- subsequenty discussion the following notation will be used unleﬁs .

' otherwise nﬁlcated low TPA refers to 0.5 nM TFA, ’.['PA/A23187 to co- 5"
treatment with low TPA and A23187, and fimally high TPA to 10 1M TPA. '

Analysis of cells stained with May-&'mwald-Glesna revealed that

a smuarumtype was evoked by TPA/A23187 and high TPA (Fig. 3.1.1, e -
ardflnsets) mreomnnmatedmthelmerlwmormsmv' . ‘.
alone eJdlibited no change in mclear to cytoplasmic ratio (Br azurophilic .
gramﬂ.ata.on when ompared to elther untreated or solve.m: treated cells
(Fig. 3.1.1, a%d). Howefer, the Ca?t ianophore did stimulate \
degramulation and vacuole formation (Fig. 3.1.1, ¢). In cmt:rast
TPA/A23187 caused a marked decrease in nuclear to cytoplasmic ratio and
a loss of gramilation, similar to treatiient with high TPA (Fig. 3.1.1, e

vs. f). Nuclear to cytoplasmic ratios after each dmg treatment were

-quantltatedbyllghtmcmscopy (Table311) OanparedtomTtreated
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‘ F1.g.311 }br;imloglmldman;&sm}llrmcellsaftertreaunent
w:l.th various cambinations of A23187 and TPA. a, no treatment: b,

carrier solvents alaone; c, 300 nM A23187; d, 0.5 M TPA; e, 0.5 nM TPA
ard 300 nM A23187; £, 10 nM TPA. Insets show corresponding
May-Grurwald-Giemsa stained cells. All fields were chosen randomly by
.a naive cbserver. Final magnification is 75 X and 400 X for insets.
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Table 3.1.1 Quantitation of HI~60 nuclear to cytoplasmic ratios.

-
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HL~60 cells were exposed to various drug combinations for 72 h
(solvent = 0.3 % (v/v) IMSO, 0.3 % -(v/v) ethanol) and stained with May-
Grurwald-Geimsa, Maasm:ements (n > 20) and nuclear to cytoplasmic (N/C)
—’%/ ratms(n>40)wemdetemmedbyna1veobservemaniaxeslmnasman
%+ SD. Ratjos significantly less than that of urrl:reated cells are
nﬁ1catedby*(p<005 t-test).

]
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. cells only high TPA and TPA/A23187 induced a'_\sigfa_ifimnt change’ in this

criterion of differentiation. _

" In order to prove a synergistic '(i.f:., more than additivé)
effect occured it was necessary to demonstrate a leftward shift of 18y
dose-frwpm'tse curves for différmtiatim. Cell growth and cell T
adherence were thus monitored cver a range of TPA and A23187
concentrations for a 96 h time period (Fig. 3. 1.2, e and £). Low
concentrations of TFA mused a sllght inc;:ease in cell pmllferata.on
whereas 8 M TPA caused e‘ssent:.ally complete growth arrest. Below 200 . °
nﬁ, the ca2t jondphore had no effect an proliferation but cytotoxic
g’rowth inhibition‘began to ocaur at 300 ™ A23187. An idnophore

"y

.concentration of 900 nM caused‘ nearly couplete cell lysm and dispersicn

of cells into small Dblebs. Desp:.te its effect on pmllferatlm, A23187 -
dldmtcauseanyooordmteddaangesm}m—ﬁoﬂlezntypemdlcatlveof
monocytlc differentiation (see Section 3.1.2-4). More to the point, 200
™ A23187 caused a 1eftuaxd’§luft in the TPA dose-respanse curve by
apprommtely a factor of 2. The A23187 dose-respopse ;elatlonshlp was
also shlftedleftwardmam—éytotcnd.cmmlerbYO 5'nMT'PA. In each
mseﬂleeffectmcellgmthardadhexmmsclearlymreﬂlan |
addltlve, part:l.a_llarly as A23187 1tse1f dld_ not induce differentiation
at any concentration. | . | . _
Two other experimental parameters affected HL60 cell growth and
differentiation. Early experimerrﬁs showed. cmside.rable variability in -
cell viability after treatment with A23187, Other investigators havé

reportedthatthexrattatptstoobservesynerglstlcmrmcell

. dlfferentlatlm were mstx:c&ssful because of A23187 cytcrtomc:.ty (Dr. R. _
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- Fig. 3.1.2. Doserespousemrv& forsynexglsta.c
differentiation of HL~60 cells induced by TPA and A23187. Maturation
was assayed by cellular acid phosphatase activity (a,b), secret®d
lysozyme activity (c,d) and growth arrdst and morphology (e,f). a,c,e, -
TPA in the presence ( @,+A) -or absence (0,-A) of 200 nM A23187. b,q,f,
A23187 in the presence (@, a ,+T) or absence (0, a,-T} of 0.5 nM TPA.
Adherence was assassedv:.s:ally (no adherent cells’( ) to essentially
all cell adherent with extensive clumping). Triangles represent cells
grown in media buffered to pH 7.2 with 10 mM sodium Bicarbonate. The
scale for lysozyme activity should be miltiplied by a factor of 5
beeauseofanmltlalerrormplottugﬂuestardardwrve
- Experimental points are for duplicate dishes and curves are
representative of several expertments (n>3).
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Dax;herty pemmalommﬁmtim) chll"passage number, FBS lot
mumber, thadersityofcellpassagearﬂmediaﬂiwerevariedtoseeif
cytotoxicity could be amelioratéd Each parameter was without effect,
except: for media pH. A titration experiment revealed that A23187 caused
celllysismnediathatwasbelwxzﬁ?& Inmeexpernmnentat;ﬂ
7.2, 2oomm3187musedagreaterthanao%redwzgonmceugmth
wlmen*anpaxedtopﬂ?ﬁ(mg.:alz £, tri es). Subsequently, the
woi\mﬂlpplawntedm 1640 was fomﬂtovaxycons:.derably at the .
source (OentralMedlaFacnlty, Depart:mentof Immmology, Mc:Master
Umvers:.ty). Ebrthlsreasonmedlawasobt?mmacame:clal'

LY

sq;pller, tltratedtopH76arﬁfurtherh1ffexedattmspr1thHEPEB i

This consistently minimized the cytotoxicity of A23187. -

Aseoordpara\jgwhldl mprwedthedegree of syne.rglstlc
dlffererrtlatlm was the use of carr:.er solvents.” Altlnxgh alone these
diluents had no overt influence on HL~60 growth and differentiation by
anycri'i:eriaused (Fig. 3.1.1, panel b; see also Section 3.1.2-4),
typ:.cx'ally 20—30% more inhibition of cell growth-and 1rx:x:'eased adherence
wereob‘laanneicmparedtowhendnxgsweredehveraimaqaeasdlluent
‘Itwastl’mspossmlethatﬂ'xecomentratlmﬁ'used form.xdlofthlsmrk
(0.3% v/v) SO, 0.3% (v/v) ethanol) augmented the synergistic
, r&ponse : However, synergistic differe;rtiatim was cbtained in later
experiments with solvent levels of 0.1% (v/v) or lover, suggesting that
these agefts were not crucial to the effect (see|section 3.2). |

A final caveat of synergistic differentiation Was phenotypic -
variability in the HL~60 line. HL~60 cell cultures

. periods of time exhibit heterogeneity s mrplmlogid&l, enzymatic and
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molecular c':haracteris_t::ics (see Section 1.2.2). IXnitially, an HI~60

116

subline of unknown passage muber ‘(the "Golde" subline) vas used to
investigate synergistic differentiation. 'Inese cells grew well in 10%
(v/v) FBS/RH\E 1640 and had a doubling tme of approuamately 24 h. When
a cell density of S x 105/m1 was used, 0.5 nM TPA and 100 nM A23187 |
together.gave a. response similar to that seenwith 5 nM TPA. Phenotypic
er.ft in thJ.s subline with respect to synergistic d.lfferentlatlon was
adaxessedbyobtauurgearlypassagem:-ﬁo cells frantheAmenczn'Iype
Culture Oollect.xm These cells required. a 20& (v/v) FBS szmplement for
cellmamtenanceandgmth andhadadon.zbl:.ngtuneofnghlytlsh.
'Although sllghtly h:.gher drug concentratitns were reqmred a similar
response to TPA and A23187 was cbtained with the pare.rftal HD-GO cell
line. Except were noted (Section 4.2.2), a11expermentsreportedm
thJ.S wor}. used H[:-GO cells from the American Type Culture Collection.

3.1.2 Mtic Acl:1v1t1es Increased Ilrrim HI~60. 0911 Differentiation

N Growth arrest and morphological alterations vere substantiated
'__,by two enzymatlc act:.v:.t_ms d‘aracter:.stlc of mnocytlc dlfferentlatlon,
nemely acid l:iws;hatase (Vorbrodt et al, 1979) and extracellular
lysozyme (Polansky et al 1982).- The optimm length of exposure for
"irﬂuctimofeadinarkerwas.de:termjnefdiﬁprelimmaxytinecamse |
© - experiments; acid pimsphatase acf.ivity had the longest induction periocd
as it was not eviderit until 4 d post-treatment (data not shown) . This
timepoint was therefore used for all'dose;.-mporlse determmtmns (Fig.
3.1.2). &s for growth thbltlon, a leftward shift in TPA ard A23187 -

dose-response profiles was cbserved for each enzyme activity (Fig.
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3.1.2, a-d). Likewise, the cytotoxic effects of A23187 were very marked

at pd 7. 2l:utnotatpH76 (Fig. 3.1.2, b and d, triangles). High
corx::entratlms of A23187 caused some aoclmxlation of extracellular |
lysozvme, possibly due to a stimilated release of gramile cantents as
‘suggested by the highly vacuolated nature of HL-60 cells treated with

A23187 '(Fig. 3.1.1, c). Acid phosy_:hatase activity was‘ not altered by ,
A23187 alone, suggesting it was an uﬂlmtor of more camplete cell
maturation. Thus, using criteried classu:a\lly used to defm monocytic
d.'l.fferentlatlon, ca?t jonophore A23187 itself caused little or no HI~60
maturation bu.ltstrongly augmented differentiation in response to the
phorbol ester TPA. - . o ' v

3.1.3 Irxhx:t:mofthem—lneactlveOeuStmfaceM <

HLmlan monocytes and granulocyts exhibit strong ™ nEjn.mreactJ.
with the OR¥-1 mouse manoclonal antibody (Talle et al, 1983).
Differentiated HL-60 cells exhibited an intense patten; of green
fluorescence about their periphery, as expected for a cell surface
antigen. In contrast, non-viable cells were labeled with diffuse green
fluorescence over the entire-cell body and had fluorescent crange nuclei .
 indicative of cell permeation by ethidium bramide (Sauder et al, 1981).
The degree of specific immmoreactivity cbserved after various |
'.treatmertts clearly reflected the synerglst:l.c effect of A23187 and TPA |
'('I'able 3.1.2). Visual asseﬁsments were corruborated by flow cytunetry :
which yielded sinilar results. Representative flowcytameter print-outs .
for each drug treatment are shown in Flg. 3.1.3. Although TPA/A23187

) -
appeared to evoke a sllghtly less dlf}:grentlated phenctype, the effects

{

I
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- Table 3.1.2. OKM-1 reactivity of HI~60 cells after various treatments

e r ---.- —————————————— T ————————————— .l
| Positive (%X){

SIS

+
| untreated | |
[ | !
| selvent | ]
I : _ | |
| 300 nM A23187 | 19 #7- 7 ]
| | !
| 0.5 nM TPA | |
| o [ I
| | |
| [ |
| ! I
! ! |
L 1

12 +/- &
- ’

0.5 nH TPA + 77 /- &

300 nM A23187 .

10 nM TPA 8T 4/ T

e ———————— 1 - ———

a
Express1m of the macrophage-gramulocyte cell surface
/\\, glycoprcteandetectedbyom-lantmodywasdetemmedvmuallyardby
. - flow cytametry on HL~60 cells after 3 days continuous treatment.® Five
irdependent experiments (3 visual, 2f1wcytcuel:nc)mrepooledarﬂ
expressed as mean * SEM. Cotmatmentmﬂz‘l‘PAa:ﬁAZBlB?hadagreater
-effect than the sum of J.ndludgal(_dnxg effects (p < 0.01, f~test).



Fig. 3.1.3. Representative printouts of OKM-1.reactivity in
variously treated HL~60 cell populations: untreated, solvent (0.3% DMSO,
0.3% ethanol), low TPA (0.5 nM), A23187 (300 nM), low TPA/A23187 co- &
~treatment and high TPA (20 nM}. Ieft panels (1) show cellular
camplexity in terms of light scattering, middle panels (2) show control
- fluorescence after incubation with secondary FITC—goat anti-mouse and
right panels (3) show ORM-1 reactivity. Threshold intensity for green.
fluorescence, determined from the trigger region, was set to a value of
50 (open bar along horizontal axis). Cells to the left of this value
are campiled as region A, whereas cells to the right make up region B.
Immmnoreactivity was calculated as total fluorescent cells in region B
(% value) corrected for blank fluorescence divided by 100 minus blank
fluorescence. , ' ‘

)
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of(TTPA/Az3187 and high TPA on HI-60 cells were also evident in the
complexity of light scattering (Fig. 3.1.3, panel 1).%
| AIheabser:nceofOﬂ&—lma‘ctivityinoéllsa{pose'dtocazrier
solvent alone suggested that the enhancement of synergistic effects by
solvent was not due to an overt induction of diffgpentiation. )
ihteresﬁirgly, A23187 by itself induced a small increase in OKM-1
mmxmreactlvz.ty (Fig. 3.1.3, d and Table 3.1. 2). In oonjm'v::l:ion with
elevated 1ysozyne act1v1ty, _this may indicate that A23187 caused slight
differentiation.
‘ | N : - :
"'3.1.4 HL60 Cell cycle Distribution

The growth inhibition caused by tireatment with A23187 and TPA
wasfurtherdxaracterlzedmaprelmnarysetofe}qnerment‘sby
'detennuungthel:bm@mentsofvanwscellpopﬂatlms Nuclelwéxe
stained W.lth propidium 1od1deand analyzed for red fluorescence by _flc)w '
' cytometry (Table 3.1.3). Representative printouts for each drug .
 treatment are shown in Fig. 3.1.4.. Untreated and solvezft treated HI~60
cellsomtanndll\ﬂkconespmﬂnngtoappmmatelyso% ofcells in G1,
24%1nSphaseani16%1nG2/M AmtablemcreaseJ.nSphaseﬁllsard‘
decrease mGl;iaasecellswascausedbytreahmntmth low TPA. This -
wasoons:.stent wlth the cbserved im:rease in' cell growth over a 96 h.
" period (Fig. 3.1.2, e). Two ccncentxatlons of C‘.a2+ 1onophore were used
in these experiments; 200 i A23187 did not alter cell cycle -
" Qistribution, vhereas in 2 Of 3 experiments 300 rif A23187 caused a
dranatlcredmtlonmSﬁﬁsecellsaxﬂacmmnltantnmeasemel

phase cells (Table 3.1.3). 'Ihls occurred without any visible decrease

(3
P
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Table 3.1.3. Cell cycle distribution of varidusly treated HIL~60
cells. - Nuclei from treated cells were stained with propidium iodide and
analyzed on a flow cytameter, as in Fig. 3.1.4. Raw data for 3
uxieperﬁe.ntexpermmts is shown. XNot all paxmnetersmrenwestlgated

in each experiment (indicated by -).
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" | coNpITIO TIME  GROWTH  G1 PHASE S PHASE  G2/M PHASE |
[ Cexpt #) ¢h) INHIB, : |
o e el {
| UNTREATED ]
I 1 72 0 60 24 16 |
| 2 48 61 23 16 |
| 3 . 48 0 61 . . |
T - T 1
| SOLVENT . : |
| 1 72 16 62 25 13 |
| 2 _ 48 ‘. 61 23 16 |
i 3 ' 48 8 .60 . - |
e T e e - 1
] 0.5 nM TPA |
| 1 . 72 -69 54 > 33 ;13 I
| 2 48 - . 58 . 24 18 [
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L LSS =1
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| 1 72 -23 é1 26 13 [

| - 2 48 : 65 21 14 | .
N 3 48 -2 59 . . . b
I‘,— ; === - -T= "“ ““““““““““““““ 'i
| 300 nM A23187 I
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| 3 48 -9 63p - - [
pommm oo B !
] 0.5 nM TPA + 200 nM A23187 !
| 1 72 Té 78 12 10 |
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b= - e Bt i
| @.5 nM TPA + 300 nM A23187 |
BN I ' 72 104 80 6 14 [
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| 10 nM TPA |
| . 1.° 72 97 89 3 8 |
| 2 48 - 93 2 5 !
| 3 48 * 89 90 . . - gy
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Fig. 3.1.4. Representat:.ve printouts of HI~60 cell cycle

- distribution after various treatments. Cell nuclei were isolated,
stained with ‘propidium iodide and analyzed on a flowcytometer: a,
untreated; b, solvent (0.3% IMSO, 0.3% ethanol); c, 0.5 nM TPA; d, 200nM
A23187; e, 300 nM A23187; £, 0.5 nM TPA and 200nM A23187; g, 0.5 nM TPA
and 00 nM A23187; h, 20 rM TPA. Threshold fluorescence correspanding
to GIMNA content (2n) was set .at a value of 75 using trout erythrocytes
as an internal standard. Region A thus corresponds to Gl phase muclei
~and region B to S+G24M phase nuclei. Determination of G2/M INA (4n)

repreﬁentedbythesecondpeaklsnotshownbecausepnntoutsweremt
‘obta.medatthetme ,
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in cell viability. However, in each ‘instance where A23187 alane had no
effedtf. on cell cycle distribution, co-treatment with 0.5 nM TPA caused a
mrkedaoumulatim of cells in Gl. This respconse was qglalitatively- .
\__Similar to that abtained with 10 nM TEA, which itself infuced virtually : %f .
camplete cell cycle exit. Although not carried out in sufficient
N < replicates to quantitate changes in cell cycled:,stnmum these T

al, 1988; Yun and Sugihara, 1986).
. . . . Lo
3.1.5 Effectsofoﬁlerﬂnr:bolla‘ste:samm' o s
Among other criteria, mpl:.cat:.m of PKC in a blologlcal process -
requires a demcnstration of appropriate structure-activity’ relationships
+ for a series of different phorbol esters (Vandenbark et al, 1984) s Th
- addltlon, the specﬁlc:.ty of A23187 is best confirmed with another
structurally unrelated 1ono;hore (Tsuda et al, 1985). Syne.rglstlc ‘HL~60
| o cell dlfferentlatlon was tested with the blologlcally active phorbol .

r estersTPA PDBuandPDD an inactive phorbol de.rlvatlve, -a.—PDDand
' the ca2t mH;iwre_ 1osrmyc1n. (Fig. 3.1..5). Diffe.rentla{' iftion was assessed

‘using the same enzymatic, morphological and growth criteria as described-
above. meof:timalcmthratimofeam;mrbola;terrequimdtq N
. o mamfestsynexglstm differentiatic was determ.ined from effects on |
| growth J.thb:Ltlm an cell (npr;im_ogy in prelmmary experiments.. 'Ihe
] activity of each phorbol derivative matched that s.lm prev:l.ously for
. | theMOsystem,,tlmmmcorderofpotemybei:gm>PDD>PDm»>
4a~PDD (Varrlenbark et al, 1984). Both 323187 and icnomycin were tested

for synergism with each phorbol ester. Unlike A23187, which has equal
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Similar data were cbtained in

ionophores

ic differentiation of HI~60 cells induced

caz"l‘

phorbol esters used approximate the inflection point of dose response

ist
upper right cormer irdicate that phorbol eéster and

ionophore co-treatment had a greater seffect than the sum.of

5. Synerg
esters and

1

by various phorbol

3

Untreated (unt) and solvent (0.3% (v/v) IMSO, 0.3% (V/v)

ethanol) represent control conditions without phorbol esters. Phorbol

esters were added to cells either alone (open bars), or with 300 nM

Fig.

Fig. 3.1.2, the lysozyme scale should be multiplied by a factor of 5.

ionomycin (stipled bars), or with 300 nM A23187 (hatched bars).

individual drug effects (p<0.05, t-test).

Bars with dots in the
~ at least 3 separate experiments.
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selectivity for Ca?t and Mg2* (Chapman et al, 1987), iancmycin strongly
prefers ca2+ over other divalent cations (Liu and Hermann, 1978).
Although i.he concent:ratim of A23187 used in this set of expe.riments
(300 nM) caused agnificmrt ‘gm'th uﬂﬂbiticn, nnr;hologmal
differentiation was markedly erhanced by A23187 fom-gach concentration
of active phorbol derivative (Fig. 3.1.5). Enzymatic markers, which
were not altered by A23187 alane, also showed statistics_ny significant
increasaoanparedtothes.mmationofphorbolesterarﬁionophore |
individually. Thus each of the active phorbol esters synerglstlcally :
J.ntera(:ted with A23187 to cause H[:-GO cell ‘differentiation.  As .
expecbed 4-a-PDD eJ.ther in t.he presence or absence” of C:a2+ ionophore

had no effect on differentiation. ' .

in com:rast to A2318'7 1oranycm (300 nM) did not alter cell .

grcwth 1tse1f, rmxetheless, it did catse a marked synerglstlc inhibition
" of proliferation with each active phorbol ester (Fig. 3.1.5). Enhanced
expression of secreted lysozyme activity by jonamycin was bserved with
PDBu and TPA at both concentrations tested, and for the higher
_ oorpéntratim of PDD used. Synergistic induction of acid phosphatase
activity was abserved only with 1 nM TPA. 'This discrepancy between
jonamycin and A23187 is discussed in the next section.

Fy

3.1.6 Quantltatlmoflntl:acellularcaz"'
| Inordertocorﬁumﬂmatﬂxe‘thlm)q:horesusedmﬂme
studies elevated intracellul ca2+ (de.noted [Ca?*]j) in HI~60 cells and
‘also to define the extent and time course of their effects, [Ca2*]; was
monitored with the flucrescent indicatof quin2 (Tsien et al, 1982).

ES
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Uptake of qu:an/m ard its conversion to quirﬂﬁby cytoplasmic esterases
in HI~60 cellswas&;timatedfranFmaxaftercell disruption by NP-40
(‘I'S'.J.en et al, 1982); the signal cbtained corresponded to a concantration
v of 20, quin2 in sinpllfa.ed medium. Based on a mean HL~60 volume of
800 um3 (Palis et al, 1988), the intracellular concentration of quin2
was therefore approximately 2-4 wM. 'This is towards the high end of
lcading 'in other cells types and may be sufficient to substantially
buffer Ca’* transients (reviewed in Rink and Pozzan, 1985). Tracings
_ reproduced in Figure 3.1.6-and 3.1.7 show that both A23167 and ionamycin
increased [Ca2t]; in undifferentiated HI~60 cells. Basal Ca?* levels
“were calculated as 106 + 16 1M (n =11, rarge = 64-123 M) ; this
campares with published values for mﬂiffe/r:gmiated HL~60 cells of 117-%
6 nM (Levy et al, 1988), 102 * 6 rM (Hrsuka et al, 1988) and 131 + 19 nM
(ohzalﬁ et al, 1986). Typically, 100 nM A23187 caused a transient rise .
fram basal levels up to a.peak comem:ratidn'of'aog + 232 M (range =
530-1,230 ni, n=6) . 'After Bumin [cz?“']i decayed to 274«4 78 nM (range’=
182-431 nM, r=6), approximately 2-3 fold higher than resting levels
(Fig. 3.1.7 a). Elevation of [Ca2*]; yas largely dependent on
extracellular Ca*. 1In Caz"'-free-buffer, A23187 increased [Cact); to
onlylSBnﬂarﬂevmthzsrettmaedtomarbasalvaluesbySmm{Flg.
3.1.7 b). The slight- J.rm"easemay have been due to release from
intracellular stores or a nominal amount of (}:-12+ in the buffer
(estlmated at 10 pM in theabsence of EGIA, Tsien et al (1982)).
Fmally, it has been reported that A23187 exhibits significant
fluorac':ebce\ at the wavelengths used for quin2 and must therefore be

—

used judicicusly (Rink ardl;o/zzan 1985). When A23187 at 200 rM was
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Fig. 3.1.6. Measurement of [Ca?'}; in HL~60 cells treated with
A23187. Undifferentiated HI~60 cells loaded with quin2 were ;
in simplified medium and fluorescence recorded before and after addition
of A23187; a, typical [Ca?t]; trace immediately after addition of A23187
and at equilibrium 90 min later; b, as for (a) but in nominally Ca2t
free buffer; c, effect of high A23187 concentration on fluorescence.
Numbers indicate calculated [Ca?t]; rounded to 2 significant digits.
Fpin and Fpay used to calculate Ca?* concentrafions were taken as the
signel after cell dis ion by NP-40, in the and absence of
. BGTA respectively.
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Fig. 3.1.7. Measurement of [Ca?t]; in HL-60 cells treated with ~

ionamycin.

iments were carried out as described in Fig. 3.1.6: a,

Exper
typical [Ca2+]i trace immediately after ionomycin addition and at
equilibrium 90 min later; b, as for (a) but in nominally Ca?t free
‘buffer; c, effect of high ionamycin concentration on [Ca2*)j..
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A

addedtolysedcellsmappreciableimmase inflmresce:neooamed
However, add.ltim of 1,000 nM A23187 caused a s:lgnificant increase in
Frax (Fig. 3.1.7 ©). Ifthiswastakenim:oacccnmt, the increase in
- [Ca2+] 1 beyond that mused by 200 ™M A23187 vas negligible. )
‘ Io:mycmwasalsoabletolncrease [ca?*)y, but was less active
than A23187. Treatment with 100 e 1ormyq;.n-caused a peak value of 394
£ 151 rM (range = 220-491 ™M, n = 3). By 100 min this had decayed to
basal concentrations (Fig. 3.1.7 a). The reduced ability of ionomycin
to synergize with phorbol esters thus correlated with its lower Ca2t
| mobilizing activity. Although 1oa'myc1n forms a 1:1 complex with
divalent mtidrxe ccxxparedtothe (A23187) ,Ca%* vomplex (Liu and ﬁéimann,
1978), the ioncmyciﬁ-dmlate is hlghly i depe'rxientarﬁ at pH 7.6 less:
than 5% partitions into an organic phase (Liu and Hermann, 1978) .
‘Despite this, ca?t trahsport by ioncmycin appeared to samrate ‘at 200_rM
(Fig. 3.1.7 ¢). As for A23187, elevatlon of [Ca2*]j by :meycm
depended strongly on extracellular ‘ca?t  (Fig. 3.1.7 b).

' Cooperativity between TPA and A23187 in the elevation of [caz*‘]
m%@@@@@lmm‘mdfmmﬂmmmprmw
absénce of A23187 (not shown). Carrier solvents alone also did not

- affect [C:az"’];-L over the concentration range 0.3-2.0% (V/V) as reported

by Hrsuka et al, (1988). Inoneezpermentllﬁ()appearedtodepressthe '
activity of A23187 in a dose dependent mammer. However, tl)ieeffectwas'

 apparent only at‘coreeﬁt.rations of greater than 1% (v/v) MSO. In any
event, neither DMSO nor ethanol enhanced Ca?* influx by the J.onq.hore.

The concentraticn of calt 1on::;hore required to sustain elevated
: [Chz"‘]l__ was scmewhat lower_than that needed for synergistic

A
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differentiation, partid:larly since a 25 fold higher cell density was
used in quin2 assays. This may reflect differences between the culture
medlmn and the simplified medium used in quin2 assays. In particular,
.-_(.‘_:3

the 20% (v/v) FBS supplement to REMI 1640 probably reduced the effective
ionophore concentration (Drummond et al, 1987).

