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SURIMARY ..

The aim of this thesis was to examine some of the
Lvmphold effector cells wihoch are involwved in intestinal
call-mediated immune responses as exemplified by the

intestinal phase

of graftt-verus-host reaction CEvHRY .
The cells which wers studied werse natwral Biller (INECY
cells and  intraepithelilial lyvmohocoytes (TEL), both of
which are %mundx}ﬁcr@a.md numbers dring a GyHR,.

The first superiments examined whether a GvHR  in
guperimantal  mice could be used to assess the cell-
madiated  immune effector potentials of different types
af donor Lymohoid cell. Both parental MLN and spleen
celle caused splenomegaly and enhancement of N activity
i oundreradiated Fohvwberid sice, bubt MLN showsd a greater

H

abriliity o induce the sy

=md ¢ changes of GyHRS This
was  nol o maerely dus o oa larger proporbion of T cells in
ML But was related to the greater ability of MLM cells

o recivoulate  into host lyvmphoid LissUEs. Thie

induction of splenomegaly and M cell activation in SvHR
ware shown o reauire donor cell proliferation, as thess

alterations were prevented by treating donor cells with

mitomycin . These +tindings condirmed that  the GyHR

e kel call sffector potential ir

vive  and  highlighted the importance of  donor  cell

proliferation and recicoulation.

The role of donos NE cells in the development of

svetamio  and  dntestinal By was sxamined by o

ing  ME

cell-deficisnt beige mice as a source of donor  cells.

e
e




Heige spleen cells wers unable to induace sither acute ore
proliferative forms of systemic GvHR  in unirradieted
mice and could not produce a local GBvHR as measured by
popliteal Lyvmph node  hypertrophy. Furthermore, helge

splesn cells  induced a milder form of intestinal  GvHE

i

than that Found after indjection of noreal, congeni

LET7RL. A& (R

cells. However , beilge spleen cell

in

were as etficient as B cells in inducing a lethal BvHR
in drradiated hoshs. Although these results swggested
an dmportant role for ME cells in the effector phase of

v,

gquent examination showsd that bheige mice have

an o additional  defect in the generation of ovhbobtosic T

Lymphoovtes (T din e oand in viva. In contrast,

Feige mice had normal DTH responses in vivo and  high

proliferative responses L0 e Therefore, the

imability  of belge splesn cells to mediate a GvHR  in

v rrasdi ated mice may not only reflect thelir lack of RN

[
HH
Lt

L Fumotion but may also be dus  to  an associsted

fefeact in T oecell function. Th

fimdings  may also
imdicate that ovbotoxic lymphoovites play an  important

pat A Thes ole

L opment of GeHR,
The role of IEL in the development of intestinal
chamag e WS also appraachesd by studying thedr

alloreachivity in Vivo. The data presented hsr

i

~E

condirmad that TEL were capable of inducing & local ByHB

as measwred by oopliteal lyoph node hypertropny ar atter

intrapesitoneal dnjection. Mavertheless, they failed to

induce a systemio GvHR atter intravenous indsction  into

itrradiated reciplents. The fact that donor cells

FrEu e bo enter host o lyeaphoicd fissus in order to

[¥S
-
e




meciate alloreactive Lomuanes led me to compare

the migration pathways of intravenously injected TEL
wi th T those af ot her cartvert D onal Lyveaphiod d

mopulations. These studies showsd thet 1EL failed to

tympholid i ssa ko oviver, arid amcuinl at

predominantly in the Liwver. This abnormal recirculation

wWas  nodh cue o bthe progediure used to i=zolate TEL and
eeaddoad it e edplalined by poor  wviability  or Low
praliferative ocapasity. Foartbiesr mor e TEL did et

mlgprate Like immatwre lymphooyvites or activabed

prear i piesral Lwiph node cells. I contrast  to  bhes

Findings, TEL. fad & polarised sorphology and an

O e iAol Ccapaci in W]

Ly, These

characteristiocs of acbivated celles lad me to @samine §F

TEL couwld migrate into sites of inflammation in the sane

way asn obther activated Ivophoovbes. These last =@eries

ok sumsrimants showsd that weare able to lo i
b es o it L amed robut Failed b 3

LT

Mtes are consistesnt with the

my e

that  The heterogenous popualation of TEL oontains a

proaportion of fully differentiated effector oells.
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L

et TN

Ced L-mezcll ated dmmuni bty (OMEY is that form of the

AT which involves T lymphooyt rat e

than dlmmune reactions o which antibody is involved and
e probably the principal host defernce mechaniem against

Mary intracellular pathagens, including VIFUEEE,

[ I arcl several bhacteria (Roitt  1984d). A e h

activatbion of anti

pr-specific T cells is the necsssary
irdtiator of & CMI reaction, aotivation amd recrul boent

wf many obther, non-specific sffector cells, such  as

macrophages, MO ocells, mast cells, polvnorphonucl ear

cells  and sosinophils is also a characteristic featuwre

o

ponses (Rodtt, 19843 Lnder caErtain
concdi tions, the activation of these nor-soeclF i

[ T W e art L sy

Car Callses BE e tama g L Pt

bismsues (Rodbt, 159843,

Thies s ] inte

e le constantly 0 An

.

arnormnots nunber of potentlally pathogenioc intracel lul ar

cargrand sme and has

evolved a compler local immune  syvsbem

v

to cope with this antigenic load. Theredoare, it might

bvee amticipated that OMI responses & an important
coanponent of intestinal defences against invasion.

This hypothesis has been confirmed in several parasttic

¢

(Fevrguson and Jarrett, 1975 MacDomald  and

Pl G LA QT 1978y Manson-Smith, Bruoce

and Farrott, 1979

ard it has been shown that these local FRESONSEE ares

associated  with severe intestinal damage (MacDonald ard

Fergusan 1978 . Fuor ther more, ceErtain climioal

-y
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ariteropathies such as coeliac disease and cow's milk
protein intolerance, a8 well as the intestinal changes
found in bone marrow transplamtation patients with GyvHR,

i ated with intestinal as well as a local L

=0 163

reaponse  (Mowat, 1984) . Therefore, it is imporbant to
urnderastand the mechanisms by which dndtially useful
intestinal immane rESponses can result in lacal
pathology.

The pathological  featuwres of intestinal (N

responses have  been studied in several  animal models

including gt v

sus~-host reaction, allogratt
r@jmctimn‘ arcd induction of OMI to dietary protein
antigens (Ferguson and Farrott. 1973 MacDornald and
Fresr oo, L7 Mowat armd Fergusan, 1261 1982 . These
studies have revealad &  characteristic pattern  of
mucosal alterations which includes villus atrophy, crypt

Moy el g

the epithel ium {(Mowat and Ferguson, 1981 and which may

e accompanded by recrwibtment of M cells and MMC

(Borlard, Mowat and Parecott, Mowat and Ferguson,

o

1982 . FAlthougtn, studies of maring GeHR have suggested

that & local DTH response causes the pathology, it i

moxt known which particwlaer  sffector mechanisns  are
responsihle for Lhe Tissuwe damage. The purposse of this
thesis  d8 to sxamicne the possible role of two gfftector

maechanisms in intestinal CHD respons intragpithelial

Tyvmphooyvbes (TELY and ME cells.

i@ and increased lymphoovtic dnfiltration of




Elucidation of the effector mecharnisms invol ved in
the pathology of CHMI responses regquires a reproducible
guperimental  model in which defingd alterations in
immuang  function are associated with different forms  of
tissue damage. Graft-varsus-host reactions comprise the
pathaological and dmmunological monseguences of  the

recogrilbion of hos

immunocompetent T

crlls amd have interested both clinicians and

seientisats, partly because GvHR dis the principal

conplication of allogeneic bone marrow  transplantation

f g

(8lavin and Santos, 19

and partly because it provides
a usaful model to study mechanisms of imoune  regulation

ancd dmmunopathology (Blelochmann et al ., 1584; Bril and

BRenmer , 198%5). This is especially so for the intestine,

whidoh e a maior tearg recpan An ByvHR.
The  oubooms of & ByHR Dnvolves a wide spectrum  of

pabthological  featwes and reflects complex interactions

frrem b

both donor and host elements. The consequences
cdepend an the iomunoclogical state of the host, sy well
as  the natwe of the donoer T cells used to induaece  the
reaction  and on the degree of histoincompatibility
hetwesn donor and recipient, Furthermnore, a variety of
mpecific anti-host iooune mechandsos have been described
in the effector phasze of the GvHR including ovtotowxic T
Lymphooyte (CTLY activity (Cerottini, Mordin and
B e, 1971y 8ingh, Sabbadini  and  Sehon,  197E
Fibiorta, Tahibkawa  and  Saito, 1982, auwtoantibodies
(Gilelchmant @t aloy 19849 anc del aved tyvpe

hypersensi bivity {OTHD {(Wolters and  Benner, 1978) ,



while several non-specific mechanisms such as N cells
and macrophages (Jinkernagel , 1980 are also activabted
as a conseguence of the initial T cell activation. The
following sections will review briefly the immunabiology

and  pathological conssquences of this complex  reaction

in edperimental models.

amg L0 Gyl

Tt has  lovg  been known  that oane of  the most
important  regquirements for the indtiation of GvHR is &
differgnce between the host and donor at the  MHO
(Bl lingham, 1HEE) More recently, the development of
MHC  congenioc strains and smice carcving  defined  MHEC
mutations have allowed more detailed study of the MHC

cifferences which induce a GweHR, Al though both Clas

[

(H-2 B0 and Class 1 (Tay MHO differences can lead to

svetemic SvHR in mice, Clase 1 MHC differences tend to

e more gfficient in terms of mortality (Flein and Park,

L kdins, 1976 Hlein and Ohiang, 19763 Klein, 1978;
Jadus  and Feck, 19830y, splencomegal v (Eleing, 19775,
macrophage activation (Zinkernagel ., 1980, and anti-host
DTH activity (Wolters and Bennee, 197%) . I acdition,
the  dintestinal  phase of  GvHR e entively Olass 11
reastrioted (Flguet, LTREE, Mowat, Borland and Farroth,
19847 . The ability of Oless I MHD gdifferences  to
imduee a GBvHR is more variable, and depends on the assay
wsed, as  owell as  the perticualar  antigen  involwved.
AEllelic Class 1 differences in congenic mice elicit

£



mirdmal T cell proliferation in vivog (Elkins, 1978, and
cause  only very  milad GyHR in sublethally  irradiated
recipients  (Klein  and  Chiang, 19785y . Nevertheless,
VBT mortality can occcur  dn heavily ivrradiated
racipients (Horngald and Sprent, 1985 . The induction

orf anti-host DTH activity or splenomegaly acrpss a Ulass

-

difference is normally of low or moderate intensity,
depending on the allele concerned (Klein and Park, 1973
Fowwat et al., 1986a) and there are usually no intestinal
o obther  specific pathological consequences during a
GvHR in Class I congenic mice (Bleichmann gt al.., 1984y

Mowat el

ala g 17B&a0 . In contrast, mutant Olass 1
molecules elicit guite strong responses as measured by
the induction of splenomegaly and lethal  GvHR BHlein,
1@ TE Forngolod and Sprent, 1985 . Futhsrmore, several
studies have  shown that & combination of Class [ and
Clags 11 differences e reguired for full-blown  GBvHR

{Wolters and Benner, P8l Glelchmann el

Y . 1984) .,
Firmally, it has also been shown that & strong GyHR can
e induced across some minor stoconpatibility antigens
(orngold and Sprent, 1978), with  the Mls loous heing &
particular  sterong inducer of BvdHR {8l anc Benner,

1985 .

b GvHR

The relative roles of Tods and Thsd in GvHR ds
ighly controversial and depends on many of the factors
i scussed above. Moet  studies have spprosched  this
issue by sesparating Thsi and Toss on the basis of their

sxpression of specific surface marbkers. I the initial



e

studies of Cantar and Boyse (1978a, b)) it was shown that
Lyt 1+2M (ChB Heells ware the principal  responders  in

- - ..‘..
et ML and  GyvHR whereas Loyt L 2" (D cells

wrvted for cbhe resul ting allospecific CTh  response

.,!.. -
Subsequently, it was shown that both Lyt 12 T and Lyt

cells  were reguired for full splenomegaly  and

oy

mortal iy, although byt 2 cells sometimes are effective

alone (Mage and Huagh,

1981 Vallera,

3

- " . R o
Soderling and Kersy, 1HEEy G chmann g

........ Aaley 19847,
™~

i i ! vy “+ .
In the rat. it has also been shown that C04 cells aee

the principal ioducers

cf systemic GvHR i drradiated
. e e - .

hosts,  although TDHE cells may also play an  imoportant

sacondary role (Masonm, 1981y Barclay and Mason, 1982

T parallel with its Olass 11 restriction, e

whinal phase of muwrine Gy appears to depend on Lyl

1o (Mowatl

ala, 198&a) .

Moy g et studies in mice have Lmenrd e

af  LETE as & non-overlapping marker of Olass
Theremetrioted murine T helper ocells (horngold ard
Seent, 1285 . This worlk  has shown that deplsbion of
g . . ) i . .
[ cells from the  donor dooculum consletently
prolongs host swevival dhueing a GyvHR agross a full A

=
imcompatibility. In contraest, depletion of Lytd cells

mear e vartable effe

s depending an the strain used
orngold and Soeent, 1985 . These results have been
contirmed in ouwe own laboratory.  When highly  purified
LATE and vt 2 T cells subsets were compared for their

capacity  to  dnduce a GvHR across isolated Class 0 o

I MHC barriers in congenioc or matant mice,




vy e

shiown that Lyt 2 cells responded strongly and uniguely
to Class T differences, while L3T4 cells could not
induce moartality or  dntestinal GvHR  across  Class ]
differences but showed strong responses to Class 11
alloantigens (Kornaold and Sperent, 1985y Sprent et al..
19887 . Thus, it appsars that bobth subpopulations
of 7T cells are capable of inducing GvHR  across  the

appropelatse MHD antigens (Sprent g

H1)

Al .y 1984y, but it

i  not  clear whether the mechanisms utilised by each
subpopul aticon are ddentical. Nevertheless, it should he

ik ed that most abtucies of GvHR across full MG

i

L

diftferences enphasise the role of Classe 1 restricted

caelle, which are believed to be Thii.a

t

The exact pathological consequences of & GvHR
cepend on the age and immunological statuws of the hostht,
asn wWell as on the MHD disparity bDetwsen host and donore
and  the Lvpe of T cell used to elicit the reaction.

Mowswvenr,  the principal target organs in most cases  are

the Done marrow, the lympholid svstem, the liver, the
gut arg the skin. In addition, there may be lesions in

other tissves including the panoreas and  the salivary

¢l ands (Elikins, 197 L Girrebe and  Streilein, 1976

Seemayver, Lapp and Bolande, 19773 Reschorner, Tubschka

and Santos, 1983ay Lapp 1985 .

Twer  disticoct  forms of GyvHR have been  described
following allogengic bone marrow transplantation CEMT)Y
I maEr . T the acubte disease there is necrosis of the

liver, skin, gut and lymphoid tissue, while the chronic




frm is characterised by proliferative changes in  the
same organs leading to sclerosis and fibrosis. Finally,

a state of severe immunodeticiency may result (Seemayer

et al., 1977y Lapp el al., 19835 . which may be due. to

T% or thymic damage (Seddilk, Spemaver and Lapp. 1984

Lapp et L9853 . Although  similar  patterns  of

i

Hasd
3

-2

disgase have been described in rats (Beschorner gt al.,
198%ab) , the pathogenic mechanisms have nob been
establiehed in this svetemn., There is no real eqguivalent

o the human disorder in mice, but Gleichmann and co-
warkeras  have  identiftied & model in which different
patholagical consequences ocour and appear to be due to
clitferent effector mechanisms (Gleichman efb al.. 1984y .

The oost s@evere form of this GvHR is  an  acute

chisorder assocdated  with weight loss, liver and  gub

I QL 6, as well as Lymphoid hvpoplasia, Done marrow

)

. . . .. w
Failuwe and freguently death. Both Lyt @ and Lyt &

)

cells recognising & combimation of Class 1T and 11 MHC

differences are reguired for this acute ByvHR and it has

2

suggested that suppressor T o cells, rather than COTL

are  the effector cells involved (ﬁﬁg chmanrn et al..,
19847, The ohroanie foron of this GvHR model is  an
entirely privcrl L Ferative clissase  which resul b in
persistent hyperplasia of B lvmphoovtes leading to
hrvperganmagl obulinemia and the formation of several auto
antibodies as w@il a8 dmmune complexes., As o a result,
affected i e clesve ] op glomerulonephritis, and

immunoglobulin deposits along the basenent membrans of

The  skin (%%ichmann @l 1984 ., (ther signs

characteristic of collagen vascular diseases also ocouwr,

3
~ii



including arteritis, polyarthritis, Siogren and
scleroderma-like lesions, artd liver disease Cvan
Rappard-van der Veen gt al., 19S5 Fals, Radaswiewics
arc Glelchmann, 1984, This chronic GvHR is induced by
Lyt 2 cells recognising isclated Class 11 MHE
differences and appears to be mediated by prolonged
activation of a&llospecific donor T helper cells. These
findings illustrate Tthe wide range of pathological
consegquences which can cocow in a GvHR and the potential
usafulness of the GvHR A% A flexible model to study the
Lmmunopathologl oal functions of different CMI  sffector
cells.

As the owbtcome of a GvHR depends on the model used,
technigques  to measwe the intensity of GvHR  must  be
ey e caretully amd  must  be  appropiate  to the
particul ar model. The assays uwssd most often to assess
an acute, destructive GvHR are wmight loss and mortality

assays, while oore prolifecative forms of  GvHR are

usually as by assavs of lyophoid hyperplasia, sLch
am o splenomagaly  or popliteal  lymph  node  hypertraphy

{84 mor e

v Ford, Buorer o anc 8lmonsen, 1970).

Although,  CTL have been generally assumed to play
a major role in tissue lesions during & GvHR (Elkins,
1974, 1978, many workers have found no  correlation

between lethal GyMHR and the development of OCTL Gladus

and Feaol, Ahy Mamilton, 1984). However, it has bheen

reported  that the development of GvHR  doss correlate

10



wilth  anti host DTH P@Emmngﬁﬁ(wmlt@rﬁ amnd Bener ., 1?78);
as  has alseo besen sugogested  for in  allograftt
rejection (Loveland and Mokenzie, 1982,
Immunosuppression is a featwe of various models of
v (Moward and Woodradf, 19&1y Blaese, 1964y

Ell__ oy ,‘ “f“&"‘l’: Y. (AT

Tutschka @t al., 19805 Gii chmann al
noted above, allospeciftic anti-host suppressor T cells
Mave besn showsn in some models (Fals et al., 1984 but
non-specific suppression is & mare freaguent f\.nding and
seens to be mediated by an increase in prostagleandins

(l.app et

aley 19800, IFM (Zawatsky et al., 197%) . The
ol oe of disordered immunoregulation in the {tissue

patholagy is nobt clear, but the studies of Glelchmann

illustrate the potential

af Te and  Th  in
mediating speciftic lmmunopathology. Im  addition to
these specific smechaniems, activation of non-specific

mechanisms sdeh o as MNE cells of GyHR (Roy

Borland et al., LS Hubmhé gt al.., 128%  and
macrophages (Zinkernagel , L=E0) correlate Witk  the
devel opment of GvHR.  Prevention of lethal GyHR by anbti-
AsGEML treatment supporbts the evidence that NE cells may

contribute to the pathological disorders  of G R

(Charley et al., 1983,

phase of GvHER,

Intestinal damage is an almost invariable clinical
aridd  experimental {fesatwre of GBvHR, but the degreese  and
rnature of  the damage depends on the severity of the
reaction. At one extreme, the intestinal alterations may

consist  only of minor changes in mucosal archictecture

11



sueh as  transient increases in oervpt o oell preoduetd on
rate (CCPRY and orypt length (Mowat and Ferguson, 19832,
In a severe GvHR, the early stages are cheracterised by
& similar proliferative phase (Mowat gt al., submitted:
but this  is  followed by the development of ilwllg=]
destructive changes such &ﬁAV1110UE atrophy and mucosal
degeneration  and neorosis (Reilly and  Firsnee, 19683
MacDonald  and  Fergusaon, 1?7?) ‘ The resulting
mal absorption is an important cause of death in  animals
with GvHR (Reilly and Eirsner, 19285 and the intestinal
phase of GvHR contributes significantly to the morbidlity
aricd mortality of petients developing GvHR following bone

T P i transplantation (§lavin  and Bantos 187y

Glucksberg et al.., 19740 . The ochangesg in  mucosal
archictecturs are accompanisd by dnfiltvration o

lLvmphocyvtes  and  obher oononuclesr  cells (Blavirn  and

Sanlos, Woede st § Leg 1978y Guy Grand

1976 includes MMO and ME cells. &n incoreased density of

is a particular featuwres (Mowat and Fergusor, LerEEy
and infilirating TEL in BeHR bhave an inoreased mitobtic

achivity (Farguson @

i

toaley L9284 and  increased  MNE

activity (Borland

al., 1983,

The pathological  cohanges of intestinal  GvHR  are
zimilar  to those occcuring duwing clinical enteropathies
(Ferguson, MoeCluwre and Townley, 1976y Fhillips gt a&l..
197%) the intestinal phase of GvHR has been sugoested as

a  good  model  to study the mechanisms of  intestinal

damage due to local CHMI.  The mechanisms responsible for

Lhe int Linad damage  in GvHR  are still s by

q
S



understood but of studies in unirradiated mice show that
intestinal damage cccuwrs in the absence of specific CTL
(Bewland et al., 19835 . In  addition, intestinal
pathalogy svolves in parallel with  the proliferative
changes of systemic GvHR (Mowalt and Ferguson 1982 and
ooouwrs as  a bystander phenomenor o gratts of  foetal
intestine which ars syngeneic to the donor cells used to

e

the GyvHR (Elsom, Rellly and Rosenberg, 1977
Mowat and Ferogusoan, 19810, Finally, the intestinal
damage is  induced by Lyt 2 caells which are
activated by Class I MHC alloantigens carried on bone
marroaw-derived cells (Mowat 19843 Mowat et al.., 1986a).
CTL  are found in association with the more destructive
intestinal OvHRE which occouwrs in drradisated mice, this
intestinal pathology is  also I-8  restricted (Figuet
185 amd ooowrs as A byvstander phenomenon (Mowat et
= R submitted for publicationd. Together, theses
findings suggest that DTH responses are responsible  Ffor
the dintestinal  phase of GvHR and it has been  proposed

that T cell derived lIymphokicnes may be directly

responsible for  the tissue damage {(Mowat

198&a0 . However, bthe recrultment of M cells and  MMOC
during  the  bthe mnucosal phase of  GvkR  raises the
possibility  that nQNMSﬁﬁcific etffector calls may be the
fFimal mediators of  the intestinal  pabthology. This
thesis attempts to address the role of local effector
cells  dn the pathogenisis of intestinal CHMI responses,
'by investigating the immune effector potentials of TEL.

arch MED cells.

1E



NMatural  killer (NED cells are effector cells which
are capable of rapid, non-specific cytotodicity against
a range of target cells, w ithout evidence of MHC
restriction  or domunological memory (Becker, Fernvea and
Fleain, 1976 Matural sytotoxioity WeEE firast
discovered when it was found  that  lymphocvites from
rermal  wrimmanised individuals could lvse certaln bumoure
cells in vitro (Herberman et al., 19775y Oldham et al..

1973, Rosenberg gt al.. 192747 . Since ’c.|:1c~z~n.J natural
ki 1 ler cells  have been recognised as a distinct
subpopulation  of lvmphoovies in virtuwally all  species
edamni ned (Herbecman et al., 197%: ldham et al. . 1973;
Rosenberg, 1974). Furthermore, although initial studies
concentrated on the possibility that this new lymphocvte
pemal atd on representad a  natwral  dmmunoswvelllance
mechanism against  tuwoowrs Lo vive, mnore recent work has
indicated that NE cells have a wide range of regulatory
arnd effector functions in many different typaes of Domane

response (Revnolds and Oetaldeo, 19870,

Morphological  and  phenotypic characteristi

Pl activity i assoclated  wilth & distinct
subpopul ation of lymphooytes which can be identified
morphologically  as  large granular  lvephooyvtes (L.GL)
(Timonen at al., 1981 Revnolds el al., 1981; EKumugai gt

al. ., 1981 LBL have been found in all vertebrates tested

(Herbhermarn and Holden, 19760 . arted are  larger than

14



conventional small lwvmphooyvtes with a diameter of 1&—
20um (Ortaldo and Herberman, 1984), & slightly indented

nucleus  and several asuwrophilic coytoplasmic granules.

grranules appeas to play an important role in the
target lysis and  they have been shown  to contain  a
valr L ety ot cytotoxic factors sach  as cyvitolysins,
perforins, proteasses and esterases (Koren et al.. 19873
Herbermarn, Reynolds and Ortaldo, 1964) .

NE cells are non-adherent and none-phagooytic cells
which express a compled range of swface markers, some
of  which  are shared with obther cell types and others
whioch  are partly o uniouely restricted to NE  cells.
The asituation is compliceted by the fact that natural
cylhotoadicity can be mediabed by a heterogenous group  of
cells, dncluding activated T cells and macrophages

{1 omim

Y 1582y Flosd tt, Brmgtp$f and Male, 1985 .
HMepaeaver , stuwdies  wsing highly defined populations show
that  the majority of bhuman ME cells express the pan T
cell  markers CDE2,  buat not CDE (rtaldo and  Herberman,
15D In rodents, & emall proportion of M cells carry
the  Thy L marker (Ortaldo and  Herbermar, 1984 . In
rats, N cells are CD$+? but meost NME cells in man and

mice do not expre

Toess markers (Reyvnolds and  Ortaldo,
1987, RE cells are uniformly negative for CD4  marker
(hrtaldo and Herberman, 1984) and swrface imnmunoglabualin

(aler bt high levels of the JTL-Z receptor

(Trinchieri 192840, These findings - are

complicated by the fact thal NE cells also edpress &

variety of nveloid cell markers such as ORML, Macl, Fc



recepltors arntd  receptors  for  the C3b fragment o

complement (Ortaldo and Herberman 1984) . However , they

do not eupress MHD class 1 antigens. Thier e
saveral markers which appesr to be  WNE-cell 3
including CDLés euw 11 and MeEM-1 {lew 19 in

asialo  GHMI (FsEML)Y and ME-1 in rodents (Reyno

hrtaldo, 1987).

Despite the presence of several T cell mark
activity 18 elevated in thymectomieed or cong
athymic  animals  and  thelr exact linsage is
matler of controversy (Ortaldo and Merberman,
Faecent reports have shown that truae NE cells
gxpress  mabturae T ooell receptors {L.anier, Cwi
Frillips, 1986y Herberman et al., 198&), but 1i
thyvmoovbes, may axpress  truncated forms  of

receptar bheta chain mBRNMa, bet do not express alp

mNA (Rite: et al.., 196

W) . These {featwes indic
MES oells are not related to matwe T cells but
edxciude the possibility that KNE cells represent
stage in the T cell lineage. fHe noted above,
are not dependent on the presence of & thymus,
Mas besn suggested that NE cells are derived
from & stem cell in the hone marrow (Hal ler
19770 This is supported by the fact that
aotivity is guisitely  sensitive to  agents
destroy the bone marrow selectively, like 898r

and Wigeell, 1977).
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Rotogeny of

Age  has  been shown  to have an important  and

consistent effect on the expression of ML cell activity
in rodents. M activity dis  absent at  birth, with
detectable levels appearing at 3 weseks of age, before
reaching a  peak  between S8 weehks of age and slowly
declining thereafter( Filessling, FElein and Wigsell,
197560 . Im germ—Ffrese animals N, activity levels are
lower than in control animals (Kim et al., 1983 Roder,
Farre and Fiessling, 1281 . Howewver , it showld be

rioted  that ME activity is present in humans from  Dirth

(Savary and Lotzova 198&).

and lysis of target cel]

A ot @ar i e, NE gells do not @avhibit
immunological  specificity and can react against a wide

variaety of synhgernelo, allogensic and 2enogensic oells.

