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ABSTRACT

-
The roles of thymus-derived cells,'bdne marrow- .
derived cells, appendix-derived cells and phagocytic.cellg
in the response of rabbit cells in the mixed leucocyte
reaction (MLR) have been eva;ﬁated. This was carried out
using spleen cells deplei;ed of each of these 'cell~sub-' '
populatioﬁs. The specific subpopulations of lymphoid
cells were:eliminated by 1lysis using specific aptiséra in
the presence .of complement. Phaéocytic cells
(mécrophages,and.pol§morphonudlea: cells) were removed
witg a'stroﬁg magnet after jatubation with carbonyl iroh
ba;ticles. The‘résulps indicgte tﬁat the MLR—responding
‘cells are thymus?defiﬁed'and that ngither'boﬁé marrow-
derived cells nor appendix-derived cgllé are essential

for the blastogenic respbﬁse to “stimulation by allogeneic

cells. A mifiimum number of phagocytic cells is required

for a significanf response. However, thege“cells exhibit

a non-specific accessory role, and caq begl¥ pplied'ﬁy either

’ . -

the responder or.the stlmulator cell populaﬁ}on.

-
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CHAPTER 1

. . INTRODUCTION

~ -

When leuéocytes from two unrelated individuals are

pultured together, some of the cells undergc blast transformg

) ation resulting in cellular proliferation, This résponse,
referre& to as the mixéd 1eucbcyte‘(culture) reaction (MLR),
was first observed bx Schrek and‘Donnelly (1961) and later
described in detail by Bain, Vas éhd Lowensteiﬁ (1963; 1964)
and ﬁirschhorn, Bach, Kolodny, JFirschein and Hashem (1963). .
Treatment of one of the leucocyte populations with mitomycinhé
pfévents that population from proliferating and enables the
measurement ?f the reaction in one direction iny. This is
referred to aé the one-way MLR ‘(Bach and Voynow, 1966).
It is generally accepted that ghe blastogenic response in the
MLR is the in vitro counterpart of the in vivo recognition of
foreign antigens on ailografted cells which is followed by

+ -

rejection of the transplanted Eissues.

The responder cell has been identified as a thymus—deriyed
(T) cell‘fn the human (Potter and Moore, 1977); the mouse
(Mosier and Cantor, }971; Berman Puryear and Argyris, 1976) }
the rat (Wilson, Silvers and Nowell, 1967) and the-chicken
(Alm, 1971). For a significant response to ensue in the
"human MLR, a minimal proportion of the cells must be
macrophages wpich can be supplied by either the responder
or”the stimulator cell population fJonéé, 1966; Gordon, 1968;

e

Twomey , Sharkey, Brown, Laughter and Jordon, 1970; Rode and'



Gordon, 1970; Rode and Gordon 1974; Berlinger, Lopez and

Good, 1976). They may be untreated or mitomycin-C treated.

Rabbit cells were first investigated for their response

'in thHe MLR by Chapman and Dutton (1965). The cells of each

of the, lymphoid ofgans of the rabbit have been thoroughly
investigated recently in terms of the in vivo localization °
of responding cells {Milthorp and Richtér, 1979) but no
detailed study of the ontogenic identity of the responding

4

cells has been carried out.

It has . been demoné%rated, by the'uée of specific anti-
lymphocyte antisera and complement, that the thymus (Colas
de la Noue, Koperstych and ﬁichter, 1972) bone marrow (Colas
de la_Noue and Richter, 1974a) and appendix (Colas de la Noue
and Richte;, 1974b) of the rabbit each possesses an antigenic-
ally-unique subpopulaﬁion of lymphocytes. It is possible tq‘
eliminate eachiof these three lymphocyte'subpopulations from
a heterogeneous cell suspensioﬁ by lysis with the appropriate
antiserum in the presence of complement. In Ehis thesis the
development of methods is described for the removal of each
of these three éubpopulations'gf lymphoid célls, and also
for the removal of phagocytic cells (i.e. maciophages.and

Pt

polﬁmorphénuclear celléY from a heterogeneous cell suspension.
The primary objective was to use spleen cell suspensions
depleted of each of the above mentioned leucocyte sub-
populations to-.determine the roles, if any, of thymﬁs—def}ved‘
cells, bone marrow—derivéd celis, appendix-derived cells énd
phagocytic cells. in the blastogenic response of the rabbit

to stimulation by aliogeneic cells.

