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ABSTRACT ’

The acute phase response in mammals to tissue injury
. < -
or infection is characterized by 'a number -of systemic

~

effects including. fever, neﬁmrophilia and increases in serum
levels of liver-deriyed (synthesized by hepatocytes) ' acute

phase proteins. Soluble mediators or cytokines released b§F

cells of the monoewte/macrophage ~ lineage have' been
implicated. in the initiation of the increased synthesis of
_protein by hepatocytes -and- include Hepatecyte Stimulating

Factor (HSF) and Interleukin-1 (IL-1). The ngﬁpre of HSF and
. i : ' '
IL-1 ard their activities in inducing acute phase protein

.

synthesis in vitro by primary cultures . cf rat hepatocytes

and by human Hep-G2 cells was examined. Human peripheral

blood monocyte  (PBM) —derjve%% HSF showed different

characteristics than IL-1 upon s®paration by chromatography
: - . ’ . e
and gel electrophoresis. HSF strongly stimulated some acute
N . . ~ .
phase proteins (rat az—macroglobulin and al-cysteine

protease inhibitor, human fibrinogen - and @y

antichymotrypsin) whereas Il-1 strongly stimulated human o
acid glycoprotein.
‘Human PBM derived HSF showed biochemical similarities

to another cytokine, Interferonfgs (IFNB,), that had

previously been cloned £from fibreblasts and from T-

<

-
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lymphocytes. HSF and IFNB, showed iﬁmunological s;?i{arities
.on the basis of antibody binding and activity iﬁhibition
asSayg.’Cldhed.IFNBz from T-cells showed p;tént induciné
acgiviﬁy of acute phase protein syntﬁesis‘ﬁnd-stimglated
maximally the same proteins ftﬁat‘kaidK’HSF.' Both lwwan’
fibroblast cultures and.Psm; cultures'secreted”ESF agiivity
and possessed mRNA'species that hybridized to a CcDNA probe
“for IFNB,. These daté 'suggest that human PBM derived HSF
and QEmﬁn IFNB, are identica{,ana .that.fibrgblasts aid T-
lymphocytes as well “as menocytes afe 'capable of releasing

A

Hepatocyte étfmulating Factor/interferons,.
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INTRODUCTION




Acute inflammation is a complex biological{phenomenon
of which a thorough understaﬁding has not yet been attained.
Since inflammation is apparent in most Yf not all diseascs
of humans, it is of much clinical interest. Acutae
inflammation is a general term that includes an injuricur

agent or stimulus; the damage it invokes on tissue; and ‘Lo

v

acute host reaction.to this process, termed the acute phoane

respoénse. This involves local and systemic effects and a8

D )

-

part .0f the systemic responsé, there are we;l~documcntcd
increases in concentrations of a series of liver-derived
serum proteins or "acute phase proteins”. The intricacies
of control of this re#ponse as .well as the purpose and
iﬁvolvement. Sf acute phase proteins in disease, are two
areas of increasing in&grest -to basic researchers and

clinicians.

The Acute Phase Response

Upon tissue injury, the success or.

th

ailure cf an

organism to durvive will depend on the extent of cell damagn

\
~

as well as. the biological response to that damage In
facilitating wound healing, repair and prevention cf furthe:
damage. The acute :phase <response 13 nen-specific and

occurs relatively rapidly after the injlrious stimulus. It

.

is complex, involving cells ‘and.mediarors or hcrmones that

.

\i
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interact to pgogui? a number of physiological effects. In
addition there are interactions between .ﬁ;rum proﬁeaég

systems (such as complement, kinin-forming and coagulation

cascades) which are initiated during tﬂls response (Sundsmo
-& Fair, 1983): Many aspects of the acute phase response are
regarded as Penéficial,.such as; facilitating removal of the
noxious agent; stoppage of bleediné; demarcation, removal
and absorption of dead tisgue and waste products;
inactivation of excessive digestive proteinase action at the
site of inflammation, thereby enhancing :épair of ;ffected
tissue (Koj, 1985b). Stimuli of the acute phase response
include physical or ~ chemical traumé, infectiocus diseases
~involving bathogeniéﬁ bacteria or wviruses, and immune-
X 2 .
mediated mechanisms such as hypersensitivity. The guality
of the acute phase response to various stimuli is consistent
-—althoﬁgh generally the magnitude of the response depends on
the extent of tissue destruction (Koj, 1985b; Kusher, 1982).
\Eﬁ?BhologlcalIy, a local acute phase response occurs within
hours of tissde damage and 1is followed by systemic
manifestatioms which are mgst evident 1 to 2 days later
(Ryan & Majno, 1977). The acute phase response usually"
subsides over a short period, however, if the injurious
agent is not removed, aspects _of the acute phase response
may persist much longer. ‘
.The overall phvsiologic importance of the acute phase

response is not clear.’ However, 1t 1s reasonable to

LIS
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- postulate that it is advantageous fo; host 'survival since it
is conserved thrcugﬁ maﬂyigpecieQ such asl all mammals vyet
examined, ‘ch{ckens (amrani et al., 1986), and at least 1

species of fish, the plaice (White and Fletcher, 198Z).

L]
k]

The Local Response

The events in the immediate area of a wounl or
infection _result in the «classical signs and symptoms of
inflammation such as redness, swelling, heat, . and prain.
These may be attribﬁtable to changes 1in blood  vessel
permeability and to changes is blood vessel cglibge ana flow
including transient vasoconstriction followed by
vasodilation. These effects result in extravasion of fluid
and red blood cells. Upa; transection of blood vessels, the
coagulation pathway is initiated by exposure of basement
membrane 1components involving aggregation of platelets,
platelet plug fo:mat%on and fibrin depositiocn. Also
involved 1is the margination and infiltration of blood
neutrophils (predominantly early, w.thin 1-3 hours] and
monocytes or macrophages (the predeminant cell infiltrate at
24-48 hours) (Rvan and Majne, 1977). The normal ccurse of

events thereafter involves degradation and removal of dead

}I‘

tissue by phagocytic cells- and growth »of firroblas:ts and
other cells in the reconstruction cf tissue with concomitant
~

decreases in inflammatory cell infiltrate and wvessel



L

!

permeability. ‘ ' ' .

-

The Systémic Response

£

The systemic acute phase response to tissue damage 6:
infectidh ihvolves a vérie;y of organ systems. Fever 1is a
symptom used o¢ften as an i&ﬁicatibn of infection and there
are apparently few situations where Ehe“febrile response is
not presént“r(Dinarellé, 1984). \»Temperaturé set points
controlled by the_hypothalamus are influenced by'blood born
and possibly neural messages that arise duéoto'inflammation.-
Also well-established .is _the increased numbers of
Jreutrophils in blood in response‘to infectious diseases or
tissue damage such as in surgery.

The systemic response 1is algo_ characterized  by”
increases in serum concentrations of a number of proteins.
These increases (as well as fever and neutrophilia} have
pécome a hallmark of systemic inflammation. In_humans, one

of these proteins, C-reactive protein (CRP),  was first

recognized by its ability to precipitate C-polysaccharides

derived from Pneumococcus. The dggcriptions of Abernethy and
Afery (1941) were among the firsg\ documentation of changes
in serum proteins. They \obgerved increased C-reactive.
protein in ' sera cof patients with febrile infecticus

diseases. Darcy (1960} later reported similar cbservations

in rat serum, showing increased. specific plasma protein



6
concentrations upon injury and inflammation in the animal.
Further studies in the 1960s and 1970s have identified
ﬁumerous plasma proteins in various species -that change in

inflammatory states. These are now generally referred to a:x

e

acute phase proteins (Koj, 1974; Koj and Gordon,;1985)-

. Over the same time period,,it has become appar-n:

that other changes 'in metabolism occur during the acut.
\

phase response that .irclude: aminocacidemia, proteinur:..,

net nitrogen catabolism, gluconeogenesis, hypoferrcmia,

hypozincemia, hypercupremia, 1increases in glucocorticei:is. «

)
and altered activity of wvarious .liver enzymes (Kushner,

i

1982; Dinarello, 1984; Koj and Gordon, 1985; Baynes, 1984)
Thé liver also shows ultrastructural change; consistent with
incregsed synthesis, transport, g}ycosyl§tiod and scc:efion
of protein. These include increase in weight_'expansion of

smooth endoplasmic reticulum, proliferation of golgi
p 3

complex and increased synthesis of ‘tubulin, cytoplasmic

actin and RNA, particularly ribosomal RNA (Kushner, 1%82;

Y

p—

Jamieson et al,l1986)

Whereas the local response acts at the site of tissue

damage,. and with a shorter initiation, systemic responsec

are more prolonged and widely distributed. Fer example, in
2 rat model of 1lung pleurisy, thremboxane and prestacycll
mediators in, pleural exudate are avident sarEoier

(approximately 2 ‘heours) ané are more transient than changuc

in acute phase protein concentrations (1-2 days) (Tissct et



‘ k___}

-

al., 1984). The systemic nature of the fever ‘or liver
] .
‘responses reflect the centralization of “"effector" organs

4
and tissues. This may facilitate healing and preparation
for further damage or infection at other sites as welXl as

the initial one. ] .
®
Hypothesis
‘ The mechanisms involved in the control of the acute‘
phase response. of the liver havé not been fully elucidated.
The problems of particular interest in the set of
experiments complefed here involve the initiation of the
liver acute phase protein synthesis. There are maﬁy
different functions served by these acute phase proteins
whose syntheSis- appears tg- be ;timulated By products of
cells of the monocyte-macrophage 1lineage. Historically,
Ihterleﬁkin-l (IL-1), &a polypeptide released by activated
| monocytes and a number of other *célls, has been thought by
many to be the molecule responsible for initiating thts
hepatocyte response. In mpre recent years, it has become
evident that other: factors, possibly distinct from IL-1
’including a factor described as Hepatoc&te Stimulating
Factor (HSF), 'can stimulate in. vitro synthesgs_of acute
phase proteins by hepatocytes. Neither the role that these
molecules play in specifically inducing the synthesis of
acute phase proteins nor‘ the :élationship between them has

been precisely defined. In order te characterize HSF, ias



8

relationship = to IL-1 “and to examine its action on -
hepatoéytgs in vitro the following :fhypothesis. was |

postulated:

LI

A) HSF derived from human periphe:hl blcod monocytes is
. ' o .
a polypeptide cytokine that 1is distinct £rom IL-1 and

.other cytokines’

B) This HSF 1is the molecule which is primarily

. responsible for induction of acute phase protein

synthesis by hepatocytes.

To examine the hypoéhesis, in 'vitro hepatocyte
cultures were uSed-as target cells for in wvitro gencrated
cytokines from human peripheral blogd monocytes. Production,
characterizatioﬁ and purification of 7human HSF ta
homogeneity was attempted 1in  the hope tof obtatning a

- 1 .
partial amino acid sequence which would then be used to
clone the HSF gene. However, th;sﬁgppfcach subsequently
became uhnecessary as other approaches including comparison

of separation characteristics, binding and inhibition by

specific antibodies, and analysis of activity on diif

2

rent

1
-

hepatocyte  acute phase proteins proved

h
”

n
b

uitiu

identifying HSF and its extent of action on the hepatoopte

-

acute phase response.
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The Acute Phase Response of The Liver © .
The Acute Phase Proteins
- Protein production is perhaps the most stgdie@ of the

liver metabolic aiteratiéns observed in the acute phasc
response. Liver output of several proteins during the acutce
phase response represents a major change 1in gene regulation
and protein syntheéis by hepétocytes. These serum proteins
have been grouped togetéer and termed acute phasé reactants.
Or more commonly, acute phase proteins \APP) (Kushner, 1982;

. {
Koj, 1974; Koj, 1985). Table 1 presents XPP  that occur in

i

various species and their;relative changes dyring the acuten
phase response. C-reactive protein (CRP) and serué amyleid A
(SAA} are two” APP that incrgfse markedly (100 to 1000 fcold}
in serum concentration wupon inflammation in man. Gy
macroglobulin (az-matro) in rats and 'SAA in mice-also
undergo substantial increases upon inflammation. Other acutry

phase proteins increase less markedly (2 to 10 feld) in

serum such as, 1in rats, haptogiobin (HP), hemopexin,

‘E:;:::BEEn and nl—acid glycopréiein (al—AGP) also referrad
N

€0 as orosomucoid. Another serum protein in 'rats. u, -

cysteine protease inhibitor (al—CPI) also previously =o.lled

«;-acute phase globulin 3 dajor Acute Phase  protenn

~J

displays 8-10 fold increases. In man, 2-10 fold

ol
b
3
3]
[
]
]
[42]
]
[&]

3

@, -AGP, fibrinogen, HP, a,-antichvmotryosin (a.,-ACH) and a.-
1 1 : < 1 !



0

Sy

11

N -

antitrypsin (al-AT)[also been termed al—protease inhibitor]
have been observed. Mice show cbnsiderable increases in-
serum amyloid P component! (SAP). Ceruloplasmin and the thiéd
component _6£ compiement H(EB) have shown 1 to 2 f£fold

increases in serum ccncentrations * in man and mice. Plasma

‘

concen%rations of protein will depénd updn rate .0of synthesis
and secretion, di'stribution ‘in the vascular. and
extrdvascular space, rate of 'cataboliém and ra?e of
utilization. . Furthermore, the kihetics of protein levels
may depend on the particular type of injury or disease, or
even on previous inflammatory.state (Macintyre, 1982}. Thus’
the azute phase proteins represent a heterogenebus group
with variable kineéics_and changes in magnitude.

Other 1liver derived pro&eins show a fall in serum
concentrations such as albumin and transferrin in most
species and az—HS glycoprotein in humans (Koj, 1985b;
Lebreton et al., 1979). As suggested by Lebreton and co-
workers (Lebreton et al., 1979) these are now generally

referred to as negative acute phase proteins.



. TABLE lexamples of Acute Phase Proteins

100 -to 1000 fold increases

Species'
c{Reactive Protein man, rabbit
(CRP)
Serum amyloid A man, mouse
C{saa)
@y-macroglubulin rat

(az—macro)

2 to 10 fold increases

al-cxgtelne protease

- rat

“inhibitor («.-CPI)

or Major Acute P%asa ptotein
Or a;-acute phase globulin

"~

-al—apia glycoprotein man, rat
(al—AGP) or orosomucoid
*fibrinogen "rat, mouse,
rabbit, man
haptoglobin, (HB) man, rat
hemopexin rat, mouse
al—antichymotrypsin marl
(@, -ACH)
al-antiérypsin man
(&, -AT)
Or «,;-protease inhibitor
Serum amyloid p mouse
(SAP)
1l to 2 fold increases
ceruloplasmin man, rabbit, rat
C3 man, mouse
decrease -
albumin man," rabbit, rat,
transferrin rat, man

12
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Functions of Acute Phase Proteins

Many disease states in humans have been documented as
being associated with increased . acute phase protein
cgncéntrations in serum. As already mentioned, typical‘
post-~operative sera show eievated concentrations 6f.CRP,
SAA, al-AT—énd @)-AGP? (Aronson et al., 1972; Fleck & Meyers,
1982; Crockson et al., 1866). Increases in APP are also’
seén in clinically-évident bacterial infections (Mackie et
al., 1979) as well -as various cancers depending on the
various stages and extent of metasta;es (Cooger & Stone,
1979). Some inéreases could be due to superimposed bacterial
infectioh; (Kushner, 1987). Animals undergoing surgery (Van
Gool et al., 1984), experimental bacterial infections (Baltz.
et al., 1982) or parasite infections (Gauldie et al., 1985;
Stadnyk et al., 1987) all show increases in serum APP.
although the presence of APP is evident, the functions these
molecules serve in vivo are not all easily apparent, or in
some cases not known at all (for example, SAA).

The acute phase proteins have been showh te possess a
variety of abtiéities. These include some actions that
appear to aid the host re'sponse to tissue damage such as
inhibition of proteinases, modulation cf the -biocd clotting
and £fibrinolysis pathways, bind%ng ané removing foreign
pérticles or toxic substances and modulation of immune

rTesponses.
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Tissue destrucﬁion and cellular death leads to the
release of “neutral proteinases {such as coliagenase,
elastase, cathepsin G) from phagocytic cells 'which digest
and remove necrotic tissue. These may also activate
zymogens inﬁolved in the «clotting, complement or kinin-
forming'cascades. The concept that the actions of the
-proteases are held in check from causing untoward damage by
serum protease inhibitors, most of which are acute phase
proteins, helps explain the pathogenesis of some diseases.
The major serum inhibitors in humans are al-antitrypsin (oy -
AT or al—proteasg inhibiter) which constitutes 70% of plasma
antitrygsin activity, al-antichymotfypsin (ul-ACH) and o=
macrdglobulin. In vitro, aé—macroglobulin (725,000 daltons)
has the broadest activity inhibiting all serine protecases

and some cysteine and metallothionine proteases. -AT, a

*1
54,000 dalton molecule, has a more limited specificity to

leukocyte elastase «;-Antichymotrypsin («,-ACH} with a

molecular weight of 68,000, has specificity toward
cathepsin G and chymotrypsin (Travis et al., 1978; Koj,
1885). «,-Macroglobulin is large in size and therefore

shows less penetration into tissue fluids (f£rom blood) than

~

the smaller al—AT or a1~ACH molecules. In rats, @--

macroglobulin .and «;-cysteine prectease inhibitor (o«,-CPI)

-

are~both strong acute phase prot

10

ins. The serum usually

ot
-
2

9]

contains excess inhibitory capacity but flooding the sys

such as in acute pancreatitis (characterized by the rel

D
]

-
>

lie]
]
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of pancreatic enzymes intp the bloodstream and peritoneal
cavity) with excess proteases has been éostulated as a cause
of the observed systemic effects (Goodman et al., 1886).
Deficiency in @y AT is associéteﬁ with an . imbalance of
pfotease—antiprotease interaction in lung tissue. In

w

individuals with hereditéry -AT deficiencff there is a

*1
high incidénce of early onset emphysema (ShHarp, 1971;
Carrell et al., 1982; <Courtney et al., 198&). : Shapira et
al. (1977) has shown an altered interaction between Erypsin
-and az—macroglobulin purified from 3 «patﬁents with cystic
fibrosis compared to @y =MACTLO puri%ied from normals. This
alteration of az—macroélobulin funciion .may be inveolved in
some- manifestations of the disease These are several
examples suggesting /Egg importance of the protease-
inhibitors in  maintaining a  homeostatic balance with
proteases. .

Scme acute phase proteins play roles in blood
clotting and fibrinolysis. Cleavage of fibrinogen to fibrin
is a central element in formation of a stable platelet plug
upon transection of blood vessels. The consolidated plug
becomes mostly fibrin, and later, fibrinolytic enzymes
digest .and remove the plug. Thus the increase in fibrinogen
gutput by liver during the acute phase response would enable
greater clotting potential in response td tissue injury.

®, —AGP has been found to have inhibitory activity in vitro

of ADP-induced platelet aggregation (Snyder & Coodley, 1976)
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at concentrations (2 mg/ml) that may be reached-during ‘the
acute phase response (Costello g&_gl.,-ls79); On the other
hand, Andersqh et al.-(1980) showed an antiheparin effect af
al-AGP in vitro. Thus tﬁe net effects on the clotting
cascade by &I—AGP in vitro are difficult' to assess.
Antiplasmin or az—plasmin inhibitor, a positive acute phase
protein in humans (Koj EE_El'r 1985) appears to élay a role
in wviveo in fibrinolysis.‘ An;;piésﬁin deficiency 1is
associated with severe bleeding disorders (Aoki et al.,
1979) that are well maﬁaged clinically with replacement

therapy.
 J

C-reactive protein (CRP) was named for its ability
to precipitate C-polysaccharide derived from the cell wall

of Pneumococcus. Its action in binding to bacteria and

B

bacterial products facilitates their removal by the
reticuloendothelial system. Kindmark (1972) has -shown that
CRP bigds specifically ;i/,se;eral pathogenic  strains of
bacteria and stimulates the phagocytosis of these (such as

=

Dipplo?occus pneumoniae, Staphvlococcus aureus, Klebsiella

aerogenes) by peripheral blood: leukocytes in wvitro

(K}ndmark, 1971). Yother et al. (1982) have shewn that
human CRP could protect mice in vivo (80% survival versus

30% control survival) from mortalitvy due to Strept

o
0
9]
[»]
L)
™
1

pneumoniae infection. Thus CRP appears teo play a ital ool

in host resistance to some natural bacterial infeection

«,-Acid glycoprotein ‘in addition to affecting
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plagelet function, 'may also have other activities against
pathogé;é. Friedman {1983} £ound that glfAGP: in.
concentrations similar to those found _in inflammation,
caused an 80% inhibition of in wvitro multiplication of

Plasmodia folciparum (malaria}). «, -AGF apparentl} acted by

blocking parasite-red blood cell intéraction in wvitro but
had no effect on maturation of the parasite. al-An;itrypsin
al-AGP ., a
highly glycosylated APP, may modulate infection by various

or a,-macroglobulin did not show this activ#ty.

agents that recognize sialic acid containing cell surface
components such as influenza virus, measles virus or herpes™
virus due to inhibition of binding to cells. ihié remains
to be examined experimentally.

Other APP  -have been shown to possess anti- -~

“~ .
inflammatory action. az—macroglobulin inhibited carrageenin

induced rat paw oedema (Van Gool et al., 1974) and has also

been shown to inhibit polymorphonuclear leukocyte chemotaxis
{Van Gool, et al., 1982). Ceruloplasmin has been shown to
inhibit superoxide anion dependant enzymatic reactions
(Goldstein et al., 1982). These APP and others may modulate

the acute phase response at the local level with respect to

: o
- permeability changes, free radical activity’, and recruitment

of neutrophils.

“

Acute phase proteins have also, exhibited immuno-
modulating effects. In addition to inhibiting proteolytic

enzymes such as elastase, trypsin and some cathepsins,

<1



- - . ] 18
énpitrypsin_ inhibited human mononuclear celi proliferative
responses to lectins -..-such as .phytéﬁgemagglutinin and
concanavalin A (Briet et al., 1983). al-AT also inhibited

plague-forming cell responses in_ vitro and 1in. vivo 1in
splgens of mice (Arora et al., 1978)E Furthermore Hudiz ot
al. (1981) saw decreases in in_ vitro human natural_killer
cell activity due to '« -AT or al—antibhymotrypsin. in
addition,‘Gravadra et al. ;(1982) showed similar results of

al-ACH effect on human natural killer cell and antibody

dependant cellular cytotoxicity assays, as did Ades et al.

3

{1982)~ with az—macroglobulin and «,-AT. Murine SAA was

1
found to inhibit plaque forming cel% responses in mice
(Bensén & Aldo-Benson, 1979) and Kinsella & Fritzler (1980}
found that CRP, while capable of activaéing the complement
pathway, also inhibited p;oliferation ~of human T cells and
production of lymphokines.