Furthermore,  unlike coyvtotoxic T lymphooyvies , W ocells

do not demonstrate MHO restriction (O b g

al., 197&)

arnd, in  fact, have sbtrong reactivity &against  MHC
geficient targets. In addition, unlibke CTL, the activity
aof ME cells doss not appesr to be dependent on antigenio

sensitiration  and rno specific memory response has  bDeen

clemonshrated (rtaldo and Herbherman, 19847 .

tikiltity to cviotowic activity is not  restericted

Loy omalilgnant el b, as tostal cells, virus intected
cells @l subpopul ations of  normal Lymphioi d (i
hasmatopolietic sten oells such as thymus and bone marrow

cells, may also be suscepbibledNunn, Herberman and



el cem, 1977 Welsh, Zinkernagel and Hallenberck, 1979;
Hansson gt al.., 1979,

For these reasons, differentiation antigens may be
an dmoportant group of NE cell-specific targel structure.
Al heaghs this i supported by studies using
maturational agents in  target cells (Kabelitz and
Faurntel 4 1987 and wilth a wide variebty of target cells
(Herbearman, 1982 the natwe of the target structores
whiich  ds  recognized by MO cells is  nobt kEnown. The
transfer-in  receptaor  has been suggested as  one  suoh
structuwre (Vodinelich et al., 198% , bult recent resulls
o nobt support this idea (Dokhelar gt al., 1984). Bk
cell activity can be inhibited by lectin-binding sugars
ancl tles possibility remad s that differential
glyvoosylation of  surface proteins on dividing o
diFferentiating cells i 6 the target mexlecule
CWarbkmedgter, Pross and Roder, 1283, Despite the wide

apsctram of

tumowr target cells that can be  lysed, it
aticnald e mobted that ME cells do show sone selectivily
in their pabttern of killing (Herberman  and  Ortaldo,
1981, Many touamoue cell lines Al e relatively
insensitive to lysis by NE cells and there is some
evidence of  clonal heterogenel bty  amongst  different
subsets of N cells (Herbermean et al., 1984&4).

The  structuwr-e  which NE cells wuse to recognise
targat cells ds wunknown, but is not the Fo o receptor
(Ferussia ab  al., 1983, The evidence of limited
clonality in  some  NE populations and the presence  of

soame T oell markers has lead workers to investigate the

pHpression of  genes  coding for the T cell receptor

1€



{(Herberman et al., 1986). Although dinitial studies
suggested that CD3+ lymphocyte clones with non-specific
lytic activity did rearrange T cell recepltor genes (Rits
gt oAal.. 1985, these cells were probably 7T cells. Mor e
recent  work using highly puwitied rat LGL and  freshly
isolated CD3 LBL in mice, rats and humans have shown no
evidence of T cell receptor regarvrangements (Reynolds et

al., 1928%; Herberman gt al.. 1986, supporting the view
that HNE cells are not related to matuwre T cells. The
nature of the recogrition structuare on NE cells remains
uncl ear.

Lysis of sensitive targets is divided into a number
of distinct steps and is similar to the mechanism used
by CTL (Herberman el al.., 198&). The initial step is
the binding of the effechtor to the target cell. At ter
formation of this conjugate, bthe next step involves
trilgoering  of the intracellular procees required  for
lysis. This seems to involve orientation of ovtoplasmic

grranules  btowards the ar of  memkbiraneg contact with  the

target coell, followed Dby release of granwie material

into the target cell Herberman el al. ., 198&) . The

granules contain a potent caloium—dependent oybolytic
material and it has been suggested that these include
parforinsg which cauvse membrane lesions in the target
selles by polyvosrisation and formation of pores in the
limid layer {(Herberman =y ala 19842 . The
ultrastructuw-al appearance of the ring structuwres whioch

are  Found in the target cell membrane is thus analogous

ter the insertion of the tereinal components of  the



complement cascade (D9}, However , ME cells contain many
other potentially cytotoxic molecules such as ssterases,
beta-glucw onidase and an ME-cell specific cyhobtoxic
factor (NECF) which shares the target cell specificity
af the cells themselves. The exact role of all  these

medi ators in target cell lysis remains ohscuwres (Horen et

alkey 1987

lation of NE cell agbivity.

Several studies have indicated that there may be a
genaetic influence on the levels of MK cell activity. In
il e, Frigly MR activity appears to be inberited as &
cdominant trait (Fetranyi, Hiliessling and Elein, 1975) .
Meorase ME cell activity may be regulated partly by & gene

within the H-2 comples, as well as by  other non-H-2

geres (Roder el . 1EELY. A omimilar MHT linbage of M

activity has also besen identifisd in man (Santoli

i

L

127, The mnatw e of mast of the non MHC-)L1inked

genes s nob knows, but one gene of particular interest
is  found  on chromosome 13 in mice (Lane and  Marphy,
19732, First identified as & spontanecus mutation in
CETRLAS i cer, this "Pelge' muatat i on leads ]

abrnormal i bties in smkin pilgmentation (Wi ndhorst and

Fadgett, 1975y and in ME cell activity (Roder and Duwe,

1979) aricd wi 1l e odd

ik el L ater i omore  detail.

Other  mubations affecting M activity and  pigmentation
hrave besn independently reported SBhult:  and  SBidman,
LRE7) .

Endogenous N activity can be regulated by a

variety of agents particularly the interferons and thedir

oy
i}



inducers. Although initial studies swggested that alil
typas of IFN could auvgment NE cell activity, more recent
work  with highly purified or recombinant products, has
ghown  that alpha and beta IFM are the most active in
this respect (s@e below). Al thouwgh TFN gamma  was
ariginally reported to activate mouse M cells in vive
and in vitrg (Welsh and Deoe, 1980, more recent evidence
suggests that this lymphokine has  little, R SR { S AV
anhancing effect on cybotodic activity by N cslls
(Sayers, Manson and Drtaldo, 198641} . TFN alpha and beta
appear to act by increasing  the proportion of LGL that
ind to target cells, as well as by activating the lvtic
mechanism (Timonen @t al., 1981,19282) and increasing the
numbrers  of  effector cells (Ortaldo  and  Herberman,
1584

M cells express the interleuwkin 2 (IL-2)  receptor
(Trinchieri et a&l.. 1984 and  they proliterate  in
cesponse  to -2 dn the absence  of sthver sbtimuald
(Timonen &t al.., 1982y Trinchieri eb al., 19840 . In
addition to its effect on ME cell gerowth, -2 activatss
the lytic activity and prodecess  marked changes in

marphaleagy and Lytico speciticity (Hernnesy

al., 1%8L).
A1 though this was originally thought to reflect

rduction (W

F IFN gamma (Henrney et al., 19281, mowre

raecant  results  indicate that L2 acts directly on NE

cells (RS

LEEY . One potential source  of

difficulty in interpreting some of these resullts is that

T cells growt in TL=-2 exhibit enhanced non-specific

cybotosic activity (Burns gt al., 1985y, but recent

:

-y
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atudies  wsing highly purified and well defined bNE cell
preparations have confirmed the role of IL-2 on NE cells
(Herterman et al.., 1987).

A variety of agents inhibit the lytic activity of
ME cells. This inhibition of cviolysis may ocour elther
at the level of recognition and binding to target cells
(s demontratad by conjugats  formation? cie at
prastiincing o bybio stage. Agents known to dinbidbit NME
attivity at  the binding phase are EDTA and proieasess

(Fimssling amd Wiagzell, 1979 while ATF, cAMP,

mOrEnsin (ar dinhibitor of microfilament and microbtubule
e Emesrrh arg  potent  dnhibitors at the postbhinding

stage, possibly by preventing the production  and/or

el ease  of ME oyvlbotoxic factors (Herbermarn el al. .,

198&) .

The ability of NE cells to Ivse tusows  cells

led many workers to examineg the role of MO cells

in resistance bto tusouwrs Lo vive. Early studies showed

&  strong -correlation between N activity in vitrg and

n

resistance to trasplantable hasmopoietic tumouwrs Ln vivo
~N

in a wvariety of mouse straing (Kisssling

Wy

12 ¥

hi

a
b

Sendo et &al.. 19758). Imn addition, the fact thalt nude

il

mice have enhbanced NE agtivity and a normal or inorease
resistance Lo tumour growthy, supports the view that  NR
cells  may  bhe an important  T-independent  swveildllance

mechanism agalinst bumours, Reilge mice with defechtive NE




activity also show poor reljection of btransplanted and
metastatic tumowrs of haemopoiebtic origin (Karve et al
1780 Talmacge gg al ey 1980)% while human with  the
arnalogous Chediak-Higashi  syndrome have iopaired  NE
Frare i e arnd  exbuibit  oa high  incidence (BE o
apontanscus Lymphoaprol iferative disorders (Roder et al.,
1R800, Mowever, beige mice do not have a higher than
normal incidence of spontanecus tumours and M cells are
rarely  able to lvse freshly isolated solid tumowrs  in
Vit Thus, it remains to be proven that N cells
normally  play & roles in protecting the animal  from
apontaneous solid  tumowrs, bt they may be important in

reststance to tumowrs of hasmopoletic origin.

3

Frotection against infect

Lous organi sms.

Theres i1z incoreasing evidence that M cells play &

stance  to some  microbial infections,

particul arily thoss  of  wiral  origin (L.otzova arl

Harermar, 1988, Severasal investigaetions have shown that
M cells can lyvse vivrally infected cells and esistance
to  dinfection by some viruses s correlated  with  ME
activity (Herberman and UO-caldo, 19815, NE cells may

alen be involved in resistance against sons other tyoes

af infection. sueh as malaria,

resia microti (Ruebush
ard  Buegess, 1981 Buguwi  and &llison 19832 and the

fungus  Crviobe sof ormans  (Herberman and  Ortaldo,

1981y .
Immunorequlatory functions of NE cells.

NE cells show an wunusual pattern of distribution in

e animal, with the highest levels found in the spleen




ard Dlood (Roder st al.. 1981 . Furthermnore, as nobed
above, MNE cells can lyvsese thymooyvtes arnd  bons  mareow
cells. Therefore, considerable attention has focussed
recently on  a possible role of N cells in regulating

activity of  the ioamune and  haemopoietic  syesbemns

1 Ricoaro i @lonw 1981y . This is

supported by the faclt that the colony forming pobtential

Wi bione MaEr oW s can be  deoresased by

peedrcubhation with NE cells (Hannsson et al. . 19832,

sl alised foro of this activity may uwunderlie

the  ability  of certain, h©Besavily foradiated Fl Pk il

ML mhraing would redect Done marrow cells ferom one o

by parent strain This phenomenon appears tao be due

Ty M- Limked, e ive hvivyid histocompatihility (MR

geEnes whioh are expr anly in the honosygous parent

arct neh in bhe heterosyvgous Fl (Cudbowi cx and Stimpfing,

/a That hE cells mmdiaﬁm‘F} resistance is suggested
by the facts that the ability of F, mice to resist

1
during the 4th week

parental  bone marrow oells mabures

of lidfe, is radioresistant and thymas independent, but

il

regquires & functioning bone marrow, Fulthermore, agents
which deplete M cells, such as ; S, steroids and anti-~
AsGEML oar anti bl also prevent F, resistance, while both
carn be activated by IFN Hilessling b al., 1977 Welsh,
1584,

Sowngr mouse strainsg can also rejdect fully allogeneic
horne  marroaw,  buet although it was originally sugogested

that ME cells also mediated this rejection, racent data

indicate that allogeneic resistance is due to classical,

MHC-restricted T cells (Dennert, Anderson and  Warnere,

24




19837 . Finally, there is some evidence that certain Fl
mice can also resist a GBVHR induced by parental lvmphoid
cells  and therefore, host NME cells may help to protect
an animal from the consegquences of a GvHR (Hilessling et
aley 19773 Dennert et al., 1985
A Ffurther puﬁential immunoregul atory role for NE
cells may be the ability to modulate ongoing  iomune
EHDIONBEE . Pk cells in  lyvoph nodes are Found
pradominantly within germinal centres (ITtoh, Suzukil and
Limeazg, 19y Fitoehie, James and Micklem, 19285 ard
saveral reports bave shown that cells with the phenotype
of NME cells can suppress antibody production in vitro
(Mabial Al lard and Cantor, 1982; Tilden, Abo and Ralah,
LREE) . MED cells may  also inhibit mixed lvmphooyte
reactions (MLFO and mi togen responses in vitrg  (Tilden

et al., 1983y and other evidence suggest that N cells
antiQEN PRESENTING CELL
may act  din this situations by 1vmnw1GWt, (Gilbertson,

Shah  and Rowley, L98&) . Al though it is possible

That

regulatory functions  refle the Iytic
functions  of M gcellas, recent  word indicates that
secretion  of  various '”Lu?tnmm many alsoc  be  involved

(Ortaldo and Herberman, 1984 . Thus, highly puwrified

LEL o ME cells have been shown to produace lymphotodin

(TRF Detal) (Herbermarn Al R I I alpha, beta and

gamma IFM (Kasahsara gt al.. 1985, Herberman 1982: Dieuw

Timonen  and Merberman, L9820y Th—2 (Kasahara i

§il

at al.y

LEEEY g Th—1 Soala et al., 1984 colony-stimulating

+actor (CEF) (Kasahara and Be-cell growth

factor  {(ROGF) (Harherman gt &L, 1EREE . Whether

ey
.



production  of these factors by dNE cells plays a major
role during immune responses in vive remains to  be

elucidated.

Had

The findings odiscussed above indicate that ME cells

are  a distinct subpopulation of lymphooytes with  many
potential affector and regulatory functions. Qf
particulas note  there is evidence that NME cells are
activated duwring CMI reactions and may be capable not
anly  of  lysing appropiate target cells, but may also
produce a  wide rangs of impmrfant saluble mediators.
Therefore, 1t would be ioportant Lo know bthe exact role

of  NE cells  in the dlomune responses  in vivo. (e

approach  to this is to wse animals which have very  low

levels of sndoge:

MED activity. Although thise cam bhe
achisvad by treating nice with amﬁibodimﬁ to N cells,
marvy of  these are not specific and & more +Flexible
syvshaen 1is offered by wusing mice with & genebtic lack of
Ml celle.

The beige mutation in mice is located on chromosone

12 (lane and Murphy, 1972 and has been considered as &

e

ool agues of  the O

zodd ab-Higashi syrdromse  dn &
(Windhorst  and Padgett, 1973, fosimilar mutation has
alwn  been  reported  in Aleutian mink, Herseford cows
(Fadgett et al., 1984), PFergian cats (Hramer, Davies and
Fraesur, 1977 and killer whales (Tavlior and Farrel,
19735 In each gase, the syndrome is characterised by

reduced pigmentation  and increased size of  lysosomal

P
i




granules in cells of myveloid origin Qliver and Esesner,
1975y, Characteristically, the cells atfected include
netrophils, macrophages and mast cells and they have a
arrge, single lysosomal granule instead of the uswual
cluster (Shulte: and Sidman 1987), It is believed that
the defect lies in fFailuwre of lysosomal fusion and as &
rasttlt,  newtrophill chemotaxis, bactericidal activity

(Hallin

1974y and  macrophage  tumorlicidal
activity (Makoney, Morse and Morabam, 1280 have bheen
reported to he defective in beige mice.

For ther astucdl e

of mice carrving this matant gene
showed & profund and appearently selective decrease  In

pratirral killaer ocell activily (Roder

al <y L9749,
Roder , LRFSY The defect in M gell activity is
predetermnined  at the level of stem cells in the bone

marros (Rodar, 1979y and iz not due to altered organ

dbngtion of NME cells, abnormal btarget selectbivity or
to & lack of endogencous  TFM, ME mobtivity can be

entancecd but ot Fully restored by IFN (Roder

LTRE0) . The defect in coyvtotoricity seems to be in the
lytic mechanism, as  the frequency of  target-binding
celle ds normal (Rodere, L1973 . Other forms of  ocell-
meci ated ovtotoxioclity have been reported to be normal in

besige mice (Rodee 1979, dncluding allolmmuane or

Tectire-generated  CTh  activity in viveg snd  ino viteo,
antibhody  dependent  cell-mediated coytotoxicity ~&ADCE
mediated by prononceyies and macrophages,  as well  as

cytolyvesis of  tumour cells by activated macrophages

(Roder et 197%) . In contrast, M cell mediats




ADEE  actiwvity against antibody coated FELIE cells is
defective in beige mice (Roder, 1979).

The defect in N cell activity in belige mice is
agséaiatmﬂ with decressed resistance to trangplantable
syvrigenaic  leaukemia and melanoma cells (Karre et al.,

1280y Talmadge et al., 1280, as well as  increased

susceptibility to bacterial, parasitic and viral

infpotions (Blin Al 1974 Firkpatrick and Farrell

1R82y Shellam st al., 1981

The availability of mice with an  apparently  ME
mell-specific, single gén@ defect makes them a ildeal
moctel tor stuwdy the role of NE cells in vive.

Furthermore, normal congenic mice of the CHVRBL/6 strain

are avallable as approplate controle for such studies.

=8




Lo LYMEHOCYTES .

The presence of such & large number  of lyvmphold
cells in close contact with the arntigenic load of the
gastrointestinal  lumen, suggests that IEL may bhe an

important first ling of defence against local pathogens.

The potential role of fE" in local immune responses 1S
emphasised by the fact that an inurea5@4dmnsity of  TEL
is a characteristic of several syperimental forms of
anterapathy  which  are dus to local T OMI, dincluding
GvHR, allogeradt redjection and experimental DTH responses
to dietary proteins  (Ferguson  and Frarratt, 1927723
MacDonald  and  Farguson, 1974y Mowat and Ferguson,
1981a,b, 1982 . Increased TEL counts are also found in
several matuw ally coourering enteropathies in man, which

AT

soiated  with o loosxl OMI, including coeliac

dismeasse, oow’'s milk protein enteropathy and in active

lesions of Cruhn’'s diseassse (Ferguson, 12748 Ferguson et

@l ey 1974y Phillips el al., 1979 Mowalt, 1984), as well

am  in parasitic infections such as glardiasis in mice

and  marn (MacDonald and Fergusorn, 1978 amd in murine

"

trichinosis (Manson-Smith

L2775 ). TEL appear
activated Carr in mitosis in smeveral of thesse Ccases

(M e, 1980 Fearguson ¢

alu, 1284 . However , the

Evact  role  of TEL in local immuns  responses is ot

clmar.

Morphological chiaracteri

TEL  are heterogenouws b size, bhut evamination of

TR
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hoth tissue sectlions and isolated populations shows that
the majority are medium sized lymphocytes (Collan, 1972:
Rudeik and Bienenstook, 1974y Marsh, 1975y Ropks and
Evarett, 197863 Mayrhofer and Whately, 19835,

Flectron microscopy  has  shown that IEL have a
denss nucleuws and granular ovtoplasm, with some  rough
@ricopl asmi o retd e, ribosomes, lysosomes,
mitochondriase, and a well developed Golgi apparatus
CFEr Qs 1977y, Une interesting feature is that, in
mice (HGuy Gramd, Griscelli and Vassalli, 1978y Davies
anc  Farrobh, 181y Tagliabue et al., 1982), rats
(Lol Lam, 12732 Mavierhofer, 19803 Lyscom and  Bruston,
19832y, rabbits (Rudsik and Bisnenstoock 1974) and mar
{(Carf-Bensussan, Schhneeberg  and Bhan, 1983 many TEL

contain a few cyvtoplasmic grarnules. In mice, wp to &0

of TEL may contain @ membhrana-hound  gramnales, which

are W, Se-0.% um dn ol sme

s (Gay Grand e

alaa 1F78 .
The nabture of these granulses is unclear and it is  not
Bnown whether granulated TEL  represent & distinct
subipopul ation o TEL . Although dnditial studl g@s

suggested a relationship bebween IEL and MMOC {(Guy Srand

@b al., 1978, recent hiochemical studies indicated that

these repres

st ol

inot cells tyvpes (see belaw).

The origin  and fate of IEL are still a matber

=
o
-k

controversy and it has nobt even been proven whether this
population ig of  lyvmphoid or non-lymphoid i

{(Farguson and Parrott, L9278 fhay Grand, BGriscelli and



Vassalli, 1974, L9787 Mayrhoter, 1980). Al though, ITEL

appeat as  early as day 28 of gestation in the

rabbit (Grlic et al., 1981) and by 1112 weeks in  the

human  faetus (Spencer et al ., 1988y h-lic  and Lev,

1977y, they are virtually absent uwntil birthk in
rodents, with only a small increase during the first 2-3
waeks of life. However, &fter weaning, there is a sudden
rise  in the number of TEL, with aduwlt levels of around
LTO-18100  epithelial cells being attained by &7 weeks
o age  in mice  (Ferguson  and  PFareobtt, 19273, This
apparent influence of luminal antigen am the number  of
TEL is supported further by the very low number of TEL

found  din the dntestine  of germ-free andimals o in

antigen—free grafts of foetal intestine placed wunder the

Fidrey capsule (Ferguson and Pareott, 1973 Ropke  and

Lo

Evaratt, 19780, In contrast, granuwlated [EL increase

rapidly in number soon adter Divth (lyscom and Brueton,

18I .
The origin of TEL recalins controversial.  Although

anly  about 3N oof TEL are labelled after a single pulse

of THTAR in vive (Darlington and Rogers, 19680, BO-20%

thin 48 hows of & repeated series

[s

of ITEL are labelled w
o EHTdR injections, The labelling index then remains at
this level for at least 10 dave Darlington and Roders,
LR&EY . The number  of IEHL  also regenerates fairly
rapidly after bone marrow reconstituation of  drradiated
mice {(Guy  Grand et al.. 1278 and  these features
indicate  that the majority of IEL are derived from a
ap il y dividing P e cur sor population. Howevear,

tmmediate sowce  of IEL precursors s unknown, ity

:3 l




Grand and her colleagues have shown that after labelling

of  mouse FPoin sity by topical applicetion  of &HTdH,

leads  to the appearance of labelled IEL in the jejunal
musosa within one day (Gay Grand et al., 1978, Similar
findings have besn reporbted after labelling of  shsep
ileal PP owith FITD in vivo (Reynolds, 1984y,  and
therefore, 1t is possible that EL are derived directly
Fr-om PR Thi=s idesa is also consistent with the fact
that thoracico dact (TD) T lymphoblasts have been  shown
to migrate to the Jeiunal epithelium (Sprent, 19740,

A Further area of confusion is the role of  the
Lhivmus in the ontogeny of TEL. fe discussed below, the

madority  of  IEL  carvry  one or more T cell markers

(FPrarrott Syoand bthere is a dramatic reduction

Ak,

i the numbers of

HY

i congenitally athymic  animals

(Mawvicbofer, 19E

HSE- Y] win a+ttear achudl b ard rieonatal

by R DMy Farguson and Parrobtt 197 Howesvear .,

shudies by Mavrhofer in &dult  thyvoectomi sed, (lethally
irvadiated? Broares TR reconsti tuted, Vethal 1v
irradiated  rats bhave suggested that a larges propoetion

of TEL are derived directly from the one marrow and are

h

by mus indepasndent  In origin (Mayrhoter, i A .
Imterestingly, grarmil ated TEL  appsar Lo be meast

efficiently generated from the bone marrow and therefore

it dies possible that 8L are heterogenows i terms  of
origin as well as in appaarance.
The fate of TEL is egually wnoclaar. Early woirkars

sugoested  that lyvmphoovies entered the gut  epitheliwnm

merely to be excreted (Bunting and  Hustomn, 19321 I




acdodi tian, it has been suggested that TEL are shed from
the villus along with effete enterocybes (Heatley and
Bienenstock, 1982 . Although there is no direct evidence
againat  this hypothesis, it showld be noted that the
madjority  of  TEL are found on the basement membrane
rather  than  at the luninal swface of the epithelium

CTomes Furthermore, there is electron

arnc Mo )
microscopy  evidence of bhasement membrane discuption  in

both  directions, suggesting  that IEL may leave ths
smplthelium by re-entering the lamina propria (Toner
L&710. This concept is also supported by the

arel

LA
fact that the proportion of  labelled IELL Fremains

constant  for & considerable period after a single in
Vive  pulass of EHTdﬂﬁ suggesting that IEL are not shed
with the enterocytes (Darlington  and  Rogers, 12&E&) .
The anly study of the migration pathways of isolated IFEL
i owiwo, sugyestad that TEL localised most efficiently

ire PR (Guy  Gramnd st al., 1%78E) ., However, this

redistribution reguired 3-4 daves after iv. injection and
used poorly defingd populations of ITEL. Therefore, it

would be  loportant to investiligate  the ciroculation

pabthwavs of highly puwrified TEL.

The  phenotype of  EL has been studied both  in

Fistological sections and in isolated populations, Wit

sentially ddentical results within a species. ITmitial
work o humans confirmed findings from athymic  animals
which virtually all IFL eupressed the pan T cell marker

i

L I . .
while @lg B o lyvmphooytes were absent from this



compartment (Helby, 1981). The exact proportion of TEL
which react with pan T cell markers appears to differ
between species and depends on the marker and technigue
used., Thus, only 35-40% of mouse IEL express the Thy 1

5

mar ke (Tagliabue et al., 19E2s Parrott et al.. 198%:,

Ernet, Refus and Blienenstock, 1983a) and a similar
proportion express WA/1IE in the rat (Lyscom and Brueton,
FREEY . In the human epithelium, at least 80X of IEL have
been shown to express the pan T cell marker, ODI (Cerf-
Hensussan, OGuy Srand and Griscelli, 198%:; Selby et al..,
1287 but  other howman pan 7 cell markers such as  CDE
are not  espressed in sueh a high propoction (Selby,
1783y . bdNevertheless, as the CDI solecule is part of the

T cell re

eptor complex,  these findings indicate that

shald express the T cell receptor.

) consistent finding din all specles  is the

predominance of CDE TEL with  very few CD4 TEL  Deding

present (Lyscom and Broeton, 1982 Parrott et al., 1583

o

Saelhy 4 19835 . A featuwre which i unigue to TEL
iw  that & large proportion of TEL in mice and rats
pupress bhe D8 antigens (Lyt3E/70XE) but not pan T cell
markers (Lyscom and Brueston, 1988y Parrott gb al., 19835
Dillon and MacDonald, 1984y Fetit gt al., 1585, At
present, the nabture and funoction of this unusual cell
tyvpe ranains unknouwwn.  The finding that these cells are
present in eguivalent proportions in the epithelium  of
athymio mice (Farrobt et al.. 1983 radsed thre

- W
possibility  that pan T Che IEL sare nob thymus-—

cderived. However, the absolute number of all IEL is

e




mueh reduced in nude mice (Mayrhofer, 19805 and so it
seens likely that this population are at least partially
thymus dependent. Htudies on the phenotype of granulated
TEL showed by separation of Lyt 25 (CD8) and Lyt 2 IEL
by FADE, that 85% of IEL were Lyt 2+ (ED8+) and BOY of
these were granulated (Petit et al.., 1983 .

Studies of other phenotypic markers have not - added
to the knowledge of the origin of [EL. As expected, IEL
gdpress class | MHD antigens (Belby, Janossy and Jewsll
1281 bhut do not express class 1D MMHC antigens or other
activabtion marbers, even in dinflammatory sites  (Cerf-

BEr s ssan

y 1984y Selbhy et al.. 1981y Dobbing,

178380 . Im additian, TEL do not espress [L-2 receptors

o the receptor for C3d component of complement (Gelby
@t al., 1983, 19849 . TEL rarely express antigens

characteristic of natwral killer cells such  as HiE-1,

L.estt 7 and L

11, din man (Cerd-Rensussan gf al., 1984y

by et oal., 19EDD) Asbind and NELD 0 mice (Tagliabue et

Developmental studies in rats have shown that  the
praedominance of  Toss is already discernible at bivth,
while lymphooyvies cearryving the pan T cell o Th/71 marker
AR E T crily after wesning dyscom and  Breuton, 1983 .
Ao dmportant point ds that lymphococytes in the lamina
propria have & markedly diftferent phenotyvpe, with egual
numbers of T and B cells and a ratio of Tthqu which is

similar  to that in blood. Alwso not as many Thy 17 Lyt

2ocells and le

granulated cells (Lyscom and  Brueton,
1982 Farrott et al.. 1985y Ernst et al.,1985ay ).

These findings indicate that TEL appear to comprise a




distimct population of lymphocoytes, whose functions are
difficult to predict from phenotypic analysis or from
studies of other peripheral lymphooyvites.

Frnetl

The facts that TEL are found in close prodimity to
Lhre antigenic load aof the gut and some T el l
characteristics, supports the view that TEL  may he
involved as effector cells in local  CMI CEEDONSES .
Mevertheless, there is no direct eavidence to  support
this idea. Saeveral  workers have att&mptedTOEEMdy the
functions of ilsclated TEL, Sbut the results have
fraequently besn conflicting. A might bhe . anticipated
from bthelr phenotvpe, a considerable amount of ovitotoxio
T Iymphoocyte activity can be detected in TEL after ip or
i al adminiztration of allogenelic tumowr cells (Davies
anch Fareobt, 1980, 1581 Flein and FEagrnoff, 1984). It

addition, IEL have been shown  to btransfer DTH resprisos

i1

(Ghields and Pareobtt,

arnd  te  produce

....... (Dilleon  and MacDomald, 15988k .

