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. Abstract
,—-—"""/ -

- ~ .
‘n2  s2lective localization in mucosal tissces of  lymphoblasts

gerivec from the mesenteric lymph node (MLN) compared toc those from

peripheral lymech noces (PLN# axial, oprachial and inmguimal) was studiec

using an adoptive transfer model in syngeneic CBA/J mice. The
: "3

localizatioh of lymphoblasts wnich had been labelled in vitrg with H-.

125
thymigire or I-deoxyuridine 'was assessed using autcradiography "or.

radiocounting. &*aw ) '

I 'found that the number of MLN lymphoblasts which localized in
thé small intestime, lung, Peyer's patches,'mLN, DLN,-épleen, and liver
was directly proportional to the numbér transfer}ed. This relationship

was . also present in intestinal epithelium and basal qnd villus lamipa
érop;ia. and in pulmonary parenchyma, BALT and . bronchial epithelium.
Eueﬁ at doses of MLN lymaboblasts which approximated four times the
daily output of blasts in thoracic duct lymph, I could not saturate the
. * &
capacity of these tissues to accommodate MLN blasts, nor was their
intra-intestinal distribution altered. Becausé of this dose
relationship it is necessary to control the numbér of blasts transfered
when comparing the localization of lymphoblasts from different organ’
sources using autoradiography. Thus my dose 'étpdies show that,
contrary to earlier studies which were not contro%}ga in this manner,
MLN blasts do not selectively localize compared to PLN blasts in
pulmonary parenchyma. In addition the'resuitg suggest that any method

of increasing the number of lymphdblasts released from MALT (e.g. by
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mutosék immuniégticn) cr inc}easing the delivery of these cells o0 a
'partiCular orgé; {by altering the propcrtion aof the carqigc Dgtput
which it .receiues) will increasé-the number of im@unoblasts in at
tlss‘ue. | , A o ‘

Although the enumeration of radiclabelled or fluorescent cells
in tissue sections has bken u;ed extensively in the literature to
assess lecalization, the uariat;én ;n these. results “has ;arely been
stated, I found that this variation can be quite'high and is largély
due ta the probability of &etecling‘a low numberrof celis in a small
volume of tissue. |

I found that the sex g; the\recigiegt had no effect on the
number of MLN lymphoblasts which locqliied in the small intestirme 24 h

after transfer. In contrast, initial experiments showed that

lymphoblasts from male donors localized two to three times more

frequefitly than those from female donors im the small intestines of

recipients of eithér sEeX. However this phencmenon disappeared between

September 1980° and August 1981 and neither its initial existence . nor
.Q M [y
its subsequent loss have been explained. I found that the gonadal

hormone environment in which the MLN lymphoblasts developed did not

influeqce their capability to localize in the small intestine 24 h

after transfer, However, I do not know whether this cbservation

-

relates to the phenomeﬁon'of greater localization of mafé lymphoblasts

because this phenomenon had likely already disappeared when the *

experiments involving hormonally altered’dgndfﬁ\gzz;;:erformed.
. Using autoradiography in a series of exper ments aﬁalyzing the

kinetics of lymphoblast localization, I demonstrated that MLN
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lymohcbhlasts selectively lzscalize comparsc o -U70 olssts in Spe  smalil
intestine By 0.3 h after transfer. This sugges:ts tnat ore facteor 2

selective localization is the selettive entzy of MUN tlasts from  trhe
‘ ) U - ' - ‘
vasculature, perhags mediated” by spec1ﬁ1c TeCcepucrs %n olzsts  an

tissue of localization.

The concentration of MLN lympnoblasts sas the s=zame 1m on

lamina propria adjacent to the Peyer's baﬁch and distant from the Patch

-

at both 0.5 and 24 +after transfer. This suggests that lymphoblasts

extravasate in the lamina propria rather than extravasating in the

Peyer's batch and subseguently migrating into the lamina prepria. in
addition, the distribution of blas;s in the basal and villus lamina
propria was the same at 0.5 and 24 h after transfer but labelled cells
“appeared in the€ intestinal ebithelium after 0.5 h. , .
The evidence presented in this thesis sug f s that the

selective: localization of MLN lymphoblasts is qsdiate the vastular

endothelium in the lamina propria, perhaps by specifit receptors.

. . b
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Foreword

Tha inéention of thié foreword is to provide the reader with an.
overview of the thesis. In the Introduction I note that the immune
system which 1is active at mucosal surfaces is important iﬁ hast
defenée, tha} responses in the mucosal immume system are somewhat
separate from those in the systemic immune system and thatA mucosal
Tesponses are diéseminafed from one mucosal tissue to others. Possible
mechanisms for both the dissemination and the limitation of mucosal
responses éfe discgssed, including the mechanism which is the subject
of this thesis, that is, the selective mucosal migration cf antigen-
reactive, mucosally—deriqed lymphoblasts. I note that in contrast to
lymphoblasts small lymphocytes do not display this selective
lccalizatién in mucosal tissues but continually reci;culate between
blood angd lymph. To emphasize the distinction between lymphocytes and
lymphablasts I will use the term blast to mean lymphablast.

The ultimate goal of understanding the mechanism which results
in selective blast localization has been approached by studying the
factors which agfect‘ this phenomenon. Although the traffic of
lymphocytes and blasts clearly differs in a numberrof ways, analogies‘
have been drawn between them in the search for the Factors-uﬁich affect
selective localization. In the Introduction I therefore describe some
of the factors "affecting lymphécyte traffic through lymph nodes
including: delivery, kineﬁi;s, antigen, cell sufface structures and an

.
in vitro model for studying the factors affecting lymphocyte ‘adherence



to the vascular endothelium which they migrate across in lymph nodes.

Sex hormones have generalized effects on the immune system
and turn on the mucosal immune system in target tissuves, in part by
Xaffecting blast lecalization, I suggest that they might alse influence
biast' localizééion in those mucosae which are no£ sex hormone target
tissues. 1 propose to inuestigate.some of the problems described in the
Introduction by using an adoptive transfer model in syngeneic mice.

The Materials and Methods describes the adoptive transfer
procedure, ‘the autoradiographic and gamma-counting detection of
transferred cells, and the castration procedures.’

The Results are divided into five chapters. The first
(chapter 3) describes the accuracy.and reproducibility of the system.
Chapter 4 describes localization using the adoptive transfer model at
base line conditions, approximating those which bhad been use&
previously in our laboratory and in other laboratories. To investigate
factors affecting blast localization, I then perturbed this system by
altering the number of lymphoblastg transferred (chapter 5), the time
of study of blast localization (chapter 6), the gender of donor and
recipient mice, and gonadal hormone levels in blast donors (chapter 7).

In the Discussion (chapter é) I consider these results in the
context of the literature and make Sugéestions for future research b
selective mucosal blast localization. Topics discussed include: the
site of enxf§‘5{hblasts into the small intestine, the delivery of
blasts to " this vascular site, and potential mediators of selective

localization of blasts such as antigen, immunoglobulin isotype and

g
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other cell surface molecules, diet, parasitic infection, ender, and
S

gonadal hormones.
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LChapter 1 P

Introduction

1.1 The Mucosal Immune System

1.1.1 Importance in host defense and isolation from

systemic responses

Mucosal surfaces are the major portal' of entry for mogt
infectious agents and foreign ant;gens. Therefore, the mucosae
constitute the first lirme of Eefense, initially by nonspecific
mechanisms of resistance such as ciliary action, peristalsis, mucus,
acid;- enzymes and macrophages and  subsequently by specific
immunological responses. Indeed, it has been estimated that more than
half of the antibody - producing cells in the 1lymphoid system are
located in, the mucosa of the intestinal tract (Hanson et al., 1980).
More than 90% of the plasma cells in this site produce.immunoglobulin A
(IgA). Because plasma cells which produce IgA (the major antibody
isotype in secretions (Chodirker & Tomasi, 1863) ére present in the
mucosae, it seems likely that antibodies active in mucosal defense

could be produced locally.

Besredka (1919) postulated that local humoral immunity existed

in the gut which was independent of systemic antibody responses, .

'y
following observations that resistance to bacillary dysentery in orally

immunized rabbits was unrelated to serum antibody titre. Davies (1922)

observed anti- B. dysenteriae agglutinins in. . the feces

-
(coproantibodies) of humans with bacillary dysentery. Similarly,

s



resistance to Vibrio cholera was associated with the presence of

coproantibodies and the titre of these was independent of the serum
titre (Burrows et al., 1947). In the lungs, antibodies to influenza
virus were stimulated by local application of antigen and protection
correlated better with the presence of antibedies in bronchial
secretions éhan with the serum antibody titre (Fazékas de St. Groth &
Donnelley, 1950). Similarly, vaginal and uterine antibody tifers to

Brucella abortus were found in genital tract secretions follouwing

intrauterine immunizations, but not following parenteral immunization,
in spite of high serum t%}aes (Kerr, 1853). Subcutaneous immunization
in the vicinity of the parotid and submandibular glands of experimental
animals with = glucosyltransferase (an enzyme involved in the
pathogenesis of dental lesions) resulted in IgA and IgG anti-
glucosyltransferése antibodies in saliua‘fand IgG antibody in serum)
and a lower incidence of caries {Taubman & Smith, jQ??). Salivary IgA
anti-glucosyltransferase activity has been detected in humans (Klein et
al., 19773, These are only a few of the many studies which bhave
demonstrated that resistance to'uiral and bacterial pathogens is
primarily mediated by antibodies produced locally, 1i.e. in thé mucosa
where these agents are enéountered rathef' thah systemically by
antibodies in the blood (reviewed bf Gangudy & Waldman, 1980).
Although less .extensiuely studied, «cell mediated immunity also
functions locally, at least partially independeht of systemic cell-

mediated immunity. For example, in BCG-immunized animals,.protection

against infections with M. tuberculosis correlated with the presence of



\
)

cell mediated immunity in cells from the lung but not with its presence

in cells frzg the peritoneal cavity (Yamamoto et al., 1970). In

addition macfophage migration inhibition factor (MIF) was produced in
either the lung or the spleen depending on whether the immunization was
intranasal or parenteral (Henney & Waldman, 1970). This evidence and
;imilar experiments (reviewed by Ganguly and Waldman, 1960) clearly
suggest that there are both humoral aﬁd cellular immune functions which

-

are generated locally in mucosal tissues and are at least partially

- -

independent of the systemic immune system. e

Differences in, the predominant immunoglobulin  isotypes

represent amother distinction between mucosal and systemic immune

responses. Whereas Igg Bas éhe highest concentration in serum, in
secretions dimeric IgA predominates (Chodirker & Tomasi, 19631. The
synthésis of secretory IgR and its components has been demanstrated in
vitro in the salivary glands (Hochwald et al., 1964; Hurlimann &
barling,‘ 1971), mammary glands (Asofsky & Small, 1957; Lawton et al.,
1970), qut (Bull et al., 1971; Kagnoff st al., 1973), and upper
respiratory éract (Norgaﬁ, 1980). IgA uas'also synthesized by cells in
the lower respiratory tract but IgG synthesis predominated L(morgan,
1980).A Since most of the plasma cells in the mucosae contain IgA it is
likely that these represent the local source of much of the IgA in
secretions/ (Tomasi & Bienenstoc&. 1868). Dimeric IgA with its
associated J-chain is .transported across the secretory epithelibm in

association with secretory component (SC), an epithelial cell product

(Brandtzaeg, 1983). The serum represents an important source of IgA in

some secretions eg. in the liver dimeric IgA is selectively transported

N
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intec bile (Vaerman et al., 13882; Brown, 1862), ard in the salivary

gland into saliva (Mcntgpmery,gg_Ei.,197?), and this is mediatec by SC.

In addition to the lymphocytes which are distributed in the

~ * . -
muccsal epitfelium and laminma propria, there are crganized lympheid

I 4 . .
tissues in the mucosae (mucosa-associated lymphoid tissue, MALT).

These are the Peyer's patches (PP), solitary lymphoid nodules and

<
. . . . . . . - A
appendix in the small intestine (gut;assuc;ated lymphgld tissue, GALT) %

LY

(Faulk,et al., 1971; UWaksman et al., 1973; Abe & Ito, 1977) and the

morphologically and functionally similar bronchus-assoclated 'lymphoid'
tissue (BALT) ~in the lungs (Biendpstock et al., 19734,b). ~ These
. L . \
tissues are well suited for sampling the lumenal ®nvironment, teing
covered by a lymphoepithelium yhich is characterized by a8 pautity of
goblet cells and the presence of epithelial cells which have surface
mic:ofcldg (M-cells} and are both &ctively pinocytotic aéd allow'.
lymphodytes to Q&nsely approach the lumen (Qwen et al., 1981). These
lymphoid structures would seem to be a likely-source of ﬁrepursors fof
thé extensive lymphoid'population of the mucosae. If this fug;g the
case they would require a high proportion of B cells uhich,égglsurface«'
positive and / or/u.positiue cells, the precursors of IgA producing
cells (Jones et al., 1974a,b). Indeed, Peyer's patches contain: a
higher proportion of B cells (74%) relative to T cells (13%) than do
lymph nodes {(B:T of 47:48)., 14% o% the lymphocytes and 38% of the
blasts in the Peyer's patch had™ -chains on thei;’%gpface and 21% haé;; )
chains (Guy-Gramd et al., 1974). Thus thé Peyer's patches contain a

large number of precursors for IgA plasma cells. These cells will

‘ A
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repcpulate the gut and lung with Igh producing cells after transfef

into irradiated r5f1plents, but lymphocytes from peripheral lymph nodas
or peripheral blood do not (Craig & Cebra, 1971,1875; Rudzik et al.,
19750; Tseng, 1581). ‘Although B cells from Peyer's patch can be
induced to synthesize soécific gntibogy and T cells 5ake an allograft
response in vitro (Kagnoff & Campoell, 1974), @plasma cells were not
‘observed in the Peyer's patch after direct stimulation with *antigen
(Bienepstock & Dolezel, 1971). Thus the cells which are stimulated by
antigen in the mucosae leave the GALT and BALT ta mature elsewhere and,
s, in the experimental madel, populate,th$‘_mgcosae with antigen
gaecific cells.

Another mechanism which seems to operate tp separate the

-~ .
mucosal and systemic immune systems is selectlve suppression. After

@

oral administration . of antigen, systemic responses are often

suppressed. Although the mechanism regulating this oral tolerance is
not fully Qnderstood; suppressor cells often seem to be ipuoluedﬁ
After oral administration of antigen, specific suppressor cells for the
-IgG response were generated in the PP and migrated to the spleen, while
specific helper cells for the IgA response were found in PP and
mesenteric lymph node (MLN) but not spleen (Mattingly & Waksman, 1978;
Richman et al., 1981). Eonversély, after parengeral admini;tration éF
] anfigen, specific suppressor cells which interfered with a primary

mucosal response, ‘have been detected initially in the spleen and

" subsequéntly in Peyer's patches (Koster & Pifﬁpe, 1983). The relative

contributions of selective localization of responder cells, antigen -

and/or 1isotype specific suppressor cells, and antigen presenting-

] LY

|

~

Sarnet
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=alls, to tme separation of the systemic anc mucgosal Immune sysisms is
[Sinl Snlaitiin N

Thne wunderlying basis for the -orecominamce cof IgA plasma cell
precursors in MALT is unclear.. Kawanishi et al., {1882) founc T cell
clores frem Peyer's patch, but not from splesen, which dramatically
decreased the number of Peyer's patch 3 cells which bore surface T35
ard contaired cytoplasmiz IgM or IgG. These T cell clenes dramatically
increased rthe rumber cof cells which bere surface IgA but only flightly
increased the number which containmed IgA. However both the spleen and
Peyer's patch - derived T cell clones nad similar suppressive effects
on LPS stimulated IgGC synthesis and small helper effects on LPS
stimulated IgA responses by PP 8 cells. Kawanishi et al. (1982)
!‘Qgested that T cells cerived from PP could induce class switching to
sigA bearing cells but dic not provide help for terminal
differentiation. Tseng (1982) fournd that when T-cells from spleen or
Peyer's' patch were titrated against B cells from either tissue there
was no significant difference induced by the T cells in the proportion
af cells with cytoplasmic IgM, IgA or IgG . Therefore Tseﬁg (1582)
" suggested that 8 cells, but not T cells Speiific for IgA production are

prafereﬁtially localized in Peyer's patch. '

1.1.2 Dissemination of the mucosal response to distant mucosae.

"Although largely isolated from the systemic immune system, the
immune response generated at one mucosal surface does not remain
localized but disseminates to other mucosae. For example, after cral

immunization of pregnant rabbits with DNP-pneumoccccal vaccine, anti-



&\\“Fﬂe;né antibocy was cetectad in colastrum but not in serum {MentgomeTy

-y =51

o

st al., 1874}, Ingestion

f a distinctive serctype of E. coli led to

the appearance of specific IgA antibody in human milk (Goldblum gt 2l.,

-

137%), Similarly, ingestion of Streptococcus mutans by T3ts led to the

appearance of specific IgA antitcdiss in saliva and milk but not in
serum, and a declime in the incidence of dental caries (Michalek gt
al., 1878). . Although there are other possible explanations, lack of a
serum response was consistent with the suggestion that dissemination of
the mucosal response was Aot due to antigen gaining access to the
circulation. Antigen might "have been transported selectively 0
distant mucosae by migrating macrophages. However Mentgomery et 2l.,
(1881) found identical spectrotypes of Igh 1in distant mucosal
seeretions after mucosal immunization at one site, suggesting that
unless the resident cells inm all mucosae were identical, 1t was l;kely
that clones of cells triggered in one mucosal tissue migrated to other
mucosae. This disseminatioﬁ of the mucosal immune response has obvious
protective value. ‘Hnalogies with the syséemic immune system suggest
that this information might be disseminated by lymphocytes stimulated
in one mucosal tissue migrating to other mucosae.

-

1.2 Lymphocyte Traffic and Selective Lymphoblast iLocalization

E

1.2.1 Importanbe.gi lymphocyte recirculation

Few of the lymphocytes in a lymph node react with a given

‘antigenic determinant.  The continuous recirculation through lympheid
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organs of iTmungcom
Sowans, 13%3; Sgremt, 13573) =znhances in2 orooabhilid

lymphocyte ’:_mtacting the relevant antigenic cetarminan
has been estimated that of the cells in the efferent Lymph, 305 are
cells which bRad =antsred the lymph ncde from the blced “ny migraticmg
across e morgnologically distinct nign erdethelial  post-caciliarty
venules (HEV), 10 to 15% are from afferent lymph and eonly 2 to 4% ace
due to division within the node (Issekukz et al., 1S81), Upon
stimulation by antigen the lymphocytes begin to differentiate ‘and, in

the form of antigen specific lymphoblasts, migrate into the efferent

lymph (Frost et al., 1§76) and to distant nades and tissues where they

mature intc antibody producing plasma cells and other effector cells.
As an aid to the reader in distinguishing comments azbout lymphoblasts
from those about lymphocytes, I will henceforth use the term blast to

‘mean lymphoblast.

1.2.2 Lodalization differences between small lymphoéytes and

large lymphocytes (blasts)

There is‘ an analogous circulation among the. muccsae whereby
lymphocytes stimulated in MALT bemeath one mucosal surface undergo
blastogenesis, enter the lymph and then migrate via the blood to
mucosal tissues where they extravasate and complete differentiation,
primarily into IgA-secreting plasma cells. Gowans and Knight . (1964)
found that épproximately 98% of tramsferred small lymphocytes from
thoracic duct lymph (TOL) were recovered in the lymph over the 4 days

following transfusion. In contrast cnly 5% of the labelled large
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lymphocytes from TOL were reccversd in TOL after transfer (Gowans &

Knight, 1GBa4; 3mitn et al., 1980). OF these labelled cells, 4.3% were

large lymphocytes and O. Y small lymphocytes (Gowans & Xnight, 1964},

'Siﬁilarly, Howard (1872) found that B blasts from TOL appeared in much
smaller numbers ang ceaked sarlisr (at § to 12 h) than small B or mixed
B anc T Lympﬁocytes from TOL (15 €0 18 n) in the lymph of cannulated
recipients. In marked contrast with the small lymphocytes, many of the
large lymphocytes were observed in the small intestine as early as 1 h
(Hall & Smith,1970) and a2t 1 and & days after transfer (Gowans &
Knight, 195;). The observation that blasts from the MLN displayed the
same ' tendency to localize in the small intestine as TOL blasts
(Griscelli et al., 1969) was consistent with the estimate that TOL is
derived almost entirely from the intestine via the ML& (Yoffey &

Courtice, 1970).

1.2.3 Selective localization of mucosélly derived blasts

Most interesting was the observation of GCriscelll et al.,
-(1959) that although MLN and .TOL blasts displayed a strong. propensity
to accumulate in the gut ﬁucosa At 20 h after transfer, blasts derived
from peripheral (non-mucosal) lymph nodes (PLN)} dig  not. The
abservation . that, in contrast to mucaosally derived blasts which
accumulate in the small intestfne, PLN blasts accumulate in recipient
PLN and spleen and are only \pnfrequently obségaed in tﬁe mucosae has
been confirmed.repeatedly (Griscklli et al., 1969; Guy Grand et al.,

19743 Parrott & Ferquson, 1974; McWilliams et al., 18753 Hopkins &

Hall, 1976; Hall et al., 1977; McDermott & Bienenstock, 1979; Ottaway &
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Zarrgtz, 12303 3miim 2t o2l, TEZEC). T=ils zZhgnomercn w23 2uen TeIE
acparsnt Jhem EUisIacicgraony,  T2TNeT wrhan rasiccoounting,  wa@s w2 0
assess the iccaticn of the tramsferres cells (Sroiscelli st ai., 1385
£efus et 21, 1380). The marked accumulztion in muccsal tissce aiter

adaptive tranéfer of muccsally cecivec slasts comparsd to perisherally
derived blasts has Deen iermec selactive localization, This salsctive
localization of cells which hag oeen stimulated by antigens crossing
mucosal epithelia is an underlying tasis Yor tre observatiors cf local
immune responses being separate Trom systamic immume responses and for
the " dissemination of an immune response from one mucasal éurface pote
angther, This appl%Fs to both T blasts anc immunoglooulin containing
plasts, .

- In comtrast to  their differential localization in mucosae,
blasts from MLN,.TDL anc PLN had an equal tendency to accumulate in the
spleen, and small lymphocytes from all three sources had similar
distribution patterns in recipient MLN, PLN and Peyer's patches at 20 h

after transfer (Griscelli et al., 1968). Many of the blasts in the MLN

(and TOL) were Llikely derived from lymphccytes which had  been

ted

stimulated by enteric antigens in the Peyer's patch} indeed many more

anti-toxin containing cells were observed in the TOL when cholera
toxoid was instilled into an intestinal loop with a Peyer's patch than
when the locp did nmot include a patch, but removal of the MLN before
challenge had no effect on the response iHusband & Gowans, 1978).

Many aof the mucosally-deriued blasts which localized beneath

mucosal epithelia bore surface IgA (Guy-Grand et al., 197&; Mcwilliams

t al., 1377) and differentiated into IgA-containing plasma cells

*
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beneath mucocsal surfaces including: small intestine (Guy Gran al
18743 Mowilliams et al., 19773 "elermett & Bienmenstock, 15797, lung

{McDermott & Bisnenstock, 197%;  Weisz-Carringten st a2i., 1979),
lactating mammary gland (Roux et al., 1977; McDermott & 3Sienenstock,
1979; Weisz-Carrington et al., 1979), genital tract (McDermott &
Bienenstock, 1979) salivary glands {Weisz-Carrington et al.,1979;
Jackson et al., 1981) and lacrimal glands {Montgomery et zl., 1983).

Douple transfer studies have further elucidated the migration
pathuway. Using an IgA alloantigenic marker in congenic mice, Tseng
(1981) found that Peyer's patch lymphocytes migrated to the small
intestinal lamina propria following a 5 to 7 day interval during which
they rtesided elsewhere, primarily in the spleen. Transfers using
splenectomized recipient; demonstrated that the spleen was not an
obligatory intermediate site. Although quantitatiuel? much less than
the spleen, PP cells ;lso were found in the MLN as an intermediate site
(Tseng, 1981). Roux gt al., (1981) found that radioclabelled Peyer's
patch blasts were equally distributed between MLN and PLN but wpon
secondary transfer a higher proportion of those from the intermediate
site of MLN than those from PLN localized in the small intestine and
contained IgA. At least some of the cells which initially accumulated
in MLN seemed to have arrived via lymph, suggesting that they had
extravasated in the gut,(Roux et al., 1981), perhaps at HEV in Peyer's
patches. !

Presumably T blasts and B blasts of isotypes other than IgA are

generated beneath mucosal epithelia. Indeed, Peyer's patch lymphocytes
™



~ac a small out significamt potential to differentiate inis I
Slasma c2lis  in irraciated recisisnt rapbits (Craig & Ceora, 1875)
Inceed this group (Ceoraz et al., 1583) has shouwn, using the splenic-
focus assay that PP or BALT cells gave rise to clones oroducirg Igh,

IgG, IgE amc/or IgA. Thus selective lccalizaticn would presumably not

ted to IgA-plasma cell precursers. After transfar of MLN

Je

oe l1ia
blasts, more Igh containing radiclatelled cells were observed in the
small intestine than after tramsfer of 3H-Tdr labelled PLN blasts
(McDermott et al., 1879). T-blasts apéeared in the qut mucosa after
transfer of labelled MLN or TOL plasts (Cuy Grand et al, 1874;
Mcwilliams et al.,1975; Rose et al., 1976a; Sprent, 1976; Freitas et
al., 1980). As predicted, T-blasts from MLN or TOL selectively
localized 1in the small intestine compared to those frem PLN or spleen
(Guy Grand gt al., 1978; Uﬁtaua; & Parrott, 1980; Smith gt al., 1980).

- Similarly blasts from the bronchial lymph node (BLN) which
drains the lung selectively localized (cchpared to PLN blasts) and
differentiated into IgA and IgG cantaining cells in the lung (McDermott
& Bienenstock, 1379). There seemed to be a relative preference for
blasts derived from one mucosal tissue to return to that tissue. Thus
although blasts from the ELN accumulated and contributed IgA positive
cells to the small intestine, the quantity was much less than after MLN
transfer and not different from PLN transfers, MLN blasts accumulated
in the lungs more than PLN blasts but less than BLN blasts (McDermott &
Bienenstock,1979). However, as McOermott and Biemenstock noted (1373)
there were large differences in the numbers of blasts transferred from

-

the wvarious donor cell sources and their data could not be corrected

w
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for these differences hecazuse of lack of information on the effect of

altering the number of cells tramsferred. One af the purposes of this
thesis will be to descrine the 2ffect of alterirg the number cf blasts
transferred so that the localizaticn cf blasts from different séurces
and in different experiments can be compared.

In contrast with Elasts, rocent small lymphocytes from TDL  er
PLN have similar patterns of recirculation, (Hall et al., 1978; Freitas
et al., 1980) and demonstrate nmo tendency to localize in intestinal
mucosa (Guy Grand et al., 19743 McWilliams et al., 1575; Freitas et al.,
1980). Smith et al., (1880) found no dlfference in the concentration of
rat small TOL lymphocytés in either MLN and caeéal lymph node or PiN.
Although small lymphocytes and blasts from both MN and alloantigen
stimulateq PLN (95% T cells) accumulated in large numbers in the coeliac
lymph node, this seemed to be due to arrival in afferent lymph from the
liver, rather than to a different tendency of lymphocytes to leave the
blood and enter these nodes compared to other nodes (Smith et al, 1980).
However selective migration of small lymphoﬁytes has beén demonstrated
in the sheep. Small lymphocytes frem intestinal lymph in sheep traffic
selectively through the small intestinre and back into intestinal
efferent lymph but those from péripheral lymph' do not (Scollay et al.,
1976; Cahill et al., 1977; Hall, 1977; Qhin & Hay ,1980). Also, Issekutz
et al., (1982) showed that small T lymphocypsf (but mot blasts, B cells
or macrqphages) from afferent iymph recirculated preferentially from
blood through skin or a granuloma and back into afferent lymph, but
small T lymphocytes from efferent lymph recirculated'F;om blood through )

the lymph node and back into efferent lymph.



This fundemental difference betueen traffic of
lymonocytes 1in the radents and sheep is unexplained but night reflect
species differences. Unlik; rodehts, no paricular class of bleooc vessel
can be identified in sheep lymph nocde as being responsible for the
transmission of lymphccytes from blood to lymph (Morris & Courtice,
1577). Perbaps there is a different distribution of wvarious organ
directed memory cells in lymph of sheep compared to rodents. In
acdition, the differences might result from the cell sources usad .For
comparison, intestinal and peripheral lymph in sheep versus TDOL ard
lymph nodes in rodents. Indeed Reynolds et al., (1982) feound that the
differential circulation was rot _as great when lymphocytes were obtained
from, and comparisons made between, mesenteric and prescapular lymph
node rather than intestinal and prescapular efferent lymph of sheep.
However, as in rodents by 24h after transfer, sheep blasts from
intestinal lymph had virtually all disappeared from the lymph and blood,
and displayed selective localization in the small intestine compared to
blasts from peripheral lymph (Hall et al., 1977).

Thus lymphocyte migration experiments in rodents and sheep show
that immure responses in the mucosae are linked into a common mucosal
immﬁhe system {Bienenstock, 1974) and are at least partially separéted
from those in the systemic immune system, by the selective localization

of blasts which have been stimulated in MALT.

»
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1.3 Factors Affecting Lvmphocyte Traffic

The  mechanism which underlies  the selective mucosal
localization of mALf—deriued blasts is S%knomnﬂ In an attempt to
understand this process there has been a search for factors which affect
the accumulation of blasts in mucosae. This was the purpose of my
thesis project and both my results and the relevant literatufé will be
discussed in chapter B8. Much of the direction of research into
selective blast lécalization has been drawn from anzlogies with
lymphecyte traffic through lymph nodes., However it should be stressed
that these are not identical processes since, in rodents, lymphocytes
*enter lymph nodes via morphologically distinct vascular sites (HEV) and,
in rodents and sheep, most do rmot remain in the node but enter the
lymph, return to the blood and continue to recirculate. "f; contrast,
MALT-derived blasts enter non-lymphoid mucosal tissue which does not
contain HEY and remain and differentiate within that tissue, tending not
to recirculate. WNevertheless there may be similarities in the factors
influencing these two processes and in the mechanism of entry of
lymphocytes into lymph nodes and blasts into mucosae. T will therefore
-review the factors which affect lymphocyte traffic through lymph nodes
including their delivery to the node, the effect of specific antigen,
evidence for lymphocyte and HEV cell surface structures involved in

localization, and the kinetics of iocalization. ' -

1.3.7 Delivery of lymphocytes to lymph nodes - effect on

lymphocyte traffic through a2 node

The early studies of Gowans (1958) showed that the normal high



0ut§ut of lymphocytes from the thoracic duct could be more than  doubled
by a la}ge intravenous transfusicn of lymphocytes. TTis suggested tha£
the mechanism f{or the circulation of lymphocytés frem blood to  lymoh
allowed a certzin proportion of the lymphocytes in the blood to cross
into lymph, and that the mechanism was not readily saturabie. Indeed,
it has been shoun using isclated spleen (Ford, 1983) or MLN (Sedgley &

Ford, 1976) that the number of cells entering the tissue was directly

proportional concentration of cells in the perfusate.