Thus, the acute phase proteins represent a variety of
molecules-with a broad” spectrum of activities. Acute phase
protein§ inhibit protease activity, inhibit free radical
action, modulate clot formation and fibrinrolysis, bind and
facilitate- removal of foréign particles, and appear O
mpdulate antibody and cell mediated immune resgonses. These
effects would 1lead to decreased inflammation at the loza:

level and thus dampen ‘%estructive action and facilizane

wound healing.
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Models for the Acute Phase Response -

Various systems have been employ®d in characterizing
the acute phase response{ Analysis in élinical disease or
trauma due to surgery  or burns ‘has been'iuseful.
Experimental models for in wvivo analysis involve injection
éz sterile chemical irritants, injecfion of endotoxins as
well .as inoculation  with live pathogenic organisms.
Turpentine injection (s.c.) (Kushner and Feldman, 1978;
Jamiesén et al., 1983; - Schreiber et =al., /1982), celite .
inje;tion (Glibetic & Baumann, 1986), carragéenin injection
(van Gool et al., 1974) and casein injection in mice (McAdam
& Sipe,1976), -calcium phosphate /induced pleurisy ina rats
(Ttssot et al., 1984), and etiocholanolone injection in
humans (McAdam et al., 1978) are some examples of irritant
induced models. The quality or quanti€§\of the acute phasé
response is not necessarily egqual among these,. Thus,
detailed comparisons of data between models an? even between
laboratories is often difficult. . Other models utilize
injection of certain amounts “f endotoxin (Sipe et al.,
1982) of which there is still variation due to the mode of
preparation. Furthermore, wvariation in seﬁsitivity to
eﬁdoéﬁxin is evident between strains and between species

{for example,C3H/Hej mice are lipopolysaccharide fLPS) non-

responders in comparison to other strains, and rats are
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relatively enéotoxin—tolerant). In still other Stuéies,
infection of mice and rats with parasites (Lamontagne et
al., 1985a;Lamontagne. et al,1985b; Gauldie et al., 198S5a)
and inoculation of mice with various bacterial stains (Ba}t:
33_31., 1982b) have been used'successfully in examining Ehn
acute phase response. The problems involved in variabili:y
and the obvious complexitylin in vivo models has led to the
development of in vitro assays for the acute phase respons.:.
In_ vitro hepatocyte culture systems rha;g beren
developed which +have allowed further investigation of-the
liver's role in the acute phase response. . Hepatocytes have’
been isolated and cultured from modse liver (Baumann et al.,
1983; Ramadori et al., 1985), rat 1liver (Rupp and %ulle:,
1979; Koj et al., 1984; Koj et al,h1985; Baﬁer et al., 1984)
and rabbit liver (Kushner et al., 1980). Ra;ﬂliver slices
have also been used to study live: response in vit:&
(Jamieson et al., 1983; woloski et al., 1983). \thhough
primary human 1liver cells are not readily availlable, human
"hepatoma cell lines have been charactergized and used 1inr the
analysis of liver responses. Exampleé include the Hep-GZ
cell line {Baumann Eﬁziéj' 1984 and 1987) and the EHep 3BZ
cell 1line (Darlington et al., 1$8%). Rat hepatoma =l

-
lines such as HTC and E-35 have alsc been used (Baumann ot

.....

al., 1983;:; vannice et al.,1984; Baumahn et al.,T837).

Hepatocyte Synthesis of Aceie Phase Proteins



A number of approathef have led to tﬁe conclusion:
that the changes in serué APP are driven by hepatocyte
synthesis. “ The experiments of Gordon and Koj (1968), John
“and M,iller (1969) and Hurlimann et al. (1966), . were early .
demonstrations -that the liver boéh in vivo and in vitro,
was thg source of various APP. ImmuhOprecipitation of ég
novo radioclabelled”/ prote€in in oserum- and.in rabbit liver
culture supernatants, as well as evidence of production by
perfused 1liver in wvitro, and later, evidence of lag;lied
amine acid uptake and incorpeoration into pro;ein by liver,
showed :he important role of hepatocyt;s in this respect
{Hurlimann et al., 1966; Gordon ‘and Kej, 1968; John and
Miller, 19§9; Wannamacher et al., 1975). Although there is
evidencé of extra-hepatic synthesis @y =AT (Lamontagne 35‘
al.; 1985b) by alveolar macrophages and monocytes, and @y -
ACH, by alveolar macrophages (Burnett et al,1984), the
contribution «of such extra-hepatic synthesis to serum
changes are probably minimal and overshadowed %@'the liver
response. However, synthesis by the alveolar macrophage

may result in local effects on surrounding cells " or fluid

containing mediaters and enzymes (Lamontagne et a

[

., 1985b).

Immunofluorescence and immunochemical technigues have
[

confirmed hepatocvte synthesis of APP. Bensen and Kleiner:
-
Ry

(1980) have shown a locwlization of SAA immunc-staining (in’

liver taken from casein inflamed mice) in periportal regions
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at 8 hours but sbreading over the entire liyer_lobﬁle by 24
hours. Treatment with casein and _cholchiéine {inhibitor of
secretion) resulted in higher liver staining for SAaA and
lower serum levels suggesting 'that the- SAA synthesitnd by
the liver contributes to serupb changes. Gauldie gg;gl.
(1981) demonstrated o;-AT immunochemically in- mouse liver.
Kushner and ?éldmann’(1978) showed that the ohly source of
liver CRP in rabbits undergoing turpentine ‘ipflammation wWas
the hepatocyte rather than other structural ahq endothelial
cells of liver. Ultréstructuée studies demonstrated
localization to rough and smooth endoplasmic reticulum and

Golgi apparatus as expected for a secreted protein. Courtoy

et'al. (1981) showed tSat serial' histological sections of

turpentine inflamed rat liver stained for fibrinogen, a,
AGP, az-ﬁacro and haptoglobin. They found that all
hepatocytes examined secreted all four APP suggesting that
individual hepatocytesl are not specialized in the synthesis
of a single plasma APP. Similar to others, a periportal
distribution early after inflammatory stimulus, and more,
general distribution at Zh hours was observed. The total
liver output of APP may therefore <depend on the extent ol
individual hepatocyte activation and gene regulation, as
well as recruitment of cells synthesizing these preoteins.
Studies on MRNA levels in hepatonynes dur:ing

¢
inflammation confirm these results. Investigations I Ix
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in «;-AGP mRNA at 4 hours but ub to 90-fold increases at 36
hours after turpentine.sBaumann et al. (1983(a)) found 14

fold increases in “1-&9% MRNA in rat liver 48 -hours after

turpentine injection. Schreiber et al. (1986) have examined

Y

mENA increases gver time - for,

a number Oiﬁ APP in rats

including 'a;-AGP, a,-macro, fibrinogen and -CPI.

*1
Ramadori et al. (1985) haQe_found increases in mouse liver
mRNA for SAA and SAP during inflammatidn.._Northemann et al.
(i983) “ﬁeasureé ‘in vitro t;anslatableh mRNA"(inf rabb}t'
.féticUlécytesI from inflamed'rat-li&%r. Immunoprecipitation
o% specific proteins from the tréns}ated material showed

markedly more al—AGP, %, =Macro, lq§§"df an increase in e, -AT

-

1
and a drop in albumin. Furthermere, Stadnyk , Baumann and

Gauldie (unpublished observations) have shown increases in

rat liver RNA for several .APP during infection ‘with
. . T e

Nippostrongvlis brasiliensis. Taken together, these studies

demonstrate the produttidh; of APP is predominantly by
hepatocytes and leads to:thé'serum changes. The increases
in s}nthesis are associated with alterations of mRNA content

in hepatocytes. - The increases may be due to incéreased

transcripticn or increased stability of mRNA.

>
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More ‘recently, the identities <f scme 2f rthese 5ol

Tnitiation of The Acute Phase Responsé

-

Considering the different modes of communicatipn
possible within an organism, initiation of APP induction
could result from -direct stimulation of liver by

inflammatory agents, or by host-mediated signals. These

signals could directly or indirectly originate from the

“inflamed tissue . and travel via electrical conduction:

(nerves)- or as soluble mediators through the blood stream.
Two lines 6f evidence suggest that host—derived.hﬁmoral
products initiate the acute phasé response. Oﬁe is that
péssive transfer of sterile plasma or plasma proteins (from
affected animals) :can stimulate aspects of the acute phase
, .
:espo;gé. For example, Homburger (1945) found that pus
obtained.from turpentine-induced sterile abscesses of dogs
could increase plasma fibrinogen levels of normal dogs upon
i.m. injection. The authofs‘ found that the responsible
agent was heat labile and afid precipitable suggesting it
was proteinaceous iS'chéracter. The other line of evidence
is supported by experiments showing that in vitro generated

productst of host cells, wupon transfer to a recipient, are

capable of inducing components of the acute phase rezponsn.

L3}

- mediators have become evident and include {(addressed i mern

detail below) Interleukin-1 (IL-1), hepatocyte stimulating
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factor ° (HSF), ﬁumour necrosis factor { TNF) and
glucocorticoids. These hormones or cytokines, as suggested
by Koj (1974), are thought to be released at the site of or
due to events of‘lo;al inflammation, travel through blood or
lymph, and act on hepatoécytes directly through putative
receptors, or act on other systems which in turn affect the

acute phase response.

Cytokines and The Acute Phase Response

The early work of Homburger (1945) did not receive
much attention. Later, Bennet and Beeson (1953) found that
extracts and supernatant fluids from exudate cells of
sterile peritonitis could induce fever in normal rabbits.
They ;ﬁtroduced*;he term ieukocytic Pyrogen (LP) to describe
the product of’ leukocytes responsible for this activi;y.
Over the next 25 vyears, fabb;t LP was studied in many
Yaboratories but it wasn’t until Kampschmidt and colleagues
found an effect of LP on serum_concentfations of iron-and
tinc, that LP was thought of as more than a pyrogen. It
must be considered that most of these studies wére deone with
crude preparatiﬁns whig@ could contain other factors.
Kampschmidt and co—work;rs found ﬁhat crude LP induced
decreages in serﬁm Fe and Zn (Kampscémidt eE. al., 1970) and -
later in rats'showed increases in acute phase glﬁbulins and

increased‘neutrophi;ia (Eddington et al.) 1971). ‘ Looking



26
further, injectidn of b;th crude LP and E. coli derived
endotoxin in rats -gave Kampschmidt et al. (1974) evidence of
increased :fibrinogen and haptogldbin in serum and
furthermore increased fibrinogen synthesis in rat liver

~slices in wvitro. Similar findings by Wannemacher et al.
{1975} prompted the te;m leukocyte endogenous mediator {LEM)

to indicate the variety of activities present in leukocvte

supernatant preparations.

4

Merriman et al. (1977) published work showing co-

pprification and similar ‘characteristics (molecular si:e,
r "

isoelectic point, kinetics of .induction)} of .LP and LEN.

Simiisr results of LP/LEM induced’ stimulatiéh of CRP,
fibrinogen and haptoglobin were obse%ved in vrabbit serum
(Bornstein, 1982). Hanson et al. (1980) have shown that
neutrophils were not a s'trong-i source of LP/LEM and that
macrophages were responsible for production of LP/LEM in
leukocyte cultures. It soon became evident that lymphoébte
activating facter (LAF), first described by 1Igal Gery and

L4 -
\\‘Qiiiéved product that potentiated mitogen stimulation T°

lymphocytes, also showed similar characteristics to LP/LEM,.

coworkers (Gery et al., 1972a, 1972b) as a macrophage

The term Interleukin-1 (IL-1) was ascribed toc  the

molecule(s) that showed LP/LEM/LAF activities (Aarden ot
al., 1979). Thus, the molecule IL-1, a 13-20 kilodalcon
molecule (LEM, LP, LAF) .appears to, play a 1o

»

induction of the acute phase response of the liver.
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Another activity first described by Ritchie and
Fuller (1981)_aﬁd,by then by Baumann et! al. (1983) and Koj
et al. (1984) was termed hepatocyte stimulating factor (HSF)

cn the basis of(its ability to stimulate hepatocyte protein

synthesis in vitro. Therefore, there are at least 2

cytokines, HSF and IL-1 that have been implicated in the

initiation of the liver APP response. Both HSF and IL-1 are

released by. activated monocyte/macrophages. These cells

apparently serve as a primary source of APP inducing

cytokines.

Interleukin~-1 and The Acute Phase Response

\Purification of IL-1 te homogeneity has revealed
- e

molecular weights of between 13-23 kilodaltons and both

acidic (pI 5} and neutral (pI 7) isocelectric points

(Dinarello, 1984). Molecular cleoning studies have confiraki

the existence of 2 species of IL-1, one of isoelectriq poin

pI=5, the other of pi=7, -from human peripheral blood
monocytes (PBM). Auron et al. (1984) published the cDNA
sequence of the pI=7 IL-1 encoding a 31 kilodalton (kd)
precursor protein. Lomedico et al. (1985) simultaneously
characterized a cDNA sequence from the mouse macrophage cell
line P388-Dl that encoded 'a 31 kd precursor of a 17 kd pI=5

extracellular protein. Further stauadies by March et al.

(1936), Gubler et al. (1986) and Wingfield et al. (1986)

3
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identified both human pI=5 and pI=7 cDNA sequénces. These
are now &fermed IL-l« and 1IL-18 respectively and show 45%

homology at the nucleic acid level. The corresponding-mouse

).

[ 13

IL-18 (pI=7}) has recently been cloned by Gray et al. (138
Activities now ascribed to IL-1, in addition to LAF,
EF or LEM activities, are numerous. These have bheen

addressed in detail 1in a number of recent reviow:

"

W

(Dinarello, 1984b; Oppenhqim et al., 1986; Le and Vilcek,
1987). Among many interesting activities and actions with
possible ciinic;l implications are effects onsproliferation
of endothelial cells, -synovial cells, inhibition or
.stimulation-of'fibroblasts and activation of osteoclasts and
cartilage resorption. IL-1 has effects on many cells of the
immune.system in vitro including NK cells, T cells, B qslls
and neutrophils. Furthermecre, many dif%erent cell Qypes
show ability to generate IL-1 including mon;cytes
/macrophages, endotﬁelial eells, astrocytes, epithelial
cells, B lymphoglasts, #keratingcytes g@and a number of
continuous cell lines. fhe wide range of activities of IL-1
may reflect possession of similar receptors feor IL-1 6n

different cell types. Human IL-la and B8 appafently bind to

the same receptor on human VDS-0 cells (Matsushima et al.

1986a) and mouse EL-4 cells (Kilian .et al., 1984 whinh
supports this idea. The presence of IL-1 rececpiors
correlates with lrespensiveness to IL-1 (Le and V:ilcaerk,
1987).
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As alreadg mentioned, most eatly studies with
LP/LEM/IL-1 utfiized“cruge or onﬂy'partially purified cell
supernatants. . Thédse showed in ' vivo activity but
investigators eoﬁid not rule out the role of contaminating
pretein nor an indirect effect on liver (for ?xample,
induction of Va sec&nd hepatocyte specific messenger).
Furthegmore, contamination_h of injected material with.
bacterial endotoxin cannot be easily controlled. Only more
recently has IL-1 been rendered relatively pure. Upon
injection into mice purified IL-1 causes SAA serum increases
(Sztein et al., 1981;.-.Sipe et al., 1982). 'These effects
complemented earlier: studies (Sipe et al., 1979) in which
endotoxin injection caused SAA increases in a LPS-sensitive
mouse strain (C3H/HeN) but not a non-responsive strain
(C3H/HeJd). Transfer of plasma proteins of stimulated mice

N

to non-responder mice caused an SAA respense. This
suggested a soluble mediator. (then.termed SAaA-inducer) was
responsible which subsequently was fqund to be closely
related to IL-1 (Sztein gg_gl.{ 1981). Later experiments by
Matsushima et al. (1985), and Wood et al. (1985) confirmed
that highly purified IL-1 pI=5 and pI=7 forms could'induce
SAA responses in both st}ains of mice. Recent experiments
with_. recombinant hﬁmap IL-1 have confirmed many
biocactivities ascribed to natural 1IL-1' such .as fever

induction, Interleukin-2 preductieon, LAF activity and

fibroblast prostaglandin E, production (Dinarello et al.,
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1386} . Recombinant murine IL-1 injection in vivo resulted
in serum SAA response as well as increased SAA .mRNA

-

{Ramadori et al., 1985).
Assay of IL-1 on 1isolated hepatocytel in vitrg
cultures displays a limited «capacity by the cytokine to

stimulate APP production when compared to crude -RBH

supernatant. Purified human IL-1 induced rat o« -AGP
(Gauldie et al., 1985) but not a ®,~macroglobulin or «,~CPI
(which are qj;ical APP of rats in vive). 1In contrast, Sauer

et al. (1985) suggested stimulation rat a2<macroglobulin by
murine recombinant IL-1. Ramaddri et al. (1985) shoved a
simultaneous increase in SAA RmRNA and decrease in albumin
mRNA in mouse hepatocyte cultures. Gauldie et al. (1987)
have recently confirmed wusing. recombinant material that
human IL-1 will stimulate al-AGP but has little effect on
az—ﬁacroglobuiin or al—CPI in rat hepatocyte cultures.

In the human hepatoma cell line Hep-3B2, Darlington
et al. (1986) found stimulation of C3 by purified human IL-1
and recombinant murine IL-le but no stimulation of
fibrinogén oﬁ CRP (even at high doses) whereas human PBH

conditioned medium showed potent induction of CR

0

Perlmutter et al. (1986a) found stimulation of C3 and factor
B mRNA in human Hep-G2 cells and Hep-3B cells by recembinan:
IL-1. Thus IL-1 alone may not be able to elicit gn. full
spectrum of APP response by hepatocytes in vitro. OCther

factors appear to be necessary. If the 1in wvitro hepatocyte
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assays reflect in vivo h;patocyte responses accurately, IL-1
may act directly to induce SAA in mice and @) -AGP in rats
But probably acts indirectly or in combination with other

components for expression of other acute phase proteins in

vivo.

-

'ngatocyte Stimulati§§ Factor and The Acute Phase Response

Although Kampschmidt et al. (1974) described one
activity of LEM as stimulating fibrinogen in rat liver
slices, it was Fuller’s group who <coined the ‘hame
hepatocy;g stimulating factor (HSF) to describe a protein
from leukbcytes that stimulated in. vitro rat ﬁepatocyte

~synthesis of fibrinogen (Ritchie and Fuller, 1981; Fuller

and Ritchie, 1982, Ritchie and Fuller, 1983). They used
ELIZA analysis of fibrinogen in fetal and adult hepatocyte
supernatants to study crude.leukocyte LP/LEM. -}n examining
further, Fuller apd Ritchie (1982) found that monocytes were
the source of HSF and that HSF eluted at 30 kilodaltons' (kd}
on gel chromatography (Ritchie and rfuller, 1983). This was
a preliminary indication that HSF was a separate‘entity from
IL-1/LEM/LAF which eluted primarily in the. 15-20 kd range.
Furthermore, they tested purified IL-1 pI=7 and found nd
stimulation of fibrinogen synthesis.

Elsewhere, Koj, Gauldie and collaborators developed a

similar in vitro rat hepatocyte assay of stimulation of 2

¥
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more complete set of p}oteins including az-macroglobulin,
al-macroglobulin, fibrinogen, alwAGP, @y -CPI, albumin ﬁnd
transferrin (Koj et al,1984; Koj et al,1985a). Analysis of
the molecular size of PBM derived HSF activity confi:med
studies by Fu;ler in that a PBM cytokine of approximatgly 30
kd and pI«5-5.2 stimﬁia;ed fibrinogen 'maximally and in
addition, stimulated al-CPI and az-macroglobulin, and
inhibited albumin and transferrin synthesis. Similar

results for o,-macroglobulin were seen by Bauer et al.

(1984).

—y I

In the purification of HSF?’thé specific bioactivity
~of IL-1. did not follow that of HSF (Kej et al., 1984;
Woloski and Fuller, 1985) and further, the mouse macrophage

cell line P388-D1 secreted HSF and IL-1 differentially under

various stimulation regimes. In @ rat model of macrophageo
activation ' by in wvivo infection with Nippostrongvlus
brasiliensis, Gauldie et al. (1985a) and Lamontagne ct al.

(1985a) showed differfntial release of 1IL-1 and HSF by
macrophages at separate days after infection. 1In a model of
QIeomycin—inducea rat lung fibrosis, Jordana et al. (1987
found that alveplar'macrophages, retrieved at various times
after bleomycin . instéllation: secreted LAF actiwvity
predominantly early {6-8 hours) but released HSF in greater
" amounts at later times (maximum 28 days). Althcush then-
data suggest that HSF is unique Efrom IL-1,70EM, the resullis

were not definitive.  For example, the relationship of HSF
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to the precursor IL-l« (precursor 31 kd pI=5) or.TNF
{precursor 25 kd, 17 kd pI=5.3 mature protein) _was not
clear. Various groups are involved in purification of HSF
but to date, homogeneous preparations of HSF from human PBM
had not been available.

Hepatocyte stimuladting factors have been detected
from sources other than human PBM including mouse peritoneal
exudate macrophages (Baumann et al., 1983; Baumann EE_El'r@
1984), rat alveolar macrophages (Richards et al,1985;
Lamontagne et al., 1985a) and cell lines such as P388-DI (a
mouse histiocytic leukemia line) and U937 (a human
monoc¢ytic leukemia line) -(WOloski and Fulle{, 1985).
Isolated Kupffer cells fgom rat liver have also yiglded
factors stimulating synthesis of fibrinogen (Ritchie and
Fuller, 1983) and oy macroglobulin {Bauer et al., 1984) of
rat hepatocytes. Baumann et ai; .11934) have shown HSF
activity from human epidermal cells. The relationship of

-

each ofd ghese molecules to PBM derived HSF is not yet
evidenf. i::§

The human squamous carcinoma cell 1line COLO-16
releases a number of HSFs which have been studied in detail
by Baumann and colleagues (Bauménn et al. 1983; 1984;
' 19862). Three forms of COLO-16 HSF (designated HSF-I, IT
Lénd II1} were characterized and showed ;titﬁ}e LAF activitf.
The activities were distinct in melecular size (Mr of 17,

30 and 50 Xd). The relationship between these COLO-16 [SFs,
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mousé peritoneal macrophage HSF (Mr of Sd Kd) and the HSF

from human PBM is not known. For the " purposes of this

cdmposition, the source of HSF is henéefo;th'included as a

prefix and HSF wéil be defised—as cytokines that induce-the

synthesis of a spectrum of APP that is characteristic of the
Py

acute phase response.

> Since highly purified HSF ‘is not available in large
amounts, studies of in vivo activity of this cytokine have

not been-published. Assuming that PBM HSF 1is unigue, a

large part of the activity seen in ‘crude or partially

purified LEM/IL-1 preps may have been due to HSF. Another

pessibility is that HSF production by host cells (such.,as

macrophages or Kupffer cells) is stimulated by injection of .

. -
IL-1 in vivo.

Purified _Preparations of human PBM HSF have shown
inducing activity of sialyltransferase enzymes in rat liver
(Woloski et al., 1985). Interestingly PBM HSF has also been
shown to stimulate in wvitro production of adrenocortico-
tropic hormone (ACTH) from the mouse pituitary cell line AT
t~-20 (Woloski et al., 1985 (b)) whereas cloned murine IL-1
was not as effective. In light of the characteristic
increase in serum cortisol during inflammatien .in rats

{Woloski et al,liaj; van Gool et al,l984)-and humans Fleck

ACTH production in vivo. Certainly, the identificatien and

-l

characterization of the various ESFs described would aid the
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study of the acute phase protein response of liver and

glucocorticoid increases during the acute phase response.

r

. - -
Glucocorticoids and The Aclte Phase Response

Heim and Ellenson (1965) fgund that adrenalectomy
strongly inhibited ~the serum" rise of «y,-macroglobulin in
rats injected with enaotoxin, and that corticosterone
injection could reconstitute the respghse. Fﬁrthermore,
there i$ a rise in corticosteroid hofﬁones.du}ing the acute
phase response (evident 3 to 8 hours after stimulus) in rats
(Van Gool et al., 1984) and humans undergoing surgery (Fleck
& Meyers, 1982). This suggested a role for glucocorticoids

. ,
in the iiver APP response. siafarczyk_et al. (1974) showed
that serum haptoglobin increases in turpentine inflamed rats
depended on thg time (ln circadian rythym).of injection, and
suggested that the highest haptoglobin respoﬁse was present
when the adrenal was maximally reactive. * Thompson et al.
‘(1976)i sﬁowed that adrenalectomized and hypophysectomized
rats did not respond to crude LEM with increases in serum
az—macroglobulin, although SHAM operated animals did. A
supplement of 5 mg/day of cortisol restored the response.
In vitrao pérfused liver showed increases in RNA content only
to combinations of crude LEM and cortisol. In another in

vivo study,” Van Goel et al. (1984) found that orally

administered corticostercne, cortisol and dexamethascone ({the
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most potent), stimulated x,-macroglobulin to serum levels

szji)in surgical trauma. Interestingly, s.c. administration

adrfralin also caused a similar response. Combination of

catecholamine with <corticosterone resulted in very high

<

levels of x,-macroglobulin. Although conclusions regarding
direct action of eithef of these hormones could not be drawn

LY

from these experiments, Koj'gs;g;. {1984) and Bauer et _al.
(1986) have shown that adrenalin had no effect on rat
hepatocytes in xvitro. This suggests that the effects of
adrenaliq s.c; seen by Van Gool et al. {1984) involved other
factors acting on liver.