3.1.7 Synergistic Differentiation of 0937 Histiocytic Leukemia Cells.

To test whether sym:rgistic differentiaticm was peculiar to the

HIL~60 cell lme, tr1a1 experiments were carried out with 0937 cells,
This moncblastic leukemia line also differentiates J.nto macrophage—llke
cells when treated with phorbol esters (reviewed in Harris and Ralph,
1985). U937 cells were m'laffecbed by low TPA concentrations (0 5 and
1.0 nM), hrtzonMTPAmusedceuadheremeaxﬂmderategrowmarrast
(Fig 3.1.8). Low TPA concentrations in combination with 400 nM A23187
also caused inhibition of cell proliferation and morphological P
alterations, similar to high TPA. Unlike HI~60 cells, the U937 response
appeared more transient in that populations which were largely adherent
by 12 h had detached by 48 h. In any event, it appeared that |
-synexgistic differentiation of myeloid leukemia cells was a general

3.2 GFNE REGUIATTON DURTNG MONOCYTTC HI~60 CEII DIFFERENTTATION

3.3.1 Dot Blot Analysis of c-myc and Actin RNA
Initially, differentiation induced by TPA/A23187 and high TEA

were compared by 2D-PAGE; however, no cbvious dlfferences in protein
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Fig. 3.1.8. Synergistic differentiation of U937 cells. .
Photomicrographs were taken 24 h after after treatment with various _
cambinations of A23187 and TPA: a, untreated; b, 0.5 nM TPA; c, 1nM TPA;
d, 400 nM"A23187; e, 0.5 nM TPA and 400 nM A23187; £, 1 nM TPA and 400
nM A23187; g, 20 nM TPA. Final magnification is approximately 50 X.

-
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expressiﬁ were coserved. }blecmlar analysis o{" synergistic HL~60
differentiation was therefore carried out with cmn and oligm.xcleortlde
pmb%cmplementarytomﬂ@seltherlmownorlmelytobemgulated
during differentiation. By employing several different ‘mrker genes, a
detailed canparlson between TPA-izﬁuced-differentiation. and synergistic
differentiation was made. It should be stressed that all subsequerrt
_ discussion refers only to stable IRNA levels; transcription, mRMA |
stability, translational efficiency and protein turnover were not
examined. Similar conditions and control treatments to cellular studies
were used with the @weptimthatéell dersitywasin:reasedfrmzk
105/ml to 1 x 106/ml. This improved RNA yields and allowed multiple
assassmentstobemrrledwtmththesamesamples. Itwasnecessaxy
to increase drug concentratlons,to maintain the effect oflsyne.l:gistic
differentiation: low TPA was increased from 0.5 r¥ to 1 nM and high TPA
from 10 ™M to 20 1M, whereas A23187 was increased from 200 TM to 400 riM.
The abbreviations low TPA, high TPA and TPB/A23187 now refer to these
dmgconcerrtratmns Differentiation-specific effects at Fhﬁe higher
ooncetft:rétions were confirmed by cell morphology, growth inhibition,
‘OKM-1 immmoreactivity and cell tycle distribution. Differentiation was
also evidenced by the changes in gene expression described below.
Tnitial investigations were carried out by dot blot quantitation
of c-myc mRNA levels since repression of this abundant transcript
correlates E:losely with the onset of differentiation (rev:temad in
Collins, 1987, see section 1. 3 1 for specific references). |
Hybndlzatlon of myc ol:.gomcleot:.de to total HI~60 RNA was mrmallzed

to either signals from a conserved actin oligomk:lectide (carpler;entary
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| 1 23 45612 3 456

: ..Fig. 3.2.1. Dot blot analysis of c-myc, actin and poly(A) RNA
signals in HI~60 cells. Oligonucleotides camplementary to c-myc (M),
actin (A) and poly(A) (AdT) were used to probe total RNA (1 ug) from '
variously treated cultures: 1, untreated; 2, solvent; 3, 1 nM TPA:; 4,
400 nM A23187; 5, 1 nM TPA and 400 niM 7; 6, 20 nM TPA. 1ength of
each treatment before RNA isolation is icated to the left in h. _ .
‘Duplicate dots are shown but RNA was actually spotted in terllmte.
The intense spot arose from a ch_lutlcm error. '
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to o, B and T-actins) or from (dT)pg (camplementary to total poly(A)*
.mRNA) . mtomdlogxapluc signals were measured by éensitcnetxy for
successive hybridizations with myc, actin, and (dT),g oligonucleotides.
Representative autoxadiogramg are shown in Fig. 3.2.1. BAbsolute
measuranentsforeammgnalavemgedwerammberofnﬂependent
experiments are recorded in Table 3.2.1. mﬂlfferentlated HI~60 cells
were estimated to cont:am approxzmtely 400 c—myc mmm mlecul&s/cell
basedoncMstandardsdottedonthesan'efllter Althcnlgha
'transmrrt decline in c—myc levels occured with all drug regimes
- including the solvent control (see below), only TPA/A23187_ and high TPA
permanently depressed c-myc expression. 'I'ypically~ either of these t;Jo
txeaméntsredmedc-mycmmcriptaumametdm% of that in
~undifferentiated oells Thus, as for cellular markers of
_ diffe.ren;iaﬁ&i, 'A23187 and TPA regulated c-myc mRMA in a synergistic
Precise quantitation vas difficult because both nomalization ®
- signals msat:.sfacboxy in some regards. Actin 1evels remained - 7
.'relati Y constant, emeptatlﬁhwhenasllghte@atmnocmmdm
cells which eventually differentiated (Table 3.2.1). When normalized to
actin, c—myc transcripts were therefore mﬂermt:mted at this tlmepomt-
‘.sxhthatc—mycahmiamesanetnmesameamdtomcmaseafterwh
(Table 3.2.1). Nomallzatlm to (dr),g suffered a similar setback in” R
thatweakerllybndlzatlonocauedatﬂle48ht1nepou1twhenoellswefe
fully 'differerrt;iatéd (Fig. 3.2.1). fhis also masked the decline in o=
myc levels. A further problem with the original (dT),g procedure vas
that filters containing many dots theoretically contained fore target -

&



Table 3.2.1. Summary of c-myc and actin RNA abundance in -
varicusly differentiated HI~60 cells. Total RNA was isolated fram HL~60
cells after the- uﬂlmtedtreautem'saxﬁprobedwimmycarﬂactm
oligomiclectides. * Values are averages of densitometric scans that were
first normalized to signals fram all untreated samples in each '
individual experiment. Each experimental condition was dotted and
,scanned in triplicate; the rumber of individual experiments ¢ i
to each value is indicated by n. ° Ratios were determined within each
nﬂlvn.dualemermenttlmaveraged n indicates the rmmber of .
e:qaerlments for which this was possibla. .Values for c-myc abundance

that were significantly less than that of con:mpond.ug unt.reated sample :

areuﬂlcatedby*(p<005) -
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" necessary to induce dlffe.rerrtlatlon.
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poly(A) tail (upto 40 pnol) than (dT)yg probe (18 pmol). Under these
conditions, non-equilibration binding of probe caused irreproducible -
normalization signals. Addition of excess cold (dT)yg to the »
‘hybridization solution corrected the problem and allowed its use in
detennination of metallothlonein express:.on (see Section 3.3). oo
Myvc/actm xatlos are reported in Table 3. 2 1 since most . imerltswere
caxrled out with t‘nese 2 OllgOImCl%Jﬁ&G

U‘nl:lke for oellular parameters of dlfferentlatlm, carrier solvent.
treatiient caused a marked alteration of c-myc transcripts (Table 3. 2. 1).
A4hexpos.1reofcellstoo3% (v/v) EDBOand03% (v/v) ethanol
resulted in a 50% decline of myc hybndlzatlcm campared to um:reated
controls._BylGh however, the myc sic hadnearlyreumxedtolts'
basal level. Given the qualltatlve observatlon that IIBO and ethaml | J‘k
enhanced synerglstlc dJ.fferentJatlm (see Sectlm 3.1.1), J.t was |

- poss ethatanmteractlonbetweenallthreecontroltreatmentswas

differentiation and c-myc mRNA Qg well documented

1982a); in particular, preta:eatment w:.th 1.5% (v/Vv) MSO sens:.tlzes
“cells to TPA (Fma$ st al, 1982). Tltraf.lm of the solvent effect an
cnife revealed that at 0.1% (v/v) the dlluent:s had little effect but
that at 0.3% (v/v), the concermuonused for many early experiments, a®
'reproduc:me decline c-myc transcripts occured (Table 3.2.2). It was
s unclear 1ftl'1&:;ent;ffectnaskeddlarges mc—myccausedbi &
eithér TPA or 223187 or if these agerrts alone induced a transient
decln'lemc-mycahxdame DlssectlonoftheeffectsofDBOarﬂ

ethanol 1rxi1cated that, at 0. 3% (v/v) for each solve:rt most of the

V .
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. Table 3.2.2 Influence of carrier solvent on c—mi(c Rbm!a_mrdance

#~
, : A

i . !
t ———-—=""=""7"7"7 B B 1
’ | DHso | Ethanol | DMSD + Ethanel |
fo——- t-r e el e i
| 0.6% ¢v/vy | - . 1.0 £ 0.2 S |
A e }--- rommmmm-mmm-e- ge=pmmmmmmmm e {
| 0.1X ¢vsvd | o0.97 . | , 1.0 .| 1.0 o
E— R e R i
u | 0.3% (v/v) | 0.48 | 0.96 . | 0.35 |
; S a— prmmmm e e e s 1
| 1.2% (v/v) | 0.04 | 0.29 ! |
O i 1 RS I J

o , ‘

‘ Total RNA (1 pg) isolated from undifferentiated HI~60 cells
treated for 4 h with solvent was spotted onto nitrocellulose and probed
with myc oligonucleotide. Densitometric values were normalized. to
signal from untreated controls (shown as mean * SD for 6é\dots on the
filter) and reported as the mean of duplicate dots from 2 single
experiment., e _ - P
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decline was due to IMSO (Table 3.2.2). At concentrations at or below
0.1% (v/.v) neither solvent had any signifimﬁt'effecp an c-mye
expression, ei.tl'ner alone or in canbinatim.

Althoughthe solvent-induced decline inc-mchNAwas not
.accanpanied by dlminished»cell proliferation (Fig. 3.1.2), there was an
obvious concern about the validity of synergistic differentiation.
Experiments to invé:tigate IRVA levels during differentiation were thus
carried out under identical conditions except that solvent levels were .
rdintained at or below 0.1% '-(v/{r) final concentration of each solvent.
Under this condition, synergistic différenﬁatim was phenotypically
md.15t1ng1nshab1e from that in the presence of 0.3% (v/v) carrier

solvents. 'Ilus:tsdlso.lsseimthenextsectlm.

32 2 Mﬁmhﬂﬁmdmmmm
lefererﬂnatlm
Althwgh c-myc and actin were of suff1c1ent1y high ahnﬂame to )
quantitiate by dot blot analysis, attempts touse this with other
genes (e.g. c-fos) proved futile because signals were overvhelmed by
non—spec:.flc bac}ogruxﬂ hybridization. Northem analysis was thus used
for all genes stufh.edg‘_j In addition to J.mreased sensitivity, this
methodpermlttedﬂgnalsansmg frandlsmntmm‘iplstobe
dlstmgmshed Given the effect of 0 3% (v/v) carrier solvents on c-myc
" mRNA abundance, it wasklstabhshed that synergistic. dlfferentmtlcvﬂ did
a.’mt depe:d on dJ.Luent cmcerq-_ratlm. Results shown in all fJ.gura; from

thlspomtwereobtamedatcornentmtmnsoflessthanorequaltoon

(v/v). With the excertion of c-myc, these results matched data~for

-
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~. . ‘
identical treatments under pfevicus solvent conditions. Each molecular

marker of differentiation will be discussed individually.
i) _Re-analysis of c-myc expression |

To confirm the effects of TFA Lnd A23187 on c-myc mmm
 jdentified by dot blotting Nort'he.rn blots of total cellular RNA £rom
various treatmentsatvarimstmmmepmbedmththemyc
oligormcleotide. ‘Specificity of the myc oligonucleotide was confirmed
by its hybridization to the expected 2.2—-2.4 kb transcript (Westin et
al, 1982a). As revealed by dot blot analysis, solvent. treatment either
at 0.3% (v/v) alone or in the presence of 1 nM TPA or 400 nM AZ3£7
caused an immediate but transient depression of c—-quc that was clearly
evident on autoradiographs of Northern blots (not shown). \, 0 marked
contrast, teatment with identical drug concentraticns in the preseme
of only lew carrier solvent concentrations (less than or equal to 0.1%
- v/v) did not decrease c-myc hybridization. Ratber, c-myc mRNA was.
elevated within 15 min of exposure to either A23187 or TPA and;by 4h
had increased 2-3 fold above basal levels in untreated cells (ng.
3.2.2). By 48 h c-myc mRNA abundance remmedmthepxe-treatnent
level. The early rise in c-myc mRNA was even more dramatic during
differentistion induced by high TPA or TPA/A23187. In both instances,
the elevation was greater (4-5 fold induction) and ocol.lred‘faster |
(meximal by 1 hr) than for either A23187 or low TPA. Dersitcmetric
scans of automd.lograns revealed that after dlfferentlatlon c—myc had
fallen by 50-100 fold cmpared to maximal -abundance and 10-20 “fold
‘ canpaxed to that in uxﬂlfferenta.ated cells. This ccmplex regulatlm of

c-myc MRNA forhntwsly nﬂlcnted that synezgxstlc dlffezent;atlon

-
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mo untreated 1 1 low TPA (1 A2087-- - '+  TPAA23IB7--- i highTPA 1
023 1 4 W 48 025 1 4 16 48 Q25 1 4 10 48 025 1 4 10 48025 1 4 1 48

R

Fig. 3.2.2. Regulation of various mRNA's during synergigic HL-
60 differentiation. Total RNA was isolated from cells that were either
untreated or treated with low TPA (1 rM), A23187 €400 nM), TPA/A23187 (1
nM- and 400 nM, respectively) or high TPA (20 nM) for the indicated
periods of time (in h). and prubed with radiolabeled oligomucleotides and
INA fragments. Marker (m) sizes in kb are indicated to the left and the
hybridization prode for each row to the right (M, myc oligonuclectide
Fo, 2.7 kb c—fos genamic DNA NcoX fragment; I, Il~13oligomiclectide
P, 2 kb PA7 cDNA PvuII fragment; A, actin oligomuclectide; G, 2.5 kb
GRP78 cINA BamHI-EcoRI fragment; Fm, c-fms oll.gomlcleotlde) The first
Srwsorlguatefrunoneblotarﬂthelastt'hreefrman
duplicate; actin 51gnals are shown for each. Representative of 2.
independent experiments. -

wp wp
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matdmedthexmpmsetophozbolesterquiteclosely.‘

ii) _Differential induction of c-fos .

Phorbol esters induce immediate c-fos transcription in many cell
types (reviewed in Verma and s;assone—Oorsi, 1987), including the HL-60
line (Mitchell et al, 1985; Muller et al, 1985). When cells were

' d!ie:«q:x::sedto20ri'~I'I'P2!s, the 2. 2kbc—fostranscr1ptwasdetectab1eby15
min. and maximal by 1 h (Fig. 3.2.2).° Although cnly minimal |
hybrldlzatlm occured to RNA from undifferentiated cells, induction was
estimated to be at least 15 fold above basal levels. In marked
contrast, low TPA/A23187 did not cause any early rise in c-fo TRNA
although by 16 h“l;'ansc:ripts were detected at approximately the same
level as in 'I'PA-dJ.ffererrtJ.ated cells (roughly 2 fold above basal) 'Ihis
ﬂl@tnmeaseprnbablyrepmamsmemmmmrncyucphelwtypeascw
fos TRNA is present in normal peripheral blood monocytes (Bravo et al,
1987) as well as in HL-60 cells induced to differentiate by 1,25(CH);D3 |

: (Muller et al, 1985) . Neither low TPA nor A23187 much influenced c—fos
transcription. In point of fect, greater' induction of c-fos occured in
response to 1 nM TPA than during cotveatment with 400 r A23187. Thus,
A-induced differentiation and synergistic differentia@:im.differea
drama.tically in terms of c-fos regulation.

' 4ii) _ Expression of c—fms ' g .
' Although c-myc was regulated almost identically in response to
TPA/A23187 and TPA, this did not establish ﬂﬁt a specific programef ~
gene express1m was jJri'uced, partiqalerly as c-fos resparnded in an |

unexpected manner. Inorder'toassasstheextentofmnocytic'
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o téermtiatim, RNA samples were probed with an oligaunlm

camplementary to human c-fms mRNA. This gene is slowly upregulated in

HL—60 cells treated with either TPA or 1,25-(CH)2D3 (Sariban et al,

1985) . Asacpected,makbc-ﬁnstmmscriptsv.-eremt@ahafter 7

addition of TPA/A23187 or high TPA (Fig. 3.2.2), similar to previous

results on c-fus iin HL~60 cells (Mitchell et al, 1986; Horiguchi et al,

1986; Sariban et al, 193&)_. Although TPA/A23187 initiated o-fms |

transcription in HI~60 cells, it was at a 1éve1 samewhat reduced

catpa:i:ed to high TPA. Moreover, the onset of c-fins expressim.was

delgy_edastr;nscriptswereamarentmlyaftermm Thus, while the

synergistic combination of phorbol ester and Ca2* ionophore clearly

induced monocytic HI~60 differerrtiétion, this stimilus appeared not as
stixongasahigh concentration of TPA alor:e. This may reflect the g
degree of cell maturation in each treatment. |

A subtle effect in c-fims expression vas found toor#relatewith

both types of monocytic differentiation. Undifferentiated HI~60 cells
contained a weak, diffuse signal centered at about 5 kb that appeared
specific for t.he oligorucleotide probe. Upon acquisition of monocytic
d]éxacteristics, this region of hybridization was lost with the -
concomitant appearance of discrete c—fms transcripts (Fig. 3.2.2). All
control treatments failed to mduceexpresmm of a discrete mRMA for
the- CSF=1 receptor, nor was the diffuse c-fms hybridization lost under
‘these conditions. The nature of the heterogenous c-fms like RNA is
unimow_n (iie. it is not a;parerr;in unstimilated monocytes (Boriguchi et
al, 1988)) but incamplete RNA processing in undifferentiated HL~60 cells

could explain the larger size and broad region of hybridization. This -
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 oould be resolved by camparison of c-fms hybridization in nuclear and

cytoplasmic RNA fractions. '
iv)_Requlation of T1~18 like transcripts (,

A systematic imestigatioh of IL-1p regulation during monocytic
HI~60 cell differentiation has not been reported. Thus, although IL-1
transcripts were expected, the pattern of regulation could not. be '
anticipated. Northern transfers were probed with an oligomclectide
cmplennerrtary to a conserved region of human Ir_.—lﬂ Swrprisingly, two
trenscriptsof27kbhrd16kbwei:edetecbed (Fig. 3.2.2). The latter
corresmﬂedtoauthentlcsmenr—lﬁnm buttluswasl%sMantm
mﬂlfferentlat:ed cells than the larger transcript. High TPA induced a
Sllght shift in the signal intensity of each nRNA such that they were of
equal abundance by 16 h. By48hbothtranscr1ptshaddmm1shed
sarewhat. In cmtrast TPA/A23187 evo]/ced a greater acu.nmlat.lon of the

1.6 Kb mRNA by 16 h. This differerce in regulation of IL-18 like  *
Fe N '

of differentiation are not identical. Low TPA and A23187 caused only a
slight transient :u&:rease inatl_]e 2.7 kb ;ianscript‘ witholit altering the
abundance of the 1.6 kb nRG. “

* The nature of the larger IL~1p transcript is at present unknown.
It may be related to an epidermal cell-derived cytokine known as ETAF
(epidernally-derived thynocyte activating factor, Bell et al 1987). 1f

ﬂustxanscnptlsshcxmtoencodenrlllkeactlva,themwsystem

will be useful for the investigating the dJ.fferentJ.al regulation of the

“two transc.rlpt's and for elucidatting a functional rolelfor the cytokine

encoded by the 2.7 kb mRNA.

4

[
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Initial characterization of P47 Mxevealedamarked irrmcticm
that peaked after 4 h exposure to TPA (see Section 4.4.1). This was
repmduced in separate studies on synergistic HL-60 cell differentiation
in which the transcript was used as a marker of differentiation.
TPA/A23187 and high TPA evoked similar induction patterns, although the
effect vas somevhat more pronounced during synergistic differentiation,
(Fig. 3.2.2). By 48 h differentiated cells contained only slightly more
P47 mRNA than untreated cells. Abundance of the P47 transcript was only
sLightly affected by either A23187 or low TPA, Sgain confiming the
synergistic effect of these agents on HL~60 gene nagulatlcn Further

.details of P47 mRMA. regulatlon are discussed in Sectmn 4.4.1.

© i) Induct:lon of GRP78 mRNA '

Originally the GRP78 cINA was acquired to confirm the

: 4
anticipated effects of A23187 on transcription (reviewed in Iee, 1987).

m\e%ﬁ: the 2.7 kb GRP78 transcript was transiently elevated by
'legh TPA .TPA/A23187. The former caused an approximate 6 fold

‘irﬁuctionofthemMaftérdhwtpmasthelattermusedaSfold.

increase (Fig. 3.2.2). Thereafter levels declined to well below that of
untreated cells, particularly in cultures differentiated with high TPA.

Treatmant with low TPA also induced the GRP78 transcript slightly. Even

F

‘more .surprising was the cbservation that A23187 itself caused only a

very slight transient increase on GRP78 mR)A abundance after 4 h. This
. : . ’ R . 5
resultwésinspiteofmappaxentixmeased@%proteinsyxﬂgsis

detected by 2-D PAGE (not showr).

: 'IhedlscrepancybemeenerOcellsarﬁothercelltypesm _

T
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difficult to resolve. In fibroblests, induction of GRP7S mRNA can be
canpletely accounted for at the transcriptional level (Ifn and Iee,
11984).  The GRP78 promoter contains a Ca2*-responsive enhancer element
between muclectide -100 and -150 (Resendez et zl, 1988). This region
cbnfers responsiveness to all mma inducers (Lin et al, 1986;
Chang et al, 1987; Kim and lee, 1987), mplymg that many a;parently
nﬂepenientstjmllactthrajghanedﬁmsmmvolvmgthesanetmns
acting factor(s). It is also difficﬁlt to explain the induction of
GRP78 mRNA by both high TPA g)d\TEA/AZ3187. GRP78 'transéription in
flbmblasts is not responsive to phorbol esters; morecver, the upstream
regmnoftheGRP?Bgenedoesmtoontamanyofthe}mmTPA

v responsr@ elements (Reserﬂez et al, 1986, 1988). It is possible that
the acam}latlm of GRP78 MRNA actually reflects an alteration in the
cell cycle dlst-.rmxtm_; of HL-60 cells as they differentiate. Altiigugh
GRE78 has bl classified as a cell cycle regulated protein that
imaz;mtly in G1 (Bravo ard Celis, 1980), its induction upon
sernum starvatlon probably reflects glucose deprlvatlon (Iee et al,
1984). Analysm of GRP78 mRNA in serum starved HL~60 cells and/or cells
non-specifically arrested in Gl with hydroxyurea could test this idea.

) Several trivial explanations for these results can be ruled out.
Although higher concentrations of A23187 have been used to induce GRP78
in same other cell types (7—10 M, is optlmal in' hamster flbroblasts),
Hela cells require only, 500 nM A23187 (Resendez et al, 1988)
Slgm.flczntlyt, gler.a cells exhibit a similar cytotoxic response to A23187

" as HL~60 cells (Rnsendez et al, 1988) Sipce the concentrations of .

A23187 used in HL~60 cell cultures caused a substantlal elevation of

-

o
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?822+]i (see Section 3.1.6), there seemed little chance that A23187 was
not added or :tlxat non-equivalent concentrations of A23187 affected
results. Finally, -both mtric_:t_:ion enzyme analysis and transcript size
 indicated that the correct clone was used (Iee et al, 1981).
3.2.3. Requlation of Various wifNaAs by TPA

 Although the results presented in section 3.1 suggested the
contrary, itivasinportanttccmfirﬁthatmeﬁmpletehumonof
- some molecular lizarkers-by TPA/A23187 was not because this condition
_ nerelymdceda lwoomerrtratlon of TPA. 'L‘aaaecansest:ﬂlﬁ for a
range of TPA concerrt::atlons were therefore analyzed for each mRNA
investigated in Sectlon 3.2.2. Between 2—4 ™ TPA caused a susta:.ned
repression of c—myé mRNA (Fig. 3.3.3). Longer exposure of fllters
probed with the myqoligorucleotide-by J:.Eelf showed that c-myc mRNA was
still deggﬂ-able in cultures treated with 2 nM TPA. This was in accord
w1th cantinued growth and visually unaltered morphology (dat:; not LA
movm).. The decline in c-myc mRNA was slightly pr%ed'by expression
of the 4.3 kb c—firs transcript, which was readily apparent at 2 M TEA
(Fig. 3.2.3). This suggested slight uncoupling of growth and
differentiation. - Induction of c-fos expression was also qu.1te evident
at 2 nM TPA (Fig. 3.2.3), supporting the idea that it was €induced by TPA -
only as an ancillary event to* differentiation (Mitchell ét al, 1986;

Calabretta, 1987). Differences between the response to TPA and-

TPA/A23187 treatment were underscored fact that induction of the

lower II-18 transcript was not observed ‘TPA concentration (Fig.
' | L

3.3.3). Overt P47 and*GRP78 regulation we.re not cbserved in this dose



_ Fig. 3.2.3. TPA dose-response of mRNA regulation in HL-60
cells. Total RNA was isolated from HI~60 cells treated with the
indicated concentratiéns of TPA (in nM) for the indicated periods of

time and analysed as in Fig. 3.2.2 except &ho¥ a’single filter was used

with all probes (M, myc oligamuclectide; Fo, 2.7 kb c—fos gencmic DNA
NooI fragment; I, B-II-1 oligomucleotide; P, 2 kb P47 cINA Pvull
fragment; A, actin oligomuclestide; G, 2.5 kb GRP78 cINA BamHI-EcoRT
fragment; Fm, c-fms oligonucleotide). Hybridization to myc and actin
oligomcleotides was carried out similtanemusly. The actin signal
revealed that effective binding of RNA decreased towards the right side
of the filter. Transcript sizes are as in Fig. 3.2.2. Representative
vof 3 independent experiments. -

15



o 05

4

i — -
16 64 05 2

18n
4 B8 16 64 03 2 4

153

-




+*

response study, in large part because the time points selected did not
include the narrow window in which induction of these mRNAS occured. In
sumnary, gene)regulation cbserved during synergistic differentiation was

3.3.1 Effect of Di_ffermxtiatim on Metallothionein mRNA

dmng% in metallothlomem (MT) mRNA 1evels dur.mg HL~60
dlfferentlatlm were' mve;tlgated to see if MT mRNA express1cm

'correlated with alterations in PKC activity upon dlfferem:latlon and to
-~
testWhetherlﬂ‘atpr%s:.mwas mcreased :mcells capable ofa

respiratory burst (see Section 1.3.2). In addltlm, the correlation B
'betweenm'ahnﬂanceamlgrowthstatewasofmberwt (Karin, 1985).