Approximately 1

of the lymphocytes in the arterial blcod entered the
isolated MLN (Sedgley & Fofd, 1976).  Similarly, Hall (1957) estimated
. that 12% of tbe lymphocytes presented by the blood entered sheep - lymph
nodes. Hay and Hobbs (1977} also found a direct relationship between
delivery and entry but estimated a some@hat more efficient uptake, 25%
of - the ‘lymphocytes delivered to the node. . Presumably the number of
lymphocytes entering a node could be increased either by increasing the
concentration of lymphocytes in the blood or by increasing the amount of
blood flowing to that node. Ottaway and Parrott (1879) found that the
probability of findiné 51Cr-labelled lymphucytes in a particular lymph
node was related to the proportion of the cardiac output which that node
received. In addition, the increased localization of lymphocytes in the
node draining a site of inflammation correlated with increased
bload flow to that node (Cahill et al., 1976). Similarly,
Drayson et al., (1981} found the following sequence of events after
stimulating rat poplitéal lymp? node ui?h SRBC: 'blood Flow increased,

then lymph node weight increased, then lymphocyte accumulation during
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the firs Rour after transfer {(primarily a reflection of influx)

t

increased. However these authors found that after irradiation,
lymphocyta influx into antigen stimulated noces increased without a
significant increase in blood flow. They suggested that there might
have been a redistribution of blecod flow within the node to HEV since
the opening cf arteriovenous shunts, perhaps leading to greater flow te

HEV, was prominent after antigenic stimulation (Herman et als 1978).

The evidence regarding uptake of a proportion loF the lymphocytes -

presented to the node combined with the correlation with blood flow,

strongly suggests that the delivery of lymphocytes to the HEV of lymph

nodes directly influences the number which will emter the node under

physiological conditions. Perhaps a similar relationship exists in
nonlymphold tissues. This bhas not been controlled in previous
investigations of blast localization. Experimental manipulations have
been made (such as intestinal parasitic infection or sex -gormone
treatments) which might have effected localization by altering blood
flow, The quantitative localization of different blast populations
‘have been compared without controlling the ndmber of blasts

transferred. One of the purposes of this thesis was to address this

problem and to disc the earlier literature in light of my results.

1.3.2 The effect of antigen on lymphocyte localization

Antigen iz another factor whigh influences lymphocyte
localization. There has been some evidence of selective localization
of antigen specific cells in skin allografts undergoing re j®ection but

there was no specific ldcalization in the lymph /ncdes draining the
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grafts (Lance & Cocper, {9?2; Tikney & Ford 1574). However mucn of the
ink

antigen - associatec luerces on lymphodyte traffic seem likely <o

have been initially stimulatedlg§r;pecific immunologic interacticns anc
subseguently t¢ act on the larger populétion of lymphocytes with
igrelevant jspecificities. _ Thus increased -lymphocyte - trappifig was
obse;ved in  the splieen after ilv. antiqen and in the draining )lymoh
node after footpad injection of antigeﬁ (Zatz &' Lance 1971; Zatgz,

. . ! .
1975). This trapping or "cell shutdown" was  not immunolefically

‘specific (Zati & Lance, \?§7T$, although the trapping of specifically

_sensitized lymphocytes can be demonstrated in spleen but ot lymph

nodes (Emeson & Thrush ~1974). Cell shutdown was—jinduced with

comﬁlement activation in sheep lymph nodes (McConrell & Hopkins, 1981) -

or by Ainfusion of PGE (Hopkins et al., 1981}~ PGE evels were
' . . 2 ,;\51 : 2t

greater in efferent lymph aftertcell shutdown and inmhibition of PGE °

. - . 2

synthesis in the node aboli;qu_cell shutdown induced by antigen

(prkins et al., 1881). These investigators suggested that complement'

activation initiated shutdown by stimulating -the production of #fGE
) 2
which then mediated the response, /;erhaps in part by enlarging PCVY and

opening direct arterio - venous shunts ingg HEV. Because of the large

nonspecific component of lymphocyte trappiﬁg in antigen ;,sﬁimulated
nodes and regions of inflammation, careful checkerboard designs are

essential in order tofdetect any antigen - specific localization.
. “n

1.3.3 Kinetics of lymphocyte localization

Experiments in which 1ab§lled small lymphoéytes were

transferred anqziftheir location at wvarious times - assessed by

A

\f/
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autoradiography, 1led to the conclusion th%E/both T and B lym?hocytes
enter lymph rodes from the blocd via HEV aéﬁ that this prgcess requires
between 15 .and 30 min {Gowans & Knight, 195&). Noét' studies of
selective blast localization ™ave assessed the accumulation of cells at
one time, between, 18 to 24 h after transfer. If blas;s can enter
mucosae as tapidly ‘as lymphocytes ehter lymph rodes then many__
influences on, and éhanges in, their position—zculé have taken placé
l,ﬁu_,: during 24 h., The few studies of blast localizatien kine;ices.which had
been performed uwhen I began the uork.lde cribed in this thesis
demongtra;ed that blasts entered the mucosa ﬁuch earlier than 24 h,
However there had been no direct compa;ison of the Qinetics of
. localization in the mucosae “%of muébsqlly, as compared to peripherally,
'derived blasts. §$ch a st:By miéht sugaest the mechanism of selective
’ , :
-blast localization. Therefore I have compared the localfization of MLN
and PLN blasts in the small fntestime, lung and Pe}er's patch at

various times after transfer. . -~

- . 1.3.Q-Q1 vivo evidende Moy involvement of cell surface

structures, in I?thocyté traffic _

The first suggestions that cell surface molecules were involved
iR lymphocyte traffic came from observations of the effects of' enzyme
N ;
of lymphocytes, to enter lymph nodes {(Woodruff & Gesner, ;?ﬁa; Jacobson

& B8lomgren, 1972) but not tissqgf where HEV were not infiolved such as

: .

‘ liver, qut, spleen and bone marrow (Woodyuff & Gesner, 1953% Rannig et
‘ VR N

\\\\ 1.,1977). Glycosidases from Clostridiuﬁ,’;;;fringeﬁg (Cesner &

. - . . \-—-/
Ginsburg, 1964) and neuraminidase caused.tffe transient sequestration of

s ® s
e N

A

a : Trypsin treatment temporarily interfered with “the-ability J/ﬁ—~\\_
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treated lymphocytes im the liver (Woodruff & Gesmer, 1883; Freitas & ge
Sousa, 1976}.- When lymphecytes were allowed to reach the noces (in an
R - ... R ) . . e .

isolated, perfused nede), those treated with neuraminidase migrated
acraoss KEY as well as controls but the migration of trypsin treatec
cells was inhibited (Ford et al., 1978). The putative receptor seemed

to undergo rapid turmover since both puromycin (Woodruff, (1974) and

mitomycin C {(Romano et gl.,19?5) treatment of lymphocytes imterfered
with their migration into lymph nodes.  Schlesinger (1876) suggested
that both the effects of trypsin and neuraminidase might have been due

to changeé in electrophysical properties of the membrane which altered

adhesiveness, rather than the cleaving of a specific molecule involved

in a lock-and-key type receptor. Similarly, changes in surface charge
and adhesion have been suggested as explanations for the lymphccytosis
o )

\ N
induced by treatment with sulphated polysaccharides such as heparin and

dextran sulphate (Ford et al., '1978; de Sousa, 1981), although in this
+ -

case the major effect seéemed to be on the HEV rather than the

lymphocyte (Ford et al., 1978). The effect of nonspecific mitogens on

lymphocyte localization has . been studied guite extensively but no
meaningful patterﬁs haue y;t emerged., - Some miﬁﬁgens inhibit ﬁigration
into lyaph nodes, perhaps by increasing trapping in the spleen, whereas
otﬁers have no effect (reviewed by Schlesinger et al., 1876; Ford gﬁ
| al., 1978; deSousa, 1981). Sodium azide treatment of . -lymphocytes
nsecqgases theirr‘localizafion in lymph nodes at 30 min after transfer
(Ford gg_gl;, 1978) suggesting that an actiuev;esponse of the cell ;;x

- : -

be required for bindiﬁg to HEY,

-1
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The different mechanisms involved in localization inm lymgh nodes’
via HEV and spleen via vessels lined with low endctheliz, is emphasized
by the fact that of the three agents whizh most significantly inhibit
lymphocyte localization in  lymph nodes (trypsim, sodium azide ard
dextran ,sulphate),‘ cnly dextran sulphate administered to the recipiens
had any effect on localization in the spleen and this was much less than
its effect on lymph node localization (Ford et a2l., 1978). Mitemycin C
interfered with localization in the lymph nodes but not spleen (Romano

et gi., "1976}.  Thus one must be aware that differencs; exist in the
" mechanisms for localization JF lymphocytes in different Eissues and care
must"be taken when drawing analogies between potentially different
systems such as lymphocyte"mig}ation into lymphoid tissue. or non

‘lymphoid tissue or blast localization in mucosae.

1.3.5 An in vitro model of lymphocyte adherence tc HEV

An in vitro model has been developed to study the factors which
affect the adhereéce of lymphocytes to HEUJ . Lymshocytes layered over
glutaraldehyde fixed or frozen sections of lymph node adhere
preferéntially to HEV. This adhersnte was maximal at'-?OC. The
acherence of TOL ‘lymphocytes in vitro correlafed with the £ of injected
radioactivity recovered in lymph nodes (Stamper & Woodruff, 1877).
Similarly, . the adherence .of M.N lymphocytes in vitro correlated with
their localization durlng a single-pass perfusion through a lymph nade

¢ at 370C and in vivo at 15'm1n aftgf 1ntrauenous injection as assessed by
Fluorescencs and autbsadiogfaphy (Butcher et al., .1979). Adherence was

—

energy dependent, being inhibited im vitro by iodoacetate and azide
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and was sensitive to tTypsin treatment of the TCL lymohccytes Sut  not
to neuraminidase treatment (Woodruff =t al., 1877). Thus the observed

effects of =trypsinm and azide om lymphocyte leccalization in vivo are

likely due to intefference with their binging to HEV. In contrast and

ffects of neuraminidase were not due &G

i}

as expected, the in vivo

interference with lymphﬁ:yte bindirg to HEY. Thq in vitro system also
rgﬁealed that lymphocyte binding was calcium but no£ magnesium
requiring, and involved the microfilament but nﬁt the microtubule
system {woodruff et %l., ‘1§77). These authors argued that surface
receptor movement was likely necessary since ionaaﬁbrﬁ B-23187, which
inhibits cap formation in mouse B cells, inhiéited adherence. However
this drué promotes the transport of divalent cations acress cell
-membranes and Fherefére its effect might have been mediated by altering
ghe availability of calcium ions {Woadruff éifgi., 1977). There was ng
difference in vitro in the adherence of lymphocytes from digferént
individual mice, different sexes, different ages; syngeneic ar
allogeneic donors or after treatment of I}mphcyte domors  with
hydrocortisone acetate (Butcher et al., 1979). In vivo localizatidvn in
irradiated recibients or isolated, perfused nodes was alsg not affected
by bhistocompatibility differences (Zatz =t al., 1972). Differences
which have been’ reported seem to have been due to removal of allogeneic
cells by lungs and liver, rather than an inability to entef lymph nodes
from blood or afferent lymph (Frost et al., 1975).

"The specificity ‘of localization might be determined at the

level of the vascular endothelium. T cells and B cells enter lymph



25

-

modes oy the sams “EY route {Misuwerbuis & Tsrz, 1375) and do not
differ perceptibly in théiﬁ locations until at least zn hour aftsr they
‘have left tne blood (Ford gt al., 1573).  Tnis goes not "necessanily
imply that they are binng to the same putatiue HEV receptor. In
contrast to blasts, the organ source (PLN, PP, spleen) of T or 3
lymphocytes did ~fot influence their locallizatiorm rzattern in ismoh
nodes at 2 h after transfer {Stevens et al., 1982). However, T and B
cells do show different localization patterms from ome another (Stevens
2t al., 1982). T cells localized five fold more frequently than B
cells in PLN but T and B were equaliy numercus in the Peyer's patch, B
cells localized somewhat more freguently in MLN than in PLN and B cells
were 1.5 fold more frequent than T cells in the spleen (Stevens et al.,
1982). The distribution of in vitro adherence to HEV was similar to in
vivo localization except\that 8 cells {relative tb T cells) bound more
efficiently in wvitro than they localized in vivo. Stevens et al.
(1982) stressed that the in vive situation dnvolved many more factors
than Jjust adherence to the HEV, These authors noted that the
oroportion of T and B cellé in a tissue paralleled the migratory - and
endothelial interaction tendencies of T and B cells for that tissue.
They suggested that, the availability of these lymphocyte classes,. and
. thus the immune response in a lymphoid oégan, could be.influenced by
lymphocyte migration, determinmed largely by HEY adherence (Stevens et
al., ;982). . -
The in vitro model of lymphocyte localization in lymph nodes

has provided evicdence which suggests that this process may be mediated

by specific receptors. Both at 30 min after transfer and in vitro, PP
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cells acdrerecd.more teo PE ard lass to PLN ang mediastinal LY than
MLN or PLN cells (Butcher =t al., 19560). P2 cells achersd tc MLN less
than to FP but more than to PLN. In contrast, 200 cells acherec
ecually to PP, MLN and pLN.’- Some thymic lymphoma cleones wers
selectively adherent in zither PR cr iymoh node, uﬁeqéas others achersc
squally well te both. Butcher et al. {1980, 1582) suggested that these
differeant petterns of localization reflected the  differential
expression of node or Peyer's patch - specific receptors on T “and B
cells, and determinants on HEY. They also suggested that MLN HEV which
were pnique in bindirg both PLN-specific and PP-specific cells,
probably express both DLN and PP KEY determinants.

Chin af al. (1980a,b, 1882) detected a factor in rat TOL which
can bind to HEU-and'inhibit lymphocyte attachment. The factor appeared
to bg a 150,600 My glycoprotein antigenically related ?6\ surface
components of TDL lyhphocytes (Chin et al., 1980a,b). Adhersnce of TOL
to lymph node sections was inhibited by treating tﬁé lymphocyte; (but
not sections) with anti-inhibitory factor Ig or the F{ab') or _Fab
féagments of anmti-inhibitory factor Ig. .Adhecence was not iniibited by
the F(ab') fragments of anti-thymocyte or anti-Iq antibodies (Chin et
al., 198§b, 1982).  Anti-inhibitory factor Ab treatmeﬁ;q\;;\\FDL
lymphocytes decreased the 2-h in vivo locqﬂization‘?n cervical and
axillary lymph node by 70%, and in MLN by 20 to 40% but did not
decrease localization in PP ner change localization in spleen, liver,

lung, or bloed (Chin et al., 1982). Both T and 8 cells from TDL gave

similar results. Anti-thymocyte or anti Ig F(ab') had no effect on in
2
* E)

——t “
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vivg migration (Chin gt al., 1882). The authors concladed that
specific acherence molecules re responsible for the entry af
recirculating lymphocytes intoc lymph nodes, and they suggest that
different moleculeé may mediate their'entry via HEV }nto Pever's patch
and lymph nBdes {Chin et al., 1982). " Thus there is evidence from two
laboratories which suggests that specific determinant - Teceptor
interaction; are involved in small lymphocyte localization in lymph

nodes. Perhaps a similar mechanism directs selective blast

localization in the mucosae.

1.4 Sex Hormone Influences aon the Immune System

The observation that selective localiz;}Tcﬁ of gut-derived
blasts in the mammary gland was associated with its déuelopment during
pregnancy and lactation or after stimulation with estrogen and
prolactin (Roux et al., 1977; weisz-tarrington et al., 1978) stimulated
the interest of mucosal immunologists in sex hormonal influences on the
mucosal immune system. In general, males have a lower resistance to
infection and a weaker immune response than females, while females have
a higher incidence of some autoimmune diseases. The mechanisms
underlying these differénces é;e not understood but seem likély to be
related to sex harmone dif feremces, since variations in immune indices
have been noted during the estrus cycle in both experimental animals
andshumans (Krzych g&_éi., 1978; Mathur et al., 1979). Cohn (13973)
critically reuiéwed tge literature and found that, at that time, no

unifying conclusion could be drawn concerning the effects of sex

.

-

-



i~
i

mormones on immune Tesconsiveness, In betn sex2s georacesctcomy nas 2zen
.

cecortsd to have elihes no effect, a detrimentzl eff2ct cor to enhance <

—_—

resistance tao disease. Zven when the same doses of gonacal hormene

were used there have been conflicting réponﬁs regarging thelr effect cn
iméune' regoonses. Cchn (1972) stressed. that inconsistencies inm
conclusions from different investigators are not surprising since  :he
literaturs is cecmplicated by inconsistencies ‘in tecrnigues,
inappropriaﬁeﬁj}‘Qontrolled experiments and the different effects of
- different hormoéne doses, suspending venicles, routes of administration,

age, physiologic state of the animal and strain, including strain

associated differences in harmone sensitivity. Another complication is

(\ . . ’

added by the fact that androgens can serve as estrogen precursors and

-

can function through estrogen receptors.
In spite of these problems, some information regarding gonadal
hormone interactions with components of the immune system seems clear.
Receptors. for estradiol, dihydrotestosterone, progesterone  and
dexamethasone are present on chicken bursal epithelial cells {Sullivan
& Wira, 1978). Houwever, although glucocorticoid receptors are present
on bursal lymphocytes, sex hormone receptors are not (Sullivan & Wira,
1979). Similarly, estrogen (Gillette & Gillette, 1979; Kalland &
Forsberg, 1980) and dihydrotestostercre (Sasson & ﬂmayer, 1381)
receptors are present on thymic epithelial cells but not thymic
lymphocytes. Thus gonadal.hormones could influence the immune system
through effects on the epithelial cells of primary lymphoid tissues.

Although specific receptors have not been detgcted on mixed

lymphocyte populations gonadal hormones may effect subpopulations



directly. Xenmny et al. (78768) foung that in vitro doses of estradiol
which approximatad shysiological serum lsvels in females, enhanced the
plgque-?orming cell response of male solenic lymphocyies from zanimals
which had been immunized with E. coli 3 days previously. This effect
ua5~ also cbserved after in vivo administration of anysiolcgit doses of
estrogen (Kenny et al., 1976), Progesterone also increased the plague-
forming cell response (Kenny & Diamend, 1S77). Similarly, Paavonen et
al. (1961) observed thaf physiological concentrations of estradiol (Eﬁt\g,
mot testosterone) in vitro increased the fermation of plague-forming
cells, primarily thase ceontaining aﬁd secreting IgM, rather than IgG or
IgA in pokeweed mitogen stimulated cultures of human peripheral blocd
lymphocytes without affecting the proiiferatiue response. Estradiol

seemed to act by inhibiting the suppressive activity of radiosensitiue,

Fc{IgG) receptor positide T lymphocytes. Paavonen and coworkers

L <
g

suggested that this might be the cellular basis for the differences in

immune responses between males and\females.

1.4.1. Sex hormone .influences cn the mucosal immune -system

Hormonal variations influence the accumulation of lymphoctyes
in  target tissues. Estrogen and prolactin treatment of recipients
enhanced tHe selective localization of MLN compared to PLN blasts in.
_the mammary gland {(Ueisz-Carrington et al., 1978). The movement of
Eya;l lymphoc;tes into the uterus was increased by a 3 day*§§§£radiol
treatment of ovariectomized rats (UWira et al., 1980)%. The localization
of MLN.compéred to PLN blasfs in the cervix and vagina was greéter at

proestrus and estrus than at metaestrus and diestrus (McDermott gglék.,
-

e

A



3EC=). Yhether these cbservations were due to hyperemia ang  The
resultant increased celiverv of lymphocytes to these tissoss a2nd/or 2
‘Zirect  influsmces on the vasculature is not  «nown. Thers are sex

4

differences 1in the heighf of the endothelial cells in the HEV of lymph
nodes where lymphocytes extravasate (Henry & Beverley, 1973). ) These
z2:ls are higher in femals than mals mice, ang the height in malss but
not females could be increased by georadectomy {Kittas & Henry, 187S).
Pharmacologic doses of hexoestrol for 7 days éLcreased the height of
these cells-in both male and female miceI(Kittas & Henry, 1é79): This
seemed to be independént of the decreased number of lymphocytes
crossing HEV as a result of the estrogen treatment since this would
have been - expectedgto résult in a decrease in cell height (Kittas &
Henry,  1979). Tne. significance of endothelial cell height to
lymphocyte localization is unclear since lymph né;;s and PP aré able to
concentrate circulating lymphocytes better than other organs at a time
in their developement when small lymphocytes first appeared within them
and before the c¢uboidal appearance Uf. the PCV was evident
(Goldschneider & McGregor, 1968; Miller.et al., 19639). Thus there are
sex and gonadal-hormone related differences in both the accumulation of
blasts in mucosae which are sex hormone target tissues and in the
morpholegy of the uascdléture where lymphocytes leéue the blood ard

enter lymph .nodes. Perkaps sex differences and hormones also influence

the acdktumulation of blasts in mucosae which are not target tissues.
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ted Dy antigen at one ﬁbcosal surface leave that
area and, after paturing, Ceturn seiectiuely to that-tissue and to the
other mucosae. This seems to be a major mechanism which results in
the dissemination cFlimmune'iﬁFormation to all the regions where it 1is
likely to be reﬁuired but_limits the response in the systemic immune
system where it might be detrimental rather than protective, perhaps byA
enhancing the probability of autoimmure reac#ions. An understanding'of
the mechanism which results in this selective locélizaﬁiah would be’
invaluable when attempting to alter immuneiresponses in the mucosae.
The purpose of this theéis Qas therefore to-examine factors mhiéh might
potentially influence this phenomenon, I chose to use the  adoptive
tranéfar of MLN or PLN blasts in syngeneic CBA/J mice as the model for
selectiﬁe' mucosal localizgtion since this was a system which'ﬁgg- been
used extensively by our laboratory and by others,~ so comparisons were
facilitated. Although sche aspects of the system were already well
décumented (see Disscusion), some important basic issues had not been
addressed. The dose of labelled blasts transferred could nop‘ be
_cont}olled and therefore, in the,past, comparisons had been made
" between different popqlations without contrblling Fﬁr, or knowing the
ef?ect of, alteriné the dose of cells transferred. Expériments
iAUOluing the transfer of differént doses of cells would.also give an
inéication oF‘ the capacity of the mucadsal tissyes and tﬁeir various
mérphologic regioﬁé to acéumulate blasts in the absence of any sqecific

~

antigenic or inflammatory stimulus. This could be important if one
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wished to enhance the lymphecid population in the mucosae without
altaring the recipient tissue by direct stimulation. For example, Lif

=

for the purposes of prophylaxis, large nﬁmbers of mucosally derived
blasts were obtained .from- a specifically immunized domer and
transferred into a naive recipient, what limits would tﬁe recipient
tissue place on the rumber of those blasts\“yﬁich might enter it? .-
Another issue was what contribution selective entry, comparec to

selective retention, played in the selective localizatfb&\giﬁgijsts in\\\\.

mucosal tissues. The site imt the mucosa at which the 'blasts
extravasated was also unknown. Was the selective localizééion of MLN
hlasts apparent at all times aftef transfer or was it partially a
reflection of different rates of localization compared to PLN blasts?
I attempted to address thse questions'by.examinihg the kinetic; of
1’f‘selectiue localization.  Sex hogﬁopes enhancelsohé aspeéts of the
mucosal immune system, including blast locglizaticn, in’the genital
tract and mammary glands. I investigated. whether sex differences and
gonadal hormones influenced the localization of MLN blasts in é tissue,

[y

the small intestine, not known to be a sex hormone target.
. « :
- .

5
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CHAPTER 2 -

Materials and Methods

2.1 F\nimarls -

CBA/J male and female mice were gbtaired from The Jackson
Laborateory, Bar Harbor, Maine. Age matched mice were used in all-
experiments. Normally, mice were B to 12 uee%s olq when used in
adaptive trangfler experiments.' Mice which had beén altered surgically
were up to 17 weeks uﬁen used, Mice were housed in a 12h light/1éh

darkness regime. and fed Purihaﬁlab chow and watered ad libitum

2. 2 Jophorectomy and Orchidecfbmy

Anaesthetic: for surgery was 0,3 ml intraperitoneai sof  the
follouiné: 0.259  Tribroioethanol (ICN Pharmaceuticals,Inc. Life
Sciences Group Plainview, M.Y.) dissolved in 0.15 ml 2-Methylbutan-2-ol
(BOH Chemicals Ltd. Poo%e England) and then mixed with 10 ml phosphéte
buéfered saline (PBS). Prior to surgery, hthe fur was wetted with.70%
ethanol. To minimize .hemoffhage; bloocd vessels were tied wiisz
synt?efi%‘suture silk (Davis.and Geck, Examid C;nada' Inc., Wontreal,
Due.j or clamped with small hemoclips (Weck Surgical Co., UWeston,
Ontario}. - Wound clips (Becton, Oickinson and Co; Parsippany “N.J.
07054) were used to close the incision. Following sdfgery, mice were
housed under-standard conditicné‘ xcept that tetracycline was added to

drinkihg water for 5 days.

For cophorectomy, each ovary was removed through a small

\.

¥
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dorsal incision lateral to the erector spinmee muscle. for sham
oophorectomy the ovary and uterus were pulled out througn tha incisiﬁn-

‘ C::::::EEFLkhen reinserted. For orthidectcmy, the testes were remcved through

a midline inciéion in the scrotum, For sham orchidectomy the incision

was made, the testes manipulated and the wound closed. |

\ : The success ofvthe aophorectamy or orchidectomy im  decreasing

) | sex steroid ®hormone levels was asseséed by visual examination of the

degree of atrophy of the uterus (Greiger, 1873) or seminal vesicles

respectively (Chai,1956). The occasionzl animal in which these organs

were not atrophied was excluded from the experiment.

-

2.3 Preparation of Lymphocyte Suspensians
Y ) ‘Mice were killed by cervical dislocation and their !mesenteric
(MLN) or peripheral (PLN: axial, bracﬁial and inguinal) lymph nodes:
‘removed. Lymph nodeg were placed in Hanks' balanced salts solgtion
(HB5S; Grand Island Biologieal €o., Grand Island, N.Y.) supp%emehied'
; | with 10% y/v fetal bovine serum (FCS, Grand Island Biological Co.) Sr
- gammaglobulin free horse serum (GGFHS, Grand Island Biological Cﬁt) and
20 M N-Z-hydroxye;hylpiperazine-N'-2-ethanesdlphonic acid (HEEESfépﬁé;l
. Chemical Co., °St touis, Mo.) - and £hen adjusted to'pH 7.2 and 3TG
. \
= mOsM/kg. Lymph nodds were rolled an bibglcus paper ‘remdve fdt and
then disrupted by pressing through 60-mesh stainlegéyj;;;; sieyas into
supplemented HBSS.. ‘Eﬁ’remoue cell aggregates and fine debris; celi
suspensions were layered ouér FCS (or GGfHS) and sedimented at 1 and
room temperature for 1 h; _ The suspension was subsequently centri%uged'

— o 8
through FCS (or GGfHS) at 200xg and 4 C foi:\ 12 min. - (ihortman, 1872).
. , _

)
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JQDJf\gash, th;}’éell pellet was resuspendacd in supplemented HBSS and
o

centrifuged again, Viable nucleated cells were enumerated 1in a

hemocytometer . using 0.4% w/v  trypan blue dye in saline
(Pappenheimer,1817). 4
2. 4 Radiolabelling of Dividing Celis .

Dividing cells were radiolabelled by the addition of SuCi/ml
3 3
[ H]-thymidine.( H-Tdr, 6.7 Ci/mM;’ yéu England Nuclear Corp. ,Boston,
: 125
_Mass,) or*| .I]-deoxyuridine { I-Udr,>20ﬂDEi/m§}'Nsm England Nuclear
/ 7

Corp.) to Qell ‘suspensions which had been adjusted to 1x10  viable
; 5 .

nucleated cell per ml, Cell suspensions were incubated at 37 C for 90
o E :
min and then centrifuged at ZGng and 4 C for 12 min. The cells were

then washed three times in supplemented HBSS to remove unincorporated .

\

radiolabel.

2.5 Adaoptive Trarsfer of Radiolabelled fells s

.t

Uiable nucleated cells uwere enumera£ed,in 0.4% {(w/v) trypan
blue dye. Cell suspensions were adjugted to a cohcentration such that
thé' total volume of inoculum per rec1plent would not exceed G:4 ml.

') Mice under phy51cal restralnt with no anaesthetlc or under light ether
gnaesthBSLa were injec ed with a pre-determined number of cells u1$ a.

lateral tail wvein. f the radioactivity in the recipient was to. be

detecteq' by gamma couRting, . the radioactivity im the . syringe was
¢ 0 . R

counted beriji/5§234/after injection of the imoculum in order to
\ o
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determine e disintegraticns per minute fgom) of rcadicectivity

transferrac. If thé‘fadioactiuity in the recipisnt was to Se cetected
Q@

by autoradiography, an\ aliguot of the cell suspension was used to

prepare cell smears so fRat, after autoradiography, the proportion of

cells in the inoculum which had incorpcrated radiqactiuity could be

1
-

determined.

125 3
2.6 Autoradiographic Detection of I-Udr or H-Tdr

Associated Radicactivity

.

2.8.1.Tissue processing

The time alloﬁed for blast localization after adoptive

transfer was 22 to 24 b unless the purpose of the gxperiment was to

. L
study the )kiretics of localization. §Lce yere killed by cervical

dislocation.