Although Lt has been reported theat TEL  proliferate in

responses Lo T ocell mitogens or in mixed lvmphocoyvie

&

reactions, these responses  are freguently small and

F@EoRire exagenous acoessory cells or lvaphooyte products
(Rrrmaucd-Battandier and Melson, ToEEy Gresnwoood, Austin
and Dobbins, 18Ty Dillon and MacDonald, 1984 Cerf-
Bansussan aft al., 1984y Mowat et al., 1?866)" I
addition, others have found that IEL  exhibit no
proliferative responses in vitrg &t all (Carf-Bansussan

56



Loy 19284y Gresnwood et al., 198353 Nauss 1984).

The stwlies described above have concentrated on T
well  functions, but  the presence of granwles in &
substantial  proportion  of TEL hes led workers to
investigate the relationship between IEL and other
granul ated effector cells such as NE cells and MMO. Ao

roted earliee, inttial stuwdlies suggested that virtually

I carry the NE cell specific marker (Gregnwood et

al e 19285 Selly, 1985, cerf--Bensussan et

al., 1983

Tagliabuwe gt al.., 1982, bt mors recently it has been
- " . . . - + -

suggested that 10-15% of murine IEL are AsBGml {Carman

L9830 . There is similar

" LRSSy F1Lesman

confusion about the level of resting NE activity in TEL.
-

Mhus,  sarly  studies suggested that guinea pig (Arnawd-

Battandiar

1978) and muwring TEL (Tagliabue et

@l Leed, Had  high levels of ME actisvity  in
corventional  short  fTerm assavs. In contrast, thes

madon ity of recent studies have shown that TEL from mice

(Guy Gramd amd Yassalli, 1982y Mowat st al.. 1¢ 1, arndd

Fumans (MacDermott, Franklin and Jerkins, 19805 Uhivpa et

y T9E1) have little or no MNE activity under normal

Howe e, reascnabl e levels  of Pdi
activity can be revealed by treating IEL in vitrg with
intaerferon (Flexman, Shellam and Mayrhofer, 1983 or by

i e

#ing  the assay bime to 18 bhows (Mowat

-
1985y, Furthermore, TEL from mice with GvHR (Borland et
&l oy 122y or  dmmuwnised with allogenelc tumouwer  cells

Mave  enbanced NE cell activity (Mowat el

al., L7883
Interestingly, in GvHR, the echanced NE activity by IEL

parallaels the other featwres of intestinal pathology.

R



Therefore, it seems that although IEL may have an
excel lent potential for N cell activity, their lyvtic
mechanism regquires to be activated to exhibit  {full
activity. Fimally., Lt o has also been suggested that dMe
cells dn the gut eplithelium may be able to  kill
Salmonella organisms in association with secretory  IgA

antibodies tMemci oanid

al ., 1983 . These f{features
indicate that intraspithelial ME cells may be important
conponants of local defence mecharnisms which are readily
activated by a UMD reaction.

It s olear from all these studies that

19
3]

despite the circumstantial evidence that IEL may be
invalved directly in local, intestinal imoune responses,
thvedw phrenotvpe  and  role in viveo remains  to e

elucidated. Im the experiments descoribed in this

thesis, i) cecidad to dinvestigate the functional
relevarce of IEL, by examining their ability Lo mediate

& proliferative response Ln

M




LYMEHOEYTE MIGRATION IN VIVD.

The complex cellular interactions which form  the
basis  of the immune respons. talkes place within the
curganized architecture of peripheral o secondary
Lymphiolid tissues. This process is assisted by the
continuous migration of many lymphoid oells  through
Lymphoid and non-lymphoaid orgeans via the lymph and blood
(Gowans and KEnidght, 19484y, As a result, the lyvophocyte
populatian i din & state of dyrmamic  eguilibeium,

although  the esxtent to which individual lymphocvtes

participate  in the process of recirculation depends on

the class of lymphoovte and its stage of differentiation

(Forad, 19780y Parrott and Wilkinson, 1981).

The migration of lymphocytes through  Lyvmphold
cigans is not merely a random phenomenon,  but reflecte
specific interactions between lyvmphooyvtes and cells of
e appropiate Tl Ssues. Furthermore, tvmphooyte
Fecircelation results in accumulation of individual

Lymphooyte subpopulations in bhighly defined and specific

areas of each ©Lissue,

kL arganised  sscondary lympholid  tissues have
dismcrete T cell and B cell areas, with B cells occupyving
the follicles and T cells being found in the swrounding
intertol licul ar aréaﬁ (de  Bousa, 19817 . I most

i ssues, lymphocytes enter both from the bloocdstream by

nligrating through postoapillary venules in the midoortex




of the lymph node (de Souwsa, 1981 and from the aftfterent
lymphatics draining local tissues. Thereafter, cells
@ither remain in the lyvophold tissuwe or may leave via
efferent lymphatics which drain into the thoracic duct
(TDY and hence back into the bloodstream.

The processes which allow selective migration  and
lovalisation of lvmphooytes in lymphoid tissues are not
fully wnderstood, but it is generally agreed that
postocapillary vernal s with  high erndothel ium Aare
critically tmpartant. These high endothelial @ cell
Vel e CHEAND (Gowans and Enight, 19&4) are found
throughout | the cortex and inter—follicular regions  of
secondary  lymphold tissues, including lyvmph nodes  and

N

Fever s patches (FF),  but are nob present in germinal

bres or the medulla Classson, Jorgensen and Tophke,

1971y Gowans and Fnight, 198640, Im addition, there are

in the spleen, thymus or bone marrow  and  they

are ot normally found i non-lymphotd organs sueh as

An and gut mucosa (Weoodmaedf, Clarke and Chin, 1987 .
The first indications that specific cell surface
molecules might be involved incdlymphooyte recivroulation
WEr e the Findings that lyophocytes treated i th
glvocosidase (Gesner and  Ginsbuwrg, 19&4)  trypsin =la
retraminl dase (Woodrudf and Gesner, 1968 do not enter
Tyvinph rodes efficiently and are rapicdly removed from the
circulation in the liver. The high molecular  weight
polyvsaccharide Fucoidin also inhibits Lymphooyhe

reciroulation  in (Bpangruds,  Basten and Qaynes,

R L However , it shouwld be noted that glvcosidase or
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rmewraminidase do not alter the binding of lymphoovites to
HEV  in fixed sections in vitro. FPertussigen also
irmhibits lymphocyte recivculation in  yvivo without
altering adhesion to HEV in vitro and therefores, it has
been suggested that'tﬁe extravasation of lymphooytes
into Tymphoi d bissues involves two clearly
cdistinguishabhle steps. First, & specific receptor-
mediated binding event at the suwrface of the HEV,
followed by an adenyvlate covelase dependent activation of
cell  motility which i reguired for smovement of the
Iyvmphoovte  through the vesseel wall (Spangrude et al. .,
1984 .,

More recent  shuwdiles have‘attemptad to define in
graatar detail the specific cell suwwface molecules on
otk Iyvmphocyte and endothelial cell which mediate the
binding to o HEN, Cne lvmphioovie-associ ated  structure
whil b FMas been ldentified, i= recognised by the MEL-14
moancolonal antibody {(Gallatin, Weissman and  Buat e,
19835, The presence of this marker is a characteristic

of matuwre Lymphoovtes with bthe capacity to recircul ate

st the interaction between lvmphoovies and HEV can be
Blocked by  antibodigs Lo MEL-14 Cial kanen et al. .,
19867, her  studies  have shown that HEV  produce a
gpecifico  sulphur-containig glvooprotein which  may  be
irrvolved  dn adhesion to lvmphooytes (Andrews b &l
2 LFEEY . The exact natwes of these different
racognition molecules and the r@lﬁtimnghip between thsm
arFe urnknown. Thers may also be further specialisation of
HEV  recogrnition structures within different tissuess

(Jalkarnen et al., 19848, Thus, lyvmphocytes derived from
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Foseenm Lo adhere specifically to HEV from PP in vibro,
while peripheral lyvophocyvtes adhere only to peripheral
Lymph node HEV. HEN from MLMN appear to be a mixvhbure of
moth types. Recently, monoclonal antibodies which define
discrete recogrition molecwles in HMEV from peripheral

Lvmph  nodes or PR i omice (Gallatin

al.,y 19857,

hiimans (Hoodrudf et al.., 1287 and rats (Rasmussen

al., 19E5) have been producsad.

Althouwgh specific recognition or adherence to  HEY
may  be important in migration of lyvmphooytes into Lymph
moces and PR it canmot account - for the selective

distribution of T and B lymphoovies within  lymphoid

U AT Thvie  may dnvolve interactions with discrets

Fan
i

reticulum cells  present  in the T and cell  areas

thiemsme ]l Vs {odee Bousa

1y Iry addition, HEV binding

cannot sxplain recirculation of lyvmpholid cells  theough

s

AR o G

whilolh lack theses specialised ve
sl esn, gut and  skin, T bthe case of  the splesn,

migration of lyaphooytes into T and B ocell

consequent on cells passing out of the bloodsbresam  in
the margicnal zone of the white pulp and so may reflect

A altarnatilve

form of  emigraticon from specialised

vasculatures., The reciroulation pathways of lyvmphooyt
Ehrough the  dntestinal oucosa presents a particulsacly
clifficult  problemn, Lymphoblasts  derived from  GALT

accumulate  specifically in the gut wall, wWh e &

o mot pea ) DI Mo v e

~h ke el Pwmphob ! asthe

Ehile  specific recirowlation pathway cannot be explained

srvce of specific HEV-bhinding sites as

40
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classical HEY are not found in the intestinal AL (3 8

Although  recent work  has  ddentitied mucosal 1 oo

vessels  with some similacitil

Lo HEY,  this remains to

14

o
S

be contirmed (Jewrissen =i

irnooaddition to the problems discussed above, a9%s

n

ef Lwmptiooyt

gV i ndd ng b may not nece

gy docles muesh dnFormation on menrmeal Frecbrowlatdon

prat sy s in vivo. Fenm o mEnyY VEeRITE, the  aspecific

siroul atdon pralhiwary s (e chiFFerent Tymphooy e
populations e been  studied by gramining Thie
ghistribotion of radiolabellsd cells after iv  indection.

This approasch bhas provided svidence not only about  the

ot fatak il

wer about the kinetics and regulation  of

Twmpi

wies reciroulaltion fis & route,

intravenously ingected, Labelled lyvmphoovies from  TDHL,

X T S T are normally renoved rapidly from the
circulation  din the lungs and remain there for a  short
prer i o Caly P s . Thereafter, therse i & gracdaal
acounuwlation of cells in the spleen and liver over the
Firmst 13 howes, While the sppesrance of cells i the
Lvmps nodes and FPods relatively slow and does not peak

it d 13

4 howers atter  dnjection. Autoradiographic
studies have  shown  that indected Tyvmphoid cells
accumnulate both i the T and B cell areas attar

imdection (Fareobt and Wilkinson, L1981,

In  contes 0 intravenously  injected bone mareow
cells localise mainly in the red pulp and marginal zone

et the splesn, in the medullary cords or primary nodules

of lmyvph nodes, with only & small proportion  appearing

in T

{de  Sousa, 19817 . Unfractionated



thymoovtes also recirculate poorly in comparison  with
peripheral T lymphoovites (Goldschneider  and  MoGregor,
19&4&8h) , with slower passagQe through lung capillaries and
largse numbers persist in the sinusolds of  the liver
(Goldschnelder and MoGregor, 19&8hy Durkin, Carboni and
Waksman, 1978). fiw omight be anticipated the majority of
thyvmus  cells which do enter lymphoid tissues are  found
in T cell areas (de Sousa, 19817, but this is much less
in reimer il oal terms tharn with  peripheral T cells
(Goldschnelder  and MoGregore, 1968ay Mitcochell, 12730 .
These findings appear to correlate with the low levels
of MEL-14 molecule in these cells (Jalkanen @b al.,
12847 .

The different proportions of T and B cells in
cliFferant lyvopholid cell populations are reflected in the
gfficiancy migration of lebelled cells tao T and B cell
areas  after transfer. Furthermore, this may also
@rplain selective  organ distribation  of i fferant
lymphocyvte poapulations. Thus , 2o oecells appear  to
localise selesctively in PP oand spleen while T cell
accuml ate in peripheral lyvmph nodes. These patterns
correlate with the selecbive ability of T and B cellis to

binmd HEY  in the approplate organs iy

vitro (Stevens,
Wisssnan and Butoher, 1982, an additional factor whioh
may inftluence differential lovalisation of lymphoid cell
populationg may be bthe proportion of T cells subsehs. It

i F e y - - . _—
fasz besn shown thalt T4 Lyt ) T cells localise in FF

N o )
move efficiently than CRE iyt 2 ) wheress both subsets

e
acoumdl ate eqgual ly in FLN. In parallel, Lyt 2 (CD4 D
I

44



cells have besn found to bind better to FF HEV than to
those of FLN Lo vitro (Hraal, Weissman and Butcher,
1285 . In contrast, recent work using human T cells has
suggested  that CD#+ {(T4) cells may bind slightly better
than mm&* cells to HEV  of PN, and  there is &
preferential adheresnce of CDB' to HEV from GALT, MLN and
tongils in vitro Fals &t al., 198&) . The exact
recircul ation  pathways of different T cell populations
remains to be elucidated,.

Thesea experiments  have defined the migration
pathways  of mabture, smal l lymphocvtes, which are
rewmal Ly et ereed to as  the recirculating pool.
However, the redistribution of activated lvmphocytes are
markadly different, these cells adquﬁ?@ the capacity to

migrate dinto dnflamed tissue while their ability to

gy e wviphiod o bis (FPareobt and Wilkinson,

1=wan. Furthermores, ag discuszed below, Lyvmphoblasts

From TR and GALT gain a =ebiove ability to localise in

the intestinal owocoss.  The differsnces in recliroul atory

berns  bebtwsen o

ing aned activated lvmphooytes are
wrdertined by Findings that T cells which have been

cloned  or stimalataed o vitre by mitogens, nﬂt et o

Tymphokidn sy are unable to  enter 1lymph
nodes or PP after transfer in vive (Uailey, Gallatin and

Wil ssmarn, 1985r.  fs stimulated cells are also unable to

Bimd  HEV fo wvitro and lack the MEL-14 antigen, 1t  has

bresn suggested that HEY Rinding molecules are edpressed
alt.  different stages of T cell differentiation and are
lost  cdweing proliferation (Dailey b Al ay 1585 .

Interestingly ) e & recent report found that
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administration of antigen plus [L-2 could overcoms the

inability of T cell clones to enter lymph nodes in i

i<
G

(Bookmnan, Groves and Matis, 19877 .

g Lo m

The mucosal  swfaces are  sites of  continuous
antigsnic challenge and therefore it is not swprising
that  large numbers of lvmphoid cells are pressnt  in
sgvaeral distinct  compartments, These comprise the
organisad tlissue sweh as PPy, tonsil,  appendix and MLN,
b i L oe inm Lhe mucosa, ILymphoovbes arg scattered
throughout the lamina propria  and epilithelium.

The oubtstanding featurs of oucosal tissues is  the

LTargse predoninance of Igh secrebing cells and  their
LAMIND  FROPEAA
PrECUrSar s, In th%ﬁJﬂg *30% plasma cells producse Tga

arnd  early studiss showed that PP owere & much  richer

source of Tafd precwrsors than splesn, peripheral and

snberic Lymph nodes or blood (Oraig and Cebra, 1971,

1975y Cebhra ' 1977 . L.ater studiss showsd that

the  gut-sesking cells in PP oesre already activated  and

sugoested  that Igh precursor cells from PP oresched  the

P ovia thoracioc douct and bloodstream atber a period  of

I~

idence i the  HMLN (Guy  Grand @l 1974y

MolWilliams, Fhillips-~fuagliata and Lamm,  L97HEY. iy
praral lel, F* appear to be the majior sowee of mucosal T
cell precursors as local irradiation of PP oreduces  the

rtamib e s

of T cells in the gut muecosa and radioclabelling

i followed by the appearance of labelled

cells im the MUN and gut mucosa (Buy  Grand et al.,

4
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These studies of Lhe recirculation of Ivmphooy L gwliy

are  conplemented by the Findings that  lymphobla

feom  TDL o MLN localise i bl ot muome e

s, Farrobt and Pruce, E OV Py
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alsn migrate to different compartmente of the intestinal
MUEOEa , A% it has been shown that mesenteric T
lymphoblastse localised predominantly in the intestinal
epithelium arnd villus lamina propria, whereas &
Tymphiohlasts localised mainly in the lamina propria

arounad the crvphts (MoDeromobtt

aley, 198&).

The meEchani sm responsable for  the selectlve
localisation of GoLT-derived lyophoovites has  engaged
several graoups of wmrkérav Brut remains wiresol ved., Cires

ildea was that Llymphobla

bearing Igh were attracted
towards secrebtory plece in the intestinal  epithelium

(MoWilliams

alowy 1978 However H5C has no aftfinity

for the monomeric Igé on the cell suwrface, while coating

paripheral lymphoblasts with IgA doss not permit them to

grnter the gut {(Hopkine and Hall, 187 Rose et

£ al.,
L9760y, Im addition, treating sesenteric  lymphoblasts
with  anti-Igh ar anti-secrestory plece does not dnhibit

thaeir  migration to the gut (Mol llians

al .y 19750 .
Mo eower , a  mechanism  dependent upon secrebtory pliecs
could neot attract GALT B lyvmphoblasts producing gl or 7
lvmphoblasts which are  known to acoumul ate selectively

in  the mnucosa (Fareott and  Wilkinsorn, 1981 . The

i1

presence  of  specific antigen in the gut also does not
@xplain the selective localisation, as thoracic duct or
nesenteric Lymphoblasts taken from cholera-torin primned
donors (Fierce and Gowans, L1975y migrate efficisntly to

the dintestine of naive recipients. Furthermore,  PLM

Lwmphiobl as migrate to intestinal grathts which contain

e luminal antigen (Moore and Hall, 1972y Parrott and

=,
-
fe s
ad



Fergusnn, 18740 . Howewer, few plasma cells o IEL are
found in  the gut of gero-free animals  (Halslead and
Haltl , 1973 o in the antigen free intestinal grafts
(Ferguson and Parrott, 1972 . In  addition, specific
antibody-—-forming  ocells accumulated more efficiently in
areas  of gut in which antigen is placed, than in non-
stimuilated regions (Fierce and Gowans, 1975 . (e
possible explanation for theses apparent discrapancies is
that the idinitial localisabtion of lymphocvtes in the
macosa is not dependent on oantigen, bul the presence of
antigen enbances the subsequent retention and expansion
of  thesse ocells. Bimilarly, it has been shown that
prezed pheseal o and GALT lymphoblasts migrate out of  blood
VEssEl s intﬁ the mucosa wibth equal efficiency, but anly
Gal.T  oells  are retained within the intestinal wall
(Ot raway and Paesrott, 15800 . One possible local factor
which influencs localisation of  lyvmphooytes in the
mucosa are  harmones suach as vasoactive intestinal
peptide (VIS Fecent work shows that T cells  and

)
e riLe L sarr cells  have receptors o VIF and  thatl

tncubation  with MIF in

not only  alters their

Fesponsse cbo o pltogens, but decresases their ability  to

localise in MLM and PP after transfer in vivo (Ottaway,

The fact  that many Lymphoocytes derived from  the
ELT  appesar  to localise selectively in other mucosal
siters as well as the small intestine led to the concept
of & "ocommeon mucosal domuanclogloal system” (Meilliams
@t al., 19753y MeDer mot b et al., 19803 #efus and

Bienenstook, 1985y o Thise hypothesis sugoested that
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all mucosal tissues wera rich in Igd cells because
priming of lvmpheocoytes within one mucosal site led to
the redistibution of Igh precuwsgsrs to distant sites,
Via oA common reciroulation sechanism. However, recent

grperimants have not confirmed this attractive idea and

it is not olear whether T cells were governed by a

similar syetem (MoDernobt alb.. 198&) .

Mg

othaer non-lympheid

Wi th the exception  of the Liver and mucosal
st aces, the traffic of lvmphoovies threough most  non-
. ! ¥ il

lvmphoid  ltissues is small, compared with that through

Tvmphoid tissues ( Smith, Molntosh and Morris, 1970
Cahill, Frost and Tranka, 19746y Hall, Scollay and Smith,
1 éy Miller and Sdams, 1@73" Howsver , two types of
ricri-Lymphiodod tissus may bhe particularily relevant  such

as skin and are o ctvronioc dnd L ammatdon.

Following skin  grafting or  antigenic ohallenge,

rapid chamges ooowr in the cellwdar components of the

roaned ik

aftferent Lvmph. After an inoreased indlus
af  polyvmorphs within the first 24 howrs, the number of
macrophages and velled cells increases after 24 hours
(Hall &t al., Le77 Miller and Adams, 1977y Soeberg,
Sumarska and Balfouw, 197&y . From 2 dayvs onwards there
i art increase  in the  nunmher  of lymphoovites  and

Lyvmphiobl a

T (Cahill gb al., 19763 Hall, 12&7). After a
saEcancary challenge with antigen, the influx af
lymphoovtes is much more capid, with many  lyvmphocvtes

appearing in the skin withdn 4 hows after the challenge

o)




and  peaking at 24 howrs (de Sousa and  Farrott, 12692 .
Thus, at least some lymphooyites can localise rapidly in
inflamed skin and it has been shown  that lvymphoblasts
are particularly active in this respect ( Mclluskey el
Al 198635 Asherson and Al lwood, 1972y Rose et al. .,
19760 ). Furthermore, the accumulation of lymphoblasts
in o dirnflamed skin i not antigen-specific, as lymph nodes
diraining ozadolone sensitlised skin accumulate equally in
skin inflamed by the same contact sensitizer, by another
antigern o even by a non-speciftic inflammatory agent
such as cotton all eherson, Allwood and Mayvhew, 19732
fsherson et al., 19735, FRose st &l.., 19786b) . These
Findings suggested that sites of cell mediated immune
inflammabory responses ars unusually receptive to  the
smigration of lymphoblasts and that this ocowrs i an

efficient but non-specific fashion.

Faegulation of

lood Flow.,

Studies of blood flow and lvmpholid cell atter skin
sensltisation with oxazolans have  shoswn that the
resul tant dncrease in blood flow was directly related to
the concomitant  incressed migration of lvmphoovies to
The skin  (Ottaway and Parectt, 1975 . Himilar results
have been reported with respect to the localization of

tyvmphobl asts within the small intesting, where there is

b 53

a signiticant correlation betwesen the distribution

T

'C

ymphoblastes  and the blood flow to different regions of

the @small intesting. I addition, the zrhanced

acoumulation of lymphobla irn the inflamed intestine

Sl



im associated with & parallel increase in blood {low

(Dttaway and Farrott 1980).

Lactating animals and hunans edposed to intestinal
antigens can be shown to have specific Iga antibodies in
millk in the absence of serum antibodies of any class
(Fontgomery,  Rosner and Cohny, 1974 Geldlum, Ahlstedt
@i GCarlssan, Le7Ey suggesting that aensitisead

Tyvmphocytes from the gut migrated to mammary gland  with

subsegquent looal L of Igf. Animal models have
shown  that this aigration of specific ToA B cells o
mammary  glands  was  under hormonal control (Wel sz

Darringhon,  Rows and Mold Ll iams, 19780 . Hormones such

..... Lrogen,  progesterone and prolactio enhance  the
rdmbier of Tgd plasma cells in the mamnary glands of

vivgin fermale mice,  and testosterone Qiven to natuwrally

Lax

sting females depresses it (Weisz-Carrington et al..

1578 . Although  these hormones have no effect on the

k3

localisation of lymphooyvbtes in other tisswes, it

:!
@

beern  shown recently that the newopeptide hormone VIF,
& irflusnoe the redistribuation of guit —cher i wed

Iyvmphoovites in viveo (Obttaway, 1584),

The effective migration of lyvmphoovies to sites of

Lmmurie responses in vivg not only requires that the

T

cells have to be able to recaognise  and adhere

Hi

specific structures such as HEV or  lyaphold accessory

cells, but also assumes that lymphooyites possess  an




wfficient locomotor capacity to enable their movement
throngh tissues.inelt is virtually impossible to esxamine
the mechanisms of lymphooyvee locomotion directly in vivo
several in vitre svstems have been devised to study this
aspect of  lymphoovie behaviows, The motility af
neuwtrophils  and macrophages bhasg been investigated Ffor
many yeaars (Wilkinson, 1684y Although early studies of
Twvmphooyle locomotion  in vitro were performed fwlnl
1ymphmcyt@gr moving out of auplants of lyoph nodes  into
plasma clots (lewis and Webster, 1921, more detailed
studies have been limited by various technical factors.
Compared with macrophagss, freshly isolated lymphocoyvtes

adhers poorly to sserum coated glass or plastic and so it

bhesn difficullt to study lyvephoovte locomotion using
the conventional filter assayvs developed for phagoovies.
This difFiculty has been overcome by a system which

Fakes advantage of the ability of lyvmphoovtes to migrate

through three-dimensiconal collagen matrices {(Hastom,

Ghields and Wilkinson, 19832, fhis method can  eoplovy

Tymphocytes  which have not been preculturesd in  vitero.

Moreover, the transparency of the collagen matrix allows

detailled study of the dynamic behaviowr  of  individuaal

cells as waell as providing population data. Collagen is
i

a more phyvstological substrata than glass, plastic or
cellulose acetates which have been  commonly  used  in
studies of cell behaviow-.

The morphological festures of motile | lymphoovies
have bDeen well characterised and can be sumnarised as
follows: motile lyvmphooytes are characterised by the

[y
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pressnce of posewdopodia and under conditions in which

locomotion is not possible these appear randomly  over
the cell surface. However, as the cell begins to move,

it puts out a broad psewdopodium in the direction in
which motion will occwur. Thereatter, a "constriction

ring"  appears at  the base of the psewdopodium  and

remal ris fived to the substratum antil the entire
lvmphocyte has moved through it Moving lymphocvties

gxhibit & pronouwced “tail", with the nucleus being
faund dnmediately behind the leading edge, ggiving the
fromt end of the cell an oval or rounded outline.
However, considerable variation in this morphology can

e obsaer

vzl when lyvmphooytes have to sgueerze through
PVEETI W SRS, i which morphology may be delineated by
phyvsical mechanisms (Haston el al. . 1983,

ymphooyte lTocomotion  thraugh three-dimensional
matrices is probably independent of adhesion (HMaston el
#la 19832y, In contrast, the cells and the cells put
gt blebs into gaps in the gel, which they seem to use
as Fixed traction points for movement.

The mechanisms and  regulation of lvmphooyte
tocomption  have only regently been studied in detail.
Several workers have shown that the locomotor  capacity
of tyvmphocyvies inoreases wibth cultuwrs in vitrg (Farrott

and Wi lkinson, 1981)  while activation of lyvophocytes

with  FHAe (Ryvdgren gt al., 197&: Scheiner, Rrawn  and
Limarnte , 1976y Parrobt and Wilkinson, 1981y, in mixed

lvmphoocvie reactions (MoFarland and MHeilman, 19865) or by
arnti~ChE  antibody leads to an increased proportion of

cells with locomotor morphology. Anti~-CDE also leads to

S



increased lymphooyte locomotion  in collagen gels
{(Wilkinson, 197y, while activated lymphocvies from a
Lymph node draining the site of odazolone sensitization,
show inoreased tocomotor  activity both in filters
(Russell gt al.. 1275y and in collagen gels (Ghields,
Haston and Wilkinson, 1984 .  Thus, stismulation in vivo
as well as in vitro
anhanced Locomotor capacity.

Few studies have defined the phenotype of locomotor
Lymphocytes., Human peripheral blood lymphocytes are
capabile  of  locomotion  into filters after cultwre in
witero (O Ned 1l and Farrott, 1977 . T lvymphoblasts
enriched  from  the draining lyveph nodes of oxazolone
sensltized mice {(Russell et al., 1975 Shields gt al.,

1934y and B lymphoblasts were actively motile under the

surface of other tisswe cells (Russell et

ab., L1975y and
into micropore +ilters (FPonten 1975, Little is kEnown
abouwt  the locomotor capabilities of lymphoovte subsets
baat ovtotoxic T lymphoocvies have been found to be motile
cells  when observed in time-lapse Films (Sanderson and
Gl avert 1977, 1979,

Mo specific chemotactic factors for  lvophoovies
have been defined. However , there arse reports of a
chemnotactic sffects of endotoxin-activated serum or
plasma, casein  and  denatwed protein on lymphoovbes

(Wil kirmson . 1976y O'Neill and Parcrott, 19775,

These studies o UL P e to be condiroed wsing more

approplated assavs.
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Mice wused in the experiments were of the following

inbred strains: CBEA/Ca (H-29"%) es7miz6 (H-2P/P

C57B1/6 beige bg/bg (H-2 %), peasz (-2 VYL NiH -

9 oEA X BALB/oOFL (M2 Yy L omvEL/e X DEA/DIFL

EDEL)  (He-2 PRy esTEL /e X 03K OFL (-2 M)y L pybrids

Y (Ee),

were bred from CBA and CE7RL/6 mothers and DREASE, BALB/c

and GC3HM fathers. All mice were bred and maintained in
T e Arimal  Unit, Departmaent of RBRacteriology andl
Immurnol ogy, Western Infirmary, Glasgow, apart from

S ABL S beige mice which were obtalned originally from
Do Ho8. Micklem, Department of Zoology., Edinburgh.
Adult  mice were normally first used at 610 weeks of
&L .