: .Fmally,bﬂ'servedasamthergenesystemmthwludmtoampare

Isynerglst;c and -IPA-:;ﬂmed differentiation. .
MI' TRNA was quantitated by hybridization of an MI-specific
nligomuclectide (MIAP) to RMA dot blots. Al:ttoradlographlc signals were
normalized to those obtamed with (aT) 13KM , 1987). Reéraseﬁéative
autoradlograns for eac:h hybrldlzatmn cordition are shown in F1g. 3. 3 1.
Assmmanzedm'l‘ableB 3. 1andF1g 3;2 ne1therbasa1mr0d2+
inducible M expression dianged apprecmbly upon differentiation with
TFA, TPA/A23187 RA“\ or 14 (0}1)203 CmL{pmlonged culture (96 h) in
thepreserx:eof'I‘PAreducedtheumpmgnal ('I‘ab1e3 3. 1) This may
have mlted fn:m an extreme terminally dlfferentlated state in wluch

maNy genes were J.nactlve and cell viability was decreased Induction of

-
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Fig. 3.3.1. Dot blot analys:.s of MI' RNA in variously '
differentiated HI~60 cells. TotalRNAfmmqi"‘nrhmedmltnesv}as
probedmmttlempollgomclectlde (MI) or with (dT)41g. Cells werke

ither undifferentiated (und) or differentiated with 20 nM JPA for2 4
A), 1 nM TPA plus 400 M A23187 for 2 d4af), 1 uM RA for 5.d (Ra)
or 100 nM 1,25-(CH),Dy for 5 d (D3) prior to incubation with the- N
mtﬂmta;,poncem:mtlon of CdCl, for 6 h. Reproﬂmtatlve autoradlograms-
- are shown. : .
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different (p<0.05) from urdifferentiated cells are marked with *.
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Table 3.3.1, Basal MT' RNA expression in differentiated HI~60 cells
r—; ———————— P A T'""—?}"“. ““““““““““““““““““““ 1.
| Dif‘feren;tfiated State | Relative Basal Level |
b=t e fmmmm e R ]
I S I -
| high TPA (2 d)_ | 0.87 ¢+ 0.38 (n = &) |
| : . [ oo
| high TPA (4 d) i 0.26 ¢ 0.06* (n = 2) |
{ A : ! I
| TPAZARZ3187 (2 &) | 0.68 ¢+ 0.28 (n = 2} |
I o S I ) .
| 1,25¢0H)I,D3 (5 d) | 0.68 & 0.17 (n = 2) |
| - ‘ ' I
| RA (sd> | < 0.80 ¢ 0.28 (n=7>|
| | I
| ra (7 & | 1.06 th = 1) |
‘ L-_u,_ ------ F S - .
3 ‘“
<0 . :
S ¥ ' .
b Uninduced levels of MI' RNA levels were determined in HI~60 cells -
differentiated as in Fig. 3.3.1. Values are mean % SD of replicate
determinations relative to uniinduced cells. Levels significantly

LN
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* vitamin D,

Fig. 3.3.2

Fig. 3.3.1) were i

panel) and analyzed as in Fig. 3.3.1.
: autoradlogramlc signals from MIAP were quantitated by densitametric

scanning, normalized to the signal from (dT),g and expressed as a

percentage of the maximm induction.

cdCl, (kM)

INDUCTION TIME (h)

6 12 18 24.

T

_ arﬂt:mr&pomseofcdz"'ndmtmnofmmm
“Undifferentiated or differentiated HL—60 cell cultures (as described in
ted with indicated concentrations of Cdcl, for 6

h (left panel) or with 4 pM 01012- for indicated periods of time (rlght

experiments dotted in triplicate.

-

In each experiment the

‘Roﬂﬂtsarem@nears(-*sm) of 2
.7‘ - i | ".



B Y

S

AT
N - '/
MT mRNA by@ﬂz"' exhibited a similar dose—resporse relationsnip for all
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‘of the variously differentiated HL-60 cells but saturated at a lower

0d2t concentraticn in undifferentiated cells (Fig. 3.3.2, left panels).
ttmlghpeaklnductlm levels of MI' mRNA were quite uniform in all
types of HL-60 cells, the induction period was shortened considerably
after dlfferentiatmn. If differentiated HL-60 cells were c:halle.nged
mm4pncd2+ MI‘mRNAwasuﬂucedforGhbutthenremnxedtobasal

levels by 24 h (Fig. 3. 3 2, rlght panels) In contrast,
] *

undifferentiated cells mamtaﬁ'.ed M mRNA at maximal ah.mdance for the _.

~entire 24 h perJ.od exanuned Other than this, however, alte:catlons in

'}ErGOOellpherntypetbatocdn‘édupmldlffemntlaUOnappeaxednctto '

affect the _response of the MT genes to 0d2*. Thus, neither acqulsltlon
of the re;plrat:ory burst pathway nor permanerrt cell cycle exit

: J.nfluencedlﬂ'geneexpxassa.m. Inm.-'GOOells the level of MI' mRHA did

not correlate with a g:rported increased demand for Zn2t in
proliferating cells (Imbra and Karin, 1987),

Wlth regard to synerglstlc dlfferentlatlm, HL-GO cells
dJ.fferent:Lated elther w1th TPA/A23187 or TPA were qu:.te ca‘parable in
- both cd?* dose-response profile and the attenuated induction period
characteristic of differentiated cells (Fig 3.‘3.2).. The only aspect of
MT mENA regulation in which TPA/A23187 differed from high TEA was ¥e

maximm level of induction. TPA-differentiated cells had the greatest

‘degree of MI,IRMA induction whegeas. 'IPA/AZ3187—'treated cells had é\

¥
maxJ.mlnn Od2+ r&sponse more like that of cells dlfferentlated w1th RA or

.1,25~(0H) pD3. ‘The variability between differentiated stat&s however, |

amour?:\ed to less than 2 fold. Thus,” both const:l.tutlve and cazt-
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inducible MT gene expression substantiated the monocyticwphenctype of
synergistically differentiated HL-60 cells. '
3.3.2 TEA Does ot Induce MP WAV in HIr60 Cells

Given the varied PKC activities in each different HD-GO state -
(Zylber—Katz et al, 1985), yet similar MT basal“aq:ress:.m and mductmn
profiles, it seemed unlikely thé}_t PKC played a iole in MT' tmnscr:.ptlon .
in HL-60 cells. . This hypothesis vas tested directly by examining the

effect of TPA on MI' mRNA in undifferentiated and RA-differentiated HI~60

cells. The results stmmanzed in Table 3.3.2 clearly danustrated that
actlvatlon of PKC did not increase MI' transcrlptlon Ain either cell type.
’ztlnswasoontraxytofuﬂu)gs mHepGZhepatanacells (Imbra ard
Karin, 1987), a preliminary e.xperment usmg HepG2 cells was carrled
out. In this case, TPA (160 nM)° w{gsf_cxmdtonmcreaseﬂl‘mﬂihlms
1.5 fold (data not shown). However, unlike the serum-free conditions

. employed by Inbra and Karin (1987), cells were maintained in media
suppleme.ntedw:.th 10% (v/v) FBS. This suggested that much of the MT
resporse to TPA in HepG2 cells is ‘due to either mitogenic effects that

are manifest only in serum-free 'tJ.ons, or that basal level ermancer

activity, which maps to AP-2 bi sites in the h:ﬂ'IIA prancter
(Lagawa et al, 1987), is shut down msermn-starved cells. Endogencus
serum proteolipids may activate PKC (Ways et al, 1986) so that m the
pres:nce of serum, phorbol esbars have no additional effect on MT' mRNA
transcription. By analogy, it is possible that MP transcription in HL-

60 cells may naspond to PKC actlvatlon under serum fl:ee oorﬂltmm:

-

L



-

N 160
]
Table 3.3.2. Effect of TPA on MI' RNA expression
& .
i
“"“" ‘rd-—-—-‘_—__‘_____ —— —— . . . . e S S S -|
A | Undifferentiated cells exposed to TPA (nK) |
fmmmmmmnnn e 1
| .time ¢h)| 0.5 2 4 8 16 64 100 200 |
pommmmmme b e 1
i 1 | 1.0 0.9 0.8 0.7 0.9 0.8 -
| 6 | 1.0 7 - . 0.8 0.6 0.5 0.5 0.6 |
| 16 |} 0.8 0.9 0.9 0.8 0.9 0.8 -
| 48 | 0.9 1.0 1.0 1.4 6.9 0.9 -
| e e v e = v o J
[m————= [ ——————— ——— i e e e e e 1
8 | RA-differentiated cells exposed to TPA (20 nM) |
pr—=——--—- ittt bt i
| time (h)| O 0.08 0.33 -1 4 & 24 48 |
| [ ' |
| ’RNA | 1 1.5 1.6 -1.4  1.1. 1.4 1.3 1.2 |,
b _ L e e et o e e e o i i J

MT RNA was quantitated (as in Fig. 3.3.2) in undifferentiated
(A} and RA-differentiated (1 uM, 5 d) HL~60 cells (B) after treatment
mth TPA as indicated. Values are relative to untreated cells and are
reported as means from two experiments.



" By many different criteria, phorbol esters and Ca?* ionophores
were found to induce nonocyt:.:: HI~60 differentiation in a synergistic
mmmer.'.'mismsinspiteofzcﬁveatsintheexperixEﬁEaImrﬂitims
used. Media pH strongly influenced the cytotaxicity of A23187 such that
consistent. differentiation was only cbtained in cultures buffered to pH
7.6. Similar effects have been cbserved in rat basophilic 1e1ﬂmia cell
cultures (Fewtrell et al, 1978). In human exythrocytes, cutside-to-in
pmton gradients facilitate A23187-mediated a2t influx (Vestezgaaxd
Bogind and Stampe, 1984); this effect is half maximal at pH 7.3, thepKa

faor the carbouquic acid moiety of A23187.' Elevatlon of extracellular pH

‘above the pK,. causes prefermtlal ionization of A2318’7 at the external

face of the plasna membrane; this in turn J.m:reases the efflc:l.ency ‘of

Ca2* influx becouse ionized carriers are available to form the 21

electroneutral ca2t cmplex (Vestergaard-Bogind and Stanpe 1984) .

Basedmthesearglments 1twasun11ke1yﬂmtthecytotcnuceffect of

A23187 on HI~60 cel]swasm{toem:ryof ca’* into the cytoplasm.
T

&
Rather, the elevated external pH may have reduced parta.tlonmg of A23187 -

to nﬂn:acellularmbranecaupartmentsbysa;lmtm}mgthe ioncphore at
the external leaflet of the plasma merbrane. One poss:.ble target for
A23187 is the An:.tochmﬂrlal inner membrane, which mamtams a pos:.t:.ve
PH gradient of 1.4 ~ with ‘respect to the cytoplasm (see FJ.llmgame,
1980). Disruption of mitochondrial Ca?t sequestration and proton motive

force by A23187 could lead to metabolic death. .-

T
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b'Ihe' role of pH in HL~60 differentiation hasbeen investigated to

a linited extent. One of the earliest effects of TPA in HI~60 cells is |
elevation of intracellular p (pHi)a via activation of the Na*/Ht ,..
em::harger (Besterman and Quatrecasas, 1984). A]Jmlim.zat:l.cn of the cell
mterlor is also caused by RA 1 25—(0!!)2D3, dbcAMP and 7-IFN, but in
each case this is not essential for differentiation (Ladoux et al, 1937, )
1988) . SJ.nce A23187 acts _as a Ca2'/i" exchanger, it too can elevate pHj
(Muldoon et al, 1985). However, in a single experiment monensin had no
effect on TPA-induced HL~60 differentiation (data not shown).

| It may also be relevant that HI~60 cells acquire eosinophilic
characteristics when maintained for long periods of time at pH 7.8-8.0
- (Fischkoff et al, 1984). Aside from the sllghtly’ lower pH employed in
this work, an effect on synerglstlc dlfferentlatlm cannot be r.uled out
part1cular1y since inducers of HL-50 differentiation can often cooperate
with each other (see Sectlon 1.2.4). However, eomm;iullc Hl'.r-60
dlfferentlata.on 1s ml: associated with pennanent cell cycle exit
(Flschkoff and Cbmlon 1985) Above all, the effects of Ca2% ioncphores
on HL~60 dlffererrtlatlon were - dramatlcally dlffe.rent from the responses
"to phorbol ester alone under othervise 1de.nl:1cal culture conditians.

Although synergistic differentiation was ultimately pruvai

independent of carrier solvem's these effects wanarrt further ccxrment
l:MSO could have dJ.rer,:tly J.nfluenced HI~60 cell dJ.fferentlat:Lon,
partlcularly as 1t caused a signifidant decline in ~c-myc TRNA. In sp;t':e
ofthefactthatlz% (v/v)D-ISOmrequ.mre:lto:.rd.xcegramﬂOcytlc -
maturation (collins et al, 1978), low conoentratmns could have ’
predisposed cells towards dlfferentlatlon. An Jnteractlon between IO a
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and TPA has been noted (Flbadlgj:__gl 1982), blrtthisrequiredls%
v/v) u-so As:.defranthecbservedeffectmc—myc inth:iswork low
cmoentratimsofudSOdmnﬁshmenaxtrqiﬂlrespiratomymmt (Wong
arnd Chew, 1982).. Coincidentally, bot'h processes are regulated by PRC.
5 Carrler‘solvem'_s may also have servedtodisplaced.rug from
serum protein and, thmx;h water solub:.llty, provided better |
access to the cell membrane (Sharkeyardnlmxbexg 1985) This was
suggested by the fact that solvent effects were less prcxmx:ed in
caltures used for RWA isolation; the higher cell density in ﬁuese
 experiments (108/mL carpared to 2 x 10°/ml for experiments on cellular
‘paraneters} would ‘have :mcreased the ratlo of cellular sites to non~
speclflc sites approxmately 5 fold. In addltmn, the higher drug
concentrations enplcyed mﬂer these corx:htlons would have been less

affected by mn—spec:.f:.c binding. As J.ndlcated in section 3.2. 2,

however, synergistic dlfferentlatlon was ultlmate.ly uﬁependent of

~

carrier solvents.

| 3.4.2_Trends in Macrophage-Like HI~60 Differentiation
' . Induction of HL-60 differentiation oocured asa graded respanse
that depended on the strength of inducing Z Irhibition of cell
growth was the most sensitive quant.ltatlve marker of dlffe:cent:a.atlm.
Gell cyclle ‘dlstrlbutlon reflecbed the proliferative an:&s:t althou;h the
) catpletepagbselne of populataon-grmth was somewhat at odds mth
acamlatlon of cells in Gl since cells in later stages of the cycle
ﬂm:st’hawedlw.dedtoarnveat(;l.;'Ihemothercellularparamete.ts

! for which dose—response studles were systematlcally quantitated,

= a

Y s & L
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extrace)lular lysozyme and irrt:racellar acid piws;hatase, required a more |

»

potent differentlatlm—.mducmg signal. Of the mRNAs e«amined!,,c-mgc
was most respansive to inducer while c-fms a;pearedtorequ.lmastrorg
phorbol ester etilmlus for maximm induction. A definiticn of cell
differentation d:m.cusly depetﬂed upon @@t mda.@tors were used and
when differentiation was amed ‘
InscueregardsmA/Azalavevo}aedamakerptmtypeﬂmnhigh
concentrations of TPA Cell cycle arrest, acid phosphatase acl::.v:.ty,

OKM-1 react:.vn:y, and c—fos, ¢-fms and Cd2*-responsive MT expression all -

occured to a lesser extent Desplte this, cells treated w1th TPA/A23187
clearly dlffe.rentlated partlcularly as ev1denoed by morphological
alteratlons and permanent repressmn of c-myc and \cellular
proliferation. Poor expression of some markers J.n TPA/A23187—
differentiated cells may reflect a requlresnent formtense short term
‘stimilation of PKC for maxmal induction. This has been noted for CSF-1
‘expre;simiin normal monbeytes (Horiguchi et al, 1986 1988). Such an
effeci: could be easily tested by treeting synergisticauy differentiated
cells with TPA and re—exanu.m.ng various markers. Alternativel v, '
"dcwnregulatmn of PKC may be required for induction of some markers;
specific phorhol ester binding 1_n TPA/A23187-treated could be conpared
to that in cells differentiated with TPA (Solanki et al, 1981).

‘Interastmgly, A23187 by itself caused slight induction of ‘some’ I

n'ndlmtors of dlffererrtlatlon It could be argued that variable
e
aou.nuulatlcm of cells in G1, increased OKM-1 1mmoreact1v1t§ release

of’ lysozyme and growth :mhlﬂltmn caused by A23187 was pl;rtlal :

& dlffere.ntla‘tlm rather than non—spec:1f1c toxic effects Whélsl;er t‘nls
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docured \}ia a direct éaz"'-signal or by’ ionophore-mediated DAG release is ,.
.mxclear(PreJ.ssetgl 1937,seea1soSectim344) *

| Finally, the response to weak dlffemrrtlatlon—nlducug signals
was not nérely a 1imar interpolation from overt differentiation. Low
concentratlcmsofTPAmusedanmmcpectedmeasemgmthrate
-Although this amounted to only 10-20% above um:rveated controlS, :

effect wag reproducible. ~One unsubstantiated report corroborates this b
cbservation (Collins, 1987). Accordmgly, 'the_cell cycle distribution
afteremosuretoo.SrMTPAshqwedanunreasemSphaseatthe
expense of Gl. The proliferative burst of cell populations treated with
either A23187 or low TPA may be related to the transient elevation of c- |
.myc transcrlp‘l's cbserved in the same pcpulatlons Subthreshold 1evels
ofnﬂucmgagentcmldtnggercellgmthaspartoftheovexall
response to dlfferentlatim induction. Trarﬁ;.ent elevata.on of c-myc
nMalsoocwredeGOoel}popﬂaum'swhldldlffemntlatedmﬂle)’/
absence of pmllferatlm, the results of Sariban et al (1985) suggat a
similar 4-5 foldtmcreasemc—mycmmmmortlyafterexposuxeto3 3rM
TPA. RAalsotransmntlyelevatac—nyc, poss:.blyaspartofthepre—
cmmtment state that occurs within 24-48 h of exposure t%ﬂe d:dg (Yen
and Guernsey, 1986). - In vivo, expansion of' a.. given cell populatxm may
precede terminal diffemntiation so that increased' mmbers of | o
dlffererrtlated cells a:r:.se in response to a given stimlus or grad:.mt

of stimilaticn. ' '
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3.4.3

' It is cbvious from the above results that there is not a tight
correlation between pmlifet@tim and c-myc mRNA expression in HI~60

cells. Just as induction of c-myc transcripts preceded differentiation °
- in respmse to TPA/A23187 or high TPA, repression of c-myc RNA levels by
. carrier solvent oomclded with increased cell growth in cultures treated

with’ low TPA gr A23187. Thus, alterations in c-myc expression were

clearly separable fram mitogenic stimxlation. Rather than a requirement
for prollferatlm, it my be that c-myc ccmfexs a mn-tennmal menotype

which mist be campletely ellmmated before termmal differentiation. can !

ocaur (see Section 1.3.1). In the TPA-resistam: HL-60-1E3 sublihe, o

- myc is only trans1ent1y repr&ssed by TPA, J.mplylng that re—e.xpressmn of

cmyc is assoc:.ated with defectlve comitment to dlfferentlatlon (Ely et

. al, 1987). 'meladcofc—mycrepmmmbybxyostatmalsomgg&sts

'tiﬁt this event is crucial for terminal HI~60 d_\\‘c;fere:ltlatlon (Kraft et

({L‘L 1987). Donmregtg.atlon of c-myc ciurmg synerglstlc dlfferentlatlon

of HI~60 cells su;ports this, if another varJ.atJ.on on a 1ong .

list of J.nhca.ng agent'_e Fmally, it is perhaps s:.gmflmnt that cmycC
' wasthemlyreportergenedzxectly mfluemedbyA23187. Itxraybe

that Ca?t enhances HL~60 differentiation by cooperating with TPA in the

Vdmnmegulat.lmofc—mycmRNA(seesectlmsci‘:)

| Itlsclearﬂuatthe::'apldnductlmofc—fosbyTPAcanbe
dissociated from macrophige-1like HI_:-;GO differentiation (see section -

1.3.1). In part this mbasedmﬂleabsemce of c—&_:e expression in

1,25-(CH) Dy treated cells (Mitchell et al, 1986; Calabretta, 1987). A
caveat in this conclus:.on is the marked phenotypic ‘difference between

N

-
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celle differentiated with TPA as opposed to 1,25(CH) oDy (Murao et al,

Gynergistic differentiation nore closely mimics the effect of.
esters, ifonlybecause itdeperﬂsmlwcormttratimsofm
'meccmpleteabsemeofc-fos i:mxctimmtlﬁ.ssimatlmﬂmscmfirms

‘the previws notica; it has also been suggested that c-fgs e:q:ressim
mybeneceﬁsaryforthempldcellcycleexitthahlsobse:vedmthTPA q‘
but not 1,25-(0H) ;D3 (Mitchell et al, 1986). Since HL~60 cells tréated |
with TPA/A23187 showed similar cell cycle exit and proliferative an‘est

as cells dlffe.rentlated w1t'h TPA this hypotlmis is not tenable.

Rather, J.t seems that c~fos induction 1s a pe.n;i'xetal effect of high

phorbol ester conoent:ratlons Recent_'l.y, c-fos irdtx:tmn has also been

‘fourd to be. separable from SH—neeroblastcma differentiation (JalaVh et

al, 1988). Internsofthea;parmtroleofl?osasatranscnptlm
factortmsmpemapsd:sappommg (see Section 1.3.1 and 1.4.2). Fos .
appears to requlate gene expression during adlpocytezdi.ffé:mtiatlm ‘ |
(Spelge.'!man et al, 1988) and may pla a causal role '1.n 1"9

texatoca]:cnmla stem*cell dlffexentlatlm (Muller and Wagner, 1984).

m.-so cells may not express the appropriate transcription cofactors to - ’\
utilize Fos'in the induction of differentjation gee Section 3.4.4).. o

Finally, mnmvoelltypesthec—fosgenemx&:porslveto :
otherstmlll, nmm:mgcaZ*’ mmnr?sﬁnaaim\lexmarﬂsassmw—<
Corsi,*1987). It was ant1c1pated that - cotreatment mth A23187 and ‘I'PP/

\ might activate c—fos through an add:.tlve or synerglstlc mechanism, mich . ,-.
as c—myc was trans1ent.1y\ acta.vated It was therefore scmewhat L ‘ |

| surpns].ng that cn{ 1ou'1ophore ta:eatrrerrt of HL—60 cells ch.d not causeﬁ' <

K any detectable ux:rease in c—fos TRNA d&splte clearly elevatmg .

— o N . e
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intracellular Ca2*; Fore than any other result, this implied that
A23187 did not just directly augnent the effects of low levels of
= rhorboli m. | ‘
3.4.4 Mechanisms of Cooperativity Between ca?t and PRC lnHl'r60Ce]J.S
" The role of PXC in HL-60 differentiati¢n has been disputed
.bemuseu.-oact.wators of p1<r:, OAGarxlbryostatm do not induce HI~60
U : | dlfferentlata.m (see. Section 1.5.1). However, OAG in oanb_:.rathn with
- A23187 ‘causes partial monocytic differentiation ‘éf-H_r.r—éo cells (Yamamoto
et al, 1985); this vas substantiated by preliminhry experiments not
reported in this work.. Since synerg:l.st:lc differentiation depended |
absolutei}r on a low concentration of Iinibc_:l ea;t_er,‘it too implied an N
essential role for PKC in macrﬁmage-'mce m,—so differerrt:iatiorll.r ' .
Fbreover,,effects attz'lbutable to higher concentratlcms of TFA, ach as R
altered rrembxam f1u1d1ty -(Hoffman arﬂ Hubennan 1982) or .ADP-
r:.bosylatxm (SM, 1985), could be ruled out. Since Ca2+ |
S enhanced dlffermaaum, 1t could be argued that one of the more ca2+

e 'sensz.tive fonns of PKC 1s 1nvolved in HI~60 dlffe.rentlatmn. : a-PKC is

. "thepredammntsubspem@m!{[rGOcells(Ma]ms}ceetal 1988)and_
strorgly depends on cz2+ for act1v1ty (Nishizuka, 1933) Supe.rflucms -
gene 1nduct1m by, TPA could arise fn:m actlvatlon of J.rrelevant PKC o
isoforms which are 1ass"sens:.t1ve to Caz"' and,/or 11p1d- actlvatoxs. For
‘_ mstance,theﬁl/ﬁzsubspec1a(a150ﬁerrtm}lb600ells)arﬂamc _
v - isoform recently described in platelets have substanuan}cunty in the
‘\ absence of ca?t (lehlzuka 1988) .

-
-

. Ascut.lmedeectlmltlz cooperatlvn.ybetweenPKCardCaZ"”

P
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cantakeplaceatthelevelofthe]dnaseitself,bypu:otédlytic e

(NN

nmificatimofmtanibysepamtepatmaysmdicmwergeaﬂymﬂme .

. ultimate biological response. As an-example of the flmt mechanism,
123187 enhanoas TPA—med.'labed ;hosphorylati;n of the trarsferrin :neceptor
in HL-60 cells (Wolf et al 1985a,b). Cooperative translocatlm Of PKC
mﬂnplamambmeby&mmalavhasbeendmtm@edmmsz
cells mth PKC mmlonal arrt::bodles (Ito et al, 1988). It is also
probable that corrdet subcellular locallzatlon of PKC is cruc1.al for
| generatu‘g a blologlcal responSe (see Section 1.5.1) ; elevatned Ca2+ may
‘help partltlm P to the requned mtracellular sites for the
mltlatljm of HI.:-GO dlfferent.latlon. However, since TPA/A23187 and hlgh
- TPA did not eliclt identical d_.ff,emzmaum programs, the interaction

betvm;tnrbolesbersarﬂ(:a2+1u1optm&smsthaveocmmatleastm

. partbeyuﬂthelevelngKCJtself. Agam tbe\dbsen::eofc—fos

inducticn durlrg synergistic differentiation i11 ted tlus*‘porm:“
) )Prclﬁolytlcregug\tmnofcellfmtmnlsanar‘iqugthemem

v mgnaltrari‘sductlm (see Section 1.4. 2) Ocnvers:.mofH(Ctonby
czlpamIappearsessentlalforaompletenartromuresponse
(‘?mtt'nmll et al, 198'7) W:Lth ra;axd to dlffexentlatlm, h:eat:nem: of
UB37cellsw1thTPAcausestheappearameofmdact1v1ty (Wavsarxi '
- Earp, 1985) More oorwnx:mgly, PRM is an %SLII'CJ.al eaﬂey ned.‘x.ator in
MEL differentiation induced by HMBA a-mlom %al 198"‘) Tt is thus

‘quite poss:.ble that a sibilar event ﬁms in HL~50 dlffexentlatloq It

hasbeenmbestt/]atTPAmusesamarked measempms;hollpld/
/\ N
nﬂq)a'ﬂmt };iwsphorylatmn at the enq:a-:se_o\d:‘ bona fide PKC activity in.

a line of adnamycm—res:.stant }1.'[:-60 cells (Aqu.no et-al, 1988)

P

) . . . ‘ ‘ .
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However, monocytic differentiation achieved by transient. exposure to TPA
followed by lm';g term,RA treatment does not result in domregulation of
PXC (Zybler%(atz,, and Glazer, 1986). In synergistic HI~60 |
differerﬁ:iéﬁioh, Ca‘az*'aiormmres maf,rmmétheless act inpart by
generating PRM. - -
In a final mechanism of cooperativity, Ca?t may initiate events
. indeperdently of PKC which Predjspésé HI-60"cells to differentiation.
'Ihe slightly altered phenotype .of‘ A23187 treated cells.may reflect this.
. s indicated in Section 1.5.2, the role of ca?t in HL~60 differentiation |
1sequ1vocal Wi&xegaﬁhﬁismrksevemlreport#izﬂicatettﬂi |
various Ca2* ionophores affect neither gmwth nor maturation of HL-60
cells (Kreutter et al, 1985; Yamamoto et al, 1985, Okazaki et a1, 1986) .
~In one instance; partlal differentiation in msponse to A23187 and a
synergistic effect with RA has been reported, although the criteria used
to assess this effect were not convincing (Chapekar et al 1987) An
interaction: betm 1oncmyc1n a.nd 1 25—(0H)2D3 has also been tm;ted, It
N enharmnent of mcnocyt:.c dlffexentlatlon was not detected (Okaza]u. et
Ll 1986) " By contrast, Ca®t influx durmg -TFN~induced HI~60
dlffete:mlatlmamea:stobemcessaryformeqxpmmmofHAclass
II (IR) molecules (Koide et g_Jvl%B) There are many exampiés of
interactions between independent. inducers of HL-60 differentiation’ (see »
' Section 1.2.2), suah results lerd support to the idea that dlffe.n?.nt |
progransofgeneexprmsmnoontamcmmmelementsmsaryforthe
induction of differentiation. caz"' may induce a subset. of such

!Larents ; }__' .

Ga2+a1ﬂPKCJJﬂeperﬂerrtlyregulatethesan\etargetgerm§ in many
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cell types. In 3T3 fibroblasts, A23187 or ionomycin increase c-myc
_m(pa:essiéi as do phorbol esters (Tsuda et al, 1985). Similarly, both
223187 and low TPA alane were able to elevate c-nyc levels in HL~60
Gells. In cells treated with high TPA, c-myc TRNA rose transiently

.- before falling to ﬁdetectable levels; it may therefore be argued that

A23187arxilowTPAtogethercausedalaxgemcreasemc—mycthatwas

' .necessarytoevokethesubsequentdeclmeassocmtedmth
_ differentiation. In this sense it can be imagined that each signal _

acted independently on c-myc. TPA and Ca2t could regulate c-myc in HI~

'600ellsbyirﬂeperﬂerrt1’nechanisms; fnthﬁath}n@hocytes, ioxmrycin
' m:reasas the rate of c-myc transc:rlptlon mltlatlon, whéreas TPA

xellevs a block to transc:rlptlon elongatlcm (Ia.ndsten et al 1988) .