The small intestire was removed and flushed of fecal material
with 0.35% NaCl. It was then coiled, with the duodenal end in the
centre, in ‘a plastic tissue cassette (Lab-Tek Products, Miles
Laboratories Inc., Naperville, Ill.} so that the entire gut could be
sectioned leongitudinally. In some experiments the Peyer's patches were
removed from the small intestine before it was coiled so that they
could be processed separately. I attempted tﬁ posit%on Peyer's patcheé

so that sections included both the lumenal and serosal surfaces. The

GF}HBQS were oriented with the dorsal surface on the bottom of the block,

so as to. result in longitudinal sectiong of thé primary bronchi. All
tissues were fixed in 10% buffered (pHﬁ.Z) formalin (BOH Chemicals,

Toronto), embedded in paraffin and sectioned at Sum. A solution of 50%

-



' albumin:30% lycerin was used to adhere tissue sections to the lass
Gly
microscope slides. Paraffin was removed Dy washing in xylerne, and then

the tissues were dehydrated in alcohol and the slides were air dried.

2.6.2 Rutorgdicoréuhy

Autoradiography was p;rformed in complete darkness. f The
slides were dipped in a 50% dilution of NTB/2 photographic emulsion
(Kodak Canmada Ltd., Taronto, Ont.) and distilleé water at ADOE. %hey
were air dried with a2 blow drier, placed in a light-proof slide box
containing a packet of Drierite (Fisher Scienmtific Co. Ltod., Toronto,
Ont,) and stored at'-ZDGC until developed.. .

Autoradiography is a powerful tool for examining the

-

localization of radiolabelled .cells but It suffers ' from the
~ disadvantage that the exposure time is measured in weeks. To eliminate
this prablem, the exposure can be ehhanéed by secondary photo-emission
fram F%uors in a liguid scintillstor in contacé with the photographic
emulsioﬁ (Panayi & Neill, 1872: Durie & Sa;dbn, 19759: McDermott &
Bienenstock, _1979). Therefore mggy_oﬁ the tissues mére processed for
high speed autoradiography by immersing thE'emulsién coated slides,
after drying, in a dark adapted toluene-based séintillation fluid’ (Bg
2,5-diphenyloxazole (PPQ) and 75 mg 1,a-bis(2-(5-phenyloxazdlyl))-
benzene (POPOP) per litre of tolueme) for a period of 26h at -20 cC.
Dr. M, McDermott determined in our laQoratory, using cell smears, that
this was the optimal exposure period to observe all the lgbelled cells
(Ph.D. thesis). Therefore, although similar within an experiﬁent, no

attempt was made to be consistent from one experiment to the next, in



o T
the exposure period in air at -20C before their exposurs in
scintillation fluid Racertly, I . observed that 2 24h exposure of

v

tissue sectioms {rather than cell smears) in scintillation fluid did
not result in exposure of as many siluver grains (and therefore not as
many cells labelled heavily encugh toc De scored as positive) as did a 3
week exposure 1n air (Table 1). Therefcre for any experiments in which
tEe exposure method might have Deen inadequate, new tissue sections
were progessed for autoragiographx with a 3 week exposure. In all
experiments but ane, although.the absolute number = of radiolabelle
cells varied from the high speed exposure, the conclusions of the
experiments were unaltered (Table 21.

' -

Tissues were lightly staired with Harris' hematoxylin and
eosin.. -

2.6.3 Microscopy

The concentration of radiolabelled cells in a tissue was

determined by recording the area, in high power microscopic fields
(HRF) at 400 diameters, which was scanned and the. number of
radiolabelled cells which were observed. The actual area of =ach

. 2
microscopic field was 0.159 mm and usually 1000 of these were scanned

for each tissue. Thus "the quantity of tissue sampied from each animal
2
was approximately an area of 139 mm . The volume of tissue examined
3 2

was 0.795 mm (159mm area x 0.005mm section thickmess) but the volume
of ‘intestine surue;éd for radioclabelled cells might have been as much
as twice this amount because the nuclei of radiolabelled cells not
entirely contained within the section uould also have been scored.: For

ease of comparison with data generated by other individuals in our

Al
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- Table 1

The €ffect aon Grain Density of Expgsing Autoradicarachs For 24 h

in Scintillation Fluid or 3 weeks in Air

al b)
Experiment Exposure Grain Density
MEthod  ——=ememcmmmmr—mmm e e em s meme—me—o o —meme
Light Normal Heavy
a c)
K1 0.Sh H.S. 85,3+/>0.¢ 16.7+/-0.4 0
I . 5.6+/-1.8 B4.5+/-5.2 25.6+/-3.7
24h - H.S. 94, 3+/-3.0 5.7+/-3.0 0.
3 WK 18.0+/-3.5 ° 57.0+/-5.5 25.0+/-2.9
K8 0.5h H.S. - 19.6+/~0.7 45,3+/-15,6 35.14/-16.3
3 WK 4,6+/-0.5 47 .7+/-13.2 T 54,0+/-12.7
) *
24h H.S. 35.0+/-12.3 46.1+/-8.4 18.9+/-5.2
3 WK 7.2+/-2.8 42.7+/-6.6 50.5+/-9.0

a) Exposure method was either high speed (H.S.) i.e. 26 H 1in
scintillation fluid, or a 3.week exppsure iMpair (3 wK).
p) The density of grains over 'labelled cells was classified as: heavy,

cell totally obscured by silver grains; normal, inte;médiate mygnber of

5 -
ey .

grains, cell not totally obscured; light, § to 10 grains per cell when
background was 2. . L
c¢) Figures represent mean +/- SE of the pércent of cells with light ,_/

normal or heavy silver grain density from three individuals per

experimental group. _ ‘qf

-
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(,/, Table 2

£ffact on Experimental Conclusions of Exposing Auvtoradiccracns For//////,
/

26h in Scintillation fluid or 3 week® in Air

Experiment Method of Exposure Difs
"""" ;556'55;;;""'""““{:"3';;;;;"""" _
data conclude  data N conclude ’
a) ' D) a) b)
==;§================================================================== .
K1 0.5h B8.2+/-1.4 . 4B.8+/-3.5 i
260 12.3+/-5.1 1/2h=24n 129.1+/-3.5 | "1/2n<24h | yes '\
ke o.Sh  %5.24/12.6  1/2n=2uh 48.14/-20.8  1/2h=2uh
24h 13.1+/-0.7 trend 5.2+/-3.0 trend no
. 1/2h>24h ) 1/2n>24h
e) -
sS4  ofe” {55.3+/-16.0 184, 4+/-25.0
y -9 80.2+/—h.} 05059~$ 98. 7+/-4. & 0=a¥9+Q (an"
L/
' 58 o%g”  32.5+/-6.0 41, B+/-2.2
Q+Q 28.1+/-1.4 ' Ufcﬁgog 42.1+4/-2.1 cﬁcggfg no
59 08" 27.9+/-5.6 | 30.24/-2.1
99 28.8+/-3.4 dicig*g 37.§+/-6.2 01059~g lno
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Table 2 [(footnotes)
bg 3
a) Number of radiglabelled MLN cells per 15 HPF of small intestine,

mean +/- S.E., n=3 per group
' v
5) Conclusion based on Student's & tEiE; o =0.05

c)' Did the different exposufe methods produce'a difference in ‘the

‘ -~
conclision af the experiment? .

. i - . 4
d) Experiments with 2 code begimning with K compared MLN lymphoblast

localization in the small intestine at different times after transfer,

0.5 h and 24 h, \:/
\ -

!

e) Experiments with a code beginning with S compared the localization

I

i

of MLN lymphoblasts from male (o®) or female (g) donors in- o” or o

Kl

rebipients.
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labdratory wusing miccoscopes with different field argas, all data has
i F'd

been expressed as the number of radicfabelled cells per 1000 HFF with z
2
field area of U.1mm .

The intestinal wall was divided, for descriptive purposes, into

.

three morpholcgical regions; the epi;pélium, the villus lamina propria

and the basal lamina propria (Fig i). Oniy longitudinally sectioned,

intact villus-ctypt Units {Jarrett et al, 1968) were examined to ensure

ELat gach of these regions was as consistently represented as possibie.
Peyer's patches_ahd solitary lymphoid ngﬁules were not  included when
gnumerating the celils which had localiied in the {Ttestinal wall.

The entire area of each lung section uas examined, and the
location of radiclabelled cells Qas recorded as the epithelium, the
bronchus-associated lymphoid tissue (BALT, Bienmenstock et al, 1973) or
the parénchyma. ‘ The parenchyma comprised more than 90% of "the area
examined and was defined as non-epithglial, pon BALT lung tissue
including alveolar spaces, bloodluessels and subepithelial mucosa. The
location of &Tells in Peyer's patches was,degignateﬁ as within the
follicle, th}mus dependent area tTDA), dome or the epithelium (Faulk et

vy

L , 1971; Waksman et al, 1973).

. 125 .
2. 7 Gamma-Counting Detection. of I-Udr Associated

-

Radioactivity

) ‘All tissues were freed of fat and blood clots, rinsed with
saline and fixed in formalin-filled scintillation vials before assaying
for radioactivity in a Beckﬂfn Gamma 8000 and Gamma 9000 Counting

Systam. The small intestire was flushed of fecal contents and, if to
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Figure 1
Morpholegic regions of the small Intestinal mucosa. The .

regions studied were the epithellum, the villus lamina propria (defined

as the region between the tip of the villus and the top of the crypts

A of Lieberkuhngih'and tHe basal lamina propria (definmed as the regicn

between the top of the crypts of Lieberkuhn and the muscularis

mucosae }.
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ne emoecded with paraffin and processed for autoradiography, it was
coiled and fixed in a tissue cassette before belng placed in a
scintillation vial for counting. After fixation and counting, tissues

wera blotted dry and weighed. Since the entire carcass of each mouse

was countec, it was meaningful to express the data both as a percentage

&
of the total chm recovered and as a percentage ‘of the total dpm
tran;?éred. These percentages were then divided by the weiéht of the
tissue to obtain figures which represented the relative concentration

A ]

of radioactivity in each tissue.

2.8 Statistical Analyses

2 —

To fit regression lines to some of the data, computer-assisted
regression anaL&ses (Oraper & Smith, 136S5) were performed by Dr. Gerry
Chan, Dept. .EpiéeTiclogy ang 'Biostatistiqs, McMaster University,
Hamilton, Ont.. St&dent's unpaired t test was used tg test for
significant differences between groups and the paired difference test

was qsed for differences between separate scorings cf the same, tissues.



* RESULTS

CHAPTERS 3,4,5,58,7

Chapter 3 Accuracy and Reproducibility of the Estimation of

the Numbers of Labelled Cells in Inccula
—_— — "

and in Tigstle Sections

3.1 Confidence in Estlmating the Percentage of Radialabelled Cells

in the Inoculum o q

. 1 )
During adoptive transfer expgriments the concentration of cells

ih each imoculum was known, but the proportion of these £ells which
were radiolabelled (and therefore detectable after transfer)'/was
unknown. ‘ This proportion was determined by preparing autoradiographs
of inoculumree&iféggars and tohnting the'propoftion of radiolabelled
cells. It was necesséry to know the reliability of this estimate to.
ébmpafé results From‘different ;\ eriménts.ﬂ‘The level of confidence
that this estimate of ihe proportiomaf fédiolabelled cells represented
the true proportion was determined ﬁsiﬁg the t statistic® and the
formula D=t N 1DD(p(1—p)/n)D-5 where p=pr8§%}tion, D=deviation and
n=number of ceéis counted (Brown & Hollahder, 1977). This statistic
allous one to determine with 9%% certaipty (x=0.05) that the true
i proport;%n lay within/the range 100p+/-D. For example, in experiment
58 au;:>aéf56;;;hs of cell smears of the incculum (SH—Tdr labelled MLN
from male mice) were prepared. When these were examinéET  9143 cells

were counted of which 148 were labelled Y.e. 1.82% radioclabelled cells

48
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b1
{zlzsts). The confidence im this croportion was calculated as follous:
a.5 ~
D=t 100(p(1-p)}/n) .
- 0.5
=(1 .ea y(100){C. 01562(1-0. G162)/91463)

\ 0.25 o s 4

Therefore we were 95% certain that the true proportion of radiolabelled -
: L ]

was within the cangs 1. 36% to 1. 88%. The

"‘--.
I\J

calla;,{n the incculum

é%uiation in estimates - of this proportion was similar in all

)
ipents. .
. 3
3‘2 Reproducibility of Scoring the Number of Cells per 10 ) HPF

J r

'\' When examining autoradiographs of‘ tlssae sections it was,
| A

%ecessary ta find the appropriate balance betwean maxlmLZLng t:f““/
,/ualldlty of the estimate by lncrea51ng the number of HPF counted and
minimizing the time required ‘to obtain the\ﬁata by reducing the number
- of HPF counted. It had been the COﬂUentlDﬂ in our laboratory to

examiee 1000 HPF of a particular tlssue For each animal. UWhen

examinin this numberc of fields the difference in the number of
g C N fr_,,f
radiolabelled cells per 10 HPF detected by replicate ‘scoring of the

‘&‘ L S3me tisdue sections (Table 3) was less than or equal to 25% for 31 of ’

L)

-

37 lndlulduals fi.e. in 83.8% of the individuals the variation between
scorings was less than or equal to 25% of .the number of labelled cells .

obserued) The tissues from four experiments were scored twice and in

' »

each experiment both scorings indicated the same conclus;on (Table 3)
Qne experiment was scored four tlmes and three out of Four times the
conclusion was the same (Jable 3)., -~ In addition, three other

4

experiments (S6,, B, S11) tissues were resectioned, processed for
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Table 3
3 .
Reproducibility of _Results When Scoring i0 HFF .
OJ 'Tigsuiﬁer Individual
___________________________ =TTy
Experiment Scoring Difference
S st nd
group {n)}’ 1 2 . between scorings
":::::===:======3:::==================‘===================:========:=
‘ c N\
s7 . s 4 10.2%+/-3.0%
normal (3) 64.8+/-10.3 68.9+/-8.3 No change in
) conclusion of
sham  (3) g1,7+/-5.1 83.7+/-9.7 experiment
cast (3}  65.6+/-10.7 66.5+/-5.8
ot .
K1 ‘ 15 .)E!%+/—7,. 1%
1/2 h (3) 64.9+/-5.8 83.2+/-4.8 No change in
. : conclusion of
26 he (3) 205.4+/-5.5  202.6+/-4.0 - experiment '
w
e
KS | 20.1%+/-11.0%
) <
. 32.3+/-6.0 33.0+/-4.9 No change in  *
- gonclusion of
15.U+(-a.1 experiment

12.3+/-2.4



-

K
-y

(2)
~2a‘1 (3) an.1+/-a,? . 47.3+/-6.0 of the same ‘tissues

First processing e) ' _ .
Kg -, - L 38.0%+/-11.3%
: L .
q

1/2 h (2) 73.3+/-21.1 96.9+/-19.0
26 h (3) 62.74/<573 49.84/-16:5"

Second(pr%:sing o,

16,3%+/-4.0% . °

108.4+/-33.3' 119.0+/-32.7 Same conclusion in
¥ : 3 of the 4 scorings

« from experiment K8

54 \ﬁ(s) . 13'2%f/’“‘9%

it No apparent change
‘ . in gonclusion, not
: enough individuals
: . : per group in second
\\;\ . . scoring-to test
— : statistically

-

‘a) The number of radiolabelled cells per 10 HPF of sméll. intestine

. - st nd
were determined on two separate occasions, 1 and 2 scorings.

. b) The conclusions of each scoring of each-experiment were based on a

Student's T test ate=0.05.

b e ek ke ——




\—'7 _ =0
Table 3 {cantinuec)

c) ~ The mean +/- S.E. of the % difference between scorings for =sach
individual in the experimé:t.

d) Mean +/- S.E. of the number of radioclabelled cells per 103 HPF in
the' small iﬁtgstine.' |

»

e) The  same tissues were sectioned and processed twice for
autoradiography, first and second processing, and each set of  slides

was scored twice. , ‘.

\L_)



auto dicgraphy and scared and thg conclusions of the experimenté were
the same in both the first and second prcéessings. Thus, using a number
of different approaches } dettrmined that the variation in rgsults after
counting 1000 HPF was not greater than 25%. i 1

Nuﬁh of this variation could be accounted for by the probability
cf detecting radioiabelled -cells given their low frequency. Since
__obseruing more than one cell'per field was a very rare event I have
chosen to ignore this possibility for simpfgg;;;\;;a.haue defined as
positiﬁe{ a field iﬁ/;hich I observed a labelled cell. From the dose
curve for the small intestine (Fig. 4) I would‘predict that for a dose
of 1.aaxms “ISgelled MLN blasts transferred, their frequency in the
- small intestine 24 h later would be 35 per 1000 HPF i.e. 3.5% positive
HPF. Using the Fofgula for estimating confidence in proport%ons
(Section'4.1) I calculated the 95% confidence limits to be S5%+/-1.16%
that is, (35+/-11.a)x108-labelled cells per 1000 HPF. THis range is
remarkably cl;se tolthe 95% confidence. limits for the line of best fft
through the dose experiments, (35+/-8.§)x105. Thus the majoriiy of the
variation between individual animals and-befween experiments was due not
to bieological variation but to errors in estimating'a proportion from a
’.relétquly small sample. Increasing éither'thernumber of radiclabelled .
cells in the small intestine (by‘transferfing more cells} or the number

of HPF scored, would reduce the wvariability. However, this. would

have _Tesulted "~ in dramatically increased cost/ of animals and
technical assistance and was therefore not fegsable. I‘think that
the nature - of the information_ obtainable by autoradiography

favours its use in spite of the relatively high



variation in autoradiographic results. .
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Chapter 4

The Proﬁotype Adoptive Transfer Model of Selective Localization

Before attempting to manipulate the adoptive transfer model of
blast localization we established a prototype set of conditiqhs with
which other situations could be compared. This set of conditions was
similar to that wsed previously in‘ our laboratory and in other
laboratories. It included the use of female CBA/J mice, the transfer

8 .
of 1.0x10 cells and the removal of tissues 24 h after the adoptive

Pl

transfer of radiolabelled blasts. .
]

4.1 Camma Counting~Examination of the Prototype

- Gamma counting of tissues after transfer of 1ZSI-Udr labelled
MLN blasts gave a picture of the relative distribution of these cells
thrbughout the body. This type'éf data has been commonly expressed as
- the percentage of injected radicactivity which was recovered in an
Qrgan. Data:expreséed in this manner (fablg 4) reueaied a distribution
similar to that deécribed preuiouély in our labora#ory {McDermott,

Ph.D. thesis 1979). The small intestine contained the greatest amount

of recovered radiocactivity. Approximately half as much radioactivity

4 -

was recovered in the spleen and a guarter as much in the liver. Trace
amounts were detectéd in the 1uﬁgs, Peyer's patches, MLN and PLN.
However, because this distribution ‘may have merely reflectéd the
relative size of the organé,‘ we also expressed the data as the

percentage of injected radicactivity in an organ divided by the weight

53N



-

wn
Il

of that argan. This resulted in 2 description of the relative
concentration of radicactivity in an organ (Table 4). Unfortunétely
this wuseful methed of expressing data has rarely been used in the
literature. I found that the cpncentration of radicactivity in the
liver and lungs was low comgdred to that in the small intestine anc
Feyer's patches. The concentraticn in the Peyer’s patches was &about

=

tuice that in the small intestine. This pattern and the concentrations

- WeTEe similar to those observed by Smith and coworkers (1980) after the

125 <
transfgr of I-Udr labelled MLN blasts in the rat. Unlike Smith

et.al. (1980), ‘I found that the concentration of radiocactivity in the
MLN  and PLN uasAslightly higher than in the Peyer'sgﬁatches and there
was no.selectiﬁe accumulation of MLN blasts in MLN compared to PLN. I
found that after MLN blast transfer, the radioactivity was highest in
the spleen. Smith é}_gii (1980) found roughly comparable levels of MLN
blast associated radiuagtiﬁity:in MLN, PP and spleen. Both Mcwilliams

-

et al. (1977) in the mouse and Smith gt al. (1880) in the rat observed

.a greater 4 of injected radicactivity in récipient MLN tham PLN after

MLN blast transfer. The differences between my results and those of

Smith et al. (1980)~may be due to species differences’or to the low

number (2) of recipients used by Smith et.al.(1980), However, in

‘ .
,—fadgition to the radiocounting results of Mcwilliams et al. (1977),

autoradiography has suggested that MLN blasts localize more in MLN than

in PLN in the mouse (Guy-Grand et al., 1974; mcUE;;;Z;\ﬁ Bienenstock,

1979) and rat (Griscelli gt al., 1968}. My results, when expressed- on

a per organ basis suggest greater localization of NLN[’Llasts in

recipient MLN than PLN (Table 4). * This again stresses the importance
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Distribution and Concentration gi I-Udr Labelled MLN

Lymphoblasts 24h  after Adoptive Transfer in female C8a/J Mice

Tissue ¢ of injected radiogétivity
. . a) , : b)
cer crgan “—ger gram

C) - C)
Small Intestine 4.30+/-0.35 3.34+/-0.33
d) - d)
. (6; 24) (2; 8)
Small Intest. less  3.20+/-0.34 . 3.13+/-0.30
Peyer's patches - . (2; 8) (2;8)
Peyer's. patches Q.42+/-0.06 7.20+/-1.,21
' : 12; 8) ' . (2; 8)
“Lung ~ D.27+/-0.39 . 1.51+/-0.28
: - {43 15) (2; 8)
MLN . 0, 36+/-0.03 14.62+/-2.88
: ' (4; 15) (2; 8)
PLN . 0.204/-0.06 _17.05+/-3.80
’ _ (2; 8) - (2; 8)
- 7 ' o :
Spleen 1.94+/-0.33 32.62+/-4.41
. (15 5) (1; 5)
Liver 0.96+/-0.09 C1.114/-0.11
: (15 5) - (15 5)
Total Animal .9+/-1.9 ' ' 1.24+/-0,12
(6; 23) (2; 8)

Y,
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Table 4 (continued)

a) % of injected radicactivity/organ

1}

(dom recoversd in the organ/ dpm

injected)x100 ' v

b) % of injected radioactivity/gram = 100(dom recovered in the organ/

(dom injected){organ weight))

c) Figures represent mean +/- S.E. . :
d) (number of experiments; tatal number of individuals)

-
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of expressing the same data in different ways amnd suggests that the

small size of the lymph nodes in the mouse might ’paue resulted in

r

errors in determining tissue weight.- |\ -

4,2 Autoradioaradﬁic Examination of the Prototype

Autoradiographic studies of adoptive transfer experiments have

the advantage that in adgition tg‘prouiding information "about the
5

concentration of cells in a tissue, they alse show the histologic:

location of the cells,

Table 5 shows the d%;tribqtién, on a per unit uolumg basis, of’
3H-Tdr_labelled LN or PLN blastsKLn the smal£ intestine. The tendency
of MLN blasts, rather than PLN blasts, to selectively iocalize_in the
small intestine is well known and is clearly demonstrated by the daag.
-in this Table. Of the labelled MLN cells which localized in the small
intestine, 5&.?1+/—1.86%-”(mean +/- SE of 23 recipients} were in the
basal lemina propria (Plate 1), 32.07+/-1.80% in the villus lamina
propria (Pl;te 2) and 3.53+/-0.55% in the epithelium (Plate 3). - 0id
this distribution reflect a difference in the concentration of the
cells in the various regions, or a difFerencg in the proportional
representation of these regions in a HPF?  We estimated that of the
tissue‘areé in a HPF, 32.4%+/-0.57% (mean+/~S}E. of 30 estimates) was
villus lamina propria, 63.9%+/-0.87% was basal lamina pEopria and
23, 6%+/-0, 56% was epithelium, Clearly thé proportion of labelled cells
‘in'the epithelium was much less thannthe proportional representation of

this - region &in a HPF. Therefore we concluded that the MLN blasts

accumulated to a lesser extent in the epithelium than in the lamina

~



* Table 3

Frequency and Distribution of Radiclabelled LA or

PLN

~

) ] o
Cells in,the Smail Intestine 24h after Transfer %of 100x10

LY

cells per Recipient Female Mouse .

tH

n

a) .b) .

Expt Dase Epithelium Lamina Propria Total Cut
(n) Villus Basal

MLN transfers

c)

D1 2.5 2.5+/-0. 65 9, 6+/-1.1 28. 3+/-3.0 40, 3+/-3.5
(3)

02 1. 35 3.13+/-0.8  17.1+/-5.0 33.4+/-5.3 S3.6+/-11.0
(3) .

05 1. 35 Q.4+/-0.2, 7.0+/-1.7  10.8+/-2.6 18.3+/-3.5
(3)

54 1. 36 2.1+/-0.2 24, B+/-2,2 53. 3+/-2. B 80. 2+/-4.1
(s)

S8a 1.10 1.a+/-0.7 7.6+/-1.1 19.1+/—1.9 28.1+/-1.4
(3) - -

Seb 1,30 7 0.24/-0.2  11.3+4/-0.5 31.34/-5.5  42.7+/-5.5
(3) —

S5 1. 24 1.4+/-0.5 22.3+/-1.2 27.1+/-8, 2 50, 3+/-6.5
(3) T

- — - X

MLN mean+/-SE 1.6+/-0.3 15.2+{;5.8 31.2+/-3.1 47.9+/-4.6

(23) i
" A

s

L
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Y
Tabte 5 (cantinued)
ayi, b) .
Expt Dose Epithelium Lamina Propria Total Gut
(n) . V¥illus Basal
PLN transfers
Da 1.12 0.2+/-0.2 0.4+/-0, 4 0.2+/-0.2 0.8+/-0.6
(3) -
DS 0. 30 0 0 0 g
(3)
K2 0.15 o 0 0 0
{2) :

PLN mean+/-SE 0.08+/-0.07 0.16+/-0.15 0.08+/-0.07 0. 31+/-0, 22
(8) " . o

a) experiment code, (n)

b) The ;&E\tage of cells in the igfeulum which were radiolabelled.
) . .
c) Figures represent the mean +/- S.E. of the number of radiolabelled

cells per 10 HPF of total small intestine.

S—
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Plate 1

A radiolabelled MLN lymphoblast in the basal lamina propria of

the smal; intestine,
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Plate 2

A radiolabelled MLN lymphoblast in the villus lamina propria of

t}e small inte?ine. *
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Plate 3

A radiolabelled lymphoblast in the intestinal epithelium., Note'

\ .
the position of the radiolabelled cell telative to other

intraepithelial lymphocytes ( Q).
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nsropria. ' When considersc sé:arétely; the area of lamina propria cbuld
mne divided into &2.4%+/-0.75% villus and 57.5%+/-1.14% basal lamina
propria. Gf thé iabelled cells .Dbserued in the lamina propria,
Sa.20%+/-1:92% were in the willus and 59, 0%+/-1.58% were if the basal
lamiqg_’oropria. Thus, althougn the concentration .o; radiolabelled

- . . P . .- ] .
cells in Soth these -2gioAs was dimilar, blasts did accumulate more 1in

the éasal \lamina propria than in hg villus lamina propria.

There was o selective localizatien DF/MLN compared to  PLN
blasts in " the lungs (Table 6). fhe freguent a;qga}ance_cf labelled
cells in the pulmonary parenchyma (Plate 4) but only occasional
appearance in the BALT (Plate S) and brenchial epithelium (Plate 8)
likely reflécted the relatiye abundance of these morphologic regicns

o

(see Section 6.1.2). Since over 90% of the cells in the lung were in
 l

the parenchyrﬁ,— it seemed likely that these cells were trapped & 'th*‘

cépillary rnetwork, Alternatively, this might have representeg- an

*

ntegration, in {hé lung, of the systemic.and mucosal immune systems. : \5\
/f In the Peyer's patch at 24h after tfansfer,‘ the largest number
of ;radiolabelled MLN blasts were observed in_the"TDA.(Plate 7, Tabie
115. ﬁ;théQgh' the area examined was small, the concentration’ of
radiolabelled célls in the dome at 2§h (Plate é) appeared to be similar
to that in the TDA. Very few gadiolabelled cells were observed in the

follicles (Plate 9) and only one intraepithelial blhst uas observed in
. . PR Y ™ . .

the epitheliym of the Peyer's patches from five gnimals.
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Table 6
Frequency and Distribution of Racdiolabelleg MLN or PLN Célls
. i 5
in the Lung. 26h after Transfer of 100x1@ Cells per
Recipient Female Mouse ')
a) b) - ) _
Expt DOose HBronchial BALT Pulmonary Total Lung
: Epithelium _ Parenchyma <
==============2==‘==:======================="-’_-’====__—"=="—-_========
MLN transfers h
a) c) ' '
- D2. 1.35 0.97+/-G.8 1.0+/-0.3 10.1+/-1.4 12.0+/-2.3
(3) '
05°® 1.3 0 0 8.1+/-4.0 8.1+/-4.0
(2} ‘
K1 = 1.58 0 0 T 12.7+/-7.3 12.7+/-7.3
(4)
¥
K2 0.36  0.3+/-0.3 0.6+/-0.6 \7.5+/-3.6 B.4+/-3.4
(2) ‘ ~
s8 110 :Q g +/36,2  38.24/-4,2
(3) | : o
: | ¥ \
PLN transfers | ST .
{ - ' - -' ’ . .
e 1.2 v'o.r 0.5 I R VAR 6.64+/-1.31"
(2) '- # e
05 , 0.30 0 0 3.2+4/- 3.2+/-2.3
(3) =
. . | . .
K2 0.15 0 "0 12.4+4/-3.4  12.4+/-3.8

s
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Table 8 (continued) ' ,/

a) experiment code, (n) .

/

b) The percentage af cells in the incculum which were radiclabelded.
+
c)Figures represent mean +/- S.E. rnumber aof radiolgbel}ed cells per

10 HPF of total lungg’ .

\ : "

".
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A rac\olabelled MLN lymphoblast in the pulmonary parenchyma.
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Plate 5
. A radiolabelled lymphoblast in a lymphoid aggregate in the
lung. Note the proximity of a bromchus. This cell would have been
. ;

‘ -
enumerated as a radiolabelled blast in BALT. The same. cell

is
indicated b& an arrow in a) and b). /
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Plate B

A radiolabelled MmN lymphoblast near or

epithelium. .

within bronqﬁégl

-
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#.(\4/

A radiolabelled MLN lymphgblast in the thymus dependen area of

L ’ ’ \J ‘ — . . ) .
, Plate 7 _ %

the Peyer's patch. The same cell is indic by &0 arrow-in a lb%

werg{a) and high power (b) magnification.
= ' ’
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Plate

N L]

)
A radiolabelled MLN lympnoblasts in the dome of a Feyer's

patch. The same cell is indicated by an arrow in a low power {a} and
higher power (D) magnification.
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™y

Thus, I establisned a clear picture of thne prototype adoptive

transfer model of blast localization im mucosal amd other tissues.

From this base I procecded to manipulate the model in an "attempt to
‘_ .