Arnimals were maintained on a standard rodent  diet

(L.absure Mad

ntenance) and had access to tap waber ad

In erperiments wsing irradiated mice, 100mg/L
of  neanyvein sulphate (Sigma! was incorporated in the

drrinking water.

thesia angd sacrifles

pf animals

E* i
Ei..

Frocedures seh =8 foaontpad injections and
intravenous injechion imto the tail vein were Al ol

out under ether anagsthesia while mice were killed by

carvical dislocation.

fcdult mice, aged 12-1&6  weeks, were irradiated

wsing  a eV Xe-ray souwrcse (Dyvnaray?) at a distance of

H
~d




1G0 om and & dose rate of 125 Rad/min. In these
experiments, (Ca X BALB/CYFL mice received %00 Rad,
while (CE7RL/& X CEHDFL mice received 450 rad, due to
marlked gifferences in radicsensitivity. After
irradiation, all mice were maintained on drinking water

containing 100 mg/l  neomyein sulphate (Sigma)d.

Mice were weighed on an electronic pan halance
(Oertling JC 13, which was accwrate to 0.01g, while
irndividual  organs  were dissscted free of suwrounding
tissuwe and weighed on a 7 an balance (Starton

Instrumsnts) . acocwrate to O0Z2mg.

Preparation of

Splesan, thyvnus, mesenteric and peripheral Lymph
nodes  wers removed iomediately aftter sacrifice. AF e
washivg  im RFMT 1640 (Flow Labs.), they were dissected
free of swrounding material and gently teased apart
with Fforceps and scalpel. Spleens were additionally
paseaed through & fine wire mesh filter using the plunger
af a % ml syringe (BD Ltdd. All cells were allowed to
stand  for  a few minwtes at room temperature to allow
debris to settle and washed T timss at 400g in  RPMI
1 &, in sy i meEnts i ng sl ean cells o
Pmmunof Laorescenos or reciroalation, these cells were
Ffirat Leeated with 0016 M MH4C1 for 5 minutes at 4°C to

remnave red cells. After counting in & haemocvbometer

(Meubawery  the final cell pellet was made up to the




reguired concentration in RFMI for use. Cell viability
was assessed by phase  contirast microscopy (Nikon,

Japan) .

Freparation of intraespithelial

TEL and LFL. wers iscolated and purified asn
previously described (Davies and Farrott 1981). Small

intestines were removed from animals  and  handied in
batches of three. The guts were thoroughly washed
through with 20 ml of cold calcium/magnesium free Manks

halanced salt solution (CMFY  {(Gibcoco) using & S0 ml

syrringe fFitted with a shorth plastic cannula. This -
P emey el all food remains and muach of the mucus. The

amall intestines were then placed on moistened paper
towsls, the mesentery stripped off and all Pever's
natches removed. The intestines were then opened
ltongituwdinally  and cut  into small pieces (G033 — 1 omo,
whiich were shaken repeatedly in 2C¢ ml cold CHMF until &
clear supernatant was obtained.

The washed piliecess of gut were washed ocnce more  in
warm REFMI contaitning 2% newboarn cald serum (MOSY (Giboo)
and transferred to & S0 ml conical flask before
incubation in 2%ml REMI/ZZY NCS for 20 min. at 27°C in a
shaling water bath (Gramt Instuments). The gut pilieces
ware then transferred to a universal container, shaken
vigorously  fordmnin warm medium  and  the supernatant
r@mevEtd . This shaking procedure was repeated twice and
the supernatants obtained were washed and stored at 490,
The qut pieces were reincubated for another 20 min  and

the shaking procedure was repeated. ALl  supernatants




were pooled, centrifuged, resuspended in 10 ml RPMIZZ2Y
MES and filtered through glass wool.

The resulting cell suspension  which contaied
lymphoovtes, epithelial cells, and debris was  then
resuspended  in 4 ml of Fercoll (Fharmacia) (especific
gravity L0550y,  and  then Layvered on to 3 ml  of
Ferooll (specific gravity 1,083 in & siliconised glass
il versal EZoml oof RFMI was then lavered on top, before
centrifuging far 20 min at 4009 at 4QC.

After  removing epithelial cells from the intertfacs
between RFMI and 1.0885g Percoll, IEL were obtained from
the 1.0053g/71.085g interface. After washing 3 times in a
targe volume of REPMIZZW NOE, the cells were counted and
viability assessed. The vield was normally 0.8 - 1.2 X
le cells/intestine, with >90% lymphocyvtes and »%3%

viability as eassessed by phase contrast microscopy.

aming propria lyvmphocvies

Fieces of small intesting free of mesentery and
Feyver's patches were prepared as described above, and
were then incubated in 25 @l CMF containing  SmM EDTA
(Sigmad at room btemperatwres. A omagnetic stirrer was
uwsed  at 250 rpm o to remove the epithel ium. At intervals
(usual ly every 1S mirgd,  the supernatant  became ol oudy
due  to released epithelial cells and this was  ramoved
and fresh EDTA&/OMF added. This provcedure was  continued
uertd b no o more cells  appeared in the  supernatant,
indicating  that all the epithelium had been removed

{usual ly around 20 mind. The pilieces of gut were then




washed with CMF  and indubated "with stirring For a
further 20 min in 25 @}_RPN{{Q% NQ@utm indctivate any
remaining EDTA.

The fragments were then twaméfervad to flasks
containing 135 ml BPMIZZY NOS + 10 units/al  collagenase
(Type O~ trypsin free 21739, Sligma) and incubated at
7% in an erbital incubater (Gallenkamp type IH  4&60)
for %0 min at 180 cycles/min. The remaining pieces of
intestine were then disrupted completely by repeated
passage  through & © ml  syringe and the resultant
suspension filtered through a glass wool column, before
heing washed twice with REMIZZYL NOS. L.ymphocyltes were
thaen purified using & 1.08%80 amﬁ L. 08%g Fercoll gradient

as described above.

st reactions.

Adult CRA, CE7BEL/6 and CE7RL/6 bogbg mice were used
ag eowrces of donor spleen cellis, while recipients were
elither (CRA X BALRB/cYFL, BDOFL or (CHE7EL/& X CIHIFL mice.
In experiments wsing unirradiated recipients, adult mice
received varving doses of parental spleen cells in 0.2
ml  RFMI 1640 intraperitoneally (ip.) or  intravenously

oy
(iwva i} while neanatal  hosts received 1007 parental
Tvmphocovites in Q.03 ml RFPFMI 1640 iniected ip through the
inguinal reglon, T-7  dayvs  aftter birth. Freavious
gxperiments in this laboratory (ML V. Falﬁtéing e sorial
comunication) had established that injection of
syngeneic  Fl cells and medium had identical effects on

Rost  mice and therefore, in all experiments, controls



recelverd appropiliate amounts of medium only.,

To  induce a ByvHR in irradiated mice, host animals
were given parental lymphocybtes in 0.2 ml medium
intravencusly, within 24 howrs of irradiation.  Qontrol
mi e in these @ periments WE @ @i ther left

unrecornstituted o recelved  appropilate numbers of

syvngenelc lymphold cells.

stemnic arati-versus-host reactior

i

t

The splesn weight assay of Simonsen was  used to
agsess the intensity of a svetemic proliferative GvHR iIn
unidrradi ated hosts (Simomsen, 19642). Mice were weighed,
the spleen removed and weighed and the relative spleen

weight expressed as mg /710g body weight.

The Bplesn Index was given by the formula:z

teen_ wh. o individual mouse with GvHR
i

Mean relative splesn wt. in control mice.

The ability  of donor lvophooyvtes to  induce an
acute, lethal GvHR was assessed by welighing host mice at
intervals after cell transfer and by observing the

mortality rate up to & months later.

af  a local graft-

sversus-host

i3

i
p
i

it
je
]
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Lymph nedes

A popliteal lymph node assay was used to assess the
abrility of locally transfered cells to induce a BvHR  in
the draining lymph node (Ford, 1970). The local GvHR was

it d

ircuced by injecting 107 parental lymphooyites in 90 ul

&



medium  into  one  footpad of adult Fl mice and was
assessed 8 days later, by welghing the draining
papliteal lymph node. As controls, separate mice were
indected with syngenelic cells into one foobtpad and all
mice received S0uwl of medium in the opposite footpad.
The results were assessed by calocuwlating the
difference in weight betweern the popliteal lyvmph nodes
draining footpads which had received cells and those

which receilved medivm alone.

After ramoval , tissuwes were fixed immediately in
1G% bhudfered formalin, embedded in paratfin wax, and 4um
gsections thick were cut. The tissues wewe‘then stained
with haematoxylin and  sosin CH%ED Histological
processing was carried oub by Mes. Margaret Hardy and

M E Hector  Cairns and spe

mENS Were examined using  a

Leitz-Metzlar microscope.

Intragpithelial lyophocyie counts

L

Samples of Jjejunum (Emm T were taken 10 om from the
pylorus  and IEL were counted on HRE stained sections by
the method of Ferguson and Mareay (092710, andesr 40
magnification. nly  well orientated sections  with &
gingle cell laver were counted and  differential  cell
counts were perforosd by couwnting all  epithelial  and
Lyvmphoid ocell mucleid lving above the basement  membrare,
igrioring goblet cells. A teotal of &00 spithelial cells

were counted in each specimen and results were eupressed

e
i




as TEL/LOO epithelial cells.

Measurement hy microdissection

The method of Clarke (1970 was employed to

measire mucosal architecture. Mice wers injected with

me) s kg colohicine (Sigma) dp.  to cause metaphase
arrest and were sacrificed at intervals of 201320 min.
thareat ter., Fieces of Jejunum (Som X Smm) wers removed
10 om  Ffrom  the pylorus, avolding obvious  Lymphoid
agoregates., The  tilssue was opened and placed villus

aurface  upwards on plieces of card for fixation in 7EY

whiharnl 7257 acetic agid forr &6~24 houwrs and then stored
i FEY sthanol before use. Tissues were stained in
Dl k By the modified Feulgen reaction as follows: pieces

of  gut were washsed in 50U ethanol for 10 min, fol lowsd

B 10 mim. dn tap water before hydrolysing for 7 min. in

Ffter s further 1O min. iin tap
the specinmens were cinsed 2 times with  Ffresh tap water
and  then stained with Schifd reagent  Difco Ltd.) o
E0omin. at room temperabueres. The specimens could then
be shtored in tap water for a mastiounm of 48 howrs  before

micradissection.

Wming & i

=t i g Ml CrOsoope magrification:

Carl feisn, . BeErmarny? the mnuscul aris MUCOsSE  WAS

Firat removed using fine Jforceps. Thin strips o
mucosa, @ach ome willus thick and containing a few villi
and  suwrounding crypts, were then out from the edoes by
disgection with a cataract knife (Weiss Lbd.). These
fragments were placed on a microscope slide in 48%

acatic acid, covered with a coverslip and examingd by



microscopy (leltz-Wetzlar, Germany) with & previously
calibrated evepisce micrometer. 10 villi and crypts
waere measuwred on g2ach specimen and  the results were
aupressad  in JAme. The pieces of gut were then gently
srsashead wncer the coverslip and  the n+»umber o f
metaphases per cryvplt counted +or 10 inteact cryvpts.

To abtain the crypt cell production rate (CLEPRY
the rnumber of metaphases per crvplt was correlated with

T G e

sporicing time interval atter colchicines
indection, and  the set of results for one group was
ik Jeeted to  linear regraession analysia. Heawvirg

established linearity, the COPR was caloulated from the

glope  of melaphase accumulation with time and presented

as cell production/orvpthowe.

sment  of

»

To exwaming  the generation of allospeciftic DTH

. o . B
responses,  faloe  were  lmmunised  with 1 allogeneic
tumowr cellis o FlL spleen cells intradermally into one
footpad,. Byvstemic DTH was assessed 9 and 10 days later
respectively by measwring  the incremsnt  in footpad

thickness 24 howrs atter an intradecmal challenge with

w7 \ 0 i n e .
10 cells in aqpl FEMT 1&40 into the opposite footpad,
using & pair of skin fold calipere (Carabronze  Ltd.).

The specific waz  caloulated by subtracting the

incramnsnt in footpad thicknesss abtained by indecting
. . . - y P o o e

urii mmuniised mice  with 1o allogeneic cells. Theses

srhecul es ware  kEnown to be  optimal  from studies

preformed in this laboraticy.
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(totoxicilty.

A cell suspension containing 107 Llymphoid cells/ml
in RFMI was prepared and 10001 added to the wells of
microtitre plates (Linbrojd. 1QQH1 of & 121000 dilution
of monocional  anmti Thy 1.2 (F7PDE Olac) was  added  and
atter incubation at 4% o ofor 40 min, fraesh guinea pig
serum was added at & fimal dilution of 1:10 as a sowce
of complement (), for 4% min at 37°C. Control

suspensions were incubated with CF alone and viabilities

weire assessed by phase contrast microscopy.

immunoflusrescence,

Helper/Jinducer T cells were identified by

Tasy?

direct immunofluorescence wusing phyooerythrin condugated
anti-L3T4 (GRL.E Becton and Dickinson) antibody, while

cyltotovic/suppresasor T cells (TPIQ) were itdentified by

oot £ At
indirect immunofluorescence using a monoclonal  rat anti

Lyt @ antibody (kindly provided by Dr. T Mac

Domald, 8St. Rartholomew s Hospital, London) and FITC-
labelled shesp amtl rat antibody (Sera Lab.), this FITC

conjugate was  absorbed by mizing it in & 121 v/v  with

.-...
i

MOLISE SErWUm, gliminate the cross reactivity with
monrse g

O
P

X 10écm115 were resuspended in esither 1OQF1 o
184 FITC-label led anti L3ET4 or S0p1 of neat  rat  anti
Lyt 2 uging a crawmeout Fastewr pipette and  incubated
tor 20 min  on ice. After three washes in cold

&




phosphate buffered saline (FBE) pH 7.2, anti-Lyts-
labelled cells were then incubated with LOOpl 1232 FITC-
labelled shesp anti rat for a fuwrther 20 min on ice.
After washing 3 times in cold FBES, labelled cells were
resuspencded  in 100wl of FEYS, and a drop put on =)
microscope  slide., Glides were allowed to dry at  room
tenperatuwre before fixing for 20 seconde in 9%% ethanal
at roomn temnperature. Aoemall deap of glyvcerol-phosphate
Buffer  was then addédg covered with a coverslip and
sealed with nail polish.

The celles Wt 62 s ami red £ e positive
immunofluorescence using a Lietz- Natvlaf LI light
microscope and the number of pogitive cells expressed as
a percentage  of the total cell number, as determined by
simultaneous phase contrast examination. For  Lwvt 2+
celle,  backgrouwnd  staining of the cells labelled only

with  FITO sheep anti rat Ig was subtracted $rom  the

valuess ahtalned.

The Y&O-1 0 cell  line, & subline of a Moloney
‘ . . . . . . =
Teukemia wvirus-induced tumouwr of A strain mice (=25
was  grown and malntained in continuous cwltwe in flasks

\

(Costar 79 om™ in sterile RPFMID 1640 containing 10%
heat~inactivated foetal cald serun FOE) (Giboco), Hepes,
Babt leglutamine (-Gl 100 uw/ml perndcilliin and 0.1
mg S ml streptomvoin (F/78) (Gilem) . F 815, &

methylohaolantherene  induo

2l mastooyvtoma of DEA/E origin
. 0 . . .
(H-370 ywas passaged for one wesk in the peritoneunm  of

DEASD mice amd  then maintained in vitro in sterile RPMI



with &% MNCS,  BW FOE, and L-Gla, Fre as above. Foth
cell lines were subcwultured at least 2 times a week and

if possible, 24 hows before use in ocyvtobtodicity assavs.

YaC—1 armd P 8219 cell lines were labelled with sodium

bz

&

1 - e e
Chromat e (Rmer sham, BEngland? at SOoulirA2.5 )4

& "o o g " - . RO i 09
cells 0. 5ml for 4% min at 57

C The cells were then

107

washead & times in RFEFMIZEL NCS, counted, and adiusted to
5

200X 107cell/ml iamediately betore use. Quadruplicate

aliguots of lymphoid effector cells in 1&Qpl FREMI /S NOS

VB B acloded e the  wells  of G&E 0 wel Y o bottomsd

microtitre plates (Titertek) and 2 X 104 lLabel led target

cellas aclded in LOORL  aliquots hf] ol ove Final

effectorstarget (ErTr ratios of  SoOpl,

andg L2.5:0 1.

) . I , s
for 4 o at A7 6 A

P

e imcuhate

iroa bhumidified

L., 7. thator (Flow Digital),

while specidfic OTL assays were transferred to a 457 O

: : - - R v«
walear bath  for L hows after 2 hows abt 377 0 in 5% 00,

S
o

o maximiss

St ber dnoubation 1jﬁyLL of tlhe

supernatant  from each well was cerefully  removed  and

~gpecific radioactivity counted for F omin on & gamma

cauntar (L. Compagammal . Im &all assays, &l mum

was ohbaln Dy drmoubating 1CM%& target ocells

wl th Padgad 10% Triton-X 100 (Sigma) in distilled water,

B O T AT E LS From Yal-~1 targets was determined
usicng appropiate numbers of thymooyvbtes  as inert filler

L bs were used to obtain

while control splesn o

spoantansous  release in specific CTL  assavs. In  each

A, the specitic oyvbtotoxkicity was caloculated as




Foal L owss

/s

YoGpecific ovictocicity =

X000

».
.l’
s]

D LN

(Mactimum release Spont. release)

s

Fresul s ehown are means of qguadruplic cul tures

i

xcd variation between wells was normally less than 104,

o

Im some edxperiments the presentation of the results  was
simplified by expressing the NE activity in GvHR mics as

a  ratio  of that found in control il ce. This also

al lowed direct comparison with the Spleen Index in  the

seane edperimesnts.

Lo Conganavalin & In viteo

4 A gyt ‘4 M W RRE Y ™ vy o are pr2 pory deee 3 . .
Fo0o0% 107 spleen cells in RPMI supplemented wihth i

uy

sodium bicarbonate, LOow  FCS,  Emt L-Gluw, 100 wusml

e B3

e

pesmioillin, LOOpg/ml streptomyein and 9 X 10 I B

e capt ot ranol (E-MED {(SBigmary ("Complete RFMI™ WET

cultwed i oa final voluwme of 100 pl in flat bottomed %

ot mbre? in  the presence  of

wel 1 microtitre plat
Engfml Comcanaval in A (Con A,  Sdgmal. Cultuwres weres

i EOCOn S alr in & humidi¥ied

performed at
incuhator for 1 o & davs. Tuli TH methyl-thymidine

O TR (Amersham,  England? was added

to each well, 18
hows  before harvesting cell bound DRNA on to  filters
using @ Skatron cell barvester. Filters were diryved at

BRI U i . . . g A
EEUC, dmmersed din Loml scintillation fluid (LEEDY and the




et

T e incorporated into  DMNA  was  measwed  on A
scintillation counter MINAXT Y. A1l ocultures were

performed in guadruplicate.

Mixed lyophocyte
Stimulator celle weare prepared by incubating 107
splesn cells/ml with 4QHgfml mitomyedin © (Sigmay for 20

min at

Loin RPMI. After 3-4 washes, 1OoOoul aliguots

!‘_5

e
. N oo . } . . - ~ s
containing  2X107 stimulator cells were added to  2X10

Fresporider cells i 1000l . The plates were cultured for
' f

L to & davs and harvested as described above., Control
cultures ocontained mitomvein-treated stimulator cells

arel syngenel o responder cells.

aels

Ty I wollagen was prepared from rat  tails

a5 descoribed by Elsdale and Bard (1972, Rat tails were

collected and pla

raenoving the  skin. Tendons  were then stripped and

L

cippead A REFMD containing ﬁ@lﬁfml penicillin and EBO

Jasml streptomyoin for O oming,  bhefore scaking overnight

e g

[ i Bhovdy oacetio acld BDH Chemicals  -td.

at 4
England? it a sterile conical flask. The resulting
mix e was stireed for 1 how with a magnetic stirrer

il centri fuged at  8EBO0g  for B0 min o IR T 6

wneli s Twed material. The collagen was agoregated with

e B

2 wvoluwmss  of 20% w/v sodium ohiloride, then it was
centrifuged  abt &00g  for 40 min angd  the collagen
agoregates Floated and  were ocollected Frm the

rerratant with  a spatula. After washing  with

LS

i FOY etharnol for 5 min before



distilled water, The collagen was redissolved in 3%
v/v  acetic acid and centrifuged twice at BOOg Ffoar 20
mir, to discharge the wundissolved material collected in
the Bbottom. Thie collagen solution was edxhaustively
dialvsed against cdistilled water adiusting to pH 4 with
HEL .

The concentrabtion QF collagen in the solution was
determined by m@aﬁuring;tha optical density value at 234
mm using a FPye Undocam spectophotometer) and comparing
it to a standard cuwrve of absortions abtained using
Ernown concentrations of collagen. 10 ml  aliguote
containing 4.7 mg/ml of collagen were stored at -0
wabil wuse.

Gollagen gels were prepared by  the method of

Shields CLe849y . The osmolarity and pH of  a

solution  containing 20 o of collagen in 8.8 ml WEIm e

Lo physiological levels by mixing with L ml  of
X100 REMI and el of 1M Hepes (pH 7.35). 2 ooml of
mm}lagmn solution were then added to 30 % 13 oam  Lissue
cultuwre dishes (Linbrod),  &llowed to set for 20 min  at
room temperature and coversd with medium for  imomediate

LIS E .

capacity in vitro.

4 lﬁﬁ Lymphooyvtes in 1 oml of complets RFEFMI were

lLaverad on  to fresh collagen matrices and allowed to

. - , . .
70 Mre gels were then fixed with

invade overnight at

Z.5% glutaraldehyvde in RPMI for 30 min, washed I times

arnc  coversd with RPMI Gels were edamined at X400 by

71




phase contrast microascopy and  the distribution o
lymphocytes {through the gel was determined by counting
the number of cells in gach of a series of focus planes,

st arting £0pm helow the gel swface and moving down  at

'fwm intervals wntil  there were no more cells to  be
cournted. The leading fromt of migration waz assessed by
measuring  the distance of the 2 leading cells in  the

sams Ffocus plane. I each case, ten randomly chosen

ware edxaminsd in two replicates matrices.

A af Lis

ribution af lLvopheooytes

-

'
H

"
o .
Lymphoovies were resuspendsd at 10 cells/ml  and
ware labelled with 40pli/ml of  sodium 51 chromate
. — . . vy 03 N
Chmersham,  EBErngland)y by incubating at 277 O for 4% min.

M ter washing 4 Llmes

in RPMYI, the radiclabelled cells

e

7o -
ceelle/ml and O.2 ml

o

W E resuspendsd at 1,525 10
i e ted 1w into reciplients. At intervals  after
injection, mice were killed, their organs removed and

wed ghect,  and i fie radioactivity measuwred in a

gamma counter (LB LEZ82 Compugamma), the radioactivity
it blood was measursd in & volume of 02 ml. The
results  obtained from tissues ware expressed as  thes

percentage of the total radicactivity recovered from all

the argans removed calocwlated as follows:

Yo Recovery = Y
Total

Cargen cadicactivity (cpm) X
radioactivity in all organs removed
(opm?

In sach experiment, one 9.2 ml aliguot of the cell

7E

L0



inooulum was retalined to obtain the level ot injected
adioactivity, to measure  the ¥ recovery of injected
dose, calculated as follows:
“Recoavery of s

indected dose

Total radi

in injected dose

Infection of mige wilth Trighinell

'L--J
it

spiralis

gl—-

Infective larvae wers recovered from the ouscles of
preaviously infechedt BMEIH mice by pepsin (Sigmad HOL
digestion {0, 85% in physiological salins) for & hours.
The suspansion was allowesd to stand for & few minuwtes to
allow the larvas to ssttle  and the volume was  reduced
ter 1% oml. After  counting, 450 viable larvae were
acdministered to 13-14 week old mice by oral intubation
wsing a rigid steel  tube. These experiments  weres
performed in  association  with  De. A &. ke

Departoent of Ioology. University of

Lymphocyte nigration in gxazglong breated mice

& dave before cell transfer, mice were sensitised
- . . o . " }
with oxarzolone and 1 day before transfer of -
labhel led syngenesic lvmphooyvtes, reciplient mice receilved
1Oomg  of 2 ethoxyv-4 methy]l oxazolonsg (BDH) dissolved in
mlive oil (LO¥ w/v)  on both gars.
In experiments wsing sensitised PLN Lyvmphoovies,

conor mice  were also sensitised on both shaved Flanks

with 10 mg of oxazelons disscolved in acetone (10% w/ vy,

grgang removed (cpm). X L0



oo 4 davs before removal  of  draining  lymph  node

lymphoovtes.

Fesults are exdpressed  as o omeans 4+ 1 shancdard
deviation, wunless otherwise stated. Student s  t-test
was used to compareg differences beltweesn groups in most
CAEES . In experiments where ron-parametric
distributions were chserved such as mortality assavs,

results were compared by Wilcoxon's Rank Sum test.

vt cell production rates, calowlated by linear

sio wers compared by covariance analvsis  to
detect differences between the slopes., Calculations

were performed on Casio PE-100 and 180F calcocuwlators.
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Introductions.

The Hperiments in this thesis not only
investigated the properties of non-specific effector
cellis in intestinal GvHR, but also sxamined the relative
abilities of selected donor cell populations to induce a
v, The studises 1in  this ch apter were thereftors
designed to establish  the type of svetemi o arl

inh et

sl atfector responses whioh characterise a
BvHR and  to determine the effects of wsing different
donor cell popuwlations on a GvHR in the same host-donor
combination. Im this way, it owas hoped to establish
that  GyvHR couwld be wsed to oeasure  the ability of
ditterent lyvaphold cells to mediate CMI in vivo.

The featuwres of SvHR induced by spleen cells in
i rracli atedd Fosts, drielucle splencmegal v and
enhancament of peripharal and intestinal  NE  activity
{Rorland et al.., 19825, as well as increases i COPR,
crypt length  and in IEL count in the small inteshine
(Mowat and Ferguson, 158E. Therafore, I pertormed a
series  of GvHR experiments to establish the development
af thesse features in oy hands. | In addition, I studied
the eftfect of altering the donor  cell population by
inducing & GwHR o with el ither spleen or MLN cells and alsao

By usming mitomyoin O-treated donor cells.

induction of syvstemnis

by splean oo MM cells.
- - . . N \
A BvHR o was indaced with X107 CBA splesn cells  or
MW cells ip. arnd at intervales thereaftter, animals were

killed For assessment of splenomegaly and splenic  NE

activity against YACU-1 target cells in microcytotoxicity



AREHAY S

Both groups of GBvHR mice developed significant
splenamegaly (Fig. 1-A8Y, but at all times of GvHR, hosts
recelving  parental  MEN cells showed higher levels of
splenomegaly compared with that observed atter injection
of  parental spleen cells. Furthermore, splenomegaly
appearad to persist longer in recipients of MLN cells.
Tdentical results were found when this 2 periment was
repeated on two separate occasions (data not  shown).
Bimilar results were observed whern ME activity was
meaasuresd  in these groups of mice (Fig. 1-13) . Both
giroaps of  ByvHR mice exbhibited an  enhancement  of b
activity compared with contral levels and these peaked
o day 8 of GvHR, Hewe e, MLQ donar cells induced a

much  greater activabion of Mg sctivity  than  spleen

2l s, (FRelative Cytotodicity on day 8, Z.0 ve 1.8 for
splesn cella). Im addition, recipients of MM cells had
prolonged  enhancement  of NE activibty which persisted
until day 15, whereas reciplients of spleen cells had ne
ME cell activation after day 8. nce again, identical
results were observed in repeated experiments (data not

ST Y W

The intestinal changes in & GvHR were measuwred by

performing IEL counts and by measwwrements of villuas  and
crvet lerngbth and CCOFR o days & anmd 9 of the GvHR (Table

1y Im this experiment, mice given MULN cells had



significantly greater splenomesgaly than those given
spleen cells on both days 6 (2.244+0,20 Ve 1.87+0, L1
pPr0.025)  and day 9 (1.93+0.12 ve Z2.56+0.31 pa0. 025
contirming the previous experiments. As has been shown
previously (Mowat  and  Ferguson, 1981 1982 villus
atrophy  is not a featwre of this model of GvHR and this

was  contirmed  din the present  experiment, where both

5
3

g aoups o GvHR mice had identical villus lengths to
controal animals at both times (Table 1. Both groups of
GvHR mice had significant crypt lengthening on day &

compared  with controls, but there was no differesnce

petween the values in recipients of spleen and MLN cell

i3]

(L%, Ead B preove Ll 440400 am ) respectively ve 95 4503

Jum for controls). At this time, a higher COPR was also
found in  recipients of both MLN O and  spleen cells
compared  wilth controls (B 741,02 for spleen cells
Phat+d, 08 for MLN and &.9+0.95 for  control). Al though
thise was somewhat mors pronounced in mice  given MW
cells, none of  these changes reached statistical
significance.