With J:egard to normal myelopoeisis it is unclear what role Ga?t may

plr:\y.' TPA causes nommal precursors to acqu:.re mcrophage—like _ P
characteristics (Griffin et al, 1985) and at least some appear
toactviémsinacaztimeperﬁentmamer(seeswti on the

other—hand—qmexglstlc HL—GO cell dlffe:er:tmtlm strongly suggests a
role for Ca?* in monocytic differentiation, It may be that ca2t

mdulat&:the 1neagedecmmnmad1ffe.rent1atmgoell,deperﬂ1rgon _

the strergth of DAG st:unulatlon and on other ca?t-generating 51gnals e

mpmgmgmthecell
Asafnnlmteongenexegulatmn,cmparedtooﬂmercelltypes

several mmexpected rmponses occured durJ.ng nac:rqhage—llke HL~60
differentiation. Genes often acta.vated by phorbol estex:s (1 e. MI ard

‘actin) responded only minimally or not at all in HL-60 cells.

: Sum.-larly, the anticipated induction of c-fos and GRP78 by A33187 did

-




time courses of c—myc,-GRP?S and P47 could reflect generalized
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not occur in HI~60 cells. In addition, GRP78 NRNA was induced by TPA

and TPA/A23187, a response not documented in other cell types (Resendez
. . .

et al, 1986). Unlike T cells, in which ca?t and phorbol ester

. , 3 .
cooperatively stimilate c-fos transcription (Grinstein et al, 1988),.c-

fos #h HI~60 cells did not respond to A23187 treatment, despite

“induction by even relatively low levels of TPA. The two signaling

a patm}ays initiated by PI t:L\:mover obvmusly regulate various 'carget

-

genes in a very Oell—speE:lflc manner. J
Although based on only a small sanple‘of genes im this study, it

is possible to e:wisd&e a “transcription “toggle." whereby an entire set
: oi;xlEesponsestoagivenstinmluseahbebnnedeitherhhoreff
‘accordj.ngtocelltYpe Re'cently ithasbeehreportedthatinnmsel

fibroblasts CAMP switches c—myc and c-fos J.nductlon from the PRC

: s:.gnallmg pattmay to the EGEF receptor pathway (Ran et al, 1988) At
‘the level of gepe regulation, F9 teratocarcinama ‘cells act:.vate ,
" transcrigtion from AP-1 elements only if they are co-transfected with a

c~jun e@ression vector (Chiu et al, 1988). Naively, in HL-60 cells it
appears that the A23187-respons1ve elemerrt(s) which control c—fos and |
GRP?B naybesw:.t'dxed off. Ia.kew:v.se m'arxiactm, butnotc—fos, are

non-respmswe to PKC activation. The sane switch pattern could also

: have conferred GRP78 ;m:luctlon Altenmat:.vely, the similar J.nductlon

L7
: _ : : , : T %
transcriptional activation as cells comit to differentiation and .
acamﬁﬂateintneclpaaseofmeceucycle. Intemsofpmmfer—
elements 1deﬂt1fled thus far, HL~60 cells may not express the ‘

approprlate AP-1 or AP-2 b:m'img factors for MI' ‘induction, 1f these are
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. in fact r&sp(msx.ble for phorbol ester—xmpcrs:.veness of the hMITIp

pramoter (Imagawa et al, 1987). Given the ccnplexlty of

'.transcrlptlomlomrtrolthathasalreadyenexgedfranafewnndel

systems, anlmderstandzmofhcwHIrGOcellsdlfferfmmtermel
cellsmthelrstateoftmnscrlptlmalreadm&ssmobvzmslynotat

" hand. ' The HL—-GO cell system :|.tse1f may be useful for- eluCJ.datJ.ng

nrteractlcms between different transcrlptlm _factors and their varl_’: . |

-

birding sites. o o ' e



. STOUDY OF THE MATCR PRC SUBSTRATE OF PIATEIETS (P47) TN HI-60 CELIS

P47 is quantitatively the most mportant substrate of PKC in
platelets (see Section 1.6). Despite thlS 1ts ftmctlon raua:ns .
mﬂqmn Preliminary mmmologlcal screemng of various human cell -
lmas with a rabbit antlserum to human P47 J.ndlcated that it was pment
in HL~60 cells. '111e requlation of P47 protem during HI.r-60 cell B
differentiation was therefore investigated in detail. S;ane RA~
‘dlfferentla:ded HI~60 cells contalned the greatest amount of P47, 'they
weredlosenasthenmSwrcefrmnmchtoclonethePﬂ cMA. A
deta:.led analysis of P47 structure, dJ.strJ.butJ.on and regulatlon was made
poesmle with the P47 cDNA. '

’ ' ) ) ¢

4.1 . ' - ANALYSTIS OF P47 EXPRESSION IN HI~60 CEIIS )
SRV
4.1.1 Tnduction of P47 During HL~60_Cell Differentiation

A survey of human cell lmardrattlssuesw1tharabb1t
_antlse.nm raised aga:.nst human P47 revealed a lcm abundance of P47 in
HD-GO cells (Stewart et dl, in preparation). . HL~60 was one of the _few_

‘ ‘cell. lines expr%smg P47 and therefore represented a potentially useful
RRNA source for cloming. On the chance that P47 vas up-requlated during
dlfferentlatlon, HL~60 cells were ‘treated mth several uﬂucmg agents _

.and subjected to mrmmblot analys:.s. As shown in Flg. 4.1. 1 P47

174 ' g



175
-
o 9-{' 1 55\
S 55' b’\ L :,\ 5 B
A Q 'g} ,\blb -\9 b'b.{' {!?
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P47 content 7 . - o
{ng/B0 ug sample) ... 14 14 58 22 51 15 10 30 100 -
NBT reduction X . . ' ‘
(% positive) ... -2 3° 4 s0 52 12. - - -
Secreted lysozyme N ' ‘
(ug-equivalent/10%cells)... - 05 05 06 41 99 41 - -~ -
Cell proliferation A .
(%of control} ... w -6 65 8 49 12 - - - e
<.
‘ ‘Fig. 4.1.1. Expression of P47 in HI-60 cells. 'Cells were
induced to differentiate by various agents and then subjected to
immmoblot analysis with P47 antiserum. Treatments were: 7 & without

subculture (wtrol’?d),mta.alseedug(cmtrolOd).?dmthlpM
RA; 7 d with 1.3 % (v/v) DMSO; 7 @ with 100 r¥ 1,25(CH)5D3; 4 d with 10
rM TPA. )Standards from left to right were 10, 30, and 100 ng of pure -
platelet’ P47. Correspanding values for HI~60 P47 cantent (calculated
from standards), marker enzyme activities and cell growth are

below each lane of the autoradiograph. Allvaluesaremeansof
dupl:.catedeternumtlm .
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| abundance J.rr:reased upon granulocytic differentiation, especially in
raﬁponse\to 1 yM RA. The prevalence ofi’47 alsonmeaseddm-mg
monocytic differentiation induced by 1,25-(CH) D3 ~only a slight
.i@easemP47 contentocwredvhenoel;l.swerétreatédﬁﬂlH-BOorTPA
(Fig. 4.1.1). ‘Treatment with either cytosine ardbinoside (0.5 uM) or
djj;utyry‘cAMP fsoo uM) had no effect on P47 abundance (not shown). Thus -

the increase m P47 a}:urﬂa:we during dlffereJ1tJ.at10n was varJ.able and

R

'apparentlynotrestrlctedtoanyonelueage | - ‘
Although the P47 ant:tsertmx was quite specific, 2 other |
immunoreactive, spec:.a: were detected. Samples omtauung laxge amounts
of P47 had a leading trail which may in part arise from P42, a probable
Gegradation product that co-purifies with P47 (Stewart et al, 1n
preparation); reactivity mth P47 antlsemm was also occasa.onally -

vm:blemthelO—ZOkDarange (seeSect10n4 1.2). In contrast, .
-mmmnoblots pmbed with pre—umm serum showed no react1v1ty whatsoever
(ncxt showm) . P47 mmmoreactlv:Lty was quant;tated by T=counting of cut
| out bands that corresponded to autoradlographlc si In
und.lfferentlated HL~60 cells, P47 acccnmt:ed for 0.01 - 0 02% of total
cellular protein; this was ihereased several fold by RA and 1 25—(03) oDz
(Fig. 4.1.1). Differentiation :m r&sponse to ea_ch agent was Con]_E;'LrﬂBi
"by inhibition of cell proliferation, acquisition of the ability to
reduce nltmblue tetrazolium (NBT) by productlon of O and the amcxmt
of lysozyme released into the culture mechum (Fig. 4.1.1).. Roughly the |
same marker profile as reported in the literétxme was found for each
dmgtreat:rent Onlythemmberofce]lsczpableofremlcmgnm'was

less than some previous reports (e. g. Yen et al, 1984a) ; this probably

*
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- reflects differences in the qualitative assessment of th_eééctent of
reduced formazan precipitate deposited in cells: Thus, ‘an increase in
‘P47ahnﬂancewasmtnece£sar11y associated with HL~60 cell |
dlfferenta.atlm ; P

Time course and dose response rélati&n.ship_s for P}? ‘induction in
RA treated cells were established. As little as 1nMRAmcreasedthe
cellular content of P47, well before effects on cell growth and overt
" differentiation were coserved (Figure 4.1.2). Induction plateauea at 1
WM RA; this concentration was thus used for subsequent expe.r:.merrts on

| differentiated HI~60 cells Max:.mal induction nf P47 occurfed after 7
daysexposuretolpMRA (Flg. 4.1. 3) At this time, P47amndancewas.
calculated to have 1ncreased by 4.0+ 0 '5‘ fold (r=3) above that in
untreated cells. A sllght declme in th::.s peak value occurred after i
ldaysexposure themursemﬂdoserwponsesmdles nﬁlcated o
that nx:r'eased P47 synthesis was a reJ.at:.vely early event in RA-induced
differentiation. After 3 days, P47 reached 3.0 # 0.1 fold its initial
abxindance’. * Induction thus preceded the irhibition of cell growth and
the ability of cells to generate 0,™ (Fig. 4.1.3). Cell cycle exit and
ccxnmtmenttodlfferentlata.ondoesncrtocwrmtllat least48haft‘er
the addition of RA (Yen et al 1984a). Since P47 is clearly up—

" regulated before this-event (F:Lgu.re 4. 1 3), it may be a useful) probe for
elucidating pnmaxy evem-.s in the dlfferentlatlon program.

-Control of P47 synthesis at the mRNA level was investigated by
 in vitro translation of total RV isolated from the same cell cultures |
as the protein s'azrple; used to geriefate Fig. 4.1.3. Electroghore::‘,ls and
fluorography of total translat:.on produ did not reveal any bands
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Fig, 4.1.2. Dose-response relationship of P47 imduction, HI~60
cells were treated for 7 d with various concentrations of RA. P47
content was determined by quant:.tat:we analysis of immuncblots (mean of
duplicates) and expressed in multiples of that found: in untreated cells
after 7 d of culture. NBT reduction and cell growth are means of
duplicate determinations. m , relative P47 level; e , NBT reductlon.
4, cell growth. Areprosentatlve nmn'nblotlssl'mmbelow

L
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Fig. 4.1.3. Time course of P47 induction. HI~60 cells were
exposedtolpMRAforvanousperlodsoftlmeandthensubJectedto
mm:mblcl: analysis. P47 content is expressed in miltiples of that
fourd in cells harvested at 0 d (mean * S.E.M. for 3 determinations).
NBT reduction and cell growth are means of duplicate determinations.

- m relative P47 level; @ , NBI'reduction; a4 , cell growth. A
,—repre;entatlve fmmmncblot is shown below, SR ' -
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whidlparalleledtheobservedin:reaseinm7prctdn (not shown) .

- Immmoprecipitatlon of translation lysates, however revealed an '
mmmoreact.we speciea of apprmu.mately 44 kDa that had a nearly
identical time course of mductlon as P47 protein (Fig. 4.1.4, panel a).,

. The appa.rent M. of P47 varies with the acrylamide co:nerttrati_m of the
sepa:r:at:mg gel; at 7.5% (w/v) P47 clearly mgrat&s below actin at 40kDa

r (e.g. Lapetina and Seigel, 1983) whereas at 13% (w/v) It mgratas ahead
of‘actin at 47 ldJa (mxaoka et al, 1983) co-mlgration of the t:anslaﬁed

A immmoreactive product and P47 in the same sample was establlshed by .

marking the position of the purlfled platelet'protem (visn;:alized by

Oecmassie biue‘ stain) with a mdioacti{ré' pen (Fig. 4.1.4 b, lane €). A

low My species fram translations of HI~60 RG was also
nmmmopreC1p1tated Appearanoe of this product was inversely eorrelated'
with dlfferexim;agg(;\ except for a 1 d exposure to RA, which 4 (T‘ e

- dramatically increased itsipresence, expression fell throughout: the

: dlffererrtlatlon tJ:me course (Flg 4.1.4, panel a). The low My

- translation specles was not. related to P47 since it was also

uwopreclpltateii by pre—mmune serum (Fig. 4.1.4 panel b lane a)

P47 labeled with [35S]-methionine fram the translation 1ysate=
wasusedtodemnstratethespeclflmtygfthera}{:bltant:senmaxﬂthe
co-identity of HI~60 P47 w1th platelet P47. nmmnnpxec1p1tat1m in the
absence and pmeme of 2 g of pur:.fled platelet P4'7 demnstrated that
the 1abeled mmmreactlve materlal at 45 kDa could be out—conpeted by
the purified protein (Fig. 4. 1.4 panel b, lanes c and d) In d:nrrtrast,
the 1erspe01swasmtart—cmpetedbye>mscold P47; in fact, the

appaxent Jmmoreactlv1ty of this material was enhanced under th.'LS

A
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: Fig. 4.1.4. . TmeowxseofM?mRNAnﬂuctmnmI-IL—GOcells
(a) , "Products fram in vitro translations prec:.pltated by P47 antiserum.
Total RNA preparations . from cells mtheexperammtstmnmflg. 4.1.3
were used. a, .reticulocyte lysate control with no exogenous RNA; b—g:
'mmn‘npmpltatlmscoxrespmmmtoo, 1, 3, 5, 7 amd 9 d-exposures to
RA,- respectively. (b), Control immmoprecipitations. a,b: translation
products of total RNA (frcmcellsexposedtoRAforld) precipitated.
with either pre-immme or immme serum, respectively; c,d,e: translation
products of poly(A)* RNA (fram cells exposed to RA for 5 d) precipitated
with P47 antiserum in the presence (lane c) or absence (1aned) of 2 ug
pure platelet P47 or with 1 pg pure platelet P47 added just prior to
loading (lane e). My values of standard proteins electrophioresed in
pamllel are indicated on the left, and the posn:mn of puxe platelet
‘P47 is shown on the rlgt'rt of each atrtoradlograph
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' cxmdition (Fig. 4.1.4 panel b, lane c). A control immmoprecipitation
' “w1th prre—mmmmesemmalso prrovedthe speciflcity of of the P47 | _
'antlsenm(Flg.tllctpanelb lane a versus lane b). : -

4.1.2 Effects of TPAm P47 in HI60 Ge]_'l.sl

" Although P47 aﬁtmdancewasonlymargimllyalterédupml
dlfferentlatlon with TPA, given the close fm'x:t:lmal relatlonsh.lp
betweenpmanip:{cmplateletsadetauedtmecmrseofpuaunﬁmme
. TPA treatment was warranted (FJ.g. 4.1, 5) Alﬂumgh there was a. sl:.ght
transient mc:rc—_:-ase in P47 content ‘betueen 2 and 16 h, a more dramatic
finding was the appeaﬁance of a’15-17 kDa J'mmmoreactive species after
a8 h (Fig. 4.1.5, lane 6). Irxiuctmnofthlsproduct: mereaftercmled
Pi5) wasnortalwaysobservedtothesameextent (e.qg. Flg. 4. 1.6panel
‘a, lane 3). Intriguingly, the relative amount. of P42 (or possibly © 7
intermediate degradation products since imnbreactivity was often’
presentasaleadmgtmﬂofthepﬁbarﬂ) nmeasedbefmeend.ardlsh

afterTPAaddltlonhrtdummhedbthjustasPleemmea;parent

-

(Fig. 4.1.5, lan% 4-6). It is possible these pxnducm represe.nt
stewlse degradatlon of Pa47. .
" Although both migrated in the same region, the low My species

present in translation lysates was not related to P15 because the 1a£ter
qid' not react with pre-immmne serum on control jmmmoblots of samples
WhidicdntainedPls'(mtslwwn) ﬁheréasthe&anslationspeciasﬁas
ummnwpreclpltated with pre-immmne serum (Figure 4.1.4 panel b, lane a)
In addition the 2 specms. had opposite uﬂucta.m kinetics (campare FJ.g
4.1. 4 panel aw1th Flg. 4.1. Gpanel a) Interestmgly,’a smllar ‘
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Fig. 4.1.5. Time course of P47 induction by TPA. HL~60 cells
"were treated with 20 nM TPA for varicus periods of time and subjected to
immmnoblot analysis: 1 h (lane 1); untreated (lane 2); 2 h (lane 3); 4 h °
(lane 4); 16 h (lane 5); 48:h (lane 6). P47 standards: 30, 100 and 300 :
ng of purified platelet P47 (lanes 7-9, respectlvely) Arrow indicates —
low Mr immunoreactive species (P15). : '

-

\
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Fig. 4.1.6. Induction of P15 in RA-differentiated HL—60 cells.
a, RA-differentiated cells (1 pM RA, 5 d) were treated with 20 nlM TPA -
for the indicated periocds of time and subjected to immunoblot analysis:
undifferentiated, untreated (lane 1); undifferentiated, 6 h TPA '(lane
2) ; undifferentiated, 48 h TPA (lane '3); 5 d RA, untreated (lane:-4); 5d
R2, 6 h TPA (lane 5); 5 d RA, 24 h TPA (lane 6); 5 A RA, 48 h TPA (lane -
7); 7-d RA, untreated (lane 8). P47 standard: 30 ng purified platelet . .
P47 (lane 9). b, Effect of prolonged culture in 1 uM RA. RA- ’
differentiated cells (1 pM.RA, 7 d) were cultured for an additjonal 3 4
in the absence or presence of 20 nM TFA: 10 d RA, untreated (lane 1); 10
4 RA, 3 d TPA (lane 2). Arrow indicates low Mp immmoreactive species.

g
SN
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inmmreactive épecies is . relatively hJ.gh 1evels in the
31 B cell leukanla line (Stewart et al, in pnepaxatlon)

o Tofurtne:;d:aractenzethenmcumqulsbyma, a time
course was carried out wim.m-diffe_,xmtiatad HL-60 cells (Fig. 4.1.6).
.Strin.ngly,-Pls beczme visible after only 6 h exposure to TPA. In these
cells also, P42 appeared uwerseiy corvelaﬁed with P15 (Fig. 4.1.6 panel
a, lane 4 versus 6). If cells were 'ln:mdforlorgpenodsmthe
presenceofRA theammmtof :|.ncreased(F1g.416panelb
lane 1). Inonee>q)er1ment, treatnentpfsuchcnltur%mﬂxTPA forld
caused an apparent loss of full length_ P47 and an increase in P15 .
i:immoreaétivity (Fig. 4.1.6 panel b, lane 2). 'IhJ.s enhanced response
to TPA may reflect e:.ther mdre cmnplete differentiation of these cells
or possibly decreased integrity of the older cultures. 'Iha£e results /
suggasted proteolysis of P47 occured upcon prolonged act::.vat:.on of PKC,--.
' &specmlly in RA-differentiated cells. LJ.ke PKC itself (Young et al,
.1988) and hlgh My oarponents of the platelet cytoskeleton (Fox et al,

1985) p P47 may be subject to proteolytlc regulation in HL~60 cells.

An attempt was made to test a possible precursor—product
relationship between PA7 and the low My. imn-:oreactive species by a
 pulse-chase time course study on RA-differentiated HI-60 cells labeled

with (355]-methionine (Fig. 4.1.7). The J.mxmpreclpltated products

corresponded not only to P4§ and its.associated 42 kDa band But also to -

P15 and a high Mr protéin (Fig.-4.1.7, lanes 1 and 6). Other minor
species migrating at approximately 32, 66 and > 100 kDa were also
immmoprecipitated. Except 'for P15, these other pmteins were never

detected on immmncblots; this iwplied that they co-precipitated with
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FJ.g. 4.1.7. Immmoprempltatlon of P47-related species from HL~
60 cells.” RA-differentiated cells (1 pM, 7 d) were labeled with 3
methionine for 4 h, chased with 1 mM col nethlonmeaIﬂZOrMTPAfor
various periods of time and immmoprecipitated with P47 antiserum: no

 chase (lane 1); 5 min chase (lane 2); 20 min chase (lane 3): 1 h chase

(laned).tlhchase(lamS) 8h1abe11rg,md1ase£lane6) ‘
Alternatively, cells were. incubated for 45mmw1th P03'J.n pmos;hate—
freemednmmtheabsenceorpresenoeonOrMTPAforthelastBOmm

. of incubation: untreated (lane 7); 20 nM TPA (lane 8). Products were
electrophoresed cn a 10 % acrylamide gel and vlﬂmllzed by exposure to
.~ X-ray film without fluorography. Location of P47 is indicated by P and

arrow shows high M. phosphoprotein which co~immnoprecipitated with P47.
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"pa7, possibly because of-association with P47 in the cell. After a4 h
labeling period with [35S) methionine, cold methionine and 20 ri TPA
“were added to cultures with the expectation that an increase in P15
‘mzldocmrattheexpenseef P47, Alﬂxaxghthenethlomnedxase {1 mM)
| was 10 fold higher than the concentration of nethlomne in REMI 1640 and
..\’3oo fold higher than in the labeling medium, HL-60 pools of [35s]-
metlu.omma were not effectively diluted since incorporation of
radigactive material contirued throughout the 4h chase ‘period (Fig.~
" 4.1.7, lanes 2-5). Thus, the intensity of F15 did not appreciably

increase compared to PA7 and a precn:sor—product relatlonshlp could not
..... o . . 4

) @ . . .
RA-differentiated HL~60 cells were also labeled with 32p043~ and

stmmlated with TPA to see if P47 could be heav:ly phosphorylated, as in
‘the platelet As shown in Fig. 4.1.7 (lanas 7 and 8), incorporation of
32p0,3~ into P47 was substantially m:reased after a 30 min exposure to
-ZOhMTPA. ']h:iseffectwas lassdramatict‘mnthatreporbedmtl}e
: platelet (Imaoka et al, 1983) p poss:Lbly because a sub-optmal ‘
concentratlon of TPA was used Several other 32p_1abelled specues were

also precipitated by the, P47 antlsenm most mtably the high Mr band

that also labeled w:u.th [353]-meth:|.mnm P42 was also labeled sl:.ghtly,

in proportion to 1ts a}:mdance relative to P47. Incorporatlon of 32P

into Pi5 was barely detectable. The spec:.flclty of 32po,3-

' ——J.ncorporatlon was shown by the fact that several bands visible in [3.55]~"

‘methionine labelled samples were not apparent in 32po,3- labelled
1ysates Also TPA did not stimilate the addltlonal phos;horylatlon of

some phosﬁ‘xoprote:.ns present in unstnnulated cells.
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Given the possible role of P47 in cgftoskeletal reorganization
(Hashimoto et al, 1987), and reports Of"similar M, proteins in
neut:xq:hlls which assocmte with the cytoskeleton after phosphorylation
by PKC (Porttremol:.etal 1987), the:l.nfluenceofTPAonﬂ'xe
cytoskeletal assoc:.aticn of P47 was tested. Immmncblots of total
cytosolic and Triton X-100 :msoluble HI~60 cell fractions before and
after stimilation with 100 M TPA were carried out (Fig. 4.1.8). Most
of the anti-P47 immmoreactivity was localized to the cytosolic
fraction, as expected from studies on the platelet (Stewart et al, in
‘prepamtiori) . Despite marked m to plastic of both intact cells
and isolated cytoskeletal fractions after TPA treatment, no alteration
of P47 dlstrlmtlm was cbserved. - The sllght increase of P15 in the
cytoskeletal fraction may be noteworthy. Since these experments were
carried out identically to those in which the neutrophil 44 and 48 KDa-
phosphoproteins assoc:.ate with the cytoskeleton (Pontremoli et al,
1987), it appeared unlikely that P47 was' related to these species.
Uﬁf;glumﬁely, a direct compar isan between' each lane in Fig. 4.1.8 -
cannot be made because equal cell equ:.valents were not loaded. Bésed"on
protein determmatlons, the cytoskeletal fraction corrtamed only 1/5 the
protein of t‘ne Trlton X=100 soluble fract:.on, implying that the former
cont:amedl:.ttleormPél‘?. 'mereasmfortheappaxemdecreasem'
total P47 mmmreact:w:.ty dunrg fract::tonat:.m is unclear (Fig. 4 1.8,
compare lane 1 to lanes 3 and 5). |

' Fmally, the influence of TPA on the subcellular distribution of
P47 was assessed (Fig. 4.1.9). Most P47 wasi:-localized in the 100,000 X

g cell supernatant. Treatment with TPA Gid not dramatically alter this
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Fig. 4.1.8. Cytoskeletal distribution of P47. HI~60 cells
differentiated with RA for 7 d were incubated for 10 min in the absence
or presence of 100 nM TPA, separated into Triton X-100 soluble and:

' insoluble fractions and subjected to immmcblot analysis: total cell

--lysate of cells incubated without or with TPA (lanes 1 ard 2,

. respectively) ; Triton X-100 soluble cytosolic fraction of cells :
incubated without ‘or with TPA (lanes 3 and 4, rspectlvely), Triton X-
100 insoluble cytoskeletal fraction of cells incubated without or with

TPA (lanes 5 ard 6, respectively). - .Each lane was loaded with 80 pg of

pmteinexceptlane3(68p.g)arﬁlane4{45pg) P47 ‘standards: 10 and
30 ng of purified platelet P47 (lans 7 and 8, respectively). Arrow
indicates low M, immmoreactive species in the cytoskeletal fraction.
’Inmmoblot is reprvesentatlve of 2 experiments.
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r

- Fig. 4.1.9. Subcellular distribution of P47. HI~60 cells
treated with RA for 7 d were washed and resuspended in P8BS (107
cells/ml), incubated at 37°C in the absence and presence of TPA for 20
mmarxithenseparatedmtocytosollcandm:bu:anefmcums total cell
" lysate, cytosolic fraction and membrane fraction-after incubation- X :
- without TPA (lane 2,.3 and 4); total cell lysate, cytosollcfxactmnani
-nembr'nefractlonaftermzbatlmMTPA (lanes 5, 6 and' 7). Each
" lane was loaded with 80 pg of protein. P47 standard: GOngofpunf:Led
.platele!- P47 (lane 1). Imnumblot was a smgle e}@erlment ,
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distribution although a slight increase of P47-in the membrane fraction
was apparent (Fig. 4. 19: 1ane4versuslane7) Agamsmceequalcell
fractions were not loaded, the extent of this effect could not be
assessed. Protein determinations indicated that the pellet
fxacuoncmtamedappmmtelytwmethepmtemcoﬁtentofthe
100,000 x'g supernatant fraction; thus, the pellet fraction may contain
substantial amounts of P47. If real, association of P47 with the |
.manbrane fraction is mtrlglmmg smce P47 is one of the few cytoplasmc
taxgets for membrane-bound PKC act1v1ty ' |

'

4.2 " MOIFCUTAR CIONTNG OF 1HE P47 CTNA
4.2.1 Preliminary Tsolation and Sequencing of P47 Clones

' The strategy for cloning P47 was based upon immmological -
screemng of expression libraries because peptide sequence from mrified -
platelet $47 was unavailable at the time. Initial attempts to cbtain
: exmmedfractlms of P47 mRNA by polysade immoprecipitation foaus
and Rosenbe.rg 1982) did not y1e1d any nRA detectable by translat:.on.
mlsappmamwasabaxﬁonedmfavwrofthelambdagtllexpresmm
vector system (Young and Davis, 1983), which has proved reliable for |

: J.nmmologlcnl detecta.on of many reccxdolnant protems (renewed in Snyder
3 ‘ g: al, 1987) . Smce 1dent:1f1cat10n of pos:.t.we reccmbmants ult:l.mately
" depended upon. in-frame fusion of the vector beta—galactosidase reading’
' frame to a PA7 CINA ‘reading frame, the classical S1 rmcleasemethod of
CDNA synthesis was chosen (Wickens et al, 1978). In this method ‘

cleavage of single stranded S hairpins by S1 causes a partial 5'
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deletion of the cIIA, the.rebyminimiz:l:g-ﬂmeptmbability of 5' upstream .
termination codons. A siighi-. modification of this @e was used in
thatmmgbeanmxclease (M&l)wassubstit:n.ttéd'forSl,mnléase. 'Ihe
fonrerhasmldererxio—arﬂexo—mlcleolytlcactlmardtlmsdegrad&smh
1essﬂxanSlm1clease '
BasedonRAdosezesponsearﬂtmecamsestudles (see Section
411),HT.r-GOOellsthathadbeentreatedfor5dw1thluMRAwereused
asanenrlchedsmrceofm?nmm lbtalmmYleldsfmeAt:'eateci |
cells wege only 1/5 of that fmmmmfferentiated cells; thus several .
litres of.cells were requ:xed to cbtain sufficient quantltms of
poly(A)* RVA. > Forthlsreasm, mt:.alfd\lhpreparations elployedm:-
60/MIbmyc cells (seeAmexﬂle) This sublme bad a daublmgtme of
24 h requa.red only 10% FCS for optlmm growth and contamed sllghtly
| more P47 than original passagel{r.r-eo cells. ccmstz:ucta.on of the mltlal
cII\E&hbmrylnlambdagtll (seeFJ.gure421)1sda£cr1bedeectmn
251..T1tratlonofthe11brarymp1atescmta1mmmwxpm |
indicated that 2/, of the plaqlm com'amed inserts and that roughly 106
nﬂependentcloneshadbeenobtamedfrunapprmamatelyosugofcum |
_BasedonaP47ahnﬂan:eof007%indiffererrtiatedcellsarﬂa‘mein
smdlanceofobtanungtheoorrectreadmgfm the expected -
frequency of mmmreact:we plaques was est:lmted at 0.01%. This
cmwrredmthﬂxed:servedfr\equemyasmmmactlverecmbmams
wereebtamedfmnabmtsooooo;ﬂaqum The extent of the colour
reactlon mtalyzed by the aJJcalme phosmatase conjugat:e varled
' con51derab1y amor‘gst the clones de’cected Retmspectlve analyms of
several clonas revealeci that all contamed P47 sequencs and that
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Fig.  4.2.1. Vectorsusedmthemltlal isolation and
sequencing of P47 cINA.’ Mapsoflanbdagtll (top) and pUC11s (bctr.om) o
indicate important ‘restriction sites and the direction of lac 2 -
transcription. - The arrow above the M13 fragmntusedtocreatepUCllB
from pUCls (Yannisch-Perron et al; 1985; Viera and Messing, 1987)
indicates the orientation of the replication origin. P47 reccnnbnxants
weresubclonedbymsertmgthel@nl—SstI lambda gtll fragment -
containing the EcoRI cloning site into the multiple cleoning site (MCS) '
of plC 118 (shown below). The universal primer is on the 3' side of the
MCS (i.e. the HIindTIT side). The P47 insert shown represents clone 34A.