L
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CHAPTER II h .

REVIEW OF .THE LITERATURE

, | : L ‘ - '
1. CHARACTERISTICS OF THE MIXED LEUCOCYTE CULTURE REACTION

la) Introdhttion

' .

When leucocytes from two unrelated 1nd1v1duals are
cultureg together, some of the cells undergo blast transform-
ation, resdﬂ¥1ng in cell prollferatlon. This in-vitro
reaction, which is dependent on antigenic diﬁferehces coded
in the major histdcompatibiiify complex (MHC), is known as

the mixed leucocyte (culture) reaction (MLR).

The MLR was .first described in.1961 by Schrek and
Dénnelly."'They accidentally.cultured cells- from two patients

together_ and noticed the'aﬁbéhrance of large dividing cells

on the fifth day. This was further explored by Bain, Vas and

Lowensteih (1963; 1964) and ﬂirschhorn, Bach, Kolodny,.
Flrschemn and Hashem (1963) who co—cultured leucocytes

from palrs of healthy 1nd1v1duals and observed the game
response. No MLR is eghlblted by the c¢ells of identical
twihs-which indicateSMthatlﬁhe reection reflects a genetic

disparity between the. donors of the two populations of

reacting cells (Bach and Hirschhorn,”1964: Bain, Vas, -and

Zowenstein,'1964). Since identical twins do not reject grafts

transferred from one another it was Suggested that the in vitro

-

MLR is the counterpart of the in vivo allograft rejection

reaction (Bain, Vas and Lowenstein, 1964). ¢

—
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It appears that circulating MLR résponding'cells are
universal amongst vertebrates. They have been detected in '
many‘animals'inéluding huﬁans (Schrek and Donnelly, 1961)
mice (Dutton, 15965) rats (Wilson, 1967) chickens (Weber,

1970) and rabbits (Chapman and Dutton, 1965)

Early measurement of the MLR involved examination of
the cells un@er a microscope. kUsing etained preparations,
the percentages of blast cells and cells in mitosis can be
determined (Bach and Hirschhorn, 1964, . Aiternatively, the
extent of proliferation can be quantified by the uptake by
the dividing cells of radiocactive thymidine added to the cells

several hours before termination.of the culture. The dividing

-cells can then.be revealed by autoradiography (Bain, Vas

and Lowenstein, 1964). In this tecnhique, 'cell smears made
after termina;ion'of the culture are treated with & photo-
graphic emulsion and then developed. The cells with radio-

active thymidine exhibit microscopically-detecéable black dots.

. 4
The technique currently used by most investigators
: o
is the measurement of the incorporation 6f radioactive thymidine

into the DNA of the proliferating cells by sclﬁ%iilatlon
counting.H\EBe labelled cultures are exposed to trichlorocacetic
acid which precipitates the DNA-bound radiocactive thymidine.
The latter_is then dissolved by the addition of sodium

hydroxide. This solution is mixed with scintillation fluid

which enables the radioactivity to be measured in terms of

counts per minute. This technique has been thoroughly reviewed
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by Thorsby, du Bois, Bondevik, Dupont, Eijsvooéei, Hansen,
Hersild, Jorgensen, Kissmeyer-Nielsen, Lamm, Schellekens,

Svejgaard and Thomsen, (1974).

The MLR bBetween untreated leucocytes of two unrelated. °
individuals is a twojway reaction because the cells of both .
of the nartioipating-populations respond. As described in
II.3, the in wvitro MLﬁ\is used to predict allograft fejection;
that is, the response of the cells of the allograft'Eecipient

to the cells of the allograft donor.. The response of the’

cells of the allograft donor to theacells of the allograft

recipient is not of interest unleSS‘the allograft contains
. - ct

-~

'immunoiogically competené cells. Using the two-way MLR it

is imposSible to ascertain the ‘individual contribution to
the response of each of the two part1c1pat1ng cell populatlons.
For thls reason methods were developed for the measurement’ of"

~

the reaction in one direction only, that is, a one-way MLR.