A similar  pabttern was cbserved on day % of  the
GvHR, when the two groups of SvHR mice had identical and
gignificant increases  in orypt  depth compared  with

Jn L w o

control  animals  (LIG.006.0  pmoand 117, 14%2.0
aplesn  and MLM GyHR respectively, va 98.8+4.4 i o

contrals).  Once again, although GeHR mice also appeared

to have slightly highes CCOPR than controls at this time,
these changes did nob attain statistical significance.

There were no significant differences in IEL  count

between any GvHR mice and controls at either time during

~
o
Y



@ GvHR, This was surprising in view of previouws studies
where this hasgs bheen reportéd as a feature of intestinal
GvHR (Mowat and Ferguson 1982, unusually high counts in
control mice were found.

These results show that although MLN cells  appear

to be more effective than spleen cells  at  inducing

i
&

systemic changes of a BvHR in unirradiated mice, this
EREnQmeEnon is ot Ffound as  consistently  when the
intestinal phase of GyHR  is examined. However , the
experinsnts  wnderling the potential ditferences betwesen
gonor cell populations in the induction of GvHR.

Lymnphoy

te numbers  in

The results i the previouws secbion  showed that
campared with splesn cells, parental MLN ware able to
induce a more severe ByHR in Pi rosts whern measured  as
splenonegaly and enhancemant of NE activity. me reason
for this could be bthat MON comtained & higher proportion
of  alloresctive 7T cells and this was supported by an
grperiment in o which the proportion of T cells in the twe
popul ations W S @y ami ned Iy complenent-dependeant

studies showed that MW cells

cvbotoxiciiy. Th

‘ onp e R . . R .
contained  50% Thy 1.2 cells whereas only 20X of spleen

cells were T cells by this critericon.

I then assessed 14 this higher proportion of 07

Lle cowld account for the greater ability of MLN cslls
tin dnduce & syshtemico  ByHRL Therefore, & GvHR was

induced uasing preparations of MLN and spleen cells whicoh




had  been adiusted to give egual numbers of T cells in

each donor inoculum. Aocordingly, (CBA X I—Zﬂ’-}LB/c)FﬂL mice

received either & X 107 CEA gpleen cells or 2.4 X 1@’

MLN cells and the development of splenomegaly in these
groups i shown in Fig. . This reduced number of MLN
cells still induced greater splenomegaly than that found
in recipiente of spleen cells, at all times of the GvHR.
This was also more prolonged than  in recipients  of
splesn cells. Ay these differences were similar to
those  found uwsing unadiusted populations of MLN celle,
the  gesater  ability of MULN cellse to induce a systemic
GvMHR cannolt be attributed solely to the number of T

cells present in the two populations,

of donor gell prolifecation in the induction

Saveral of  the esupecriments describesd in later
chapters Wsed donoe cells which appear to have abrnormal
abilities to proliferate. Theretors, I examined the
importance of proliferative capacity in the ability of
derer cells to induﬁ@ HvHR The proliferative ability
of CEA splesn cells was inhibited by pretreatment  with
mitonyotin O and these cells were compared with  normal
aplesn cells for thelr ability to induce systemic and
intestinal GwHR i (OBS X EﬁLBKc)Fi Mosts.

e eupected, significant splenomegaly ocourred in
mice recelving nornal splesn cells with a peak on day 8
-

(81 2.5%+0.13 and remaining significant on day 10 (Fig.

Ped
ot

KD N In  contrast mice receiving mitomyocin O treated

cdonor cells had no splenomegaly at any time during GvHAR.




Intestinal pathology was assessed on day 8 of the
GvHR (Table ). At this  ftime, mice given normal
parental  spleen cells had & significant increass  in
crvpt  depth  compared with controls (11&6.6+4.1 Hmovs
103+4.7  pm po0.005) and also had  an  increased CCOFR,
although  this was not statistically significant (18, 3+
ve o 14,50, Villus atrophy was not found in GvHR mice.

In contrast, mice given mitomvein C treated cells had

o alterations in either crypt length (1G5, 157,03 Mmoo

COFR (LS, 2240 compared with  controls. Thus, donor

Lymphooyt

need  to proliferate to be able to  induce

both systemic and intestinal GvHR.

The experiments i this  chapter  showed that,
oo A e with spleen cells from  the same donors,
prairental ML cells were more efficient at  dnducing a

ot

systemlc ByHR in unirradi

ol adult mice and there wers

H

indioations  that MLM celle also induced & more

verrs intestinal GyHR. These studies alsoc condirmed

the ahserveations that svstemic GvHR s accompanied by MNE
Ccell activation and reproduced some of  the intestinal
alterabions  which have been reported previously in this

meddel of GBwHRL O &lthough MLN contained more T cells than

YW cellse this did nobt account  for the greater
apility  of MLMN cells to induce & GvHR, as  greater
gplenomegal y  ocowrred sven  after adiusting for  this

axoess of T cells. Firnally, treatment of donor spleen

cells with mitomnyeoin O abolished their abkility to induce




avetamic and intestinal GvHR, indicating that donor
lvmphoocytes proliferation is  regquired + o these
phenomena.

These +indings highlight some of the effector
mecharniens induced by a GvHR and show that the systemic
conseguences in particular are highly dependent on the
matuwre  of the dornor cell wused to  dinduace  the  GvHR.
Howsver, the gut changes were not as sensitive in this
resneot. These findings illustrate the usefulness of
the GywHR as  a means of assessing the cell mediated
et fector potential of different populations of donar
Tymphoid cells, a featuwe which will be “plained in

Future studies.,




DAY 6.

HOST

CONTROL

SPLEEN

CELLS

MLN
CELLS

SPLEEN
CELLS

MLN
CELLS

Table 1.
BALEB/c)HF
cells.

group. *

600, 6+50.5pum
563.2486.9um

390.1+20.3um

541.3+43.8pn
574.5+19.%m

521.6435. 7pn

Comparison
mice induced by either &X10
Results shown are means -+ 1 s.d.
*¥% pa0.0L and

pu0.025,

clespthly
s hsight

€.D. ECPR.
95,3+5.3un 6.9+0.95
109.3+6. Jpns 8.741.02°

111.4t4.3;m*** 11.141.06

78.8t4. 4um ?.9+1.00

115.2ﬁ6.0pm**

12.142.09

117,149, 0pms  12,2+1.75

of intestinal GvHR

counts

== ==E=lx=

19.042.1

22,743

21.9+2.8

IEL counts

22.3+42.4

23,443

23.3+4.0

in (CR& X
ERA spleen or MLN
for 4 mice per
*%% poO.005,



HOST V.H. C.D. CCPR.

CONTROL S547.2+28.5um 103£4. 7um 14,5+1.00
NORMAL 566.5317.9Hm 116.614.1Fm * 18.3+1.03
CELLS

M.C. 585.2145.2Pm 105. 1+57.3pm 15.22+1.23
CELLS

Table 2. Comparison of intestinal7GvHR in (CBA X
EALEB/c)F mice induced by either &6X10° CEBA normal or
mitomycin C—-treated spleen cells. Results shown are

means+ 1 s. d. for S mice/group. ¥* p<0.003.
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%-—XSPLEEN CELLS

s ‘MLN CELLS
&
(=) ¥*
z 15 le..\IN* "
= £ I
i e
& Foeee.,

N
1

RELATIVE CYTOTOXICITY
o

-t

5 8 12 15
" DAYS-AFTER INDUCTION OF GvHR

Fig. 1. Evolution of systemic GVHR in unirradiated (CEA
X BALB/c)F, mice injected with CBA MLN or spleen cells.
Development of: B) N cell activity at S0:1 at E:T.
Results in GBvHR mice are expressed as a ratio to those
in control mice using cells pooled from 3-4 mice/group.
A)  Splenamegaly during GvHR. Results are means +1
standard deviation for -4 mice/group. * p<0.025 and **%
pa0.005. gs




_ %--X SPLEEN CELLS
2- ~— MLN CELLS

1.5+

SPLEEN INDEX

0.5

1 T T

3 6 9 13
DAYS AFTER INDUCTION OF GvHR

Fig. 2. Induction of GVvHR in (CBA X BALB/C)F, mice by
inoculation of CEA MLN cells and spleen cells
containing the same number af T cells. The results
shown are mean Spleen Indices +1 standard deviation from
3 micg/group after transfer of &X10° spleen cells and
2.4%X10° MLN cells. *x p<0.QO05.
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SPLEEN INDEX

*--X NORMAL SPLEEN CELLS
—— MC-TREATED SPLEEN CELLS

3—
P

SF Tk

2+ //

/
7
7
Ve
1 iTS’ /’I
1

a T

DAYS AFTER INDUCTION OF GVHR’

Fig. 3.
mitomycin

Induction of GvHR in (CBA X BALER/c)F

C

(MC) ~treated and control CRA spleen

The results shown arg mean Spleen Indices +1

deviation
cells.

Mice wees 1 torband wilbh

87

mice by
cells.
standard

from 3 mice/group. ¥ p<0,005 vs MC-treated

500 splesn cells.
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Az shown  in the previous chapter and as reported

(Roy et al., 1982 Borland et al., 198%: kEubota et al..,
1983),  enhancemsnt  of NE activity 1 a charagteristic

fFaaturs of GBvki in wunirradi ated Fd mice. e

interpretation  of this enhanced NME activity is that bl
cells are mediating a form of Wj resistance  In GwHR,

wimilar  ho  that desoribed in F{ hosts  given parental

fasmopoietic cells (Cudbkowic: and Stimpfling, 19&4

Warner and Dennert, 19832, Harrison and Carlson, 19y

l.otzova, et al., 1983 . Al ternatively, activated b

cells could play  an loportant effector role in the

pathogenssis of GyHR (Charley et

toalay 1983, Borland el

Lo Mowat and Felstein, 1987). That NE cells may

e dmportant in the effector phase of UMD resporses is
supported by the presence of M csll inftiltrates in

L9y andd by the

fact that depletion of ME cells inhibits the development

of auvtoilmmune  diabetes in rats (like

Bothy,  host  and  donor NE cells are recrudted in mice
wrsergolng ByHl lapp gt al.. 1983 and in this chapter,

I astudied the role of donoe ME cells in the devel opment

of intestinal and systemic OvHR by assessing bthe ability

af lwvmphoid cells from NE deficient beige mice to indu

a vHR,

2 A e ReGt

Fouwr  separate models of GyvHR were used to  ewamine
the potesntial  of beige splesn cells to mediate a GyHR.

First, an entirely proliferative, svstemic BBvHR & was

&9




indumed o wnirradiated (CIH X E:éa)l':1 mices secondly, an

acute and occasionally lethal GvHR, was induced in

adult, unirradiated BDF, hostsy next, I examined the

L
local GwHR which occurs in the popliteal Tyvmph  node
atter footpad injection of Fl hosts, and, Ffimally, an
acute, lethal GvHR was induced in irradiated hosts. In
@ach experiment, the ability of beige spleen cells to
induce a GVHR was compared with that of normal congenic
Bé omice. The progress of systemic 5vHR'wa5 assessed Dy
martality, weight loss and splenomegaly, while in some

@grperiments thess changes WHET @ accompani e by

measuremaents of intestinal pathology.

ige  me

GybB din wunirradial

In this first experiment, I examined the GvHR that

poouwes i adult,  unireadiated X B&YF, hosts after
injection of parental splesn cells. This produces an
entirely proliferative disease with no weight loss  and
ro destructive changes in the gut, but it is accompanied
by splenomegaly and enhancemsnt of splenic M activity.
Fohal Fl miceE ware glven &X107 BéH oo belge spleen cells
ip and were sacrificed from 2 to 16 davs thereafter to
Ao I anc  anti-hoast ST activity ard £ o
measuranents of splenomegaly.

Initial experiments confirmed that the beige mice
wsad as  donors hed little or no M activity compared

wilh BH mice (Fig 47, Thus BS spleen cells showed 254

A3

u

i

lysis  of Yal-1  target cells at S0t E: T, while belge

G0




spleen cells showsd oOnly 2% lysis under the same
conditions. Himilar results were found at  obther ET
ratios (Fig. 4).

Whern Bé splesn cells were used to induce a GVvHR  in

(o5 X H&)Fi Mosts, ﬁigni$iﬁént splenomegaly was Found
aroday & (Fige S-n BT 1.53+0,10) which then qgclined to
tevels only slightly above normal on days 8 and 14, In
contrast, belige spleen cells were completely unable Lo
itnduce  splencgmegaly  at  any  time after transfer to
identical hosts. In parallel, (CEH X Bﬁ)Fl mice given
Bo o apleen cells had enhanced splenic NE activity on day
&ooof the GvHR compared with conterol  mice (Fig. S-B).
This peaked on day £ and fell thereatter. Beige splesen
cells orocduced some enhancement of NE activity in host
siplesns, but  this was only apparent on day 8 and was
considerably less than fournd with B& cells.

A smimd lar edperiment was conducted in BDFl Mosts
oboveEn %XIQ? parental splesn cells. twm before, mice

given BS splesn cells developed sigrificant splenomegaly

i the first &

of GvHR (Fig. &y 85I 1.

)

day 1E Im contrast, reciplients of belge spleen cells
had no splenomsgaly conpared with controls. This data
i taken from controls in experiment shown in Fig. /0-4

threg fuwther experiments showed identical results (data

ot shown? .

&
aad
i1
in
i)
=

veE Gy,
Im  the next experiment, I evamined whether beige

splesn cells were also defective in inducing & local



GvHR  in the popliteal lymph node of Fl Mosts. (OEH X
"’_'7‘
Bb)Fl mice were injected into one footpad with 2X10 E&
or beige spleen cells and the draining popliteal Lymph
node weighed 8 days  later. B& o cells produced &
significant increase in Lyvmph node welght compared with
sontrol lymph nodes which bad been indected with  medium

cily (Table 3.

Te2mg ve LLuES74+004 mg poQ.O00ly, A

anificant welght increasse also ocourred in lvmph nodes
e f mice givern beige splesn cells  pbut this [VE:R:
signifticantly less tharm that found atter indection of B&
cells compared ta lyvmph nodes  from belge cells

raciplents L ERG, I po0.001) . Thus, belge spleen cells

arg  also deficlient in their ability to induce a local

GvHR in unirradiated hosts.

i

n acute

In  the next separiment, acdult andieradiated BDFl
8 . . .
mice were injected iv. with 107 Bé& or beige =pleen cells

s & means of studying the ability of beige cells to

induce  the acute, often lethal GvHR which normally

533

oueotrs 1o this model (Gleichmann &b al.. 18840 . BDFl

mice injected with normal BS cells began to lose  welght

gay 10O and this continued until day 20 (Fig. Ty
Bt dhis  time, 2 mice died and wmost  animals had a
characteristic runted appearance and significant  low
walght compared to controls. These mice remalned bhelow
ricarmal  weight  and at the end of the experiment on  day
50, had a mean weight of 27.3541.7g compared  with

Fa



Il.9el By for  controls (plO.001) . In contrast,
recipients of beige spleen cells showed only slight
weight loss arcound dayv 14, which was not significant and
their weights rapidly recovered to conteol levels
thereafter. Mo deaths and no runting occuwrred in this
(3 G Y At the end of the experiment, these hosts  had
similar welighte to control animals (30, 7+1.50) . Thiss
beige spleen cells are markedly defective in  their
ability to induce sither & proliferative or destruchtive

syvatenic GvHR in unirradiated adult hosts.

of GyHE induce

1A
i
im
i
2
n
3
—

in

urirradi ated bhosts,
The intestinal changes in an acute GvHR induced by

]

injecting HDFi elthaer 107 B or bhelge spleen cells were

by measwring villuws and grvpt lengbths as  well
as GOPR on davs 14, 20 and 29 of GvkHR,

The findings ars shown in Table 4. On day 14, &
significant dncrease in orypt depth was observed in
recipients ot both  Bé& O and e g sl een wells

GG Sum and 12&"J¢&"3ym ) respectively  compared

with C1OE, O3, 1 M i ocontrols palO,000) ., Significant

villus atrophy was also found in both recipients of  Bé

7
3
il
o

eige ecells ab  this time ARV EHEHE.E i arnd

35 P Jam

] Jum respectivel v compared with (493%, 441
far controls pl0.03). Both these groups of GvHR  mics
Fad increases in CUPR, bubt this was only significant in

mice recelving Bé spleen cells |

vie L7+ 1.4 for
controls  pod. 02 At this time, recipients of beige

cells had a COPR of 18, 1+2.4.

J—
A



O day 20, the increased in crypt depth (L&l S
12,0 Jhom pA0.00L)y and COPR O (29,46+35.5 pd0.02) as well as

villus atrophy (39904045, 2 Jm POl were  shill

presant in mice injected with Bé cells and 1F anything,

PN

bl LrheEnsl Filed. Ie contrast, crypt Langthes

(124,1+1@nﬂpm) ared  QOPR (18,8

in mice e

beige cells were the same as day 14, while villus leangth

Fradd recovered  slightly (ﬂﬁﬁn?xﬂéugum)" Values dn

contrals abt this time were essentially  ddentical Lo

ocay 14
Or day 2%, recipients of B oells still  had

significant intestinal damage with persistent increases

p

(!

i TR Jm fra Qe DOLD arel LERER

VIR US BTROPHY
as Wl l aﬁhf4ﬁ&“5+&uﬁlpm Frect, Q2L

I recipients of belge cells now  had  orypt

artd villus length (489, 140%.70m ) wittd oh

wizre Lodsntical to controls values. Howewer, thes

in  CERR

Aun i

¢li o

o B, Lofor conmtrols paQ.00l)

Thess results  show  that although  BéS O and

splasn cells  were hobth able to induce  the al

induced by beige

of  GHvHFC A BDF, mice, the ohang
4

rormal ly o omi ldaer that those dnduce Dy

sustalnad.

amlesn cells and were olaeo

i

The preceding studies showed that lvaophooytes feom

heige mice were very  poor at  inducing  many of the

4




characteristic featuwrss of GuHR in three dJdiffsrent

mocdels in GYHR O In unirradiated hoszts. As o a GByHR in
intact hosts is markedly influenced by the involvement
aof host cells, it owas important to study the behaviour

of baige donor cells in an dmnunoinoonpetent host.

fAohal b EQFt mice were irvadiated with 450 Rads and

-
imjected  with 2X107 Be or

ahown in Fig. B, all recipisnts of BSOS zpleen cells odied

by day Y Furtheraore, mioce given belge
Bl e cells e an ddentical mortality rate  all

chvidnmer by oday 3L MET LF) . AN EDFl il e

sabesed Wik S e E et o ol Ean cells  oF Teft
K o ¥

LT RIS Lt

afisr frradiation swvived the ocourse

ot e = Lo mesret

cells are entirely  normel i

Cividbe i Prradi ated

calis o cadse a  BvHR

Eagd blvat

i Trractt ste have

i a GwHR. It

Torreactd

Lheretorae bo dLrve

Ligate whether Al

Losmpirioanesriie b

wendla allow belge cells o produce Svbli

i it

mice were injected with 1000 W

arel bhelges
aft human recombinant T3 dn 18 gelatine ip one  day

efore thelr s calls were used to induce s GByHER in

Ll e el Loat BDF, hosts as descoribed before.



The NME cell activity of the cell inocuwla was

measurard ag a means of assessing the effect of the IL

treatment. fim shown in Fig. 9, the ME cell activity of

Ba mice  given 24 hows before was  enhanced

comparad o with BéS controls (15099 ve S.3% lvasis abt S04
f ;

Bty Im contrast, the N activity of beige mice which

LR was the same as that in control  beige
mi e (5, B WS NN A cytotoxicity respectivel vyl .
Nevertheless, these resulis indicate that the protocol
cf Tle2 treatment was capable of producing a biological
affect in donor mice.

The ability of spleen cells from IL-2 freated Bé

and  belige mice to induce a GvHR is shown in Fig. 10-A.

& sown previously, BDF] mice given BéS splesn cells had

o

i
o
e
hea]
a:
ri

splenomegaly by day 13 L4500, 25 and  this

was significantly greater in recipients of spleesn cells

=k

) [ treatad mice Ra08R00E 0 pao, 0. Im

shtrast, administrati

o donor belge mice
mad no ettect on theilr drnability to indouce a  GybBR in

unireadiated  hosts,  with vivtwally oo splenomsgaly at

P

time A elther Qeoun. The lavel af  aplenic  NE

activilty was also enbanced on day 9 of a GvHR induced by

cells, compared with that in controls (Fig. 1O-ED .

Splesn cells from Il treated BS mice not only produaced

erhancensnt  of ME activity which was more marked  than

3oz
H
i,

that induced by control L cells, but  this also

pearslsted . throughout the GwHR. Fecipients of control

mpleen calls had little or no change in splenic N

activity. MHowsaver, -2 treated belge spleen cells

'1':';) c‘:‘




produced enhanced ME activity on day 9 of the BvHR  with
levels similar to those found in recipients of  IL-2
treated Bd cells.

Thus, treatment of beige mice with rlIl-2 had
cmﬁflictimg effects on the ability of belige donor cells
to dnduce systemic GByvHR in unirraediated mice with no
gffect in the induction of splenomegaly, but were able

o incduce enhancement of NE activity in host nice.

Bumnary and Gonclusions.

I this chapter I have shown that, compared with
congenic BéE cells, belge splesn cells are defective in
their ability to dindace different Foroms of GvHR  in
unirracdi ated Fl M. This defect was manifested not
crily by the virtual absence of splenomegaly but also by
the development of milder  intestinal pathologyv. in
addition, there was & lesser degree M cell activation
in  host  mice  and beige spleen cells induced &
defective local GBvHR as msaswread by the popliteal 1ymph
node assay. A owell as this defective ability to cause
a proliferative GvHR, bsige spleen cells were unable to
induce the acute, destructive disease which occurred in

) . N
el eradi ated HDFl mice Given 1o Fré cells.

Aclmind e

ation of i3 in g enhanced the M activity

grf Bé o spleen cells and dnorsased thelr ability to induce
a  proliferative GvHR,  but ril-2 had no effect on beige
splesn  to induce splenomegaly but it had an  effect on
the enhancement  of host NS activity. In contrast  to
these {findings in intact hosts, beige lvmphoovites were

as  efficient &s BSOS Lymphoovies in mediating a lethal



GuvHR irn drradiated hosts.

Thess results indicate that a&lthough NE cell
deficient beige mice have the potential to induce a
GBvHR,  this i1s markedly reduced compared with normal
animals and is only revealed in imnmunoincompetent hosts.
Together these findings could support an important role
for donore NE cells in the induction of  GeHR, Howaver,
bafore this hypothesis can be accepted, it is  important
first to excluwdle the possibility of other immune defechts

in belge mios.



RS e SR Ol s o G bin o e e

WT. (mg)
MEDIUM BDF | 1.57+0.4
B& BDF, 10.02+3.2 *
BEIGE BDF, 3.50+0.4

Table 3. Induction of a local GvHR by B6 and beige
spleen cells. BDF, mice were injected into the footpad
with 107 B6 or béige cells and the draining popliteal
lymph node weighed 8 days later. Result shown are means
+ 1 standard deviation for &6 mice/group. * p<0.001 vs
beige cells.
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HOST VaHe CeD. CCPR
CONTROL 49F.0+38.5ym 102,042, 1 /m ?.7+1.4
Bg F, 402, 1+54 . Skym 126, 7+6.Brxx 18,142, 4
baY 20
HOST VaH. C.D. CCFER
CONTROL S28.0+22.6 . 100,9+1.5 #m 10.24+1.2
B6 F1 399, 04+45. 2% %% 161, 5412, O%nk v 29 _L1+7, 5%
Bg F1 486. 7126, b%xr 124, 1+18. 4% 41 18.8+2.4
DAY 29
HOST VaH. C.D. CEER
CONTROL - SOZ.2+47.84m 98, 4+2.04M 9.88+2. 1
B6 F, A56.S+6. 25%% 128, 1+6.2%%% 2 29, T4, TH%
Eqg F—‘1 48%.149.7¢™ 101 .3+3.4 &M 27.89+1. 1%%%
Table 4. Mucosal architecture in jejunum of adult BDF

mice with GvHR induced with either B&6 or beige spleef
cells. Villus height (V.H.) and crypt depth (C.D.) are
expressed in um and results shown are means + | standard
deviation for 5 mice/group CCPR. % p<0,05, %% p<0.025
and %¥% p<0.001,
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Fig. 4. Levels of NK activity in the spleen of normal B6
and beige mice. Results shown are %Z lysis obtained at
different E:T ratios using cells pooled fron 4-3

mice/qgroup.
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Fig. 5. Evolution of systemic GvHR in unirradiated (C3H
X B&HF, mice, given either B&6 or beige spleen cells.B )
Developgment of splenic Nk cell activity during GvHR.
Results shown are the NK activities at S0:1 E:T in GvHR
mice expressed as a ratio to that in controls using
cells from -4 mice/qroup. A ) Development of
splenomegaly during GvHR. Results are mean Spken
Indices +1 standard deviation for 3-4 mice/group.
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Fig. 6. Evolution of systemic GvHR in unirradiated EBDF
mice given either B& or beige spleen cells. The resulté
shown are mean Spleen_lndices for 3 mice/group after
ip.transfer of &X10 beige or B& spleen cells.
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Days after induction of GVHR.

Fig. 7. Induction of acute GBvHR in BDF, mice. EDF, hosts
were inoculated with 108 Bé or beige spleen cells iv and
results shown are mean body weights + 1 standard
deviation for 11 mice/group. *p<0.001 vs control.
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Fig. 8. Induction of a ;ethal GvHR in sublethally
irradiated RDF mice by 10" B6 or beige spleen cells.
Control mice WwWere either left unreconstituted after
radiation (control DXRT) or received syngeneic cells.
Results shown are % surviving animals at each time for
8-10 mice/group.
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Fig. 9. Effect of IL-2 on the levels of

activity of B4 and beige mice.

inoculated with 1000 W of IL-2 ip and the levels of
activity measured one day later.

lysis at 30:1 E:7T ratios from cells pooled from 2

106

E& and beige mice were

Results shown are % of
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Fig. 10. Effect of treating Bé6 or beige donor mice with
rIL-2 on the ability of spleen cells to induce GvHR in
EDF mice. Donor mice were inoculated with 1000 U of
ril~2 ip one day before removed of their spleen cells to
induce GvHR. ® ) Development of NE activity during GvHR.
Results shown are the Nk activities at S0:1 E:T in GvHR
mice expressed as a ratio to that in contreols, using
cells from 3-4 mice/group. A ) Splenomegaly in GvHR.
Results are mean Spleen Indices +1 standard deviation
for 3-4 mice/group.
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Intraduction,

It is clear from the experiments in Chapter 4 that
spleen cells from CEVRL/& mice carryving the beige defect
have & defective ability to induce a GvHR in  vivo. As
bhelge mice are ocommanly used as a specific means of
examining the role of NE cells activity, these results
are  circumstantial evidence that donor NE cells may be
important for the induction of GvHR, However, while I
was completing these sxperiments, 1 became aware of work
(Bawena gt al.. 1982 Halle-Pannenko and Bruley-Rosset,
1985 which callenged the sarly reports that the beige

defect  was expressed exclusively in NE cells (Roder and

Duwe, 1

I wvie, of this possibility and hecause other T
cell  funchtions in belge mice have not been examined in
cdetail, T considered it important to determine whether T
cell defects cowld account for the inability of beige
celtls to induce a GvHR, Therefore, in this chapter, I
Mave compared the T cell functions of beige lvmphoovies

with tho

cef mormal , congenic BS omice.

iymph nodes of beige

The  mumber  and  type of T cells in a lyvmophooyvite
population can influence the owtcome of GvHR (Bril  and
Rermeae, 1985 ancd  in the {first =Hperiments, the
proportion of helper/inducer and cvtotoxic/suppressor T
cells in the spleen and Lymph nodes of beige and BS mice

ware compared.

low




Spleen cells and MLN lymphoovtes from B and beige

mice were analysed for the proportion of T ,. and T
k S W w4

By immunofluorescence  using anti LET4 (7 fi) and rat
| R

anti  Lyt? (Tr,m), as described in the Materials and

wr

Meathods.