Baumann et al. (1983a) have examined the influence of
dexamethasone on &, —~AGP levels in rats in vivo and found
expression of «;-AGP mRNA in liver of turpentine inflamed
rats was augmented by dexamethasone (DEX) treatment. ' Other
factors were clearly involved since «; -AGP mRNA was evident
even in adrenalectomized inflamed rats. In contrast, oo =
macroglobulin was dependant on " the presence of both
glucocorticoids (either in normal rats or adrenalectomy and
DEX freatment} and the inflammatoryigtihulus. On the other
hand, Moshage et al. (1985) saw no changés in albumin mRNA

-

in vivo or in vitro due -0 DEX. ‘

»

The effect of glucocorticoids in vitro on hepatocure
APP production has been examined mostly in rats. Grnns o
al. (1984) have. shown that DEX at concentrations of 1577 :c

10_7 M «<cesulted in stimulation of az—mac:oglobulin in rat
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hepatocyte cultures. «, ~AGP production was seen in the

absence 'of DEX and along with «y-AT, was stimulated

-7

marginally by .DEX (10 M). Albumin production was

unchanged. - Eoffman et al. (1986) found'enhancgment of «,-AT

1
but not faz—macroglobulin © by macrophage conditioned
supernatants in DEX-free media. Koj et al. found that DEX at
1 AM was necessary for _mgximum ®,=MACTO synthesis by
stimulated rat. hepatocytes in vitro. Aloﬂg'with the da;a of
Baumann et al. (1983a), it thus appears that glucocorticoid

is necessary for expression of az—macroglobulin and is

1—AGP,

al—AT). In contrast, mouse hepatocyte cultures were not

étimulatofy but not necéssary for other APP in rats -

affected by DEX in productiecn of oy =AGP, B-hapﬁoglobin, SAA
or ‘hemopexin (Baumann et al., 1983b)._ . Thus, séecies
differeqceg and differences between scme APP are evident in
glucocorticoid mediated .-regulation of pr;tein production.
Furthérqore, the in vivo significance of. DEX must be
considered since the predbminant.natdral molecule in rats is
Forﬁicosterone, not DEX.

Some investigatecrs have examined the’effect of other
hormsnes on-liver protein synthesis..Neither glucagon (0.1
M) nor adrendlin (10 /4M} resulted -in- altered proteini"
synthesis of az-macroglobulin, «; -AGP or fib}inogen by rat
hepatocytes in vitro (Koj et al., 1984; Baver et al., 1986),.
Specific gffgcts c¢f insulin on acute phase protein induction

have not been reported, and adrenalin and glucagon appear
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not to have direct effects 'in altering hepatocyte acute

phase pfotein synthesis.

Tumour Necrosis Factor and .The Acute Phase Response

. Tumour Nécrosié_?actor (TNF) was}first descfibed by
Carswell et ‘al; (1975) as a‘gerum component of BCG—p:}me@n
LPS stimulated mice that lproducéd haemorrhagic necrosis of
LPS-sensitive mouse sarcomas. In addition, this serum was
cytotoxic £for mouse L cells (transfd}ﬁéd fibroblasts).
These have since become’_standard' assays of TNF activity
{O0ld, 1985). The characterization and purification of this

monocyte-derived factor resulted wultimately in molecular

cloning of TNF by various groupé (Aggarwal et al

.. 1984;
Gray et al., 1984; Wang et al., 1985). Human TNF 15 a 17 kd
pI=5.3 gbﬁtein derived from a 25 kd precursor. TNF shows

functional and structural éimilarity to lymphotoxin (LT)

(Pennica et al., . 1984}). LT {produced by activated
lymphbcyteé) is thought to play a role in lympho;y;e
mediated killing. ‘Cloﬁed LT 1is cytotgxic for L cells and
causes haemorrhagic necrosis in "TNF assays. TNFa and THFE

designations -have been given. to the monocyte-derived THF and

lymphocyte- derived LT-respectiveiy.

1985%a) published work showing wvery high
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cachectin to  human TNF. °~ Cachectin was characterized ac

.
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macrophage-dérﬁvediprbduct, Eesponsible‘fog wasting and high
lipidemia in LPS-injected mice. . It also inhibited
lipoprotein lipase activity of ‘the fat céll line 3T3—L17£E
vitro. Purificétion and cloning of cachectin has confirmed
" the identity of human cachectin and human TNFe (Beutler éE

al., 1985(b); Beutler etfal;,';986). : -

e -

~\ . - - . .
Cj:q%n a recent review, Le and Vilcek (1987) . point out
the extensive similarities of activities between TNFa and

IL-1 with regard to cécﬁectin activity, T cell activation,
pyragenic action, ostedclast aétivation,\A ca{tilage
:esorption;_cytotoxicity for tumour cells -and effects on
gndotheiial cells’ The receptors for TNFT and IL-1 appear to
be different since TNF  does nof compete with binding of
labelled IL-1 to }L—l receptors (Matsushima VEE_EL;, 1986)
and IL-1 does not inhibit TNF binding -.to 3T3-Ll cells
(Beutler et al.{ 1985(b); Rull et al., 1985). The sharing
cf so many activities is surprising _since different
receptors are utilized by TNF and IL-1. TNF and IL-1 may
utilize similar igtracellular second messenger s?stemg which
may explain this. It is also possible tha; TNF and IL-1 -
induce expressiod of each other in the target cells.

One might predict then that the effect of TNF on

hepatocyte acute phase protein expression is similar to IL-

1. However, clittle information regarding TNF and APP
" induction is yet available. Perlmutter et al. (1986a) found

that recombinant human TNfa« and IL-1B8 could stimulate
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immﬁnoprecipitgbiéf.‘Fag_of B, -EB,VACH anh'(marginallyj-AGP‘
in humanrgep—¢2 and Hep BB-ceil lines-élthough tgﬂfi;creases
were not impressi&e (1.5-2 fold) in that assay system. TNF
and IL-1 could also inhibit glbuﬁin and transferrin

v

production 2 to 3 fold, but did not affect «,-AT, C2 or Cd

1

in-Heé—éZ célls;'Neither TNF néf IL-1 gene expression not
detectable in Hep-G2 cells (Perlmutter et 4al., 1986a) and
thus the affect of each cytokihe appeared to belinéependen;
» of the expression of IL-1 or *NF in the tArget celis.
.Darlington et al. {1986) showed recombinant TNF and IL-1
stimulgted release of C3 (10. fold) in the Hep-3B2 cell line
but unlike IL-1, TNF did not Ainhibit fibrinogen or albumin
synthesié.. Crude PB& supe:natant‘has able to stimulate CRP
synthesis (albeit very minor) in this cell- line where as
nef&her TNF or fﬁ—l coﬁld enhance CRP. This suggested-that
some_other factor (not 1IL-1) in PBM supernatant (which
contains IL-1, ~TNF and VHSF and- possibly octhers) Qas
responsible for CRP induction. Furthermare, in experiments
cn primary rat hepatocytes, Kof gg;gl. {1987} have recently

shown that over' a wide range 0of concentrations, human

-

recombinant IL-l«a, IL-18 and TNFa induced only slight
incre&ses in gl—AGP and decreases in albumin whereas crude
human PBM supernatant caused much greater increasesn 10
fibrinogen and «,=CPI. Thus, although TNF and TL-1 St‘mnfnén
some APP, there appears tc be limited capacity of either cof

"these cytokines to stimulate a wide spectrum of app.
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Regulatién of Acute Phase Protein Gene Expfession

Secretion offr APP ; by hepatocytes  occurs via
transcription of RNA from DNA, processing oﬁ RNA 1to mature
nMRNA in- the nucleus; mRNA transpert to the cytdplasm,
translation of protein from. the mRNA by ribosomes,
modificatiﬁn and glycosylatioﬂ and finally secretion to the
extracellular space. Regulation of gene expression could
occur throughout ‘any of --these processes. The liver
represents a readily obtaingble organ that 1is predominantly
composed 6f large ‘numbers \of its parenchymal cell, the
hepatocyte. Accprdingly, rat, mouse and rabbit live;s have
been used in wvarious models of regulation of gene
expression. Of investigators now studying this in detail at
the molecular level, relatively few have examined the
transcriptional/translatidnal control of acute éhase
proteins by ’'separate cvtokines. This is due in part to the
-lack of purified’materials. |

Since glucocorticoids are available in high purity,
and since they have effects on many tissues including liver,
the modulation of liver gene expression by glucocortfcoids
has provided models  for’ -the molecular control of
transcription. Glucocorticoids in general, intera;t with
specific receptors 'and form complexes within the cytoplasm.

These complexes move to . the nucleus where they can
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selectively alter transcription of specific genes (Yémomoto-
and Aiberts, 1976).
‘ Baumann et al. (1983a) have compared DEX-stimulated
«,-AGP mRNA levels to mouse mammary tumour virus (MMTV) mRNA
levels (with known glucocorticoid dependance) in a rat,
hepatom% HTC cell'line. They found comparable increases in
each mRNA and that the increase was inhibited by actinomycin
.D (inhibitor of ﬁranscription). Interestingly, Baumann ond
colleagues also found that puromycin inhibited mRNA
accumulation of al—AGP but not MMTV. Thus'protein synthesis
was required for the glucocorticoid mediated elevation of
GljéGP mRNA; Reinke and Feigelson (1984) showed similar
effects. Upon cloning and transfecting the rat @, =AGP Gene
inte mouse L cells, they found «; -AGP mRNA levels
responsive to DEX and induction was inhibited by
cycloheximide. :These'data suggested that protéin expression
‘'was required for ‘increases in transcriptioh rate or
increasesigl-AGP mRNA  stability. Kulkarndg et al. (1;85)
showed evidence éhat DEX-treated rats and turpentine

inflamed rats exhibited similar increased rates of «,-AGP

mRNA transcripticn as measured by nuclear crun-off assavs.
This suggested the effect of DEX may have been due solely to

increases in transcriptional rates. Vannice et al. (1984

on the other hand, showed that in rat ¥
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little differende existed in nuclear run-of

n
(]

experiments on

DEX-treated and wuntreated cells but much lower nuclear and
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cytoplasmic al—AGP' mRNA was evident in the untreated HTC
cells. These authors coricluded that DEX affected the
nuclear stability of the &y ~AGP mRNHutrahscrip;.‘Baumann &
| Maquat (1986b) have studied regions'of the rat 'al—AGP gepe
and found that regions between 120 and 42" base pairs
upstream ﬁrom_fhe transcriptional start site wefe important
for responsiveness to dexamethasone suggesting that- .
glucocorticoids can increase al—AGP gene expression 'at the
transcriptional level.

Glucocorticoids may also play a role in post-
transcriptional regulation of rat oty -globulin. Fulton et
a2l. (1985) showed that upon dividing hepatocyte cellular RNA
inte nuclear, polysomal and cytosolic fractions, that
adFenalectomized rats yielded high\qu%ear and low polysomal
fraction content of L -globulin SRNA (opposite to normal

o

rats). Upon injection of (DEx, within 2 hours a
redistributiog into predominantly the polysomai fraction was
seen, suggesting that glucocorticoids were involved in
regulating transport of RNA from nucleus to cytoplasm.
Various investigators ‘have examined transcription
parameters in vivo in inflamed animals (which of course may
involve the net result of numerous cytokines and hormones).
Ricca et al. (1981) showed a 90 fold increase in «,~AGP mMRNA
and Princen et al. (1981) f£found marked increases iIin

fibrinogen mRNA as well as decreases in albumin mRNA in

turpentine inflamed rats. Cole et al. (1985) showed that
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rat §14CPI mRﬁA levels paralle}led changes in amount of ®y =
CPI in serum in inflamed rats. They suggested that the
efficiency -of translation . was not affected but thac
transéription or mRNA stability was altereé. Birch and
Schreiber. (1986) have further measured transcription in
nuclear run-off assays of inflamed rat hepatocyte nuclei.
éhangeé in transcription matched well with‘mRNA levels found'

previously {Schreiber et al., 1986)  for albumin @

-
~CPT1,

!

-

‘fibrinogen and transferrin. az—macroglobu}in‘on the othet
hand showed only 4 fold transcriptional increase but a 100-
,‘1000 fold increasg in mRNA. This had been observed
previously by Northemann et al. {1985), and suggested that
post-transcriptional events were involved. o ~AGP
transcription was not increased (Birch and Schreiber, 1986)
(1¢85). This discrepanéy was not addressed althcough there
were differences in animal strains and dose of tﬁ:pentino
used. In other species, murine SAA mRNA has been £found by
Lowell et al. (1986) to be controlled transcriptionally and
post-transcriptionally in LPS induced inflammation. SAA
mRNA transcripts increased 2000 fold and 1in wvitro nuclea:

run-off assays revealed approximately 300 fcld inc

r
D
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transcription. For SAA the authors suggested that rate ol
transcription as well as possibly nmRNA stabilivy war
increased however 1low sensitivity of in witro transcription

assays could mask the real contribution of transcription

.
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Collectively, these data summariééd} point to
increased transcriptional rate of some acute 'phase proteing
du;;ng the inflammatory respoﬁse, and to increased mRNA
stability or ‘transiation efficiency for pther APP such as
Qz—macrqglobulin. Furthermore, glucoceorticoids have a
stimulatory effect on- «; ~AGP (rat) 'mRNA levels and are.
necessary for rat az-macroglobulfn exgressiqﬁ. Increages‘in
mRNA stability may act in addition Qith increased
trahscription. of particular AgP-genes to further ‘increase
mENA accumulation.

Perlmutter et al. (1986(b)) have examined the effect
of recombinant IL-1 on expression of Factor B'and C2 genes
transfected intb mouse L cells. IL:l stimulated Factor B
but not C2 even though the genes were closely linked. This
is consistent with IL-1 stimulation of Factor B but not C2

or C4 in Heﬁ;GZ cells and points té the proBaEility of
specific DNA ‘regions necessary for reszgnse | to IL-1.
Transfection of an @, -AGP gene into mouse L cells has
revealed ;hat a 5 prime flanrking region 1is important for
responsiveness to glucocorticoids (Reinke and Fiegelson,

1984) suggesting the presence of specific DNA regions that

are responsive to glucocerticoids in the «, ~AGP gene.
- J

»The events that £follow ligand-receptor interaction
&
often include second messenger molecules that relay

activating or deactivating signals within the cell.

Included in various receptor-linked interactions are
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modulation of c¢yclic AMP or CcGMP; activation of protein
kinase C and mobilization of.iﬁtracellular ca**ions through
phosphotidyl 1inositol metabolism. The liver in wvitro
provides a good system fér examining these receptor-linked
intrécygoplasmic processes. Some investigators ha?ef;xahinaﬁ
intracellular events assoeiated with various agents’ sctions
on hepatocytes. thever,‘the incracellular events involw.d
in altered output of acute phase proteins has not been
examined in detégl. In one study, Wannemacher et al. {197%)
found no evidence of altered cAMP levels in rat livers
treated with crude or partially purified LEM (containing IL-
1 ?Pd HSF). This 'suggested that APP inductien by either of
these molecules (IL-1, HSF) was not mediated by canp, NitQ
increased availability of purified and recombinant
cytokines, the investigation of receptors, receptor-ligand

interactions and the second messenger events that are

involved in gene regulation should be more easily examined.

Purpose of this Study

The mechanisms involved in the control of the acute

phase response of the liver are not fully defined however a

number of c¢ytokines and hormones appear to be involwved in

the stimulation of hepatocyte acute phase protein synthesis.

The purpose of this study was tc determine the melescula:

3

nature of the protein termed HSF de

a]
.

from human

<

peripheral blood monocytes and to determine the role of HST

r
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in Etimulating the synthesié of acute phaSe protéins by
hepatocyte éulﬁures in wvitro. The determination of .such
'probértfes of HSF will aid -the understanding of the
interactions involved in cftbkine control of  the systenic
response of acute Eﬁﬁlammation. Future studies of léSF
activity in vivo may allow manipulation of models of acute
inflémmation that c¢ould éerve as a basis for establishing

clinical therapy.

P . _ -

s
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Analysis of éample protein content

. To determine the  amounts , of —albumin, «2-
macroglobulin, «l-CPI and «l-AGP .§n rat hepatocyte culturé
supernatants,-or rat serum samples, rocket electrophoresis
was pérformed.és originally deécribed by Weeke-et al. (1973)
with minof modifications. dne gram of agarose (Seakem;,

Mandel Sci. 'Co., Rockwell, Ont.) was dissolved by boiling in

100 ml barbitol buffer [1.3% Na barbital (w/v), 0.2%

barbitol {w/v), 5.6% glycine (w/v), 4.5% tris (wsv)]. After
cooling to 65° ¢,- monospecific antibody was added and 12 ml

was poured onto 2" x 3" élass plates and alloﬁed to harden.

Wells were punched cut, . the ﬁlugs removed and 7-10 1 of

sample was added to each well. The plates were then placed:

in elettréphdresis chambers ~with 1% agarose wicks
ovérlapping the top and bott?m cf each plate and the
reservoir (barbitol - buffer) buffer. The ‘gelé were

electrophoresed at 50 milliamps at 4 C for 8 to 12 hours.

:The gels were then soaked in saline for at least 2 hours,

-pressed onto cut sheets of gel -bond FMC Bioproducts,

Rockland, Maine, USA), dried, and then stained with
Coomassie blue R250 (2%‘Q/v in 40% ethanol (v/v), 10% acétic
acid (v/v})) ané destained. The ﬁeak heights (measured from
the wells) reflect various amounts of pretein in the sample.

8y running standard samples of known concentrations, the
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concentration in unknown samples'couid be - extrapplated from
a‘*stanhard' curve. Hepaﬁocyte culture proteié output w&s
-expressed as ug perl lds._célls per 24  hrs. For sérué
samples, cgnceq;rations (mg/ml) were calculated. Analysis
of indfvidual proteins was accomplished through the
incdrgofaﬁion (i%to the 65° éel‘ﬁix) of monospecific rabbit-
antisera to rat albumin (150 1), al-AGP (250 4il),  «l:
macroglobulin (80 l) and «l-CPI (40 1) that had boen

7 prepared by established procedures (Xoj et al., 1984).

Generation of Cytokines

-?eriphqral Blood ﬁonocyte sternatant

.Crude supernatants from -human peripheral blocod
monocytes {PBM) weré obtained 1in the following manner.
rifteen ml aliquots‘of hepa}inized.human blood (Canadian Red
‘Croﬁs, Hamilton, Ont.) were diluted 1:2  in chosphate
buffered saline (PBé)'(O.B M scdium phosphate’ 0.85% w, v
ﬁaCI, pHQ?Y.Z). Twénty—two ml of 50% Hypague sclution was
added to 80 ml of 7.55% w/v {in H,0) Ficoll (Pharmacia,
Upsala, Sweden) and then autoclaved. Ten ml of the ficoll-

hypaque solution (buoyant density 1.075 g;ams/ml) was

~layered underneath the PBS-bloodé mixture in 50 ml sterile

polyprepylene conical tubes (Corning Glasswerks, Corning,

NY, USA) before centrifugaticon a2t 200 x o iat  room
*

temperature) for 20 minutes. The moncnuclear cell layer (at

the 1interface) was removed, <collected and resuspended in,
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PBS. The cells were centrifuged, washed 3 times in PBS and
resusﬁended in hPMI medium (Central Resource Centre,
McMdster University) supplemented with 2 mM L-glutamine, 100
units/ ml penicillin, logﬁg/ml streptomycin,. 0.09 mM Ngg
bicérbonate and 5% FCS v/v (Gibco, érand Island, NY, USAj
before counting in a hemocytometer. The cells were adjusted
tollo x 106 celis/ml and'plated (10 ml/dish) into 100 x 15
mm petri-dishes (Corning). Aftgr.;néubation at 37%, 6%
CO,, 100% relative humidity atmosphere for 2 hours,
nonadherent <c¢ells were washed off thoroughly .with warm
(37%) pBs leaving approximately 10 X 10@ adherent
cells/plate. - Fresh complete RPMI wit@dp,lo//ag/ml_
Lippopolysaccharide (LPS) (TCA extfacted, Sigma, St.Louis,
MS, USA) was added before incubatiodn for 19—20 hours at -
3f°c, 6% CO,. The supernatants were then deeénféd, pushed
through a 0.5;;%m filter {(Millipore, Bédford, MA, USA) and
dialyzed (fsing Spectopore tubing, molecular weight cut-off
6 to B,bOO, A. Thomas Co., Philadelphia, PA, USa) for 45
hours against 2 changes of PBS. The' PBM supernatants were
then refiltered and frozen (-20°c) for future analysis.
Some samples were concentrated using aguacide (Calbiochenm,
Behring Diagnostics, La Jolla, CA, USA) absorption of fluid
through dialysis tubing and then redialysis. Other samples
were dialy:ed against 0.1 # ;mmonium acetate, frozen,
lvophilized and reconstitﬁted to 8-10‘ times 'the original

concentration in PBS. Samples .~ were titrated in the HSF

[}



LY

assay.

-

Fibroblast Supernatant

Primary fibroblast cell lines established from human -

lung explants. of TOrmal and fibrotic lung patients, have
been grown and characterized in the laboratory of J. Gauldie
(McMaster University, Hamilton, Ont.). - Cytbkines from

normal and fibrotic cell lines were obtained from a 24 hour

culture of fibroblasts. Fibroblasts were grown to
confluency in 150 cm2 flasks (Corning). in minimal essential
medium‘(MEM) (Central Resource Centre, McMaster University)

supplemented-with 10% FCS and then ligted off _the plate by
trypsinization (0.05% w/v trypsin, 0.02% w/v EDTA, Gibco,
Grand Island, NY, USA). The lifted cells. were centrifuged,
;ashed and .resuspendeq in complete MEM, counted and seeded
into 35 x 10 mm. Corning pet:idishes at 250,000

cells/ml/dish. The cultures were incubated for 24 hours

-
-~

(37%, 6% CO5) to allow: adherence after which they were

washgd thoroughly Qith P35S and replenished with complete MEM
medium. - The cells were inﬁubated a further 24:hours and the
crude fibroblast (FIB) supernatants were harvested and
prepared as were PBM supernatants.

o

-

‘
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Rat Alveolar Macrophage Supernatant
Alveolar macrébhages were obtained _by proncho—
' élyeolar lavage of Spraéue-Dawley ‘rats essentially as
aescribed by Braiﬁ and Frank (1968). Rats were’_gi;en 2
lethal dose (203/a1/100 gram body weight) of Somnitol (MCT
Pharmaceuticals, Mississauga, Ont.). The abdominal cavity
was exposed and the‘gorta severed to exsanguinate the animal
after which the diaphragm was punctured to c¢ollapse the
lunys. The trgchea-was exposed énd cannulated withltubing
| froa a 21 gaugé butterfly and secured with Surgical thread.
Ten vqlumes (5 ml) of warm (37° ¢) sterile PBS were’
carefully inf%§ed and withd;awn in sequence and collected in

50 ml tubes (Corning) on ice. The cells were centrifuged—gt

200 x g ,10 min aa;4°c and washed twice before counting. The -

6

rat cells were then resuspended £ 2 x 10° cells/ml in

N
complete RFMI medium and plated (10 mlydish) into 100 x 15
mm petridishes (Corning) and incubated at 37° c, 6% co, for
2 hours. Nonadherent cells were washed off _and fresh
- complete RPMI ‘containing lq/dg/ml LPS was added. After‘g 24

hour further incubaticon, the supernatants were harvested and

prepared as described for PBM supernatants.

Time Course of Release

Preparation of cells was as described above, and

equal volumes of medium (compiete RPMI with lﬁ/ég/ml LPS for
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'~ PBM, complete MEM for- FIB) were taken off and added again
at 1 hour intervals. The supernatants were. kebﬁ separate ’

and analyzed for activity in the HSF or LAF assays.

Radiolabel of de novo protein synthesis

For production of de novo synthesized protein, PBH

cultures were pulsed wifh 35

§—methioning in methionine—froe
‘medium and chased with compleée media cont;ining at least
1000 f?ld concentration of unlabelled methionine. Adherent
PBM cultures were wéshed thoroughly with warm P35S, then
' replenished wﬁth medium 199 without methionine (Gibco), and
supplemented with 150 ACi/ml of t-13°S}-methionine (1000~
1%50 Ci/mM, New England Nuclear, Boston, MA, USA) and LPS

(1o/ég/m1). After 4-6 hours (37°C, 6% CO,) the 199 medium

was replaced with complete  medium. After a further 20
hours, (37°C, 63 CO,) the supernatants were filtered,
diaiyzed, lyophilized and resuspended to 8 times

concentration in PBS, aliquoted and stored at -70%¢.