/..This is done by inhibiting the prollferatlon of one’ of the

cell populatiOns without affecting its stimulatory capacity.
The first.gpthod, which was introduced by Kasakura and

Eowenstein (1965), involves x—irtadietion of the stimulator
. .

cells. A dose of 4,000 rads was found to be sufficiént to
) : : '

inhibit the proliferative response and‘*to have nc effect on
Y .

the stimu&atory capacity of the cells'(Kasaknra and

1

Lowenstein, 1968). " The advantage of this technlque is that

—

. no ﬁiollferatlon 1nh1b1tory factor can be carried into the

.y



qulture by fhe treated stimulator celis. However, the cells
treated tgrs way may become damaged and their long term -
viability, and hence their stlmulatory capac1t{, may become
affected. Another ‘method was introdueed by Bach and Voynow
(1966).. This involves' treatment Of the stimulator cells with
the drug mitomycin-cC ehich prevents cellular proliferation.
This method is simple-to use but care must be taken to ensure
that all the drug is washed oot of the stirulating cell
suspension before;the latter is added to the culture?;L
otherwise it would also inhibit the proliferation of the

responding cells.” Thls metﬁod is currently used by most

investigators.

1b) The generation of cytotoxic cells in the.MLR
- - . T

The proliferative response which occurs in the MLR is

usually accompanled by the generation of specific cytotoxic
_cells whlch are ablée to *yse target stimulating cells in the
absedce of antibody and complement {Cerottini and Brunner,
1974). The in ﬁitrg generation of cytotoxic cells was first
described by Hirschhorn, Firschein and Bach (1965) who
observed that leucocytes cultured with fibroblasts develop»
a cytotoxic potential for these cells. The productlon of
cytotoxlc cells in the MLR has been observed in the mouse by
Hayry and Defendi (1970) .and in the human by Hardy, Wallin
and Ling (197q\. In thelr experlmeats, cell death was “e
measured by the\release of radioactive chromium from labelled *

target cells. The generation of cytotoxic cells has not yYet

been demonstrated in ;ﬁé MLR of the rabbit.

TS
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This*was emonstrafeg by Bach, Segéll, Zier, Sondel, Alter :

j9 . and Bach 973) who reported that cytotoxic cells, but not

Boyse (1975) have observed that

. . s
the' mouse lymphocyt s_which exhibit cytotoxicity have
different antigenic determinamts from the proliferafing

' lymphocytes.

Bach, Segall, Zzier, Sondel, Alter and Bach (1973)
have demonstrated that the proliferating cells and the .
cyto%oxic cel;s respond to different afloantigens on the
surface of the stimulating cell. (These,antigenic determ-
'\\\ inan£s will be‘discussed in section 3a of this chapter).
They ha&e suggested' that the proliferating ceils are helper
cells and that the potentiai cytotoxic lymphocytes require
gtimuli, both from the particﬁlar cellﬁlar alloantigens and

from the proliferating cells, in order to become effective.

i -
1c) Memory in the MLR o0 .
' !
The cells which respondein the MLR exhibit memory with

respect to the alléantigens used for stimulaFion. The
-p;Pliferative and cytotbkic éeéponses of the MLR reach their
peaks between the fifth and sevehth afs of culture:: Six to
P .f seveﬁ days later the blast cells revert to small non-
_ dividing lymphocytes and cytotoxic activity against the
(h3 ) cellular.alloantigeﬁé used for stimulation disappears
(Andersson and HayryL-1973; Dupont, Hansen and Yunis, 1976).