The percentags of T cells and the proportion of Lyt

27 and 4% cells in the spleen and MLN of §E&  and

heige mice are shown in Table &, In the splesn and FLN

r L : o . - ~yn =y ; denn +
of Béa o mice there wers 1O5.35010.2% and 21, 6+3% L.yt 2
. . e T
cells respectively, while the percentage of L3IT4
Lymphocytes  in these organs was  2R.6+42% and  S0+2.9%

. ’ - . . - . .
nectivel v, fhe propoction of Lyt2 cells in spleen

and MULN of beige mice was 1&.3+1.8% and 24.6+1.56%, while

that of LIE3T4 lyvmphocvies was 0L Y and 47, 642 8%

respaectivelv. Therefore, there are no differences in
el ther the absolubte numbers of T cells or the proportion

of T cell subsets betwsen belge and B mice.

fie

and non-specific cell nedia

t.mm of Be  and beig

The next series of edperioents examined various
aspects of calle-mesdiated immunity in beige mice in

Tmmunisation with allogeneic tuwmouwr cells 18 an
aucellent  means of inducing both specific CTL  activity
and  of enhancing ME activity in vivg (Heebstman et al.,
1977y Cerottind and Brunmer, 1R74) Therefores,
the ability of beige and nmormal B mice to generate

specitic OTL at intervals aftter immuanisation with P8LE
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. | - \ s " .
(H-27) cells was compared., In addition, I examined the

degree of M cell activation induced by this protocol.
Bé and beige mice were immunised with 2 X 10? FELE cells
arel Eel7 odave  later, spleen cells were assayved in
vitrg for CTL activity against P 815 targets and for  NE
activity against YAC-1 targets.

The results i Fig. L1 dindicate thet specitic CTL
activity against PHLY incresased rapidly in the splaen of
immunised BS mice from day &, reaching a peak value of
VG.1Y cytotodioity (S0l ErxThon day L3, By day 17, the
activity had declined considerably to levels of 2&.5%.
Tmmunised beige mice showed a. similar pattern of CTL
generation, but the levels observed were much lower,
with & peak of 45% on day 10 cytotoxicity and declining
thersattser to levels of 10.2% by day 17.

The results in Fig. 12 show splenic NE agtivity in
the sams mice, @measwaed against Yal-1 target cells. &
ewpected, splenic N activity in control  Béd mice
remalnaed fairly constant sround 20% lvsis atbt S0:1 E: T,
throughout the period of the expariment, while
wrndmamurrl sed belge mice had little or no ME activity at
any tima. Bé mice immunised with PBRLY cells had & marked
increass  dn M activity after dav &, which parallsled

the rise in CTL activity. This reached a peak of 537.9%

g

o day 13 and declined to 30.5% by day 17, ITmmuni sed

beige mice also had an increase in NE achivity from day
&y with mawimum leavels of 3257 on days 10173, declining

to 9.3 by day 17, fm before, these values did not

approach those in immunised B mice.




Thitds immunisation of Bé& O and beige mice  with
allogeneic FELES cells produced parallel generation  of
CTL activity and enhance of NE cell activity. Howewver,
beige mice generated lowar levels of CTL and had ME cesll

activaltion tharn Bé mice and  these defects g g

gquantitatively very similar,

type hyper

ige and BéH mice.

I wview of ithe defective CTL activity in beige

mice, bthe ability of beige mice Lo generate specific DTH

sponses was evamingd atter immunisation with fully o

samial logeneic cells. Beige and normal BS mice werae

tested Ffor allospe

ifie DTH by footpad challenge with

approptate cells, gither % davs after intradermal

. . . ; T - T 55
immund sation  with  2X107 (DEM X B&)Fl L R Fooosplesn
cells  or 10 davs  after dntraperitoneal immunisation

. . . O -
ity Lo FeLE (M2 7 tumowr cells.

Bé 0 omice immunised with F cells had & AR

in footpad thickness of OL544+0, 12 mm 24 howrs

af e challenge with PBLIE cells and & virtually

tdentical was abtained in immunised belge mice

(Fige 13, O, a4+0, 20

mins . Gimilar results were oblibained

whier  DTH  responses were examined in Bé& and beige mics

Lmman i 4 wi th (O3 X BéOF, cells. Thus, atter

1

challenges, mice had & specific {footpad increment of

e

Sommowhile beige mice had a specific increment of

L mm. These results shbown that belge mice

agenerate normal allospecific DTH responses in

I next examined the capacity of beige mice to




madiate T cell functions i vitro.

Frolifecative responses of beige lvmphocytes to ConA.

In the first experiment Bbd, and beige spleen cells
were culbtured in the presence of Z20ug/mg Con A& and their
proliferative responses measuwred on davs 35 of culture.

As shown in Fig. 14, the maximal responses for sach type

o curread on  day 5, when beige lvmphoovies had a

stimulation index of 88.1+3%.4 compared with 40,&v5.1  of
B cells  (palo.001). Thersatfter, the proliferative

responses  declined, beige ocells alwavs shawed much

Miger responses  than Bé cells (pdo, o0%) .,

ration  of

Lyvmphooytes in mixzed lymphocvie

reachions.

In the next experiments, belige and BS spleen cells
were compared for their ability to proliferate in an MLR
in o response to Fully allogensic DRASD (HwEd) sitimulator
cells. Gelle wers harvested after 2-3 davs of culture
and the results are shown in Fig. 1%, The peak response
by beth cell types occwred on o day 4, with  Stimalation
Indices of L4, S, 8 and 15,533 for BS and  beige
responder cells respectivel v, MHowever , at other times,
bresi g Tvmphoovies showed signiticantly better ML
responses than Bé lymphocytes, with a 81 of 14,3+3.5 on
day 3 (vs 10,0 +1.2 for BaHy po0.08) and 8,.2+2.8 on day O
(va 4. 040.9  for Bég P, 05, In three further

experlments bheige e o cer cells consiatently

exhibited Righer proliferative responses alt most  btimes
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of the ML (data not shown).

These results indicate that beige spleen cells have
a normal o increased capacity to proliferate in MLR and
are consistent with the enhanced proliferative responses

“to Con A

Generation of alloeospecific CTL by beige spleen celle in

fe beige spleen cells proliferated well in an MLR,

despite their defective ability to generate allospecific

T it was of interest to investigate whether
specific OTL would develop during an MLR wusing beige
lvmphocytes as  responders. Beige or B& épl@en cells
were  stimalated in an MLR with mitomvoin-treated DREA/Z
stimulator cells and, 36 days later, responding cells

ware harvested  and tested for  specific CTL sctivity

il

against Qr-—-labelled P 815 targets.
Im cultures using B responders, CTL activity was

already detectable on dav 3 (Fig. Lo, HEY cyhtotoxicity

at 25¢1) and  this peaked at 474 on day 4, before
declining to LLL%E on day &, in comparison, belge
responders cells alwavs had mach less OTL activity  than
Be  responder cells, with 197 on day 3, 18.9% on day 4

arted anly 5.05% on oday & Similar responses were found at

el EsT o ratios.

listribution of Bé and b

gioge lyophocyies in vivo.

13

The results discussed in this chapter indicated
that although beige mice exhibit defective generation

of OTL, their lymphooytes are capable of many other cell
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meadiated effector functions. T%r@fmr@, it was not clear
whether this restricted pattern of defects could account
for the poor ability of beige mice to induce a BvHR. in
Chapter 7 it will be shown that failuwre to recirculate
throuagh tyvmphoid tissues in  vivg may wmplain the
inability of IEL to cause GvHR. Therefore, the +final
experiments in this section examined the redistribubtion
of beige and Bé& cells atter v injection into syngeneic
recipients.

Beige and B& MLN lvmphocyvtes were labelled with
Sl oo ) o .
Croand  injected iv into svngeneic Bé& mice. The
distribution of radipactivity was assessed 18 hours
aftter ocell transfer as described in the Materials and
Methods .
Moy significant differences were found in the crgan
distribution of these two cell tvpes (Fig. 171, both Bé
and  belge cells asccumalated efficiently in Llymphoid

argans sueh oas dn Mo, PLM and spleen.

Grammary and Longlusiong.

The experiments presented in this chapter show that
bheige mice not only had normal numbers and propoctions
caof T cell subsets in their spleen and lyvmph nodes, but
were also capable of normal or  enhanced proliferative
responses  bto mitogens or alloantigens  in yvitrg. In
atdition, bheige sice generated normal DTH responses to
allogerneic ocells in vive and their lymphoid cells showed
a normal redistribution pattern L0 viva. In contrast

Lo these findings, beige mice immunised with allogeneic




cells generate | ower

BéH animals. Fruprthermore,

af  NE activity in beige

alloimmunisation, this did

in immunisad BS mice.

denonstrated a defective

CTh. dwring an MLR L vibro.

It can bhe concluded

mi e ig mot restricted to

Calisnes

activity and there is &

proliferative T cell

that the defective

GwvHR may not be due

Lol um.

dormor

from the

11lé

lLevel

that
a guantitatively similar
Funastion.,

ability of beige mice

mexraly

s of specific CTL than normal

although the very low levels

mice cowld be enhanced by

rot approach the levels found

Beige spleen cells also

apility to generate specific

the immune defect in beige

the M cell lineage but  also

defect in specific CTL

paradodical  enhancement of

These +Tindings indicate

to  induce a

to the absence of NE cells




STRAIN TISSUE % Lyt 2% % L3IT4T % TOTAL T CELLS
\ MLN 21.6+2 TO.0+2.9 71.6

B&6 '
H SPLEEN 15.3+1.2 22.6+2 7.9
' MLN 24,.46+1.6 47.6+2.8 72.2

BEIGE H
H SFLEEN 16.3+1.2 22.040.8 38.3

Table. S. Percentage of T cells and T cell

subpopulations in the spleen and MLN of B6 and beige
mice. Results are expressed as the precentage of total
cells labelled by immunofluorescence and represent the
mean of I experiments + standard deviation, while thg
precentage of total T cells is the sum of the % of L3T4

and Lyt2 cells.
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Fig. 11. Generation of allmspecifi(:7DTL in B6 and beige

.mice after immunisation with 2 X 10° PB1S ip. Results

shown are % lysis of F815 at S0:1 E:T ratio, using
spleen cells pooled from 4 mice/group.
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Fig. 12. Splenic NK cell a:t:'yvity in B6 and bheige mice
after immunisation with 2X10° F81S5 cells ip. Results
shown are % 1lysis obtained at S0:1 E:T ratios using
spleen cells pooled fraom 4 mice/group.
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Specific increment in footpad thickness (mm)
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Fig. 13, Generation of delayed type hypersensitivity
responses to alloantigens in B&é and beige mice. B6 gr

Bg mice were immunised with either P81S CF}EE (H=-27)
intraperitoneally o (C3H X B6F (H=-2""7) cells
intradermally. Results shown are mean specific increment
in footpad thickness +1 standard deviation 24 hours
after challenge for S-6 mice/group.
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Fig. 14. Responses of B6 and beige spleen cells to Con
A. Results shown are mean Stimulation Indices + 1
standard deviation for quadruplicates cultures.
Eackgrownd responses in the absence o fCon A were 100-
190 cpm. *¥p<Q,.003 and *%p<0.001.
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Fig. 1G. Mixed lymphocyte responses of EB& and beige
spleen cells to mitomycin C—-treated DBA/Z (H-2 ") spleen
cells. Results shown are mean Stimulation Indices 1+ 8d
of gquadruplicates cultures.




60

- B6 ET 25:1
o--9 Bg'
501
}
401
a .
5
S 301
230
2
)
(5]
R
201
10
—7f T —— .
a 3 4 5 6
Days in culture
Fig. 16. Beneration of allospecific CTL in vitro by Eé
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shown are 7 lysis of FBIS cells obtained at 25:1 E:T
ratio, using cells pooled from 4 cultures/group.

-
P
il




50—1

40 D B6 cells

30~ Bg cells
20

10+

9-

% Total Recovery

Gut Lungs Kidney MLN PLN Spleen Liver

[~
Fig. 17. In vivo migration of ”1Cr-labelled B4  and
beige MLN cells. Organ distributimg of radiocactivity 18
hours after iv transfer of 5 X 10 cells. Each bar
represents the mean percentage of recovered

radioactivity + 1 standard deviation for S mice/group.
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intraoduction.

One . of the major featuwres of the intestinal phase
at muwrine  GvHR is  increased infiltration  of the
epithelium by lymphooytes (Mowat and Fergusorn, 1982 and
this is paralleled by increased NME activity in TEL  from
mice with GvHR (Borland et al., LoEEY . Furthermore, in
GwHR  and other conditions characterised by an increased
proportion of IEL, some LEL have the morphological
featuwres of activated lyvmphooytes, and exhibit increased
mitotic activity (Marsh, 1975) . Together, these
Fimdings swuggest  that  ITEL may be involved as  local
affector amllg in the int@gtinai patholagy of local CMI
Fesponses, but this has not been proved direchly.

A discussed sarlier,  the natwre of TEL is highly

contraoversial and studies of IEL in have often

produced conflicting information. Therefore, I decided

to the possible role of TEL i local i mmune

TEREDONSE

by wusing amn in vive approach. In view agf the
susocitation betwesen  intestinal pathology and thes
inoreased i TEL count doaring & 0 GvHR (Mowat  and
Farguson, 1982, T o thought it would be appro%&ate Lo
investigate the ability of IEL to mediate alloreactivity
in wivo using various models of GvHR, These models had
to be suitable for the lLimifed numbers of TEL that  can
he isolated and were therefore a local, proliferativeé

popliteal lymph  node GvHR,  the induction of svstemic

GulHi dn neonatal mice and the induction of acute lathal

Gk i drradi ated hosts
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tive GyHl by IEL.

The popliteal lymph node assay was chosen as  the
fFirst means of assessing the abhility of IEL to induce a
praliferative GvHR i unirradiated hosts. (Cea X

—
E{ufal-/'c:)}'-',L ..... mice were injected with 107 CRA IEL or splesn

cells  into one foobtpad and the draining popliteal 1ymph
nodes remaved & davs later. Control CB& mice recelved

the same number of svogesneic TEL or splesen cells

-t

A TEL. and splaen celle bath produced
significantly grester popliteal lyvmph node enlargement
atbter injection into  (CBA X Hﬁhﬁfc)?l mice  thart  in
syngenelc Caa hosts (Table & IEL: H5. 68004 mg  vs

LI R Y gpleen cellsy 2.84400032 mg vs 13840034

meg? o« Howewver, when the non-specific responses  in

syihgensel o mioe werg taken dnto accownt, 1t couwld be

i EER T
-

that soleen cells produced more GvHR-specidic popliteal

Lymph node hvpesrbtrophy than TEL (Table &) .

probiferative GByHR

The  results of the popliteal’ lymph node assay
sugoested that IEL  were capable of inducing &  looal
praliferative Gy, Dot this may nobt be as marbed as

Fournd with splesn celle. P owas dimportant to confirm

thsse

findings wusing anobher assay of proliferative GeHR
and s, I sxamined the ability of intraperitoneally
indected  DBS TEL to induce splenomegaly in neonatal  F
hosts,

Today old (CBA X BALB/CYF, mice were injected with

1

l. s

R




10? TEL or spleen cells ip and, 8 days later, the mice
wenre  sacrificed and btheiv spleens welghed (Table 7).
Mice given IEL had significantly enlarged spleens
compared with littermate controls given medium (Relative
splean welghts 44,2460 and 20.9+5.% mg/10g body  welght
respectively poo.00Er: and  this was similar to  the
aplenomegaly sesn  in F1 recipients of spleen cells
(Relative splaen welght 47.9+8.2, pLd0,01). Time did not
permit these studies to bhe extended, but the results of

this preliminary experiment confirm that IEL do possess

the ability  to dnduce & proliferative GydHiR whieEn

b ariest e re suboutanecusly or intraperitoneally.

GvHR  in

Thg ingduotion of ari Lerthial (i b i

may radlac Lol ogiocal mechaniems

i bhveses o g

morslble  fFor the

mainly proliferative GvHR found in undieradiated animals.,

Thavefore, 1t was of interest to whiether  TEL

e ld produse s lethal SeHR ss well as the proliferabive

abiove .,

ol {

Wch>F1 mice were brradiated  with

e

- ' . £ e .
Fad  and reconstituted with sither 10 SEE splesn

10T myvngeneic cells  iv, or lett

i e orstd ot e Lo asaes the effects of radialdon

alonme., Mice receiving 107 CBEA spleen cells lost weight
rapicly and showsd signs of runting, cdiarrhosa and skin
disgase within 4-8 dayvs atter cell transfer~ (Fig. 187,

M1 iy

mice died within -9 daye (MET & davs),

L8




whereas 3% of the F] mine receiving syngeneic spleen

cells swvived indefinitely. In contrast, Fl recipients
of CBA IEL showed no clinical evidence of GvHR and had
identical survival curves to irradiated, unreconstituted
i o . Imterestingly, recipients of syngeneic IEL  had
alightly pocrer survival  than  drradiated controls
pre ., Q2. Some Fl recipients of OBS IEL were still alive

e dave after cell transfer with rno signs  of delaved
v HR Thus, TEL  were unable to cause elither acute,

lethal GwHR or haesopolietic reconstitution of irradiated

animals.

bong marrow on th

GyHR in irradiated mice.
The Failures of TEL to induce an acute OvHR could

raflect & similas reguirement for accessory cells to

that found for prolifterative rezsponsss by IEL in

(Moawat 8t al., 15848 . Fravious work in GyHR has shown
that administration of either bhost o donor bhone marecow
cowld inorease bthe ability of donor T cells to mediate a
EAVAE I el ther by providing an additional gource of
pracurasosr T cells or dus to aocessory cell function,

gk B inereased

presertation of  host  alloantigens
(Ecnrmgold and Sprent 1585 . In the rnext series ' of
sy el ments, I exramined whether bhone marrow of host or
daror prigin influenced the ability of CBA IEL  to
mediate a GvHR in lethally irradiated Pl hosts.

AE before, all drradiated OBA X BﬁLch)Fl

recipients  of 10/ Cha splesn cells died within 4-8 days

12w




(MET & day=s) and showed the characteristic features of

systemic GvHR, with rapid weight loss, skin disease and

7
diarrhoea (Fig. 19 . in addition, mice given 10° CRA
IEL. had & suwwvival pattern which was identical to
irradi ated wnreconstituted mice, (MET 11 days paQ.02 vs

sl men) ard  none  of these mice showed evidence of

clinical GvHR. Irradiated Fl mice given either 1@/ CRA

=1 Pl one marrow cells alone, survived indefinitely,
contirming efficient hasmopoietic reconstitution by the

injected bone marrow cells, (Fig. 19} However, neither

wry

1

popul ation ) Brome marrow oells allowsd OCBA O IEL to
induce  a lethal GyvHR in F omice and virtually all these

mice suvived for up to 200 davs, without any clinical

evidence of delayed GvHR,

Lo induce  an

i

"]

roliferative responses by IEBEL in vitrog ]
augmernted by lymphocyvte derived mediators (Dillon  and

MacDonalad., 19848 Mowat

=R SRR it

al., 1%8&) amd T
to  enhance a GvHR in experimental animals (Jaﬂué and
Fevele 198%0) . fs bone  marrow had no effect on the
inability of TEL to inducs GvHR, I assessed whether
concuwrent administration of -2 would allow parental

b ircduces a GvHR o in drradiated (ORS00 X BﬁLBfﬁ)Fi

—

M. =
L

=

-
nice wers lethally irradiated, given 107 CRa

TEL o splesn cells as before and wers injected daily

with 1000U of bumarn rIL-2 dip thereafter.

As wswal , all lethally irradiated F, mice given 107

L

LA spl een cells  died wilthin &7 days, with

EZ0

Fe




characteristic features of GvHR (Fig. 20. MST 7 davs).
Daily administration of ril-2 did not alter this highly
aggressive form  of GyHR MEBT 7 davs). In this
gdperimaent, insufficient TEL were available to transfer
al one tm. Fl hosts bult the experiments described above
ghow clearly that this proftocol produces a swwvival rate
similar to that of uwreconstituted hosts. The important
finding {rom the present study was that Fl mice given

CoE

plus daily injections of rll-2 had a survival
pattern  which was identical to irradiated mice giwven
ril-d  alone (MET 13 and 19 davs, respectivelvy). In
addition, mice given IEL -+ -rlil-2 had no clinical
evidence of GvHR and survived significantly longer than
apleern cells recipients (paO.0ill, That the schedule of
il dosage whioh was used had a Diological &F?@ut in
recipients  was condirmed by the fact that the 2 groups
erf mice  which received -2 died more  rapidly than
urirecorstl tubted, irradiated controls (Fig. 200,

Thus, administration of ril-2 did not allow TEL to

induwee a lethal GyHR In drradiated hosts.

The expsriments described here were designed to
evaming  the potential of TEL to mediate alloreactive
cell mediated inmmune responses in viveo.

Al though  CBA TEL were capable of inducing a  local

fGvHR measured by the hvpertrophy of the popliteal lymph

rode  and were able to induce splenomsgealy in neonatal

(OB& X BALB/C)Fj mice, they were unable to induce a

LAy




systemioc  GvHR in drradiated F, mice. Administration of

i
borme marrow cells of parental or host origin did not

allow IEL to induce & GvHR and daily administration of

Ll aleo had no sfftect on the inability of I1EL to
medi ate GvHR.

Im conclustom, thesse results indicate that
al though TEL do possess & significant alloreactive

potential this can only bhe demonstrated wsing a

relatively local GvHR in intact hosts, In contrast,
intravenously injected TEL cannot produce a @ systemic
GvHie dn drradiated  hosts and the next  Chaptar  will

athempt  to define the reasons for  this paradoxical

reactivity.




CELLS NODE WI. (mg)
MEDIUM (CBA X BALB/C)F,  1.15%0,07 ———=-
IEL (CBA X BALB/c)F 5.48+0.60 *
! 1.46
CEA 3.9+0.91
SPLEEN (CEA X BALB/C)F,  3.84%0.52
3.05
CEA 1.38+0.34

Table. 6. Induction of a local BVHR7 in (CEA X
BALR/c)F mice after injection of with 10° CRA IEL or
spleen cells. Results shown are mean popliteal lymph
nodes weights + 1 standard deviation far & mice/group
8 days after transfer. The ratios shown were calculated
By dividing the mean lymph node weight in F1 mice by
that in syngeneic CBA mice. *#pL0.01  *¥%p<0.001 vs
control lymph nodes.
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DONOR RELATIVE SPLEEN SPLEEN

CELLS WEIGHI (ma). INDEX
MEDIUM 30.945.9 0000 —m————
CBA IEL 44,245.0 ** 1.43. 0.3|
CBA SFLEEN. 47.9+8.2 * 1.83+ p.22

Table. 7. Induction of systemic BVHR7in 6 day old (CBA X
BALR/c)F mice by injection with 10" CEA IEL or spleen
cells, Results shown are means + 1 standard deviation
for I mice/group 8 days after induction of GvHR and the
ratios shown calculated by dividing the mean rlative
spleen weight of control mice by that in IEL and spleen
cell injected mice. *p<0.01 ¥¥p<0.008 vs control spleen -
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Fig. 1i8. - Induction of lethal GvHR 7in lethally
irradiated (CBA X BALB/c)F, mice with 10" CEBA IEL or
spleen cells. Coantrol mice were either left
unreconstituted after radiation or received syngeneic
IEL or spleen cells. Results shown are 7% surviving

animals at each time for 8-10 mice/ group.
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of GvHR by IEL.

mice were injected with 107 CBA spleen cells or IEL to
inguce GvHR and some recipients of IEL also received
10 F o- CEBA BM iv. Control mice were either left

unreconstituted after irradiation or received 107 BM
cells alone. Results shown are %4 surviving animals at
each time for 8-10 mice/group.
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127



GHAETER 7

MLEEATLON

LYMEHOEYTES TN MIVO




Introduction
The resullts of the preceding chapter showed that IEL
could not induce an acute systemic GvHR Iin irradiated Fl
hosts at e intravanous  indection, despite their
akility to induce a local GvHR in unircadiated mice. As
the dnduction  of a systemic GvHR reqguires the donor
lvmphocytes to  encounter  host  alleantigens within
lymphoid tissues (Ford, 1975, one possible explanation

for the failuwrs of IEL to induce a systemic GvHR  was

because they ware incapable of migrating through host

Lywmphaid tissues,

The cnly report in the literatuwre which had

examined migration of TEL in vive, suggested that mouse

were a gut-homing population, s they were found to

enter PFOA-4 davs after transfer in vivo. (Gay Grand et

al .,y 1978 . However, this study used poorly defined

preparations of TEL and has not been confirmed.
Therefore, in this Chapter, I undertook a detalled

study  of the migration pattern of TEL after iv transfer

into By

TENE L Faciplents andl ceamparad the

redistribetion of IEL with that of other lymphoid cell

popul ations.

Lnothe

The choice of protocol for these superiments  was
determined by two factors. Fiest, the studies of ths
abrility of IEL to induoe svstemic HvHR, had used spleen

.

cells as a poasitive control. Secondly, the regquirement
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for GvHR-inducing lymphocoytes to enter  host  lyvmphoid
tissues i known o ocow within  18-24  bhouwrs after
transtar (Ford, 1978 . Therefare, i the first
arperiments, TEL  and spleen cells were compared for
their migration in vivo, a8 howrs athter v o injection
into syngenelc recipients.

The organ disgtribution of radicachivity 2 houwrs
aftter transfer of =i Cr—labelled CBRA IEL or spleen celle
is shown in Fig. 21. At this time, spleen cells were
found  predominantly in the liver, spleen and  lungs
(A5, 247, 3%, IR T L LR A G 15N, 5 I e civee e
radioactivity, respectively) although, even at this
garly stage & small but consistent proportion was
already present in the gut (2, 14+0,54%) ,  MLN (20540, 48%)
artd peripheral lyvmph nocdes (FLA) (5251, 27%0 . There
were virtually no cells in kidney. In comparison, TEL
showed a very different pattern of redistribution. The
vast majority of recovered radicactivity at this time
was  found  in the liver and lungs, while very few IEL
were found  in the spleen (&.7+1.4%  ve ZE.E+4,3% far
spleen cells plio. 001y, Furthermore, in comparison with
aplesn cells, thére was virtually no accumalation of ITEL
in lymph nodes  (FLN O,18+0.07% pl0.001; MLN O, 1540, Q2
pLOLO0LY,  but a larger proportion of TEL was present in
the kidney A.8+1.32% v 0.29+0.11% pa0.00L) and  liver

(78, 0+24, 6%  ve 45.0+7.3% pr0.025) ., There was a similar
accumilation of  IEL  and spleen cells i the gut
(1. 450,54 and B 17O B4 respectively, lungs

(G, 8804, 1% ve 7.19+5.8%) and in blood (1. 49+0,.864%  and

0. T4+, 4%) were similar at this time.
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The organ distriboution of labelled IEL and spleen
cells 6 hours aftter cell transter is shown in Fig., 22.
At this time, spleen cells were found predominantly  in
spleen  and Liver (40, &EE03% and  47.14+73.6%  recovered
radioactivity, respectively), while the propovtion found
in the gut (1,90, 184, MLN (2.2+0.29%) , PLN{Z.O7+0. 234
and blood (1.4+0027% was similar to that found in these
organs 2 howrs atter cell transfer. In parallel, there
was & marksad decrease in the radioesctivity recovered

from the lungs. Significeantly more [EL than spleen cells

were recovered  from the Lungs (11,242,077 pl0 001l vs
asplesn  ocells), Bidney (85.4+40.82% po0o,001)  and  liver
(& AT B74 pao,.0nl). In contrast, TEL had not

accuntlated  in the spleen over the preceding 4 hours
. il and there were still virtually no IEL in the MLN

(OG0, 0% pUo.onl vs spleen cells) o FLN O {0.9440,7%

P . Q0L Thus, whereas spleen cells were acoumualating
in the spleen and lyvmphoid tissue of recipiesnts by 6

Frowrs L are eilther retained in the liver and lungs o
had been eliminated completelv.
The organ distribution 18 hows after cell transfer

underlines the differences between splesen cells and

At this time, although many

TEL as shown i Fig.

apleen cells were shtill found in the liver (45,634.46%),

a larger proportion were now present in the M-

and FLM (& 2+1.13%)  and there WaS
emigratlan o cells out of the blood stream
(0 B340, 06K . Many splesn cells were still present in

the spleen (38.05+2.1%) . In contrast, many more [EL were
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found i the liver ((80.74+18,6%W pa0o.00L) and kidney
(5.17+0.18 ve 1.09+0.12 for spleen puio.Q0L), while there
was virtually no accumlation of TEL in lymph nodes (MLN
Qu24+0,04%,  FLN  0.28+0,03 and a considerable loss of
radioactivity from the spleen 9.353+00087 palo.001l ve splesn
cellisy. In addition, significantly fewer IEL than
spleen cells were found in gult (Q.FP+002%0 vs 2, 17+0.54%
for splesn, pa0,025) .