L

ascertain what factors influenced the quantity of blasts which appeared

in mucosal tissues.



\\) : Chapter S

-t -

Influence of the Number of Blasts Transferred on Locglization

There were two reasons for studying the inflience of the number

of blasts transferred on their accumulation in mucosal tissues 24&h .

later. First, in ‘previous investigations which showed selective
mucosal accumulation of blasts from N (Mcwilliams et-al., 1973;

McDermott & ~Bienenstock, 1979), /approximately twice as many

radiolabelled MLN as PLN blasts®were transferred and this might, in

partf‘ have explained the differences in the localization -of these

populations. This problem often resulted because the number of cells

- but not the number of radiolabelled cells transferred could be set

during an experiment. Thus determining the influence of the number of
plasts transferred would allow comparisor of results from different
experiments and different cell sources. §ecbndly, the shape of the
dose curve, particularly with large numbers of blaets transferred,
would indicate the capacity of the localization mechanism to accumulate

cells in the mucosae.

5 1 Radicactivity in Tissues After Transfer oF Incre asing Numbers
125
~of I-Udr LabeXled MLN Blasts

B |
Table 7 shows that'transfer of 100, 300, or 500x10 MLN cells

resulted a in &imilar percent of injected radioactiuify per. gram in
S ) , 5

each organ. The somewhat greater percenyaées after transfer of 100x10

. S ‘ . - : : o
cells may have been largely due to greater viabfITEy since these

73
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Table 7 .
v 125
Effect of Transferring Increasing Numbers of I-Ugr

Labelled MLN  Blasts on Lymphoblast  Localization
)

~ Tissue _ Localization after Blasts Doseshb)

0. 78x1 05 , 2. 3hx108 © 3.90x1 05
emSSSEssmEsETEREEEETTTTTTT C)“"":""“:""'""“““:“““““
‘Small Intestine  3.26+/-0.45 2.42+/-0.13 2.63+/-0.20
Peyer's patches 9,03+/-1.33 ) 5. 91+/-0. 34 S. 63+/-0. 74
Lung 2.01+/-0.22 . 1.29+/-0.08 1.934-0.37
mN . 18.89+/-3.14  10.93+/-1.21 - 10,74+/-1.82
PLN , ' 23.504/-2.%3  13,25+¢/-0.96  15.12+/-0.38
sélééﬁ- . ' 32. 62+/-4. 41 21.06+/-1.08  20.61+/-0.98

Liver . SRR Y 0.98+/-0.06  1.09+/-0.03
Carcass . 1.01+/-0.13 0.93+/-0.15 | C.88+/-0.10

e - 1+ ¢+ T + + -+ 1 1 1+

a)(A second experiment using male donors and rgtipients yeilded'similar
results. . -

o L Y . 6
b) Inoculum was O.78% lymphoblasts; transferred 100, 300 or 50010

. b %2
cells per recipient.

c) Figures represent mean+/-S.E. radiocactivity expressed as £ of
" -
injected per gram = dpm Tecovered  per organ/(dpm injected)(organ

weight). There were no significant.q;fferences in the % Bf "injected
‘tadioactivity in each 6rgan after the transfer .of different doses. of

radiolabel{ed 'N}N““plasts except in recipient PLN (Student's t test,

®=0,.05 -

a w*
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differences were greatly diminished when the expressed as
percentages of the total recovered radicacfivity in fi:g\zhigal. When

same data showed \;\ linear

viewed in a different manner (Fig.2),
increase in the dpm recovered in each organ with an increasing dose of
.ceils transferred. Therefore the transfer of a large number of cells,
comparable ‘to the total daily outpyl of the thoracic duct (Sprent, 1973)
did not saturate the mechanism which allowed the aécumulatidn of. MLN

blasts in these tissues quer a %4 h period.

r

5.2 Autoradiographic Studies of the Effect of Number Transferred on

Freguéncx_and Distribution of M.N and PLN Blasts _;_i“]

5.2.1 Dose effects in small intestine

The rtelationship between the number 0?. labelled MLN blasts

; ' v . v
transferred and the number which localized in the small intestine 22-24 .
. h later (Fig.3) was linear (R:«=0.05) over a dose range of -2.5x10 to ‘
' 6 .-

5.6x10 blasts ‘transferred, a 22.4tfold  increase. There were no
'significént differences (Pe =0.05) aﬁong‘ three experiments when
ihdiyidually evaluated and, thus, for analyses and presentétioﬁ,' the .
aatalfrom these experiments were pooled. This linear ré;éﬁionship also
held wpen the basal lamina propria, or villus lamina propria, or yhe
: epithelium.fmas considered indepeﬁdently (P¢_¥D.05 lin éach region;
| Fig.3b,c,d). Data obtained from animals that receiued greater than

6 : .
5.5x10 blasts were not included in the statistical analyses because

- -
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Figure 2

Effect of transferring increasing numbers of

125
I-Udr labelled

@LN blasts on radicactivity recovered 24h later. Data is from the same

experiment as that in Table 7. Data with error bars represéntsmean +/=

5.€. of results for 3 recipients at doses 2. 34, and 3.90x10 and 5
5 - _ _
recipients at dose 0.78x10 . Straight lines were fiXted by eye.
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The relationship between the number of ( H)-thymidine-labelled

mesenteric blasts adoptively transferred and thé f‘requer';cy of labelled
* _— . .
cells in the »intestinal mucosa 22-24h later. The regions of the

intestine are described in Fig. 1. Experiments 1, @ ; 2, ®; and
3, A . 'Data with error bars reprasent the mean +/- S.E d‘esults
from 3 recipient dnimals. Single points represent results from one -

recipient. ' Statistical .analysis of these data/are described in the

-

text. _ . - N
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the entire high dose range was not well represented in more than one
experiment and no high dose of blasts was administered to more than tuwo
recipients. However, except in one case, the frequencies at these high

-]

doses uwere .within or greater tﬁan the values of tHé '95% prediction
interval surrounding the extrapolation of the linear regression curve.

The relaﬁiue distribution of radiolabelled cells among the
morphological regions of the small intestine did not change as the doé
tranﬁfgrred was increased (Fig.3). 0Of the labelled cells in the‘éma 1
intestine, 62.5%+/-0.9% (mean+/-SE of forty-one recipients) appeared ;n
the basal lamina propria, 32.5%+/-0.9% in the villus lamina Eroﬁria and
S. 0%+/-0. 6% in the epithelium. Many of the radiolabelled cells in the
basal lamina proprié were located latefal to the crypss while the
majority ,of blasts in the villus lamina propria were ih the basal
portion of the villi.

Thus, as uxth radlocountlng, aut%radlographlc studies suggested .
that the mechanism of blast localization in the intesting had a’ large
capaciiy which was not saturated even at doses estimate&~ta be fouf
times the normal dally output of thorac1c duct blasts’ (Spreqt, 1973).

In marked contrast ta MLN blasts, very few PLN blasts localized
in the small intestine (Fig.4R). For example, (compare Figs.3A & 4R)
at a dose of 1.5x1Ds blasts transfatred, app;bxlmately 35.4 1abelled
MLN' blasts but only ane or-two.i if any, lébé}led PLN blasts were
'obserued per 1000 HPF of small intestine., Thus, at any dose of cells .

transferred, MLN blasts but not PLN blasts selectluely localzze in the

small intestine Zah_after adoptive trangfer.‘ .
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. _ Figure &

The relationship between the number of (SH)-thymidine-labelled
peripheral blasts adoptively transferred and the frequency of lebelled
cells in various tissues 22-24h later. Experiments 1,0 and 2, A .
Data points with error bars represent the mean +/- S.F. of r35ultslfrom

the number of animal indicated in brackets. Single points represent

results from one recipient.
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 5.2.2 Dose effects in lung

Unlike the results obtained from the replicate experiments in
the inté;tine, two experiments examining M.N blast localization in the
l&ngs yielded regression lines with significantly different slopes (R.
=0.0S) and, thus, the -results of each experiment are presented
indiuiduélly (Fig. SA). This relationship prevailed in the parenchyma.
The déta obtained from recipiénts uhifh received great?r than 6.7x106_
blasts were not included in the statistical analyses for reasons similar
'to those described for MLN blasts in khe small intestine. The .data
obtained concerning the localization oF‘NLN blasts in BALT and bronchial
epithelium was not statistically analysed because.too many data péints
- had a value of zero. Hoﬁeuer, as the dose of donor blasts increased,
there tended to be an.increase in the accumulation ﬁf blasts in the BALT
(Fig. SB) and in the brn:\chial epithelium (Fig. 5C). |

| The number of PLN blasts that accumulated in the‘lung parenchyma
(Fig. 4B) was variable but in two experiments there seémed to be a trend
towards an increase with highér doseg’s of donor-blésts. rﬂo labelled PLN
cells were seen iﬁ_the BALT or bronchial epithelium. Thé'frequencies.of

labelled PLN compared with MLN blasts in the lungs diq;rgEE seem to
5 B -

. . 55

differ over a range of 1.5x10 to 1.5x10 blasts rred {see Figs.
- | ang - . tﬁﬂﬂ§f9 re (. Lg

4B and SA), \ :.3-.“"’(

Since the number of PLN blasts which localiéed iﬁ‘the'lungs and
smalf intestine was so small, we used locﬁlization of ihésg cells in
PLN as a pdsitiue control. A linearly increasing number of labelled
PLN bla‘si;.s (Poc =D.US). were aberved in recipient IsLN wr;en inéreasing

numbers of cells were transferred (Fig.4C).
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Figure 5
3
ship betueen the number of ( H)-thymidine-labelled

-t

The relation

mesenteric blasts adoptively transferred and the fregquency

of labelled

cells in the respiratory tract 22-24h later. Experiments 1, @ and

2, a ., Each point represents the results obtained from one arfimal.

-
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I concluded that over the narrow and low dose range vhich I was
able to study, tﬂe localization of MLN and PLN blasts in tﬁgﬂf}ung
parenéhyma‘-did not differ. it is possible that MLN blasts might have
selectively locélized in the mucosal tissues in the lungs (BALT and
bronchial epithelium)-but the area o% @hese regions examined was too

small for conclusions to be drawn.
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CHAPTER 6

Influence of the Time Available for Localization on the Freguency

and Distribution of MLN and PLN Blasts

® ‘Studies of the kinetics of chemical reactions yield information
about ,theig__mechanism. Therefore, tao investigate the mechanism of
blast localizafion, I designed experiments to determine the kinetics of
blast localization a€ mucosal surfaces. In addition, I reasaoned that
if cells were extravasating in one.location and then migrating through
the tissue to aother mﬁrphulogical regions I should be able to observe a

change, over time, in the distribution of labelled cells within a

tissue. N

6.1 Localization of MLN and PLN blasts in small intestine at various

times after transfer

Examination of the small intestine by radiocounting after
125

- transfer of I-Udr labelled MLN bigsts (Table 8), revealed that the

abcumulatioﬁ of blasts was as great by 6 h as at any subsequent time
and that by 24 h there was significantly less radioactivity in the gut

in two of three experiments (P =0.05). In all three experiments there

" was a significant increase after 6 h in the,, percent of the total

recovered radioactivity (% recovered) which was preifnt in the small

intestine. Thus, the net accumulation of MLN blasts in the small

~ ’ 82
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Table 8
Radiocounting Kinetics of MLN Blast Localization
a) -
in the Small Intestine
- eemcmeeemememead S, S e aana.
b) c)

Experiment Time Radioactivity in Small Intestine

(n) (h) % of Injected. ¢ of Recovered

KS (4) . 6 7.7+/-0.81 8.56+/-1.38

12 5.91+/-0.47 13.38+/-3.13

18 6.72+/-0.38 18.82+/-2,28

’ 24 4.66+/-0.27 29 66+/-2.22 .

KB '(4) 6. a;1a+/-1.32 12.56+/-0.44

12 4.73+/-0.61 | 16.16+/-0.88

18 4.75+/-0.20 24,03+/-0.18

24 7.06+/-1.18 23.16+/-1.289

30 3.21+/-0.$5 . 20.11+/-0.68
K7~ (3) B 6.4+/-0.3 13.2+/-0.é

12 S.4+/-0.2 & 15.0+4/-1.4

18 3.7+/-0.2 14.2+/-0.8

26 3.84/-0.2 ' 1#.1+/-1.n
U ——
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Table 8 (continued)
125

a) MLN lymphoblasts were labelled with I-udr “and adpotively
transferéed into syngeneic recipients.

b) Time after transfer when recipient was killed.

c) FidG;es represent mean+/-S.E. of.the radioactivity recovered in the
'small intestine, expressed-as a % of the injected radioactiui;y or as a

¢ of the total radioactivity recovered in the recipient.
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i

intestine ‘was maximal by 6 h after transfer, Eut M_N blast associated
radicactivity was lost more slowly from the small intestine than Fro@.
the rest of the body. This might refiect eitse; ali the M.N blasts
localizing in the small intestine by 6 h or a greater exit from, than

entry into the small intestine after 6 h.

Table 9 shows the autoradicgraphic data . from kinetics
expefiments to study MLN and PLN blast localization in the small

-

intestine. The ability of blasts to localize'rapidly in fhe mucosae. was
remarkable, In each Tr‘I"_ILN experiment the kinetics pattern differed
* (numbers increased, . decreased or remainedvfhe same ffom 0.5 h to 24 h) -
but the important feature was that many, if not all, of the MLN blasts
had already localized in the émali intestine by 0.5 h after transfer.
The. cells whiéh were in the intestine at 24 h might have been the same
ones which were observed at 0.5 h or. the similaf numbers at these times
might have reflected an‘equilibr;um between cell entry, re£entigg and
loss from the intestine established by 0.5 h. In contrast, few PLN
blasts were ;bserved in the small intestime at 0.5 h or af later times
after transfer. Thus the selective localization in the small intestine
of TN cqmpafed to PLN blasts- which was bbserued'gt 24 h.(Sgction 4.2)
was also demonstrated as early as 0.5 h after transfer. '
If blasts extravasated in a parti;ular location in the mucosae,
agalogops' fo the extravasation of }ymﬁhocytes at high_endotheiial post-

capillary venules in the TDA of lymph nodes, then their distribution



Table 9

el Autoradiographic.l'(inetics of MLN or PLN Blast
- B a)r
Localization in the Small Intestine

Experiment Clell Dose_b) TimEC) Cells in Small
| tn Source * (hours) Intestine
=esesssmssssssssszmssmssssssssssssssessesssssiess

K1 (3) MLN 1.58 0.5 52.3+/-3.0

() mw S r2n.aesd-2s

K2 (3) ‘NLN' 0.36 " 12. 80. 6+/-34.0

(3) MLN 18 . 3. 5+/-3.1
(3) m 24 68.3+/-18.2
(3) MLN - 30 47.8+/-18,9
(3)° PN 0.15 12 0.83+/-0.36
(2) PN 18 0.31+/-0.18
) (2) LN e 0

(2) PN C 9 _

- | 8 (2) MN 2.5 0.5 46.1+/-9.4
(3) . mn 1 47.74/-3.3
(3) MmN 3. 52;3+/-4.a
(3 mN 2%, 39, 44/-3.4

N —

(2 PN 23 05 S 7+/-0.5

[0t]
- N
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Table 9 {continued) . . . .
' § b) e)
Experiment Cell Dose Time - Cells in Small
- (n) Source _ {hours) Intestine
K3 (3) MLN 0.86 0.5 20. 7+/-3.1
(3) MLN 24 9.a+/-2.5
(3) PN 0.76 0.5 3.44/-1.9
. " L] .

S ————— o . S~ T T S T S e S S . S S S - S S Nt o
3 - et e e S

[l

, . 7 . 3 . -
.a)Lymphablasts from gither MLN or PLN were laﬁglled with H-Tdr and - C:::f
adoptively transferred into éyngeneic-recipients. '

‘b) Number of Jlymphoblasts transferred per recipient.

c) Timg after transfer when recipient killed. ,.

-3

d) Figures represent mean +/- S.E. of the number of;rédiolabelled-gells

: . per 10 HPF. S -
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would change over time. e eould expect to find, soon aFter’;raJ:%er,
a higher concentration close to the point of extravasation and a lower

concentration in more distant I%Fations. This gradient would then
..

diminish after all the cells had extravasated and migrated through the

tissue. -Howeuer, as the data in Table 10 demdhstrate, the distribution

of MLN and PLN blasts in the epithelium, eiilus and basal lamina propria
of the .small intestine (Fig., 1) we;~the samd at all times after '
transfer. Howevery there was a tendency fet more cells to appé}r ini e
epithelium later. than 0.5 h. . Therefore, e1ther both extravasation a

migration thr0ugh the tissues occur;ed uery rapidly (within 0.5 h) or
blasts left the vaSCUlatu'F in both the. basal and villts lamina propria. -

It has been. shown that lympnnnytes extrauasate via the HEV in

'lymphoid tissue (Gowans & Knight, 1964). 'Because these structures are

‘ present in Peyer's patches but not in intestinal lamina propria there

was a possibility that blasts extrauasated in the Peyer s patcheg and -
then\Qmigrated_ tﬁrough the laming propria. Uur_obseruations of the-
frequency of- blasts in the villus lamina proﬁtia at ﬁ 5 h made this
potentipl route of entry seem unlikely (Sectian 5 1 1) Neuertneless

65% of MN blasts which localize in the small intestine become IgA
contaifing cells (Ncwilliams,gt.g;., 1977; McDermott & Bienenstaock,

"1979) and'there have been bbseruations of a higher concentration of IgA,
.-positiue cells in the lamina propria adjacent . to”the Peyer's patches

_-than in the lamina propria distant from the patches (Crabbe et al.,

703 Rudnk et al., 1975!:, Befus et 119/1978) There have also been

obseruations of TOL (Hall et al., 1972) and T-TDL (Sprent, 1976) blasts

A

- " ) ‘ ‘
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" Table 10

- B

Oistribution of Adoptively Transferred "N *‘g;ld?PLNf

Blasts in the Morphologic Regions of . the Small Intestine

at Various Times After Transfer

Expt Cell Time 4 of Cells in Intestinal Regions: .
(n) Source (hrs) -
Epithelium Lamina Propria
’ Villus ' Basal
========================$========================--===================
N , B) . .
K1 (3) MN 0.5  0.57+/-0.57 - 39.1+/-2.7 60.3+/-2.1
(3) MmN 24 4.64/-0.7 - 26.2+/-2.8 70.8+/-2.4
‘ . ) - s )
] . ) - ‘ . - . ' .
K2 (3) MmN - 12-° S.2+/-2.6. 29,3+/-0.94 . 55.5+/--3.Ji
. A :
(3) mN 18 - 6.5+/-2:5 . 36.2%/-4.2  58.2+/-2.6
(3) MmN, 26 . 4.74/-0.8 32.64/-6.2  B2.74f-5.4
(3) MmN 30 . 2.7+/-2.7 - 35.74/-6.1  B1.6+/-1.7
- (3) PN 12 o - 16.7+/-16.7 50+/-28.8
(2) - PLN d: v ‘ 0 : 50+/-50
(2) PN 2 0 - 0 ‘o .
.(2) PLN 30, 0 0 - 0
tr .\ .
e \ h
’ Fal -
- LY /\-‘
a LY



Table 10 (contirued)}

&
a) ' | b)
Expt Cell Time % 'of Cells in Intestinal Regions:
(n) Source (hrs)
© Epithelium Lamina Propria
Villus Basal
K8 (2) MmN 0.5 @ 29.7+/-3.2 70.3+/-3.3
(3) MmN 1 1.3+/-0.8 32.44/-3.0 66.2+/-3.7
(3) mN 3 1.04/-1.0  23.5+/-043 75.8+/-1.6
(3) MmN =~ 26 4.14/-2.7 36.1+/-6.1 59.7+/-4.7
(2) PLN - 0.5 o . 41.9+/-8.2 58,2+/-8.2
K9 (3) MmN 0.5 0 22.6+/-4.6 77 .44/-4.6
(3) MN 26 B.4+/-3.2 41.74/-10.7  51.9+/-8.9
(3) PLN 0.5 C2,7+/-2.7 © 25.2+/-14.8 72.1+/-16.8
.a)Time after transfer when recipieﬁt killed.
” ;';f bllﬁeifbroportion.(%) of cells in each morphologic region of the small
intestine {see Figure 1); figures represent mean +/- S.E.
<0 \
AN
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concentrated near PP. However, we found that the freguency of MLN
blasts in the HPF immediately adjacent to Peyer's patches and'in the
mushroom of lamina propria between the follicles was the same as in the

remainder of the gut at both 0.5 h and 24 h after transfer (Table 11).
This uwas further evidence that the Peyer’'s patches were not likely the

portal of entry of most blasts into the lamina propria.

6.2 Localization of MLN and PLN blasts in lungs at various times

after transfer

125 . :
Following transfer of I-Udr labelled MLN blasts, both the %

injected and 4 recovered . radiocactivity in the ldngs decreased
. progressively from 6 to 24 h (Table 12). Similarly, the kinetics of
blast accumulation in the- lungs, studied with autoradiography, ehowed a
rapid decrease From a high at 0.5 h after transfer of MLN blasts (Flg.
6). " The accumulatlcn of PLN blasts in the lungs (Fig.6) likely also
had a similar kinetlcs since their numbers at 0.5-h were comparable to
those after NLN ‘transfer and there were few PLN blasts in the lungs by
' 12 h wlth a trend to a decrease to 24 h. Thus at any time . after
’ transfer there was no preferentlal accumulaticn in the lungs of cells
f rom elther lymphoid source. Cells seemed to be retained inltially in _'
the lungs; perhaps by trapplng in the capillary bed, -and to leave
_subsequently for an unknomn destlnatldn.‘
In one experiment the area of BALT and eplthellum scanned was
recorded s;parately from'the area of the parenchyma.. BALT was observed

inonly 3 of 15 reclplents and the largest area was 15.5 HPF, In spite

of the'small sample.\ we found that. upon ccnuerting the data to nunber

-
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Table 11

Kinetics of Localization of MLN and PLN Blasts in

Lamina Propria Adjacent to Peyer's Patches

a) b)
Ti f h i P,
Expt ime (n) Number of Lymp obl?fgg,eéQ;\
-Mushroom Adjacent to Distant from
P.P. P.P.

===== P33T T e et ——————rh \;;__‘=—_——*———=====
K8 PLN 0.5h (2) 0 30.9+/-7.6 . ‘ 5.7+/-0.5

IR ~g-m ===

MmN 0.5h (3) 75.5+/-37.8 72.5+/-38.7 46.14/-9.4

MLN  26h  (3) 65.5+/-37.5 39.8+/-9.6 //§§T;+/-3.a

- o o b A N A A AR D e A e M T AR A W W A A Sl D e ek

KS PLN  0.5h (3) 14,8+/-10.4 0 J 3.4+-1.9
mE—soo—aEEAmRSResSssssEE- AmaEmS— e ——_—_— ey ———— r/ - -
MmN 8.5h (3) . 42.8+/-25.3 16.2+/-7.9 \ 20.7+/-3.1
mN  26h  (3) 15.04/-7.5 5.14/-5.1 9.4+/-2.5
3 _ .

a) Source of H-Tdr labelled lymphoblasts transferred

b) Time after transfer at which animals were killed

c) Mean +/- S.E. number of radiolabelled cells per 10 HPF of each

. ; . 2

region, Acﬁual scoring used a square with area 0.079mm divided into a

grid of 100 smaller squares; - ‘fdata was then converted to number of
3 5 , = —
cells per 10 HPF (HPF area 0.1mm )

Actual area scored was onlf: Mushroom 11 to 67 HPF
Adjacent PP 33 to 121 HPF

Distant from PP approx 1000 HPF ~



Table 12

Radiocounting Kinetics of M.N Blast
a
Localization in the Lungs

b) c)
Experiment Time Radiocactivity in Lungs
(n} (h} ¢ of Injected % of Recovered
K7 (3) 5 © 2.2+/-0.3 4.6+/-0.6
12 ©1.0+/-0.08 2.6+/-0.2
. 18 1.4+/-0.9 1.8+/-0.1
1
24 0.4+/-0,08 1.7+/-0.4
. 125
a) MLN lymphoblasts were labelled with I-Udr and adoptively

- transferred into syngeneic recipients.

b) Time after transfer when recipient was killed.
2 " .
c)} Figures represent'mean+/-S.E.- of the radioactivity recovered in the

lungs, expressed as a %‘of the injected radicactivity or as a % of the

total radicactivity recovered in the recipient.

~
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Figure B

The relationship between the time after transfer and the number
3 ’
of H-Tdr labelled MLN or PLN blasts in the lung parenchyma. Symbols

with error bars represent mean +/- S.E. UWhere no error bars appear,
. . 5 .

the S.E. was not larger than the symbol. Transfer of 1.5x10 MLN
blasts in -experiment K1 (<) (n=3 for time points 3, ‘6, 12, 36 h; n=4
for 0.5, 1, 24’h; n=5 for 19 h) or 2.5xf0§ hLN blasts experiment

ke (@ ) (n=3). Two other MLN experiments {not shown) covering the
periods 6 to J6 h and'12 to 24 h showed a similar tendency'.For the
blasts to accumulate in the lungs at early timés after transfer and to
subsequently leave the lungs. Transfer of PLN lymphoblasts ( x ),
experiment K2 D.15x105.blast§ transferred (n=3 for time points 18,

26 h, n=2 for 12 h, n=1 for 30'h) and experiment K8 2.5x1Ds blasts

transferred (n=3 for time point 0.5 h).
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of cells per ‘IDJ HPF, the concentration of labelled MLN celfg gbserved
in the BALT was the same order of magnitude as iﬁ;ﬁbé parenchyma at the
same time after transfer (3 hr). The areé of BALT abserved in
recipients of PLN was not large enough to determine whether PLN ‘blasts
locaiized in this region., The area of epithelium obse{Led ranged from
S to 43 HPF per animal (scored as cells per field diameter and
converted by using 12 field diameters of epithelium per HPF}. In

recipients of either PLN or MLN blasts, cells were only occasionally

observed in the bronchial epithelium,

6.3 Localization of MLN and PLN blasts in Peyer's patches at various

times after transfer

As was observed in the lungs ahd small intestine, the
radiolabelled cells whichrlocélized in the Peyer's patches had already
done so 6; 0.5 h after transfer (Table 13). At 0;5 h after transfer,
MLN and PLN blasts accumulated in the Peyer's patch with ‘a similar
distribution and frequency. THe number ‘of MLN blasts-in‘the various
morphologic regions was the same at 0.5 h and 24 h with the excepfiqn
of the‘dqme. MLN blasts were obseroed_in_the dome at 24 h but not at

- 0.S h, By 24 h their dnncenﬁfapion in.thé'doma_was similar to that in_
the TDA. Since the blasts aﬁpeéred first in the TDA and subsequently
in the dome they might have extr?uagated-in the TDA and then migrated

b through ﬁhe patch to the dome.

.-
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Table 13

Kinetics of Localization of MLN and PLN Blasts in

Peyer's Patches

a) b) -
Expt Time (n) Number of Blasts in Peyer's Patch:)
. c
Follicle Dome TDA
: d} - : ‘
K8 PLN (.3h (2) 31.2+/-31.2 O 182.0+/-120.8
MLN  0.5h (3) 4,5+/-4.5 s} 341.3+/-136.6

MmN 26k (3) 10.8+/-10.8 243.8+/-191,2 393.9+/-32.6

K§ PLN 0.5h (3) O 0 | 22.14/-11.1

MLN 0.5h (3) .6.8+4/-3.5 o -  121.2+/-63.8
MN 26h  (3)  23.5+/-12.8  117.9+/-61.8  206.7+/-38.7

O e e T+ ++ ¥ 3+ + -+ %+
e ——— =11t e e

a) Source of H-Tdr labelled lymphoblasts transferred
. b) Time after transfer at which animals were Filled
c) TDA = thymus dependent area
d) Mean +/-‘S.E; nu;ber of réd}dlabélledfcalls per 103 HPF of  each
region,  Actual scﬁring used a sguare ﬁit? area of U.U?Qmm2 Qiuided
‘into a-gfid of 100‘émallar équa;es} ‘data was then‘cnnuefied to nqmber
of cells per 103 HPF (HPF area U.ﬁmmz) _ - T  {;:
Actqal area s;ored‘was only: Follicle 29 to 96 HPF B

| | Dome 1.9_£q-8.iAHP?

TDA 8,3 to 72.4 HPF



CHAPTER 7

Gender and Gonadal Hormone Influences on MLN Blast

Localization in the Small Intestine

Gonadal. hormones influence both the immune system in general
and, of particular interest, the loéalization of MLN blasts in mucosal
sex hormone target tissues (Section 1.4). I .herefore designed
experiments to determine whether there were any sexX differences
(potentially hormonally mediated) in the localization of MLN blasts in
a mucosal tissue which is not a sex hormone target tissue, the small

intestine.