N J [ S N
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Upon subsequent exposure'to cells bearinq-the ellohnfigeﬂs
used for stimulation, the rgspoéder cells display a secondary,
modlfled MLR which differs from the prlmary.MmR in kinetics -
and magnltude (Hayry and Andersson, 1973; Fradellzl and - l
Dausset, 1975). Maximum act1v1ty is reached between the
second and fourth days and the overall response is greater.
The secondary MLR will only occur in response to cells

bearing the same cellular alloantigens as those used in the

Primary MLR.

, o
After the MLR, the blast cells reyert to small
- ? ‘
lymphocytes and these cells follow a lymphocyte-blast-

lymphocyte cycle upon rebeated stimulation by Apecific

allogeneic cells. Secondary proliferative re oonses céan be

maintained indefinitely by means of repeated stimulation,
but cytotoxic acti#ity disappears after five to seven cycles

(Hayry, 1976).

The 1nvest1gat10ns of Hayry (1976) suggest that the
cells which respond in the secondary MLR are the same as

those which respond in the prlmary reaction. In order to

.determlne this, vﬂTast cells were separated from small

lymphocytes at the peak of the prlmary response by velocity
sediﬁentation. The separated fractions were tested for
their .activities after secondary stimulation and’ it was
found that all of the responder cell activity lay in .the

blast cell fraction.



<14) _c1ona1'ée1ection in the.MLR: '

on the basis of experiments by Asaﬁti;a,.théle and ‘
Toivanen (1974), it appears that the proliferating cells in
the MLR reﬁresent specific clones of cells. . These
investigators cultured human foetal thymus and spleen cells
with allogeneic cells in the presence of 5—bromodeoxyur1d1ne,
a drug which becomes incorporated into the DNA of the
dividing cells rendering them seﬁsitive to ultra-violet light
so that they die upon exposure to it. I£ was observed that
the cells iemaining after ultra-vioie;.light treatment were

uhable to_respond to cells bearing the alloantigens used for

the primary stimulation. However, their response to

.sﬁimulation by unrelated third party allogeneic cells was

unimpaired.

It appears that the cytotoxic effector cell is also

clonally derived as the ability of cytotoxic cells to lyse

particular allogenelc cells can be abbrogated follow1ng

adsorptlon to monolayers of the stimulating cells w1thout

affecting the ablllty of the remaining ceIls “to lyse other

allogeneic gells (Bach, Segall, Zier, Sondel, Alter and

Bach,- 1973).

ra

2. THE CELLS INVOLVED IN THE MIXED.LEUCOCYTE CULTURE REACTION

2a) Characteristics of the different types of leucocytes

In order to discuss the cells involved in the MLR ‘it
is necessary to review some of the characteristics and

properties of the different mature nucleated circulating



eells fouﬁd in the blood-and lymphoid organs of vertebrates.

Ehese cells, referred to collectxvely as lelcocytes, -

» - .

';con31st prlmarlly of polymorphqnuclear cells, monocytes
"and 1ymphé;ytes and they can Le ‘identified on stalned sllde
preparations. Mature monocytes, also referred to as
circﬁlating macrophages, and polymorphonrclear cells ere r/
phagocytlc. Lymphocytes, which have immueological runctions,
can be Subd1v1ded into at least two dlfferent subpopulatlons,

-~

thymus-derlved (T) cellsrand bursal-derived (in avian

species only)‘or bursal-equivalent~derived (B) cells. ‘

) Early evidence for the existence of two functional
types of lymphocytes was provided by investigations of the
effects on the immune response of the removal of the thymus
and the bursa of Fabricius. Miller, Marshall and White

. (;962)'ané Good and Gabrie}ﬁen (1964) observed thet neonatal
thymeetomy of mice resulted in a failure of the animals tol
broduce antibodies and to reject skin allografts. Glick,

- Chang and‘Jaap (1954) observed‘tﬁat bursectomized chickens

o were unable to produce antibodies. However, bursectomy

ﬂlea‘does not affect the animals’ ability to reject skin-
allografts (Mueller, Wolfe, and Meyer, 1960; Warner,

Szenberg and Burnet, 1962).