Modified frim Davis et al (1986) and New England Biolabs Cataloque -
(1988) . - |
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variable mmmactlnty probably arcse from expression ofi different
subsetsofpwepitopes mec-termms appeaxedtoaccamtfornm-ny
.ofthe-lmtmdanmantepltopes Forinstance, clone 37 cantained anly
c~temina11/softnep4vcodugreg1myetreactedasstxmg1yas
clone34A,mld1enccmpassedtheent1recodugregmn(F1g.422)

o Imtlally,themsertsfrunthethreestrcnglymmmreactlve
clones shown in Fig. 4.2.2 were stud:.ed. Digestion of clates 341\1
34Brevealedthatthemsertshadrelatedst:ructmre£mthata2kb
fragmenta;doneor two fragments of Sop—soobpweq:ellberatedf ‘The
third clone (37) released onlg, a 700 bp EcoRI piece. he original _
sequencmgstrategybeganw1ﬂ1the21daEcoRIfragantmd1was
—subclonedmto;i]cna. MSwasseqmnedmltsentmtyusu:gm3
ux},lversal primers, speclflc prmrsmadefranh?sequencearﬂﬂlree
fragmentsgeneratedbypstldlgestlonoftheZkbEcoRIfragment :
However, onlyarelatlvely short 5° m)banﬂedopenreadlrgfram of 329
'-mlcleotldswasfmrﬂ From this. it was - tat:l.velycomludedthatme
remalrmgl-boRIfmgmentsconbamed ! 2/3oftheP47:_read:mg‘
frome. Ammghﬂmefxagmrtswemsmmmtoﬁmla,amlms’
doublet bands were visible inethidimbrmidesﬁaimdgeasofthe 600
“-npfragnent Alsoafragmentoflessthanzoobpwasdetectedlnbcth
34Aarﬁ34Bc1mbyf111—mofEcoRIb¢1anbdamA(seemg 4.2.6).
l'mesmeofthlsfragmmtrelatlvetothelambdagermemadelt _
dJ.ffJ.cult to sdbclone For these two reasons, sequencn'g nf sbeloned
1rﬂ1v1duachoRIfragme1ftswasabaxrlonedmfavmrofarmtedsetof
deletlms that exmrpassedthe entn:e irsert (Hem.koff 1984)

Inspectlo_n of t.he lambda gtll restriction map revealed Xpnl ard SacI
. . - \



Fig. 4.2.2. Detection and purification of P47 lambda gtll
clones. Plaque lifts were reacted with a 1:500 dilution of rabbit P47
antiserum, then with goat anti-rabbit alkaline phosphatase conjugate and
finally with BCIP/NET to produce coloured plagques. The filters shown
are those used to identify the three original P47 cIA's which were -
sequenced in whole (34A, 34B) or in part (37). Plaque purification of
clone 34A throuwgh secondary (2°) and tertiary (3°) screens is also
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,sites'withjn i kb of either side of the EcoRIL site (Fig. 4.2.1). '
Eberitmﬂy,theremremax:hsitesintheH?cMinsert Digestion -
ofmelanbdagulclammthmarﬂSathberatedfragmantsof47
ldafor34Aa1ﬂ52}dofor34B'fruntlusthemsertsmmredeﬁuced
to be 2.7 kb and 3.3 kb respectively. Giventhemomsertsizeswere_
.centredaboutthetranscrlptsueofaokb(seeSectlm43l) both'
clonesweresequenced DeletlonsofeadiI@x‘II—SacIfraguentwere
maiatmml&bqummthemﬂtlpleclonn‘lg51temthm
HI and Sphi, ne.ltherofwhldlattthe:msert 'IhJ.sleftanExDIII
sersltheS'overharg(BamPEsme)nexttothemsertanianEbmm
resmtantB'cverhang(SphImte}mthethormde nexttothem3
universal pruner bmdmg su:es merla;pmg deletlon clones were

| identified by digestion w1th SacI and Hin dIII, which prec:usely
llqémtedlnsartsfrcmﬂmevector(seeng.421)"meentuesequence
ofthelowerstzaniof341\arﬁ34!3wasobtqmedfrantheun1versal |
primer. 'BxetopstrarﬂofBMwassequemedusmgspeclflcprmersarﬂ o
e:ustmgsubclomdrragments Physmalmapsarﬂsequemngstrategms
ofalltheP47cmAclonesevetha11yanalyzedamstmanlg.423.'
‘Adetan_ledrestncta.onmapofbﬂae P47cmA1sg1veﬁmAppeJﬁJ.xB It
wasforhmteﬂmtmbclonngarﬂseque:cmgofuﬂwﬂualm _
fragnentswasdmcmrtmuedbecausemaddltlmtotheno—lmbpnnsts‘
.sequerneﬂlerems,anmbemalEcoRIfrag:mtofonlyubp(Flg

' 4.2.3). 'Ihlsmayhaveaccamtedforthedwbletsseenmscmedlg@ts.
Compared to 34B; the34Asequenceacterﬂed34m1cleot1deﬁﬁlrthe.r5'but
'_mszlnucleotld&;shorteratmes'em ']hela.rgers:.zeoftheMB'

'1anbdagt11msertarosefrunllgatlonofan1rrelevant500bpm
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Flg.423. Physical map and sequencing strategy for all P47
cDNA clones. * Three reconbinants from the original lambda gtll library
(34A, 34B and 37), three from a lambda ZAP library {(3A1, 2A1 and 2A3)
arﬂcmefxunasubsequentlaﬂbdagtlll (3-1) were investigated in.’
detail. The lower strands of 34A and 34B campletely sequenced from
- the M13 universal primer (») by nested sets of deletions (Henikoff,

"+ 1984). All other sequence data was cbtained using M13 universal primers
- (m, forward; = , reverse) or specific P47 primers (e) on either intact
inserts or subcloned fragments. Exact positions and sequences of the
P47 primers are campiled in Table 2.1.1. - Beginning and ending
mcleotldesforeamclonearestmnbeneatheadlenioftheheavybaxs
Diagnostic EcoRT sites (E) and PstI sites (P) are mdlcated _The arrow
shows approximately where P47 translation initiates. Clones 34A 34B, -
37axﬂZAlwereonentedmthesamedJrectmnaslacztmnscnptlonm
the;hggevectors,mereasclonesml 2A3arxi3-1happa1edtomsertm-
theoppos:.tedlrectmn.

\
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fragment to the P47 <IN via a single linker. Other than this, the two
sequences were identical except for a'few single base discrepancies (see
Section 4.2.2). . - |
Translation of all three reading frames revealed a 5'-unbounded
 open reading frame (CRF) of 1,110 mcleotides that encoded a protein of
My 42,064 (Fig. 4.2.4). This was slightly smaller t.han the japparent M- .
of P47 (e.g. Imacka et al, 1983). Proof of the agtual size of P47 is |
considered below in Section 4.3.1. The putative reading frame for PA7
was confmedmthpeptldeseqtm from platelet P47. Three attenpts -
suggesting that the a-NH, group of P47 was blocked (R. Haslam, personal
. commmicationy . Hovever, 7 CNBr fragments and 5 tryptic ffaglt\exlgof"
purified human P47 were isolated and partially sequenced at Smith-Kline
-andl“rerx:hl‘.aboratoriés (see Section 2.3.4). The peptide sequence
matchedthededucedsequencecloselyexceptforafewofthemtlal
| ;imyﬂudlydantom—ammo ac:.d assigmments. After re-analysis of HPIC
dmatograms only 3 r&sldlmofamlmacadsethenceomldmtbe
: uneqluvocnlly 1dent1f1edarﬂthereforemtmtd:edagamstﬂ1ededuced _
am.mc_) ‘ac‘:ld sequence (Flg. 4.2_7.4)..' In all, the sequenoed peptlde
fmgneﬁtscoireredm’ozé&aan&%ofﬂae@f‘, therebycauﬂmngthatt'he
‘conectmadugfranewasmalntamedﬂuurglxmtthecodugregmn.
Prior to the ava:.labxllty of cINA sequen:e, 2 degenerate
oli,gbrmc_:leotld&s deduced fram original peptide sqlence-were used bo
‘confirm the P47 cINA. However, because of mistakes in the“original
merlyitlﬁmydantoin-ami:n acid assigments only one of these hybridized

to PA7 ci¥A and mRMA (not shown).
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ACtCCClchAGCGCACAGAGTEGATEAAA&CCATCCAOATGGCCTCCCGAACTGGGAAG AAAGAGACTECTGCATTCCfCCTCCCCTB

rr!ccaucnnsctcrnAArchAcrcnccntctcutarnc\Anaxrc;ccfacarrnrnt

CCCTATCCA

CTEAGGIAAGﬁCCATGGACAiGCYCAGTCCiGGACC!GTCﬁ!CTTCTGTG:CAAATC!AC?GGAAACAGC ClGGEGTEEgAAGTTTTCA

GCTCACTGCAGLCECTETS

TGACCCCCAAQCAGATATAAQAAGC!GTGC:GCCTCAGTA GCTGCTTGCECTCTCCAGC;YCAGGGCCT TTCTGGAAAATGAAGAAAT
TCIACTAGTAFATTCC!GAGGTcCCE:T&G TTAAAAAAA AAAAATCTG.CCCIIGATT?TAACACTCG IGTQGYGATKGTGTATCTA
GITGITCTGCIGGTIGTCCTTCCTTGGCTAA TCTIGGECTfCAGTYATET CAAATGTACCAGAACCTGAGCCAACGCLT CCTGYGAAA
CTGTTGCTGAICTGTAGTACAGTACCAGGA GARACCTCTETFGTYCTCTE TAGACATCT CTACTTGCTETTGGCCTTGAGATCGTGTA
ACAAAATGAAGGAGGGCTCY TTCTTICTT[C?CATCCTAETCdAAAACT CCCGAGAGCAGTGGTGGTY TGAGGGTTTgGACT;BTAT

GCCCAGAGGAGCECTA
ACAATTAGGAGGGGGAC

TAC[TITGECAGCCTG%@%: TTGeTGTICYY TGGGAAAGAGALCCGGGGA GCCAGGAGTAGETGAGGGTLETTICTGTG

CACTCTGGTTTTAGGCTGATC GAGAGGGTCICCCTTTIGTTELTTICTGGA CATTTCTECY
CECATCTGTGA ATTCTSTTYLATTITGAGGTI TACACAAAA AAAAAGTGGLCAGAYaTGTccceeaTe

CLCTTAAACEC
ACGTTTATT

GGTGAGAGGCETGGECAA CCTUGTGAAIGTGTCTTGCGGEAGCTGCA CAAGTGGAGGGLCTGAACT CTCGCCAGCICACTGGATG
ATGGGTTAATACAACAACTCCACTGTAAGG CTCAGAGCCACACAGAALT CTGAGAGGGHCTGYTAGCA TGCGCAGCAlCTTCAGTIC
TCCAGTAAAT ATATTGCGTiCﬁTGCCTCA CTTTAAGCALAAGTAGCAGCAGCTCCTGE TGAGTTCTGAGGGCATCATEGCCCTATEA

TTRACCAGAGEGATCTAACE
CAGAAAGACACCACCCATTE

GATGGTTTTATCIATIG:CTAGAGGTAAAG ACTGYCTTITITCTCYGATT

AGACTAAAAITGLUGAACTTATTTGCAATT TIGACCCTGACCACTAACTAGTGATTETT TCCAAAATT
AACAGATATGTGTGTGAAA TATATTTTT[AATTCCAGA TTITTAAYTTIAAGGCTCCAGGAAAGAAAG
GAGAE?AGAA;ATTTT!CCTQITTTTAICA ATCCTCTCTY GCCCTCCCT[AATTCCCCY

TAACATTCCGAAGETGTTLCEACTECCA -

TTTAATAAATTATCTTTATAGAATATGCA AAGTTTITTC

racactcacrérrnaantArtrarrAA[cc ARGTCAACT Aat;trrtciggzgnntar TGACTCTGTivAar

Fig. 4.2.4. Nucleotide -and deduced amino acid sequence of the
camposite P47 chna. JIhe378aminoacidsencodedbythe5' unbounded
1134 mcleotideORFaxeshownabwetl'xemclectidesequence. Anout of -
frame ORF at the extreme 5' end is underlined by double dashes. Peptide
AsequexwegobtajjndfrmplataletPnarebmaedl?utintemptedbygaps.
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Several ccnsiderations made it seem likely that further 5
sequermmsrm&ssarybcmpleteﬂmﬂ?oodir@regioﬁ The deduced
M. of 42, Omwassmuhatsnallerthanhasbeenobservedmseveralgel
systems (e.q. Haslam and Lynbam, 1977; Imacka et al, 1983) In
addition, the most N-terminal CNBr fragment included the most 5 i
methianine. Since the N-termimus of P47 was blocked, relatively few
post translatimal modifications could e:q:lam 11'5 sens:.ta.v:.ty to CNBr
cleavage, if thJ.s fragment was indeed contamed the N—te.rmnms Also/
" the 3.0 kb P47 nm (see Section 4.4.1) was slighlty larger than the,
. conposite GINA, even if a poly(A) tail of 100-200 mucleotides was
assumed. For these reasans, two oligbmx:".leotidés (AB206 and AB207) were
synthalzedmordertodetexmmehwfarthePﬂmRNAexterdedpastthe
5' end of the 34A clone Primer extension analys:.s of poly(a)t R ‘from
;mﬂlfferentlated ard. dJ.ffe.rentJ.ated (both RA and TFA) HI:-GO oells
| revealedmmq:ectedheterogezmtyatthes' en_dofthetranscrlpt (see
: g‘ig..4.4.5). Four dlscrebe transqripts, corresponding approximately to
" nucleotide positions -70, 100, ~120, and -170, were identified. Thus,
betweenlOarﬁllOmmleotld&sreumnedtocmpletemeS' endofthe
P47 cIZNA sequence ,

Sevexalattemptswe_gpmadetoobtamlorgerclorm 0therP47
clones identified by mmnnlog_lcal screenmg of the 1mt:|.al lambda gtll
library were purified and campared to 34A by £i11-in of BooRI-digested
DNA. In all cases, clone length were less than that of 34A (not .
shown) . '\Ille-orig\ilml library, which was anplifi_ed" after inm:r_x:reacﬁive
clones had been isolated, was rescreened with P47 cDNA. ~ This yielded

roughly 300 new positive clones but only one of these (clone OAl6)



: selected agamst during ampllflcatlcsn since abundance dropped from 13—
40% (at minimm 4 of 30 orlgunl marmmoreact.we plaques; at maxmum 4 of.
. 10 orlgmal plaquaq purified and analyzed) to 1%5 than 0.3% (i.e. 1 of
‘300) . Unfortxmately, clane OA16 was refractory to EcoRI digestion and
gave unexpected digestion patterns with SacI and KpnI. It was therefore‘
abandoned as subsequent libraries screened in pamllel had yielded
positive clones by this po:ert

422 MH'IMQM
All llbrarl&e described fram this point on were constructed ocut

 of poly(A)* RWA isolated from RA—dlffe:entlaEed tal HL~60 cells of
1ow_passa§e mmber. This allowed confirmation &f clones derived fiom
the HL~60/MI-myc cell‘line, ﬁhichhad an uusual history (seéAppemix _
A). - A pBR322 plasmid library was constructed fram cONA that had been
primed from AB207 to enrich for 5' P47 cINA sequence. - Second strand
synthesis employed the method of Gubler and Hoffman (1983) in order to
W occurence of full length cINA. Despite t‘ms, no posltlve
‘clones were found in 4, 000 oolom.eﬁ {not shdm)

Two subsequent lanbda phage libraries were made, one in lambda |
~ gtll and cne in lambda ZaP (stratagérE). The latter system was tried
" because subcloning, sequencing, ard in vitro transcription could all be
carried out after excision of the pBlueséf:ipt plamsid from the original
lambda ZAP clane (Fig. 4.2.5). RA-differentiated HL~60 cell O for
' these libraries vas made ex_ac_tly' according to Guebler and Hoffman _(1995)

using (dT)41g to prime first strand synthesis. After. néthylation and
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Flg 4.2.5. Schematic of the lambda ZAP/pBluescript cloning
Stratagene lambda ZAP manual. '
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 linker additicn, half the cDNA was ligated to lambda ZAP ams and half.
to lambda gtll arms. Although both vectors were padcagedm identical
" fashion, only 10% independent plagues were cbtained from lambda ZAP-

- cmparedtoaprmamatelymermlamdagm Thus,, although the

lambda ZAPvectorhadscmeadvantag&s, 1tapparentlysufferedfrcmpoor

packagmg and/or mfect:Lon and repl:.catlon

In any event, both new unamplified lambda phage‘librariés were
screenedmthABQOG, thlsylelded 3 1ambda ZAPclon% and 8 lanbdaqtll
clones Supern'nfectlcm of lambda ZAP bearing cells with defective M13
mage allowed in vivo excision of the pBlu@cnpt plasnu.d fxuu wh:.ch
single si:ranied tenplate DNA was made. These clones were partlally

sequenced w1th the M13 reverse primer and specific P47 pnmers (see Fig. |

4.2.3). Strarqely, the 2A3 clone, which mJ.tJ.ally- hybrldlzed to AB206,
'corﬁm.nedmlyS'rux—codugsequerne 'nusclcneextetﬂedﬂle3'etﬂ
15 nuclectldeﬁ pastclone 34B. still no poly(a) tail was found *
(rev:tewedml—hm@myaxﬂpraxdfoot 1988), altln.lghaposéj.blethud
polyadenylatlm signal began with the last 3 nuclectldes (Fig 4 2.4)..
The 2 remaining lambda ZAP clones (ZAlmﬂBAl)wresequencedovermst
ofthecodugregmn,mtmltherextexﬁedthePMORFasboﬂlerﬂai
mthmlOmmleoﬁdesoftheS'erﬂoftheBMsapexwe

Analysis of the 8 lambda gtll clones by EcoRI digestion and
£i11-in showed that all exte.rﬂed to nearly the same position as 34A
(Flg. 4.2.6). However, clone 3-—1 had a 5' EboRI fr.ag:rentthatappea:ai
20-30 nucleutldos longer than 34A. a.lbclonlrg)an:‘l sequencing of the

+ KpnI-Sacl fragmerrt of thJ.S clone yielded 25 more nucleotides of 5' PA7

sequence (Fig. 4.2.4). Neither an in frame stop codon nor an in frame

™~
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123 456 789

& _96'

Fig. 4.2.6. Analysis of lambda gtll P47 cDNA clones. Fill-in
reactions ({3*P]~a-dATP) of EcoRI digested DNA were electrophoresed on 5 -
% acrylamide (top) and 1 % agarose (bottam). The latter were dried onto
GelBond before exposure to X-ray £ilm. An EcoRI f£ill-in reaction of .
clone 34A in pUC 118 was used as a control (lane 1). Original numbering -
system of the other clones was: 9-1, 8-2, 8-1, 6-4, 6-1, 5-2, 4~-3 and 3-
1,(lanes 2-9, respectively). Marker sizes arershown to the left in bp
(top, BRL 1 kb ladder) and Kop (bottom, clene 34A). Lambda gtll vector
bands are dencted by “arms".. .
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5' ATG was found, though an out-of-frame ATG which initiated a short ORF
' of only 7 amino acids was uncovered at the extreme 5' end (Fig. 4.2.4).
Thus, itwasstillmnlearifmresequemewasneoasaxytofi:ﬂthe
trueuutmtorA'IG It was puzzling that most ¢lones from RA- ‘
differentiated cells erded at the same place, furl:her screening for
.‘1ongerclmmd1dmtseemprcmlsmg

Before eluc:data.on ofthe P47 N—termnms mdmnbe:l,,other
aspectsofthemxclectldesequencemllbecmsmered Same -
'heterogermtywasfamanmgsttne7nﬂepementc1m (from 3 .
different ll.bran%) that were sequenced’in whole or in part Single
basedlfferencesweresmtteredtllra.xghmtthecmPssequence but were
also clustered about the first of 2 poly(A)-t:acts (nucleotide 1383-

1395) in the 3' untranslated region (Fig.-4.2.7). The mrtation pat:t:ern
was clearly non-randam but could not. be explained as allellc YEr:.ahon, '

assuming HI~60 cells are dlplo:.g for the P47 locus. leen the variable
size of this poly(d) tract -(11—13 m).cleotld&;) , it is tempting to
' spectﬂ.ate that this jsite is a recambinational hot spot. Alternatively,
sllppage of reverse txanscnptase ard decreased fidelity in this rng.on
could expla.m the observed heterogeneity.. ‘Ih.ls appeaxed unlikely since
the other poly(A) tract (miclectide 1945-1954) showed no such var::.atlon.
Overall, ﬂxevanahmmPﬂcmeerx:ewasapprommately 15 out of
9,000 mucleotides seque.nced this 15 samewhat hJ.gher than ant1c1pated
basedonanm-IVreversetranscnptaseermrrateoflmn 000
ucleotides (Roberts et al, 1988). " i |
Int.hecodmgreglon, 1TtoCnuc1eot1desubst1tut10noccured
in2 of 5 clqm which exte:ﬁed to that point (nuclectide 273).

4

—

N
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(a)
Clane Sequence
344  TGAGGTCOCCCTAGCTTAAAAAAAAAAAAATCTGCOOOCATGATICT
_' + £ +
34B , TGAGGTCTOOOCAGCTT AARAAARAAAAATCTGOCCOGTGATTCT
s & R _ +
37 TGAGGTCTOOCCAGCTTAAARAAAAAAAAATCTGOOOOGTGATTCT
+ + o + :
3-1  TGAGGTCTOOCCAGCTTAAAAAAAAARAAATCTCCOOOGTGATTCT
¥ £ 4F R
3A1  TGAGGTCOCCCTAGCTTAAAA .
o o R
2A3 E AAAAARAAAAAAATCTGCOOCATGATTCT
®)- | o |
| . {position) . (position)
34B . G<A  (548). | ‘Ser -+ Ser _ (183)

G-+C (1057) . —
T-+C -(2017) - —

37 ’ ‘ [ . I ‘ -

3-1 Tac  (1463) - —

| : A-G (2362) e

2A1 | T-C (273) " Trp-~ Arg  (92)
TG (290 e Asn -~ Lys  (97)
A~G (559) . Glu-Gly (187)
A-+G (571 | . Gln- Arg (191)

3A1 I ~C  (273) - " Trp + Axg  (92)

FJ.g. 4. 2 7. Nuclectide m:bstltutlors amorgst P47 cmA clones.
@) Sequences were aligried about a 3' untranslated poly(a) tract
(mucleotides 1383-1395) to show multiple single base.changes in each
claone. Part1alc1mm3A1aIﬂ2A3apparently1n1t1atedardtemmated
cDNA synthesis, respectively, at this poly(A) tract. Differences from .
clone34Aarestmnbyacmssanddeletedbasesarerepresentedby )

-{b) Remaining single base differences amongst P47 cIMA clones.

Substltrtlonsare indicated with respect to the 34A sequence.
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transition resulted in a Wto R substitution at amino acid 92 and also

- generated a polymorphic site for restriction enzymes which recognize

- OCCGGG (e.g. Smal, Aval, ¥mal, Hpall, MspI). -This potential restriction
fragmerrblen;thpolymrphism (RFLP) 1sd15aJssed;mSect10n4 51 The
anly other am:mo acid mbstltutlons occured in the 231 clone (FJ.g.

4.2.7) hxttlmewexemtalbstanu;tedbysqxerx:mmbcm
directions. Decplte dJ.fferenc% amongst cDA clones, the P47 coding
sequence was not altered in Hl'.:-GO/M‘-myc cells as identical nucleic
acid sequeme was found in a clone (3-1) derived from early pa_SSage AIDC >
HL60 cells. More mundane details of the P47 cONA sequence are ‘

presented in Appendix B.
- \ :

4.'3' DETERMTNATTON AND ANAIYSYS OF THE P47 CODING RAGION -
S L -

4.3.1 M@lﬂl Of P47 Sequences In Vitro and in E. ooli -
: | Inspect1mofthesequenoef1ankmgthemost5'1nframeAIG
revealedaclosematdl (omscmu;togmamcm to the consensus for |
initiation of translation’ (Kozak, 1987a).  Presence of the purines at -3 3’-
and+4 mparta.cnlarsuggestedt‘hatthlssequemecmld nutlate
translatlm of P47 (Kozak 1986a). By contrast, the ATG of the short
upstreamORF_.hadamrsecmsensussequexne (&CAGI’IW_)_, however, it did
. have a dcmmant A residue at. posutlcm -3 wh:.}/ should allow it to
)funct.'l.on in vivo (Kozak, 1986a). Two parallel appruad'las were used to
dete.rm.ne the P47 cod.mg region. In v1tm transcrlptlon and tra.nslatlon ‘
ofP47tanp1ateswasusedtot&ttheab111tyofthe5' most ATG mt.he
1eng ORF to initiate txanelatlpn and to compare the size of the product

/\ h‘
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. \ . .
. to authentic P47. To rule out fortumitous initiation in vitro and

" confirmed the P47 ORF.
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possible difficulty in resolving a partial P47 product from platelet -

‘P47,theprec1$eP47codmgregimardthe5' exterdedORFmre

e:-cpressedlnE_coh._ 'Ihem?sequexwarﬂthevariwsvectors

utlllzedareshwnmng 431.  )
Since 2 isoforms of the p47 ORF were , claned ('].‘zp92 and Arg®2),
in vitro tm'lsc:rlptlon and translation of borth sequences (fx:m clones

_>4A and 3A1, r&spectlvely) was carrled out ‘Ihe 3A1 clone in

pBlu%cnpt (Fig. 4.2. 5) was used darectly, whereas the PvuII f:ragnent

~ (mucleotide -53 to 2024) of 34A was subcloned mto pGEMBZ (Pig. 4.3. 1)

Both constnlcm generated products whlc:h co-mlgrated mth purlfled \

platelet P47 (see Fig. 4.3.3, lanes 5 and 6). This tentat.wely

Inoxdertoprecmelye}qaressthep:tatlve codmgreglonm

E. cohmttmrtanyupstreamPﬂseqaenoe anNcoIs:{tewascreatedat

the,p:tatlvestartcodonbynutatmgﬂmesatpomtlon -2toac. _'Ihe.