7.1 MLN Blast anaiization with Male or Female Donors and Recipients.

7.1.1 Autoradiographic studies of gender influences on

localization

The data' from all experlments which compared the local;zatlon
of MLN blasts from male or female donors in the small Lntestlnes of
male or female recipients is presénted in Table 14a & bi  Table 14a
shous the ‘first Five experiments.. The first two experiments, with a’
total of 32 recxplents, showed conclusively that at least twice as many
blasts From male donors as from female donnrs locallzed in the small
intestine. In addition, in three experlments (total of 16 recmpxents):
.using male donors but without female donor controls, ‘localization was

greater than would haﬁe been expected if a similar dose of female

97 ST :
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Table 14

+

Effect of the Sex of the Donor and the Recipient on the

Number of Radiolabelled Cells in the Small Intestine

24 h After Adoptive Transfer‘gf MLN Blasts

a) b) c) e) '
Expt Onr Recip Dose Blasts Conclusions
6
(n)} (x10 ) in Small Gut
Table 14a
: ‘ . d).
s4 o o” (5) 1.01 - 1.59 1885, 3+/-16.0
o (s) | 156, 54/-17.1
' ¥ . ((07+0”)=(c"+9})
2 ) (5) 1.09 - 1.63 80. 2+/-4.1
- . >{(geq)=lg~a™))
2 o (3) . ‘ 79. 7+/-8.3 .
— - . : . .
S5 o o (3) 0.88 - 1,72 87.2+/-7.8 . | _
o 9 (3) : 120. 3+/-10.4 .
‘ S L  (gsql)=(geaT))
9 . 9 () 13?-223 50.3+/-6.5 -
A 55. 0+/-3.5
. — E—— P e)
M oot o” (2)  6.87 ‘ 4B6.9+/-21.7 high comp. to~
: . S "~ expect {157.8)
51 o c'@) 2.3 .. = 148,9+/-B.2 ﬁmﬁm@jd.
& o ? () | ©120,04/-11.7 expect (53.6)
57 o (3)  0.55 -0.89  43.3+/-5.2 high comp. to

o
_ Ny _expected | .
sco” o" (3) 0.72°-1.22 52.6+/-10.6 (17.6 and 22.1)
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Table 14 continued '
a) b) ¢ ¢) e)
Expt Onr Recip Dose Blasts fonclusions
o 6 : .
(n) (x13 ) in Small Gut _
Table 1;’4b .
sah o o (3) 1.12 - 1.58 31.9+/-3.3 no difference
o 9 (2} 36. 74/ -4, 7 among the groups
? 9 (3 1.07 - .53 42.7+/-5.4
9 & (2) 40.74/-2.8 .
s8a o o (3) 1.36 - 1.88°  32.5+/-6.0
g E ' ‘ no diff. between
o g . (3) 20,14/-1.8 o'- d'and 9 » 9
' _ even with most
) -] (3) 0,95 -1.35 28.1+/-1.4 extreme dose
- ' correction
2 o (1) 34,3 c’o?_<$-.?_
511 o o”(4) -0.66 - 1,02 27.9+/-5.6 no difference
: ' T ‘ - between the
g9 (3) 0.75 - 1.15 28.8+/-3.4 groups
513 o v (3) 0.61-0.96 4.6+/-1.9  no difference
¢ g (3 058-0.9 52+/-04 betueen g”and o
d o (3) 1.83 - 2,90 11.6+/-0.4 at any dose
9 o (3) 1.76-2094 - 20.74/-2.7 of celis .
g —mmm———=- Smmmmemmesmemmme———oe—esesseeo—— : .
. d o (3) 3.0-- 4.8 28.5+/-2.0 transferred
9 g (3h, 29-48 36419




Table 14 {continued) \ J

: a) b) c) : ) e)

Expt Bnr Recip Dose Blasts Conclusions

5 )
(n) {(x10 ) in Small Gut

s o " (3) ‘I 1.02 - 1. 38.9+/-2.1 . not different
sca” o (3) 1.19 - 1.85 29.1+/-2.8 , from expected

(29 and 36)

a)Sex of blast doner: (o") male,  or (Eg‘femalé,‘ or {($cd” ) sham

castrate male

b) sex'a% blast recipient: (o”) méle, or (g) female.

c) Number of labelled blasts transferred; single numbers represent
9mean;.rahge‘represents 95% confidence limits about £he mean

d) meaﬁ'-+/- 5.E. number ‘of radiolabelled cells égr- 103 HPF  small .
intestiﬁe‘ ‘ . ' | .V‘i: ‘fSé. .

e} con#lusions based on Student’s t test,d(==D;Us'éndhﬁﬁﬁpaxiséh  te

. dose curve established using female migé (Fig. 3);"a'+5a"ﬁqaﬁ§ -thé
| ~ Cm .

numberffof radiolabelled cells in thé small intestine 24 h after .

tfan#(sihff labelled MLN blasts from male donors into mele f?FipiaﬂtSQT’; o

Y .
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' | 7
blasts had be n-transferred‘(F;g. ;); The sex of the recipientAdid not
.influence thel number of blasts whi } localized in the small intestine.
. This data convinced :;‘that f ere Mas a difference in MLN blasts from
| male oonors which enabled then to localize in the smayl intestine (at
2akh after transferj in greater fhumbers than Female N blasts . .

-

‘r

Gonadal hormones seemed a lrkely mediator of \the difference in

locallzatlon of male compared /to fema{e blast populatlons e

‘“'\-._/
therefore anBS igated the efﬁect\on blast locallz?tf/n of alterlng sex

hormone leuels of theg blast gbnors. Unfortunately, because the size of

the.experiments would have been prohrbltxue, all. the possible opp051te
eet controls'were not included in'these experiments. -Therefore all but
one oF the-experimenta using castrated-dohors were complete before I
noticed that theizgiﬁfmenon'of increaaeo local}zation of male blasts

seemed to _have disappeared Because they ‘are oF interest, I have

LY

decided to present the*fbsults of these lnuestlgatlons aven though\fgeya"'-~\\;\\

are negatlue and I camnot comment an their releuance to the initial

phenomenon. ,Table 14b shoms " four experrments m1th opposrte sex

controls f(totel 43 rgctpients) in which the localization of nale MLN

blasts 1n the intestine was not greater than the female controls or the .
e a

expected _value from the Female dose curve (Flg.; 3). To ‘check for

.possrble technical sources of- the change, tlssues from one posrtlue
-y

' experlment '€S4) and two negatlue experiments (SB, S11l‘ were re-

g
sectioned, processed szmmultaneously for autoradrography and scored .

The conclusxons from th1s second processrng were the .same as the Flrst

ellmlnaiégg; changes in autoradlographlc or scorlng technlque as ap..

‘explanation for the appea:grég‘and /or loss of the phenomenon.

~ " 5 - . . '
L e e . [
- . .
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\ . 7.1.2 Radiocounting studies of gender influences on
localization
) 125 :
In two experiments M_N blasts were labelled with I-Udr and -

local:l.zatmn as&éssed by counting radmac:t:.u:.ty inethe .tissues after
‘adoptwe transfer (Table 15) Ne:.ther of the'ée experiments showedfany
significant '~ difference im the recovered radioactiviy in the small
- intestin'e after transfer of male “ar. _“Female blasts, ‘However the

""\—-'( relevance of this information is not clear because when the same tissues

were assessed by aﬁtoradiugraph} am le/female .diff‘erence was c'!etected'

in' the first.(Table 14a, S55) but th the second experiment (Table 14b,
58). - . | _ _
"\ _ Ny 4 *

7.2 Effect of 0Odohareétomy of Female Donors on MLN Blast Localization
S — . e
in the Small Intestine.
3 \ ’
If‘ the presence or. absence of estrogen durmg deuelopment was a

factor in determinlng the ab;lity of blasts to accumulate in the small
iri:est:.ne. then w(iggg]‘d expect. a difference in the localization of, MLN
. B .Y . .

‘e .cells derivel from phorect®mized or sham cophorectomized donalj,s. The

overies were removed from donor mice a h_inimwn of 3 weeks be‘fdr_é the

L}

N _adoptive transfer experiment.. Therefore;“bia.sts"u;ere stimulated and

Nan to d.i.ffafentiéte 4in ' an erivironment with™wvezy. low lyla\ot,

'e‘s_!:-i'ogen compared to that in a normal f‘emale Te. The data”in Table
16 show that there washz\n effect nf‘ nophorectn

.
blast locallzatlon in m intestine.

of f‘éma_le donors on EILN

t ;?"

-
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Table 13

3

Effect of the Sex of the Donor and the Recipient on the Radiocactivity

and the Number of Radiplabelled Cells in the Small Intestine 24h After

125

Adoptive Transfer of

I-Udr labelled MLN Blasts

o et e

= 4 = A e e

a) . b)
Labelled Cells

.

total mouse

-

: ,.g) Figures repregent.méan +/-'S.E.

R

3

‘ ;b)nNumben of radiolabelled cells per 10 HPF

-—“

) d) ‘Autbradiogréphic data for these experiments was also presented - 1

Table 14, X
e‘). .‘( (‘0"'0')3(0’-32)))((?_ +9_)=(E..g"

- o =0, 05
a : . ., *
f) No difference among the groups

~

«+

H) ‘based on Student's t test,

w“

Expt Domor  Recip ‘Radioactivit
o (n)y in Small Gut in Small Gut
d) c) - e)
5 d o -(3) 22.0+/-2.1 . 97, 2+/-7.8
. a” g (3 2144/-1.8 120. 3+/-10. 4
\ S ¢ (3 18.9+/-07 50.3+/-6.5
2 g (3) 17.9+/-1.8 5S. 0+/-3.5
. ' Cf)
seb o @ (3)  13.9+/-111 31.94/-3.3 g
. ﬂn“- . -
o s (2) 7 14.95+/-0.38 31, 74/-5.7
g g (3)  2104/-28 42, 7+/-5. 4
9 o 12)  13.1+/-1.16 40, 7+/-7. 8
~—..a}Percent recovered  radiocactivity = dpm in small inqgstiheylﬂ‘dph‘ in

0 —

based on Student's t test,x=0.05
. L 0
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Table 16 _ .

Effect of Qophorectomy of Female Donors on MLN Blast
. a
Localization”in the Small Intestine

- b) : c)
Expt Donor Dose Recip Labelled Cells Conclusion
‘ (nf in Small Gut .
d) e) . :
56 sham @ 1.3 o (3) 20. 9+/-9.5 no difference
ooph @ ' 1.2 o’ (3) 18, 2+/-5. 7 * between graﬁps
. -. : . '
510 normal @ .77 .o (&) 42, 5+/-3, 8 no difference
sham g 0.87 o (4) 29.3+/-a.9 -among the groups
- N ) . -
‘ooph'g | '0.87 0" (4) 33.1+/-2.0
" * , -
.—.===================.-.'.========================================&_=£==;==
3 <

a) Localization of H-Tdr labelled MLN blasts in small intestine 24h

afterladoptiue transfer. '
' B

b) Number of labelled blasts traoSFérred (x 10 )
c) Based on Student's t -test; & = 0.05 .

'd) Donors were female CBA/J mice, either normal, or ocophorectomized

(ooph) or sham oophorectomized (sham) at least 3 weeks prior to

+

experiment,

e) Figures represént mean+/-5.E. of the number of radiolabelled cells
3 : o

per ip_'HPF#;, - T ‘ N | f\_‘
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>

7.3 Effect of Castration of Male Donors on MLN Blast Localization in

the Small Intestine.

Similarlyk if the simple presence or absence of testosterone
{during developemerit was a factor in determining blast localizing
apility then castration of'pale dpnors would result in a change in the
guantity of MLN blasts uhicﬁ'accuﬁulated in the small intestine. The

testes were removed a minimum of 3 ueeés priorofb the adoptive transfer
experihent. The 'data in Table 17 show that there was n;"effect of
castratiqg_ oF_ Tale donors on-NLN blast/ loEgiizaFion in theq.sméll .
intestine. : |



/
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Table 17
& —————— —

Effect of Castration of Male Donors on
— = - ——

105

MLN Blast
a) :

'Loéalizaﬁion in the Small Intestine

b) T c)
Expt Donor Dose Recip Labelled Cells Conclusion
(n) .in Small Gut
d) e)

-

57 normal o= 0.72 (3) &0, 7+/-6.5
sham o 0.97 o (3) 57.6+4/-3.0

cast o” 1.11 g (3) 41.'3+/-6.8

S normal @ 1.23 & (3)  38.9+/-2.1°
sham o 1. 57 o (3) . 28.1+/-2.8
cast ¥ 213 o (3)  67.5+/-8.2

correction for
dose 'not
necessary
no difference
between sham &
castrate
or normal & sham

after correct for
dose: .
castrate=normal
castrate>sham

. normal>sham

"511  normal o 0.84

* after adoptive transfer

o’ (&2 27.9+/-5.6
sham o”- 1.08 g (4) 27.0+/-3.8
cast ' 065 o (&)  21.3¢/-3.5
' s

(4)  2B.8+/-5.8

-t

. o 3
a) Localization of

- -

6

. b) Number of labelled blasts transferred (x 10 )

: .t o - .
c) Based on Student's t test; & = 0.05 ,

H-Tdr labelled MLN blasts in small intestine 26h

correction for
dose not
necessary

no differences
amongQ gQroups

-

Yonors were male CBA/J mice, either normal, castrated (cast) or sham

castrated (sham) or normal females. *

-~

3 i

e) Mean +/- S.E. number of radiolabelled cells per 10 HPF e



CHAPTER 8
‘Discussion
8.1 Preamble . . Z

The existence of a common mucosal immune. system which .
integrates local resistance at mucosal surfaces end is, at 1least in
part, separate from the systemic immune system, 1s mainteined by the
selective traffic of immunocompetent . cells from their .site - of
stimulation beneeth mucosal epithelia to other mucosae. It has q§en
repeatedly demonstrated that lymphoﬁlasts (blasts) from the lymph nodes

mhlch " drain a mucosal tissue selectively localize in that tissue and
[

other mucosal tlssues when compared to blasts from perlpheral lymph
t

nodes. The mechan1sm underlylng this locallzatiggibs unknown, It must

. sinvolve ‘one, or a combination of, the Following processes: eelectiuel
entry into the'fisspe F:om the vasculature, selectlue retentlon in the
tissue after entry, er selective prnliferéﬁlon in the tlssue;,
' In an attempt‘ﬁe understi:d better the phenomenon of- selectlve'

‘ mucasel localization, fhe discussion to follom will review my work and
the cﬁrrent literature in the context of these pf;;e;;;EB' Cquonents.
of these processes )nclude the site gf entrys of blasts lnto the tissue, .~
the delivery . of blasts to this ‘uasculer site, potential specific
mediators such as antigen, immunoglobulin isotype, secretory‘componeht;
~and other-cell surface molecules. Other factors which iqfluence' the

selective localization of blasts include diet, parasitic infection. sex

. differences and gonadal hormones. Table 18 summarizes the conclusions o

1 . -t

107
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- Table 18 ’ .
Factors Affecting the Selective Localization
.. a)
of Mucosal Lymphoblasts in Mucosae
. PR
S S S
‘ b) : :
Factor Net Component of Blast Localization
Effect . Influenced by Factor

i delivery emigrat retent prolif c)
========================‘================‘========================.===m
mucosal vs non- + . + +7?
mucosal blast
source ’ .
antigen t/- +? -, +7 +
SC - B N
histocompatii:ility ? '
& other surface Ag
immunoglobulin 7 ]
isotype
elemental diet 1 +
recipient gut.
protein-calorie | L

.. malnourished

" blast donor

chemical R |
inflammation or |
gut parasite in.
recipient

localization in
mucosal sex ‘hormone
target tissues:
hormone effects

T blast + . + 4 - L



L

b) o
Factor’ Net Component of Blast Localization
gffect . Influenced by Factor
n ’ c)
delivery emigrat retent prolif
) = ———— —— ==== 4 —_——

gender & hormones -
in recipient
small intestine
gender & hormones +/-
iw plagt donor: -

assay|localization
in small intestine

e e e T+ 1 T -

]

localizafion in mucosae.
b} The net effect of the factor
.lldecrease;"+ produces difference;
. or uncertain |
¢) Possible mechanisms involved'in
.locaiizatiph.

delivery = delivery to mucosae

a)_ This table summarizes tha conclusions from the Discussion regarding

the mechanism of action of factors which influence lymphoblast -

on localization: T increase;

- no effect; ? effect unknown

the *alteration of lymphoblast

emigrat = émigration from vasculature

reten = retention in mucosae after

proliferation in the

prolif =
transfer)
v = proaﬁbes]effect (or cdﬁtributeslto'effect)
- = not réspoﬁsible for effect |
? = conclusion unce;fain

“

emigration
mucosae (or. after

vt



"\
~ reached in the Discussion about the mechansisms of action\\gg these
- L] .
factors. A better understanding of mucosal traffic would certainly be
valuable in attempts to manipulate t%e_immune system to prevent ' and

treat disease.

LLI



M — ——— e e .

111

8,2 Technical Considerations

Several important technical issues have' been highlighted during
the work described in this thesis, These'will be described in some

detall, so the reader can appreciate better the methods employed and so

thet other investigators might consider them when designing

investigations of blash localization.

" B.2.1 Scoring the entire le%'th.gi small intestine
It is well recognized that the -distribution ~along the
- St
' gastrointestinal tract of ﬂgA containiqy cells and the blasts from

which they arise, is not uniform. Gowans and Knight (196&) observed 3
3

hlghek concentratlon ‘of H-Tdr labelled TOL in rec1p1ent upper am{

Al

middle sﬂﬁll intestine than in the lower’ portlon. Crabbe and Heremans '

AN

{1966) found the density of IgA’containing’cells in the human duodenal
¢ . . -

RS

and Jjejunal mucosae was about twice that in the rectal mucosae. In the

~calf, IgA and IgM containing cells were more numerous in the duddenum

i

and  jejunum than ileum (Porter,1972). éimilariy, Husband and Gowans
(1978) observed approximately twice the denszty of IgA contalnlng cells

in the rat duodenum than in the'lleum; with an intermediate freguency
o - 125 .
in the jejunum, After adoptive transfer of I-Udr labelled MLN

blasts, _half‘\of the  radicactivity in:the small intestine was in the

proximal third of the gut and successively less was recovered in the

;
*

intermediate and distal thirds (Mcwilliams et al., 1975). . Thus, to
obtain a gogs estimate of the coneentration of cells which'lecalized'in

oy . the “small -intestine, it was necessary to con515tently sample all

regions. I therefore prepared SECtlDﬂS which each contalned the whole
) -

length of the small intestihe and-scanned approxihately.7 sections td

<
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count 1000 HPF. -

/‘\

. 8.2.2 Autoradingrap vs Radiocounting

. leferences between tuo ‘of the techniques c0mmonly used ;in ’

a}ymphocyte trgfflc experiments, autoradiography and radlocountlng have

' been notqd'prehirusly.(ﬁriSCElli et al., 1969; Befus EE.El;?‘1QBD) but
the  existence ?nd.significance of these differencesAhas“génerally. nok -
been .stressed. Examination of data from other iquestigators revealed
these differences. For exampla,lrhe differénce in thé'ngmber of H-Tdr
labelled .MLN compared (ta PLN blaéts‘whicﬁ Tbcalized. in” ‘the small

'-'lntestlne 24 h aFter transfer (homlng lndex,- the telative té09ency for

labelled LBy compared to PLN blasts to appear. in a,ﬁissue)'was greater

when - assessed by autoradlography {homing Lndex;;of 1@.9) -fhén by

radlocountlng (homing lndex of 2.3) (McDermott, Ph.D. thesis 19?9);
Slmzlar dlscrepanCLes were also noted in recrpxenf’ﬁﬁh, LN, and lung
. {McDermott,” Ph.D. thesis 1979). The data of Roux et al (1981), re-

expressed in terms of a homing index, shows a greater tehdency.for MLN

“than PN blasts to localize in MLN at 24- h- .when assessed by
autoradlography (6 2) thaﬁ by radiocounting (1.6). ‘ Some of these
| d15crepanc1es mlght hawve heen due to leferences in the concentration
of blasrs in “the lnoeulum since thlS is ’internally con}rolled in

-‘rqdiocounting but not in autoradiography. However my work _sﬁbgests
-'that'this {s not a ébrblete explanation, I perfdrmad'tuo experiments

125 . .
in whlch the same dose of '.I-Udr labélled blasts from male or female

donors ‘were adoptxuely transferred and their locallzatlon assessed - by'
“n,

radlacountlng ‘and then by autoradlcgraphy of the same’ tlssues (section



113

1
7.1.2). In both experiments radiocounting showed no differences

between the experimental groups however autoradiographic analysis
‘- revealed a two fold difference between the groups in the first

experiment and no difference in the second experiment. The reason for
- Fa

the inconsistencies belween these two techniques is not known. One
p0551b111ty is that a pertlon of 'the cells which localize in-the small
'lntestlne divide (Befes et él, 1980; Roux et gl;,19éﬁ), thereby
p:oducing'more radiolatielled cells but no more radloaetluiff.' Reeently
"Dz, M. NcDe}mott (peﬂsonal communlcation) in euf.laboratofy observed
two populations of cells with different mean silver grein density in
autoradieeraphs of §Her; laﬁelled.mLN blasts in the small intestine at’
6 h after adoptive transfer but enl;}_ one. population in fl‘/ {rinoctlum,

Thus‘ the amount. of radioactiuity‘per.eell is neither uniform  nor
constant and this wou produee dlfferences in the results af

experiments when assessed by autoradlography compared to radiocountlng

In _add1§10n,5 radiocounting assesses the._amount of radicactivity

(assumed to be cell associated) per organ or per unit weight of tissﬁ%,
whereas autoradiographic informatidn is in terms of numberé, of cells
which cnntaln radicactivity per un1t uolume of tmssue. Thus'althbugh a

labarmus procedure, autoradmgraphy is a valuable techm.qugbecause it

—

a different’ perspectlue on the pracesses which lead " to the

selec ive nrlchmene of the lympho; pnpulatlon of . mucosal tlssues‘meth
cells gerived from NALT N ) : .

The counting of Eells in tlssue sectlons, whether radiglabelled

ot labelled ulth Fluorescent antlsera, . is labour-1ntenszue and

»

apparently meticulous. However, care muat be taken not to generalLZBJ, :
\__,_/
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s
tod early from a partlcular case and to consider the sources of

variation bcth between individual anlmals and experiments and thbse due
‘to the ‘technigque. I have eetlmated a 5% cnnfldence in scoring
autoradibgraphs by réscoring sets of 'slides and determining the o
variation between scorings (section 2.2). Much of thts uariatibn’can -
be accounted fcr by simple probability. . I have calculated that mcst of
the uarlatlcn within and between EXpethEﬂtS can be accountEd For by
the sam ple size . {number of HPF orfrﬂln ‘smears the number bf cells.
counted) and the relatively louw cbncentratlon of radxolabelled blasts. }?.

—

It was ‘not eccnomlcally feasible to increase elther the number cf HPF*

or cells counted or- the number of radlolabelled cells transferred to‘ N
"reduce the uar;atlbn. ‘I concluded that- the aduantages ofifo

‘ autcra&icbraphy, especzally the ability to- descrrbe'the mcrphcluglcalr J?;
o lbcatlon of transferred cells. nutweighed the d;ffrculties of man-hqurs -',
and uarlablllty._ It shbuld also be ncted that because of the lcu .
frequency of radrclabelled cells, even seemxngly qualitatiue statements.
‘'such as tHELI location must be made on.a quantitative basrs rncluding a ’

careful estimate of the area of a partlcular morphulcgicaldcﬁglcn.ﬂ

. .. -

. -
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8.3 Blast Source*and Lccalization K inetics

[y

The time available for localizatipn is an important factor when

determining uhether cells contrlbute to the lymphord populatlon of a

-tissue or not. Perhaps one of the clearest examples of this was that
- -Peyer'slpatch lymphocytes, but not PLN .lymphocytes repopulatgd the gut
of‘.an irradiated recipient‘uith IgA cpntaining'cells but npt until
 approximately § days after therr adpptmue.transfer into rabbits (Cralg
& Cebra, 1971, Rudzik et al al., 1975) or mice (Roux et al al., 1981, Tseng,
1981). Therefore if analysis had been only at. day'1 after transfer no
selectlue accumulatlon would have been obserued Similarly;'“Roux et
“al.r (1981) demonstrated that Peyer s patch blasts hag equal affinity

\ .
for MLN and PLN at 24 h after transfer but by 90 h the cells )

! "> .
accumulated more 1n MLN. Elearly the time of assessment is crucral

when determrnrng whether a populatron of cells ‘will accumulate in. a

grven site. - : . . R

_ waeuer the factpr pF time has npt pften been con51dered in

studres of selectrue blast locallzatlon, perhaps in part because of the

*

.magnrtude pf such experifents, Gomans and Knight (1€E§}<é§§er.ed
accumulatlpn oF large DL blasts but not small TDL lymphaqytes in the
iff;* ft : lamrna-p}bgrta\iifthe small rntestlnes of regipient ra S by 1 day. aften‘ g
- . transfer. T irst pbseruation of se_ ctrue muc 'al lpcallzatron -
comparad the’ accumulablon in the small rntestlne at 20|k after transfer ,

S 3
v T of -Tdr l%Eelled rat TDL or MLN tp that “after transfer

o] :PLN blasts
T}T.l:_.' ”;ﬂ_ (Grlscellr et al.,1959) Srnce then, mpst studles have assessed the .

\t> S e selectlue blast locallzatron of MLuscnmpared to PLN blasts at 18 to 24



N

-

.
o retentlcn oF MN rather than PLN blasts in mucosal tissues. can cnly be "

assesd d, by looking at various tlmes after transfer.

-accumulation of  MN compared' ‘to PLN ‘blasts occurred: " Using

‘autoradiggraphy, = Guy-Grand et al. (19?4) \abserved ‘a preFerential..

N~
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h aé%é; adcptiue transfer. These included studies of the selective
localization ct M.N compared to PLN blasts or precursors of antibody
producing cells in sites other than the gut, .such'asflung'(Mchrmctt &

Bienenstock, . 1979), cervix and vagina {McDermott & Bieaenstegr, 1874),

lactating mammary.glands.(Rcux.gglgléL'1977), and the salivary glands

(Weisz-Carrington ‘et al., 1979; Jackson et al., 1981).- It "Seems 5 ' ‘

unlikelx ,tnat‘tnese studies detéctec merely a mamentary dlfference in

cell localization rather-than an absolute teneency for mucasally derivefﬁ?’ii
. ‘

.. & : ‘ : S ‘ e
SEtlsr~ in contrast to those Frmn‘i perzﬁhqul source, to accumulate in

ccsal tlssues because when ccmparlng the repcpulatlcn cf qut mlth PP

cr‘- N derlued cells, beuause these dlfferences were apparent over 1

ueekolater ({'.‘.ralg & Cebra, 19'?1, Rudzik, 1975; Roux et al., 19813 Tseng,

~

1981)., However, it was rot clear’ .hou-lrapidly the qifferential

mlgratrcn of MLN blasts.-to-rat gut asscczated lymphcrd system and gut,
mucpsa , Father’ than spleen as early as S0 min after transfer. . Althcugh
they d1d ot make direct comparlsons cF MLN and PL;bblast localizaticn |

at times earlier ‘than 20 b after transfer. thelr earlrer studies [
(Grlscelll et ali, - 1959) showed large accumulat;ons of .ggcillus -

ggrtussrs stimulated -PLN blasts in the spleen and PLN but not GALF_ orl.

gut- mucosa . fitom 30 min tp 36 h after transfer. ) Thus selective local- .

izatlon may /be apparent as .- early as 90 min after transfer. - Whether"

-y

selective ac__ 1aticn represents selective entry and/or selectiuelf

. . *
- C e g e

-

4 : -




o . ' . ) 117

8.3.1 Kinetics of MLN accumulation

’

When I began the work described in this thesis there were only
a few studies of the localization kimetics of mucosally derived blasts.

Most of the kinetics investigations used radiccounting to assess

locdlization. ) Tbege will be described first. followed Ty
S . .
autoradiographic' studies of localizatiop kinetics (section 8.3.2).
125 - 3
Hall and co-workers studled the ldcallzatlcn of I4idr. or H-Tdr

labelled TDL blasts from unstimulated rats (Halstead & Hall, 1972) or

rats stimulated in the caudal 1lymph nodes by 1n3ect1on in the

hindquarter .with BCG, washed sheep red blocdgfelis, human ’inFluenia_

uaccine "ahd suspensions of sarcoma oT kidney.tumou: ce%ls (Hall &
Smith, -1§70; Hall et al., 1972). -They found mest of the recovered
radicactivity-at 15 min after transfer in the lungs and liver, although
10% of -injected radioactivity was already in the small intestine at
this eafly time. Over time there was an increase in thelf of -recovered:
radicactivity in the‘gut (' from 10%-at 15 min to 25% at 4 h and 30% at

21 h ) and a decrease in the lungs (from 38% at 15 min to 3% at 4 h and

1% at 21 h) with a less rapld decrease in the liver and a sllghtl'

increase in the spleen to 4 h before a decrease Thus by 4 R’ after
T .
transfer 'qf_TDL blasts most of the recovered radioactivity was 'in  the

small -intestine . Rt 4 h after TDL blast transfer there was

-

approxxmately 20% ‘as much rad;oactmumty in the Peyer's patches as in
the remalnder af the small gut,. a' large amount, consxderlng the
relatlue mezghts of these tissues. |

*

Sprent (1978) cbserved very 51m11ar patterns of locallzatlon af

tor
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radioactivity after the transfer of ToL from irradiated F mice which
. - i . . 1

had been injected with parental strain T cells so that nearly all of

the TOL were donor-cell derived, host-reactive T blasts; (T-TDL). .~In .
addition he found that the kiretics of ldcalizatidn, as assessed by
recovered radioactiuif}. was essentially the same fdr-TtTDL blasts as
for B blasts obtained by treatrng normal TOL ultﬁ antr-theta serum.
Sprent  also ~observed that the radroactrurty recovered in the small
_intestine decreased to about 7% of injected by 48 h from about 20% ag &
. and 24 h. : o i‘ o
Rose and coworkers (1976) were the first to study ‘the RLHEthS
~of MLN blasts lecallzatldn, howeuer these were derlved from T. sglralls
1nFected dondr mice and transferred to rnfected recrplents. These.
investigators dbserued 1ocalrzatlon from 1 td 24 h and found a srmilar
pattern of recovered radidactlulty as that just descrrbed for TOL.

. I have extended these studres by observing the krnetlcs of .
'localrzatlon of MLN blasts frdm ndrmal CBA/J mice in, ndrmal syngehelc
reciptents (Tables é; 12)9‘ The results‘of these experiments showed * -
that the kipetics of lecaiiration of MmN EIasts was similer to that
obserued by others with TDL. or ulth NLN from I. sgrralrs 1nfected mice.
My work reuealed maxlmel accumulatlon af radldactiurty in the small
intestine (as a percentege of injected) by 6 h (Flrst time studied) and
a trend to decreese thereafter (30 h last time studied). Hdmeuer the

radzdactluity recouered in the small intestlne as a percentage of  that

recuuered in the total an1me1 lncreased .auer this perrod' 1nd1catrng p;?

that it was belng ldst more sSlowly from the small xntestlne than from

other tissues. In contrast, loss from the lung was more reprd then,fdr

v
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the whole body.

The binetic pattern I observed for MLN blasts in the small
intestine has been confirmed and extended by Ottaway gt.éi; (1980) who
described a slight increase in the mouse small intestine from B8% of
injected..radioactiuity at 1 hto 12% at 6 h after transfer and then a

decrease to about BY at 24 h which was the last time - point studi

Rose et al. (1978) found that the percentage of injected radio tiuity'

in tbe small 1nte5t1neadecreased from 24 to 72 h ‘and, duping this
125
period, was greater in recipients of ‘I-Udr labelled MLN than PLN

blasts.  Smith et al. (1880) “found that for both TOL and MLN blasts in

.*éﬂgﬁ\rat, at least 1/3 aé the maximum % of injected radldactlulty ‘per

-

gram was iR ‘the small 1ntest1ne by 30 min after transfer and
localization was max1ma1 for TDL by the next time pdrnt of 2. 5 h and
fer.MLN by 9 h. There was no decrease to 24 h. For both cell sources
the expected_ higb early “ldcalizatidn in the lunds and liver witb
subsegdent- decrease was dbserved; In addition, Smith & Ford (1983)
observed ' that after the first 5 min folldwiﬁb injection of . 51Cr

labelled TOL, . there was a very close correspondence between the % .ef-

injected radlcact1u1ty in the blood and in the lungs, suggesting‘ that

' the initial high leuels were due td-ndﬁ;;eCLFLc trapping. Indeed,

: recent unpubl:.shed study by Rattray and Ford (descnbed in Smith &
3

Ford, 1%?3) showed that. almost all of the H-uridine labelled TOL

lynphocytes in the lung 10 min after injection were tightly surrounded
by capillary endothelium. Thus I conclude that after adoptiue‘transfeéen.

many MLN and TOL blasts became nonspecifically trapped in the ldng
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capillaries but then rapidly left the lung. In marked contrast to the

lung, thg radicactivity in the small intestine at 30 min after blast

transfer was nearly as great as it woyld he‘puer'the next 24 h at whiéh

.time the amount pf radioactivity would begin to decrease.