It is clear from these experiments that labelled

IEL.  could not accumulate in recipients lymphoid tissues

18 hours atter intravenous transfer.

sihubion of

intravenous transf

The previous sections showed that [EL could not
migrate into lymphaold aorgans 2, &, or 18 hows after
cell  transfer. I view of the report that IEL could
migrate into PP O34 dayvs after transfer, 1 ressamined
the migration pattern of TEL 7% and 96 houwrs after cell
transfer. In this experiment, the behaviouwr of IEL was
sompared  with that of MLN lvmphooyvtes, as & sowrce  of
Enown gut-homing cells.

The organ distributicon of TEL and MLN cells 2 and
4 davys after cell transfer is shown in Figs. E#aand Pl
Although the distribution pattern of the cells is  very
gimilar abt these tiones, the total proportion amount  of

the  indected dose which was recovered decreased  from

A5, 8% on day B to A3X.7A on day 4, presumably reflecting
@limination of the cells. At otk times, MW cells

accunul ated  principally in the spleen (41.354+11.7% and
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47.5+5%  on days 3 and 4 respectively) and tiver
RELPH4L 2N and FL.O045.8%),  but large numbers of cells

were  also fournd dio MLN (8, 7+2.8% and 11.5+1.4%) and PN

(162405, 7% ancd 18, 1+2,8%) . A small, but signdficant
proportion of  MLN cells was also present in the PP
C3L S0, 5Y arch 3L 1+0, &) ard  guk (1. 25+0, 38% arl
Lo &840, 24H%) at both times. In comnparison, the maiority
of  radicoactivity from mice given labelled [EL was found
im the liver on  both davs 5 and 4 (82.1+8.5%  and

B2, 7HEYY and slignificantly fewer 1EL accumulated in  the
ﬁmléam CLOL 21 .84%  and 10742, 1%) . In acddition,
virtually no IEL were found in the MLN,  FLN, FF and gut

at either time, with a madimum recovery of O,3% for each

of these tissues., More radicactivity was present in the

kidney of mice given TEL than MLN cells (330,49 and

SLAFH0L0E5 ve 008340014 and L. L0, 08% pai, 00L) .,

The Ffindings in this section show that IEL not anly
Fail to enter peripheral lymphoid tilissues even up to %é&
hours atter cell transfer, but they also have no ability

to ernter FFP or the 1M%L»t|n@ at any time.

The failurs of

Lo migrate is not dus Lo cell damage

Qo ta

The experiments described above indicate that, in
comparison  with other  lymphoid oslls, Il do not
accumul ate dnto Lvmphoid tissues in vive. As TEL S ars
subijected to a long isolation procedures, it WAS
important  to determine whether their failuwre to migrate

WA

Al artefact of this process. Thetrefore, the
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tollowing series of experiments were designed to examine

the redistribution pattern  of normal lymphocovtes
subiected to the IEL isplation procedures, and of cells

with low wviability or in whom DNA synthesis had been
inhibited with mitomycin C.
In the first experiment, CBA MIN lymphococytes were
R,

incubated and shalien for one how at 7T in the

presence of & supernatant obtained previously during the

51

isalation of IEL, before being labelled with L and
transferrad into syngenelc recipients. The pattern of

redistribution of these cells 18 houwrs after transfer is
shown  in Fig. &6, compared with that of normal MLN
cells. It can be sean that both populations accumul ated
rapidly in lymphoid tissues such as MLN, FPLN and spleen
and  there wers no  significant differences in the
hehaviow of MO cells subjected to the [EL  isoclation
technl gue.

The nedt experiment sxamined whether inhibition of
DME synthesis, without loss of viahility, wowld alter
the recirculation of MLM cells (Fig. 27, CBA MLN cells
which had been treated for 30 minuwtes with mitomvein ©
showed & pattern of redistribuation 18 hours after
injection, which was identical to that of normal MM
cel ls,

Finally, although the populations of TEL which had
been injected in previouws studies were alwavs of  >90%
viability, it was possible that the cells were unusually
fragiles. Therefore, I sxamined whether & rapid loss of
viabhility after transter could account for the failuwre

of IEL to migrate in vivo. Thus, MLN cells were killed
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by heating at &5°C for 1 hour before labelling,
resulting in a final viability of 35% compared with 96%
viability Afor normal ML cells 18 houwrs after cell
transfer of Slcrmlabellad heat-killed cells, (Fig. 28
significantly less radipactivity was found in  the MLN
(HL2+0.88%  vs  8.6+2.12% for normal MLN G pa0. 028y, PLN
(4. 7%+1 .94 va Z5,.3+4.5% pao.0010) and spleen (12.86+23,17%
ve 40.0+4, 16% pLO.00l),  compared with that found after

injection of normal ML calls. In contrast,

gignificantly more radicactivity was recovered from the

lungs (L20474+20 1% vws  2.78+0.91% P O.028) kidney
(5o 005 ve 0. 78+0, 08% and liver (A4, O+2, 6% Vs

BOL 141, 8% pro.0o0l) of mice injected with dead MLN cells.
@ notable featuwre of this experiment was that dead cells

had  very low uptake of Jiﬁr after radiolabglling (S0&7

mpmﬁﬁXlQﬁ compared with &35EZ cpm!ﬁXlO& for normal MLN
cells)  and this was also much less than normally found
with  TEL, which uswally tookup morg label than normal
ML el 1. It shouwld also be noted that heat killed MLN
cells still  accumulated in Lvoph nodes  and gut more
efficiently than IEL, despite similar accumulation in
the splesn, kidnevs and lungs (Fig. 28).

These edperiments indicate that the failwe of IEL
te migrate through Lyvmphoid tissues is not due to  the
procediuure used Lo isolate TEL, nor to the low viability
nor to a lack of DMA synthesis in TEL.  Therefore, 1t
appaars  to be an inherent property of the cells and so
it bhecame important to invesbtigate whether any other

lvinphoid cell population behaved like IEL in migration
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experiments.
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Two possible suplanations were considered for  the

failwre of IEL to migrate in vive Fifﬁt? IEL may be an
immatuwre group of cells oF secondly  they may be
partially activated population. Therefore, | compared
the migration pathways of thymoovites and activated
parioheral lymph node cells with that of IEL. The
previous  experiments indicated clearly that IEL never
circulate  through lymphoid tissues and in view of the
technical ditficulties assoclated Wi th preparing
sufficient largs numbers of radiolabelled TEL, IEL were
not incluwded as a negative control in the present series
af experiments. However , MWLM cells were used as an
actively circulating cell population. In addition, the

Gl

studies of IEL had had to use Gr  as  a radiolabel,

S

because 1EL did not takeup i“ﬁIUdR and so  in  the
edperimants  wsing thymooyles ﬁlﬂr was Wsed also as &
Label.

The distribution of labelled thvmoovtes at 18 howrs
is compared with that of PLM lymphoovies as  shown  in
Fig. 25 Deapite a signiticantly lowsr accoumulation of
thyvmooytes in the MLN (L.é&e0L14% ves B.6+2.018%  for MLN
cellsy, F bl (4L 180, 45%  ve  25.3104.83%) and gt
(Lo a0, 1 4% we 4, 1320, 55y all puO.O0L), Thymooytes
m?gratmd equally well as MLN lyvmphocytes into the spleen
(G2.9+7.4%  ve 40,044, 146%) ., Slightly more labelled

o

thymoocytes were recoveresd from kidney (1.8+0.2%  vs
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D.7820,08%  pUl0.001)  and liver (36.3+8.3% vs 20, 1+1.8%
P, 025 . ‘THEFEfOFEg although the redistribution
pattern of thymoovies had some superficial similarities
with that of IEL, they accumalated much more efficiently
in lymphoid tissuwes such as lymph nodes and splesn (s@e
above for IELY.

Aotivated  FLN cells were obtained by sensitising
CBa mice on both shaved flanks with 10 mg of oxarolone
gismsulved in acetone, 3 or 4 days before removal of
draining Lyoph node lvmphoovies. The distribution of
MLMN  cells and activated PLMN oells 18 hows after
transter  i1s  shown in Fig. 30, Al though MLN cells
accuntd ated  more  sfficiently tharn FLN lymphoblasts  in
the gut (S.4+00 18Y and L. &+0.46% rm%paﬁtively5 e, 0oL,
no obher  significant differences were found i the
organ-specific accuamelation of these cells types, with
both populations localising very efficiently in lvmphoid
egars suweh as PLN, MLM and spleen.  Thus, the migration
pattern  of TEL could not be reproduced by 51Crm1ab@11@d

activated PLN cells.

gummnary and Longlusiong.

Thess supsriments  show that in comparison with
peripheral and MEN small lymphooytes, ITEL have a
defective ability to migrate into lymphoid tisswes afier
intravenous transfer into  syngensic hosts. The defsct
im apparent from 2 bhows to 4 dave after cell transfer
arnd is eassociated with an unuswally high  accumalation

of  ITEL in the lungs and liver. The proceduwrs used to
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isolate TEL did not acoount for their abnormal migration
pattetrn, as  dncubation of MLN cells with supernatant
pbtairned dwing the iscolation of TEL had no effect on

their migration in Frrthermore, MLN  cells

treated with mitomycin C also accumulated normally.
Although  heat-treated MLMN cells with low viability did
exhibit an abnormal patitern of distributicon, this had
meEveral gifferences from  that exhibited by TEL.

Therefoure, the defective ability of IEL to migrate

[TRN
]

vive is  an inherent property of these c¢ells and i

i

prabably  not an arteftact of their isolation or dus to
poaor viability or unusual fragility.

Eumer i ments weing thymoovies as a sowce at
immature, "mon-recircoulating  lyvmphocvtes (de Sousa

1981 showed that they also exhibited a8 low acoumulation

Py

i lvmph nodes, but, nocontrast to  IEL, thymocvtes
migrated readily to the spleen and more sfficiently to
Lvmph nodes, Furthermore, acbivated PLNM lymphocovtes

ad a pattern of localisation which was similar to that

of MLMN cells and was totally unlibke theat of EL.
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Introduction.

The results of the previous chapter demonstrated
that TEL failed to migrate into lymphoid tissuess  in
vive. Mevertheless, theilr presence within the most
superficial laver of the intestine suggests that TEL may

e highly mobtile in

In addition, around the tTims
these cuperinents were being performed, other workers in

the laboratory moted that freshly isclated TEL shows

many wof  the characteristics of motile cells in  yibro.
with mar et polarisation  and the formation of
pusudopodt e and constriction rings. Therefoare, 1t was
important to examine 16 the failure of TEL to migrate in
vivo reflected the absence of &ll locomotor  functions,
ol whether 14 was due to & specific defect i
recirouwlation from blood to lvmphoid tissues. Thes
eneprariments descorlbed Ao this chapter  compared  the

Lty of TEL and obther lymphoid cells  in

Tecomobion

by amsessing bthelr ability  to  invade threee

dimensional oollagesn gaels. This method was develoned

erntly  ir this department and 1s now considered the

method of choice for determining lyvmphooyvie locomotdon

in witero (Shields et al., 1984 .

gels.

It was Firet necessary Lo opbimise the assa
determnining the concentration of collagen which allowed
the most efficent migration in vitre. Therefore, threses-

dimensional gels WEI preaeparead L ng chi F+erent

L&D



concentrations of  collagen and the sfficiency of
migration was assessed using & population of FMULN cells.,
Geles prepared with concentrations of < 1.3 me) S ml
callagen, W @ e hremely fragile and i srupted
comnpletely during the washing BT Aages. Efficient
migration was observed using higher concentrations of
collagen, but measwremants of the leading fromt  showed
that the optimal concentration was 2 mg/ml (Fig. 3ly.
Therefore, this concentration of collagen was  wsed

throughowt subsseguent experiments.

3

im all  these studies, freshly prepared collagen

gels werse used for sach experiment and  the locomotoe
capacity  of  the lvmphooyvtes was calculated 18 hours
later, by measuring the proportion of cells at different
levels in the gel, wsing the micrometer of an  inverted

mi e

collagen

Imitial stulies indicabted that IEL would migrate

L
-+

into gels and exhibited the characteristic festuwraes ¢

motile cells under these conditions. The morphology of

locomoting  TEL  is shown in detail in Figs. 3282 and 33

where it can  bhe seen  that & large proportion  of
migrating cells arouired A poloard sed morphcl ogy
associsated with the formation of transient psewdopodia

and & constriotion ring. @&s the cells moved thrrough the

el , thiz

sdia entered small gaps in the  gel
'l A

maltrix  and  were used by the cell as an anchor, this

traction which allows the cell to move through

L&l




the gel (Hastomn et al .. 19832 . These features are
identical to thegse observed in other populations of
locomoting lymphoovtes in collagen gels (Shields et a&l.,
1984 and T went on to gquantify the locomotor activity

of TEL.

Lacamotor

The data presented in Fig. 34 show that IEL bad an

voellent  locomotor capacity ir

vitro, migrating into

collagen gels as readily as MLNM cells and both of these
populations  migrated much more efficiently than spleen
cells., Aftaer 18 hours incuabation, TEL and MLN @ cells
showed ddentical disteribution through the gel  and by
this time, 30% of lEL had invaded more than 50 um  into
the gel, compeared with 28Y and 4% of MLN  and spleen
cells respectivelv. Furthermore, very few TEL remailned

i

Ehe upper swuwrface of the collagen, while a large

praopac-tion  of epleen cells showsd little or no invasion

whatsosver. These features are illustrated in Figs. 33,
Eh o oand 27, which represent a series of photographs haken
at 20 um intervals through the gel, starting 10 A From
the gel surtfacs. These photographs il lustrated clearly
the ability of IEL arnd MLN cells to migrate efficiently

into the gels, while most spleen cells were found close

e the gel surface, indicating their poor  locomotor

activityv.




lymphocytes.

The next erperiments examined the locomotor
activity of thymocytes as another population with
relatively poor recirculation in vivo, while LFL were
wsed as & population  of lyvmphocyvtes of @ more  usual
pheaencatype and function  tham  TEL  but nevertheless
rasiding in the mucosa.

For practical reasons, 16 was imposible to use [EL
as & direct comparison in these sxpecriments and as  MLN

cells had identical locomobtor activity in

o, these
were used as  an indicator population  in studies  of
thymooytes and LFL.

Fig. 38 shows the result from one esperiment of

this  tyvpe and indicates that all three populations had

similar abilities to migrate into the gel. After L&

nowrs,  448.6% of thymooytes, G of FLM and 43.9% of
Ll of the cells had moved more than 6O Jam into the gel

anc a&ll cell tyvpes showesd a sinllar distribution through

the gel.

The resulits of fthis chapter show that TEL have an

wxellent  capacilty to migrate into collagen gels

ji
171

and exhibilt the characteristic Yeatures of motile

cells under These clroumstances. ITrndeasd, although most
bymphoid cell populations show some ability to move into

Gl

R

TEL are more active in this respect than
smlean cells.
Tl e i the Ffiret denonsteation that midcosal

lymphoovtes are motile in vitro and indicates bthat  Lhe



failuws of IEL to migrate into lymphoid tissues i vi

¥
is not due to a generalised effect of poor viability or
of  limited metabolic activity. In contrast, these
findings suggest that IEL are not part of the pool of
recirculating Lyvmphoovtes and it will be dmportant to
determine 1f they exhibit any form of wmigration in

vivo.
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Fig. 32, Morphological characteristics of locomoting
IEL. The formation of pseudopcdia and constriction ring
(arrow) during invasion of collagen matrices. Nore the

fibres of collagen.
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Fig. 33. Morphological characteristics of locomoting
IEL. The formation of pseudopodia and constriction ring
(arrow) during invasion of collagen matrices. Note the
fibres of collagen.
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Fig. 35. Illustration of moving IEL within collagen
matrices. Serie of photographs taken in the same field
at intervals of 20 pm starting from 10 pm of the gel
surface. Cells were layered on top of collagen matrices
and were incubated overnight and then fixed with 2.5%
glutaraldehyde. Note the appearance of motile cells in

focus at different levels of the qgel (arrow).
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Fig. 36. Illustration of moving MLN cells within
collagen matrices. Serie of photographs taken in the
same field at intervals of 20 pm starting from 10 pm of
the gel surface. Cells were layered on top of collagen
matrices and were incubated overnight and then fixed
with 2.5% glutaraldehyde. Note the appearance of motile
cells in focus at different levels of the qel (arrow).
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Fig. 37. Spleen cells within collagen matrices. Serie
of photographs taken in the same field at intervals of
20 pm starting 10 pm from the gel surface. Cells were
layered on top of collagen matrices and were incubated
overnight and then fixed with 2.5% glutaraldehyde. Note
the appearance of motile cells in focus at different
levels of the gel (arrow) showing the poor locomotor
capacity of spleen cells.
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The results  in Chapter 7 showed that IFL did not
grhibit  the migration pattern of small lymphoovtes

o

Howsver, & significant proportion of $TEL

the morphological appesarance of activated cells (Marsh,

LEFE) arel data in the pre

pcding Chapter showed that [FL

I G extremsly motile  in Certain ol

intlammatary sffector ocells show a similar pattern  of
Looomot or sroperties  and  bthese lhave  been Found bo

=

migerate  into  areas of intlammation  rather than  to

(FParrott and Wilkinson, 1981 de Scusa,

I @ amired whether TEL would also

W & 1 ivodnflamed tlissues,

T the $firast esperiments, I oewamined whether  TEL

st hood acoumalate in Lin o whidolh had been sensitiszed  and

M

analone Lo inducs a Local indlammatbory

[

chval Lamged wibh o

TEL and MLN

W s Dranstarred Tntravenou irtto mice whioch had

ot both ears with oxasol one, Looand & davs

previously,  and into control mice.  The accumul ation of

radicactivity  was  ass

sl LE howrs later in Lhe

Aard dte cdiraining Lyvmph nodes, as wall as obther Lyophoid

ror o signiFicant didderen

e ML L the 1iver,

accumtlation of either label lad

sl @er, ity kdddnesy,  PLM o ML of conteol oor

oman ol ons treated mice {(gdata nobt showny. Mlesi T ivear T

Tle acoumul at

b Wil i the sars  of control
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FOLOELY respectieelyd

mice (Table 8. 0,220,005 and 0.3

But  smignificantly aore TEL accumnulated in the indlamed
gare of oxazglorne treated mice (OL.74+0.110 paoo.001) ., L

palle alse showed slightly enharnced scoumalation in fthe

", SIREN thile was markadly Tess tihvar that
1 E

.

ve ornteol earsy.

T, &% o, O

0 MLM o oelle ~ated efficiently  dnto

e awrdloular  fodvasind CROEROLYA) and axillars

(Rl Lymah of control mice and  bhis
wag  greatly snhanced dn lymph nodes deatning ovazolons-

.

RS

treatec ears (12,1

o, 0l and Ll

shiowed LTittle accumalation in conteral

LR o Al and bthere w

only a  slightly asnhanced

cumualation of TEL in the ALNM of arazolone treated mice
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associated with markedly enhanced acoumalation of MLN

lyvmphoblasts (Rose et al.. 197&ab).

NIM mice were infected orally with 4%0 infective

[
wd L

atage lLarvas and, 4 davs later, Cir—label led I

arid
MLM  ocells wers transferred intravenously into  both
infected and control recipisnts. Thie time is known Lo

[ g the oot increased Localisation [ P

Lwmphoblasts  and, in  bthe current experiments, hhe

intect mice had an average wora count of 83508/ mouse,

of whiioh SELRE D wers dn the  anterior part of  the

13

ladd  din bhe oostscrior  part  of the

Bty TEL, amd ML oells

vihited  their

i contral mice and there wmera

AL mi e ation paths

iFioant Jdiffereno

e bLhe acoumulation  of

el bher MM o IEL i fThe  organs of infectesd  and

reslpiants (Filgs. 5% and 400, In particular,

i R TEL in time

toecalil

e oF i s Wi th

But T 0r-labelled MLN celle

clic not show i

inmfecten mice. In this

[TV SRS S R
Cr—1lamelled

Fermmm MLA L ymprbioby

i

int

Ao dabheslled  TEL farled fto looald i the gut  of

infaected mice, an altarnatilive Deans

ot inducing an dnflanmatory reaction i the  gul was

£ @ L F Tre model ohosen was the intestinsl phase of

Giv R wi L ol ooeaars dn B mioe ol ven Lo mio

Lymphooyvies, This produces &an acute GvHR with  willus

MiGe



atrophey, crvpt Fypaerplasia and a  mar ke intestinal
e ! 1!

inflammatory  response, which includes a increased IEL

count  (Mowat and Ferguson, changes become

most apparent dweing the thivd wesl affter induaction  of

GwkP and (Mowat, persconal commundcation? so T oind
N - .
Th0e-Tabel led BDFOOTEL and MLN cells into mice on day 15

o organ-

of the GByHR and &

radiocactivity 18

j13

FMoars la

in Fig. sl ashow that TBEL  followsd
their asual pattern of distribution in vivo irrespective
whather  recipients  hed SOvHR or not. There werse no

wsigei fidcant differ-en

batwssn the radigactivity  found

in o any taken Ffrom conbroal or GyHR mi and once

WS T L accwnulation of IEL in the

with Bwbik.

sl riambier s of

calls into bhe o 43 but there  was

w=iarifloantly snbanoed

nin @ tlon of ML O in the lungs

ot omioe with GyHR compared with those of conty

iR boantly P cLLE

-

whean comparad with -onteols (2046000 11% vs 4,640, 8

of bhese Findings is unclear,

two models  of

intlammation indicetb TEL do not show a

it

oty yios o ooy o
Al

zpite to their

abhility to ate moreg affioiently into inflamed skinm.

alte of this chapber show that ibited




o @ctivebed

entianced ability Lo accumulate in the sars of mice
whioh had been p&iﬁt@d with oxazolone. I contrast, MLN
caells did not locelise as efflciently in inflamed skin,
DUt had & marked tendency Lo migrate into lvmph  nodes

cratning  intlamed ears. IEL showed only & lithle

i draining Lwvinph e,

ragdorically, whern an ioflammatory responss was induced

ir e

o by EvkEy

theaers was no enhanced localisation of either MM ocells

gqut, although some minor differences were

in oother b

from mice with GvHR, Despit

e provide some evidence

[REw]n R0 g

with The Findings of  the

o view bhalt [EL may be

thise Chaphese

population of

nood o migration in viveg is

Lad

ETaR Ta R Frwm That o f mmall

mrly  comnpletely  difd
Lyvmpinooytes, Dot cannot be reoroduced by romature celis

The rreml b

.
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& iy
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Figa 40, Effect of intestinal infection with T
spiralis on the migratiaon of MLN cells. Organ
dimtribution of radiocactivity, 18 houwrs after transfer
of MILN cells into control NIH mice or mice 4 days after
oral  infection with Trichinella spiralils. Each bar
represents the mean percent recovered radicactivity + 1
standard deviation for 5 mice/group.
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Fig. 41. Effect of graft-versus-host reaction on the
migration of IEL in vivo. Organ distribution of
radioactivity, 18 hours after transfer of IEL into
control EBDFl mice or mice on day 15 of GvHR. Each bar
represents the mean percent recovered radioactivity + 1
standard deviation for 5 mice/group.
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Fig. 42=. Effect of graft-versus—host reaction an the
migration of MLN cells in vivo. Organ distribution of
radiocactivity, 18 hours after transfer MLN cells into

Each bar

control EDF1 mice or mice on day 135 of GvHR.
1

represents the mean percent recovered radioactivity *
standard deviation for S mice/group.
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This thesgis has dealt with the possible role of M

cells and JEL as effector cells i

1omeing GyHPR and the
chapters on each  of these topics will be discussed
saparatel v. However, many of the euperiments examinedd
the ability of donor TEL arnd NME cells to induce a  ByHR

az an  indicator of their immunological potential in

-

Vv herafors, Pwill Ffirst discuss the findings of
Chapter 3 whioch investigated the capaecity of a GvHR  to
revaeal differences in the donor cell population.

It is well known that lymphocyvtes from different

anatomical mriginsg display different capacities to

Herrier, 1985 . Uaing the

induce BvHR L A arl
popliteal lvoph node assav, 16 has been shown that blood

Tvmphooytes are  the most effective inducers of SRR

T
.

whii e, lyvophoovtes from lyvoph nodes and spleen were less

Heoctive and  bong marrow and thymus cells  were  the
least effective (Yoshida and  Osmand, 12710, Bimilar
tdata hawve been  presented by obther workers LIS MG

differant (Merdm el al., 1972y EHerckbheart, Benner

andl Willers, arnd may retlect different

matarat i onal ot bhe  lyvmphoid popuat atione.
Althouwgh  differences of this bvpe have not  bean noted
previously wsing lyvophoovies from secondary  lymphoild
tissues, the Ffirst experiments in Chapter 3 showed that

The splsnomagaely  and enhanced ME cell activity  whioh

sterise & SGvHR in wnidrradiated F, hvbeid omice were

b & 1
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induced more sfficiently by parental MM cells than by
spleen cells., Although MM cells contained & higher
praportion of T cells than spleen cells, the greater
ability  to induwce a systemic GvHR was still observed,
evern when donor inocwla were adivsted to contain  egual
numbers of T cells. Furthermors, despite the fact that
use  of individoual subsets of T cells can influence the
outcoms  of a GyHR (Borngold and Sprent 1985, it seems
untikely that this could account for my results, as MLN

art  gplesn T cells contained identical proportions of

Ly 2" and el 1, The reason for this phenomenon
remaing to bhe established, but the results in Chapter 7
Lndicated that indected MLN cells may migrate more
afficiently than spleen cells into peripheral lvmphoid
tissues. That this may explain the greater ability of
ML to dnduce & GyHR s supported by further results  in

v

Chapter 7 which showed i

rly that the development of
GwHit ds  intluenced by the ability of donor cells to
migirate  Anto peripheral Lyvmphoid tissues (mee below).
The high ability of peripheral blood lvmphocvies to

iorrehue e

a BvHR could also be becauwse blood lvmphoovies

are enriched for reciroulatory cells.
v
e unusual feature of the expericnents usirng MLN

@sn oells was thalt MLN did not induce nore severe

ard sl s

charig af By, Howsver, it shouwld be noted

fhat in my stwdies, neibther donor cell population caused
the dncrgesss in IEL counts which have beesn shown

previously Lo characterise bthe intestinal phase of GvHR

i this  model (Menwat a&nd  Ferguson, 82y, This




discrepancy might be explained by the fact that several
mouse  strains  from the departamental Animal Unit were
affected by intestinal parasites at the time these
xperiments were bheing pertormed. This isg supported by
the unuswally high IEL counts in controls and thére%mreg
the changes induced by BvHR may have been masbked the
prEsencea of & reasxisting  intestinal inflammatory
D OIS . In view of the different ability of MLN  and
wmol e celle to migrate into the small intestine
(Chapter &) it would be of interest to reexamine the
intestinal phase of GvHR caused by these donor cell
populations in hosts of defined cleanliness.

The next experiments in this Chapter showed that
mitomyoin-C-treated spleen cells were incapable of
inducing & GvHR in unirradiaeated hosts indicating  that
EvkHRE-1 nduced gplenomagaly  and NE cell activation
reguires  the ability  of donor cells Tto proliferate.
These results  were not due to defective migration of
mitomnyein-C-treated cells, as experiments in Chapter 7
demonstrated that these cells migrated as sfficiently as

M calls

=]
=
1

W1V Foorter more at the
concentrations usedd, mitomyocin O inhibits cell
division, Bt lewaves other  iomunoloagical functions

intact (Meuwd e

ar o ard Good, 1967 Frevious studies
waeing  Té-chromasome marked donor cells have shown that
acube  GvHR in mice is associated with proliferation of
donor cells in host lymphoid tissues (Fos, 19650 . My
findings also confirm earlier reports that treatment of

donor oells with mitomvein C prevents the induction  of

eplenomegaly in GyHR (Meuwisssen and Good, 1967, while




glimination of specifically activated, proliferating T

cells by TH-TAR suicide in vitro greatly dim inished the

ability of the residual cells to induce BYHR (Cheever et

al .y 19770 The eaexact etfector mechanis m which
requires dornor call proliferation has ot been
identified, but it should be noted that the full

devel opment  of specific antihost DTH during on  acute
GivHR  is  dependent on proliferation of the reactive T
cells (Wolters and Benner, 1979 . In contrast to these
reports,  other workers have found that mitomycin O~
treated or  drradiated donor cells cowld cause GvHR in
the choricallantoic membrane assay (Lafferty et al.,

1972y,  and in explants of newborn Fl spl een (Scollay,

Hotman and Slobsrson, 1974 and couwld cause splenomegaly
in newborn F] mice, provided they were mixed wilth

rewhorn F] spleen cells (Scollay et al., 1974 . Hence,
donor cell proliferation may not be required to produce
mild changes of GvHR, but may be sssential to cause

maximal disease.