Yesultant NcoI fragment (mucleotide -1 o0 1091) was cloned into the Neol

site of PKK-322 (Fig. 4.3.1). Selection of mitant colonies was
~ | .
- camplicated by equal hybndlzatlon of the mutant oligonuleotide to the

'w:.ldtypearﬂmtantsequences 'meGGmJ.smatd1betweenthe _ }

ollgormleotldeaxﬂmldtypesequencewas stablee:n.lghthatwash.ugat
msms&ngmesdldmt 1derrt.1fym.rtantclcxm (mtshcwn). )

. This was oVerccxne by campeting out matant 6ligonucleatide with exoess-'

wild type ollgormcleotlde (Mlyada and Wallace 1987; see FJ.g. 4.2.4 for

ollgonucleotlde overlap) . Urder cmdltlom of equ111br1um binding,

mtantcolmueﬁwezeeasﬂyd%iupmwashmgatmcreasu:g ‘
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Fig. 4.3.1. a, Sinplified restriction map of P47 cINA showing
sites used in cloning and subsequent manipulations. The NcoI site
created by site directed mittagenesis in jorder to clone the camplete _
cding region, and the polymorphic Smal site are indicated by *. The -
bar represents cINA fragments (Pvull ~ NcoI, or NcoI* - NooI) expressed
in E. coli (solid area, P47 coding region; hatched extension, 5' -
extended ORF; open extension, 3'.untranslated region). b, Map of pRK- - .
233 and pOTS Neol2 indicating which P47 fra were inserted into the

_NeoI start sites. The fragments expressed =233 were from clone
34A, while the NcoI* ~ NcoI fragments of 342 3Al1 were expressed
in pOTS Ncol2. The vertical insert of pOTS Neol2 is an unknown cDNA .
fragment that was present in the vector as it was ied.: It was
removed by partial Neol digestion and re-circulari on of Sacl

digested P47 constructs. ¢, Map of the pGEM~3%Z vecir used to express
P47 in vitro. The Pwll fragment of clcne 34A was. inserted into the
Smal site; transcription with T7 RNA polymerase was carried out an BamHI
linearized plasmid.  In vitro transcription of .clone 3Al was from the T7
-promoter of Bamil linearized pBluescript plasmid (Fig. 4.2.5). Adapted -,
- from: a, Pharmacia product data sheet (pKK-233); b, Rosenberg and
- Schatzman (1987); ¢, Promega Biotech 1987 Catalogue (pGEM-3Z).



210 .

r "I'
-
v
» - ,
/ *
<
. .
.
'
et .
- Hea T [
/\J \ 5' TR AscAosEEAYE 12T G-Tce
. . " med oy ol am dw e
- "
- .
.
[
.
/ - -
" .
=
N
r -
-
. r '
. A
.
- \\ ’
c -
dh, . —
"
’ -
>
. .
- .
L] - .
Y ' ,
- I
ar -
,



Fig. 4.3.2. Detection of P47 site directed mitants. a, Mutant

~ colonies revealed by increasing stringency of washing after ‘ ‘

hybridization of colony 1lift on nitrocellulose with a'10:1 ratio of cold
campeting oligonucleotide (AB206) to end labeled mitagenic
oligomuclectide (AB336). All autoradiographic exposures were for 2-3 h
at =70 *C in the presence of an intensifying screen. b, As for above
except that overgrown randamly picked colonies were hybridized to
equilibrium (18 h). All washes were in 6 X SSC for the indicated
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(1}

58* 5min

22°. 31 10 min-

62*, Smin

Sopme

48° 215 min

1
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stringencies (Fig. 4.3.2, a). If hybridizatim of the mitant
ol:.gomxcleatlde was er.ven to canpletion by equilibrium binding to large
amounts of "target plasnnd mxtant colonies could be 1dent1f1ed after a
single low strlngency wash (Flg. 4.3.2, b). Digestion of nutam: plasmid .
wiﬂiﬁ_cEf_li_—bérabed‘théatpectedl.lkbfmgnehtmlessﬂmnhalfthe |
positive clones, probably becausé of incamplete synthesis from the | | |
primer (Zoller and Smith, 1984;. 1987). In any event, the Ncol fragment
contdining” the pitative P47 cod.i.hg region was obtaiﬁed for both 34A and
w."%:lones AseoorﬂfragnentbasaiontheentmeORFofthech&was
madebyllgatqu;,n-framNooIlnﬂcerstqthezldanuII fragrrent
(nucleotlde. -53. to 2024) and digesting to campletion with NcoI. Bovth
fragments were smacloned into tge NcoI sn:e of the. pKK-233 expression
vector (Aman ard Bros:.us, 1985), as indicated J.n Fig. 4 3.1. Bacteria

transformedmtheadlcmstructcontalnedmladdltlonalbarﬁthatwas

‘visible in sta:ned ‘gels of bact:e.rlal 1ysates (FJ.g. 4.3 4). Cells

harbormg the PvuII-Ncol const.mct exp:tessed 1ow levels of a protem
that migrated above purlfled P47, whereas cells expressmg the shorter
ORF containkd a protein that co-migrated with platelet P47 (Fig. 4. 3. 4)
The relative migration and spemf:.c:.ty of reco:rb:.nant P47 was confirmed

by immmcblot analysis of bacterial lysates (Fig. 4.3.l3) “Occasionally

. recombinant P47 migrated just below purified platélet P47; this may have -

been due to removal of the jnitiator methicnine in the bacterial cells
. ) L : .o
(Ben-Basset and Bauer, 1987). In spite of this, there was no doubt that

P47 wasermdedbynucleotldes\qto 1049 arﬂtlmshadapredlcted M of

) 40 087 (Trp92 vanant) or 40,057 (Arg92 variant).

The true P47 cod.mg region was expressed at hlgh levels, up to
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Fig. 4.3.3. Eb:pressm of the P47 coding region—~in E. coli and
jn vitro. ILysates from E. coli JM109 cells transformed with pKK-233
bearing inserts from clone 34A were probed with P47 antiserum on an

_ jmmmecblot: no insert (lane 1), micleotide -53 to 1091 corresponding to

M, 42,112, including 2 amino acids contributed by linker sequence (lane
2), rucleotide -1 to 1091 corresponding to My 40,087 (lane 3), 100 ng.
purified platelet P47 (lane 4). The remaining 2 lanes show products
from in vitro transcription and translation of clone 34A in pGEM-32:
miclectide ~53 to 1091 (lane 5); no insert .control (lane 6).
Translations (1 pl of each, corresponding to 3 X 102 cpm fram the P47
template) were electrophoresed-on the same gel as. immunoblot samples;

_since approximately 3 ng of in vitro ized P47 was loaded, the -

autoradiographic signal arises fram [32S]-methionine, not [12517-1abel
protein A. Position of P47 is indicated on the left. ‘

1
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Fig. 4.3.4. Expression of recombinant P47 in E. coli. P47
ORF's were inserted in the pKK-233 prokaryotic expression vector and
lysates from transformed E. coli JM109 cells analysed by SDS-PAGE and
Coamassie blue staining: markers (lane 1), 30 ng purified platelet P47 -
(lane 2), muclectides -53 to 1091 corresponding to M, 42,112 (lane 3 and
4, without and with IPIG respectively), miclectides -1 to 1091
corresponding to M. 40,087 ‘(lane 5 and 6, without and with IPIG

respectively), and control pKK-233 lysate (lane 8). Arrows indicate the:

position of recambinant protein. Marker sizes in kDa are indicated on
the left. : . ' , : S

£
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10%i of bacterial protein as estimated by visual camparison to Known.
amounts of platelet P47. In contrast, the larger protein was barely

,v1s1b1emsta.u\edgels(F1g.434) bact:erialoodmusagemﬂle

actendedmadugframecmﬂdinpartaocamtfordecreasedacumlatlon
fthe)largerpxotem hesever, thetruecod:.rgreglmappearedtohave
equally poor codon usage. Alternatlvely, protein folding may not occur
oorrectly in N—temmally ext:erﬂed P47, perhaps targeting 1t for
degradatq.on by bacterial proteases. There were no cbvious P47
proteolytic fragments in bacterial lysates (Fig. 4.3.3) but long '

exposures revealed many products t‘nat spec:.f:n.czlly reacted with P47

antiserum. Fmally, desplte expressmn in a lac 19 bac.kgmxrﬂ IPIG had

no effectontheexpressmn of eltherconstruct (Fig. 4.3.4). Absence

.of mductlon could be due to titration of the lac repressorbyhlgh

plasmid copy mumber (Amann et al, 1988).

Prelmmaxy efforts at isolatin;'soluble P47 fn:m E. coli were

| hampered by ext::eme insolubility of the bacterial inclusion bodies that

contanledthereccmbmantprctem (seesdmemake.retal 1985) .

Initially, it was difficult to cbtain consistent high level expressio}x |
of P47 in JM109 ceus It appeared that restreaked cells from saturated
cultures or cells kept on plates for pmlongedpenods of-t.:lme ‘expmsed'

nuc:h less reccubmant pmte:n than freshly transforned cells. Plasmid

1oss.or select:lon for cells able to repress the 1ac-ft1:pprm|oteronpm<-

233 may have ocarred. Routine 1solat.1,m of recmbmant P47 was

therefore carried out with freshly transform'ed cells kept on plates for

: no 1ongerthan a month.  Most bacterial P47 was recovered fmm cell

"lysates as a Tnton X-100 1nsoluble fraction that could be separated on .
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a-small-scale from other bacterial material as the Flow-through fraction
" of a Sepharose CLr4B colum (not shown).  Attempts to solubilize P47
ir_blusion bodies mused severe proteolysis of the recombinant pu:otem
(not shown). Protease inhibitors such as PMSF, antipain, leupeptin, and
pepstatin dJ.d not prevent degradat.lon. ‘ |

| A seoond bacterial expression vector, the pOIS Ncol2 variant of
the .PL vector series (Rosenberg and Schatz:man; 1987), was tried mthe
hope that rapid nﬁuctlon of P47 by temperature upshift would yield more
soluble protein. 'Inserts from 3Al and 34A site-directed mitants were
cloned into the Nool site of poTS 12 (Fig. 4.3.1). Both isoforms (from
| 34A an:l 321 coding fragments) of P47 were used. in anticipation of
pbs‘sible functional studies.on the recambinant protein. Aas provided,
thevectorhadanurﬂcmwnmsertdownstreamoftheNcoI 51te but this
could not be easily removed without destroying avaJ.lable clcmng sites.’
Deletlonofﬂus1nsertmsubsequentconst1uctsshuwedtlmt1tdldnct
. interfere w1th the productlon of recambinant P47, although induction of
_thel 3Al1 coding region was improved sllghtly (Flg. 4.3.5). Immmoblot
analysis of bacterial lysates indicated that P47 was produced in Ns;sl ,
cells upon héat inactivation (at 42°C‘:) of the t_aﬁpemture'sensitive cI
Yepressor (Fig: 4.3.5). Despite fairly sharp tempemture‘:i.t"duction, P47
canprised only a small fraction of bacterial protein; the s construci-.
in partlc:.zlar expressed very stnall ammmts of reca:nblnarrt pmtem (Flg. :
435) 'Ihereasonfortlusmmclearsmotherprctemsexpressed
fruuﬂiePLprwnteracamﬂatetohlgh levels (seeRosenbergani
. Schatzman 1987) Transformation of AR68 cells, whlch are tempemture

se.nsitive for some proteolytic pathways and therefore less 11kely to
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~ pOTS 3A1 . 34A C3A14  34AA

O 120 O 30 60120 0 30 60120 40 O O 40

' Fig. 4.3.5. Expression of recombinant P47 frunﬂie'PLpruwter
.. Transformed N5151 cells were grown to saturation at 32°C then shifted to
42°C for the indicated mmber of min. Cells were lysed directly in

sample buffer and subjected to immmncblot analysis. pOTS indicates
vector with no P47 insert. 3A1ard34A1nd1<atevectorcartamu'gﬂme
" 1.1 kb Ncol fragment of clones 3Al and 343, respectively. 3A1A and 34A4.
mdlcatecmstructsfmmwhldlthemﬂqmnmserthUISNcolzwas
removed (Fig. 4.3.1). Pstmsthepos1t10nofP47ardﬂ1earrwpt5mts
to a bacterial protem which reacted with P47antlserum
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degrade mgced Fecombifiant protein, also did not yield high level
 expression (Fig. 4.3.5). At this point, enkaryotic expression vectors

 appeared mare pramising for cbtaining native recambinant P47 and work
with prokaryotic recambinant protein was dlscontnmed; i .

4.3.2 Amlysis of the ry Structure of P47.

mssectlmcontalnsmﬂyalmltaianalysm ofthepred.lcted
P47 protem Sequence. More spea:latlve arﬂ/ormmdane aspects are |
doctmmrtedfortheccnprterenttmslastm}\[pendle The final
cmpﬂaﬂmofPMclIlAsequememﬂdeduoedmmmacﬁsequencel};
shown in Fig. 4.3.6. In accord with recent database guldelmes,
sequenceenumexationbeginswiththehoftheinitatorm assigned as
micleotide 0, and the initiator n:et‘tnm:m, assigned as residve 1. '

SBneﬂxennstN-termmalmBrfragmentoan contamedthe
J.nlt:.ator methionine, it 1s this residue which is blocked J.n the mature
protein. As many etﬂ-caryotlc proteins are acetylated (Angen and Wold,
| -.1986.) , this is the most likely modificatian of P47. Acetylauon of the
initiator methicnine occurs for only 5% of all acetylated pmteam
(Aﬁgen and Wold, 1986), so P47 may fall mto a sligﬁtly urmsual
category. An analysis of post—-translatlcmal processing has revealed
that protems which retain’ theu' Jm.taator metlnamme eocclus:.vely
conta:.n a pemltimate mn.due with a large side chain (Boissel et al,
© 1988). The seéond amino acid of P47 is a gluta:nafe: this has a radius
'of gyration of 1.75 &, well‘ab&ve‘the .enpirically determined dut—off '
value of 1.3 A (Boissel et al, 1988). 'Ihe N-terminus of P47 thus

conforms to the deduced modlflcatlon rules.

ot
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TEACCLCCAAGCACATATAACAAGETGYGCAGCCTCACTAGLLTGLITRC CTCTCthttfclﬁﬁlCCTETTCT‘G‘AA ATGAAGAAAT .
TCAACTAGTAGATTCCAGAGETCCCCCTAGETTAARAAARAAAAAATCTE CCCAIGAT![TlitlctCGEAGTA‘TGAI GTGTATCTA
CTTGTTCTLCGETGYCCTYTECTTRGLTAAGTCTTEGCCT JCAGTTATCTICARATGTAC IGAAECTGIECGAASECGJ CCTRTGAAA
CTGTTECTGAJCTCTAGTAC GTICEABGA‘EAAACCTC? T‘GTTCICf TAGACATCTICTACTTELTLTTIGGCCTTCAGATEGTGTA
ACAAAATCARGEAGGGCTCTETTCITTCT TS CICATCCTACTCAAAAACTCCCOAGAGCAGTGETEETTITCAGEETTT GACTTETAT-
TACTTTTGGC A CC TR GAAAYTTET RN CT T TR GAAAGAGACCCEGEEAGGCCAGGACTAGCTRAGEGTECTITCTGTGECCTTARACE
GCCCACAGGAGCCCTATICCACTETGRTTYIAMbGCTGATCT CAGAGGRTCCCETTTGTY tTfTﬂTﬂGAlCATITCTcT ACGTTTATY
ACAATTAGGA GGGGACCCt!CATCTETCA AT!CTG?TT[ATTfGAGGY TACAGARARAAAAAAGTGGCCAGATGTGTICCCCCCATG
GETGAGAGEC TG CAACTECCTCETCAA]GTETCTTGCHCCAGCTGCAGCAAGTGUAGEGRTTQAACTACTEGECAGCTCACTGGATS
ATCEETTAATACAACAACT U ACTRYAAGOACTCAGAGCCACACACAACT I CTCACACGEECTGTTAGCAT TECCCAGCATCTTICAGTTE
TCCAGTARATEATATTRCGTCaTECCTCAGCT YT ARGCALAAGTAGCAGEAGCTCCTOCI TRAGTTCTGAGGECATCATEGCCLTATGA
TTAACCAGAG[GATCTAACCIAGACTAAAAlTRGGAACTTATTTGCAATTIITIGACCETGACCACTAACT ETﬂl'ltT'[!CCIAAATT
GAGAAAGACAGCACCEATTGAAACAGATATETCTGTGAAAGTATATTTTTCAATTCCAGATTTTAATTT AIGGCTCElIGIAAGAARG
GAGAGTAGAALATT T Y TCCT AT TTATCARATCCYCTCT GCCCTCCCTOAATTCCCCTETAACATICCTIGAAGCTETTLCCACTCCCA
CATCCTTITAICAATAGCCTACAGETAAAGAACTGTCTITIICYCYGATTCTTITAATAAATTATCITIATY GIATATSCA{AAGTTTTTC
TACACTCAGTETTAARGTATEFATTAATGGEARCTCARCT I AATGYTTTG BATAAATATATRACTCTGETTAAT

‘Fig. 4.3.6. Fi:alnrleotldearﬂd@nedamunamdsequceof

PA7 cDNA. The 350 amino acids of M7 encoded by the 1050 miclectide ORF
are shown in upper case 1 letter code. The micleic acid sequence is
mnnberedrelatlvetothefustbaseofthecodrgregmn,mldlm ‘
ass:tgnedcooxdmateo. 'IheshortCRFupstreamoftheP47codmg

is translated into lower case 1 letter code. Possible polyadenylati G{m
51gnalsatthe3'e1ﬂoftheseq1mmaremderlmed The best

candidate PKC phosphorylation site (single dashed line) and the putative ]
EF hand Ca®*“binding loop (double dashed line) are boxed. The W to R
substitution caused by a T + C transistion at muclectide 273 in two

clones (2A1 and 3Al) mdiwnbysuperscnptRatrenduemmber%.

- -
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The amino acid ooupo;ition of P47 was unremarkable except for a
preporﬂemrbe of dxaxged residues (Table 4.3.1). ‘The charge profile of -
" P47 revealed a contiguous stretd'l of 39 residues (202 to 240) conl:aim.ng
| 12 acidicsided:ams :mnedlately follmedbyastreftdlof 28 residues
\(242 to 279) containing 10 basic residues (Fig: 4.3.7). Overall, basic
- amino acids slightly cut-mmbered acidic residues; the calculated pI of
P47 was 7.9 for the Trp?2 isoform and 8.2 for the Arg?2 isoform. This
diffez;erxce J.an is consistent with miltiple urphosphorlyated isoforms
of P47 ‘cbserved on 2-D gels, although the predicted pI values are 1-1.5
pH units higher than experimentally determined values (Imacka et al,
1983} . " " o | '
The hydropathy profile of P47 did not reveal anypotenual
- menbrane spanning regione, as expected for a highly chargeg, ‘cytosol.ic
protein (Fig.,_d'.a.?). Three basic reglms, J.rr:llcated by arrows in Figd
4.3.7, may be sensitive sites for proteolysls. _ In partlcular, e1ther
theN—orO—tennmalpeakscouldbethepomtsatwhldiproteofysm
generatesmz and/orPlS (SeeSectJ.cn4 11) SnlcebcﬂlPlSarﬂthe
fusmn proteJ.n encodedby lanbda gtll clone 37 were very mnnreactlve, \\\
‘P‘.LS may derive from the c—termmus of PA7. Given the poss:.ble imverse
_Arelatlmsh:lp between P42 and P15 abmﬂance P42 could arise from N—
tennmal cleavage of P47. -Finally, the predicted seocrﬂazy structure of
P47 sugges?ad a relatively high a—hellml content (Fig. 4.3.7).
Aligmment of the P47 sequence agamst itself revealed a
51gn1f1cant internal hcmology This was visible by dot matrix analys:.s
. and by aligmment of res:.dues 1—102 and 241-348 (Fig. 4.3. 8). P47 may

have evolved by a.ncestral dupllcatlm. ‘When P47 sequences were searched



Ala
Arg
Asn
Asp
Cys

C Gln
Glu
Gly
His
Ile -

.

Acidic
Basic

Aromatic
Hydrophobic. (Aramatic + Ile + Leu + Met + Val)

M. = 40,087

software. 'ihevalues sq:amtedbyaslash

Table 4.3.1.

20

(5.7)

mmino acid composition of P47.

‘Len - 27
20/21 (5.7) Iys 33 -
‘16 (4.6) . Met 8
22 (6.3) . -Phe 20
7 (2.0) Pro 14
12 (3.4) Ser - 22
28 (8.0} Thr . 16
24 Trp - 1 6/5 -
6 Tyr 10
22 val =~ 17
(Asp + Glu) 50
(Arg + Lys) | 53/54
(Phe + Trp + Tyr) . 36/35

variant, which has a M,- of 40,057.

(7.7)

(9.4)

- (2.3)

(5.7)

- (4.0)

(6.3)
(4.6)
(1.7)
(2.9)
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(4.9\

(14.3)
(15.1)
(10.3)

110/109 (31.4)

mmBeclmanmcx'ogenle
conespa'ﬂ to the Arg??
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. Fig. 4.3.7. Predicted secondary structure, charge profile and
hydrophilicity plot of P47 protein. Secondary structure and .
hydrophilicity were determined with standard parameters on the ~ :
University of Wisconsin Genetic Computer Group software using the
methods of Garnier et al (1978) ard Kyte and Doolittle (1982),
respectively. Secondary structure symbols represent a-helix (0), B-
sheet (¢), and taom (4). The charge profile was plotted by assigning
+1 to R or K residues, 40.5 to H, and -1 to E or D residues. Potential
proteolytic sites that could yield P42 (seeAext) are inditated by
arrows. Predicted PKC phosphorylation sites are indicated by * and the

' putative Ca?t-binding EF-hand is represented as a bar. |
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Fig. 4.2.8. Duplicated region in P47 found by aligment of Pzﬁ\'

against itself. Dot matrix analysis was performed with Beckman
Microgenie software. Region 1-102 and 241=348 were aligned; 2 dots
indicate amino acid identity and 1 dot indicates similar amino acids.
The aligrment score of these regions was 8 standard deviations greater .
than the mean alignment score of corresponding random PA7 subsequences.

Above 4-6 standard deviations is considered to suggest biological
" significance. o . ' ' -
. . : _ o o N .

-
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against current protein and micleic acid databases using the FASTN,
FASTP and FASTA aigorithms no significant similarities vere fomd |
'(Pearson and Lipman, 1988). The best 3 aligm\errts‘betmm P47 and the
.NE%F protein database indicate the random nature of the matches:

i - . B o -~ ¥, '
protein . % similarity amino acid overlap
E6 protein (cottontail rabbit) 33 o 36
" repressible acid mosphatase 33 . 45

rabblt IgG c reglon . 23 ‘ 43

1

Surpnsmgly the pmtem whlch exhibited the strongest smulanty to P47
ofany]aumsequenoewasthepltatweRaseffector, called GTPase~
actlvatlrg-pmtem or GAP recent_ly bgéx cloned by Vogel et g_:_l_. (1988) .
Under ‘standard allgl;nnetrt corldlta.cms, GAP and P47 are 37% simiiar over

' the entire length of the P47 seguence; a1&355tz"injé1taligxmrtis -
given J.nAmende B. Gcmparec; to randamly shuffled am.no acids of the
‘same camposition the similarity between GAP and P47 is apprmciirately 10
| SD above the mean score. Like the internal duplication in P47, this too
borders on biological significaxbe. However GAP is more similar (> 20
SD.above random) to several other prc@s involved in signal

. transduction, ﬂamely the cyt:oSolic'pjrbtie_in tyrosine kinases (e.g. yes,
fgr, tck), the crk oncogene and PIC-148 (Vogel et al, 1988; Mayer et al,
"1988) . Unlike P47, the regio-ns of similarity between GAP and these

- proteins mps in part to the so-called Sy regulatory domain (Sadowski
et al, 1986). .The s:.gnlflmnoe of ‘the similarity between P47 and GAP is
f;;erefc;re uncertain at best. b

Two intrigquing consensus sequences were noticed in P47. A
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p&terrtial Ca2*-bindizy loop bounded by two predicted a-helical regions
suygested that the C-terminus of P47 may ocontain an EF-hand damain
(Kretsinger, 1980). Comparison to known ca2t-pinding proteins by

multiple sequence aligrmmt (Bacm and Anderson, 1986) revealed that the

P47 E:E‘-halﬂscoredmrsethanotherEF-harﬁs, J_m:lui:mgsmlethatdomt
bind ca2* (Fig. 4.3.9). Criteria based on crystallographic data
(Kretsinger, 1980) state that'of 16 conserved residues required for
Caz"'-blrdmg ammmumoflz arereqtu.redfora functicnal EF-harxl

'Ihe put:at.we P47 EF-hard contains only 11 of thase However, two
proteins which may not bind Ca+, namely pLL (Gerke and Weber, 1985) and o
a~actinin (Ba.mn et al 1987), have lost essentlal cast llgand.mg

rasldu%vmereasm?lspredlctedtohaveallsm:ygenswhldxdmelate

‘caZt, 'modefectsmthepw EF-hand are cbvious: 1) ah:.gtﬂ.yconsexved _

. hydxqimoblc residue in the middle: ofthec:az"‘-—bindux; loop has been
re:placedbyalysme (uﬂlc:atedbytheanwmng. 4.3.9); 2) the .
flanking segments lack several ccmservedresmuaandmaybeaﬂy weakly
Aa-hellcal Speculatlon as to the structum and function of the P47 EF-
'harﬂarepraentedmAmerﬂJxB.

leenﬂueextenttomdl P47 cznbe;iwspl‘xorylated several

potential PKC ;imsphorylatlon s:.tes were anticipated. P47 1solated frun

stimilated platelets cmslsts of 9-11 pI 1soforns, possibly generated by

4dorb nﬁeperﬂent phosphorylation sites (Imaoka et al, 1983).
Predlctlmofwhldmsermeorth:eonu\emlgxesmaybetazgets for
;imqhorylatlmwashanperedbyﬂxeladcofaprecmecamﬂlssequerne
. for PKC-mediated phosphorylation. This was overcome by mltlple

Seq“eme aligment to define a priori residues that are conserved

-
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i) 123456789012345678901234567829 SCCRE
ii)) Eh hh chd 'd 46 id Eh hh h XI AIN
iii) X Y Z -YiX -2
FIE LRGCVVTSVES SNGRK EE NLFEIITA 11 1607
caM |E,F|K E|A F|s L|F D|K|D|G|N ¢|T T L G TIVMR S|L] 16 1781
5100 VV'DKVMETLDS GDGEC FQ MA|F ViAM|I] 14 1720-
Pll A|ViD K|I M|K D|L D|Q.C R|D G|K|VIG F Q S|F|F S|L I|A G|L] 12 1685
aACT EFARIMSIVDP RMGVVTFQA IDIFMISRE 13 1693
FIB HNMGQFSTWDN NDIKFEGNCAEQDGSGUWW 6 1542
- Fig. 4.3.9. OcmpansmofpredlctedPWEF-haIﬂtosmllarstxucum
m]mcwnGa2 binding proteins: i) mmbering system proposed by

Kretsinger (1980) ii) consensus sequerce (h = A,F,I,LM,Vor ¥Y; d =
'D,E,N;Q,S, or T; i =I or V); iii) octahedral vertices formed by

. liganding coygens; P47 292-320 (this work); CaM,.calmodulin I 19-37
(Balu et al, 1985): S100 852-80 (Gerke and Weber 1985) ; pll 50-78
{Gerke ard Weber, 1985); aACT, chicken f:ibmblast a-actinin 786-814 -
(Baron et al, 1987); FIB, fibrinogen 1307-336 (Dang et al, 1985).
degree of similarity, based on the criteria of Kretsmger (KT) ard a
"modified miltiple sequence aligmment program (AIN) is shown by scores on
the right. The core set for aligment employed 4 proteins for which
crystallographic data has unambiguously assi EF-hand residues:
calmodulin (Babu et al, 1985); intestinal Ca
et al, 1981); troponin C (Collins et al, 1977):; parvallumin (Kretsinger
,_etal 1973). The ALIGN program was run with a window size of 30 in
which only the resides 1dent1fleg by Kretsinger 51980) contributed to
the final score; in addition, residues in the Ca -bmdmg loopwe.re
wen.ghtedtwwethose mtheflanknghellm

—

*_binding protein (Szebenyi -
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SUBSTRATE
II~2-R (241-250) QB,BQBKQ_RBT' 450
SMMIC (3-12) KRAKAEK|TIT KK 450
- PRCPS (19-28) RFARKG|S|LRQ 450
RS6 (230-239) - KRRRLSISILRA 450
BGFR. (648-657) HIVRER|T|ILRR 441.
PS0 (5-14) SKPXKDP|S|ORR . 431
MBP (104-113) GKGRCGLS|LSR 408
P36 (19-28) PPSAYGslvka 392
- FPIE (108-117) KFARKS|T|RRS 470
(107-116) QKFARKEK|S|ITRR 455
(111-120) RESTRR|S|IRL 450
(37-46) KKKSDN|S|PKG 433
(34-43) EFYEKKK|SIDNS o427
(67-76) - FVFEIT|TITKQ © 416

Fig. 4.3.10. Coamparison of known PKC phosphorylation sites to
. sites in P47. SequexmofBH(CmbstratesmrealJ.gned4at
atmeusmgam.rﬂows:.zeof 10 residues and a matrix which favoured:
allgmnentofbasmmxdmsarﬂallgmentofsermeormmune
residues. The best aligmment of these (II-2-R, mterle_ukm-z receptor
(Woodget et al, 1986); SM-MIC, smooth muscle myosin light chain (Tkebe
et al, 1987); PKI:PS, PKC psendosubstrate (House and Kemp, 1987); RS6,
ribosamal S6 protein. (House et al, 1987)) was used as a core set for
ison to other substrate sequences (MBP, myelin basic protein
(Tumer et al, 1985); BEGFR, epldennalgrwthfactorreceptor (Woodget et
al, 1986); P60, p60°TC (Woodget et al, 1986); and P36, p36 (Woodget et
al, 1986)) arﬂtheentuem'lpmtemsequeme Aligm scores for each
sequence are indicated. FPhosphorylated sites in known substrates and
. putative sites in P47 are boxed, while basic residues-are underlined.
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amongst known PKC sites. In'general, a requirement for basic residues
on the C and/or N terninal sides of the target residue has been foud
(see refel'exml in 1egend to Fig. 4.3.10). Three possible aligrmmfs of
the P47 region 107-120 scored higher than the adjusted core s:.te value,
andymsiderably higher than cther kmnm PRC sites (Flg. 4.3, 10) The
P47 reg?.m was remarkably su@.‘l.qr to the psaxdoa]bstrate site of PKC,
which is. the most potent peptide irhibitor of PKC yet synthesized (House
and Kemp, 1987). Other lower scoring potential PKC sites in P47 are
also indicated in Fig. 4.3.1. One weaker site not defined in Fig.