Although substantial, MLN blast accumulatipn-was likely not
complete by 30 min after transfer Even if the number*cf blasts in the

intestine did mot chapge after this time. cells might still be entering

-

the intestine, balanced by the number leaving. In.three experiments I .

. cbserued arn increase (scmetimes small) in,the‘number"of labelled cells

h per 1000 HPF im the small intestine after 30 min (Table 9). My

1

radiocounting obseruatidns (table 8) and those af cther investigatprs
(see aboue) showed that the percentage of injected radioactiuity in the

small _ intestine did not increase after 6 h, suggesting: that

lccalizaticn was complete, or had‘reached an equilibrium of cell.entry

and loss by that time, if not earlier. ‘Some of the large populaticn of

blasts which rapidly left the lungs after 30 min might haue entered the
small intestine, thus ccntributing to. the increase in recovered

radicactiUity which some inuestigatgrs (Hall et al., 1972, Uttauay &

“Parrot, 1980; Smith et-sl., 1980‘ ‘have obserued between 30 min and 4 to

6 h after transfer. This increase was not aluays present (Rcse et al..

"
L}

19763 Sprent'gg_gl;, 1976). ' .

The differences in leEé;i patterns cbserued by different .
inuestigatcrs is unexplained but may réflect the use of different cells:
sources {MLN or TDL) and different methcds of. stimulating blaéts which‘

wpuld expand different subpcpulations of cells. If these different

subpopulations have different iqcalization properties, ‘their'eXpansicn
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would alter the apparent localization of the whole populatien. In
addition., division .of ' labelled bla;;s after’ transfer’ might have
augmented the number of labelled cells i_//€;i smali intestine.
Counting of 511uer grains in auteradlographs of small 1ntest1ne from a
kinetics experiment. has sugsggtie that 80 % of these cells dlylde
witfin 6 h after transfer (Dr. M. McDermott, personal communlcatlon).
-~ The examination of the same tissues by both ‘grain-countin®
autoradiegraphy and rédiobounting might give some indication \as Ee
whether division of blasts after transfef eontributes_s;gnificqptly

L{e -lymphoid population of the small intestine and to the.‘ different

results obtained using these Qu_c:echniques.

-

8, 3.2 Comparison of kinetics of localization of MLN and
[ PLN blasts
NREn-i begah this work no comparison of the kiqa;ins nf'MPN and
PLN .blast localization ‘had been perfermed. I Feund (using -
- 'autoradiegraphy) that et all times examined after £}aﬁ5fér, from 30 mié
to 30 h, MLN blasts localized in the small inteeﬁine in greater numbers
tharh PLN blasts (Table 9) ‘PUN blasts were only refely seen at- any'
time after transfer but were perhaps sllghtly more Frequent at 30 .min

4
than at other tlmes. Perhaps this indicates a smalb'amount eF_ non-

epecific trapping in - the uasculature of the small ihtestine et this&%‘
time, Neuertheless, _the -seven fold hlgher frequency of “MLN than PLN
}plasts at 30 min, indlcated that there was already slgnlflcant selectlue

mucosal"localization by this early time. _.No oth&r-camparlson of MLN

usis

‘and PLN blast localization kinetics has been performed



. ~ 122
N .
autor®iography, but Smith et al. {1980} have studied this guestion
uéing radiocouhting. In direct agreement with my rEsults, they found
18-fold more TDL atd 10-fold more MLN than allo;ntigen-stiﬁulated‘ PLN
blasts in the séaLl inte#tine at 30.min afteg_ transfer. They also
found no increase iﬁ the‘poncentration of alioantigen-stimdiated PLN
blasts and a décreasé in the conciptratitn of complete Freund's
adjuvant-stimulated PLN blasts to 24 h. Recently, Phillips-Quagliata
_E al, (1983), uéing radiocounting, have also Observed selective
. intestinal locallzatlan oF MLN compared to PLN blasts by 30 min after

transfer. Thus I conclude that the selective 1ocallzat1on of . MLN

blasts in thHe small intestine ués a rapid process, _already evident at

30 min after adoptive transfer . »
- B.3.3 Sughestions from kinetics studies regarding a mechanism

) for selective accumulation® .

Kinetics studies might also provide information regarding' the

mechanism

developed '!'mathematical'model'of localization wpich, after certain’

‘discussed Laier ($B§f R, . 8. 5)' Their assumptlan that the rate of

&

cell _loss from a tissue wa-‘proportionai to the number of these cells~-

which were q;esent‘ in tHe tlssue seems reasonable, ualthough tha

'experimental evidence to support it did not include mucosal tissues and

Y

of 'seiectiué localization. Ottaway and Parrott - (1881)

.
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blasts bdt was limited to sdgll lymphocytes in lymphoid tissue (Ottaway
& Parrott, 1981). |
:Dttauay "and . Parrott's 'analysis indicated that small
lymphocytes, MLN blasts and PLN blasts had the same- probabiliéy

! - -
(efficiency) of entry into the mouse small intestinal tissue. However,

—_—

WN blasts remained in the gut longer (t =3.01 to 6.3 h) than PLN
blasts (t =q.59 h), orf MLN or PLN smallliymphocytes (¢t =0.85 and
0.7 h.re;égctiuely). ‘ Tha authors did not.present the daég daed in
their .calculations (based ~on radioccounting expariments) which id
unfortunate because seelng. the data mlght have lsdggested uhy they
concluded that selective retention was most important, uwhereas my data
and those of Smith et al. (1980) and Phillips-Quagliata et al. (1983)
suggest’a diFferen% hypothesis. I do not have the. lnfdrmation, such
"as t rate and.dattern'(lidéar or exponential) of disappearance of
cellss from 'the' blodd; wnich would be required ta perform these
calculatlons using my data. ) Therefore, no- direct comparison Iis
| p0551ble  However my data and those of Smith et’ al (1980) and
Phllllps-ﬂuagllata et al (1983) seem more’"bnsxstent with a dlfference
“in’ the prdbablllty of entry of MLN and PLN blasts rather than, or in
addltldn to a d&Fference in the prdbaballty of loss from the small
: Rntestlne. Both these sets of data, from radlncountlng studies in the
. rat and mouse and autoradlographlc studies in the mouse, shouéd an
accumulatldn of radldactlulty or labelled cells at 30 min mhlch was

_much greater for NLN "than PLN blasts, even after correcting for

.
differences in the number of labelled cells transferred. Therefore |,
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f, — —
unless substantial numbers of PLN blasts entered the gut lamina propria

" and left it before 30 min after transfef. the major 7diffetence in
localization ot MLN and PLN blasts in this tissue would seem to be due
to thelr ablllty to enter it from the uasculature Inuestigatiens of
lddﬁtizatlon before 30 min after transfer would tESt.thlS hypothe51s.
Although we do not know the rater at which blasts cross the
vasculature in mucosae, - it might.pe similar to the -rate at which
iymphocytes cross HEV in'lymph nodes. Althpdgh not directly . addressing
*this-.question, the‘wdrk of Hall et al. (1977) is.suéaestiue that the
klnetlcs of movement oF lymphozd cells through the intestine is sxmllar._,
to that through lymph nodes Hall et al (1977) collected lymph For 2
h 1ntervals up to 2& h after blast transfers in sheep and found that
the recirculation of blasts frpm intestinal lymph through the intestine
and back 1ntp intestinal lymph occurred to the same extent and had the‘-
same kinetics as the recirculation of blasts from peripheral lymph,
through a“lymph node and back into peripheral lymph. Gowans and Knight

~

(196&) observed that 15 min after ‘the start ef an 1ntrauendus

transfusxcn d;‘—I;;;lled small TDL,. the cells were 1ocallzed almost'
.exclu51uely in the walls of post-caplllary venules and the few whlch
had penetrated were Stlll in the lmmedlate v1c1n1ty of HEU None were
observed in elther the marglnal or medullary sinuses. Thus if the rate_
oF: entry into and migration threugh lamina prepria is similar to that
in lymph nddes, I would expect the majorlty oF the cells uhich
‘extravasated to Stlll be cldse to that sxfé by 15 min and likely Stlll ‘

at 30 min. preuer, Reux et al. (1981) observed Peyer’ s patch derlued

blasts in the subcapsular 51nus of NLN by SG\?Ln after transfer and the

-
’
—
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concentration of these cells in recipient Peyer's patches compared to

adjacent” lamina propria (Phillips-Quagliata et al., 1983} suggested

that these cells had extrauasated in the Peyer's patch and mlgrated via
lynph to the NLN within 30 min. Therefore it is p0551ble that large
numbers- of PLN blasts extrauasated_in the_small intestine or Peyer's
patches and left it before 30 min, However, there was no large

accumulation of PLN blasts in MLN at 30 min after transfer (Griscelli

et al., 1969; Smith et al., 1980; Phillips-Ouagliata et al., 1983), nor’

were many of these cells recovered in the TD lymph collected during the
first 24 h after transfer (Griscelli et al., 1968). Therefore if PLN

blasts did extravasate early in the lamina propria in large numbers

T (comparable to MLN blasts) they must have left the gut via the blood

stream, not the lymphatic circulation. Thus it seems Unlikelyhthat PLN

.

enter the lamira propria immediately after transfer. My resﬁlts
‘suggest. that selectlue entry, father than selective retention, 1is the

mechanism which results f% the leFerentlal localization of MLN -

compaipd to PLN blasts. L Ny

8.3.4 Localization properties of muctsal blast population

and subpopulations - . T ‘.
Although blasts generated ln one mucosal tlssue circulate and”

localize in other mucnsal tissues they seem to locallze most in the

tissue From which they originated. -Msbermett and Bienenstock (1879)

found fem bfbnchlal lymph node (BLN) blasts locallzed in ‘the small

intesting compared to the number of MLN blasts which locallzed in the '

small intestine, or the number of BLN blasts whlch localized in the

-

a . .
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lungs. Although NLN blasts accumulated more in the small intestine

-

than lung (NcDermott & Bienenstock, 1979) the dlfferences were not ‘as ‘\“
great as Qhen éLN localization in these two tissues was egmpared. 'This
is consistent with the observation that dissemination pf immunglpgic'
memaory xdue to migrating lymphocytes) to the duodenum or colon was only
\\\\"slight Follouing intra tracheal priming-compared.to either cplanic or
+dupdenal priming- (Pierce &.Cray, 1381). Simllarly Plerce and Cray
(1981) observed greater secondary resppnses in the colon or dquenum

~
when the challenge 51te was the same as the prlmlng srte, although—some

of this effect might bhave been due to resident (as opposed to

migratiégsumepgry cells. .
' Just as :blasts from.MLN or ﬁLd differ in their localization
properties, sifferent.Spropulations of blasts from a particular node
L localize differently. Thus, any change ip -their proportional-
. representatron would appear as a change in the . localrzatlon nf -the L
whole popplation. for example, 51Cr labelled TDL from normal mice '

_ ) 81 ™~
localized in the ~small intestine less than Cr labelled -TDL frpm

irradiated F "mice which had beeh reconsrtuted urth parental {(H-2
incompatlble) F\cells (T-TOL;. Sprent. 19?6) MQst of the apparent
locallzatlon of thls popgl;tlan was due to the localrzatrnn of only a
subpopulatlpn of the TDL cells, i.e. the blasts. Since blasts
represented a larger proportion of.T-TDL‘than TOL, a greater prpportlon
of the former populatlnn localized in the small intestine. T-TOL

: . blastss but not small lymphocytes traffic selectiuely through " rodent :
S "_ small ‘intestine (Freitas gt_gl;,1980). Thus-euen,thopgh-cells from the &’/,\f_f;’
Al B blast subpopulation of T-TOL and TOL had the same pgtential to localize
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.

‘e

in the small intestine, cells from T-TDL ap

//// selectively compared to those from TOL because

proportional representation of a specific  subpopulation. his

potential source of confusion. should be kept in mind when studying the

- selective localization - of mucosally derived blasts beneath mucos?fék;
- T - . _ . 1
Certainly this populatiop-is heterogeneous in that it contains T and

[

blasts, 1ls would be directed abainst different éhtigens

and that fhey will likely progress along different pathuays of

differentiation, \%q'eff?ctcr cells gr short or long term memory cells.

—

Ihe-propdrtionql repfesenﬂétion of these subpopulations‘would doubtless

be influenced. by many Jfactors and cannot bér éxpected to -remain

constént. Howe ast, investigators have, compared the

local;zat13? of MLN, ulations, each stimulated by

'dEF?éqgntfantlgens which B
”T——;:E::DA -This problem may have

of the endogenously

xpard different subpopulation of cells. '
AR '

'n someuhat miﬁimized in my system by the use'
1mulated blast populatlons of MLN and PLN.

. Rééently some 1nuestlgato have attempted tn c;rcumuent thxs problem
by limiting thex; studles to T or B blasts,' ar IgA contalnlng_cells or

. N .o
to cells containing antibody against a specific antigen. 'This approach

has revealed differences in the distribytion of T and B cells within

the small 1ntestlne (section 8,4.2) afd 1nfluences of antigen on the

\\\_Eijs;lc frﬁ(accumulatlon of antlgen spec1F1t cells (section 8.7, 1) -

ﬁ.
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) ’ In conclu51on, the source of a population of blasts ig _the

. major factor determlnlng their ultlmate destlnatlon after releasa from
lymph nodes. At any time after transfer, NLN or TDHH‘Erlued blasts¥zut
not  PLN blasts locallzed‘ln the small intestine. = When studying
phenomenon by aboptive transfer ekperiments it.is"important' to be
cagnlsant of the fact that one is observing a."stlll phgtograph“ of an e
ongelng prccess and that k1net1c studies are cruc1a1 to gaxn a claar )
impression of thls process. My klnetlc studies suggested - that aeé
'selectlue entry bf MLN compared to FLN blasts was likely a maJar :
.mechanism resultlng in the seleéizce‘gbcumulatlnn of MLN blasts Vin_ ; Fi-

intgstinal mucosae,i unless large numbers of PLN blasts both

-

" leave the lamlna praprla ula\the uasculature within 30 min' after

.

' transfen,' From a teleblaglcal po;nt of u1em thlS seems unllkely.
'Factors o whlch influence _th propbrtibnal representatlon qfl‘=521

subpopulatlons of blasts released from the node mill obuinuslyi,;:;k:f“u’

lnfluenca the(’;mphozd populatiggjgn the tlssue 1n whlch they localize,;;‘;um“’lzi

but may also influence the apparent seléctlue lacalizatian af tha,blastn-'

. - IR

. o }, pbpulatmon if these subpopulatlbns all have tha same. labal but heve}“?éifé-

dxfferent localization charactaristles._{-

: A -, i s o
- . - - L 5 i -

.7

~
.
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4

P . The Jlocatiaon %n the-mucosal lamina.propria at -which; blasts

leauslthe vascu ré is-unknoun. In 1ymph nodes,-_ small lymphocytes

(Gowans & Knight, 1964) and blasts (Grlscelll et al al., " 1969) leave the

. .

vasculature by migrating between_the cubaidal eplthellal cells oF post
3 - Ca

caplllary uenules in the cortex (Schoefl & Miles, '~ ?2;- uan "Ewi jk gt

(. , \

al., 1975; Anderson et al., 1978) These morphologic l distinctiue
'S

_high endothelial venules - (HEU) are not present in the lamlna proprla of

-

the small 1ntest1ne but occur 1n Peyer s patches. (Parrott & Ferguson,

; ; L 197&, Blau, 1977) Therefora, blasts thCh selectluely lOC&lLZE in the *

1 lntestlne_must e1ther leaue the uasculature at s;tes whlch are
o

i f"hm?: 'gglcally 1nd15t1nct or at HEU in Peyer s patches followed by
j .mlgration through the - tlSSUE into thg,lamlhaiproprla. e ' /-\
", -: B 4,1 Peyer S patches - the 51te for blast entry -_Jg.l s
»1::',--f[;“ﬁ_ : :._' lamnna!g;oprla? o . ." -

v o
7 Thereias eULdence mhlch pertalns to the potentlal role of. PP as
I}pjvf“l' the 31 X of blast extravasatlon 1n the small !'!Estlne. Blasts .

' locallzgp normally in the small lntostlnes of rats fnom uhlch all the.

PP ‘had been;rsmqued (McDermott et al., 1980) In addltlon, specif;o
antibody contaxning cells mlgrated ‘into surglcally 1solated loobs of ."f.“.'
1ntestine ln whzch no L had bean anluded (Hquand & Gowans,' 1978)

.Houeuer solltary lymphoid J:',les in the,gut (Ketfn et al., 1978) could ..f °

not be ex:luded or re might haue provxded a portal of entry

P uasated in the‘PP prlor ‘E/*Tlgratln

‘”fiif”“’;?‘for'_blasts.'*If blasts.




, I -observed mo differ ce in the

Lo 1mmediately adJacent tp a PP was npt égéferent to that in the remainder
of the gut at both 30 min and 24 h a?:er &ransfer (Table 11) also
sugested tea& the PP and the adJacent lamlna propria wer{‘_“jt /.
Aimportant . sites for extravasaticn of mucosal blasts enroute to the ‘
?rwa\:amina : propria. ' It 'is p0551ble that the blasts” had already'
- BX uasated rh the PP and moued to their final destinatfbn Cin the
ré;) T lamina propr}a by. 30 min aFter transfer but this seems ‘unlikely because '\W' ‘.;
lymphocytes take about 5 tc 10 min just to croess the HEU (Smith & Fcrd, '
_ 1983) cheuer it its, nct knomn how rapidly lymphccytes can migrate
l‘ through the lamina propria. Eollectiuely these data suggest that the

.

“pp ls not 2 major extravasatian site for blasts destined for the lamina - ;/Q*

~ - SRS
/‘g prpprsa . ' -t oY

‘.-" . 8
present in higher concentration immedi ely adJacent to the PP ‘thar in
.

distant lamina prdpria in ncrmal mice (Erabbe et al., 1970) and aftEr

It has. been repeatedly obserui 'that Igﬂ cdhtaining'cells are

repppulatiqn of.. irradiated recipients with cells from PP (Rudzik. et»,””“l'w1
al,, | 1975b, Befus et al., 1978),’ BALT (Rudzik et al., 19751:) or
1ntestinal lahrna propria (Befus et al., fB?B) In addition, Hall et |
ggg' (1972) abserued a halo of f"Belled cells in the lamtﬁgjqproprié'; -f e
-.around the. PP frcm 4 tc 24, h after. transfer of TOL blasts stimulated by.l

- ren e goe it e e e 2
ey 8 Y LR

K

" caudal anecthﬂ of various antigens. Sprent (1975) noted that mpst of
g .

the Iabelled cells in the intestinal lamina propria uere near PP 2 tc 3 '.jt.:, .
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. : 3
days after transfer of T-TOL which had been labelled in vivo with H-

Tdr for*® 48 hlbefore transfer. Although it is not known how these

observations: can beé reconciled with mine,, there are several

. oossibilities.j The MLN blast population contained both B and T cells
. which might localize differently along the intestine. Alternatively,

the, concentration of IgA containing Cells adjacent to the PP might not

-

be due to selectlue locallzatlon of precursor blasts but to some other

mechanism- such as the local expansron of memory cells (Plerce & Cray,
1982) due to the concentration of antlgens absorbed by the PR.
I conclude “that the PP is not’ a 51gn1F1cant portal of entry for
blasts from - the uasculature into the lfmrna proprra and thus blasts .
must selectruely localrze in the small rntestlne by extrauasatlng in .
" the lamrna proorra | |
| 8. 4. 2 The extrauasatlon slte ln the lamrna propria

-t

The srte of extrauasatron rn the lam§g§ proprla mlght be

. ”rnuestlgated By studylng the distribution soon after. transfen compared'
| to -the dlstrlbdtron at 1ater times. In lymph nodes,‘ post capillary ,
fhuenules urth hlgh cuboidal endothellum (HEU) are the exlt ‘site for,
_ lymphocytes and recerve thelr blood Flou both from the caprllary plexus
\of the- margrnal -sinus’ and from drrect arterrouenous anastomoses
(Anderson & Anderson, 1975 Herman et al , 1979; de Sousa, 1981) |
_RAlthough HEU'E? not exist 'in the lamrna proprla, perhaps blasts leave'
'fthe' uasculature in. post - caprllary veriules _ with contlnuous thrn‘

' ;endothellum. Euen in lymph nodes, lymphocytes haue occasronally been

obserued passrng through the larger smooth malled low endothelral-

-
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U nY e regron in a HPF, sectrons 4,2 & 6.1 1) This was the pattern exPected

of the submucosal arteries, called marginal arterroles (smaller than

132

venules (Cho & de Bruyn, 1979).

The bloodl flow to the intestinal mucosa is as fcllows:"a'

central arterrcle originates from submucosal wessels andLDproceeds,

‘without branchzng, to near the tip where ‘it g\ves off two branches, one
whlch ‘empties- dlrectly into the central ulllus vein, arid another uhrch

connects to the marginal arterioles (one or two) from which arise a

subepithelial caplllary net. The subeplthelral caplllarres jorn the

central qei?,UEIEm—the tip.' In the crypt regron two or more branches -

¥
central villus arterrcle) form 2 caplllary net mhrch JOlnS mrth the

subepithellal capillary net of the urllus (mchruddln, 1986, erler et

—

QE:EE?EE\taprllary uenules in the small 1ntest1nal lamlna proprra, I

would expect them to be dlstrrbuted all along ‘the uillus and. rn the

" basal - -lamina prcprla. To test this . hypothesis I examlned the

drstrrbutrcn of NLN blasts in the morpholegrcal regrons of the small

1ntest1ne (Frg. 1) at 30 mrn and 24 h after transfer (Table ‘ 0). _'Ia

.

found that there was a small tendency for blasts to accumulate more in .

¢

'the basal than villus lamlna proprra (euen after allowing fcr the

drfferencas in the prcportrunal representatlan cf each morpholagical

[ T

“a?:pprla. ”f o ‘Z, R ;”{- :: ) B

;ﬂf' Blasts extravasated in the post caprllary uenules in the lamina

Y

L The observed drstrlbutlon was the same ‘at 30 m1n and 24 hmafter

transfer (Table 1D) Iherefore I ccnclude that the MLN blast

populatlcn ‘most llkely has a similar prcpenszty to cross the uascular

1., 19895 Levitt et al., 1979) Thus if blasts leaue the uascd'fat'ure' '

#en oot
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endothelium in both the villus and basal lamina propria. This also
suggested that the majority likely remained close to the pdint_'ef
extravasation. The slight difference in distribution - might have

represented a small difference in the ahility of blasts_to Adhere to

. . \ . . . .
and cross endothelium in these two regions but other 5xplanations are‘f CER

possible. : ) L TER
. . -
It has been shemn that the number oF blasts presented to a.

- -

<tiSSUe{‘ elther by changlng the number of blasts transferred (analogous

to ‘changing the output from the NLN) or by changlng blood Flow, is an
lmportant factor in determlnlng the cencentratldn af blasts in that
organ (dxscussed 1n sectlen B 5) Perhaps the - Beflhery of blasts tp the .
uzllus and basal lamlna proprla dlffers.. Indeed, blood Flpw is net
euenly partitioned betueen the u1111 and tHe crypts. {ﬂfson et al.

(1979) in Jected Qy{ polystyrene mmrespheres into rabbrts and assessed

.thelr dlStIlbUthﬂ immediately thereafter by ceuntlng in cleared

‘ sectlens under a dlssectzng microscope Gr aFter dlgestlen of tlSSUE.

(

These lnuestlgaters calculated that abeut 60% df the heads were in the
]

‘crypt reglon and two fifths in the Ullll- In-a secend greup ef rabblts

T

- the dlstrlbutldn dlffered, perhaps due te a change in oral. antlhletlc,

and was apprex1ma;e1y 40% Ln the crypts and 50% in the villi (Llfson et
al.,' 1979) The same greup censtructed a theeretlcal medel of the
uascular network by measuring lengths and radii . mlcrdscoplcally and

calculatlng segmental res;stances (Leurtt et al., ) 1979) Thelr

theeretlcal model was in clese agreement wlth mlcresphere measurements.

They suggested that* aa% ef the mucosal flow uas carrled by marglnal
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1""\ ) ) . . .
arterioles and that most of this went to the crypts. Fifty-six percent

of the mucosal flow entered the mucosa via the central artericle to go
to the villus. Two thirds of this (38% of total) bypassed the uillus
-caplllarles to reach the central vein at the t1p af the villus whlle
one. thlrd {(18% of the total) flowed to the subeplthellal capillary \
network (Levitt gt.gi,, 1979).  After injection of 7 to 10 um spheres
into dogs, virtually all of these in the villi were at the tips {Bond &
Leu1tt, 1979). If a similar partitfon of flow exists in the mouse, and
1f blasts 1odged in a manner 51mllar to the spheres and - przmerlly in’
capillaries, we mpuld haue expected epproxlmately tuwice as many in the
crypts as in the villi (44% vs 16%) and most of those in’ the villi “to
be near %he tlps. I did observe about twice as many labelled blasts in
the basal laminma propria (69.0+/-1.98%) as in the wvilli (34, 2%+/-
‘-1'921) Althpugh some of this dlstrlbutlon was an artxfact of the
I relatlve areas of u1£1us and’ basal lemlna proprla, lncelleatlpn was
'greater in the basal lamlne prpprla (sectlon 4.2). This ipistributipn'
could - haue been explalned by the dlfferentlal deliuery pf blests 40 L
'these two reglons. Huweuer mnst of the blasts in the u1111 were ’ ‘not -
near the tlpS lndlcatlng either a sllght dlfference in the - uescular:_-
.netwerk of the ‘mouse or that the srte.fer blast extrauasatipn @as " not
the same as ‘that for mzcrosphere trepp;ng (presumably pre-caplllary;
sphlncters and caplllarles) _ Perheps the nblests lodged in the -
’poetcapillary venules:*Er perhaps their somewhat larger s;ze might haue “:
;; resulted 1n ‘mare shuntlng through the arteriouenpus anastomosis in thel
u1111. rather than trapplng in. cepzlleries.. The ‘relative absence of

thxs shunt Ln ‘the ‘basal lamina proprla might explain the dlfferent
N . _ : )
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concentration there., It would be interesting to compare  the ’
distribution of"blasts with that of microspheres of the same size in

the small intestinal vasulature of the mouse.

Alternat:.ua'l?, the small differe'nce in the propensit.y %f the.
MLN blast population .as a whole tb lccallze in the basal or villus
lamina prbpria might be comprised aof largs dlfferences for the various

‘subpopulations of .the MLN blast population. Dr. M. Mc Dermott o

(personal communication) has recently--performed adoptive transfers
u51ng séparated B and T blasts from NLN He found that at Za'h aFter'
transfer there were equal prcportlbns Dﬁ‘B and T blasts in the basal

lamina propria but 1n the villus there were 70% T and only 30% . B

-

blasts. « The dlStrlbUthn of B*blasts was COﬂSlStent ulth the many

qpsefuatlgnsrﬁbf ccncen;ratiqns of IgA.ccntalnlng cells around -the
T~ , ) ‘ g .

orypts of Lieberkuhn| and bases of villi (Crabbe”gt al., 1985;. Pierce &
Gowans, 1975, Rugzik et al., 1975a) . This -distribution. bf IgA

prbduclng cells and B blasts was also conslstent with the observation

_that Igﬂ secretlon occurred prlmarlly through crypt eplthelxal cells.
Perhaps T blasts haue a greater ablllty to extrauasate in the uxllus
and - B blasts ln the basal lamrna propria. i Altarnatluely these cells -

. may haue left the vasculature with the same dlstr;butlon and relocated

\

.later. Husband (1982) found that’ after autblbgous,transfer, specxfzc
.‘antibbdy containing cells from TOL ugpe’eaually dlstrlbuted betueen

" .villus and basal- lamlna prcprla at 3 and 6§ h but then began to

.. accumulate .ln the basal lamlna prbprla. Thi redlstrlbutlcn mas

-
‘.
t.

antlgen assoc1ated s;nce it was only obserue with cells ccntalnlng

< .

-4



L34

136

-

-antibody. for the antigen uhich was introduced into the lumen of the

'gut. The number of cells in the lbbp prbduc1ng antibody to rrreleuant

antlgen " decreased after 6 h tb zero by 18 to 24 b (Husband, 1982)

(The 1nfluence of . antlgen an lbballZatlon is discussed further in

;3

section 8. 7.1, ) Thrs work sgs::rte9/lny conclusion that blasts
extavasate thrbughbut the uasculatu in the lamlna probrla,‘ but also

suggested that after extrauasatren, dlfferent subpopulatlbns may become

. s

dlStrlbutEd dfoerently within the lamina proprla._-
]

B 4,3 Blast lecallzatlbn in lntestlnal eprthellum :

The klnetlcs bf lbcalrzatlbn pf MLN blasts 1n the intestinal- -

eplthellum dlffered markedly From that in the lamzna proprra (Table

' 10). whlle - a s;gnlfrcant proportlbn eF the lbcalrzxng blasts had

accbmulated in the lamlna propria by 30 min after transfer, thi

not the case for the eprthelzum. In eight reelplents, only one.l.

blast was bbserued rn the eplthellum at 30 min after transfer. The

/conclbgeon that lbcallzatlbn in the eplthellum requrres more. tlme than

in the lamina preprla ls nat surprlslng since these cells wbuld first
haue ‘to migrate across the lamlna prbprla and basal lamlna. |

The number of blasts mhlch 1bcalrzed in the epxthelium per unit

area ‘also 'ffered from. that in the lamina pripria. Althohgh the
eprthellum was. 3.B%+/ o. 56% bf the t155ue area of a HPF‘ LN blasts in
F'the eprthelz acceunted for. only ‘3. 53$+/-0 55% of . the MLN.blasts in
the smali 1ntest1ne (fbr explanatlbn of the -estimate of arsa - see
sebtlon 4.2) This paucrty of . cells lbcalLZLng in: the eplthellum is.
: unexpla:.ned hﬁaps on.ly a small subpbpulatn.bn of M_;\I blasts have the

:ablllty to lbcallze in thls srte.‘

Wy



Intraepithelial lymphocytes are qranulated lymphocytes and have
been shown by some investigators to have cell membranes positIve for T

cell antigens in the mouse (Guy-Grand, et al., 1978), human {Selby- et

al., 1981), and rat (Lyscom & Bruetpn,'13§2). However they do contain

: ':subpdpulatldns which are.granulated -and .thymus-independegt (mayrhofer,

1980) or nongranulated and thymus-depehdent (Ferguson &. Parrott, 19?2,

mayrhdfer, 1980) as assessed in neonatally thymectomized/or nude mice

and B rats. Mayrhofer and Whately (1983) found normal numbers of .