~

Hepatocyte -Stimulating Factor (HSF) assay

Rat Hepatocyte Isolation

HSF aitivity was‘aésayed by analysis of acute phase
protein productioa in in wvitre p;imary rat hepatocy;e
cultures according to previously established techniquern (-

et al., 1984; Koj et al., 1983). Isolation 2£f hepatonsy

was performed as described previodsly {Sweeney et




#1978} with mihpr'modifiéatioﬁs. 8praque;Dawley rats tlSOQ'
200 -~ grams from Charles River, Montreal,  -Que.) were
anaesthetized with én i.p. injection of ;Somnitol at 150

in/loo gram body.weightV\diluted in 1 ml bBS{ and then i ml
heparin {Hepalean 2500 units/ml, Ofganqn, Toronto, Ont.) yﬁs
ihjecte@ i.P.. :The‘abdomen was swabbed with alcohol, opened
and the portal vein was expésed. Surgical thread was used
to secure a cannula so that the tip was just Earely
protruding into the bifﬁrcation to the liver lobes. The
liver was perfused with 37° aerated Hgnk's BSS (Calcium aﬁd
Magnesium- free, Gibco, 0.46% w/v  4-{2-hydroxyathvl)-1-
éiperazin—athansulfonsaure (Hepes] buffered at pH 7.2: with
25 units/ml heparin) at a flow rate of 30-35 ml/min using a
Fischer Scientific peristaltic pump. The aorta Qas ﬁuickly-
severed below the kidneys and pinch;d off several times to
allow the lobes to fill with perfusate. The liver was then
carefully cut away from surrounding tissue and at 10:Ein
frém start tame, the perfusate was switébed to aerated
Eank's BSS containing 67 mg/100 ml Caglz, 100 mg/100 ml
.bovine serum albumin, and J0 mg/l00 ml collagenase (Sigma
Chem. Co., St. Louis‘ MS, USA). Care was Faken' to use
collagenase batches_? with at least 300 wunits/mg of
collagenase, 100-200 units/mg of caseinase, and less than
0.03 u;its/mg of tryptic activity. " The liver was
transferreé to the 'collagenase path and digested " for 10

minutes. The liver was removed and teased apart in a petri
. ; ;
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dish on ice into William’'s E mediuw supplemented with %/EM
) dexamethasonel {Hexadrol, Organon, Toronte, Ont.), l/aﬂ
insulin (Sigma), _;00 units/ml penicillin and 100/4g/$l
streptomycin (Gibco)r' SO/Ag/ml gentamycin (Schering; Pointe
Claire, Que.) 0.09 mM. bicarbonate buffer, and 2 mM L-
glutamine. The cells were filtered through a tissue screen

in;o 50 ml conical tﬁbes and allowed-to settle for 15 mim at

-~

unit gravity on ice. The supernatant was decanted ﬁnd the
cells washed twice in the complete William;s E mediumr-
Hepatocytes were then counted and resuspended in complete
William's E to 5 x. 1057 cells/ml and plated at 2 x lO5
cells/well in Nunclon T-24 well plates (NUNC, Interméd,
Denmark) that had been pfecoated with a 1:2 dilution {in
H,0) of rat-tail }cbllagen (Vitrogen 100, Collagen Corp.,
Palo Alto, CA, USA) énd dried. The cells were incubated for
2 hrs. at 37%c, 6% co, and-noﬁagherent cells were washed off

\

and 2oq/01 fresh complete William’s E was added.
.

HSF Assay (rat hepatocytes)
SO/nl of test samples were adda%tx:separate wells of -
the T-24 plates and the cultures (ZSO/Al_total volume ) were

incubated for 72 hours, 37%, 63 CO, with daily replacements

0f medium and sample. Supernatants of 24 te VI hours
-‘ : - -O(- - - Of" c - S e g e

incubation were saved and kept at <¢7C or -207C Ior Iuture
analysis  of acute phase pretein  content by  rocket

electrophoresis.



ﬁSF'Assay (human Hep-Gz.ceils)

) The experiments involving” Hep-G2 cell culture were
done in collaboration with Dr. Heinz Baumann at Roswell Park
Memotial Institute, Buffa;o, New York. Hep-G2 cells were
obtained from Dr. B. Knowles, Wistar Institute, and cultured
in MEM containing 10 % FCS v/v in 150 cm® flasks (Corning).
'For HSF agsay, the cells were trypsinized, iifted and plated
oento T-24 Nunclon plates (NUNC). When the celis reéched 80
to 100% cbnfluencyr 500 4l of MEM and test sample was added
per well and the plates cultured for 18 hours (37%, 6%
C0,).  The medium was then repiaced by 400 4l of fresh test
medium apd allowed another 24 hours™ incubation. Between 5
to 50‘/kl¢,of Hep-G2 supernatant was applied o rocket
electrophoresis analysis using monospecific rébbit
antibodies against human fibrinogen, @, -AGP, haptoglobin,
. complement C3, al-antitrypsin (Accurate Chemical, Westbury,
New York) and goat anti-human al—antichymotrypsin (Erepared

in Dr. Baumann's laboratory). The results were expressed as

g protein secreted per 24 hours per 106 cells.

HSF-Assay {rat H3S. cells)

These experiments weré also deone in collaboration
with Dr. Heinz Baumann. Reuben H-35 cells were cloned and
50 sublines were screened.for response te HSF and one clone
was selected that respended with synthesis of several plasma

proteins.  H-35 cells were grown to 80-90% confluency in 6
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well culture plates (10 cmz/weli). ~ The wells were washed:
with serum free DMEM (Gibco) and 1 ml of test matérial.in
DMEM was added and.the cells were cultured for 48 hours-at

A '
37°C after which time the redium was removed, dialyzed for 6 .

hours against H,0 and. lyophilized. The material was then

resuspended in 50 &1 buffer for immunocelectrophoresis.
/#

Assay of 1Interleukin-l Activity, (Lymphocyte Activating

S .
Factor, LAF ) =
>

LAF activity was assayed in a standard
phytohaemagglutinin (PEA) co-stimulation of proliferation

assay on mouse thymocytes as described by Simon and

Willoughby (1981). This \e'st has been well documented as a
measure of IL-1 activity T cells (Dinarellc, 1984;
Oppenheim et al., 1986). Five to ten thymus glands were

isolated from 6 to 8 week old C3H/HeJ nmice {(Jackscn, Bat
Harbour, Michigan, USA) and pushed through a tissue écreen_
to make a single cell suspension .in B-15 MEM (Central
Resouce Centre, McMaster University) containing 5% FCS wv./v,
SO/aM 2-mercaptoethanol, 1 mM Na pyruvate, 0.09 aM Ha
bicarbonate, 10 mM Hepes, 2 mM L-glutamine, 100 units. ml
penicillin,.lGO/ég/ml streptomycin. The c¢ells were then
centrifuged at , 200 x g_for 10 minutestand washed again in

complete F-15 MEM. Upon resuspensien, the thymocytes weared

adjusted to 1.5 x 107 cells/ml, and PHEa (Difco, Detr
1

O
Ve

T
I
-

USA) was added to l//ag/ml and lOO/ﬁd. of the cell
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suspen;ion then aliquotéd to each well of 96 well Falcon
‘microtitre plates (Becton-Dickinson & Co.,iOxnard, CA, USA).
The cultures were incubated at 37°C 6% CO2 for 30 min before
100 1 of test sample was added, and then incubated for a
further 48 hours. Each well"?as then pulsed with SO/AJ'of
complete medium containing 10.//ici/ml of [methyl-H3]-
thjhidineA130-40 Ci/mM ,New England Nuclear). After another
18-24 hours, a minimash harvester was wused to transfer
contents of individual wells to filter paper. The paper was
then dried and individual spots punched out and counted in 5§
ml of scintillation fluid (19.6 grams 2,5—diphenyloxazole
and 0.4 grams 1,4—di-2—(5-phenyl—okazolyl)—benzene in 4 L
toluene} wusing a Begkman liguid scintillation counter.
_Positive control dilutions and negative control samples (PBS
only) were included in each assay. The amount éf
radioactivity coﬁnted reflected re}ative amounts of
thymidine incorporation into DNA and thus was a measure of
prol.feration. LAF units were calculated from the volume of

cytokine preparation that gave 1/2 of maximum response.

Purification of HSF

High Performance Ligquid Chromatography (HPLC)

Crude preparations ‘of cytokires (PBM and FIB
supernatants) were separated on the basis. of size using
Gilson HPLC equipment and Altex TSK-2000 sw or TSK-3000 sw

molecular sieve columns {Beckman Toronto, Ont.). SOO/A;l of
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cytokiné preparations were loaded and chromatographed using
Tfis buffered saline-(.Ql M Trig pH 7, 0.15 M NacCl) at a
flow rate of 1 ml/min. SOQ/il fractions were collected,
filtered and frozen (-20°C) for future analysis in  HSF or
LAF dssays.- Proteins of known molecular weight (BSa,
ovalbumin, chymoérypsincgen, cytochrome C) were run.and peak

elution times were used to caiibrate'tpe molecular sieve

columns.

Isoelectric Chromatofocussing

- r
Crude PBM supernatants were chromatographed using

Polybuffer exchange resin purchased \from Phamacia (Upsala,
Sweden). A 100 ml bed volume of resin was packed in a 2.5 cm
diameter glass column and equilibrated with 10 bed volumes
of 0.025 imidazole-HCl ©pH 7.4. The sample ( S5 ml PBM
supernatant concentrated 8x) containing 1 gram of proteiﬁ
was applied to the top of the bed and allowed to penctrate.
Polybuffer 74-HC1 (pH 4) at a 1:8 dilutién was used to elute
the proteins from the gel. Five ml fractions were collec®ed
at a flow rate of 25 mf per hour. The pH of each fraction
was measured using a pH meter, pushed through a 0.22 Am
filter (Millipore) and dialysed wusing Spectropore dialysis
tubing againsf PBS. Each fraction was then ref:
frozen . (-20°) or testedw‘immediately in the HEF 'and LAF

assays.
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SDS-polyacrylamide Gel Electrophoresis (SDS—PAQE)

' Separation oflcytokines on the basis of miération
through polyacrylamide containing sodium-dodecyllsulphate
(SDS) (Laeﬁhli, 1970) was performed in the following manner.
A discontinuous acrylamide/bis-acrylamide (ratio 29:1 w/w)
gel (lower gel 123% acrylamide, 4.5% w/v Tris ©pH 8.8, 0.01%
SDS: upper gel 4% acrylamide, 1.5% Tris pH 6.5, 0.01% SDS)
was pouréd, allowed to polymerize and mounted in a Bioraq
Protein II electrophoresis chamber (Biorad Labofatories,
Richmond, CA, USA). 100 &l of sample cytokiné, diluted 2:1
in running buffer ( 1% v/v 2ME, 2.3% w/v SDS, 0.001%
bromphenol blue and 0.062 M Tris pH 6.8) was loaded in each
well and the proteins were electrophoresed at 50 volts and
constant amperage overnight wusing glycine-tris reservoir
buffer (1.48% w/v glycine, 0.3%5 w/v tris and 0.1% SDS}).
Molecular weight markers (Biorad) were run in aéjacent
wells. Fo; autoradiograph .analysis, gels were fixed {40%
methanol, 10% acetic acid in H,0) for 1 hour while shaking
and then dried onto Whatman filter paper using a Biorad gel
dryer. Kodak XRP-1 or XAR-5 film was then placed next to
the dried gel and exposed at —TOOC; The film was
developed using a Kodak automatic developing machine. For

. ’

elution of bioactivity, freshly  run gels were equilibrated

L

for 30 minutes in 0.01 M Tris buffer (PE 7) ancé then sliced

(5mm) herizontally. The slices were placed in Eppendorf

y
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tubes with Soo/él of PBS and 10% FCS v,v, and shaken

overnight at 4°C. - The fluid was then removed, filtered,

dialvzed and frozen at -20°¢ or assayed immediately in ii8F

or LAF assays.

Treatment with Temperature, Proteases and Reducing'Agen;;

. Crudeé cytokine preparations (PBM supernatant) wois:

treated under various conditions and assayed for ar

.

activity. Separate aligquots were incubated at 4%, 23°, 37

'
#

56°C and 80°C for 1 hour before assay to examine temperatﬁ;u
lability’ Equal volumes of PBM were also treated with
various amounts (0, 0.1, 0.5 mg,ml) of trypsin (Gibcol,

pronase E (Merck, Darnstadt, Germany) or protease (type

53}

L}

Sigma) and incubaied at 37°C for 2 hours. The reactions
were inactivated ' by Dboiling at 100°C for 1 min and then
assayed. Various reducing agents were incubated with crude
PBM (dithiothreitol 10 /&g/ml, 2-mercaptoethanol [2-ME] L~
v/v, 1% w/v SDS)Afor i hr and the mixtufes were dialyzed ans
filtered before assay. Tris (pH 7) and Potassium acetate (pil

4.5) were added in firal concentrations of 0.01 ® and 0.1 ®

[
I

to separate aliquots of a PBM preparation Io hours beforcn

HSF assay.

a1
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Inhibition of HéF'Eioactivity by Antibody

| Cyﬁokines | and  various’ antisgra. ‘or_.kantibody
preparationé weré_ preincubated for 2 hours?befére assaying
 HSF or LAF ac;iv@ty. PBM supernatants were mixed with PBS
and antibodies to éive a final dilution of 1/20 PBM (a
suboptimal émount!of_stimulatiqn in the .HSF assay) . For
inhibit{on of fibroblast cytokines, & 1,5 final dilution of
FIB supernatant was used. Varioué amounts of antibody were
used and results show data with antibody in excess. The
sanples wgre incubated 2 hours at 37°% beﬁore assay and kept
at 4°C between additions of cytokine in HSF assay or at-
20°¢ for future analysis (-20° storage did not affect the
results of antibody inhibitions). A decrease in the rat
hepatocyte synthesis of APP or Hep-G2 synthesis of APP was
accredited to the specific binding e¢f antibady to APP-
inducing cytokines. |

The antibody preparations used were:

1) sheep polyclonal anti-human IFNS (NIH reference § G-028-
501-568) (partially purified antibody and has specificity
for both IFNB, and IFNBl) DESIGNATED sheep anti-IFNBZ&Sl.

,2) sheep polyclonal control antibody (NIH reference & G--

029-501-568) {partially purified antibody) DESIGNATED
Control Ab. .

3) rabbit polyclonal anti-human I
Dr. R. Newton (Dupont Chemicals) (I
anti-crude supernatant.

L-1 was obtained from
gG fraction) DESIGNATED

h

4) rabbit polyclonal anti-human recombinant IL}18 was‘a
gift of Dr. K. Matsushima, Ffrederick Cancer research
Facility (serum). DESIGNATED Anti-Il-18.
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5) rqbbit polyclonal anti-human recombinant IL~la -was a
gift of Dr. K. Matsushima (Serum). DESIGNATED anti-IL-le:

6) rabbit polyclonal anti-human regombinant TNF was a gifet
from Dr. M. Palladino, Genentech (serum).-DESIGNATED anii-
TNF.

7) rabbit polyclonal anti- human purified, IFNS, was a a:ift
of Dr. Chadha (Roswell Park Memorial Institute) %serum)

8) bovine polyclonal anti-human IFNS was a gift from D:.

Vilcek (Rockefeller University) (serum). DESIGNATED bLowiaw
anti-IFNBZ&Bl. "
< *

9) normal rabbit serum (NRS)

10) fetal calf serum (FCS) ? 4 )

.ImmunondprecipitatiOns of Radidiabe}led Protein
Immunoprecipitations were performed according. to the

method of Harnish et al. (1981). ~'1oo../a1 cf L-( "8]-

methionine labelled and 8x concentrated Pém supernatanfs

6 cpm) swere added to 900/al of RIPA

(containing 0.5 to 1 x 10
buffer {0.1% w/y SDS, 1% w/v deoxychglate, 13 wv/v Triten x-
100, 100mM NaCl, and 10 mM Tris pH 7.5) along with 1 to 29
/gl of antibody preparation;_.in 1.5 ml sterile Eppendect
tubes. Protein _A-sepharose' beads (CL-4B¥ Pharmacial

equilibrated in RIPA buffer and adjusted to 1l:1 wv v in RIPA

buffer, were ‘“‘hen added (200/¢i/tubeJ and the tubes wers

then rotated gently in a rotorack for.3 _hours at 49C. Ths
beads were then pelleted (2 minutes at 14,000 = g, the
supernatant separated and the beads resuspended in I miozf
RIPA buffer. The beads were pellieted ané wagned in thic

manner four more times. 1oo/a1 of sample buffer (for SD5-
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PAGE) was added tp the peilet of the last wash, and the
mixtures boiled for 10 minutes; The beads weré pelleted
qnce.morQ and Ehe “supe:pq;agts taken for loadiné ontquSDS—‘

PAGE. The gels were electrophoresed, fixed, dried and.

exposed to x-ray film as described under SDS-PAGE.

-

Exfract%ﬁﬁ/of'Polyadeqylated RNA ‘

Extraction of t;tal RNA was done according to the
CsCl cushioginocedure of Chirgwin g&wgé,,(lgeg) with minor
modifications. . E?M cpltures were sﬁimulatéd with lo/égéml
LPS for 4 hours at which t}me the monolqyets were wasﬁed
extensivély with warm (37%) gBs. After adjusting the pH of
éuapidinium solution te 7 ’ { 50%  w/v guanidinium_
isoghiocyanate,. 0.5% wy/v _lauryl sarcosine, 0.3% antffo%m
reagent [Sigma] , O.?%G/V 2-ME, 0.03 M Na éi}rate pE 7) twg
m1. were applied to each 100 x“15 mm ‘plate and mixed
vigorously with a pipette to dislodge  cell _components
adhered to the plastic. “Solution from 30 to 40 plates was
pooled aﬂd‘stored at 4°C.'Six ml of this mixturegwas then

layered over 4 ml of 5.7 M CsCl (in 25 mi Na acetate pH 5)

in each of several 12 nl ultracentrifuge tubes. The tubes

weTe then Vcentrifuged at 27,000 .rcpm for 16 hougs'iﬁ a

-

Betkman ,dltracentrifuge at 18%¢. The upper® lavert.
: . A t

(containing protein) and middle lavav (containing DNA)} were

catefully taken o?f and discarded. The tubes were inverted,

allowed to drain and the pellet (cften not visible)

- » . ) .
. - - : e
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resuspended in '0.1% SDS. Pellets from up to six tubes were
pooled and the RNA was precipitated. using 66% ethanol. To
the RNA, 2 M potassium acetate pH 5.5, 5 M NacCl and 100

3 ' _ > '
cold absolute ethanol were added to final concentrationc f

~

0.3 M KAc, 0.1 'M NaCl and 66% ethanol. - The soluticn s

distributed in&ik Eppendorf tubes, and precipitated at "'C
for 2 hours or -20°C ovefnight. . The ‘tubes were opun at

l4,00b x g, 30 minutes at 4°c and the supernatantr woere

decanted and the pellet dried in a speed-vac rotatirg vacuum

/ :
drier. The RNA pellets weré then resuspended ia 50 41 cof

sterile dH2O, pocoled, and repriecipitated.  After the second

_ S .
- precipitation and . centrifugation. the RNA pellet was

resuspended in lO?/al of deo_snd an .aliquot was taken fn:
cptical density reédings. | Optical density at 260 nm was
used to estimate the. concentration of RNA.®

Selection for messenger RNA (mRNA)} ' was obtained
- through a modified te&hnique 2f o0ligo-dT ‘cellulose
chromatography.(ﬁarnish, peksonallcommunication)?“‘Oligo-dT-

cellulose beadss (Pharmacia) were equilibrated with 4 washo.

¢f binding buffer (0.5 M LiCl, 0.1% w/v SBS, 1 mM EDTA, 5.0%

A

M Tris pH 7.5) in Eppenderf tubes. RNA was added, mixed
gently and incubated at 23%c for 15 minutes. The,beags we e
then pelletéd:'130_fseconds. 14,040¢C x‘Q), the supernatorn-
decanted and 1 mifoﬁ buffer qd&eﬁ. ¢ Tha suhe  wag ol

. I d
gently/gﬁafbgepelleted. This prorcedure  was repeated until

the 0.D: “ of the wash was 0:000. Te¢ =h
260 " .

]
0
@D
[
s
iy
o1
13
3
3
O
[,

- 0
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low salt elution buffer (0.1% w/v  SDS, 1 mM ethylene-

~diaminetetra-acetic acid (EDTA), .05 M Tris pH 7.5) was

added and ;he suspension incubated at room temp for S5 min.
The tube was respun and washed with 5  more 1 ml amounts of
~elution buffer. 0.D.,gq Was used to follow fhe §NA i
concentrations in the washes. To the washed pellet, 1 ml of
dH,0 65°C was added and the procedure repeated at least
thrice more with 65°C Héo. The washes with the highest.
0.D.5¢g from the elution buffer wash were pooled as were the

washes from the-Hzo wash. The RNA in these fractions were
™

4

ethanol precipitated as before.

In Vitro Translation {(IVT)

IVT was carried out with wheatgerm lY?EEE and rabbit
h;eticulocyte lysate IVT kité.q(Beth;gda Research Laboratory,
Bethesda, Marylénd,- USA) using the included recommended
E”@$OCO1- Teq/ﬁl of rabbit reticu{ocyte lysate (RR} was
mixed with; (for RR), 3 AL of 10x reaction mixture
containing 250 .mM Hepes pE 7.2, 400 mM KCL, 100 mM creatine
phosphate: soozém amino acids (excépt methiohine); l-%/ﬂl of
K acetate 2 M, pH 7.2; 2/&; of Mg acetate 20 mM pH 7.2, 10

358]—methioniﬁe {1000-1200 Cﬂgmm, New England

Nuclear),-li/ai poly A selected BRNA in H,O; and Héo to a
final reaction volume of 30/&1. For WG, 10/Ld of WG extrackt

was mixed with; %/al reacticon mixture (10x} cenydining 200

mi Hepes pH 7.5, 300 mM X acetate, 1 mM Mg acetate, 12 mM



‘ //kl formaldehyde, 20/%& formamide and incubated at 535 & for
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ATF, 1 mM GTP, 55 mM crea;ihe phbsphéte, 2 mg/ml creatine
kinase, BBO/AkM spermidiné phosphate; and soq/am of amino
agids except methionine; %/él.éf K acetate SOQ/AM. pH 7.5;
0.9./0.'1. Mg Acetaﬁé 20 mM pH 7.5; 10 ACi of 355—.methio:1i:10
(New England Nﬁclear); RNA (poly-A selected) in sz; and f,0
to a final réaction volume of BQ/ﬁl in eppendorf tubes,

The tubes were mixed gently and incubated at 25°C fo:

WG, 37°C for RR. Tﬁé reactions were stopped (ice bath' and
samples were frozen (-70°C) for future HSF assay or run on

SDS-PAGE.