4.3.10 méty be of interest because of its location in the putative cat-

for phosphorylation by PKC, no consensus sequence for d&MP dependent
‘ k_ina'se;hos;horylationlwas fourd in P47 nor was any cther known

consensus sequence. | .
4.4 } . ANATYSIS OF P47 mRVA

4.4.1 Requlation and Distribution of P47 mRNA _

| ’IheP47c.mAhybr1dlzedto asoldotrmxscr;ptuntwas@—
regulated dunng RA-induced HL-60 cell dlfferentlatlon (Fig. 4.4. 1)7
The degree of mRNA induction was eﬁtnmated at 10 fold by dens:.tcuetnc
’Smmc this was slightly greater than the 4 fold increase in P47
prote:m (see séctionn; 1.1). mmlmofpwbyRAwasttmsentlmly
'aorxxmted for at the mRNA level; this camprised part of the initial

* evidence that the correct cDNA had been cloned. P47 TRNA vas present in

the poly(A)* RNA population and migrated at the same size as in total
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Fig. 4.4.1. Regulation of P47 mRNA during HI~60 cell
differentiation. Total RMA (15 pg) from cells treated with 1 uM RA for
the indicated mmber of ‘days or 20°nM TPA for the indicated mmber of
hours was analyzed by Northern transfer using the 2 kb P47 cDNA PvuIl
fragment. FPoly (A)" RMA (0.5 ug) from cells treated with TPA for 0 and
16 hours is also shown. Marker sizes in kb are indicated to the left.
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\ 'RNA samples (Fig. 4.4.1). | |
*  since P47 is a target for PRC, and since TPA had unusual effects
on J.nummreactlve species (see Section 4.1.2), the regulation of ‘P47
URNA by TFA was investigated. Urxilffererrtlated}llrso cells responded to
ZOTMTPAmthamrkednﬂuctlonof P47mHiAﬂ1atpeakedat2—4harﬂ
declmedtonearbasal 1evelsby48h (Fig. 4.4.1). This was confirmed
in studies on synergzstlc HL~60 dlfferentlatlcm, wh:.ch also mclderrtly
‘showedthatm?wasmtlrﬁucedbycaz* (see Section 3.2.2). However,

J.nRA-dJ.fferentlated cells the 3.0 kb P47 IrRNAwasmt mdubedbyTPA
treatment: (data not shown). ']he. transient elevation of P47 mRNA durmg
TPAlrﬂuceddlfferentlatlonmaymfactbeacwponentoftlwnew
program of gene expressmn, rather than a spec1f1c response to PRC
"activation. On this basis, varlous phorbol ester respomlve elarents
maynotbefcxmdmthem?prmnter Finally, it is not clear why a
only a slight increase in P47 protein synthesis occured in pa;‘éliel with
" induction 61_:‘ the nRNA (Fig. 4.1.5) ; P47 may be subject 'l_:o‘t:a\nslational
regulation (see Sectidn 4.2.2). | .‘

In addition to RA and TRA, other agents caused induction of P47
transcripts (Fig. 4.4. 2) Aside from RA, the strca'xjest nﬂucer was -

1, 25—(0H) 203 tduch 11ke RA, caused a parallel increase in P47 prorte:.n
“(Flg. 4.1.1). As indicated above, macrophage-like dlfferent:l.atlon in.
response to either TPA or TPA/AZ3187 only slightly increased P47 mRNA ‘
content. Monocytic maturatlonlrﬁuoed by dibutyryl cAMP or cytosine
arabinoside (data not. shown) was nd€ accampanied by an increase in P47
transcripts P47m‘£&11\ah1rﬂancealsod1dmtmcreaseupon

dlffexerrtlatlon of U93'7 cells w1th TPA (data not shown)
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Fig. 4.4.2, Abundance of P47 nRNA in variously differentiated
HL~60 cells. Total RNA was probed with the 2 kb P47 Pvull cINA
fragment: untreated (lane 1); 20 M TFA, 2 d (lane 2); 1 M TPA ard 400
nM A23187, 2.d (lane 3); UM RA, 7 d (lane 4); 100 i 1,25(CH) 5D, 7. 4;.
(lane 5); 500 pMdlhrtyrylcﬂdP 3d (lane 6). Lower panel shows the
same filter reprobed with actin oligomuclectide. P47 (P) and act:m (A)
transcripts are indicated t:o the left.

t'_'
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The expression of P47 in ﬁnmcytic and gramilocytic forms of HL~

60 cells was confirmed in normal mman peripheral blood mononuclear
cells. A mixed population of lymphoctyes and monocytes contained the
identical 3.0 Kb transcript (Fig. 4.4.3, lane 1). In addition, P47-
related transcripts were identified in mouse spleen tissue (Fig. 4.4.3,
lane 5). - Surprisingly, the mouse TRNA was even larger than the human
o ‘hanolog. 'A more thorough invéstigatim of the tlssue distribution was
carrled out with various human cell lines (Fig. 4.4.4). P47 TRNA was
found in white cells of both 1ynmdid and myeloidlipeaga but not in
the more primitive K562 line (Clarke et al, 198%). Several cell lines
expressed more P47 TRNA than undifferentiated HL-éo cells. The richest
source vas the Raji B cell lymphom line which'contained roughly the
 same amount of P47 mRNA as RA-differentiated _ﬁ[;—G_O cells. High 1evels.
| alsoocanedinu:enancyticli:'ésugs'imﬂnm—l. This suggested that
mac:rophage—l:.ke dlffexentlatlm of HI—60 cells may be mccm:plete with
_lrespecttoP47 expression. Notranscnptsmredetectable .mevenveljy

‘1ong @:posum of ‘samples corresponding to liver, fibroblast, skm
- lens, amd nem:mal cells. : Finally, induction of P47 was not gene.raliy
associated with dlfferentlatlm or cell cycle exit sincel SH/
'nairoblastme_x cells treated with‘NC‘;F did not contain P47 mRNA (Fig.
444, lane 13). | |

P47 expression thus correlated strongly with differentiated

hempoeltlc cells. 'nu.s prcm_decf same clue as to P47 function (see‘
Sect:.on4 6). IrﬂuctlonofPWmmAmerOcellsdeperdedonthe
J.nducmg agent m particular, mmocytlc dlfferenta.atlon was accompanied

' by quite varlable increases, rangmg fram near maxlmal with 1 25— (CH) 5D

-
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Fig. 4.4.3., Analysis of P47 mRNA in normal tissue. Total RNA
(15 ug) fraom the indicated sources was probed with the 2 kb PvulT P47 .
oIt fragment: kinased ERL 1 kb ladder (lane 1); human monomiclear blood
cells (lane 2); undifferentiated HL60 cells (lane 3); mouse spleen
(lane 4); mouse spleen (lane 5); undifferentiated Hi~60 cells (lane 6).
The same filter praobed with actin cligomuclectide is shown below. P47
(P) ard actin (A) transcripts are indicated to the right and marker o
sizes in kb to the left. The arrow shows the larger sized P47 related
transcript in mouse 2ymphoid tissue. Lane .4 showed little hybridization
because the sample-feaked from the well during loading. ' The reason for
reduced actin hybridization in lane 2 is unclear. - . :
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. Fig. 444. Tlssmdlstrlh.ttlmofpﬂmm Hm:ancelllnm

‘, wereusedasswrc&softmsuespeclflcmmmldlwereprcbedmthmez

kb P47 cDNA Pvull fragment: K562 urdifferentiated myeloblastic leukemia
(lane 1), HL~60 pramyelocytic leukemia {lane 2), U937 hJ.S‘l'.lOC_Yt].C
leukemia (1ane 3), THP-1 monocytic leukemia (lane 4), Raji Burkitts
lymphoma (lane 5), JO5 EBV transformed B cell (lane 6), HUT 78 T cell
(lane 7),  HepG2 hepatama (lane 8), MJ fibroblast (lane 9), COLO 16

_keratinocyte (lane 10), HEC lens epithelial (lane 11), SH neurcblastoma
(lane 12), SH neurcblastoma differentiated with 10 ng/ml NGF for 48 h

(lane 13). Marker sizes in kb are indicated to the left. The same
filter re-probed with actin ollgoxmleotlde before stripping off P47
prabe is shown below. 'Ihe p051t10n of P47 (P) ard actin (A) transcripts

-~
K -
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torntatallwithdbch!@ardcytosﬁmearabinqside._'ﬂﬁspro@bly
reflects defective or incamplete maturation of HL~60 cells (Ross et al,
1986) tathe: than any physiologically significant variation.

442_32&@@% AN .
Asmentionedeect1m422 theP47mRNAappea.mdtohavea
.

caplex 5' end. Primer exters:.m analysis revealed 4 dlstJmt
transcripts that ccn:espotrﬂed a;prmamately to muclectide positions -70,
-100 -120 and =170 (Fig. 4.4. 5) 'Jllehetemge.rnws nMIAsmre not .
resolvedbyNormemanalysmsmcethetotalvanatlonmtmnscnpt
s:.zeﬁwasmmreﬂ‘lanloot)as&s Upm'ldlffererrtlatlmtherelat\we |
ahnﬂmneofeadmnﬂﬂwasaltemdsmhﬂmtannmasemthesnallést
arﬂlargestmmmmaoowredatthem:pemeofthemiddlez
-transcripts(F1g.445) 'I!nsmltstm:ldbeomf:nfdbySlmappng
Studl&ﬁ If thealtemate"P-&‘? txansmptshaveda.fferent translatlonal‘

tlusomldprwﬁeabasmforthedﬂcrepancyba&reenthe
induction P47mH&ardpmtemmTPA—treatedHI:—60c:ells. The

effici

| camplex nature of the 5' region of the P47 gene may underlie -
differential RNA processing or miltiple cap sit:e; that prétmably
generatethe4 P47transc:r:1pts (see Section 4.5). Pr:.merectensmn
analysmhasrevealedsmuarS' heterogeneltylnthemrsec-nybmm
(Watson et al, 1937) and 'Ibrpedo acetylcholinesterase mRNA (Sikorav et
?a_i, 1987) But -in neither 1nstance has ‘Blb basis or ftmctlon of the
heterogenous transcnpts been elucidated.

Sequenoe analysis of the longest P47 cIMA (clone 3-1) revealed
an upstream ATG that initiated a shorl'.VORF of 7 amino acids (see Flg.
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Fig. 4.4.5. Analysm ofﬂ'leS'endof P47mRNAaIxiregulatlon :
during HL~60 differentiation. Poly(a)* RNMA was reverse transcribed from
a 32p-end-labeled primer: kinased ERL 1 kb ladder (lane 1);
mﬁlfferentlatedcells (lane 2); 20 M TPA, 16 h (lane 3); 1 M RA, 54
(lane 4) . The primer used (AB207) began256 miclectides from the S* .
endofthecmA 'mepre:hmmntbarﬂstlmscorr&spaﬂapprmumtelyto
miclectide positions -70,--100, -120 and -170. Marker sizes in bp are
indicated on the left. The faint bands in between lanes 1 and 2 is '
sp:.'l.loverfzuuthemaﬂcerlam 'meautoradlogramlsrepmentatlveof
3nﬂeperﬂentexpe.naents S '



4.3.6). This is in contrast to 90% of vertebrate TRV in which the C
fi.nsth’.leegirsﬂmtrueORF(Kozak 1986b) Philebymmeans

cth.mal theP47upstreamAE[Gdoesomtainadammntpmatthe-3

. position an:l--hmce may be utlllzedl_nzi__ Tmportantly, thefirst‘
read::gframeteminatesbeforetheauthenticpﬂstartmte. Still,'
'thlsmlldrequerewmltmtlmatthetruem,aphe:mesmwhldl _‘\
apparentlydepe:ﬂs on the length of the mterc:.s"t:rm:l.c region (Kozak,
1987b) . For P47, tmsdlstamelsonly 46 micleotides, justont‘he
borderline value for re—m:.tlatlon of the prepromsulm nRNA (Kozak,

: u87b) Aside frr.m mcogenes for which re—mltaatlm after a short
_mstreamORFmrelatlvelyccmmn(Kozak 1986b),HL—600ellscm'rbam2
known. dlffex:enta.atlon-regulated TRNAS with similar daaractenstics;
MyeloperonnﬂasehasltmstreamORF (Morlsmtaetal 1987) arda—-
mmlmhas45ud1readmgframes (Salseretal 1985) . .Inccnmstto
P47,bcththesemMsdecre%mabxﬁamedurmgd1fferent1at1m,
althax;h a.—b.lbulm @qn:ess:.m is maintained by m::reased translat:;.mal
efficiency after dlfferentlata.on. _

- Although excessive transcript s:.zesarebymémmmm
(Kozak 1987a),theP4’lmﬂ&wasabth10easlaxgeaswasexpectedto
codefora40kDapmtem\ Onepossz.ble explanatlm fortlus:.sthata
secorﬂnﬂlhbecznefusedtoanongmlpﬂm Subseqmmtmtatlcns
caJldhavedlsrupted‘ttBORFofthedownstxeammmm Irspectlmofthe‘
‘reglcm-‘lmedlately 5' to the first ly(A st:retd‘xrevealedmcryptlc
polyadenylation signals, AATGAA  ( e 1339) and AAGAAA (mlcleotlde
1343), botl1w1th.1n 45 mucleotides of the first poly(a) tract in the P47
3! untranslated reglqn (UIR) . However, codonusa.ge pattemsmall

3 o p

1

Y
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readingframesofﬂme 3'_UIRshmedmeirideme of an ancient coding

_ Several possible regulatory functions of the P47 3' UIR can be
imagined. P47 translation could be controlled by mRNA sgcondary
structure. Simple duplex stability analysis of mRNA stem-loop

'stnlctures revealed many potentlal duplexes thm.x;lnrt P47 mRNA (Table

4.4.1). Most intriguing was a poteritial pairing between nuclectides 17-
40 and 1423-1400; this is obv:.ously in a position to disrupt '
translation, An RNA hairpin structure (a 12 bp stem containing 34 bonds
with a calculated 4G of ';30 kml/ml) 'sigrlifimrrtly impairs tmrrslgtion
under some conditions of cellular stress (Kozak, 1988)l Although the

_stemst:mctureattheS' erdoftheP-‘Wmm\IAalsocontameda

lmJnte.mpted 12 bp stretch with 32 bonds the laxge loop: 51ze nmitigates
against the s_taﬂﬂity of this structure. In a more straightforward
mechanism, the long 3' UIR may simply protect against excruclease
activity. It is perhaps significant that P47 NRNA abundance increases

. dramatically during RA-induced differentiation whereas the total RNA

content of the cell drops approximately 5 fold. The sequence diversity
mtheHL:—GD nRNA pof_nlatim decreases approximately 3 fold aft:er :
differentiition with RA (Torelli et al, 1984). In any event,
consexvatlmofthePcl'?mmIAsme J.nnmsesuggeststhe 3' U'IRhasa

functlonal mgnf:.cance

p
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Table 4.4.1 Stemloop structures in the P47 mRNA

r ‘\
STEM . LOOP “  MATGHES  BONDS
17 ‘ 7
CIOONINE L LT w8 7 17724 48
1423 AGGICTTCTOOGGGACTOOGAOCT =
1854 GIAGCTGAGGGTOCTTICIGIGE |
HOL L T TH 298 17/23 46
2197 CAOCGAGACTCAGGAATGTCACG
v
1621 GCTGATCIGTAGTACAGTACC T
BIRIENARIIn 483 15/21 42
145 CGACOGGTCATCAAGTOGEGE , .
398 GGAGGOCAGAAATTIGOCAGG
HiEEsInmnm 1128 17/21 .. 42
1567 CTTCOGGTTCTGAATOGGTTC . :
34 TGCTGAGAGGAGTTGCCIGAG ‘
SuliARNINInnINS 1537 14/21 39
1612 GIGIOCCTOOECARCOGAGTC .
2100 TCTTGOGGCAGCTGCAGCAA L _
SIERINNIIRE 170 14/21 39
2309 AGTTOGTCCTOGACEACGAT . L
839 CIGAMGCAGGGGCATAGAMG - ‘ .
\ IIINRIInEE 54 15/21 - 40
GGGETOSTOOCAGTATCATC ' g
329 CAGGCAGOCTTCCTGGAGS ‘ |
RN 256 14/19 39
2 GTACTCOGGAAGGACCCT ‘
s
’d_,_.r_./ -
/ .
RNA stem-loop structures were calculated with the STEMIOOP

routine of the UWGOG software package. Minimum stem length was se® to
. 15 bases; minimm bonds/stem was set to 30; maximm loop size was set to
1970 bases; nibbling threshold was set to 0.5. The top 8 of 101 stems
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1.5

4.5.1 Analysis of the P47 locus

Saxt:hemanalysmofﬂmeN’? 1omswascaxrmdc};tttodetenm.ne
the size, evolutlcmaxy cmservatlon, and ccuplexlty of the human gene.
mmangmcumdlgestedmthEcoRIhybndlzedtomePw cNA at
_S:'I.ZES of 9.2, 7.8, 7.0, 5.5 and 1.2 kbp (Fig. 4.5.1, 1a.nes 1 and 2).
HL-60 DNA and normal human lymphocyte DNA yielded identical restriction
patterns, suggesting that the P47 locus has nort.been groé;sly J:earranged
in the HL~60 line. Although the P47 cDNA contained 3 EcoRI sites, 2 of
' these were aniy-34-bp-apart, such that the fragment liberated would be
far too small to either bind to nitrocellulose or hybridize to probe
. squences. 'IlmsZadditimalsiteswithinintrmswererequiredto
explain the 5 EcoRT genamic fragnents. Obvim'slj}, small fragments and

fra mthm:l.ntmnsv.wldnotbedetected Sqrt.hernanalysn.safter'

dlg%tlon ith ‘PstI, Hin dIII, and MspI confirmed the size of the P47
gene (data not shown) ‘ 1

The multiple EcoRI ge.ncmlc fragme.nts had various hybridization
intensities which could be explained by either the presérbe of related
seqlie'nces in the human gename or different target sizes within each
fragment. Southern transfers probed with specific FooRI CDNA fragments
indicated the latter (Fig. 4.5.2). 'metwoweaks1gnalsat5 5 Xbp and
9. 21d3paxosefrunhybr1d12at1mtoﬂ1e5' 160bpfragnentoftheP47
CcINA. 'Ihlssugg&ststhattheS' erxioftheP47gene1sspreadover14

al it is also ible that this ion a
polymorphic EcoRT site in both the HL~60 and normal human DNA samples
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F1g.45‘.1. Sa.tthernanalysmoftheﬂ?gene NA from
varlazsorgamSInswasanalyzed human (HL~60 cells, lane 1; normal
2); mouse (lane 3).; chicken (1ane4).ra:mbcwt:mut

ﬁ 5); (lane 6); S. cerevisiae (lane.7). INA (10 ug)
fram each ieswas"dlgestedmthEcoRIthenelectroﬂmesedmos%
agarocse, , transferred to nitrocellulose and probed with the
entire P47 Hybrldlzatlon was in 30 % formamide and the high

temperat; washwagmosxssc Maxkerszlzesmkbpare@.rﬂlcatedon_
the left. _ .
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EcoRitmgment: - 160 . 581 . 1975

7.0

‘ Fig. 4.5.2. a, Correspandence between P47 ¢INA and gencmic DNA™
EcoRI fragments. - Three independent Southern blots were stripped of the
initial P47 probe and re-probed with specific EcoRI cINA fragments, as
indicated. These were aligned next to the original autoradiograms to
. determine which gencmiq band correspanded to each cINA fragment. .The -
EcoRIfragmentsusedasprdaaaresho&mmlmearorderbelowthelr ‘
respective blots. Weak hybridization of the 1975 bp probe to the 1.2 kb
fragment cannot be seen in this exposure. Marker sizes in kbp are
labeled on the first blot only. b, Line map indicating deduced
mzmpmﬂambebreencﬂ&axﬂge:mcﬂ%EcoRIfragments Additional
- information from gelmlc clorm is included (see Fig. 4.5. 6)
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used in Fig. 4.5.1. . 'mepresenceofaddltimalsequernasinthemman
gemnerelatedtojusttheS'erﬂofmengenewasevmmre
unllkely. The 1975 and 581 prooRIcllU\fragnm'rtshybriszedto
7.0/1.2 and 7.8 Kbp gencmic fragments, respectively. ' The deduced linear
orderofhmranP47£boRIemnfrag:nentsnsalsoslwwan1g.452
Sequemecouparismofm?cmmdmmuxhcatedapossmlemat'
nucleotlde 273 (see Fig. 4.3.6). 0q1f1rmat1m of this polymorphism 11:1
" the uman population was atfempte_d by Southern analysis ofj SmaI digested
normal human INA. Unfortunately, the INA was refractory to cleavage by
‘SmaIardalsotoAvaII,anlsosduzcmeromeaI Fortlusreasonthe

[:NAwas re-dlga;ted with MspI. Although this enzyme recogmza; ocm,

 thedepletlmonJdemlectld@mvertebmtelﬁAcausesane}qaected.-

-.avexagesueofatleastl]d:p 'c.‘natlsstlllamenabletoSQMern.

analysis. 'Ibrecmcethemmberofbarﬂswsmllzed the transfer was
pxtbedmthmesslbpcm&agmentcmtmmrgﬂlepolymor;iucsme |
Two dlfferent polymrpiusns were detected in a sample of seven unrelated
human [NA (FJ.g. 4.5.3) . Ocnpansm of band mtens:.tles in hanozygous
and heterozygous Jm:wlduals suggested that the 4. 0/4 4 Kbp bands
constltuteonapolymor;insnarﬂthezo/zs (3.0) kbpbarﬁstheother

- Since HI~60 (NA contains only‘the latter polymorphism (refered to as
P47-273 for the site of mitation), this must correspa'ﬂ to the sequence:
dlfferencedetectedmz ofthecﬂl!\clones Hybn.d:l.zatlmwz.tt'x

- oligomiclectides close to t‘he polymorphic site would comflrm this. ‘I‘he
2. 61d::pfragmentappearedtomgrateat30kbpmmr600ells, .
suggesting eJ.ther another polymorpism or a small rearrangement. Since’
'parental HI~60 and HL-60/MI-myc cells both contained the P47-273
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Fig. 4.5.3. Restrlctlmfragmentlength polymrghlsms mthe
human P47 gene. [NA(20pg)frm7m1re1ateddononswasd1ga£tedto
ccupletlonmtthpIarﬂprobedmththewlprWCMEcoRI
fragment: kinased BRL 1 kb ladder (lane 1); RAR (lane 2); IKS (lane 3);
KL (lane 4); SS (lane 5); TVA (lane 6); CB[-I(lane?),pa:centalIm—Go -
(lane 8); HL~60/MI~myc (lane 9). Arrows indicate sets. of bands likely

to arise fram polymr;iuc varlatlon. Marker sizes in kbp are -indicated
to the left. ' A ‘
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polymorphism, it cbviously did not arise during genesis of the latter
subline. Additimal MspI polymorphisms at 0.6, 3.1, 3.5, 4.5, 5.0 and
52kbpweredetectedbyhybridizatimtotheentim34hc[l~m (data not
shown) . 'mis relat.wely high degree of allelic variation in P47
cmﬂxastadtothec—myclomst&inthesami:ﬂivﬁualshadasmgle
17/2 1ktpp01y1mrphlc51tewhenprobedwitha15kbpcla1-EcoRI

- fragment covering the third exon (data mt shown) . G:Lv_en its miltiple
polymc:n_:misus, the P47 gene may have useful applicatians in forensic amd
paternity analysis. It is merely a matter of in:::'x:eas.'.i.nt_;r the‘salrple size
to establlsh aocurate P47, MspI RFLP frequencies in the m’gﬂaum