-

~granular IEL in jejunal sections from nude rats or adult'thymectdmized,

irradiated, bonemarrdm reconstituted rats. The granulated IEL have
been suggested as precursors df the mucosal mast cell °* (Guy—Grand gt
al., 1978; Mayrhofer, 1989). Hdueuer recent.eu1dence in the mouse
“(Schrader et al., ¢ 1983) using seleetiue grdwthgfactdrs and surtace_

antigenicl markers suggests that ihtramdcosal granulated- lymphocytes

were not likely mast/’cell prdgenltdrs ‘Only 10 to- 20% of the

-

’ .‘dfgranulated cells expressed Thy-1 at leuels comparable to _cortical

' thymocytes and, although T cells could be grown from 1ntraep1the11al

+

, ‘iymphdcytes, whether these were derived From the Lyt-2 , Thy-1

I'd

[V ]

granulatEd cells remains -to be established (Schrader et al., 1983)

~

the ' rat ‘there were’ higher . concentratidns of 'UXB pdsitiue (T-

-

SUppressor/cytotdxrc) cells in the' IEL (?3%) ‘than in the lamlna _propria

(26%) and the IEL were unusual 1n contarntng a subpdpulatlon whrch was
negstive - for - w3/13 (T cell marker) but~p051t1ue for OX8 (Lyscom &

Brueton, 1982)- In the human, the suppressor-cytdtoxrc phenotype also-

preddmlnates (8&!) in IEL and dnly 173 of these reacted Wlth an antlgen
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found on human peripheral olood T cells (Selby et al., 1983). The
remaining IEL had the helper phenotype - In contrast the helper
phenatype predominated inthe lamina propffh (Selby et al, - 1983}.
Thus the IEL population-differs Fromithe lamina propria lymphocyteg
population in‘ the type of cells it contains and therefore also
presumably differs in the type of blasts which would be the precursors
of these cells. //?his coheept helps explain why only a small number (a
limited subpopulatlon) of NLN blasts_ locallze in the eplthellum

Another explanatlon for»the minimal localization of MLN blasts

‘1n eplthellum ls-ghat Hlast locallzatlon mlght represent only.a minor

mechanism for the maldtenance oF this 1ntraeplthe11al lymphocyte

populatlon. Darllngton and Rogers "(1966) studled the rate of
3

replacement “of 1ntraep1thellal lymphocytes by lnjectlng ,HtTdr into

mice and noting the number and location on the villus of labelled cells.

'at uarlous tlmes thereafter. . These authors suggested that either

ep1thellal lymphocytes Formed a self perpetuatlng cell llne-ulth a low
rate of cell dlUlSlOﬂ, and a correspondlngly low rate oF loss, or that
they uere supplemented by cells From other tissues. If the latterlf

hypothesrs is . the major mechanlsm then the pattern of labelling was 8

predomlnantly that of the parent populatron.- Nuch euldence suggests o

that .IEL are derzued from PP lymphoeytes._ Sprent (1978) observed the'
localization of T« TDL blasts 1n 1ntest1nal EpltHEllUﬂL Guy-Grand et al

(1978) detected radlolabelled—cells in the eplthellum after_ dlrect'
3 LA LS V™Y ‘..-

-3_appllcatlon of H-Tdr to PP In addrtron, thorac;c duct dralnage on

days’ 5 and 6 of mlce undergolng .a graft-uersus-host - reaction:"—

(lrradlated and reconstltuted wrth allogenelc thymocytes) almost
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entirely depleted gut T lymphocytes. Alsojy Guy-Grand et ai. *(1978)
. . ‘32 . LI, ~a
found that local irradiation with  P-disks of PP or MLN resultqg in

. \‘ :

progresside decrease in the number of IEL T cells from 23+/-3 per

mlcroscop field in normals to 2.3 per field at dey 17 of irradiation.
32P lrradlatlon of spleens caused only a moderate decrease, to 17 IE
_per field at day 17. Thus, as well as being a major source-of lamina
propria lymphocytes, the PP are the rnéjor sou'roe of IEL, and bl’asts
| stimulateo in the PP tra%fic oia NLN and TOL to-enter the intestinal
‘epithelium, E

.8.4.4 Blast localization in the lungs

~

Tﬁe evidence that the lungs are part of the' common ‘mucoSal
immune system has’ been rEULeued in the Introduction (sectlons 1 1 1 and
,1.2.3). : Howeuo; the ;ung is composed of both mucosal (BALT and
bronchus). and honmuoooal (parenchymal) tisouo. ‘ Unfortunately most
studias‘oaue not attempted to distinguish between localization in’ these
téo sités. In radidcounting stodies'thaa lung uas, of necessity,
con§1doroo ‘as a whole?organ. Using autoradiography, che;mo%t’ and
BfEﬁ;oétock' (19?9)1 made theVQUalitative statement that MLN“'blasts :
seemed to 'lodge adjacent to the - BALT and that PLN bLasts shoued .a
similar lntraorgan dlstzzjﬁtlon. . ‘Far md%t of the work performed "for

this thes;s thare was

attempt made to assess quantltatluely the
concentratlon oF blasts 1n these reglons of the lungs. Howeuer, blasts :
were ‘not qpserued in elther BALT or bronchlal eplthellum in 8 .4% of

the '101, 1nd1u1duals in which the- locallzatlon of MLN olasts ‘was. -

™

. . . et ..

_assessed even though other 1nd1uxduals atathe=same tlmes<?nd danor tell
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doses had cells localized in these regions. The explanation for this

observation .may simply be the paucity.of BALT. and bronchial epithelium

compared to lung parenchyma. Indeed, in one experiment_uhere the areas

™

of these regions was recorded, BALT was observed in only 3 of 15
rec1p1ents and -the largest area was only 15.5 HPF (1 5% of the area.
normally sampled). In spite of the small area, labelled cells were
observed in both of the ‘MLN recipients in_which BALT was obserued (3 nh
post-transfer). Similarly, the area of eorthellum was small, ranglng
from 5 to 43 HPF per animal, so it was not surprising that labelled MLN

blasts were observed in the epithelium of only 2 of the 12 recipients.

'I conclude Ehat MLN bfasts do‘ localize inm BALT‘ and bronchial

eplthellum Houwever, because of the small area of tlssue auallable For

examlnatlon 1t was not possxble to conclude uhether NLN ‘blasts’

selectively locallzed in the bronch1al mucosa compared to PLN blasts.

¥

As dlscussed in sectlon 8.5, transfer experlments to assess the .

effeets>\;i olast dose and the klnEthS of locallzatlon suggested that ;

neither N { nor -PLN blasts accumulated selectrvelz in 'Epe lung

r

parenc Blasts from bronchlal lymph node. localized in the lung,

- pe aps slightly’ more than NLN or PLN blasts OMcDermott & Bienenstock,

?9;_ my discussion 8. 5) _ These patterns of blast mlgratlon are
conSLStent with the observat%on that immunologic menory 15 drsseminated
to "the trachea by migrating cells *following intracolonic or
R 3

intraduodenal prlmlng but that these responses are- not as great as-

those’ follom;ng tratheal priming (Pierce & Cray, 1981).
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' lnterfolllculaf areas. 26 h after rabblt TDL blast transfer
© Milne, - 1975)f§ﬁd,;‘t;/d days after T-TOL transfer (Sprent,

" cells were obserued in the dome at 30 mln after transfer but they mere

) (’:‘ 141
t . BN '
'Peyer's Patch

'not available elsewherse in the

~

8.4.5 Blast locallzation

Since the inférmat;pn is
llterature I will, describe the-local ation kinetics of NLN blasts in

Hoﬂe:er\ft must be stressed that _
. 1§E§
;:;iation was highl//At bath 30 -

served in-the TDA with very

PP usrng autoradlography (Table 13).
the tlSSUE area_examined was small 5
min and 24 h, the majorlty-of blasts wére

fem in the follicles or dome Thls was sxmllar to the dlstrlbutlon of

\-—-"
"N, brasxlzen51s stimulated NLN blasts in the pP at 24 h obserued by -

Parrott & Ferguson (197). Guy-Grand et al (1974) also noted that the
majorlty of 'labelled cells in the rat PP 20 h after MLN blast transfer %;
were 1n the lnterfolllcular areas and that most uere T lymphoc_ es and -

none contalned IgA. Labelled cells also predominated/ in

-present in this area at 24 h Although the area of dome scored was

small, ~ the concentratlon of labelled cells appeared to be sxmllar tu
~
that in the TOA. . Perhaps some of the'blasts mhlch entered‘the‘PP-ula ' <”-

HEV in TDA subsequenfly mrgrated into the dome.

lhl-

NLN and PLN blasts accumulated in the PP mlth the same :

.

distrlbutlon aod.frequency at U 9 h after transfer. : ThlS observatlon

v

was in contrastﬂulth the radiocountlng data of Smlth et. al (1980) mho_

found that NLN and TDL blasts localized approx;mately ELth tlmes more

-~
|

) i ln ﬁP than-alloantlgen ar complete Freund's adjuuant stlmulated PLN o

Fhe dlfferences between these two sets of results might have been due‘“

v, LT \ L —— .
N A * - - ' . - N Lo

L‘- | .".-



-

- to the antigenic - stimulation 6ff PLN in the studies
(1@80). . . -

o
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of Smith et aL - -




)

143

8.5 The Relationship;gltueen Blast Delivery in Nonlymphoid Tissue

\‘":jl and Their Localization
p - ¢

The number of lymphocytes entering lymphoid tissue is directly

L4

prdELftlonel to the number presented to that tissue in the vasculature

1 '(Introductlon) The rate at uhlch blasts are delivered to the mucosae
-uould -presumably -also affect the number whrch extrauasated durlng a~ -
- partlcular flme 1nterual The magnitude of - the effect would depend ..
_upon the nature of the relatronshlp between the number of blasts
| passrng the-extrauasatron srte and the number uhlch wrll,\ross %SE .-f" s
I : : I performed experiments in whlch dlfferent numbers of . - I-Udr
'_labelled blasts uere transferred and -found that the radzoact1u1ty_
| _recouered in the smelP intestrne, PP lung, MLN, PLN, spleen and liuer
' ‘;was drrggtl* proportlonal to the number oF NLN blasts transFerred (Frg.
L = 52)._- This lineer relatronsh;p was also demonstrated for NLN blast

SN ‘
ZJ-”localizatidn 1n the small 1ntest1ne and lung usfhg autoradrography'

B T
4"(Frg 30 In cbnflrmation. 1nspectlon of results presented by Husbarid

L .

‘and Gowans (1978) reuealed a llnear 1ncrease'1n the number of antlgenﬂ

'V‘specifrc TDL localized in _tne\small intestlne after transfer ‘of .

\

pher

;;E}astétr_;,!
"s mcreased- o
ta, tﬁ;?-'?‘ﬁt“’<
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\

#ntestinal epithelium, lung parenchyma,‘ BALT and bronchial epithelium

_and none of ‘these'norphological regions were saturated after transfer of

‘ large numbers of MN blasts. -

¥

LA

\ &creesed af‘ter transf'er of more. cells. . This-relationship might elso
have existed in the’ small intestine, howeuer too feu labelled PLN cells

were obserued to be certain (Fig. 4). Thus it seems’ thet for sach’ b:’l.ast

The number of PLN blasts in the recipient lung and PLN also

population (I'I.N or PLN) a certain proportion of the blests transf'erred :

(i.e. present in the blond) will localize ina tissue. Ottaway and
Parrott (1980) used a different approach and obtained vidence which

--suggested the same conclusion. They found that th'e l tion alono

the small intestine of mseperated or T-enriched M ar sts all |

N shoued a similar correlation with the fraction: of cerdicc output-
delivered to that portion of. the gut, in spite of marked dif‘ferences in

\ % the tendency of these populations to accumulate in the qut_ Sl.lbseq.lent"

work by the = same group. (Ottaulay and Parrott. 1881) - enphosized the‘

Cota --...,

.inportance of this - mechianism far a.ltering blast locelization. They -
[ _'"_obserued that MmN blasts localized more in the smallg ;est;@“gf‘:j_-m';ce‘

R '-_.f'ed a standard' rather than an elementel diet- wes nof a | t
' _ef'fect oF dietery aht’igen but rather m ) ' LS '

- Ay,

-M.N G‘r PLN blests mere transferred. at *-Ieest ten f‘old moref of the

SRCTRER SRt a g —

f‘ormer ‘than' the latter loca‘lized dn- .e smell intastine (Hés. 3a and

: . It shpuld be- stressed that, ae expected;" runbersof‘ '-.:'

"o __.. - ] -




.

'?EN_ (mcDermctt & Bienenstock, 1979),° most if not all of the appareht

dose. There may have been a slightly greater localization (by a factor

~of two) of BLN blasts than MLN or PLN blasts in the lungs: However

.:, ' . * . h' e S
PR B2 SIS N
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Qa); In<cdntrast no differences occurred in the number of cells which
localized in the lungs: follomzng transfer of equal numbers of MLN or

PLN hlasts (Figs.4b and Sa).  These results suggested that previous

frepdrts by McDermott & Bienenstock (1979) of autdradlographlc results

,

- suggesting selectlue pulmonary ldcallzatzonnef MLN compared to PLN-

deriued blests'(ldcaliiation ratio 3:1) were due\tzzpiffe}ences in cell
ddse (hlest ratlo 2:1). Similarly. since the proportion of "blasts: in

the innoculum frcm bronchial lymph nodes (BLN} was five times that of

selective pulmonary ‘localization of BLN blasts compared to PLN blasts

(blast ratio 10:1) was likely also an artifecﬁhdf differences in cell

this is much less thah the homing indices of three and ten respectively

1uh;ch ‘are suggested when cell dose dlfferences are not cnn51dered. My -« C)
j" abservetlon that bot LY and'PLN blests accumulated in the pulmanary~"

,perenchyma 18 cd Lstent ulth the 1ntegretlon df mucosel (IgA) and__ b

perlpheral (IgG) lmmune responses in the lungs.  However I cannot o "\\M‘

exclude “the’ posslbillty that - thls comparable accumulation was due " fo

ndnspeciflc trapping df cells in P lmdnery capllleries. Although MLN )

. blasts uere obSerued in BALT and’breqchlal epxthelxum(fr\he paucity of _.§§) *
"-these tlSSUBSj dld qgt allcm me tn cdnclude uhether ;MLN blasts\.f : ‘Tﬂﬁy

selectiu 'y locelized 1n these regzdns compered to PLN‘ . ts, {section ﬂ Tea

v In conclusldn,‘ the supply df blests to a tlss l lm ‘which a.'

certelh' proportldn u111 lccallze cen ﬁh altered by hanging o '
. Y. . ‘ .. ; . EEREE ) ‘_.' e . . - ' .
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concentration of blasts in the blood and/or the delivery of these cells

‘ by changing ‘the regional blood flow. Alfération‘of the number -af

blasts passing thrpugh the vasculature of a partrcular tissue ulll'

alter tﬁa number of blasts which accumulate’ in that site. This has

implications in the;design of experiﬁents and perhaps more importantly
in creating immunization protocols. Immunization protocols designed to
1ncrease _thea output of MLN blasts or to provide mare blood«borne MLN.“

cells to a site by expansron of the regional clrculatipn would lrkely .

enhance MN bl t locallzatron in nonlymphold mucosal tlssues even in

the- absence 0 specfic antigen or inflammation. For example, oral

zmmunlzation a]
specrfic blas w ld‘localize in the gut but also in distant mucosal

' numbers than blasts generated by parenteral

lmmunrza i

'over parenteral rnmunizatlon far protectlon against genital tract -
\ infections or to anhance the quantity of specrfic antibodias in
cclpstrum in order tc passively protect the sucklrng lnfant. Ural_ B

immunrzation comblned uith hormnne treatment to increase blpod flpu andj

imnunity in the genital tract.
y * . . . - ' ' -.
i o R
) . St 4.""-:' . o ‘. -
L3 o - . ———— * ‘. - - |
‘.-‘;. - : f.ia§?,‘
- T ot . r ! et .
. ) ' -- ' ' : A {

irfcrepse the output of MLN blasts.“ These antigen -

us lmmunizatron cf muccsal surfaces mould be Faucured :

- therefore incraasa,_deliuarytof‘blaste wepld_be_'expected ‘to _enhence_i e :




' 8.6 Gender Differences and Sex Hormone Influences on Localization

when_ I began the work descrrped rn this thesis it wes
recognrzed that blasts stlmulated in the small intestine woul?ﬁkq_@&!&e-
"in sex hormone target tissues. -This localrzatrpﬂ‘was augmented after

treatment with the appropriate hormaone. I inuestigated-whether sex or

—
. sex hormonallY inguced _differences‘;were ialso present in  the
( i }accumulation of MLN blads in the small intestine. - ;_ﬁ‘/f;: v
: 8.6.1 Localrzatron in sex hormone.target tlssues .;_'(-
. IgA antlbodres specrfrc for gastrolntestlnal flora and antlgens

_presented orally have Qeen Found in the colostrum and milk of lactatrng‘ /-
animals (see Introduction). Ulrgomeric, J-chain containing IgA (and .
Igm) were transported selectrvely from serum into colostrum when ‘
compared to Ig6" (Halsey et al., 1980) Thus® selectrue ransport from

nd mrl,( '

Houeuer local synthesrs is lrkely also rmportant srnce plasma cells .

2 "~
se}um may represent an lmportant source oF IgA in colqstruﬁ*l

contaﬁ%rng IgA lre adJacent to the oreast ep1thelrum | During late
‘pregnanty and’ lactatlon there was a dramatic rncrease in the numler ofi

.plasma cells rn the mammary" gland (150 Fold per. unrt area) in excess of .
‘the organ S increase in werght (E fold) and ‘over, QU% of these cells |
'contarned IgA (wersz—Carrrngton, 1977) - The plasma cells 1n the breast~

‘.mrght have been derlued from blasts which riginated in’ MALT Indeed,«

‘ TDL blasts accumulated 15 Fold more 1n actatlng than in. non—lactat Q
: ML .
,mammary gland, although there wasdon

gﬁilve fold rncrease in uerght‘

',t(Loue & Ogrluie, 197?) when compared to PLN blasts, NLN blasts fgpm
o uirgih donors selectruely localrzed 1n the mammary gland -of '1ce 1 day v

b

.“'__ antepartum and throughout lactatlon but not. before or after this perrod




"\:J

'per unzt weight basis (7 to /1%Fold per organ), there mas‘ no difference :

NLN oompaned to thoi; from superficzal cer:
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(1251-Udr, 4 of 1nJected/gram) (Roux et al.. 59++; Jackson et al.,
'1981) . The majority of the‘mLN blasts mhich selectively localized in
the mammary gland had surface IgA and contained IgA 16 to 24 n\\after
transfer (Roux et al.; 1977). This enhanced localizéyion in the
:mammary gland could be obtained by mimicking lactation using hormone
treatments with combined progesterone and estrogen for 10 days followed
by orolactin for 30 days. . Although the perceﬂf of : injected
‘radioactiULty recouered was much, lower than in naturally lactatiog .

recipients, an .MLN:PLN ratio _of 2.a+/-o,5 was obserued (weisz-

Carrington et al., 1978). Houever Rose gt al.. (1978) found that MLN

f\irom‘ untreated mice and oxazolone stimulated PLN blasts accumulated-to

a "similar extent in the mouse mammary gland at’ mid lactation.. The

of Rose et.al. and that of Weisz-

zoparent disparity between the
Carrington, Roux and coubrkere;mi t have been due to the differences
in the peripheral blast populatio deed, - Mannirg and. Parmely
(1980) found that although with the onse lactationr there was a 3

‘tog 4 fold 1ncreasa in T blast migration int rat mammary tissue on a

]

in the aooumulgtion of unsepafﬁtgg’or n ol purified T blast? from

mph node._. Perhaos '

. | . .
some. of the increased looalization was due to ncrease blood Flou per

4

, ugit weight of tissue. P rhaps only B blast display selective mucosal

‘ looal:gation to: the maﬁ'-a /\rgland Interpretation -of these resulte is

1complio5£§Eh\ty the*‘hse ofbthe superficial cerVical lymoh node as a

:,. scurte -of blasts to compare to MLN. blasts. Tilney (1981) noted that

L] . 4 .

-

>
.
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) the- superficial cervical node of the ~rat drains ,fhe nasolabial
~ lymphatic plexes‘and the tongue. Therefore this node migh&/pe a source
of mucosal blasts which would be expected ‘to ldcallzesrn the mammary

gland. Thts. no explanat:.on for the d:.screpanc:.es between the results C e '
. ) ’

o ]
\\ ~ of Rose and coworkers and those of other research groqps :caqa‘be “";rJ
! ' . *

. T ot . LR
of fered.

- Igh 15 the Prrncreal lmmunoglobulln in genital tract secretlons

(waldman et al., 1971). Perhaps, like 1n the breast, the meune system

+of the genital tract is Lnfluenced by sex hormdnes wira and Sandoe
(19?7) observed that the Igh concehtretlons in rat uterine washings

were highest at pro-estrus but remerned partially elevated for estrus.

IgG concentrations in uterine secretions were 10 to 15'.fold higher at

pro-eetrus than througheut. the rest of the cycle. No such’

fluctuations were observed in serum immunoglobulin ieuels. .Simi}er

" elevations could be induced by administration of estradiol to castrated ’“4?

_\__//’rats for 2 to 3 days, but not E to 14 days (Wira & Sandoe, 1980).

'_the human, IghA and IgG levels in cerurcal secretions have been TEepo ted
. K{ * ' to.. vary durlng the menstrual cycle (Hulka & Dmran, 1969) or with | thé -

.use of oral contraceptlon wlth the comblned p1ll (Chlpperfleld & Eva s,~

1975). At least sume of these changes were due to alteratinns injthe

..‘-.: . ¢ . ‘/ N
v accumulatxon of . plasma cells in the genltal tract. lhen estradrel

. 1{,‘i :

‘treated, ovagiectomized rats -were campared td untreated castrates,

thére vas a greater accumulathp df IgA 1n uterlne tiSSUES precedlng an
o rncrease df IgA 1n the lumen, an accumulatlan df IgA-p051t1ue cells in ,__.'

5
*the uterz. ar“an i.rv)ease in th%atmn of

‘ponl d MLN pera-aortre’and perlpheral 1lymphi- ggga lymphdcytes in uter1

Cr .- labelleé\
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) . . -

'(Qlee-'gt.él., 1980). - Similarly, the selective accumulation of MLN

compared to PLN blasts in the cervix, vagina and uterus was maximel- ;t

oroestrus and estrus: ano ED%‘of'these MLN-derived cells contained IgA

Qermott & Bienenstock, 1979; McDermott et al., 18B0a). Most of the

R inctedsed accymulation of lymphoid cells in the sex hormane target
L .
tissues uwas likely due to'alteretions in the tissue since in transfer
' + ) 4 .
er_,«ﬁ“ experiments cells were derived from virgin animals unselected fof the
. . : .. N L

- were present in the uteri at all stagesfof estrus and uterlneﬂ tissue
IgA “levels remalned elpvated thrpughout estrus (wlra et al, 1980).

Estradiol also lnduced transudation of IgA and IgG. from blo&d lnto the

uterus (Sulllvan & era, 1983b) .In addition toE;élﬁ'localization,’{he :

"Fect of estrus on IgR accwnulatmn in the utenne lumen might also be
\

) 4
mediated” at’ the leuel of secretlon - Indeed, the levels. of Free and. :

IgA—bound secretory component in uterlne lumen parallelled those of IgA
/

durlng the estrous cycle and in estredlol treated, ouariectomized rats.i

: Estradlol s 1mulated SC synthes;s ¥ uterine tissue 1n uitro (SulliVEn.

No such varla

-t

trogen effeet of the

Dexmethasoned:.mz.nishethhe ‘

e acoumulation of Igh 1n the .uterine lumen. but di: not elter its effect

on SC levels suggesting that estrogen regulatio oF uterineksc may be

o ,\ ‘ ..
T at least part:l.atly i"ldependent of IgA (Sull.wen et al. N 1983) \g'weseg._ T

AT 1 ' aut TS suggested thet ip spite . of the lncreesed ~level :f SRR
‘ Jl‘ I : dexamet asone 1ikely lnterfeted with the- accumulation of IgA’ and/ss\ gA ‘ ’

'stage of estrus. ~ Howeyer substantial number® of IgA positive cells

s in SC levels during the estrousf

v

in saliua or smhll lntestlnel secretions (Sulllyen &--V




N
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- iy : _ ' P
containing cells in ut@rineftissbe, thereby dacreasing'the amount - of <
IéA auailable-fbr transport into the lumen. ; | \\aJ "

Thus estrogen may - act by a number bF"mechanisms which all

* result ‘in increased levels ‘of IgA in utgrime lumen at proestrous and

estrus and in the ma&mar{ gland during lactatibn. In addition to the

. - N B
effects of hormones on serum transudatign o immunoglobulins and -.the

~availability of SC for transport of Igh into secretlons; ‘there seem to,
‘be effebts on the_lbba% lymphocyte bbpulatibn in sex hormbne target
tissues which are 'due, at' least in part, to alterations _in‘ the.
accumulatlon of IgA plasma cell precursors | Although the increased

lbcallzatlbn was greater than the lncrease in ue;ght in both the breast

and genital tract, the possibility that increased localization was due .
; : . L . \

increased blood flq;:and therefore increased delfﬁery of blasts to

~the tissue, has ‘not been ruled‘out. If 5C is lmpbrtant in augmenting ®

o IgA blast accumulatlpn (sectlon 8.7.5) thEn the lncreased synthes15 bf

SC stlmulated by estrogen mlght be a factor resultlng ln lncreased

-

accumulatlbn of - NLN blasts in these tlSSUES at proestrus and estrus.

Branklin' et al o (1978) found that after hbrmbnal stlmulatlbn, Igh -,

-

pbsrtlve cells predbminated in mammary autografts °located ‘n the

ii -

L 4
; nterior chamber of the rabblt eye and that thuse\were tulce as ’ many
L r'e 4
L Ty IgA posxtlue cells-i he uueal tract adJacent to the mammary gland

campared to lnflammatbry sites (due'to lntraULtreal bualbumln)* dlstant

. from the gland -and.’in nbnimplanjed eyes.- These authors &iggested that
-;;n ni. ’ perhaps .a dlffusable factor _was respbn51ble fbr IgA plasma cell _';
.o Db .
e - prEbursor lbcallzatlon in and around the mamnary gland.  Thus hbrmones

the tendency of .MLN- blasts ‘(df perhaps

‘ mlggt- in some way "a
' ‘ y

5\

[

TN,



Nl

—

152

B
orimarily IgA positiue MLN blasts)} mhich-are delivered to the tissue to
.axtravasate. In lymph nodes. oifferences in the number of lymphocytes
crossing HEV and the helght of endothelzal cells in HEV  have been
observed in males and females and after hormonal-alteration (Kittas &
Henry. 19793,b, see ‘section 1:4.%4.

8.6.2 Gender and onadal hormone\lnfluences on intestinal

tissue as ‘a 51te for blast localization

Do sex dlfferences or hormonal changes result in alteratrons in
&he attractlueness of the small intestine for MLN blasts° Loue and -

_DOgilvie - (1977) obserued a' 2.5 fold ihcrease in werght of ‘the small

intestines of lactatrng rats ‘but rmo increase in the percent of. inJected

4
‘rad;oactruzy recouered after transfer.of TDL ;\asts. Slmllarly. there

uas-no dlfference in locallzatxon of MLN compared to PLN blasts in the

small 1ntest1nes of uirgin. _pregnant or lactating reciplents

X (raoiooountxng; Roux et al., 1977}~ Also, ‘using autoradiography,

‘McDermott et al., (1980a) found no drfference in the accumulation of

adlolabelled MLN blasts or IgA posrtxve radiolabelled cells ‘in ‘the-

' small lntestrne durlng the estrous cyole although there was, ‘a small '

*

_ 1ncreese ln the number - of IgG-oontaining radiolabelled cells at estrus

+

and dlestrus. Therefore, 1n contrast to sex hormone target tissues,

different levels of female. hormones did not alter the small rntestine

‘as a site for. blast localizat;on. Ny obseruatlon that NLN blasts havef?;

1

.an equil prooens;ty to acoumulate in eitber the male or female small o

-

2& h after adoptlue transfer lends further support to “this.

suggestion ™~ bles 14" & 15) and suggests that male hormones do not :

*
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alfer the small intestine as a sita for localization.

8.5.3 Influences of gonadal hormones and gender on . . .

( T localization properties of the blast

* _ ’ Althdughﬁ/lonsiderable gvidence suggests that sex nhormones -
influenced blast localization in hormane target tissues byaalteraticns
of the tissue, the hormones might have also altered the .blast

populaticn'destined tc localize in these(tissues. Similar%y,-althdugh

intestine as a ldcaliza*iun -
. ~

site, they mlght have influenced the blas pdpulatlon whlch had the

these factors did not 1nfluence the sma

ablllty to localize in the small intestlne Althcugh not c;early

: understcod there certalnly are sex dlfferences ln,' and gdnedal steroid
influences on immuné phenomena and lymphold cells (sectioh -1.&){ I

_ thetefore ccmpaned the lntestlnal lccallzatldn ‘of MLN blasts from male.