Northern Blot Analysis

_Northern analysis of RNA ‘was done according to the
protocol of Maniatis et al. (1982). Agarose (1% w/v) wa§
dissclved in H,0, cocled to 550 C and 5x gel buffer (0.2 M
MOPS p#E 7, 50mM Na acetate, 5mM EDTA pH 8} and formaldehyde
was added to give £final concentrations of 1x gel buffer. and
2.2 M .formaldehyde. _the formaldéhyde gel was poured into

sub-gel apparatus and allowed to harden in a fume hood.  BNA

samples (20‘/&9/10/al) were mixed with 4« 5x gel buffer, 7

15 min before loading. The gel was electrophoresed overnighr
at 25 volts using 1lx gel buffer. The gel was then scaked

several changes of H,0, then placed in
NaCl for 45 min. The gel was neutralized with G.1 1 Tri

7.5 for 45 min and was then soaked for 1 heour .in 20k [sodiun

YV
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chloride, sodium citrate]_ssc (175.3 grams NaCl, 88.2 grans
Na citrate in 1 L H%O "and adjusted to pﬁ 7). Ehe,gél was
placed on a stack of Whatman filter papers, and a
_ nitrocellulose (Biorad) . filter (wetted in 2x SSC) placed
over top. Several thicknesses of. Whatman paper and then
paper towel was placed 'over.top. The stack was placed in a
dish containing 10x $SC (used‘as a reservoir) and transfer
was carried on for 4 to 6 hours. The filtér-was then
}emoved, waéhed in 3x ssc; air dried, baked for 2 hours at
80°C and stored for future hybridization. The blot was then
prehybridized overnigﬁt - (42%¢) in Omniblot apparatus.
- envelopes {American Bionetics, Emeryville, Ca, Usa)
containing 40% formamide (deionized), 2 =x SSC, lqajkg/ml
single stranded DNA, 0.1 mM Na pvrophosphate, 10 mM TRISJpH
7.5, 0.1% sSDS, 1 mM EDTA .and 5x Denhardt’s solution.
Denhardt’s solution was stored at -20° as a iOOx stock
. containing 2 grams Ficoll, 2 gram§ polyvinylpyrrolidone and
2 gréms .0f BSA per 100 ml H,0. After 18-20 hours, p32
labelled plasmid probe was added (see below) and the blots
incubated éor a further 18-20 hours (42%c). Thg blots Jgre
then washed (2x SSC, 0.1% sDS at 45°C) in the Omniblot
apparatus (500-1000 ml per filter) and-then removed, blotted
on Whatman, wfapped in cellophane and exposed to XAR-3 f£film

cwernight. :

The lasmid probe was provided by Dr. P. Seghal
L Y g

. »
(Rockefeller University, NY, USA) and contained most of the
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coding sequence (minus codons encoding 30- amino aciés at S5
end} of IFNB 2 CDNA, inserted into & Pst 1 sité of a PUC-9
plasmid (May et al., 1986; Seghal et al., '1987). The
plasmid was grown in large scale in Dr. D. Harnish’'s
laboratory (Mcﬁaster University, Hamilton, Ont.). For
probing the northern biots, the plasmid was labelled by o
modified grimer-extension _techhique' using an OLB reagent
kit purchased from Pharmacia. 50 nanograms of plasmicd DNA
in 32 /Al E,O0 was boiled for 10 minutes. The tubes were
moved to 37% and very quickly and ioxﬁxl ‘of reagent mix
(conEaining hékaéeoeribonucleotid%§, Mg, Tris, 2-ME, :dATP,
dTTP, dGTP, Hepes) _was addedl foliowed by 2 M of 3 mg . ml
nuclease free BSA, 5‘/41 containing 5C Ci of [a—szPI—dCTP
(3000 Ci/mmole, New England Ngclear), and %/kl of 1 unit;@l
Klenow fragment. The reaction was left ét room temperature
for 3-4 Hours or overnight. When finished{ percent
incorporation of label into TCA preéipitable material was

checked (generally between 60-90%), then 1 ml of

prehybridization buffer was added, the tubes boiled for ©

-

‘minutes and then added to the prehvbridized filters.

v 4
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Rocket Analysis of Acute Phase Proteins : '

-

Major acute phase proteins in the rat in response to

irritant-induced inflammation include al-CPI, al—AGP, and

uz—macroglpbulin, fibrinogen, haptoglobin, hemopexin and (3

and negative acute phase proteins include albumin and

transferrin  (Koj, 1985). This is well-doéumenteaJ in

turpentine-induced inflammation, however the physiolergical

significance of this stimulus is not clear. A more naturval

w2

stimulus (trauma) was used to examine the response 1in rats
and (compared to turpentine-induced levels. Major changes

were evident in concentrations of az—macroglobulin, a -AGP,
.

and ul—CPI using rocket electrophoresis. Fig.l represents

-

rat serum sanmple levels of «,-AGP at day 0 teo 10 after

1
surgical trauma (1-2 cm incision). By preparing standar:
curves with known concentrations of purified antigen.

estimations of concentratfon were extrapolatéd (data not
shown). . Fig. 2 presents data for «;-AGP, «;-CPI and dﬂ-
macroglobulin. Rat serum sample albumin levels did not
change out§iae the normal wvalue SD (data not shown).

Maréﬁd‘chanégé are evident for all three proteins, u,-macr-

-

increasing 4-fold by day 3, o, =CPI increasing 3-fold and =.-

AGP increasing 4 fold, both by day 2 These increasas we
not seen in contrel (tail bleed only, data nst shown

animals ané furthermore, were comparable to theose observec
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\‘
/ .

o 1 2. 3.4 5 8 W ":tandards

day* after stimulus

Figure l: Rocket electrophoresis of rat serum samples taken
at various times after surgical trauma. Serum samples were
obtained by tail bleeding at 0 to 10 days after trauma and
electrophoresed into a gel containing rabbit anti-«,-AGP.
Standard dilutions of known «;-AGP (purified) amounts &appear
in the last ¢ wells.

&

et
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mq por l'l'l]

Figure 2: Levels of acute phase proteins in rat serum after
surgical trauma. Rocket electrophoresis was used to
quantitate serum levels of «,-CPI (&), «,-AGP (o) and a,-
macroglobulin (€ ) .at days™ 0 to 21. Error bars represent

the standard deviation - from the mean values of 5 rats
treated similarly. ‘
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in tﬁrpentine inducéd inflammation. 1oq/41 turpentine per
‘100 gram of rat, injec?ed s.c., produced increases of .2 to
3 mg/ﬁi for al-AGP and from <1 mg/ml to 2 mg/ml for oy
macroglobulin and from 1.2 to 10 mg/ml for al—CPIat 48'houfs
after iﬁjection. ?he turpentine induced zoncentrations were
comparable with those described b&v reiber et al. (1986).
The differences inmagnitude betwéen-turpéntine-ana surgical
trauma may be due to the extent of tissue damage or‘cell
‘activation énd thus the release ofyfactors that increase
hepatécyte,APP in each case. Van Gool et al. (1984} showed
mzvmacroglobulin changes ffom .05 to 2.8 mg/ml in rats due
to sud tmin vitro response to cytokines. However,

conclusions regarding all acute phase proteins should.be

guarded against unless all are measured.

The, 1n Vitro HSF Assays

Rat hepatocvtes upon _culturing in the conditions
described in methods, adhere to collagen and survive for
pericds of up to 5 days. The cells form a monolayer and
viability remains high (>80%) for 3-4 days after which
viability declines (as assessed by trypan blue exclusion}).
In the presence of William's E medium supplemented with

dexamethasone and insulin, rat hepatocyvtes were able to
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adhere to collagen and secrete APP more efficiently {(Laishes
&~Williahs, 1976 ;Rupp and Fullerf 1979; Koj et al.l 1984;
Gross et al., 1984; Fuller & Ritchie, 1982) than without.
.Beth hormones were ‘included in the complete Williams' E

medium.

Ag‘ suggested by Koj (1974}, and as demonstated Ly
various investigators, cells of the mohocyte/macrwphngu
lineage release molecules or cytokihes thax affaly
hepatocyte APP synthesis in vitro (Fuller & Ritchie, 1?82:
Koj et 'gi.,1984) and can elicit increases in scrum
concentrations of APP in wvivo (Kushner, 1982; Bernstein,
1982; sSztein et Ei.;1981). Accordingly, human monocytes were

used as a source of cytokines and were added to the in vitro

assays.
- |
Fig. 3{a} displays/rocket electrophoretic analysis of
s
hepatocvte supernatants. Upon adding increasing amounts of

PBM cytokine (l1.&, 3.1, 6.3, 12.5, 25 and 59 Al) to rat

’ . . .
hepatocytes, output of az-macroglobulin .is progressiveiy

greater and albumin progressively decreased. X
To estimate statistical significance of measurements
in the rat hepatocyte rocket analysis, peak heights fr-m

separate assays were gathered and analyzed for wvariat:-:.
3 .

In table 2, standard deviation (SD), and coefficient -.:
variation (calcula¥ed as a vperzent [$D mean x 10D
presented for «,-macrg@lobulin, «,-CPI, =,-AGP and alroumis

-

levels in both stimtlated and unstimulated rat hepatocytes.

Sy
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The coefficients of variation (Co.V) were all under 10% for
‘analysis of output by digfe:ent culture wells on diffe:gnﬁ‘
élect;ophoresis élates under either stimulatery or non
gtimulatdry cohditioné. Thérefore, the differences in APP
output of az-macroglobulin " (>+300% change ahd albumin
reduced by' 50%) by stimulated _hepatocvtes is highly
significant. The change in ul—CPI output’ (+30%) is
éignificant whereas the &I-AGP difference is gquestionable.
In the.purification and characterization of HSF (fig. 7 to.
10)  peaks of activity clearly showed +100% change or

greater for a,-macroglobulin and «,-CPI.

1

The use of DEX in the culture medium (107

M) may
account Sor the lack of enhanced response by «, —AGP in vitro
as oppesed to the 3 fold “Stimulation seen in vivo. Baumann

et 'gi. {1983) and Gross et al. (1984) -have- shown
stimulation of al—AGP by glucocorticoid ih culéureuand in
vivo. Thus,. in this culture system, stimulation of'al-AGP‘
may have already been close to maximum and therefore the
presence of stimulating factors wdre not evident? However,
DEX was reguired Zfor expressioﬁ(of‘ az—macroglobulin and to

maintain culture viability.

Table 3{a} shows the output of rat hepatecyte and
&

>

Hep-G2 cells calculated on the basis of/dg secreted per 10

cells over a 24 hour period. Row 1 shows that albumin

output under control conditiens {(addition of PBS) was
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Figure 3: Rocket Elecﬁfophoresis of Rat Hepatocyte Culture

Supernatants. Various amounts of PBM supernatant (cytokine)
were added in duplicate to the in vitro BSF assay (total
volume 250 1). Hepatocyte supernatants were assayed for
albumin (dark precipitin lines) and for « —macroglobul;n

(light precipitin line) content simultaneously.



Table ~ 2: . RAcute Phase Proteins in Stimulated ‘and
' Unstimulated Rat Hepatocyte Culture Supernatants

2(A) Unstimulated
APP x n SD Co.V

‘ (mm) (mm) (%)
@,-macro 8.1 8 0.6 7.8
«, -CPI 0.2~ 8 0.6 6.3
albumin  29.5 8 1.7 s.8
al—AGP 15.8 8 0.5 2.9

Rocket peak heights for « -macrogfobulin, a,—-CPI, albumin

and «,-AGP were measure in 8 stimulate (aA) and 8
unstimulated {B) culture wells. The mean (x), standard
deviation (SD) and coefficient of variaticen (Co.V) were

calculated. Co.V was expressed as a percent.

2(B) Stimulated

APP A X n . SD Co.V
(mm) ‘{mmJ (%)

®y~macro 27.3 8 1.4 5.5

o, =CPI 13.5 8 0.5 3.9

albumin 16.1 8 1.0 6.2

oty —AGP 17.3° 8 0.9 5.5

!
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normally high (40 /d(g/los x 24 hr) whereas w,-macro was
normally low (}Ag/los x 24 hry. al—CPI and al—AGP levels

. d
6 x 24 hr respectively. Upon addition of

are 25 and 12/59/10
PBM supernatant, az-macroglobulin cutput increased to 50
{(+700%), albumin dropped to- 13 (-65%), «; -CPI increased to
30 (+20%) and al-AGP increased minimally to 14 (+15%).

_ﬁep-GZ cells (table 3(b)) wunder ;ontrol conditions
secreted much less APP than did the rat hepatocyte cultures
(O.l/,{fg/lo6 x 24 hr fibrinogen,. 1.3 antichymdtrypsin, 0.4
haptogleobin "and 0.3 'al-RGP). Upen stime®ation with PBM
supernatant, fibrinogen output increased approx. +400%,
antichymotrypsin approxiﬁately +800%, haptoglobin approxi-
mately'+500% and al—AGP approximately +1800%. ﬂpon assay of
LAF activity, strong LAF was found 1in PBM supernatants as
expected since PBM. are an excellent source of IL-1
(Oppenheim et al., 1986}). Thué PEM supernatant cdfitained
strong HSF activitf and LAF activity as measured by these
in vitro assays.

In the rat hepatocyte system, az—macroglobulin was
picked to follow :the activity cf\HSF ﬁecause of igs marked
sensitivity. Koj et al. (1984) and Koj et al. (1985) showed
that az—macroglobulin al-CPI and fibrinogen were'stimglated

- . - . . a 3
v cytokines of similar molecular size and that this was

consistent with results presented by Fuller & Ritchie (1982)

and Ritchie & Fuller (1983). - Thus, az-macroglobulin is a

reasonable marker with which to follow HSF. HSF activity,
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Table 3: Stimulating Activities in PBM and Fibroblast

Supernatants

3(A) APP output by Rat LAF
- Hepatogytes
&59/10 24 hr) _ {units/ml)

@,-MACro «,-CPI alb «, ~AGP
control 7 25 40 12 <10
PBS
PBM sup. 50 30 T 13 14 250

PBS and PBM supernatants (sup.), diluted 1:20 in PBS were
used to stimulate rat hepatocyte cultures. 6Production of
APP by hepatocytes were expressed as per 10" cells 1in 24
hr. LAF content was measured in the’ thymocyte proliferation
assay and expressed as units/ml.

3(B) . APP.ougput by Hep-G2
(£9/10° 24 hr)
| Fib ACH HP  AGP
control 0.1 1.3 - T a.4 0.3
PBS . ., . .
PBM sup. 0.4 11.6 2.2 5.8

PBS ang- PBM sup. were used to stimu%ated Hep-G2 cellc.
Production of APP was expressed a%/Ag/lO x 24 h

B3
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for the purpose of this work, was deffheq ‘ﬁsing oy
macroglobulin., Units/ml were calculatéﬁ_ as the reciprical
o§ the dilution negﬁed to induce 1/2 ma#imﬁh output of oy
macroglobulin by rat hepatocytes. Maximum response was that
induced by excess PBM supernatant. Figure 4 shows a curve
génerated by addition of different 1dilutions of PBM
supernatan‘ Two different preparations contained 305
units/ml (a) Snd 62 units/ml (b) qf‘HSF. In general, PBM
supernatant preparations ‘ranged between 250 and 500 HSF
units/ml. Analysié of 1 preparation . on 3 -different
hepatocyte isolétions showed an average ¢f 62 HSF unitsyml

and standard deviation of 3. Thus the <calculation of units

. :
gave relatively copnsistent values. For samples that were )

not able to stimulate az—macroglobulin to 1/2 maximum even
at addition of 1/1 dilution, the HSF units are marked as <5

and represent low if any HSF activity.

General Characteristics of HSF

-

In undertaking . characterization of  the  HSF.

moleculé(s) from PBM, sensitivity to temperéture, reducing
agents and proteases was examiheﬁ; Table 4 shows that HSF
“activity was not affected ~by 1 hr incubations at 3, 239,
379, 56°C but was destroyed at 80°¢ (<£B% recovery). As a

.general obseq&étzom, HSF activity was stable at 4°¢c for

months if stored as a crude supernatant. Treatment of crude

¢
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Figure 4: « -macroglobulin Induction and PBM Concentration.

The recipricdl of the dilution of PBM added to the HSF assay

was plotted agains™ the a,-macroglobulin output by rat

hepatocytes. Two different preparations of PBM contained

(a) 305 ‘HSF units/ml and (b) 63 6HSE-” units/ml. Maximum
N responmse to PBM cytokines was SO/LLg/lO cells x 24 hours.
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supernatant with 10 mM DTT or 2-ME did not mérkedly alter

!

HSF actiéity (98% and g}%ﬂﬁ?gggvery -of contrel activity).
Thi;'suggéstS' that HSF did not have disulphide bonds that

Twete importént_ for the inteérity of its biocactivity.
Preiﬁcubation‘ with 1% SDS and then dialysis inhibited
bioactivity. The reason- for this could have been
intecference in hepatocyte synthesis upon incomplete
dialysis of the PBM supernatant;- The activity appears to be
destroyed by high concentration of Tris. (0.1 M,.pH 7.0)-
but not high concentration of sodium acetate (0.1 M, pH 5.5}
or lower_concentrations (0.01 Ms of Tris (table 4).

HSE activity in crude PBM supernatant proved to be
sensitive to incubétibns with 0.1 mg/ml of trypsin, pronase
and protease ( all resulted in <20% recovery of cént:ol.
activity). « The lower Ccontrol HSF value (25 uni;s/ml) may
have been due to inactivation of some HSF by the boiling

"procedure.  However, ciearly the&y addition éf enzymes
inhibited the remaining activity. HSF activity was not lost
upon extensive dialgg}s using Spectropore' tubing with a
molecular weightl exclusion of 6-8,000% daltons. These
features are consistent with the high melecular weight (>8
kd) proteintcecus character that has been assigned to HSF

-

(Fudiler & Ritchie, 1982; Koj, et al., 198¢:1985}).
. y 1



Table 4; Effect of Various Treatments on Crude PBM HSF
Activity * '

Treatment HSF units : % Recovery
ﬂof control)
temperature {(lhr) 4°c 68 . - 100
23% 63 R 93
) 37% 58 86
56°¢C 64 ) 95
80°c <5 <10
- chemical agent né%e 80 i -100
] | 10mM DTT * * 78 98
10mM 2-ME 65 : 81 -
0.1 M Tris (pH 7). <5 . . <10
0.01 M Tris (pH 7) 75 94 g
0.1M Na Ac (pH 4.5) 75 78
1% SDS <5 L <10
protease none 20 100
; 0.lmg/ml trypsin <5 <20
0.1m%/ml pronase <5 <20
0.1m| ml protease <5 ‘<20
PBM supernatant preparations were incubat

=)
various conditions and assayed for ESF activit
hepatocytes. The recovery was expressdd as a percent
HSF units in untreated contr®l prepavatinns.

-
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Various cell preparations were  tested £for HSF -

activity in order to . Qetermine the best éodrce . for
purffication on a 1arqiﬁ sqa;e: Ea&le 5 shows .that 24 hour
_Fonditioned medium of alveclar macrbphages from mice, rats,
rabbits and humans all cohtained HSF upon s;iﬁulation with
10/A§/m1 LPS. Human peripheral biood mononuclear adhe:enﬁ
ceils 3s ‘well as human alveolar macrophages released the
most potent activity on a per cell basis. Two cell lines,
known to , produce copious amounts of IL-1, the THP-1 cell
line (Maﬁsuspima g&;gl., 1986) and SK-hep 1 cell linehfboyle
et al, 1986}, producéd minimal, if any, HSF activity. The
HL-60 proﬁyelocytic cell line, if stimulated with TPA and/or
LPS. produced little HSF activity. These results aémoqstfated
that HSF was released by man; _cebéé "of the monocyte-
macrophaée lineage. Others ha;e' seen release of HSF by—PBM-
(Ritchie &-Fuller, i983; Koj Eﬁ_il-' 1984, rat kupffer.cells
(Bauer et ‘al,1984; Sanders and Fuller, 1983) and rtodent
peritoneal: exudate cells (Baumann et al. 1983; Kej et al.,
1987). The.results also show that rat hepatocytes respond
to HSF molecules fréﬁ multiple species. This gugge;ts
structural homology between HSFs from mice, réts, rabbits
and humans, in fhat a putative receptor(s) on rat

<

hepatocytes .,recognize the ‘various factors. x

-

»
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Table 5: Sources of Cytokines with HSF Aétivitj

HSF Activity (units/ml)

mouse alveolar'macrophage‘ o 38 @

rat alveolar macrophage - 33

rat alveolar mac;opggge in the . ‘° <5
presence of DEX (10 M)

rabbit alveolar macrobhage ‘ 18

human alveolFr macropﬁage- . , 223 '
_human peggpheral'blood monocyte 256

HL-60 cell line - < '
THP-1 cell line : <5

Sk-hep 1 cell line - 9

N .
LPS<stimulated (10 4g/ml) 24 hour supernatants from several
cell types were harvested, dialyzed, filtered &nd assayed
for " induction o0f «,-macroglobulin in rat hepatocytes, The
cells were incubated “at a concentrggion of l_8x 107 /ml”
Dexamethasone (DEX) was added _gt 10 M to 10 7 M to rat

alveolar cell cultures (only 107~ M data is shown).



-~

88
Table 5 also displays the effect of DEX on rat

alveolar macrophage secretion of HSF. Concentrations of :LO-6

8 u resulted in potent~inhibition of HSF réléase (<5

to 10~
vs 32 units/ﬁl witﬂéut DEX). Woloski and Fuller (1985) have
shown a similar efféct on HSF release by”humén PBM.

Cell lines such as THP-1 and SK-HEP 1 released large
amounts of-IL-l (Matsushima et 2l,1986; Kovacs gt al., 1986)
but in the experiments described heré produced littfe HSF,
suggesting that HSF and IL-1 ane_releaseé differentialiy,.at
" least as detectéd in the prgsenz assays. Since PBM

supenqatan%s gontained potent activity and human biood was
. availabI; ;n- quantity ?rom the Canadian Red Cross
-(Hamiltqn,Onfatio), PBM supernatants were, K selected as the
most practical source of HSF. o .
To examine the time course of HSF release from PBM,
supernatalkts were éakén and~replaced on a per hour basis and
" the results depié%ed “in -Fig; 5. After LPS stimulation,
amount of HSF released per. hour increased to a maxié;ﬁ
between 3 and ¢ hours, énd then declined bu£ not to
backggound levels at 5 to €& hours. The total ESF units of
equal volumes of sample were calculated as a percent of the
total HSF release over 24 hours iﬁ a .separate. but parailel
plate. These percentages appear jgét below the bars and
show that between 2 and 3 and between 3 and 4 hours, tﬁat 1a-

and 20% of the total activity was released. Over 5 hours of

stimulation, over 60% of the 24 hour activity was
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Figure S: Rate’' of HSF Production by PBM after Stimulation
with LPS. Adherent PBM were stimulated with LPS and the
medium replaced on an hourly basis. Each supernatant was

filtered dialyzed and assayed for « -macroglobulin.induction

'in rat hepatocytes. The percentagé of each sample of total
HSF activity released over 24 hours was calculated and is
shown underneath the bars. : '
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releaséd. Peak LAF! release per{hour correlated exactly to.
this time frame (data not shown). -Thus, UPS stimulates HSF
in similar fashion to IL-1 in this_respect. - ) -

Having identified a reasonable s&urce of HSF and some

of its properties, the purification of HSF was then begun

— -using various techniques.

nnalysis of Chromatographic Fractionation éf Cftokines
Analysis of HPLC %ractionated PBM sﬁpernatani allowed
an estimation of the molecular size of the major HSF species
in PBM. Fig. 6 shows analysis of hepatocyte supernatants
upon addition qf' samples from an HPiC sepa;ation. %=
macroglobulin production was maximum in response to fraction
14 in this case. ' Thus a stimulated hepatocyte ﬁnder these
conditions showed marked changes in protein output that was
clearly detectablel Figure 7 shows that the major peaks of
az—macroglobulin (17 /ég/loﬁ cells x 24 hr versus backgrouhd
2/@/105

/@/ 1.06

corresponded approximately to the 31 kd peak of molecular

x 24 hr) and al—CPI (28//ig/105 x 24 hr wversus 5

x 24 hr) stimulation ce-migrated in fraction 22 which

wéight marker carbonic anhydrase. This agrees with data
-pubfishéd previously by Xoj et al. A(l984) and Ritchie &
Fuller (1983) showed HSF elution at 30 kd. «,-AGP on the
other hand showed high background (15/£.g/106 X 24 hr) and
peaked at fraction 26 corresponding to molecular sice
between 13 and 23 kd molecular, weight marker peaks. The

significance of this peak is not as pronounced as the 30 kd
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Figure 6: Rocket Electrophoresis of Hepatocyte Supernatants
Upon Stimulation by HPLC Fractions. PBM supernatant was
fractionated using the TSK-3000 column and added to the HSF
assay. . Hepatocyte supernatants were analyzed for output of
albumin (dark precipitin lines) and az-macroglobulin {light
precipitin lines). . -
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az—macroglobulin and al—CPI riﬁdu;ing peak. Assay of LAF.
activity in the fractiong ‘showed maximal activitf_(white
bars) in fraction 25, <corresponding to {approximately) the
al-AGP stimulating peak. Albumin production was maximally
inhibited due ﬁo fraction 22 (corresponding to 30 kd) but
inhibition was spread over fracrions 18 to 28. Assay of
fractions gf unconditioned RPMI medium showed no change in
any APP. These data suggest that multiple APP-stimulating
activities are present in PBM supernatant and differ in
their migration upon HPLC and that different molecular
entities control az-macroglobuiin and al—CPI induction than
al—AGP induction and LAF.