The experiments of Claman, Chaperon and Triplett
~ (1966) demonstrated that both thymus cells and bone marrow
cells are required'for the production of antibodies in the

mouse. Theyfrendered mice totally immunoincompetent by

10
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subjecting them to a sublethal dose?of whole body

jx—irradiaﬁion énd divided'them.into three groups. The

flrst’group was injected with syngenelc thymus cells, the
second Y}th syngeneic bone marrow cells, and the thlrd Wlth
a mixture of syngeneic thymus and bone marrow cells. When

challenged with antigen, only the third group, i.e. mice

which had been injected with both thymus cells and bone

marréw cells, were able to produce antibodies. Later
experiments by Miller and Mitchell (1968} reveaied that the

cells of the thymus do not produce antibodies but are

‘required as helper -cells for antibody‘broduction by B cells.

In their experiments, the repopulation of nebnatglly
thymectomized mice with semi—allogeﬁeic thymus ceﬁls enabled
the animals to produce antibodies. However, subsequent
killing of the grafted thym&s cells with a specific anti-

serum and complement did not prevent the continued

production of antibodies by the remaining cells.

From these and many other experiments, the concept of
distinct subpopulations of immunocompetent lymphocytes has
e§ol§ed, namely B lymphocytes and T lymphocytes.

B lymphocytes are the antibody producing cells and

T lymphocytes are primariiy invélved in cell-mediated
immunity; such as allograft rejection, but also function as
helper cells for antibody production. Hawever, this
classification of 1ymphocyte subpopulations is an over-
simplification ‘as 1t has been shown that these cells can

be further subdivided.

i i et e e B PR T p e T s
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. Non—av1an spec1es do not possé%s a bursa of
Fabricius and there is still ‘some controversy as to its
edquivalent in mammalian species. It is considered to be
.fﬁe bone ﬁarrow in humans (Golub, 1977). .In some
mammalian species the bursal egquivalent may reside in one
of more of the anetomically distinct lymphoid organs or

amongst the diffuse aggregates of lymphoid cells found .

within the gastro-intestinal tract.

Cooper, Perey, Gabrielsen, Sutherland, McKneally /”—\\\

and Good (1968) removed the gut-associated lymphoid tissues
(the sacculus rotundus, appendix and Peyer's patches (SAPP))
of the rabbit in the immediate postnatal per}od. This
significanfly impaired the production of ‘antibodies by the
animals when they attained immunological maFurity. On the
other hana; Haasz and Richter (1972) demonstrated that

the removal of these organs from adult raebits did not
significantly effect antibody production up to one Yeer
following surgery. Haasz and Richter (1972) postulated
that the antibody-forming cells are originally found in

the SAPP organs and that they are released into the
c1rculat10n following birth. These cells infiltrafe the
other lymphoid organs where they exist as SAPP- derlved cells,
no longer under the influence of the SAPP organs. This
hypothesis is further substantiated by the experlments.ef

Behelak and.Richter (1972). They jmmunized rabbits with
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. sheep red blood cells and examlned several'lymphoid organs

fer the presence of antibody-forming tells at- different

periods of time after 1mmunlzatlon.- Immediately after L

SRTPLICIEr == 3

immunization, none of the 1ymph01d organs tested contained
antibody-forming cells or had the potential to generate
these cells in culture. However, ohe to two days‘after
immunlzatlon, the Peyer s patches were able to generate
specific antlbody—forming cells in culture. Antibody- .
forming eells were not detectable 1n the spleen until at
jeast four days after immunization. At this time none of
the other lyﬁphoid organs tested, including the %gyer's
patches, either contained antibody-forming cells or had the
aﬁility to generate them id culture. . These results suggest
that the Peyer‘s patches may constitute the primary sites
for the generation and/or maturation of antibody-£forming

precursor cells.