-~ or_Femele donors. : I found that NLN blasts From male dondrs localized

hdte than those from female‘danors.xn the small lntestlne of either sex . -

¢
N

w o o-

recxplrnt (Table 1aa) ) L;;‘
' This phenomenon mlght haue been due ‘c.d,,r hdrmcnal dlfferences'

betueen the male and female blast donors._ I therefore performed

L

.-

addpt:.ve transfers cf‘ cells from donors uh].&h had been depleted of "
nadal ternids by castratlon for a mlnlmum oF\\S weeks. Nelther : Z
(F_T/fzkkmgeéiZhy (Table 15) or orchldectomy (Table 17) of MLN“blast ddnars.l _“ o
had any gffect on the tendency of these cells td accumulate in- the |
small—-xntestlne cumpared tc sex metched normal dr sheh castrated
dcnors. !.ﬁhfortunately, because the size df the experlments mnuld haue a R
been prDhlbltlUi cpposzte sex contrcls were nct included s in ZShesez-

experiments. Therefore con51derable1work was dore befdre 1t bgcame

."- . -__' . - : x
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apparent that the‘ phenomenon of greater looalizat_ion of male as comared
to female blasts which had been clearlv demonstreted' (Table Ma), seemed
to have disappeared. Thus hormone levels might or might have been -
1nvolved in the J.nitial phenomenon. - ' ft
‘Further adoptive transfer experiments usmg male or femele .
donors of MLN blasts confirmed that there was no longer any difference
in § their accumslation in the small. intestine (Teble 14b). Thus,
‘sometime between September 1980 (last ez_tperim_entﬂ'mwing differenl:e) and, - -
Augyst 1981 \(first experiment showing no di?ferencej the pl'menolnenon |

- -

! disappeared. -

There does rot seem to.be any. technical explanation for the loss
- of this phenonemn © Thére was no ohehge in the: adoptive -tr"ansfer
\ technique. Ta eliminate any pdssibility in veriations due_ to.
eutoradiography or’ scoring, tissues from one positive ahd two negetive 7- )
) experiments "were - re-sectioned, prooessed si.mlteneously 'f'or-,

h 'autoradiogr'ephy‘ 'and soored., The’ results from, this set:ond processing' :

were the same-'\s f‘rom the f‘irst, %mineting changes in eutoradiographic,
.or scoring techniq.:e -as an explenqtion for the eppearain!:e and /- or loss
of the phe,omenon. ThJ.s re-scoring also removed’ the remote possibility

&

that the observed differeni:es wete due to the sampling error inherertt in-

P )
e
L} . .

. < B .
. the autoradiographic \tscmﬁiq.le (Seotion 2, 2)
. .‘ o o ] ¥ _ S S . . N S
. Dver thJp‘eriod when the phenomenon diseppeered, there mere no "'._.,;3..;‘ S
0.- ‘o :. . .. - -

: knomn environmental chenges in the l'lcl'ﬂester University enimel quegt.e

..‘.“k-v‘ e r-r—‘r.' Oty

At the ?Iaokson Leboretory (suppl:.er, Bar ‘Harbor, l'laine) there were no




" the phenomenon of ephanced lpcalrzatlon of male blasts.

s a]. , 1932)

b
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specific changes such as in food or bedding nor -were .there any

indicatiomg of any infectious diseases in any of t
between August 1880 and August 1981.the production e
were. [ ocated from Morrell Park room #a to room #3 and then room #2

The production colonies remained in Ndrell Park rooms #6 and§7. It 1s

" possible that there was'soé} undetected change in the environment, such

as the appearance or dlsappieiance of a sub-cllnrcal 1nfectlpn, perhaps
associated Wlth the change in ﬁooms. Ulral ‘infections can lnduce
transrent lymphocytopenra,‘ and ‘wdodrpff and ‘wpudruff (1970, 1974)

suggested that: thrs was due to ulral enzyme 1nduced alteratlons in the

lymphocyte"surface mhlch rnterfered temporarrly Wlth thelr abllrty td a

z,

recirculate, 'If an. 1nfect10n vas more intense in one sex thaf = the

other and if it altered ‘blast surface characterrstlcs 1mpprtant in

. locallrétlpn ',in the small intestine, . then the - appearance ‘or.

drsappearance of such an infection cculd explaln the disappearance pf
Alternatluely,- a genetlc alteratlon ln the CBA/J pdpulatron
mlght have occurred .and resulted in the lcss pf the phepomenan.

Although there is no eurdence that genetrc alteratlcns pccurred in the

CBA/J‘ pppulatipn, there has. been a repdrt of commercrally supplled

-BALB/c mice being heterozygpus, not canLStently expressrng erther the

expected H 2 haplotype ar glucose phpsphate lspmerase type - (Kahan et .

' .o

There is little 1nfprmat10n in the llterature regarding sex and

b

gpnadal hqsgpne effects on tdztlymphocyte in lymphooyte localrzation.-

Jackson et al., '13981) reported no dlfference in the radioactlvrty

]



- recouered efter l?alizatron r“ I-Udr, labelied ML or PLN blasts: Q.- =

‘wm\ch results ].I'l this alteration is

-'was at one ~time an indication that sex differences 'influence -f‘th

-.ab:.lity of mL.N bl sts to looalize in the small intestine, howe‘uer this*

'uhether ‘the. phenomenon luas associated uu.th gonadal‘ homone differenoes

~

From u1rgin compare to those from. lactating CS?Bl/BJ ‘mice in the smell

mtestines of virgin recrpients. Butcher et al.ﬂ1 9?36 foun that the .

' sex of the lymphocyte donor had no eFf‘ect‘ inding to HEU in u1tro. <
" / Therefore, there seems to be no iAformation mhich cons:.stently suggesbs o -

an! Feffect -of gender or gonadal, hormones an “blasts mhich sele;tiuely T
: -iocalize in the small ntestine. R . | S
. - . ) ‘/.. /- Y y | | | .
In conc!usmn, sex Hormones' certainly affect, the “local immune , U e

system of sex hormone target °tissues and some of 'T:his alteretion :.sf due‘ ( o
e e .‘.

' f_to c:hanges in-the locat:}.zetion of' MAL gera.ued blasts. The mechanism'_ TR

UNKAOWY. The effeEt may be‘ ."'

entirely “on the tissue and J.tS blood su'pply _Iiut mmht alSo be on the _

: localizmg blast " Sex drfferences and gonadel eteroids do not alte

T

the small ihtestine -as’ a site f‘or blast lpcaIization. - In my data there ' b

. R -é-.;r
.‘ phenomenon diseppeered ouer a _z\ermd of‘, .1_ yeer:._end,‘naiﬂi;her ite ori_gina

N o

existence nor :.ts disappearance have-: been explained. f do' not

e T Sy mlum-v-un-s#v—h -«i-‘w-,w
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Otmer Influences cn Mucosal Blast Localization

7

8.

8. 7.1 Influences gf_anticen on blast locaiizatiohfiﬂ mucosae

Since the "cells whicﬁ selectiuély localize® in the small
intestine are blasts which have hween stimulated by antigen in the gut,
a i .
ahtigen would seem to be a likely candicate as a factor directing
selegiue loca‘]{iza:.ion. However, although' antigen may" augmen't
accumulatiog it'dées notléeem to be necessary for the ontogeny of the

spcretory immune system or for the’localization of antigen specific

cells. IgA plasma cells were ‘present in the 1ntest1ne§‘of germ-free

mice (Crabbe t 1., 1970) and in spite, of lack of 1ntralum1nal'

antlgen, lsografts of foetal small intestine implanted under the kidney
capsule ar skin wers populated.\ in the Peyer's patches, lamlna ‘propria
and'epitheliym, by thymus dependert and thymus independent lymphocytes

(Ferguson & Parrott, 1972; Milne et al., 1975}, Similarly, BALT and a

few IgA containing cells were observed im transplanted fetal lung,

(Milne é;_gl., +975).  Furthermore. TOL blasts localized in the small
intestirme of both neonatal suckled and unsuckled rats (Halstead & Hall,
1972) and in implants offfoetal gut (Moore & Hall, 1972). It therefﬁre
seemed - likely that MALT dérived blasts could selectively localize in
mucosal Utissue gven in the absence cf the antigené against which they
were directed.* Indeed, in the absence of enteric antigens, IgA
p051t1ue MLN blasts selectively localized (compared to PLN blasts) in
the lactating mammary gland, uterus. cervix and vagina. Compared tg
PLN blasts, MLN blasts selectively localized in the intestines of germ

free rats (Griscelli et al., 1963). Similarly, MLN blasts selectively

n e MM ety e Aok
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localized,. comgarec o PLN clasts. 23 well or netier in zrafis of
Fogtal intestine as im rormal gut (Suy-Grang st al. . 13745 farrott &
fergusen, 1574). Also of intersst. the presence of ferritin in tne gut

did not resdlt in the intestinal localization of FLN tlasts which hac
seen stimulated by this antigen (Guy-Grand et al., 197¢). In addition,
Hall et al., {(1377) found that immuncblasts frcm intestinal lymeh
localized in the sterile gut of fetuses in utero. Specific yantibody
containing cells appeared in either immunized 'DI in non-immunized
recipients of MLN (from animals which had teen orally immunizedp with
harse ferritin), in the small intestine, lactating mammary gland,
parotid gland, respiratory tract and MUN (Weisz-Carringten et al..

1979). Most of these cells contained IgA except in PLN and spleen

i

mﬁere IgM and IgG outnumberso IgR positive cells. In contrast, after
stimulation and traSsFer of PLN, most‘anti-Fefritin containing cells in
all locations were IgG positive. The transfer of  immune ceils
circumvented -the possibility that antigen was absorbed into the
circulation and stimulated the appearance of specific antibody
producing cells at. sites distant from the gut (Weisz-Carrington et ai.,
.1979).  Similarly, Pierce and Gowans (197%) found that after transfer '
o¥\IPL from cholera toxoid - immunized rats into normal raté there were
larée numbers of anti-toxin containing cells in the small intestine.
The numbers were nQ greatér at 9 tq 6 .h after cell transfer in
recipients which simultaneously received toxoid oraily. When a graft
versus host reaction was produced by thymocytes from (57 mice in
irradiated (C57Bl1 xDBA)F recipients bearing ; graft of feta? intestine

3] 1
of either parental genotype. bath syngeneic or allogeneic grafts and-
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the recipient's gut showed a similar degree of T-blast accumulation
[

(Guy-Grand et al., 1378). Thus there is conclusive evidence that

selective mucosal localizat¥orn is not dependent upen the presence iq.'
‘the mucosae of the antigens againsf which the blasts are directed. j In
addition to not being oa}igatory, the presence af antiggr ig also ;not“
sufficient to inﬁuce the localization of PLN blasts in mucdsal tissues.
However, antigen might act as a second signal to augment the
accumulation of MALT - derived blasts in the mucosae. Crabbé et  al
(1970) noted that germ-free mouse intestinmes were sparse with respect
tc IgA plasma cells but that these were augmented by placing the Mmitee—
in a conventional habitat. Similarly, Milne et al., (1975) found ghe
numbers of IgA -containing cells in isografts of small intestine and the
intestines of ‘germ-Free mice were only 1/3 that in the normal mouse
gut. Ferguson and Parrott (1972) also noted decreased numﬁeré' of
intraepithelial lymphocytes, lamina propria lymphocytes and plasma
cells in grafts of small intestine compared to normally sited ogut.
These authors argued that the close parallels between the growth and
development of grafted and normal gut justified thelf éésumptlons that
differences in the lymphbid population were due to lmmunologlcal
processes, although they did not formally rule out differences in the
uasculature or nervous conngctions. However, alterations in blood flow
might have been an important factor ln these cbseruatlons. In mice fed
an elemental diet, the decreased intestinal localization of MLN blas;s
was due not to a direct effect of diminished dietary antigen but rather

to decreased blood flow {Ottaway & Parrott, 1981). Thus in all cases

*]
v

.
RN TEgrpreprey Pr o e

-

- el

———— it A WAt




8]
1]
.
i1
'
1
10}
(]
ct
p—
~
r-
4
A
C
2
O
j—
0
O
e
1
31}
|
a
11}
o)
ch
par
)
m
o)
w
0
U
O
}
-t
3
0
W
J
1§
n
]
L]
)
-
Ul
¥
it
)
1]
©
[§1]
)
1y
b
.

mesia:ed through gengraliiec mechanisms such as alteratioms im zloed
7 £flow. which admittedly may have been indirectly changed. By antigen
specific mechanisms.
T-ars is evigence which does suggest an  antigen specific
enhancement of tﬁé mucosal lymphoid pepulation. Local immunization cof

+

a segment .oF‘_human colan Qith polio vaccine was followed by the
appearance of specific IgA tiresly ccnfingd to the immunized segment
(Ogra & Karzon. 1968). Huscanc and Lascelles (1374) found that 1in
sheep with two intestinal loops, IgA antibody against an antigen only
apﬁéared in the immunized loop. Similarly, although Pierce and Gowans
(1975) " found that the localization of anti-cholera toxin:specific TOL
shortly aften transfe; was not enmanced by the presence of cholera
toxoid in the gut, after intraintestiné\\boostiné the greatest density
of anti-toxin containing cells occurred at. or distal to, the boosted
site and that this occurred at the expense of ACC: in Oistant regions of
the gut. In addition, Husband and Gowans (1978) observed agre anti-
cholera containing cells in an intestinal loop challenged with toxin
than in a nonchallenged loop. Since the total number of IgA-containing
cells was the same in both loops (and considerably less than in the
rest qf the intestine) it seem;.likely that this was a direct effect of
antigen on the lymphoid population. In accordance with the work of
Pierce and Gowzns (1975);\ this group alsc noted thaé localization of

TOL (autologous tramsfer) was the same in both challenged and

unéhallenged loops unkil 6 h after transfer. However, from 12 to 3& h




,‘\\ -

sme numpoer of ACC imcreasss in The 2m31123022C 1c0p and qécreased in zne
] ;

ronchallengec  Lscp. imilarly. ~uscand (1282} performed cCross-ouar ¢

tn

experiments o examine tre localization of tetanus toxoid specific
cells and albumin specific celis in rats «ith two lcops, each of which R
cantaired only one cf the antigens.  Husband (1982) found that there_ i
was an early equal localization which peakesg at 5 m and was followed by 3
a decrease of ACC in the loop with irrelevant antigen to zeroby 18 to .

izing o

24 h, In contraét. the number of ACC specific for tﬁe i
antigen continued to increase. peaking between 25 andy36 h and th
decreased. Some of this éugmentation of ACC in the 1I\cp with Ahe
appropriate antigen appeared to be due to cell diui§ion in situ
(Husband & Gowans, 1978; Husband; 1982). These antigen-'ihduced
differences may boe transient since Pierce and Cray (1aB82) found an
increase in the number of ACC in the cholera toxin stimulated loop from

6 to 24 h but no difference at 2 days compared’to:mucosa not stimulated

with toxin. They did not compare localization in the presence QT .
absence of antigen prior to 2 days after transfef. However they  did
find an increased numberzof~ACC'at 6 days in rats given ag intra-
duodenal challenge of toxin and a sharp decrease in those not
challenged. Even when TOL were drgined FromFZFe time of <challenge
theré was still an ACC response in the lamina propria, confined almost
entirely to the site of challgnge. This might have been due to local

division of memory cells (Pierce & Cray, 1981, 1982} or to continued

migration of primed cells from other mucosal siEes‘ such as lung

' . : . : ]
(Mayrhofer & Fisher, 1979). Thus the antigen relatged differences 1n

i i
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n  conclusicn. selective localization of LN slasts Is 7
i

not

-
w

antigen dirscied phenamenan. Localization 2arly after =ransfa:c

augmentec Dy the presence of relsvant antigen. Tha excansion of tne
e
lacal ~mucosal immure system sbserved in the presence of  antigen  thus
LN
seems to be cdue to enmhanced retenticn and oraliferation of blasts and

memory cells which localized in the mucosae uncer tre influence of nman

antigen specific influences.

8.3.2 Influences of parasitic infection and irfiammaticn
1

on blast localization in mucosae

' Parasitic infection is another factor which affectg blast
lecalization, £nhanced intestinal localization has been observed with

MLN bfasts in 7, spiralis infected mice {(Rose et al.. 1876}, TDL blasts

4 "
-

in" 7. spiralis and N. brasiliensis infected rats (Love & Ogilvie,

1977), TDL and MLN blasts in coccidia infected rats (Rose gt al., 1980)

anﬂ/agglpheral blood blasts in cogeidia infected chickens (Rose et al.,

1980). This effect was not antigen specific because it occurred

whether the blasts were derived from infected or uninfected donors or
domors infected with a different organism (Rose et al.. 1976;, Love &

e
Ogilvie, 1977; Rdée et al., 1880). This enhanced lacalijation in
. ‘ , )
parasitized qut was primarily due to T blasts sinceythe lciiﬁization of
125 ' -
I-Udr labelled MLN from T-depleted mice was not enhanced in T.

spiralis infected mice (Rose gt al., 1976b). Rose et al. (1876b) found

that the localization of PLN blasts stimulated with oxazolone or

(ch
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yiohlarice %F.‘C e localizatizsn ot Scrhe marrow 2432575 Zul

greater numpers than PLN blasts. These authors suggested that an

- ) A b ‘o . -
exglanation for these observations was the ponspecific attraction of

these ,iaflammatory cells t5 the parasite-incucec inflammation in the
sut. In adgition. the enhanced localization of MLN blastsy MmN T-

blasts and oxazolorme stimulated.PLN blasts was mgst apparent in t

region of the small inteéting in which the worms were Llocated. and
chagged as the worms moved down the gut {(Manson-Smith et al., 1379}.
Rose et al.. (1976) noted that the increased weight of tne qut at &
da;s frost iqfectian was not sufficient to account for¢the differences
in recovered radiocactivity. Furthermore, DttawaQ gﬁ;gl., (1980) found
that more MLN blasts accumulated in the small intestings of T. spirali;
infeéted mice at stages in the infectiomn when there was not yet . any
alteration in the proportion of tﬁe cardiac output received by the

7

small intestine. These authors performed kinétics experiments which
) .

suggested that the enhanced localization in parasitized small intestine

was due to both facilitated entry and retention of blasts.
4

8.7.3 Influences of nutrition on blast localization in mucosae

Both éhe incidence énd‘tﬁé ;égerity of infections are increased
in the protein-calbrie malnufished and ﬁhe vitamin A deficient
(Scrimshaw et al., 1968; Chandra & Neﬁberne\ 1977). This may be due in
part to defective localization of mucosal blasts., McDermott et al..

‘ .

(1982) found a decrease to two-thirds oi normal localization when LN
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Slasts wers abtained from pifotein-calorie malrcurisned :atgy Jhen LN
Hiasts were obtainmed from proteinm-calorie and vitamin-A cef ficisnt rats
the intestinal localizaticn was aven less, weing only one—tbird of
normal. As Juith my ocseruations.of sex relatec gifferences (section
3.8;, this ohenomenon was asscciated with diffsrences in the blast, not
the small intestine since MLN blasts from normal animals lccalized
equally in protein-calcrie ﬁalnour15hed or -combined protein and
vitamin-A deficient recipients.

-

8.7.4 Importance of immunoglobulin isotype in blast
- ]

localization in mucosae

'née IgA producing cells predominate ir the mucosae, perhaps.
this immugoglobulin is involved in selective localization. Guy-Grand
et al., (1974) érgued khat IgA was not directly responsible since IgA
pcsiti;e cells constitute a larger oroportion of Peyer's patch blasts
than MLN blasts, but the former only localized one eigth as much as the
latter in the gut at 20 h post-transfer. In addition, since MLN T
blasts selectivelyylocalized in khe gut, selective locélization is not
likely due to the different clasées of immunoglebulin which predominate
in MLN compared to PLN (Rose et al., 1978). In addition, blasts
producing IgG accumulate in greater numbers in the small intestine
after MLN than ‘after PLN transfer {McDermott & ﬁg(énenstock 1979).
However, whether this represented selective dcalization of MLN  IgGC
hlasts or simply accumulation cannot be determined since the number of

IgG -positive blasts in the MLN compared to PLN innocyla was not
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getermined. In spite of the svicence wnich suggests that IgA is not
responsible Faf salective MM Slast localizaticn in general, different
types of blasts might respond to;diFFerent localization stimuli and
surface IgA molecules might be involved in the localizatien of IgA-
producing plasts. There 1s no evidence Eo support this hypothesis

since free IgA vivo did not interfere with the localization cof MLN

i

nlasts in the small intestine.

8.7.5 Importance of secretory component in blast localizatian
in mucosae
Since secretory component is an epithelial[ifii'product (Poger

% Lamm, 1974) assgiated with- the transport of dimeric IgR and

palymeric IgM into gecretions {Brandtzaeg, 1982) it might be a factor

in the localization of blasts displaying surface IgA or IgM. The lack
'of Igh plasma cells in the intestinal lamina propria, in spite of
Eirculaﬁing Ign, in a patient with absolute SC deficiency seems to
support this hypothesis (Strober gg.gi:, 1976). owever, Igh and IgM
are expressed as monomers on thé cell surface (Sigal & Kliﬁmqp, ‘1978)
and the monomers. of these immunoglobulins had no affinity for 3SC
(Veicker & Underdown, 1975). Indeed, SC did not bind to the surface of
living TOL in vitro despite its avid binding to IgA-containing TOL

cells in fixed smears (Grosse, 1978). In addition. neither free IgA

nor anti-SC serum interfered with the localization of MWN blasts

(Mcwilliams et al:, 1975). Thus there is little support for the

hypothesis that SC might be a receptor in mucosae for localizing

blasts. ’
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§.7.5 Histocompatibility anmg tlast lccalization in muccsae

Since histocompatibility amtigens are inmvclived in  lymphocyte
interaction§ and tissue recognition, perhaps they are 1nvolved iIn  the
blast-endothelial interactions rnecessary, for extravasation in the
mucosae. However, Mcore and Hall found that 1ZSI-Udr iabelles
prefemoral node blasts from sheep extravasated in necnatal rat small
intestire. Thus whatever the exact mature of the putative complementary
receptprs on immunoblasts and endothelial cells, they act across species
barriers, and therefore there }s no evidence that histocompatability -
antigens .aré involved in selective mucosal localization. However,
Curtis and Renshaw (1982) showed that allogenicity in histocompatibility
antigens can lead to increased lymphocyte acdhesion to  pulmongry
endothelia in vitro and suggest that histocompatability antigens might

influence lymphocyte traffic by mediating their adherance to wvascular

endothelia.

-
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8.8 Summary

Several technical censideraticms have been stressed in  this

thesis and it is haped that this will be helpful in the design of

further studies cn selecfiue blasi localization.

. The different information obtained by using ‘either
autoradiography or radioc0untiné to asseés adoptiue transfer experiments
argues for the use of both of these techniques. For example,
radiocounting provides data in terms.of the recovered ?radioactiuity,
either for an entifé organ or per unit weight of organ, as a percentage
of that injected (an internaﬁﬁ_bontrol for the dose of blasts
tfansferred) or as a percentage of.thg total recovered in the body or in
a particular organ or set of organs. The radioacfiuity is assumed to be
cell - associated and unifofmly distributed between all cells. These
caﬁaitions are net aLyays met. In contrast autoradiography provides
data in terms of the number of radiolabelled cells (including %ny
produced by division after transfer) per unit uol@me {cf' tissue ‘and
allows the morphologic location of the cells to bgldesgribed. However,
as demonstrated in this thesis, autoradiographic'éxperiments must be
carefully controlled far the number of labelled cells transferred and

-~

the reproducibility of replicate determinations on the same samples

shoyld be stated since this can be guite high,' particularly when the

concentdgtion of cells in the tissue is low. Some of these differences

between autoradiography and radiccounting méy produce thé unexplained
smaller differences observed in selective localization when

radiocounting rather than autoradiography is used to evaluate

localization. -
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I mave shown. by transferring different doses of blasts, that a

-

certain proportion of tnose transferred will localize inm =2ach tissue.

ihis properction is a characteristic both of the blast population and
the recipient tissue. This is an important eoneideretion in
experimental design since I found that ceontrary to garlier work 1in

2nse of nlasts transferred was not controlled, MLN compared

-

which tn
ﬁo PLN blasts did not selectively localize in pulmonary parenchyma,
Both my dose -studieé and the studiesiof othet inuesfigators on the
effect of blood flow on blast~localization, show that.Peliuery of cells
to a tissue is a factor which directly influences the number which will
enter that tissue. This has implications in prophylaxis or thefapy

A

since’ it shows that imcreased afcumulations of immune cells can be
expected if immune MALT - derived blasts are.delivered to a mucosal
tissue in greater numbers. either by direct stimulation of MALT, by
transfer of blasts, or by increasing blood flow to a particular organ.

. The lungs have often Abeen considered as one .tissue{h.in
localization studies (of mecessity in radiocounting experiments).
However, the greatest volume of tissue is parenchymal and localizat;on
in this region may reflect both mon - specific trapping in papillaries
and its non mucosal nature. In contrast BALT and bronchial epithelium
and lamina propria comprise a small proportion of the total organ and
in the past no attempt was made to record the area of these regions
when documenting the appearance of blysts after adoptive transfer. I
found that in the mouse, BALT was only present in 3 of ,15 recipients

(in one experiment) and that the area of this region available for

scoring was cnly 1.5% of that normally sampled in autoradiographs of



small intestire. Simiiazly. <he =2rea of pronchial epithelium was only
¢

0.5% to 4.3% of the area normally sampled per animal. Therefore I was

unable to suggest whether @LN blasts ccmpared to PLN blasts selectively

localize in pulmanary mucosae. I suggest that the guestion of mucosal
localization in the 1lung be addressed im a larger animal than the

mouse, such as the rabbit in_which BAET and bronchus can be discected

and assessed separately from parenchymal tissue, both by radiocounting

-

and autoradiography.

" The importance of characterizing the population of blasts under ’

study cannot be overly stressed. The literature is complicated by the
use of the same terminology {(MLN, PLN, TOL) to describe populations of
cellé which undoubtedly differ in composition because of the numerous

qptidenic stimuli and routes of immunization which bave been used “to

enhance .the proportion of blasts in these populations. Populations

from one organ source which were not specificéliy stimulatéd have been
compared to specifically stiﬁulated popdla@ioés .from another organ
;ource, without. attempts to control for ﬁhe differenﬁ proporfions of
uarious subpopulations.. The trend to more fully chafa;terize the
population being studied has bequn and must coptinue.

Many gquestions Ean be addressed Dy folLowing these
subpdpulationsn individually.  We know that MALT derived blasts which

f *-
produce antibody isotypes other than IgA localize in mucosae, but do

- they localize selectively when compared to a popuiation which contains

the same number of blasts of the same isotype stimulated in PLN by the

same antigen? Similarly, T blasts from MALT selectively localize in

e 8 i il e b
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mucosae. But do subpopulatians of T blasts have Q}Fferent migratory

Lo
T

characteristics? Thz route of immunization influences the pcpulation af
specific T thelper and T suppressor cells in mucosal or peripheral
tissues. Is this mediated by selective loca}iiation?

In the feflale genital tract and mammary gland tne mucosal immune
system 1is influenced and the localization of MALT - derived cells ‘is
-enhanced by female sex hormones. However the small intestime is natl
altered as a localizati#h site for these Cells by pregnancy or at the
various stages of estrous. Siﬁilarly, I have shown that the small
intestines from male or female animals are équally attractive for MLN
blasts from donors of eithe} éex. ~ In contrast with the lack of effect
on ‘the tissue in which thesg blasts localize, I detected a two to three

fold greater localization of MLN blasts frommale compared to female

donors in the intestines of either sex recipient, This phenomenon
dissappeared between September 1980 and August 1981\ and neither its
initial existance nor its subsequent loss hgue been explained. The
gonadal hormpne ezyirogment in uhi;h tharblasts developed did not
influence their localization in the small intestine 24 h after transfer.
I cannot comment on the relevance of this observation to the phenomenon
of increased localization of male blasts since this phenomenon may have

already dissappeared when the experiments involving hbrmonally altered

donors were performed. : 8 -

X My éutoradiographic, and radiocounting studies and the

\ﬁadiocounting studies of other investigators  showed a rapid
accumulation in subsequent loss of blasts from the lungs. One

likely explanation for these observations mould‘QE"tHE~£emporary

U
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trapping of transferred cells in the pulmonary capilliaries.

Both my autoradiographic studies and the radiccounting studies
of others demonstraté.selectiue localization of MLN compared to  PLN
blasts in the small intestine by 30 min after transfer. This
informatign, combimed with data from others which show no larqge
acecumulatian of PLN olasts in the lymph draining the intestine. suggest
that selective localizatiom 1is initially determined at the time of

.

extravasation. Perhaps complementary receptors are present aon vascular
endéthelial cells in the mucosae and on mucosally cderived blasts.
Since such receptors seem to be involved in the traffic of lymphocytes
into lymph nodes, perhaps experimental aéproaches similar to those used
to investigate lymphocyte traffic wog}é.be informative with respect to
the mechanism of selective blast localization. What effect would
trypsin treatment have on blast localization in muébsae? Perhaps an in
giigg assay for bast adheren;e to mucosal vascular endothelium could
be developed.

Investigations by otbers using surgical procedures suggested

that the PP was not likely an important site for blast entry into

intestinal lamina propria. In support of this hypothesis, I have found
that the concentration of MLN blasts was the same in the lamfna prdbria
meedlately adjacent to and dlstant from a PP at both?30 min and, 24 h
after transfer. In addition I found that the distribution of MLN
b}asts was the same in the basal and villus lamipa proprié at both 3d

“min and 24 h. I suggest that blasts likely extravasate in the lamina

propria and may remain close to the site of extravasation, Dr.

P
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McDermott in our laborafory has shown that T and B blasts are present in
different proportions in the villus and baéal lamina propria at 24 h
after transfer. It would be interesting to examine their distribution
soon after transfer. This would suggest whether the distribution of T
and B blasts was determinmed at extravasatien (presumably by specific
reéeptors) or later (perhaps ;y selective retention or selective
proliferation). Indeed, although specific antigen is neither necessary
nor sufficient to cause selective localization; Husband (1982} has found
that anti-toxin producing cells were retained longer in and were
distributed preferentially to the basal lamina propria in an intestinal
loop containing the specific antigen. In contrast cells directed
against an irrelevant antigen were distributed more uniformly betuween
the basal 1lamina propria and the villus and remained in the 1loop for
less time.

To conclude, blasts are endowed by virtue of the si in which
they encounter antigen, -with the ability to extrauaséte and accumulate
in particular tissues. I predict that we will find thislprocess to be
difected' prfmqfily by specific receptors in the vasculature. However
there will “not likely be a éimple relatiqnship between the site of
generation and the site of localizatioﬁ of a complement éf’ cells
stimulated by contact uith-; particular antigen. Certainly precursors
for antibody producing cells, memory cells, helper and suppressor T
cells would be expected to be directed to different locations.
Investigations of* specific subpcpul:Lions of blasts should lead to a

better understanding of selective mucosal localization and of immune

responses generated by exposure to antigens at mucosal surfaces.
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