Furthermore, the output. of al—C?I in response to
fractions 21 to 23 { 30 kd in size) waé greater than thg
cutput due to crude PBM supernatant alcone. In this HSF assay
crude PBM gave maximal 2q/ag/106 x_24 hr. whereas fraction
22 resulted in 3q/&g/106 x 24 hr. This suggested that there
were,‘ihhibitbrs of maximal @y =CPI stimulation in crude
superngtant, that were separated away upon HPLC Irom HSF.

Recent publications have shown that although the
majority of extracellular LAF activity is 17 kd in size,
intracellular LAF activity eluted at higher moleeulara
weiggts (23-25 kd, 45 kd) as well as 17 kd (Lepe-Zuniga et

,1985; Matsushima et al., 1986c). To examine intracellular

al
HSF, PBM cell lysates were separated by HPLC. Intracellular

HSF eluted at 30 kd whereas LAF activity peaked at 13-20 kd,

P
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Figure 7: Fractionation of PBM Supernatant by molecular

Sieve HPLC. Fractions from HPLC using the TSK-3000 column
were assayed for induction of rat «,-macroglobulin { O ),
«,-CPI ( @& }, «, —AGP { & ) and a%bumin { o }) in the
H%F assay. Fractions were also assayed in the thymocyte

proliferation assay and LAF units were «calculated (white
bars).
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25-30 kd and 40-50 kd. This suggested that LAF displayéd
multiple molecular forms within the cell but that HSF.did
not. ‘
.To examine the molecular size‘of PBM cytok}nes active
on hepatoéa cells, HPLC fractions.were added to Hep-G2 cell
cuitures as well as rat H-35 cells. Fig. 8 depicts the
production of APP by Hep-G2 and clearly shows that fractions
;Erresponding te approximately 30 kd were méximally active
in stimulating fibrinogen, antichymotrypsin and haptoglobin_
«;-AGP ' on the other hand was maximally stimulated by
fractions corresponding to lower mqlécula} size.,

Fig. 9 shows that al-CPI and az—macroglobulin were
stimulated in H-35 cells by the same fractions as were oy
CPI aﬁd x,-MACro in rat hepatocytes, and al-antichymdtryp§ig
in Hep-G2 cells. Interestingly, H-35 cells were stimulated
for AGP and C3 production by fractions with molecular &ize
in between HSF and IL-1. Thus there could have bee; an
additional factor in PBM responsible for this peak, or a
combination of multiple factors is responsible.

These results . confirm and extend the findings of
others '(Fuller & Ritchie, 1982; Koj et al., 1984; Woloski &
Fuller, 1985) that HSF migrates differently than IL-1 on
3ELC separation. They also suggest that human PBM HST

stimulates certain APP maximally in rat hepatocytes, H-35

rat hepatoma cell line, and in human Eep-G2 cells.
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Furthermore , intracellular HSF aépears similar in sice to

extracellular HSF on the basis of its elution from molecular

seive HPLC.

Iscelectri¢ point of HSF

THe isoelectric peint of PBM HSF was estimated by
analysis of fractionated PBM on a chromatofocussing column.
Fig. 10 shows that peak ®5=MACIo and al-éPI stimulation was
elicited by molecules eluted at pH 4.8 to 5.2 which is
consistent with the findings of Koj et al. (1984) and Fuller
& Ritchie (1982). HMaximum LAF activity (white. bars) was
evident in fractions at pH=6.8 to pH=7. This corresponds to
the iscelectric point ofwhuman IL-18 (Auron et al., 1984).
Aithough beth IL-l« (pITS) and IL-18 are released by PBM,
IL-1B8 is responsible for 80 to 90% of the LAF- activity in
PBM (Oppenheim et al., 1986). Thus the data is consistent
with the literature and shows HSF with a plI of 5 to 5.1.
al—AGP production by these rat hepato;ytes was very high in
all samples and no peak of al—AGP was evident at pI=6.8 to 7
as one might expect if indeed 1IL-18 stimulated AGP.
§0wever, the «l1-AGP response may have been already maximally
stimulated (as might have been the case in molecglgrrsievo

o

HPLC) and therefore further stimulation was not evidenc.

E =



chromatofocussing column were filtered and the pH measured.
Fractions were then dialyzed against PBS (pH 7.2) for two
days before assay for induction of «,-macroglobulin (0) and
«, =CPI (¢) in the HSF assay. he original pH of the
fractions is marked on the x-axis. LAF content of fractions
. was also measured (white bars). ’
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Although various purifiéation regimes were attempted
(which included HPLC separations on ~anion exchange,
hydroxyapatite and molecular sieve columns) and allowed
increases in specific activity, the percent vyield of HSF
actiy;ty. from c¢rude supernatant was very low (<1%) and
impractical for large scale purifiéation. This*might hsve-
been due to increases' in HSF . lability once se'parated from
other proteins. Another possibility is that proteases co-
eluted with HSF. Cofactoers .necesﬁary for maximum HSF
activity (as detected by in vitro culture) may be sepafated
out. Since the yield of protein was so low (undetecéable by
total protein assays), analysis of protein homogeneity by
standard approaches (such as single band staining in gDs-_

————

PAGE) was-not successful even with silver staining. A more

sensitive method of detection was needed, therefore

radiclabelled de novo synthesized PBM cytokines were

analyzed. . \

Analysis by Polyacrylamide Gel Electrcphoresis (SDS-PAGE}

A

Analysis of 35s—methionine radiolabelled protein

allowed for more sensitive detection of de novo synthes!
preteins. There were numerous PBIM praducts detected in PBH

supernatant that were increased upon stimulation by LPS i5ae

Fig. 12 on left). At this level of analysis, multiple bancs
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were'present in the lower molecular weight-;agge between .10
and 60 kd. |

To test which— band(s) may correspond to HSF, -the
labelled crude supernatant was separated by HPLC, each
fracfion lyophilized, tested for HSF and run on SDS-PAGE.

»

Fig. 11 shows that fractions with the maximum %=

-

macroglobulin stimulatiné activitz’ contained many labelled

proteins. They also contained strong signals in the Eange
betQEEn 23 and 30 kd which were not apparent in other
fractions. This suggested indirectly that HSF migrated
between 23 and 30 kd on SDS-PAGE. |

To confirm this, 1labelled PBM superﬁatant was
) electrophoresed in a 12% gel (SDS-PAGE) and HSF activ;ty was.
assayed in each of several slices cut out of the' gel. Fig.
12 shows that maximum HSF eluted from gei slices
corresponding to between 25 and 29 k4. al—CPE stimulation
corresponded. exactly with the @, =MACCO stimulation (data not
shown). LAF activity was eluted in two peaks, one at
approximately 23 kd, the other larger peak at approximately
17 kd. The nmigration of LAF 1is in agreement with the
molecular size of IL-le and ;IL—lB {mature 17 kd,
intermediate species 23-24 kd and precursor 31 kd, Aurcn et
al., 1984; oOppenheim et al., 1986). The migration of HSF
(maximum between 25 and 27 kd) was consistent with the

interpretation of Fig. 1l. The reason for the discrepancy

between migration on HPLC verses SDS-PAGE is not clear.
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SDS-PAGE OF HPLC FRACTIONS

- 31
s - 29
!F' - 27
' - 21
HPLC FRACTIONS
Figqure 11: S§DS-PAGE of HPLC Fractions. 3SS-radiolabe11ed

PBM. proteins were fractionated using molecular sieve HPLC
(TSK-3000 column) and even fractions were assayed for
induction o0f «,-macroglobulin 1in the HSF assay. 0dd
fractions were “frozen, 1lyophilized, resuspended in sample
buffer and loaded onto a 12% polyacrylamide gel. Molecylar
weight marker migrations are shown by arrows.
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Figure 12: Elution of HSF and LAF from SDS-PAGE Gel sllcgg

PBM supernatant was loaded in lanes adjacent to -
radiolabelled PBM (-, no LPS, +, LPS simulated culture) and
electrophoresed into a 12% acrylamide gel. Horizontal
slices (5 mm thickness) were then assayed for HSF (open box)
and LAF (stippled box) content.
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Inhibition of HSF ;y Antibody

Altﬁoﬁgh HSF apéeared_ uniqué from other knowﬁ
‘cytokines reieased from human monocytes such as TNF and IL-
1, it became apparent that the characterisﬁics of HSF (30 kd
on HPLC,-pI-S, 25-29 kd on SDS-PAGE, monocyte-derived) were
very similar 'to those of hybrido®& growth factor (HGF) in
Ehese properties, ( P. Lansdorp, personal communication).
BGF has shown identity to the "26 kd proteiﬁ" (Van Dammg et
al. 1987) which in turn has a cDNA seguence identical to B
cell stimulating faétor 2 (BSF-2) (Hiranc et al.,-1986) and

b 4
interferon g-2 (IFNBZ) (Zilberstein et al., 1986) as

decribeg in meore detail in Appendix 1. Int;rferon 8, had
originally been charécterized.as a product of the fibroblast
cell line FS-4. The npossibility .that HSF shared .identity
with'IFN82 was therefore tested. This was accomplished
using antiserum to IFNS and by the assay of activity in

recombinant material.

A sheep antibody to IFNS (anti—IFNBz&sl} that
recognized both IE‘f\IBl and IFNg, and neutPilized HGF activity
at low concentrations of antibody <{P. Landsdorp, personal(