‘Colas de la'Noﬁe, Koperstych and Richter (1972) and
Colae de-la Noue and Richter (1974a; 1974b) used specific
anti-lymphocyte antlsera in +he presence of complement to
demonstrate that the lymph01d cells of the rabbit consist
of at least three antigenically-defined subpopulations,
namely thymus—derlved cells, bone marrow-derived cells and
appendix-derived cells, which constltute the me;or population
of cellg in the.thymus, bone marrow and appendix, respectively.
These cells are also found, in varying proportions, ih the
spleen, lymph nodes and circu;ation (Richter,.Colas de la

Noue and Hamdy . 1975) .
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The';biés'of the above-mentioned subpopulations of .
1eucoc§tgs in the MLR have been investigated fy‘mahy methods ,’
particularly ones using separated popﬂlatibné of beils.

The most commbnly used techniques for the separation of ‘

¢ * ] N
these cells are described in the appendix to this chapter.

-

2b), Stimulating cells in the MLR

The MLR was first discovered using leucocytgs from
two genetically unrela;ed individﬁals iSchrek and'Ddhnelly,
1961). Not long after this is was established that the
stimulation for this reaction is providea by mononuclear
cells. Polymorphonuclear cells are unable to stimulate
in the MLR (Rode'and Gordon, 1970; Bach, Bach, Widmer,

Oranen and Wolfberg, 1971; Mardiney, Bock and Chess, 1972).

A number of investigators have presented evidence —&
that macrophages are extremely stimulatory in the MLR.
Greineder and Rose;thél (1975) and Oehler and-Herbermann
(1977) demonstraéed that the depletion of glass-adherent
ceils and phagocytic cells fmacrophages) from the MLR-
stimulator cells of the guinea pig énd rat, respectively,

' resulted in a much redﬁced MLR. The;ability to stimulate an
MLR was restored to these cells bf the addition of peritoneal
exudate cells which arg'rich in macrophaées. These:
investigators concluded that macrophages are the pre-
dominant stimulating ce}ls in the MLRs of these animals.

Macrophages are also highly stimulatory in the MLRs of

the mouse (Schirrmacher, Pena-Martinez and Festenstein,
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1975) and the human (Rode and Gordon, 1974). .Using human
.cells, Rode and Gordon (1974) observed that pure populations
of macrophages ars ten times as. effectlve as an equal number

‘of. lymphocytes 1n e11C1t1ng an MLR regponse.

Contradictory results have been published coggerning
the ability of human T and B %{Tphocytes to stlmulate in
the MLR and it appears that the results obtained may depend
on the’ methods used for cell preparat%on. Pottér and Moore
(1977) obseryed that T cell-enriched preparations}.which
were depieteé of B cells using the nylon wool adherence
technique, provideé poor stimulation in the MLR; This may
have been due to the removal of nylon fibre-adherent
macrophages which are hiéhly stimulatory (Rode and .Gordon,

4

1974) ..

-

The samé'inﬁesfigators (Potter and Moore, 1977)
observed that T cells were better stimulators than B cells
when the cells were sepérated by means of the.E-rosette
sedimentation technique. However, neither of these
% separated cell populations.stimulated the MLR as-well_as
MJ;n’equal numbe? of unseparated cells. These results
suggest that the E-rosette sedimentation technique separates
two distinct popﬁlations of celis which are both required
for stimulation. On the other hand, Kuntz, Innes and
Weksler (1974) and Blomgren (1977), whé used cells separated

by E-rosette sedimentation, reported that B lymphocytes

were more stimulatory than T lymphocytes.
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éondel, Chess and Schlossman (19%5) seperated humeﬁ-
1ymphocytes using immunoglobulin absorbent columns and
6bser§ed tpat T cells;'B cells and unseparated cells were
egually stimulaﬁory in the MLR. ‘Usiné this technigue they
achieved a high recovery rate of T 1ymphocytes. They 
suggested that the preparations of T lymphocytes shown by
other investiqators +o be pogr stimulators probablyilacked
a subpbpﬁlation of stimula?oéy T lymphocytes. This
hypothesis could explain the results.ef Kuntz, Innes and
Weksler (1974) and Blomgren (1977)'because the E-rosette
separation technique used by them gives a poor recovery of

cells. .