Amlysm of .INA frtm other sPec:Ls, also digested Wlth EcoRI,

uﬁ.u}ated that P47—re1atedsequexnesmrepmentinm.xse, ddcken, and
flshbutmtmmsectsoryeast(ng.451,1arw3-7) This was

corrd:oratedbyﬂ-xe33kbpp47—relataimRNAdetectedinnnusesp19en
(seeSectJ.on441) 'Ihegenesme;.nallﬂmevertebratespecms

a;pearaiscnematsmllerthanthehm\antmnlog, altliughweak '

hybr:.dizatlon may not have been detected. -Interestingly, hybndzatmn
tospec1f1ccﬂ%fmgnentsmdmatedthattheextrem§'reg1mofﬂ1e
umsemvgemmmedonmezamapm&agumt(mtstmn) when
.campared to c-myc hybrn.dlzatlon :Lnternslty, P47 appeared to be a single
copymmbergerethathadbemcorse:vedequallymllﬂm:ghevoluum
{not shown). Wmtever its fmctlcm, P47 appearstocon-ela%e Q1t‘hthe

o

complex hemopoetic system of vertebrate specms..
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4.5.2 Mﬂ]ﬂm&‘.@m&
'Ihegermicsequenceofm'?wasof int'arestwithrespecttoprtxmter
structure, miltiple transcription start sites and/or 5' mini-exans, and
sequence hetergeneity fcun'd in cINA clanes. Originally, genamic clones
were ‘sought to camplete the P47 coding sequence. Two human leukocyte
EMBL~3 Clones were isolated from appraximately 10 gencme equivalents of
an anplifieci camercial library (clone-13 and 29) but these hyb‘ridize;i
o only the 3' end of P47 cIMA.  In conjm&.ion with the depletion of 5'
sequenceﬁ from the original ampllfled cItA 11brary, this suggested that
selectmnagamsttheP47 5! reglonmaybeag phemmexmm
- lambda vectors. Subsequently, the 5 end of the P47 gene ‘was sought
from an unamplified nommal. hogen leukocyte EMBL-3 Library. In ;
4 p051t1ve plaques (clone 53, 56 5'7 ancl 63) were obtalned frcxn
theoretlcalequlvalermofmlylgeznne ']hJ.sneslltwasmtlmJ.queto )
(P4‘7, 'smce another single copy gene (antl—t:hrmbm IIIA) cloned from
"identical plates was also fourd in 4 J.rxiepe:ﬂent clones (F. Fernandez-
Radmbms]u perscnal ocmmml@tlon)

Restriction enzyme analysis of each clone ylelded the patterns
shwanlg. 4.5.4. Severalofthebarﬂswreofthesamesmeas
bands detected by Scxrthern analysm of gencxnlc w‘A Hybrldlzatlm to
SpBlelc EcoRT cDNA fragmerrl:s (Fig. 4.5.5) pemJ.tl:ed assn;mnent of most
of fragnentsfxtmthegermicclcnestothemysicalanirdicatedin
Fig. 4.5.6. However, some ambiguities could nof be resolved. Three
clones (53 56 and. 57) corrta:med EcoRI~$all fragments which hybrldlzed :
tothelGObpcn\IAfragnErrt tImlarge;toftheﬁewas?Skbp (clone

53), mplymgthatthegzmopgencxnlcfragrrerrtwas3' tothe55kbp

sl



J

. Fig. 4.5.4.. Analysis of P47 genomic clones.: INA from 6
independent EMBL 3 recanbinant phage was digested with with either EcoRT
(left lane) or EcoRI and Sall (xight lane) and electrophoresed on 1%
agarose at 175 V for 12 h. Qurent was switched with a field inversion
apparatus (Bio-Rad Pulsewave 760) set to a forward time of 0.7 s and a
forward to reverse ratio of 3:1. INA was visualized with ethidium®
bromide. Markers (M) wexetheBRlebladder (left lane) andH.deII
digested lambda INA; s:.zesinld:pareim.lcatedtotheleft None of
the clones released msertswhendlg%ted with Sall alore. , Composite
picture; b, smgle picture of the same gel

V)
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1 EcoRl frogment: 160 581 s

[} Dy ‘ .
Fig. 4.5.5, Southern analysis of P47 gencmic clones. INA was |

digested with either EcaRI (E) or EcoRI and Sall (ES) and j

electrophoresed on 0.8 % agarose at 30 V for 24 h. After transfer to -

nitrocellulose DNA was sucessively probed with the indicated EcoRT P47 .

clNA fragments. Shorter exposures revealed the 5.6 kip fragment and 5.5

]&p“fmgrnentinclmweGBmIt&paﬂedtoﬂxe-SSlaxﬂlQ?prcmA :

fragment, respectively. Marker sizes in kbp are indicated on the left

of each exposure.’ Clone 56 was analyzed independently (overleaf); in
. this case, mAwasdigestedwithEcoRIandSalIaxﬂrmintriplimteso
. .that all -three probes could be used similtanecusly. The extreme right

_ panelisashorterm@osneofﬂxefilterprcbedwith'thessltpm
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\ . . . ’ .
fragment. Ncneqoftheclamextemed\_ir{tothes.s}:tpfragnmrt '

altlxmghﬂm?BkbpbarﬂinclmeSﬁstraglycmss—hybridized'ﬁobom

thelﬁOa:ﬂSBll:pcmmfragmem's(FJ.g.455) Itwasmv:learift]:us

o was an artifact. Ontheonehandtheetlﬁdimnhrunidestainedfragumxt

. wasMceasintenseasnelghbwrmgbarﬁs(Fig 454),su;gesti:gan

overlapping doublet derived from t:;: separate parts of; the .gene. '

However; if this were true, theinsertsize*ofdloneSGm:ldexceedthe
méx:.m.nnpackagmg size for FMBL 3 (Frlsd'nauf eteal, 1983; 1987);

. the EcoRI r&strlctlon patte.rn of clone 56 would not match that

- " of gﬂmc P4'? 'IhJ.s matter remains unresovled. For J.llustratlve/_ |
o pnposacloneSGlsshmnm&tlmsmle?B]dpfmgment

mnmpmﬂmmﬂmmlkpcm{mm Unfort:lmately,ttusdlleuma

alsomak%1tmn1ear1fthe38]¢p$a11—FcoRIfxagnentofclone56

R
*

canple:t:esﬂmeS'endofthem gene.
le;heranblgultyamsemﬂleyendofPﬂclmmesmthatthe
orderoflsmallfragments(oa 12a11d26]<bp)ocn11dmtbea551911ed.-

Alttn;ghthezektpbalﬁneverhybrldlzedto'anypartofﬂmecum the

3 oaardlzlcbpbmﬂshymduedtobommsalaﬂmvsbpcum
/
fxagmerrtsmtneverA .thesamefllter (F1g5455arﬂdatamtshown)

L3

gels, hrtcmldmtbedetected'bysaxl‘hernanalysm. 'Ihlscculdhave _
T " been' due 1;0 vanable cxmt:ammat:.m of gel punfled probe fragments with
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Finally, clone 29 was found hybridize only weakly to the most 3!
oA probe, appareptly because the 7.2 Kbp fragnent vas present in
quantities that were undetectable by ethidium bromide staining (Fig.
4.5.4 and 4.5.5). This was in spite of an easily visible 3.2 kbp
fra.gmert.,ﬁ(Fig. 4.5.4). The assigrment of this clone to the 3' end is

thus also tentative. In any event, the sequences in clone 29 are a

¢ subset’ of clone 13°and thus not of crucial importance.

™\

Given the ambiguities about the 5' region of the P47 gene and

Mlargegsize of the locus, t.he clones were not sequenced. However,

they will proyide valuable probes for analyzing the 5' end of this

complex - locus.

-3

4.6 . M7~ CONCIISIONS AND PFRSPECTIVES

4.6.1 lml:.catuxsforﬂ?ﬂn'ctlm

Wlth the possible exception of GAP, for which slight smllanty
cerrtexedoveraGOammacﬂstretd‘zwasfam P47wasim.1.queamong‘
sequeno%mcun'emtdatabaseﬁ 'Iheseq.lencerelatlonshlpbetmenpﬂ
ardGhPlsmtnearlyasstrongasthetemmsluﬂ(betweenPLCard 7
GAP nor is 1tmﬂ1esanexeg1m (Vogeletal, 1988) Deﬁplte.thls,,.
ﬂmecatpansmbetweenthep.rtatweRASeffectormmamallancellsand
P47 mtngumg Recogmt:.m domains of various camponents of |
dlfferent 51gnal transduction pathways may be more similar than
imagined, and may pro\ude. a structural basis for mteractlm between

different _slgnal;l.mg routes in the cell. Since P47 is an immediate

D

dewmstream component, of PKC it could well interact with oth$f canponents

-
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of the platelet signalling network. 'As new domains are rercanized, it
will certainly be mrﬂMxi-le'cmparirg them to the P47 sequence.
'Ihepossible f\mtiazsofﬂ?weremrrm;edsmematassequeme

" non—identities dlrectly ruled out 2 candidate functions. Assigrment of

P47 as the a-PrH subunit is rmoatpletely untenable smmethelnmana—-
PMCDRsequezwehasmcentlybeenreported (Koike et al,- 1988)
Although P47 and’ a-Pu{ have a nearly 1dent1cal deduoed Mr (40,087 versus
40,334), their nmRNA size (3.0 kb versus 1.8_ kb) and tlssue dlstrlh.ltlcm
are incompatible. Little sequence identity at either the amino acid

level or the mcleot::.de level was evident. Only a s:.ngle stretdx of 4

residues (E31°Em313 in P47 and E354EEN357 in a~PoH) were J.dem'.J.cal et
1tlsmterestugﬂ1attlmeocmmdmﬂ1emmnndamnantc-tem1msof
P47.__ Whether thJ.s is suff1c1e.nt for the supposed mmnmloglml cross-
reactlntybetmmthetwopmtelnslsmnlear (Cmargetal 1987} . An
analysmofrhodopsmpeptld@hassuggestedthatashttleas4amm
acids can account for most of the mmmoreactlnty in a polyclonal serum

' (Hodgas et al, 1988). P47 is also clearly unrelated to the annexin'

L
fanuly of PIA; inhibitors (rev:.ewed in Geisow et al, 1987) This class
ofpmtemshasdlstmctsequerx:eanddanamcharacterlstlw, none of

' MudiwerefanﬂmthePUsequeme 'memostrecentlylderrtlfled

am'nexm, endonexin IT (Kaplan et al, 1988) or lipocortin V (Pepinsky eft
al, 1988} , does share isolated mn-cnnt:.guws 1dem'.1ty wn'h P47 at t:he

~amino acid and mx:leotlde level (see A[;pend:lx Béor allgrmﬂs) 'Ih.is

too may be suffJ.CJ.e.rrt for part:.al nmmmo—-crossreactnuty

In%ly, ‘a-distarcly related PLA, thbltor, uteroglcbm, also
~
shareg 1solat?s1m11ar1ty with both P47 and lJ.pocort:J_ns I and II (Miele
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~ * et al, 1988). Althoush P47 may yet have an anti-PIA, effect unrelated
. to that of the lipocortins, granulocytic differentiation of HL~60 cells
_ isacompaniedbyanircreasejnmz'activitythatlsappaxenﬂydueto
l.n‘masking of a laterrt activity in mﬂiffererrtiated cells (Billah et al,
1986) on a superficial level at least, this is mt canpatible w1th an
mtu.b:.t:o:y role for Pa7. - - o o X B 4
Unfortlmately, the P47 sequence prov:Lded no d.u'ect clue about.
its'_possmle relat:.onstup to the soluble platelet IP;ase. (Oonnolly et
a_l; 1986) . A'si.milarity noted between the active sites ofjbacterial and
hmnanalkalmepmsphatase (mbuet_a_;, 1988) was not present in the
- P47seque.nce othercnumstantlale\udencealsoaxguesagamstthe
| IP;ase hypothesis. Northern analysm of PA7 expr&ssz.m in cell lines of
.various ori aswellas:.nmmloglcalscreennvgofrattlsmes | ‘,r;
(Stewartetal in preparation), nﬂlmtedthatpnwasmstnctedto' . 5'\
dlfferentlated wh:.te cells and platelets. This contradlcts the preseme
of soluble IPase ‘activity in brain and smooth- nuscle (Hansen et al,
11987; Sasaguri et al 1985) A soluble IP3ase activity has been
detectedmral:bltnaxtrqiuls mt:mucethatmportedforplatelets
- this mmt:xmeasedbystamﬂatlmofﬂtc (Kermedyetal 1988).
Platelet P47 can be partially separated from IPyase fctivity, such that |
less than 5% of P47. is associated with enzymatlc activity (Sl:ewart et
al, in prepaxat:.m) - on evolut:mmry?gmﬂs as well, it is unlikely
that P47 comst:.txtes nearly 1% of platelet protemomly to degrade a
transient mt:raoellular messenger. It ranams poaslble that P47 may
" have a multifunctional role in the platelet and thet a s@all fraction of

approj-riately mod:.f:.ed P47 hydmlyze.-s IP3. W].thm the ccn'rte.xt of the
" 3 .



' IPqase role for P47, it is irtriguing that P47 may contain a Ca2t-
. binding EF-hand.

- Thus far, the only role for P47 to escape direct crlticism is

the requlation of actin polymerization in vitro (Hashmcrto et g,, 1987) .
- Presumably this reflects the 51tuat;on during platelet and white cell

activation. This hypottmm is at least consistent with the abundance

of P47 and the molar rat.o of unphosphorylated P47 needed to irhibit

actin polymerization. The inhibitory effect of P47 on actin
polymerization and the relief of this inhibition by phosphorylation

 coincides with, and may in fact mediate, changes in actin dynamics

during secretion (reviewed in Ha]erus, 1987). Further, phorbol esters
have long been known to have dramatic effect‘s on the cytoskeleton (for a
recemi discussion Sotne et al 1988 Burn et al, 1988).
Act:nregtﬂato:ypmte:mhavebeenmll studledmlmnmpmetlc
cells; some traits correlate partially w1t.h known dlaracte.nstlcs of
p47. Regulatlcm of actJ.n pools by gelsolm and prof:.lm may occur in a.
PIPz—,deperﬂent marmer (LJ._nd et aLl, 1987). A weak smllarlty between

the actin-severing damain of severin (from Dlm jum discoideum) and

| vertébrategelsdlincmldbéﬁartiallymatdmedtothePﬂ seque.rwe(see

Appendix B); the[ﬂ?SGcmserm:sbetweengelsolmarﬂp%wasmtfam

© in P47 (Bw.goyne 1987) Intrlgumgly, severm and gelsolin carry out.

some of-their functions in a Ca2+-depe1ﬂent maner (mv:.ewed in Pollard,
1986) Gelsolmandactm—bnﬂ:ngprotelnbcthmease mahnﬁaxne

dur:mg macropimge-lﬂce HI~60 Jifferentiation (m&uvs}u 11988,

however, unlike P47, gelsolin has a wide tissue distribution {see

 Pollard, 1986). . g

B
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It is worth comparing P47 to other known cytoskeletdl components
in hemopoietic cells. P47stxamsanedﬁxactefistiwwiﬂ1a41]d)a‘
macrophage protein which exerts a caz"'—dependent capping witl-mt
sever:i.rg actin filaments (Southwick and. Wang,, 1986). Although the 2 '
prol:eins have similar Stokes radii (3.0 versus 3.3 m) and similar |
iscelectric points, the abundance of the 41 kDa protein inmacrophages'
is 1-2%, moreover, 1t clearly migrates below actin (Saxtlmrldc and Wang
1986) mmanneut:mghllsoonta:na48k[)aprutemthatdzssoc1at$fmn
'lihe 'I‘rltm__x\,;oo insoluble cytoskeleton when mos;horylated by PKM '
(Pontremoli et al, 1987). GeneratlonofPIQ{mnentro;m.lsappearsto
be tightly Llinked to the phosphorylauon of cytoskeletal proteins and
secretlm (Portremol i et al -1987), whereas maintenance of PKC activity -
prclongs the resp:.ratory burst (Rmtmmnll et al, 1988) Although'

* similar to P47 msanedlamcterlstlts, the 48 KDa protein clearly
differs in its cytoskeletal association. Since P47 is clearly a PKC
substrate (Tsukuda et al, 1988), it may have ;; role in activating

' menbrane-associated processesrather than degrarmlation. Finally, the
possible association of P47 with high My protems in m-diffexérrtiateé
. 'HL~60 cells 1s intriquing glventherole of Mrspecies in '
orgaJuzatlcm of the platelet cytoskeletm (O'Halloran et al, 1985). In
particular, platelet talin (sts) is subject to proteolytlc regulatlon}
(p-Hauoran et al, 1985) and phosphorylation by PXC (Litchfield and
Ball, 1986). - B |

FJ'.nally,‘ the possible mlg of P47 in the oxidative burst and/or
(fm_,d%ewesoamnerrt Severalcrxrpcnentsoftheresplratorymrst

network are up—regulated dur::.ng grcmulocytlc HI.r-*SO dlffererrta.atlon,

et
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including the cytochrame b Havy and light chains (Newberger et al, |
'1988) and a cytosolic factor required for activation of the burst in
" vitro (Seifert and Schultz, 1987). The . functicnal component of the
latter could be P47. Fhosphorylation of a Mr 47,000 protein has been |
shown to codncide close'lywimpommsamoz-.mmmmmmn
neutroptu.ls (Reibman et al, 1988). It is inceresting that P47 may
requlate actm and that reorganization of the cytoskeletal network may
be iffrolved in the cxidative burst; the cytochalasins potentiate 05
generatlon in neutrophils (e.g..’ Jesaitis et al, 1986). Alttmgh P47
,alﬂcytod'ialastmay mpmgeonthesametarget thelr?ctlonsare
] antagomstlc J.ry-that mosphorylatlon of P47 perm:.ts actin
polymerlzatlon, not the converse. The tJ.SSlJ.e distribution of P47 is
partly at: odds w1th a role in the oxidative burst, mainly because
'__1ym;imcyte; contain moderate levels of P47, yet carmot provide the
cyéosola.c canponent necessary for reconstitution of the resplratory
burst in V1tro (Park.mson et al, 1987). Preliminary- analys:Ls with thel
; P47 antlsenm (Dr. R.J. Haslam, personal ccmmmlcatlm) also does not
confirm identity with the 47 kDa OGD phosphoprotein isolated by Kramer
et al (1988).
Anyfmlcta.onevenmallyasmgnedtom?msttakelntoaccmmt
ltS relatlvely narrow tJ.ssue dlstrlhltlm and conservat:.m through
vertebmte evolution. One charactenstlc of hemopoietic cell secretion
which differs from cells with fixed polarity is that chemotaxis and
felease of gramiles ave directed toward the site of stimilation. A
 mechanism mist exist which couples the dn:g\ctlcm of cytoskeletal
a tion to the region of sti:ﬁx;atibn. :_[i: is possible that

:__L
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phosphorlyation of P47 by PKC, an event necessarily localized'to the
point of stimilus, regulates actin polymerization in the region vhere
secretion is required. PKC‘itself is 'a;parexﬂy loley activated in
platelets (Crouch and Lapetina, 1988). This feature would be shared by

fallsecretorycellswhlchexlstmsuspexslm, that:.sall
_dJ.fferentJ.ated henbpou’.t'.lc cells.

‘u

Severalexpermmtsaremmedlatelymg;asbedbysaneofthe

| prelmumrysttx:haonpﬂpmtemmmrmcells Mam.pulatimof}m- ;

60 cell labeling oorxht:.ons should permit :.dentlflcatlon of a prec:msor—

product relationship between P47 and P15. Altemat:.vely, t'his could be

teﬁted in the Raji B cell lme mos;.horylatlon of P47 mHL—GO oeJls ,"'

could be opt:l.mzed poss:.bly by cot::'eament m.th TPA and 223187, and
dlaracterlzed with respect to the degree of cell actlvata.m (e.g.

superr.»ude anion productlon ard secretlm) The rsulta.rrt P47 specles

could be ccupa.red to platelet P47 w1t:h regard to ptnsmorylatlm state

~and m'n,t_hospi'norylated 1soforns Bacterlally-expr&ssed PA7 1sofoms cmld

also be canpared to platelet P47. 'Ihe ;hos;hor.ylathm-depaﬁem

 association of P47 with the ma:brane fractmn of HL~60 oells should be

accurately quant:.tated Recently, 1t has been rnted that platelets

cmmannadellwtecytoskeletalnetvmﬁcﬂmtlsdmruptedbyclassxal

TrJ.ton x—1oo dete.rgerrt exl:actzim (Fox et al, 1988) ; assoc:.atlon of P47
with this stn1ct11re could be tested 'Ihese studles may be fac111tated
bythegene(atmnofananta.txﬁytorecanbmnt?ﬂ. |

The preamed transcrlptlcnal J.l'ductlm of P47 during HL~60

% .
N4
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differentiation mst be confirmed by mx:lear run-on analysis (e.g\_
Bentiey and Groudine, 1986). Once this is established, the ]
developmental regulation of the P47 promoter should be defined more
precisely to'see if it is highly‘correlatéd with differentiated
hemopoietic cells. The K562 cell line" apparently differentiates into
negaka:.yoblast—l..ke cells upon 'I‘PA t:reatment (Tettemo et a1, 1984) ;
since tbemﬂlfferentlatedcellsdomte:q:reﬁs P47, this systemmay
& prcm.de tight regulation of the P47 prmuter " Isolation qf clones -
~ containing the P47 promoter would permit analysis of its regulation -
during differentiation as well as clarifying the 5' heterogeneity noted. -
in the P47 TRNA. | o o
Manyexpermentalavermeshavebeenopenedbytheclonugofﬂ?
'Ihe;se will be discussed briefly. An cbvicus _e:q:ermental system in’
which to analyze P47 structure and function is the HL-60 line itself.
| Numerous variations exist on the theme of re-introduction of modified
P47 sequences into HL~60 cells. Efficient trénsfeeﬁé:n methods have '
rece.nt'l.y been developed for I-IL—GO cells (e.g. Igudu-ArJ.ga et al, 1987)
thatsmndpenutmefouowmgtyp&sofexpemmnts 7
i) mtabhsrmmt of HL-60 sublines over—aqmz—:ssmg P47. ch
the dlfferent:lated and undifferentiated HL~60 cell phenctype ooqld be
' assessed, partlmlarlymthregaxdtoactmstmctnnearﬂcell
activation. Irmmocytodlem:.stry of the actin network may be possible in
_HI~60 cells.’

i) Establishment of a mull P47 pnenotypébyexpféssim of . _

-~

v

antlsenseP47RI~IAfrcmastrorgoonst1tut1vepmter 'Itnswouldbeof
_,.partlcular mtere;.tmth xegaxd tod:.fferentlatedcell fum:t.lon in that
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the ability of oells to generate a supemide burst and/or secrete
various gramlecontentsmnbeeasﬂymaaned

in) Re-introduction of mutatell P47 sequences. Engineering of
negativedanim:;ltmtatimsj,s ru?waqgneralapproad'ntoanalysis of
protein function (Herskowitz, 1987). P47 should be amenable to this, in
parl:lcular m.th regard to phos;_:horylat:.m site and/or EF-hand mutants.

: In‘cheabsenceofadefmedigvﬂn:oassay for P47 functicn, this 1sone

way to test the effect of s:.ée—d.u:ectai mrtations. Fran a regulatory
standpoint, the role of the lcrng 3! UIR region in P47 m stability
could be ‘examined with a truncated P47 comstruct. -

Obviously, there are many variations of such ideas; the

Qsentlal &amponent to all of them is establishment of a reliable

transfectlon protocol for _HL-GO cells. '

From an alterriate viewpoint, the F47 promoter region could be
‘usedto:.dentlfy factors which mltlatethemwprogramofgem ‘
expnessmn that leads to terminal dJ.fferentlatJ.m. P47 is one the few .
;ene products yet 1derrt.1f1ed which is up—regulated early in gmmlocytlc
HI~60 cell d:.fferent::.atlmz Cloning of the 5' end of the P47 gene wculd

not onlypermﬁlqmnregulatoryelanentstobe 1dent:|.fledb.1tccnld
also be used to first delineate seque.ma cmferrmg dlfferemu.ata.on <
urmclbllltyandthentomentlfyfactorswmmbndsud)mg;mnsarﬁ
m:l.tJ.ate transc:npt:.cn.l Also, transfectmnofcmstructscmrtaummgthe L
P47 pmmoter fused to other genes regulated in dlfferent:.atlm could be
used to test thelr role in d:i.ffererrtlatlm. Pmper regulatlon of re- -
' mtmduced ge.nes durmg HL~60- dlfferenta.atlm has been da:m‘xstrated

(Sal‘zer et al 19%5) Abmga't:.on of c-myc repressn{Lm this manner
Fa . . . .

L ¢

F] . ¥
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vmldb%aprimecarﬂidate for such a study. ’me.ti.ghtrmtrictimof
P47 encprésion to diffe.rmtiated hampoictic cells could also<ge
exploited in a t:ransgemc mouse model to imestlgate hemopoietic
regenemtlon, for instance. Given the laxge sizedof the human §' P47
genomic reglcn)_ and the appamt canplexity of the P47 mRNA 5' end,
isolation of the promoter appears far from trivial. Claning the mouse
P47 gena may be a mcre feasilble altématiye. - | ‘

o Pﬁrificntion of Eiologicaﬁf active recambinant P47 will allow
definitive tests of its activity in vitro, If bacterial P47 can be
m in a soluble native state, it shd.l]_.d be sufficient to test the
actin-regulatory nypothesa.s since the mlphos;horfflated form ir expected

-to inhibit actin pol'yﬁefization. H‘.iésphorylatim by PKRC in vitro to
| “alleviate the putative inhibitory effect may be more difficult. The
g]:eatadvantageofbacterlal P47 is that, mm:erecadomant:pmtem

obtaumedfmna.lkaryctlccells 1tshculdmt anycontammat:mg

activities which would spec:.flcally interfere with a ubiquitous N
eularTotJ.c process ike ‘actin polymrizaeim. of PA7 in a

C e

'elﬂaxyotlc system d0$ have several advantages,
native proteln cauld ea511y be thau)ed in both the mﬁws;horylated
and, after treat:nent of the host cells w11'h TPA, pmsghorylated form.

- .Further, recarbmant baculovirus mfected,ggg_dm cells (Dr P.J.

Parker; perscnal camumication) and C0S cells (e.g. Knopf et al, 1986)
have been usel to express variovs PKC.isoforns; co-expression.of P47 and
PKC in the sarr;ecellvmld allow thest:zuctura\l reqmmxmt.sof
phosphorylatlon and PKC subtype spec1f1cty to be tested in m
Purlflcatlon of recmblnant P47 from eukaryctlc cells could easﬂy be



basedononeofseveralnetlndsalxeadymrkedartfortheplatelet
(e.g. Imacka et al, 1983; Tsukuda et al, 1988) Finally, gx'am.’fﬂtws
effects of high level P47 expression in various aﬂcarYotiq cells may "
also give a clue to its fmctlon.

Once the activity of reoaﬂomant P4'7 can pe defmed elther in -
v1voor1nv1tro ftmctmnaloarpmemsofthepmtemmaybedlssected '
)by s:.te—dn:ected m.rtagerm:.s. P47 mrtants generated with N
oligomucleotides in the EF-hand and phosphorlyation site regions wguld
directly test the role of ¢a2*-bindingsand phosphorylation in P47
function. The structural dependence of PKC phosphorylation and CcaZt-
bi:ﬂjn;canbete;tedi:médiately;_ngiiowitlﬁrtﬂlémédfora
Mimal asséy.‘ - | ]

“ Iastly, since P47 is one of the best physiological substrates
for PKC it may be expected that the kinase has, very high affinity .fo, - ..
the subst¥ate site(s). To date, the best peptide substrate and best | | ( |
cnn:'espoxﬂlng alaxmme—mbstltuted cz.npétitive inﬁibitor of PKRC are based
onthepi«:psemoa:bstratesue (—Hazseandep 1937) Given the close ?
match between P4'7(10‘7—120) ard this sequence a P47 synthetlc pep,tlde ‘
; shwld be phos;ho:ylated very eff1c1ent1y in v:.tro Moreover, the \
alanine substlmted analogue(s) may be potent inhibitors of PKC and thus‘
" prove useful in elucidating the role of this kinase in var?:s\systens
(rev1ewed in Hardie, 1388).@ To end on a whlms:l.cal note, the putative
| phosphorylatiop Site sequence (msmmmsmm and the p__latelet/_]_._elﬂcocyté
dlstrlbutlm of P4'7 provide a new name for this protem, Mm '
‘ thealso-that‘;plec]__cgtrmmag__ mbstl:ate. | _,5'
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OVERVIEW

Two aspects of HL~60 cell differentiation have been studied. On

the one hard, the 51gnals which mitlate dlfferent.lat.lon were,
m&ctlgated cat and PKC smgnallmg, as mimicked by 1mophores and

morbel_osters, wereable'to'ooopexateinasyne:gisticmamardevoke

full mdrciihage—lﬂce differentiation of HL-60 cells. Anal