communication) was incubated with crude PBM supernatant an-s

the mixture assaved for HSF on rat hepatccyte and Hep-32

cell cultures. - In addition, a number of antibody
preparations to other cytokines weie included. These wore:
rabbit anti-recombinant IL-l« and rabbit anti- recombinant

~~~~~

IL-18, rabbit anti- recombinant TNF, rabbit anti- purifiled

/
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IFNS, and rabbit anti- crude PBM supernata;t. Fig. 13 shows
the actual rocket analysis of a typical experiment and
tables 6 and 7 show calculations of APP output.

PBM {(at a dilution of 1,20 addgq_go hepatocytesd in
1;ne 1 (fig. 13) produces markedly more.gg" eéch of the APP
than PBS (negative control in lane 7). Preincubation with
anti TNF (lane 2) or anti IFNB, {lane 3) did not affect tﬁe
PBM stimulation of an§"'of the APP shown. Anti IL-le and
anti IL-1B preincubation (lane 4) had inhibitory activity of
@y —AGP and ' haptoglobin induction in Hep-G2 <cells (but not
coﬁpleté inhibition) and produced no modulation of %o
macroglobulin in rat hepatocytes. ‘ Interestingly,
preincubation with anti-IL-l« and anti-IL-18 (lane 4)

produEed an enhancement of fibrinogen induction in Hep-G2

cells and enhancement of al-CPI' induction in rat
hepatocytes. Preincubation with anti—IFNBZ&SE'Twith both
IFNS, and IFNG, specificity (lane 53) inhibited «; —AGP

induction partially, haptoglobin partialdy, but inhibited
fibrincgen induction completely in Hep-GZ <cells. In rat
hepatocytes anti—‘IE‘Nslss2 inhibited the az-macroglobulin
and @y ~CPL inductiontto nearly background levels (lane 5}
and inhibited the albumin down regulation. Combination of
anti IFNB, &B, .with anti-IL-le« and anti-IL-15 ({lane 6)
resulted in .complete inhibition of «;-AGP, fibrinogen and
hapteoglobin induction in Hep-G2 cells. In rat hepatocytes,

the combination inhibited az—macroglobulin and ql—CPI

-~
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Figure 13: Inhibition of APP Induction by Antibody. PBM
supernatant was preincubated with PBS (lane 1), anti-TNF
(lane 2), anti-IFNB, (lane 3), anti-IL-le¢ and anti IL-18

(lane 43}, anti-IF&s & {lane S5}, anti-IFNB8, & ﬁ and
anti-IL-1 Ylane 6). fane 7 fepresents background Zpp output
(no stimulation}). Rockets were run to analyze the APP as

marked on Hep-G2 (A,B,C) and rat hepatocytes (D,E}.

3
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induction, and albumin down regulation to background levels.
Table 6 presents the results of a.similarAexperiment

in terms of absolute amounts of APP produced by rat

hepatocytes. Consé¢stent with the reSults of fig. 13,

a2~
macroglobulin induction by PBM'su;ernatant was inhibited by

anti IFNG &6, antiserum (12 44/10° x 24 hr). as well as
anticrude antibody (recognizes many. species in PBM
supernatant),‘Qut not by FCS, anti-TNF, or anti.--IFNB:L {50
//59/105 x 24 hr). o, -CPI induction (3%/ag/105 x 24 hr) was

’ inhibited only by anti-IFNS, &8, (22‘/0g/106 x 24) and by
anticrude (25 )Ag/los X 24). Anti-IL-l« and anti-IL-18
resuited in enhanced (3%/49/106 x 24 hr) al—C;I-induction.‘
Albumin-down regulation (15//ag/106 X 24 hr in response to

PBM) was inhibited partially by anti-IL-1 (21 4g/10% x 24

hr}), partially by anti IFN52&61 ‘(2§/éq/106 X 24 hr) and
almost cdmpletely by the combination of both (3§/ig/106 x 24

hr}), The LA} content o©of the preparations (PBM 1,20
contained 250 units/ml} was inhibited by preincubation with

anti fL—la ‘and 8 and anticrude ({ <10 units/ml) but noé by

anti IFNB, &8, . These results show that anti IFNBZ&Bl
antiserum inhibited the HSF induction of APP in rat
hepatocytes but not the LAF activity, in human PBH

supernatant. ™,
~

n

.
-

Table 7 shows results from the experiment shown
Fig. 13 and is «consistent with the above interpretation.

Ffibrinogen output in response to PBM 1,20 (O.§/4§/16° x 24



Table 6:

Test Ab

FCS

anti TNf
anti IL-1
anti IFNﬁ1

anti IFN52
& Bl

anti IFNS
& anti IL=1

anticrude

negative
control

L]
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Antibody 1Inhibition of PBM cytokines (1:20}
Assayed on Rat Hepatocytes .

APP output (/ﬁg/:w6 x 24 hr)

&, ~MACLO
52

50

10

12

al—CPI
32

32

39

32

22

25

25

24

_alb

15

15
21
15

28
33

35

38

LAF Content

250

<10

250

<10

<10



Table 7:
Assayed on

Test Ab

FCS
anti TNF-
anti ID-X

. anti IFNBl

antx 1FN32
& 61

anti IFNS

& anti IL=1
negative
control

F 4

Antibody Inhibition of PBM

Hep~G2 Cells.

APP output gpg/105 x 24 hr)

fibriﬁogen al-ACH ©  HP
0.6 ' 10.4 2.1

. 0.6 9.0 l.é
1.4 11.8 - 1.5

0.6 10.0 1.4

0.1 5.0 0.8

0.1 4.2 0.4

108

cytokines (1:20)
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‘'hr) is inhibited by énti—IPNBz&Sl,'and by the combination of
anti-IFNB,&8, and anti-IL-1 (0.1 £g/10° x 24hr). Enhancement -
of fibrinogen induction {to 1.4/ag/106 x 24 hr) was evident _
with anti IL-1 preincubation. Hap&oglobin and ACH induction’
were affected markedly by anti-IFNG,&8, (10.{,&9/106 x 24 hr
down to S fof'ACH; 2.1//ﬁg/106 x 24 hr down to .8 for
‘haptoglobin). On the other hand, «,-AGP induction (9/19/106
x 24 hr) was inhibited partially by either anti-iL-1 (1.4
/xkg/los X 54 hr) or anti-IFNB,&B; _(O.E/ég/loe x 24 hr) and
inhibi;ed completely by the combination (0.4//ﬁq/196 x 24 .
hr).  Thus, in Hep-G2 cells, anti INF62&61 could inhibit
human fibrinogen, «, ~ACH and HP induction activity_and
partially al-AGP_-induction activity in PBM supernatant.
Anti-IL-1 inhibited al—AGP' induction, enhanced fibrinogen
induction, but did not greatly affect ACH or HP inducing
activity of PBM cytokines.’
Partially purified PBM-HSF preparaﬁions (fracticns
corrésponding to 30 kd or pI 5 ) were tested for inhibition

> i
by the antibodies. Both preparations (30 kd, pI 5) centained

»

HSF activity that was inhibited by anti-IFN8 and by anti-
1

crude supernatant.

Immunoprecipitation of Radiolabelled Cytokines

Since these results showed that anti-IFNE and anti.
IL-1 were neutralizing APP induging activicy, an attempt wac

made te visualize the size of molecules these antibod:

s

-~
-
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3 kd

«27 kd

=21 kgt

-1) kd

F%gure l4: Immunoprecipitation of Radiclabelled Cytokiﬁes.
S”“-radiolabelled PBM cell products were immunoprecipitated
with rabbit anti-IFNgS, (lane 1} bovine anti IFNS &61 {lane
' 2); monoclonal anti—IF&B (lane :3); sheep control antibody
{lane 4); sheep anti-IFNS,&8 {lane 5 & lane 6); normal
rabbit serum (lane 7); rabblt anti-crude supernatant (lane
8); rabbit anti-IL-l« (lane 9) rabbit_anti-IL-1B8 (lane 10);
-rabbit anti-TNF (lane 11); (lane 12 contained total PBM
products. Samples were run on 12% polyacrylamide SDS-PAGE,
dried and autoradiographed. .
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bound. Fig. 14 shows an autoradiograph of SDS—PAGE analysis
of immunoprecipitated, raaiolabelled PBM proteins. Control
antibody (lane 4) or normal rabbit serum {lane 7) bound very
mineor bandé at _high molecular weight but sheep anti—l
IFNBz&Bl(lanes-S,G) bound 2 major bands in the 23 to 29.kd
- range. Rabbit anti-IL-la precipitated a band at l7lkd
{lane 9). Anti IL-18 precipitated a very strong signal at
17 kd klane lOl which was con;istent with a greater amount
of IL-18 secreted by monocytes than IL-la (Oppenheim et
al,l1986) assuming that both producfs were labelled
-equivalently and both antibodies bound protein A~sepharose
equivalently. Anti IL-1p also precipitated 31 kd and 3# kd
species from PBM (lane 10). Anti TNF antibody precipitated
only a very minor species at 17 kd, the molecular sice of
~INF (lane 11). Anticrude antibedy (lane 8),.which inhibits
both HSF and IL-1 .bioactivity in PEM supernatant,
precipitated numerous species including 23 teo 29 kd bands as
well as a 17 kd band. Anti IFNBl did not inhibit HSF
bioactivity and did not show much binding to 23 to 29 kd
proteins (lane 1). Bovine anti-IFN82&6l serum showed
precipitatioen of 23 to 29 k& bands as well as higher
molecular size species. These results,.taken together, show

that antibodies that inhibit HSF {anti-IFNE

Z&E,, anti-crurde!

L 4
precipitate 23-29 kd proteins, antibodies that Inhiblt LAY
(anti, IL-1, anticrude) precipitate 17 kd procteins, and

antibodies to IFNEI, TNF and normal rabbit serum do not

T——y
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precipitate bands in the ' 23 to 29 kd range. This suggests
(and is consistent with the,résulgs of fig. 12} that fhe
mofeculgs responsible for HSF activity migrate in this
region and that at least 2 species (approximately‘ 23 and 27
kd) were potentgai candidates for HSF. This interpretation
assumes that HSF 1is sufficiently labelled with 353—
methionine and that few (if any) contaminating proteins
migrate similarly.

To further test the specificity of binding, purified
recombinant BSF-2 (INFB,) derived from E. coli was used to
compete  with labelled  PBM proteins = n  the
immunoprecipitation protocol. The recombinant IE‘NB2 (BSF-2)
should only bind to specific antigenic binding sites for
BSF-2 and thus should compete spec;ficaliy._ Fig. 15.shows
that TrBSF-2 addigion (lane 3) resulted in‘ decrease in
binding of both 24 and 27 kd PBM labelled speéies but that
PBS (lane 2) or FCS (lane 4) did not. These results shc@
that recombinant IFNB2 (BSF-2) competes with at least 2
species of PBM proteins for binding by anti—I?NBz&Bl
antibody. This suggested that ‘ thé 24 and 27 kd species
from human PBM exhibited at least partial identity with
human recombinant BSE‘—Z/IE‘N,B2 and supported the suggestion
of molecular iden%ity between HSF and IFNS,. To further
test this hypothesis, recombinant BSF-2 fIFst) was used in
the in vitrc hepatocyte assays and examined £for APP

induc_ing activity.
P
.
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1
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\
. -31 kd
.'/
i , -21 kd
1 2 3 4
LANES
Figure 15: Competition o% Binding of Radiolabelled
Cytokines by BSF-2 (IFNB,). Sheep anti-IFNBZ&B1 was

preincubated with PBS (lané 2); BSF-2 (IFN-B,) (lane 3)3gr
FCS {(lane 4) and then wused to immunoprecipi%ate PBM §™ -
radiolabelled protein. Lane 1 precipitation contained no
antibody. Samples were run on 12% polyacrylamide SDS-PAGE,
dried and autoradiographed.
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Assay of HSF Activity of Recombinant IFst/BSF—Z

The activity of various dilutions of rBSF-2 is shown
in fig. 16 on rat hep;tocytes and fig. 17 on Hep-G2 cells.
BSF-2 at dilutions which corresponded to BSF-2 units/ml of
160 to 0.4 }assayed by Hirano et al., .1986), resulted in

potent‘az-mac;pglobulin and «,-CPI induction as well as

albumin down reguigtion in rat hepétocytes (£ig. 16).

Activity was evident at 40 BSF-2 units/ml. In human Hep-G2

cells (fig. 17), BSF-2 units/ml of 1000 down to 16 showed

potent induction/;k haptoglobin, fibrinogen, ACH dhd al—AT.

. There was less marked induction of al—AGP and C3_(marked

increase'only at 1000 units/ml} that was not as high‘as‘that
induced by conditfoned medium from PBM. Thus BSF-2 had

potent activity in stimulating .rat az—macroglobulin, o, =CPI

1
(rat hepatocytes), human haptoglobin, fibrinogen, ACH, «,-AT
(Hep-G2) but much less activity inducing al—AGP and C3.

These results showed that BSF-2 influenced APP in a‘sim;lar
pattern to HSF. Table 8 displays APP cutput in - response to
recombinant IL-18, recombinant BSF-Z/IFNSZ and partially-
pu;ified HSF. Recombinant IL-18 (250 gnits/ml) showed
strong LAF activity, but was wunable to stiﬂy;aﬁe' &2_
macroglppulin or al-CPI in rat hepatocytes or fggrinogen in
Eep-G2 cells. Albumin was reduced scomewhat (frﬁm 40

\

-
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- .
Figure 16: Rocket Analysis of BSF-2/IFNB, Effect on Rat

Hepatocytes. Various concentrations of purifled recombinant
BSF-2 were —-added to rat hepatocyte cultures (A) o,-
macroglobulin (light precipitin line} and albumin (dark:
precipitin line}) as well as «,-CPI (B} were analyzed by
recket electrophoresis. Hepatocytes were stimulated with
160 units/ml (BSF-2 activity), well 1; 80 units/ml, well 2;
40 and 4 units/ml, wells 3 and 4; .4 units/ml, well 5; wells
6 and 7- contain-control (non-stimulated} supernatant.
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Figure 17: Rocket Analysis of BSF*~2/IFNB, Effect on Hep-G2

~Cells. Purified recombinant BSF-2 was addéd to Hep-G2 cells
at 1000 wunits/ml (BSF-2 activity), well 1; 250 units/ml,
well 2; 62 wunits/ml, well 3; 16 wunits/ml, well 4; 4
units/ml, well 5; 1 wunit/ml, well 6&; well 7 contained
control {unstimulated) supernatant and well 8 contained PBM
conditioned medium stimulated supernatant.
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Table 8: Activity of Recombinant BSF-2/IFNS, and Other
Preparations on 'APP Qutput -
8(a) Rat hegatocytes LAF

S&g/lﬂ x 24 hr) . activity

aé—macro o, -CPI albumin (units/ml)
HSF ' T
({partially ) _
purified) 45 35 14 40
* .~
r IL-18 8 23 33 250
r IFNBZ/BSF 46 38 14 <10
r IFNBZ/BSF v
+ anti—IFNB2 20 28 35 <10 ™
anti—IFN52 :
alone 10 26 40 <10
fibroblast \E
supernatant 42 33 29 : <10
control (PBS) 8 ‘ 25 42 <10
8(b) aumag Hep-G2
' (//9/10° x 24 hr) .

1brin ACH HP AGP

-ogen
HSF (paxrtially
purified) 1.0 8.0 1.2 1.1
r IL-18 <.01 3.1 1.2 1.8
r IFNB,/BSF 151 10.9 7 2.2 2.5
r IFNB,/BSF /
+ anti—IFNB2 0.3 " 3.2 0.3 .5
anti-IFNB2
alone 0.2 1.7 0.3 ¢.2

L )

fibroblast .
supernatant 1.4 8.0 ~el D n.g

" . ..-',...i-
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to 33 /&g/los x 24 hr). 'On the other hand, recombinant BSF-
2/IFNﬁ2'land, HSF (with much lower LAF, <10 and 40
respéctively) clearly showed different inducing activitiés
than 1IL-1 but very similar to each othér, gz—macroglobulin
(46 and 45), « ,-CPI (38 and 35), and albumin (14 and 14)
were stimulated to very similar o;tputé in-rat hepatocytes
as were fibrinogen (1.1 and 1.0) and ACH (10.9 and 8.0) in
Hep~-G2 cells. H§ptoglobin and'\al—AGP were stimulated by
HSF, rIL-18 and rBSF-2/IFNG, in Hep-G2 cells. antibody to
IFNBZ&Bl effectively inhibited tpe recombinant BSF—Z/IFN62
activity (row 4) on all APP examined. These results further
“support the interpretation of identity betweeﬁ HSF and

IFNBZ/BSF-?. .

Release of HSF by Fibroblasts

Since thg results of the antibody inhibiticn studies,
immunoprecipitations and assay of recombinipt IFNB, all
suggested idéntity between HSF and INFSZ, and since
fibroblasts are known as a source of IFNS, (Wiesenbach et
al., 1980; sehgal & sSagar, 1980; Zilberstein et al., 1986;
Sehgal et al.,l 1987), fibroblasts were tested for the
release of HSF activity. Table 8(a) shﬁﬁs that crude FIB
suﬁernatant induces a,-macroglobulin and «;-C?I production

by rat hepatocytes, and also induces fibrinogen, «, ~ACH and
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Table §: Comparison of Monocyte and.Fibroblast Cytokine
Activities ,

-Activity HoLocyte | Fibroblast
rat az—m5cro.induction | 250 units/ml 60 units-/ml
rat al-CPI induction ++ e+
rat albumin inhiBition ++++ _ e
Hep-G2 fibrinogen induction +. 4+
Hep-G2 qi—ACB induction ERup | PR
Hep;GZ BP induction B . | ++
Hep-G2 ul—AGP_induction . -

LAF : : 2000 units/ml <10 units/m{

ae,~macro induction
inhibited by :
anti—IFNBz&Bl ’ +++ ; +++

HPLC elution 30 kd | 27-30 kd

PBM supernatants and fibroblasts supernatants” were compared
quantitatively (units/ml) and semi-quantitatively (+, weak;
++, moderate; +++, strong; ++++, very strong! in various
activities including induction of acute phase protein
synthesis by rat hepatocytes and Hep-G2. cells, elutlion from
HPLC, LAF, and modulation by antibody.

’ —— .

——

R
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haptoglobin synthesis by Hep-G2 cells (table 8(b)). This is
a péttern of AP?l induction consistent with partially
purifiéd HSF and recombinaﬁt {FNsé/BSF—Z activit{es. FIB
supernataht did not contéin LAF (<10 unitsﬁml) and
furthermore did not induce «, -AGP strongly. fibroblast_
cultures released HSF cbnsl}tuitively (no LPS stimulation)

with 10% FCS wresent in the culture medium. Table 9

—

~summarizes the characteristics of FIB and PBM cytokine

-properties. FIB HSF;actiVity (stimulating az—mécroglobulin)

was inhibited by anti IFNB,&8, antibedy, migrated in the 27
to 30 kd range -upon HPLC. Crude fibroblast supernatant

stimulated a spectrum  of "APP in a similar fashion to

- partially-purified HSF and recombinant IFNS,. FIB

-supernatant had intermediate HP inducing and “albumin down

regulating activities. FIB supernatant contained no N
detectable. LAF activity, and on  a per cell basis,
fibroblasts released approximately equivalent amounts of HSF

units as PBNM.

- * ‘-
In Vitro Translation of RNA

Preparations of RNA from PBM and othen cell sources
of HSF should contain mRNA that codes for HS® molecules.

Extractions of BRNA from 7 X 108 8

human ?BM and £from 6 x 10
adherent alveolar rat macrophages (amo),fyielded 55q/£g and

800 4g of total RNA respectively. Selection for peoly AT RNA
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'resu%ied in 18 /&g from PBM and 23/Ag from éat élveolgr.
macrophages, - These low yields (30//ﬁg/109 cells) are
consistént with previoﬁs work {(Auron et al., 1584). The
poly-A+ mRNA was _tested in in wvitro translation (IVT)
systems for the presence of intact mRNA and the presence of
mRNA coding for HSF biocactivity. Fig. 18 shows
autoradiographs of SDS-PAGE analysis of in vitro translated
products'—-Fig. 18 ~ (a) displays polypeptides translated by
the rat alveolar\\macrophage mRNA {(labelled amo) in wheat
germ (WG) IVT that ére absent in control IVT (no RNA added
‘cﬁntrol, labelled <¢) and globin RNA‘directed IVT (labelled
globin). Globin RNA directed synthesis of a major band
corresponding to the molecular size of rabbit globin (13
kd). Fig. 18(b) shows that PBM mRNA directed synthesis of
many species by rabbit reticulocyte 1lysate IVT (RR) not
present in control (no RNA,
lébelled c) or gldbianNA IVT. The bands appear to be
relatively sharp suggesting the mRN{ is bieclogically active.
The IVT products wére assayed on rat hepatccyté;'for
HSF.acti;ity. Fig. 19 shows that PBQ IVT prodhcts contained
marginal but evident _az—macroglobulin inducing ac:fvity*
(pBM), and rat alveolar macrophage {amo) mRNA IVT products
showed a éreater more definite az-magroglcbulin inducticon D
Control IVT (con) and globin IVT products (4lbpin -id At
stimulate az-macroglobul;n above the background hepatcayte

culture ocutput.” Thus the HSF activity appeared to be

-
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specifically translated from PBM mRNA and amo mRNA.

-

Northern Analysis of PBM and FIB RNA

< —

_Since the experiments had shown strong evidence of

.y

i@entfty between HSF and IFNB,, to further test the
existesce of IFNB, production by PBM, .the PBM mRNA.waé
tested for presence of RNA that hybridized to a probe for
IFNBZ. A plasmid probe; provided by Dr. P. Sehgal
(Rockefeller University) that'containgg apéroxihately 3/4 of
a full length IFNB, <cDNA J(May et al.,1986: Sehgal et
2l.,1987) was used in Northern blot analysiss— 1In fig; 20,
three different preparations of PBM RNA (lanes 1,2,3) showed
a strong signal corresponding to approximately 1.3 kilobase
(kb) in size. One of the £fibroblast RNaA .preparations
provided by Dr. C~- McSharry (McMaster University, Hamilton,
-Ont.) from human lung fibroblasts displayed a strong signal
in the 1.3 kb size range and another two preparations showed
a weak .but evident signal. The bands were not sharp
suggesting that the RNA was partially degraded since the
size marker bands were discrete. These results confirm the
presence of mRNA speciés in beth PBM and fibroblasts that
hybridize to this IFNB, cDNA -probe. This suggests that

IFN8, mRNA 1s present in PBM as well as in FIB,.
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¢ pbm < .globin

WG | RR

Figure 18: ~ SDS-PAGE of In Vitro Translated Products.
Preparations of mRNA from rat alveolar macrophages (amo),
human PBM (pbm) and rabbit globin were used to program in
vitro translation in (a) wheat germ lysate (WG) or; (b}
rabbit reticulocyte lysate (RR). Migration of molecular
weight markers (shown. by arrows) were run alongside the

samples in a 12% polyacrylamide gel which was dried, fixed
and exposed to x-ray film.
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Figure 19: HSF Assay of In Vitro Translated Products. In
vitro translated products were used to stimulate rat
hepatocytes in duplicate in the HSF assay. «.,-macroglobulin
(light precipitin lines) and albumin (dark précipitin lines)
were analyzed in response to translations programmed by
buman PBM nRNA (pbm), rat alveolar macrophage mRNA (amo),
rabbit globin mRNA (globin) and no mRNA (con). h
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Figute 20:  Northern Blot of PBM and FIB RNA. Three
preparations of PBM mRNA (lanes 1, 2 and 3) and 3 fibroplast
mRNA preparations (lanes 4,5 and 6) were probed with the
IFNS., cDNA-containing plasmid. Migration of size markers
are Shown on left. o
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The acute phase .response encompasses 2a number of
physiologic evenis that occur in response to injury.
infection and tissue damage. As part of the acute phasé
responée there ar;-'increases in hepatocyte synthesis and
output by the liver 'of several proteins termed acute phase
proteins (APP). Some acute phase proteins appear to fupction
in modulating inflammation. The mechanisms involved in the
control of this liver response have not been fully
elucidated. However, it does appear that soluble mediators
or cytokines such as ﬁepatocyte Stimulating .Factor and
Interleukin-1 (released at the site of inflammation by cells
of the monocyte/macrophage lineage) have a role in
initiating the acute _phase response. The analysis of the
liver response in EiEiE has shed light on«the nature of the
cytokine—indﬁded initiation of 1liver acute phase protein
synthesis.

| Evidence is provided showing that the previously
cloned molecule human Interferong, (IFNBZ)‘shows functional
and immunoclogic identity with human peripheral blaond
monocyte derived Hepatocyte Stimulating Factor (PBi HSF) and
is Tikely the molecule responsible for the major inductien
of the acute response by the liver, This represents 2
significant step‘ in the analysis of the acutte phase

response. The usefulness of. in wvitro HSF assays arle
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highlighted in determining the roles of HSF/IFNG, and
Interleukin-1 (IL-1) in stimulating ;cute phase protein
synthesis by raé hepatocytes and human Hep—Gzléells. ~ The
main findings preﬁented include: _

1) PBM HSF elutes at 30 kd and at pI=5 upon

. chrométographic separation |

2) PBM HSF migrates at between 23 and 29 kd .in SDS-
PAGE .

3) PBM HSF bioactivity is inhibited by antisera to
1FNB,&8, but not by antisera to IL-I, TNF ;} IFNB,

4} recombinant purified IFNBZ/BSF—Z has potent APP
inducing activity of identical nature to HSF and
this APP_ synthesis. stimulating activity is
inhibited by anti-IFNB, &8,

5) an;i-IFNﬁz&ﬁl .specifically immunoprecipitates 24
and 27 kd proteins £from PBM supernatants and this
precipitation is - inhibited by recombinant
IFNBZ/BSF—Z

£} partfall§ purified HSF, IFNB,/BSF~2 and fibroblast
supernatant stimulg?t rat e,-macroglobulin and e, -

1
CPI, and human fibrinogen and «;-ACH maximally

whereas recombinant purified IL-I stimulates human
@, -AGP maximally
7) IL-1 appears to inhibit rat «,-CPI and human

fibrinogen induction by HSF

8) PBM supernatant contains HSF/IFNBz/BSF—z and IL-I
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whereas FIB supernatant contains only .
HSF/IFNB,/BSF-2 with regards to APP-inducing
cytokines ;
9) both fibroblast and PBM mRNA contain sequenées that
hybridize to IFNB, specific cDNA sequences.
The Hepatocyte Stimulating Factor Assays
The value of analysis of both rat hepatocyte and
human Hep-G2 cultures was evident in these experiments. The
rat hepatocyte output of acute phase proteins in response to
cytokiﬂes correlated with APP changes seen in vivo with
respect to increéses in az—macroglobulin and a, ~CPI in rat
-serum, The in wvitro results wefé-‘based on relative
differences within an HSF assay, which were clearly evident.
az-macrogypbulin showed 700% increases wupon stimulation by
crude PBM supernatant (table 3a) or fracticnated cytokines
(£ig.7). al-CPI' increased 20% {table 3a) in response to
crude supernatant and 50% 1in respense to separated 32 B
cytokines. However, only- slight increases in - rat a,-AGP
synthesis by rat hepatocyte cultures were observed. This
may have been due to an elevated basal level of «
production caused by the hepatocyte isolation procedure S}
by the incorporation of DEX in culture medium. Others hawe
shown that DEX  increased  «,-AGP  expressiocn by 4t

hepatocytes in vitro and in vivo (Baumann et al., 19%832;

Baumann et al,1984; Gross et al,l984). DEX has alsc been
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shown to be necessary for az-macroglobulin expression in rat
hepateocytes (Koj et al., 1984; Baumann et al., 1984; Bauer

et al., 1987).- Sinceg others have shown increases in mRNA

~of APP in response to cytokines (Ramadori et al., 1985;

—

Baumann et al., 1983a, 1984), the increased APP in media was

»

assumed to be due to changes in transcription and synthesis,
not simply secretion of presynthesized protein. Baumann et

1. {1984) have examined the stimula®ion of APP by the use

Las
of radio-incorporation studies to detect de novo- synthesis.

The Hep-G2 cultures proved appropriate for examining
human fibrinogen, al-ACH, a11AGP, haptoglobin and @ —AT
expressigh. The amount of 'secreted protein was much lower
than primary rat hepatocyte culturés (table 3b). This may
have refle;ﬁed differences due to spécies {human and raﬁ) or
more likely, a limitation of the wuse of hepatoma cells in
general since rat hepatoma cells acted similarly. Figure @

]

shows maximum output of less <han 0.%/&g/10 cells x 48 hr

for rat «; -AGP, ul-CPI and azhmdéro in H-35 cells compared
to stimulated rat primary culture hepatocyte output of 30
and SQ/ég/lOG cells x 24 hr for « -CPI and @, —MACTO. Hep-G2
/\" .
cells do not secrete detectable CRP or SAA, two major APP in
man. This may be due tos abnormal gene regulation in
hepatomas or that human hepatocyfes in vivo are exposed to
other factors nec%Fsary for producticn of these two

proteins. However, Goldman and Liu (1987) showed CRP

increases in response to PBM supernatant in PLC/PRF/5 human
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hepatoma cells. Darlington et al. (1986) showéd low but

-

etectable levels of CRP in Hep-3B2 <cells stimulated with’

. Lo
PBM cytokines. Thus Hep-G2 «cells are useful for examining
‘some but not all-APP in humans. ..
The Nature of Hepatocyte Stimulating Factor
Crude PBM condjtioned media produced potent APP
inducing activity (az—macroglobulin, al-CPI, table 3a) in

rat hepatocytes and Hep-G2 cells (fibrinogen, -AGP,

%1 %1
| ACH, haptoglobin, tableée 3b) that was ceonsistent with other
studies {é;ller & Ritchie, 1982;Ritchie & Fuller, 1983;
Baumann et al., 19&3a; 1984; Darlington et al., 1985 ; Bauer
et 'ai., 1584). This stimulation of «a,-macroglobulin
secretion was used as a marker of HSF activity since ‘it was
apparently enhanced Enly by the 30 kd cytdkine from PBM (see
fig.7 ) as seen previously (Koj ' et al., 1984; Kej et al.,
1985}: Although ai-CEI was-stimulated by 30 kd cytokines
(50# increase), inhibitors in crude PBM were evident since
separation _refealed greater @, ~CPI inducticn than
unfractionated PBM supernaéant.

Or‘

HSF activity in “crude supernatant was stable at 3%

3 o . 3 4 - »
labile at 80°C, destroved by protease incubation but nut

appreciably affected by reducing agents (table 4). Ritch:on
and Fuller (1982) also found that HSF activity was stable o<
56° and was not affected by the reducing  agent

dithiothreitel. Purified BSF-2 (IFNSZ) activity was eluted

\
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from SDS-PAGE under /géauciﬁg as weli " as non-reducing
conditions (Hirano et al., 1985) which is consistent with
the properties of HSF shown.hefe.

Maximum PBM HSF activity was released at 3-4 hours
a}tBr in vitro LPS sgimulation (£ig.5 ). This suggested that
mRNA levels for HSF were maximal aro;nd this time and thus
RNA was harvested at approximately 3 hours. Other studies
examining the time course of release of HSF (IFNBZ/HGF)
from monocy&es' are not. yet appa;ent. In examining the
r;lease of HSF, wvarious cells of the monocvte/macrophage
lineage were found to produce HSF‘ktaﬁle'S) whereas cell
lines suéh as THP-1 and SK-hepl produced little HSF. Others
have shown that thes® cells sescrete copious amounts of IL-1
(Oppenheim et al., 1986; ﬁoyle et al,1986) suggesting
@iffe:ential release of HSF and IL-1. Similar observétions
of differential release of HSF and IL-1 from mouse P388-Dl
cells (Woloski & Fuller; 1985) as well a3 alveolar

macrophagessfrom bleomycin—treatéd rats (Jordana et al.,

b

1987) support the concept of a distinct nature of HSF from S~

IL-1.

-

PBM dergived HSF was maximally detectable in fractions\

corresponding to 30 kd upon HPLC separation'(fig;'?) and at
pI=5 upon chromatofocussing (fig. 10). ~This is consistené
with data of others (koj et al., 1984; Ritchie & Fuller,
1983) and shows difference of HSF peaks from the predominant
form of LAF in human PBM supernatants (whicwlis IL-I8, 17-23

/
] . /
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kd pI=7) using these techniques: v;This is also consistent
with 30 kd, pI-S characteriséics .of IFNB, as sh&wn by
Aard%p et al(1985) for HGF activity from monocytes, andtbyf
Hirano et al.‘(1985) for BSF-2 activity‘from T-cells. HSF
was found to exist intracellularly (from cell lysates) as a