These findings highlight the potential importance of

donor cell recirculation and proliferation in the
induction of swrine GvHR and confirm that GvHR~based
assays can be used to detect furnctional abnormalities in

Lyvmphoid cell populations.

Role af donge NE cells in GyHB.
The results discussed in Chapters 3 and 4 contirmed
previouws studies which showed that enhancement of NE

activity was a featura of & GvHR in wnirradiated hosts



e

ST TR, T

(Rov et al.. 1982y Borland et al., 1985 3 FHubota et
al., 1983, Furthermore, 1t has been shown that the
intestinal pathology of GvHR is paralleled by increased
ME. activity in the intestine (Borland et al., 1983 .
Thergtore, a major interest of this project was to
2xamineg the role of N cells in the development of GvHR,
as a mearns of assessing thelr potential contribution to
the pathology which occowrs in the intesticne and other
Ligsues.

The results in  Chapter 4 demonstrated that in
caontrast  to congenic BO cells, beige spleen cells weres
unable to induce various forms of  GBvHR in different
hosts. In the first experiments, it was shown that beige
apleen  cells cauld net to induce a GvHR in unirradiated
(CEH X Bé)?l o BDF1 hosts when measwred either as
splenomegal y amd M activation in & proliferative GvHR,

e as weElightloss and mortality in & more  acute  GvHR.

Furthermore, beige spleen cells were unable to induce a

Local  GvHR in HDF1 hosts, measuwred by the popliteal
Tyvmph node  enlargement assavy. Puring the course of

these expeariments, it was reported that beige mice had a

decreased potential to induce GvMHR {(HMal le~-Fannenko and

Bruley-Rossetl, 1985 .,
Fimnally, the intestinal phase of GvHR in

unirradiated BRF, mice given beige spleen cells was mild

L

comparead  with the severs damage induced by Bé&  spleen
calls. These defects were nobt due to an  inherent

inability of beige T lymphocovtes to recognlise and
respong to alloantigens, as heige spleen cells wers

Fully capable of inducing an acute GYHR in drradiated Fl




recipients and, as shown in Chapter 3, proliferated in
MLR.
Recent reports have confirmed that beige cells are

-

defective in  their ability to induce & GvHR  (Lapp et

y 1285y Halle-Fannenka and Bruley-Rosset, 1985,

although one of these groups found that beige cells also
could not cause lethal GvHR in irradiated hosts. The
reasons for thisz are not clear, bubt it could be due to
the use of different numbers of donor cells or the dose
crf drradiation. The waork of lapp and his coworkers
(19a5) is of particular dnterest for my studies, as they
@ amined e development of thymic lesions ard
immunosuppression during & ByvHR in mnirr#diated (CEH X

'Fl mi

@ atter transfer of beige or bg/+ donor cells.

Although these studies showed that beige donor cells
could induce some splenomegaly and some pathology in the
thymic ocortex, only bhg/+t cells induced significant,
proagressive lesions  in the thymic medualla. It was
concluded  that initial T cell activabtion produced the
sarly teatures of GVHR and this was normal in  beige

ceved that donor NE cells

mice. Howevear , it was sugg

WENTE MECeESE

o thie  development of presistent iomune

suppresstion and drndury to epithelial tissuses. Tii s

idea  could therefors sxplain oy findings  that beige

splesn cells only prodeced mild  transitory  intesbinal
changes, ocompared with the severe, persistent damage
induosd by BS splesn cells. Mowever, it is  egually

possible that the same mechanism s responsible far baoth

the early and later phases of GHEG with the more severe

130




pathology merely representing progression of the initial
changes (Mowat et al.. submitted). Aocording to  this
hypothesis, the defect in beige mice would be
!

guantitative, as indicated by results in showing that
bBelige cells couwld induce a GvHR in  drradiated mice.
Therefora, it was of interest to examineg whether an
immunomodul ator would allow beige cells to produce  a
GvHR in intact mice. Howaver, although administration
of e Il-2 to BéS mice enhanced their NE O activity and
incraased  their potential to induce GyHR, fthis had no
eftect on belge mice. There are no previous studies of
the effect of IL-2 on beige mice, but my Ffindings
suggest that the beige defect affects the ability of N
calls or thelr precuwrsors to respond to [L-32.

The findings that donor NE cells may play a role in
GBvHR are  supported by the fact  lethal BvHR can ba
prevented by trestment  of mice with srti-asialo GML

antibody {Chane ] ey y 19873y . Im  addition, M e

recent  studies from ow laboratory have s=hown that the

intestinal  changes during & GvHR in unirradisated mice

can  be prevented by this antibody (Mowat and Felstein,
19670 . Although 1t iz nobt Enown how  NE cells may
contribute to the tissue damage, the possibility that NE

cells are important components of cell mediated eftector

aree of ME cell

responsss Ls supported by the pre

Al

infiltrates in rejecting allograftts (Nemlander

i
it
&

1984) and by the fact that depletion of N2 ocells
irhibits the induction of antoimmune diabetes in rate
(l.ike st &l.. 19880, Meverthael ess, it should be noted

that most of these stwdlies have inplied a role for  NE
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cells on the basié m? their mliminétion by anti-fAsialo
GMl and recent work has shown that T cells may also
ENPress this mar ke (Suttles et al ., 1984) .
Furthermore, the apparent importance of donor NE cells
in BvHR, which has been suggested by expérimentg using
beige, mice is difficult to explain when it is
remembered that M cells possese no  kEnown  specific
recogrition ability.

Therefore, T decided it was important to Hamine
the T cell functions in beige mice, a8 & defect in T
cells would certainly explain the defective induction of
GivHR

The series of experiments described in Chapter 9

examined the T cell responses of heige mice, bhoth in

A oand in vitro. Administration of allogeneic tumowr

cells induces augmentation of spleen ME activity as well

s allospecific CTL activity (Herberman eb

aloy 19775
Cearaottini and Brunnee, 1974 and I used this regime to

study the ability of beige mice to generate CTL in vivo.
The results suggested that, compared with control B
mice, beige mice had a defective ability to generate OTL
responses  in viveo aftter inoowlation of FELIE cells and
this was paralleled by a similar defect in activation of
M cells in immurised belge mice. Reige spleen cells
also had a defective ability to gensrate CTL responses
i wvitrg duwing an MLR compared with the responses
chserved uwsing BS splesn cells. Although conflicting
with dinitial Findings (Roder and  Duwe, 197%9) these

findings are supported by similar studies (Halle-
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Fannenko and Bruley-Rosset, 1983: Saxena gt al., 1982).

Other T cell functions of belge mice have not bheen
reported previouwsly and, in Chapter-r 5, I examined the
ability of beige mice to generate allospecitic DTH in
VIVE. These studies showsad that beige mice produced
e mal DTH both  to allogesneic tumowr  cells  and  to
semi allogeneic gpleen cells. Other parameters, such as
the proportion of T cell subsets and migration pathwaye
were also noranal in belge nice.

One finding of particular note was that beige cells
Mad enhanced proliferative responses to Comn A and in MLR
in vitero. There are two possible explanations for this.
Firest, N cells are  knowrd to suppress antibody
produaction (Mabel et al.., 1983 Tilden et al.. 198735,
mitmqenlwegpmngem ard MLR responses in vibre (Tilden et
alay 1282 and so lack of Nk activity in beige mice
could  lead to abnormally hdogh proliferative responses

Lt e these clircunstances. Alternatively., these

findings couwld be explained by the fact that beige mice

P

Ly compared

generated low levels of CTL activity in vi
wi b those generated by B5 cells. Thus, 1t cowld hbe
sugaested that the specific CTL responses generated by
Bé& O responder cells in oan MLR might lvse the allogeneic
stimul ator cells, with & resulting decreassa in
praliferation by responder cells, dus to a lack of
parsistent  stimulation. In contrast, the defective
generation of specitic LTL by belige responder oells
weuld  allow continued stimalation and therefore higher
proliferative responses. Thia latter possibility is

supportead by the recent finding that compared with bg/+

1975




mice, beige mice generate a greater number of Lyt 2
cells ir response to  dnfection with Lymphoovytic
choriomeningitis virus and this is  accompanied kry
detective specific CTL activilty by Lyt E+ cells  (Biron
Federsen and Welsh, 19877 . In  order to distingush
Dewtwsen the two mechanisims proposed above, 1t would be
Pmportant  to sstablish the numbers of stimwlator  cells
at different times dwing an MLR in relation to the
levels of CTL gensrated. Alternatively, the role of

non-specli fic  suppression by MR cells could be  examined

by assessing the ability of cultured beige and norosal
cells  to suppress proliferative responses Lo unrelated
antigens.

Together, these results indicate bthat the  imoune
cletect in beige mice is not restricted to NE cells, as
wam  drnitialy aé%um@d but there is aleso a defect in some
T well functions which appears to affect UTL responses

in particul &r. The overlapping defect is probably  notb

sl sing wherr  one  considers the natuwre  of bhre

abricrmal ity A bDeige csells and the similarity bhetwesn

the Ffunctiaonasl mechanisms wsed by ME cells and CTL. ALl

e i g e of helige mice have abnormal

ciirarntl es  (Shults and 5idman, 1987 . including

melanooyvies, platelets, mast cells sacrophages and LGL.

-~
ot

Lihough bthe wnderlying cause of the lyvsosomal  membeans
abymermality is nobt well wunderstood, there appears to be
@i ther a high rate of fusion among presdisting, ricsma

lyvsosomal menbranes o defective control of the size of

Tysosomes  (Dliver and Essner, 1973, As  a result,




lyvsosomal function ts abrnormal , with decreased lvsosomal
enzyme secretion  from  the kidney {Movalk and  Swank,
197%9) .,  and reduced synthesis of pigment granules in the
mel anocyvtes (Silvers, 1979 . Fecent evidence sugoest
that secretion of lvscsomal granules is  an impoartant
conponent of the lyvbtic function of both N and OTL and
these cell types seem Lo use identical lvltic mechanisms
(Roren gt al.y 1987 . Theratorea, it might bea
anticipated that, as I have found, bobh N amd  OTL
activity would be similarly depressed in beige mice.
These concepts remain to bhe proven by more  detailed

analwvsis  of individual lymphocoyvte populations in beige

i

ared by further studies of the lvtic mechanisms used

by oviolylic lvmphoovies. Howsver, my results are
consistent  withh the hyvpothesis that the induction  of
GvHR oreguilres & subpopulation of donor Lymphocytes which
pable of efficent lvsosomal function and which are

~
possibly oyvtolytic, at least in vitro. These +Findings

e

are also supported by recent work  showing that the
incuoction of a0 acubs OvHR oin mice can be prevented by
treating  donor cells with leuwcyvl-leucine Q methyl aster
kThiml& et al.. 1987, an agent which disrupts lysosomes
and kills ocvihotoxic cells. Alternatively, Lymphokine
seoretion may  also be dependent on normal lysosomal
function, but this remsinsg to be proved.

Finally, my Findings indicate that studies using

heige mice are complicated by the fact that these

animals alaso have ifmpailred COTL function. Thereftore, it
is dmportant to stress the need for cavtion when  wusing

beige mice as a model for selective N deficiency. Iri
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view of  other evidence that MNE cells may indeed be
invalved in GyvHR-induced pathology (ses  above), these
studies showld be repeated wsing models which allow more
selective depletiorn of donor NE cells such as treatment
with monogclonal antibodies specific for NE cells, like

Bli—1 (FReynolds and Ortaldeo 1987,

ans of IEL.

The second part of this thesis was concerned with
the possible role of IEL as sffector cells in local CHMI
FEEDONEEE in the asmal l intestine. Deepite
circumstantial evidence that IEL are closely invalved in
intestinal CMI reactions such as food hypersensitivity
(Mowat and  Ferguson, 196810, parasitic infections

(MacDonald and  Farguson, 1978, GvHR  (Mowat and

F ey cputmaon , and allografh rejection (Ferguson  and
Farrott, P75y MacDonald and Ferguson, 197&), little is
krvown of thelr biologiceal function, or theisr role in
host defence mechanid sme, Furthermore, many studies of
IEL function in vitre heave vielded conflicting results.
Therefore, I decided to wse an in vive approach  to
investigate the cell mediated effector responses of IEL.
These experiments concentrated on the ability of IEL  to
madi ate various forms of BvHR.

The results presented in Chapter & confirmed  that
ITEL  are able to induce a local GyHR  as  oeasured by
popliteal lyvmph node hyvpertrophy (Dillon and MacDonald,

17843 and also gave preliminary indications  that  IEL

couldd mezcli ate splenomegal v atter intraperitoneal



transfer in rnewborn mice. However , [EL were completely
unable to induwce a systemic GBvHR in  dvrradiated hosts.
Theratore, the next experiments in this chapter were
designed to investigate why IEL could not cause a lethal
dissase atter iv trangfer.

Froliferative rmapéﬁgﬁﬁ By TEL in vitro are highly
dependent on exogencous Lymphokines, such as IL-2 (Dillon

artl Machonald, 19845 Mowat

19845 Mcoclinnes et al..
in  preparationy and IL-2 has been shown Yo  eanhance  a

systamic GBvHR induced by other lymphoid cells (Jadus and

Fak 19830 . Meverthel eas, treatment of irradiated

hest mice with el did not allow IEL to induce &
Tethal  GyvHR despite esvidence that the -2 had a
Biaological effect in viveo. Responses by IEL in vitrg

may  also reguires additional adherent, acocessory cells

(Menwat Ay 198&) and it has been shown that bone

RE ™ O ls o of donor or host origin can enhance the
ability of lvmphoid cells to induce a SvHRL This may he
Beratse bone marrow cells orovide an additional LY wINY el ]
ot donor T cells or bhecause they have accessory  cell
Frametd o such  as increased presentation of host

alloantigens (Kormgold and Sprent, 1985, Howeaver, my

g e Lo ment shvomen that neither tyvpe of bone marrow osll

al lowed  TEL te dnduce & GvHR i drradiated hosts.
Together, these findings indicate that intravenously
injected  IFL  are incapable of alloreactivity in  wvivg.
Meverthel ess, this interpretation seemed unlikely in
vigmw oF the ability of IEL to indouce a local GvHR in the
poapd i teal Lymph aEsdnl= or o in the splaeen atter

intraperitoneal transfer. Im addition, under appropilate

P




curcumstances, IEL  can recogrise and prolifer-rate in

response to alloantigens in viterg (Dillon and MacDonald,

19843 Mowat et al.., 17862,

Frewvious studies show  that tlie inguection of

gystemic GBvHR regquires donor cells not only to recognise
host  alloantigerns but also that the recognition  occurs
atter  the donor lymphoovtes have migrated into host
ITyvmphoid tissues (Ford 1975, Therefore, I considered
the possibility that intravencusly injected TEL could
nat dnduce & svshtemic  GBYHR because they where notb

capabl e of lovalising  in host  Lymphoid tissues.

i

3!

S

Brudies using Cr lTabelled lyvmphoovies showed that the
migration pattern of intravenously injected IEL was very

ditFarent from  that of other lymphold populations,

Thus, TEL Failed to enter lyvmphoid tissues such as Lvaph

el and  showed localisation in  the splesen
compared  wilth  MLN O cells  and  spleen cells. Control
exgperinents showsd that the inability of IEL to migrate

inta Lymphiod o Tissue was  met due to lack ot

prolifesrative  capacity, a8 mitomycin O-treated sapleen

Llw migrated as sfficisntly as normal  spleen  cells.
In  addition, bthe isolation procedure to obtain IEL was
not resgonsible For bthe failuwre of TEL to enter Lyvmphoid
tissuse as this iscliation procedure had no effect on  the
migration pattern of MLN cells.

& Finding  of particular interest was that in my
studies, TEL odid not migrate to the intesting o itse

Lymphoid tissues, even afler a perio 3 Bed dave. This
Lymphiod o b i . 1 2 oo of 4 day i

is unusyaal compared with the known prefesrence of  other

FEN

1
g
Fs3]
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gut-derived Llymphoocvtes to return to  the intestine

(Farrott  and Wilkinson, 19281 and contrasts with the

garlier report of Guy Grand, 2t al. ., CLE7H) who  found

that IEL app

arad to migrate back to intestine 24 davs
atter tramsfer., Hawever, it should be noted that this
smarlier study wsed poorly dedined populations of TEL and
it dis  guite possible that the findings radlected
contamination  of  the TEL preparations witihn LPL or PP
cells,

TEL  did localise reassonably efficiently i the
splean, Db in view of their lack of migration to other
peripheral lymphoid tissuss, 1L ie tempting to speculate

that IEL were trapped mnon-specifically in bthe red pulp

of  the splsen, whereas most Iymphocyvtes would be
erpected to localisse in the white pulp (de Sousa, 198100,
Thieg ides would also explain the large accumulation  of

PEL. dnm bhe liver and fungs, whsre cells could locali

e e tlature., Merverthsl

did  not appesr Lo renaln in the bloodstream longer than
other  Lymphoid cells  and b wownld be dmportant to

The sxract  pomition of labelled TEL in the

R RN

often  assumed  that

acocumul ate  dn the Liver 9§ arcd bhe i

ol imcle

T ERMTHY o oam Bl

circulation

gy ol d arcl Wilkinsan,

Meverthele

=, Dhers is a substantial amount of

whiioh s bhat Larges mumbers of wviable Lyvmphooyt

am  iLm via the Lymphatid

LeFos Pareott and Milkinson, ey, Of




particular dinterest 1 the fact that it sesms to be

mainly activated lymphooyvies which localise 1 the

Liver (Ford, 157 s probably as & consegquence of their
greater locomotor and,  or adhesive gqualities  (Parrott
anc Wilkinson, 1981).

Conberol gxparioents showed  that  the abrormal

migration patbtern  of IEL was not due eithsr to  poor

Pidty as heat kRilled MLN celle showed low wup take of

radiolabel and rapid clearance in contrast to TEL.

The gvidence that IEL were ) vialyle
population cams from the superiments in Chapter 8, which
showscd that ITEL exbhibited & polarised morphology and had

art exellent looomotor capacity

Inclaeed, IEL

muach more active in

spleen cells,

e abhility  of spleen cells o

raciroulate These results indicate thatl the

defective migration of IEL in vive is not because IEL do

not oo a furrctional 1ot or apparatus.
Interestingly, LPL also had  an excellent  locomotor
activity in  coellagen gels and thus, the majority of

muosal tyvmphaoytes appear  bo be capeble of moving

The

readi iy through ©i

findings are of obvious

importance  with re ibhle role of ouoosal

to the o

Tvmphoid cells in local lomure responses, It owould aleo

to deftineg the phenotype of locomobing

takbklish whether this hehaviouwr is a property

o anly oa subpopul atidon.

There &are no previous detailed studies of  the

u
i

migration of TEL  in vivo. However , one possible

EO0




grplanation  for  theilr abrormal  pattern of  migration
could  be the {fact that TEL lack the MEL-14 antigen
(Jalkanen gt al.., 178&). & similar correlation behween
failuwre to recirculate and absence of MEL-14 has  besn
shown  for achtivated T cells and thymocytes and these
findings suggested that the migration pattern  of TEL

m o dight reflect their stage of ditferentiation (Jalkaansn

1984) ., For  these re’ascons, I compared the
migratiorn pattern of IEL  with that of other "n$oan-
reciroulating” MEL~14 cealls. In  these = peEr i ments,
thyvmocytes were used as & representative population of
immature Lymphooybes. Although these cells also showed
[wEwlnie localisation in peripheral  lymphoid tissues,

thymoovtes  eaccumalatesd  much better than IEL in the

spleen, suggesting that ITEL did not bhebhave exactly as an

immatueres el l Whaen the migration pathwavs (nd s

Sl

activated lynphoocybes were @xamined, Cr was used as a

since  IEL  do not take up DMG labels such  as

arcl  a  direct comparison between  TEL and
activated cells was reguired, Using this protocel, the

chistribution of activated lvmphoovies was not different

fram that of mnormal Dymphoo ared was wabthing like

that of IEL, The fimeings sugoest that 8L do not

behave like activated lvmphooytes in this respect.
Despite these differences, several featuwres of IEL,
such  as trapping in the liver and polarised morphology
with locomobor capacd by, do sugest that theivr abnormal
migration pattern may be because these oells &Ki e

achtivatead. For these reasons, I decided to test in &

i Fferent way the possibility that TEL recirculated like

o -




activated cells, by taking advantage of the fact that,
although activated Lymphobl asts exhibit abnormal
pathways of redistribution through lyophoid fissues,
they have the capacity to migrate non-specifically into
wites of inflammabion {(Farrott and Wilkinson, 1981).
Therefore, I investigated whether ITEL would also behave

i this manner, ny studving  their migration into

e}

intlamaed skin o gut. The results in Chapter ?
denonstrated  that  TEL showed enbanced wmigration into

intlamaed sars conpared with normal sars. In contrast,
S5l : . . . .

Cr-labelled MUN cells did not show  this  phenomenon,
but  leocalised more sffilciently in the lymph nodes
draining indlamed ears. e owseual , IEL did not enter
mermal Lyvmph  nodes  and only a slightly increased

- e

swmtdl atdon of TEL wes found in draining lymph nodes.

Howswver , an unespected finding in these studies was that

TEL did not migrate to intestine which had been inflamed

by  either hinelle s

o by an acubte GyvHR,

Freviows studies have shown that both  these models

1ot

intestinal intlammation which is maximal churing

the period I wsed in o my esperiments (Rose et al.. 1276a

a3

Mowat, personal communication) Furthermore, I conticrmed

the presence of significant

Larval counts ancl imice  with ERVIETE e mar lked
spd anomegal v Trickhinella has also besn sed
extensively as means of demonstrating enharnced homing of

ITvmphioblasts Lo gt (Rose

i

L

y 197 &ah) .
Mevertheless, oy edxperiments had important limitations.

A3

M others have shown (Rose

i
it

=

A dow 19 7Ha), I found that

PO
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the Cr  labellead MLM cells which I used as positive
controls, did not reveal enhanced locallisation in the

inflamed intestineg it and would have bheen more relevant

125

o use TUak labelled cells i this respect .
Mowsver, as noted above, TEL did not takeup this label

i sufficient guantities to allow in vive studiss  with

EHl .

this ilsotope and so I hed to use Lroas label for both

TEL and MLN cells. Unfortunately, time did not allow
e

the wse of "77IAR labelled MLN cells in these or other

migration experiments and it would be important to

compare the migration pathwaye of IEL and other cells

into normal arcl intlamed tissues using appropriate

lahels of this twvpe.

My work  on TEL leads me to propose the tentative
soncluslion bhat thesse cells may represent a population

af  cells which are activatsd j

it DNA S labelling

studiegs show clearly that IEL are mnot true lyvmphoblasts
arcel TEL do not express activation markers such as T2
ravephors, transterrin raceptors or fa antigens
(Halby et al., 1983, 1%84; D@F&wﬁemﬁugsan et

, 1984y,

Mevertheless many IEL have the morphological appearance
of activated cells (Marseh, 1975, Finally, activated CTL
Mave been shown Lo possess simnllar oviboplasmic granules
ancd  exhibit  a polarissed morphology Manneli et al.,
198467 . Tagather with the evidence from the studies
discussed above, these findings suggest that many  ITEL
are achivated., Thess findings would also explain why it
ie  extremsly difficult to stimalate freshly isolated,

rormal TEL  with polyvelonal mitogens o-  alloantigens,

dewspite  the fact that TEL from immuanised animals  will

LN




gxhibit antigen-specitic CTL activity (Klein and Hagnoff
1984, Davies and Farrott 1980 and lvephokine secretion
in vitro Millon gt al., 198&bk) as well as DTH responses
in  wivo (8Bheilds and Parrott, 1985) . Al these data
are consistent with the idea that a large proportion  of
TEL are  terodnally differentiated, sffector T cells
which  have  been activated in sitw by luminal antigens
and hence  ars urrresponsive  to o further, none-spect fic
atitmulation. Tt would also be anticipated that, as 1
Mave found, these cells would not recirculate like
amall, resting lvmphoovies.

Moy e L are a hetercgenous population and it

is  also  impartant to consider the possibility that at

aome TEL are not  classical T Lvmphoovies
(Mayrhotfsr, 1980y Mavrhotfar and Wately, 12835 .
Theretors, Ty rasulits could reflect the properties of
b oell  types. At least  &0U of TEL. B EESE

cytoplesmic granwles and are norphologically similar to

the population of lyvmphoovies Bnown as LEL (Buy Gran

W
fl
i
poR
-
Tl
=

Ermest et al., LRER . THi=s is supported by
the {fact that although TEL do oot have the phenctyvpe of
true  MNE ocells  and do oot exhibit high  levels  of Nk
activity shorl term assays, reasonabls M activity can
e revealed by a variety of immunological stimali s
as  the induction of BWHR, or by systemic and snteric
immunisation with  &llogeneic tumow cells  (Elein  and
Fagooff, 1984 . The =similarity bstween [EL and LEL is
Fighlighted by the fFact that LEL alspd Fail (]

reciroulate from blood to lvmph in viveo and show a
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similar pattern of migration to that reported here for
IEL (Rostald el al.. 19847 . In addition, activation of

N cells by in vive Q.

pyran copol ymer (MYE-2)

alsn causes & large accumulation of LEL in  the liver

(i ] Lot al e g 1964) . LGl also exhibit a polarised

mosrphol oy (Muse and HEoren, 1982y and move rapidly
through nitorocellulose filters in vibro (Bottazzi et
Al .y 198%; Polentarutti et al., 198&). Interestingly,
this achivity can be enbhanced by factors known  to
activate MM cells such as alpha, beta and gamma IFN and
T2 (FPolentarutbti et al.. 19786 and it would be of
interest to edxamine the effects of these agents on
locomotion by TEL. Althouwth omy findings suggest  that

[EL  may be commithed effector cells, their role in

intestinal ByHRG o obther local OMI responses is  still

urclear. The pos

zilility that these represent effector T
cells supported by evidence thalt the majority of IEL  in
irradiated mioe Witk  SGvHR are  of donor el gin.
Fuamt b mere , TEL Ffrom  these mice have been shown  to
secrete lymphokines in response to speoific antigens  in
vive (Buy Gramd and Vassalli, 1984 as do TEL $from mice

infected with

piralis (Dillon et

al.y 198&b). These
findings are consistent with the hyvpotheie that 1EL may

be directly responsible  f

P
2

v producing the soluble

mdiators  which are b

T
o

=3 Leved to be important in the
pathogenesis of fthese disorders Mowat  and  Fergusan,
Poert, 1982, Howsver, an alternative possibility is that
TEL ares one component of the heterogenous population  of
Yyvmphold  cells  which ars recewd ted inbto the mucosa Dy

Lymphokinss  released duwing local DLDTH  responses. A

SON




novted garlier, these cells may include NE cells and MMO
and it has been shown that the NE cell activity of TEL
is enbanced in mice wilth GvHR. Furthersore, the ability

of anti-asialao | antibody to prevent intestinal  GvHR

i
M
i associated with a decreasased in TEL count (Mowat  and
- .. . R . e
Felastein 1987, while aﬁlalmqui [IEL with non-specific
cytotoxic activity appesr to be important for protection

against  mouwse enteric murine coronavivus virus  Carman

. L1984 . Tagether with the similarities hetwesen

the morphology and recirowlation of IEL and LGL, these
faatuwas  suggest that the I[EL population contains &
popaiation  of  NE effector cells which are important
during intestinal CMI responses.

As discussed above, NE cells are capable of wide
varisty  of immunoclaogical functions in addition to none
spectFic  oviotoxic activities ard mav play an important

role against viral and parasitic infections, as well as

oobzove and Merbermnan, 12887 . #11 thesse
characteristics make themn ldeally suited as non-specific
et Feotar malls  for the protection of & site like the
intestinal mucosa.

These considerations highlight the complex problem
aof  undegrstanding  the furnctions of the heterogenous
population of ITEL. Clearly, these ilssues will only be
ragclved by sxamining  the functional properities  of
Highly purified, phernotvpic subpopulations of (EL, both
under moemal o and pathologicsl conditions. I'm addition,
the agrigin of these important cells will require

analtvsis of T cell receptor expresslon.

S




I conclusion, the results of this thesis have
indicated the complex types of effector cells which may
he involved in  the pathogenesis of tissue pathology
during cell—-mediated immune responses. In particular, T
have provided some evidence that NE cellse and I1EL may be

important, activated &ffector cells in intestinal  OMI

FEBDONGES . Mevertheless, these preliminary Jindings
reaguire to be  confirmed  using  onodels which allow

specific determination of NE cell funtion and which can

@ amine the exact natwe of the different subpopulations
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