30 +kd cytokine.: IL-1 existed 1in multi@le forms in cell
lysates including sizes of 13-20 kd and 40-45 kd which was
consistent with previous work bf otheEs (Lepe-Zuniga EE_EE"
1985; Matsushima gg;gl., 1986c) and further suggested that
‘"HSF was separate from IL-1. However, thé;e was
considerable cross-contamination of LAF (IL-I}- in HSF
fractions (fig. 7) and‘various other de novo synthesized PBM
pfoducts (£ig. 11). The rgg;ﬁibility, that HSF was a high
melecular weight form of IL-I 5: a dimer or a precursor for
IL-I or TNFa could not gé\definitively ruled out =solely on
the basis of this data. |

Purification of HSF was hampered by the very low
recovery of -actiyity after chromatcgraphic® separation.
Although the activity wal relatively stable as & c:u@e
supernatant, HSF may have been labile 1in the absence of

other proteins. Due to the need of very large volumes of

starting material (h%fif/Blood), purification of human PBM

HSF on a large scale was .impractial.- ' *
with the recognition of similar <characteristics
between HSF and the monocyte-derived hybridoma growth lactoer

{HGF) which has been shewn to be Interfe:onsz, a series o

e

-

rh
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‘fstudies were undertaken to examine the relationship between

HSF and‘IFNBZ.

The --Relationship of Hepatocyte StimulatingH‘Factor tp
Interferons2 ' ‘ | ‘

. The inhibition of HSF. biocactivity by two different
sources of antisera to IFNB, &6y but not to IFNS,, TNF ;f-ILh.
I (fig. 13 aﬁd tables 6, 7) suggeéﬁé that HSF and IFNS,
share immunologic determinants. Anti IFNS, B, inhibited a,-

macroglobuiin, a1~CPI induction. and albumin inhibition in

.rat, hepatocytes as well as human fibrinogen, -ACH,

%1
haptoglobin induction in Hep-G2 in a potent manner. The
: anti—IFstgsl preparations were.not monospecific since they
pfecipitated more than one specfes of b;otein from PBM
{fig. 14) and are known to recognfze both.IFNB2 and IFNBy
{Seghal et al.,. l§87). However,i since both IFNBZ&BI
antisera (from sheep and cow), but not a specific anti-
IFNsl, bbund to species in the 23 to 29 kd range (fig. 14)
and HSF bicactivity could be eluted from gel slices in Ehis
region, the 24 and 27 kd Dbands were possible candidates’
for the HSF molecule(s). The 24 and 27 kd bands were
similar.in sizeito éhe 22 and 26 kd proteins seen by Content
.et al. (1982) and Haegmann et al. (1986) in'their ahalysis
of the 26 kd pfoﬁein secreted from fibroblasts. Recently it

has been recognized that the <¢DNA seguence of the 26 kd

protein, BSF-2 and IFN52 were identical ( Billiau, .1986;



Billiau; 1987; Seghal EE;Ei-r'1987)A(5éé appendix 1).

To ‘further‘ test the iden;}ty of_ iFNBZV\and HSF,
purifiedirecombinant IFNG, Qas employed. : BSF-2 (or IFNBZ)
was kindly §u§plied by Dr. Kishimoto (Osaka University,

Japan) and tested in the HSF assays. BSF-Z/IFNBZ was
. ? .

.potently active on rat hepatocytes” and Hep-GZ {fig. 16, 17;

»

and table 8a and 8b) at 40 to 160 units/ml of BSF-2 activity

and stimulated similar APP production as did PBM derived

-

HSF. The anti IFNB,&B; antiserum totally inhibited the APP

. inductieon by BSF?Z/IFNS2 {table 8). Furthermore, BSF-

2/IFN52 was found to ‘specifically coﬁpete Tith both the 24 

and 27 kd PBM derived proteins for ﬁinding.with the antibddy
(£ig. 15). Assuming that_purified recombinant BSF-Z/IE‘NB2
(exgressed in E.-Coli) is free of human PBM products, this
indicates at Yeast partial ihmunologic identity between
IFNB, (BSF-2) and HSF. These data suggest that PBM
supernatant contains two species Qith at least partial
antigenic identity to IFNS, and that both may be
biclogically active in HSF assays since ﬁaximum activity
eluted frém gel slices corresponded to melecular weight
between these twa Eand§ and_ﬂas spread over the 23 rta,ig kd
range. These two species may. be equivalent to the 22 and 2A
kd protein species from monoﬁytes as studied by Content ot
al. (1982) and Haegman et al. (l986),§?nd thus may rvepronen:

different degrees of glycosylaticn - or degrees o

L]

peptide

4

cleavage of the same gene producdt {IFNBZJ. Glycosylation
é

135
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‘may'not be essential 4for biocactivity gincé tﬁe\ E. éoli'
dgrive@ recombinant_IFNBz/ésF-z was very active:
Tﬁese various data_ combined, strongly suggestAthat

PBM HSF and EFNBZ/BSF—Z.a:e ;dentical.‘ Coqfifﬁation of this

identity could occur through independent purification and/or

- clonigg of HSF and comparison df the amino aéid séqueﬁces.or

nucle@s acid sequen;es. ' IE‘NB2 cDNA has been cloned and

sequénced by several groups (Appendix 1) and expressed in
E. coli  as well' as chinese hamsﬁgr ovary cells. Molécular

Eharacteris;fcs of ;he .cloned product revealed features

consistent with 'propetties of HSF and the 26 kd protein:

IFN62 conéists of a 212 AA precursor with a typicai

hydrophobic signal sequence that is cleaved to 184 AA with é

potential glycbsylation sites. This predicts species’ of

moiqcular weights ranging from 19 kd to 23-26 kd dep;nding

on the degree of glycosylation. IFNS, frem T cells appearé

to be an unglycogylated 19 kd form {Hirano'gﬁ_gi., 1985) but

is apparently.higher in molecular weight when derived ‘from
monocytes and fibroblasts GHaeg"@n et al., 1986;

Zilberstein et al., 1986). The cDNA sequence shows some

homology to 'IE‘Nsl at the carboxy—termin;I (Hirano et al.,

1986) which - may explain thé‘ cross-reaction of anti-IFNB
antibodies to both g, and £ species. It is possible that
the limited hémology of the amino-te;minal sequences to G-

CSF means that the growth stimulatery effects for B-cells

may reside at the amine-terminal poftion of the protein.
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Furfh;: s;ﬁdies rare necessary to détermine thelparticular
'portioﬂ of the molecule that is ihportant for. HSF activity
but it appears tha; the site that confé{§ inherferon
activipy may not‘be involved since antibody that inhibited

IFN did not inhibit HSF.

- i

Since -the data show§ hat IFNBZ/BSF—E has HSF
activity, ther'z HSF shouldaave B-cell stimulating
agtivitieg. This would further Support the identity of HSF
and I?NBZ. ;ALthough these expgfiments are still to be
complgteé, Rossen et al. (1985) have have previously shown
that human moﬁocgte derived products that eluted at. 30 kd
upon HPLC were capable  of ;timulating immunoglobulin

synthesis by B-cell lines. This activity was similar to that

- described for BSP—Z/IFN62 by Hirano et al. (1885).

’.

Effect of -Hepatocyte- Stimulating Factor/IntcrferonB2 and

Interleukin-1 on Hepatocytes

vVarious data presented here shew that HSF/IFNSz
maximally stimulates a spectrum‘ of APP distinct.frpm'IL-l.
Table 8 shows thaélpartially—purified HSF from ?BM , and
purified recombinant = IFNB,, strongly- stimulat®  a.-
ﬁacroglobulin and'aleCPI in rat hepatocyte; as well ag
- @uman fibrinogén, o, ~ACH and (moderately) HP in Hep-Gl
cells., IL-I (recombinant) stiéulates human  o,-AGP ~and C:

predominantly (Hep-G2 cells) but not the others.

1

r
ul
—
L |
3
b
—}

shows that although.HSF/IFNB, does stimulate «,-AG? and €2,

-
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it does so at much higher concentrations than needed fcf =
ACH and fibrinogen. . This differential .spéctrum of APP
induction 5y IL-I and HSF/IFN& suggest that each acts in
separate pathways to alter gene expression in-hepatocytes.
IL-I may act én receptors on .hepatocytes similar to those
described on other cells (Matsushima et al.;‘1986a) whereas
HSF/IFNB2 may act on distinct hepatocyte receptors. There
is evidence that f}NBZ actS‘ai a similar receptor as IFN&l
to enhance antiviral activity V(Le & Vilcek, 1987) but the
lack of IFNB, action on hépatocytes (Baﬁgr et al., 1955) and
the lack bf HGF activity of purified IFNsl {Van Damme et
al., 1987a) suggest that.use of a common receptdr does not
occur in APP-induction. The ability of HSF to cross species
barriers (table 5) suggests that the putativé hepatocyte
receptor for HSF)IFNBi was ablg to recognize homologous
structures of the molecule derived from different species.
BGF activity of IFNéz ‘'was also ,able to cross species
barriers (vVan Damme et al., 1987b). The eveq}s that také
place after the putative receptor-ligand interaction ;re
still to be elucidated.

iL-I appeared to have - an inhibitory effect on huﬁén
fibrinogen induction in Hep-G2 and rat al—CPI induction in
rat hepatocytes. al-CPI output was enhanced upon separation

of HSF by HPLC from other mol

1)

cules 1in c¢rude PBM
supernatant. Furthermore, antisera to " IL-I ellowed

increased output of rat «, ~=CPI and human fibrinogen (fig.
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13) in :eéponée to crude PBM superﬁatant. Finélly, a#say of
recombinant IL-If -on Hep-G2 cells resulted _ih a marked
decrease in fibrinogen output compared to control (table 8).
Koj et al. (1987) have recently reported a similar
phenomenon -0f recombinant IL-I8 inhibition of rat oy =CPI
output in response to crude cytokines. Other authors have
shown that recombinant IL-Ie« -and IL—I& did not induce rat
‘@,-acroglobulin, haptoglobin ot oy =AT APézpraduction by
normal rat hepatoéytes in vitro (Koj et al., 1987). Human
fibrinogen and CRP producticn by humah hepﬁtoma cells was
not stimulated by recombinant IL-1 (Darlington et al., 1986;
Goldman & Liu, 1987) howevér crude PBM supernatant showed
strong iﬁduction of these APP. These results taken together,l
suggest that IL-1 itself does not induce particular acute
phase proteins but that ancthef component in PBM supernatant
is responsible for a mafor porticn of éctivity.

The presence Sf HSF,’IFNB2 in PBM supernatané probably
represents the 30 k& CRP-inducing activity of P3H cytokines
seen by Goldman & Liu (1987) as well as a 30 kd factor that
stimulated B cells as seen by Rossen et al. (1955) and
Rpssibly numerous other earlier studies using crude PEM or
leukocyte supernatanfs. The combination of anti IFNB,LE,
yi;h anti IL-I removed essentially all APP inducing activity
found in PBM supernatants as _assayed on  Hep-GZ' and rat
hepatocytes (fig. 13, tables 6 and 7} suggesting that

HSF/IE‘NE2 and IL-I are the two cytokines responsible fcr \2BN
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supernatant hepatocyte—specific activity in vitro.

'If the modulation by IL~I of Hep-G2 APP output
reflects in vivo ‘activity, it is interesting that: IL-I acts
on liver cells to - increase «;-AGP (inhibition of platelet
aggregation, Snyder & Coodley, 1976) and rease fibrinogen
both of which effects could inhibit plate?:j plug formation.
HSF/IFNG, might therefore have opposité effééts. One might
predict then that other APP involved in fibrinolysis such as
human a,-antiplasmin (a positive APP) would be inhibited by
IL-I in vitro and enhanced by HSF/IFNBZ. However, these
isolated effects of IL-I may not be important in vivo since
both human fibrinogen and rat u]1CPI are positive APP during
inflamﬁatory stimuli. If thei;IL-I response by isclated
hepatocytes and heﬁatqmas-are not due to phenotypic changes
during isolation protedures or culturg conditions, one could
speculate that the in vivo serum response reflects a
dominance of HSF/IFst over IL-I mediated effects in vivg on
liver APP induction. This could be due to concentration
differences during inflammation and/or differences in
receptor affinities that bind these molecules.

'Both IL-I and HSF/IFNﬁz.cauSQQ 2 decrease in albumin

synthesis by hepatocytes in culture (fig. 7, tables 3 and 8)

and this is consistent with decreased serum albumin

concentrations seen in vivo .in inflammation (Jamieson,gE
2l,1983; sSchreiber et al., 1982) as well as decreased

albumin mRNA expression in vivo and in wvitro (Baumann et

-
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al., 1983a; Ramadori et al. 193?; Birch and Sch;eiber,
1986). Whether this is due to .specific modulation of
albq@in gene transcription or to nonspecific effécts of a
switch to APP production is not clear. IL-I and HSF may act
by similar mechanisms on modulation of albumin but if so
probably activate a 'particulér pathway through different
receptor—ligand-interéctions.

The J&Lious modifications of APP expression suggest
that multiple systems of ‘gené regulation aré present'in
hepatocytes. RaE al-CPI was increased by HSF bug decreased
by IL-I,'Vaz-ma;roglobulin was increased by HSF ‘and
glucocqrticoid presence was necéssary, human al—AGP was
increased by IL-I and DEX, and albumin was inhibited by both
IL-I and HSF. These varicous responses Amay have been
rendered specific by particular responsive regions in the
DNA. Factor B mRNA transcriptional response. to IL-1I
appeared to depend on 5’ flanking regioﬁs of the .Factor B
gene (Per&mutter et al., 1986b). ul—AGP gene transéription
appeared to wutilize 5¢ flanking regions in response to
glucocorticoid (Baumann & Maquat, 1986b). The requirement
of uz—macroglobulin expression for DEX may creflect such

gluceocorticoid response elements that act in a permissive

fashion. With the increased availability oI purifi.-d
cytokines and the identification of HSF as IFN £., 4 more
detailed analysis of gene —regulation in hepatocyte APP

synthesis will be more readily accomplished.
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éontrol of the Acute Phase Response of Liver
.Tﬁé initiation of the acute phase response was
thought to be contrcolled primarily by cytokines released at
the site of inflammation by cells of the ﬁonécyte/macrophage
lineage. Both HSF and 1IL-1 are produced by these cells.
However, since other cells release IFNB2 in culture such as
fibroblasts, supernatants from ﬁhese _cells were tested for
HSF and were fouﬂd to, contain potent activity in
stimulating APP synthesis. - d
Fibroblast supernatant proguced a similar spectrum of
maximum APP induction to IFNG, (table 8) and Ehis was
strongly inhibited by anti-IFst&ﬁl antibody, but not anti-
IL-Te & 6. FIB supernatant ' did not contain appreciable LAF
activity and accordingly did not affect .@;=AGP  output by
Hep-G2Z and had potent fibrinogen stimulating acFion. Thus
the fibroblast appeared to ;elease significant levels of the
APP-inducing cytokine, HSF/IFNR,. Since fibroblasts release
IFNBZ/HSF in response to serum factors, PDGF, cytokines and
other factors (Sehgal et al., 1987; Kohase et al., 1986; Van
Danme SE_El-; 1987a), the fibroblast itself may release
sufficient IFst/HSF upon  tissue damag?, to ﬁfduce APP
synthesis. This may mean that an& tissue containing IFNB,
ﬁecretiﬁg fibroblasts, 1is <capable of eliciting the liver

acute phase response. Thus the generally accepted concept.

that cells of the monccyte/macrophage are primarily
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responsible for the biological events that take place during
tﬁe acute phage_response is probab;y an‘bversiﬁplification.
Wwith the added information_ of. .HSF{IFNBZ release by

fibroblasts it may be that these celis play an important
vrole in APP induction due to tissue damage in vivo.

.IFNBi appears to be uniqué;among IFNs in that it is
inducible naE 'only "by «classical IFN inducers (double
stranded RNA and cycloheximide, virus infection), but also
other «c¢ytokines. Both TNF and_IL-I_stimulate IFN8, mRNA
expression- {(Kohase et al., 1986; May et al., 1986; Kohase et
35,1987; van Damme et a},lSBTa). Th%s enhancement of
fibroblast IFNB, may represent an addiﬁiénal amplification
mechanism of IFNB, release at sites of inflammation.
Alternatively, or possibly in addition, 1IL-I and TNF may
activate Kupffer cell secretion of HSF/IFNB,. " This cell,

known to produce an HSF activity (Baver et al., 1984;
Sandersl& Fuller, 1983) that is likely to be IFNBz'(Gauldie
g&_éi., unpublished)  is ideally situated for interaction
Iwith hepatocytes.

In addition to fibroblasts and menocytes, activated

T-cells (HTLV-I infected, or PHA, CON A treated) release

CRP-inducing activity (Goldman & Liu, 19871 as well as
IFNBZ/BSF-Z (Birano et al., 198%5 Eiranc et al., 198%5! Sne
might predict that immune responses Inwvolving activagicn cf

T c¢ells have the potential to induce the acute phase

response ~of liver. Virtus infection involvin

1]
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and/or T ceils could also “induce this response by liver. -
Unfortunately, there is little if any aQailable literature
at present oﬁ -virus‘ infections and APP serum levels to
support or refute this suggestion.

- The interpretations presented here 'regarding _PBM
HSE/IFNB, anq-IL~I regulatioh of APP in vitro dces not
preclud% other cytokinés Er mechanisms that .also' may
influence hepatocytes in vitro or in vivo. Indeed, other
moleculés such as COLO-HSF I and II_(Baumann g&_gl., 1984;\'
Baumann et al., 1986) may be separate entities from PBN
HSF/IFNB, but fully capable of inducing APP synthegis. Van
Gool et al. (1984) showed ﬁhat adrenalin‘implants elicited
strong uz—macroglobuliﬁ responses in rats, however, Koj et
gl: (1984) and Bauer et al. (1987) found no stimulation by
adreﬁalin of az—macroglobuliﬁ synthesis by rat hepatocvtes
in vitro. This sulygests tghat adrenalin acts through an
indirect mechanism possibly through induction of HSF/IFNS2
secretion by other cells. In this respect it would be
interesting to examine HSF release by Kupffer cells
monocytes aﬁd T-cells in reébonse to adrenalin.

Assuming identity between PBM HSF - and IFNB,, HSF's
effect on pituitary cells of increased ACTH production

£ Y
(Weloski & Fuller, 1985) should be mimicked by purified or

cloned I?NSZ. The theoretical result of this interaction in

vivo would be increased adrenal gland production of

glucccorticeoids which can stimulate some APP [for example
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rat qifAGP in-vivo ‘(Baumann et al., 1984), . rat ul—AGP and
«y =AT in vitro (Gross et.al., 1984)] and is necessary for
expression of  rat a,-macroglobulin. Endogenous
glucocorticoids may possibly also  serve: in an anti-
inflammatory fashion .similar - to vpharmacolegically

administered steroids. However the increase during acute

inflammation s transient and relatively low compared to

T

P . .

‘levels obtained in therapy.
Althoegh the_mechanisﬁs involved in the initiatioﬁ of
the liver response‘are becoming apparent, the nature. of the
processes respon51ble for the decline of liver APP synthesxs
'are not known. THe 1ncreased glucocorticoid blood levels may

provide a feedback 1inhibition to halt cytokine synthe51s.

Table 5 shows %hat rat alveolar macrophages were inhibited

—— Ce e

by the glﬁbocofticoid analogue Déx. DEX has Eeen shown to
inhibit IL-I seeretion (Dinarelle, 1984) and _HSF secretion
(Woloski & Fuller, 1985) by human PBH. Staruch & ﬁood {1985)
have found that DEX treatmedt of . mﬁqe _inhibited ;he
appearance of IL-1 in serum in vivo. Thus a decline in

.

available HSF and IL-1 may -result in .decreased liwver

stimulation. - - -
Alternatively, the. shutdown of APP production and

return to normal metabolism by the liver may be due to othe:

unidetitified inhibitors, or simply due to  the _.acx <I
HSF/IFNB, release upon healing cf damaged tissue, oOr

possibly. even down regulation of hepatocyte receptors for
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cytokines that stimulate APP synthesis.

LT ' The e?idence provided here, including analysié”of'

_biochemical properties, analysis of immunologic identity and

aﬁalyéis'of\functional_aétiffty in induction : of acute phase
protein synthesis, led to the interpretation that human PBM
derivea Hepatbcyte Stimulating Factor is most likely
identical to human Iﬁte;fe:onsz. This confirms proposals of
others 'that HSF 'is _éiﬁtinct,,ffom. " cytokines such as
Interleukiﬁ-i and Tumour Necrosis Factor which themselves
havesgcute.phaﬁe pfote{ﬁ synthesis inducing activity, albeit
apparently leés than HSF. Sihce other cell types, in
addition to mohocytes, release IFNBE, it appears that many
tissues - have the potential to initiate this response. In
vitro, HSE‘/IFNB2 appears to be responsibie for a majo?ity
of activity on hepatocytes in PBM supernatant. Thus, in

vivo, and in concert with IL-1, HSF may account for many

aspects of the systemic acute phase ‘respﬁﬁse including

fever, neutrophilia and increases 1in acute . phase proteins

and glucccorticoids. The role these cytokines and the liver
response play in inflammatory diseases is not yet evident.
it may be desiiable to examine animal models of inflammation
with the use of these cytokines in order to estéblish the

potential of manipulation of the liver response.

<
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CONCLUSIONS -

I



+ The response of mammals to tissue injury include a
number of systemic effects including increased liver
synthesis of acute phase ‘proteiné. The initiation of the
aqutelphas; response of the liver involves ;oluble cytokines
such as Hepatocyte Stimulating Factor (HSF) and ;nterleukin—
1 (IL-1). Thesg bytokines: stimulate the in vitro synthes;s
by hepatocytes of acute -phase proteihs. The experimentg

‘outlined here provide evidence that ESF derived from human
‘ .

_peripheral blood monocytes (PBM) is distinct from

Interleukin-1, PBM %§F However is not unique, but rather the
-ev;?encé strongly suggests that PBM HSF‘is identical to
In'ter:ferons2 (IFNB,) of fibrobiasts which has also been
shown by others tc be ldentical to B-cell Stimulatory
Factor-2 (BSF-2) of T-lymphocytes, the 26kd protein of

fibroblasts and Hybridoma Growth Factor (HGF) of monocytes.

HSF/IFNS2 strongly stimulates in vitro synthesis of

az-macroglobulin and «, =CPI by primary rat hepatocyte

cultures as well as << fibrinogen, -ACH, o, —-AT and

%1 1

haptoglobin by human Hep~G2 cells. IL-1 on the other hand
foes not induce these proteins_, strongly but does enhance
human al-AGP in Hep-GZ2 and furthermere inhibits rat oy =CPI
(rat hepatocytes) and human fibrino?ep inducéion (Hep-G2) in
vitro. Thus, HSF/IFst is‘ the major molgcular species

148
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. responsible for = acute phase . pi'tein induction -in PBM

supernatants as analyzed in vitro.

) Human f;broblast cu;turés also release H§F/IFN62 witﬁ
potent acute phase  protein -inducing activity but do ﬁot-
secrete - detectable . Interleukin-1 levels. These
interpfetafions suggest  that BSE‘/IE‘IG&2 may be a .major
“inducer of.hepatocyte acute phase progein synthesis‘in vivo

and that fibroblasts and monocytes are cqpable of eliciting

. the acute phase response of the liver.
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( B Aggendix 1
Interferon ﬁz (IFNEZ)

Interfgrons . are a hetesogeneous ‘group of-proteins
that are capable _of rendering cells resistant to virus
infection. Interferons are classified into three types;

" interferon - alﬁha (IFN«}, IFN-Beta'A{IFNS) and IFN—gamﬁq
(IFNy) on the basis of their primary sources fleukocy;e,
fibroblast and lymphocyte respectively, Toy, 1983). IFN
and IFNf are related to each other but have neo apparent
structural homology to IFNy. Nevertheless, all IFNs share
biological activities. ~

Although many genes exist for IFNa (all with strong
homology) (Goéddel et al., 198l), prior tec 1979-1980, IFNB,
was apparently encoded'by only 1 gene. However, in 1980,
Weissenbach et al. (1980) recognined 2 species oz mARNA (.9
kilobase and 1.3 kb) £rom double-stranded RNA stimulated
’human foreskin fibroblast cells FS5-4, that were capable of

displaying IFN activity once injected into frog (xeﬁpguu

Laevis) oocytes. These results were confirmed by Sehgol

Sagar (1980). Both products were inhipited by anti-Ifi2

antisera. Furthermore, the .9 kb mRNA hybridized o the

IFNB cDNA of Taniguchi (Taniguchi et al., 1980) but the 1.3
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kb mRNA hybridized to the ¢DNA produced by Revel and
colleagues (Weissenbach et al., 1980). Thus the .9 kb mRNA
was degignatea IFNB, . épd the 1.3 ké mRNA designated IFNBé.

" In 1982, Content et al. (1982) published work show®ng
'that\zz'kq and 27 kd proteins were secreted by cycloheximide

and actihomycin D induces fibroblasts that were precipitable
witﬁ anti IFN@ antiserum. They also found that mRNA from
these cells would translate (frog ococytes) a 26 kd érotein
simil;r to the 22 and 27 kd products. However, 1in contrast
to Weissenbach et al. (1980), they could nat find antivirai
activity nor ppp(A2’ p5’)n A synthetase-inducing activity in,
either in vitro translated 26 kd or the natural 22 and 27 kd
products. The reason for' this discrepancy is not c¢lear -
however in retrospect, Billiau {1987) and Revel &
Zilberstein (1986) suggest that comparison of specific IFN
activity shows -IENBZ with 50 to 100 times less than that of
IPNBl (as assayed against VSV). . At theA time'however,
Content et al. namea their factor the 26 kd protein on the
basis of the lack of IFN activity.

- More recently, the <c¢DNA sequences of IFNS, was
published by zZilberstein et al. (1986) and codes for a 212
aminoe acid protein (23.7 kd} with an amino-terminal
hydrophobic region that probably serves as a signal peptide,
resulting in a mature extracellular protein of approximately

180 amino acidg. The ¢DNA clones were expressed in plasmids

with the SV-40 early gene promoter and yielded biological
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IFN activity upon transfection into Chinese Haméter Ovary
.cells. The protein’s activity was ﬁeut}aliﬁed by anti-IFNB
antiserum but not anti-IFNe or anti-IFNy. Haeghan gg;gl.
(1986) publiéhed the nucleic acid sequence o0f the 26.kd
protein and- fognd it to be identical to £he IFNB2 cDNA (and
did not assay IFN in this particular paper).
' Alsobag about‘fhe same time, Hirano, Kishimoto and
colleagués publisﬁed\ $ CDNA sequence for a B cell
stimilating factor (BSF-2) from activated human T cells
(Rirano et al., 1985; 1986). This factor (from TCL-Na 1
cells5 stimulates imffunoglobulin secretion in Epstein—Bérr
virus transformed B cell lines as well as staph A activated
human B cells. Hiranc et al. (1986) showed that “the cDNA
sequence coded £for a mature protein (Signalgtleaved) with
Tdentical amino. acid segquence as that derivea from amino-
terminal amino acid sequence of puri%iéd BSF-2. Frem this T
cell line, the cDNA predicted 19 and 22 kd (mature and
precursor) proteins. The ¢DNA segquence was ncted to be
identical to the 26 kd protein and IFNB, sequences (Billiau,
1986; Sehgal et al., 1987).
Another.factor,_ hybridoma/plasmacytoma growth facrtor
(HGF) is secreted by CON A-stimulated Peripheral 2lowd
Monocytes (Aarden et al., 1985) and by fibroblasts indures

- -
Celn

by similar methods for the productien of the 26 kd pr

-0

(Van Damme et al., 1987(a)). HEGF stimulates growth of rat-

mouse Or mouse-mouse hybridomas and mouse plasmacytoma cell
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lines. vVan Damme et al. (1987{b)) showed that 26 kd protein
CDNA could be used to enrich for HGF mRNA by hybridization
and furthermore showed amino-terminal seguence (12 amino
acids) of purified HGF was ideritical t: the 26 kd sequence.
" As concluded by others, tho results of these independent
works show.identity 0f nucleic acid Sequences for IFNB,, 26
kd protein, BSF-2 and most likely HGF %nd therefore all
activities are du to the same molecule (Billiau, 1987;
paupa:t’gt al., 1987; Sehgal et al., 1987). This unfolding
of the IFNB, story po{ots to the ugéfulness of cloning and
sequencing technology in the -study of cytokines. That
molecules  characterized by d{fferent activities have
eventuilly been found identical is not unprecedented (for
example, IL-1 = LAF, LEM, ﬁP; 22kd IFN inducing‘protein,
catabeolin}. - ¢ !

Genetic analysis has‘I revealed that the IFNB2 is
located on chromosome 7 (Sehgal et al., 1986). Sequence
analysis shows a 212 amino acid (a.a.) precursor and 184
a.a. mature.protein with 2 potential glycosylation sites.
There is some homology at the amino-terminal with G-CSF, and
a 35 amino acid stretch in the carboxy-terminal with IFNsl
and IFNe (Hirano et al., 1986; Sehgal et al., 1987). The
cross reactivity of neutralizing antibodies between IFNB,
and IFNS, may be due to structural and antigenic similarity

within this particular region of the protein.

Interferon 62 can be induced from various cell
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souyees and under various stimulatory regimes. It appears
to be unique amoné interferons in ihat it is induced by
- 'other cytokines. A list is compiled in table 10. |

In addition to'tﬁese humqn cell derived IFNBZ, van
snick et al. (1987), and Nordan and Potter (1986) have
characterized HGFs‘ fggm murine cells. A product from the
mouse P388-D1 ce%l line (25kd, pI=6 tog 6;5) stimulated the
preliferation of various plasmacytoma cell lines {Nordan and
Potter, 1986). Van Snick et -al. purified a factor from
mouse T c¢ells they termed Interleﬁkin-gél {22 to 27 kd, pl=
6It0 7) that had potent HGF activity. Amino-terminal
sequencing did not reveal homogeneity to other cytokines nor
to the human 26 kd protein/HGF. Complete seguencing is

needed to determine if this is a mouse homolegue of human

I FNBZ/HGF/BS F-2.



Table 10:

Cell Source

Fibroblasts

Lymphocytes

 Monocytes
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Cell sources and stimulatory agents for IFNS8,

Stimulatory Regime
N ;
constitutive release

double—stranded RNA

and
cycloheximide
PDGF
FCS
IFNBI.
TNFE

IL-1 & cyclecheximide

)

PHA, CON A, TPA
HTLV-1 infection

CON A, LBS

-
Reference

Kohase et al.,b1986
Sehgal et al.,1987

Weisenbach et al.,
. 1980 ‘
Sehgal et al.,1980
Content et al.,l1982
Sehgal et al.,h1987
Kohase et al.,1986 "
Kohase et al., 1986
Zilberstein et al.,
1986
Kohase et al.,19886
Van Damme et al,1987
Zilberstein et al.,
1986
Sehgal {(submitted)

Hirano et al.,1985
Hirano et al.,1985

Aarden et al.,1985
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