r

‘Results from.experiments concerning the mouse MLR are
also contradictory. B lymphocytes were observed to be more
tlmulatory than T 1ymphocytes by Plate and McKenzie (1973),
Fathman, HandWerger and Sachs (1974), .€impson (1975) and
Berman, Puryear and Argyris (1976). On the other hand, the
results of Hatfrison, (1973): and Cheers and Sprent (1973)
indicate that'mouse B and T lymphocytes are equally

stimulatory. N

Milthorp ana Richte¥ (1979) observed that the bone
marfoﬁ cells of the rabbit are excellent s£imu1ators of
the MLR and that rabbit thymocytes are not stimulatory.
The thymus cells of the human are.also poor stlmulators of
the MLR (Han, Minowada, Subramanian and Sinks, 1976) .
Berman, Puryear and Argyris (1976) demonstrated that the

thymus cells of .the mdﬁgé)ere able to stimulate allogeneic

TR LIRP SLCPR Y




'épleen cells. - However, nylon column filtration of these
(: (///‘ nwuse thymus cells removed the cells respon51ble for MLR
st;mulatlon and it was concluded that the stlmulatory cells -
e « are either B cells or a nylon—adherent subpopulatlon of _
) ; qe}ls, These 1nvest1gators appear to have overlooked the
. paksibility ghat macrophages (which are also nylon-adherent)
could have been responsible for the MLR stimulation by the
thymus cells of the mousew

-

L

< The cells which stimulate in the MLR have lymphocyte-
derived (LD) deterhinants on their surfaces. These antigenic
determinants will be discuséed in II.3a below. GSome cells
wh;ch possess these antigenic determinants are unable to
elicit an MLR, for gxample, fibroblasts (Sheliekens and

| Eijsvoogel, 1970). It has been suggested that. the MLR

depends not qnly on the amount of LD antigenic determinants
on the cell surfaces of the stimulating cellq but also on

-

their distributiof. It-is possib;ég for example, that the
&
cells which are .the most immunogenic have their antigenic

determinants clustered together (Ling and Kay, 1975).

2c) Responding cells in the MLR

-

.The cells which proliferate in the MLR of.all_species
studied to date are T lymphdcytes. On the other hahd
B lymphocytes of most spgcieé do not 'appear to be involved.
The MLR responses of cells ofwchildren suffering from a
"~ congenital absencé of the_thYmﬁs (Liqg and Kay}-1975),of

thymectomized rats (Wiison, Silvers and Nowell,'lQGT),

c -
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‘and of thymectomized chickens (Alm, 1971) . are severely

diminished, but the MLR response of cells of bursectomized

-

chickens (Alm, 1971) appears -£o be unimpaired.
; i ;

v Further evidence 4@ favour of T cells being the MLR-

. responding cells is provided by experiments involving the

%;e of responder cells depleted of or enriched for a sub-
populationdof_ceilg. #he techniques involved are discussed
iﬁ the appendix t& this chapter. In the human, B cell
enrichment'brought about—by the removal of E-rosette-
forming éells cauées a decrease in the MLR response
{Lohrmann, Novikovs and Graw, 1;74: Potter and Meore, 1977;

Blomgren, 1977).  The cells which adhere to immunoglobulin

absorbent columns (B cells) do not respond (Chess,+

' MacDermott and Schlossman, 1974). Conversely, human cells

Wl

enriched for T cells as a result of the removal of
non—Efrosette-f;rming cells (Lohrmann,'Novikovs and Graw,
1974; Potter and'Moore, 1977; Blomgren, 1977}, célls
adhering to nylon wool }Chess, MacDermott, Sondel .and
Schlossman, 1974; Potte; and Moore, 1577). and cells
adhering to columns coated with éntiFimmunoglobulin;
antibodieg (Cﬁess, MacDermStt dnd Schleossman, 1974),
exhibit an increased MLR response. On the other hand
eviderice for%;he involvement of B cells in the human MLR
has been provided by Phillips and Weisrose (1374), who
observed that.a proportion of the lymphoblasts produced

in the MLR are immunoglobulin—beéfing cells. 4

LA

ot
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Similar results have been reported in the mouse.
Mouse cells depﬂbted of cells which are susceptible to
lysis by anti-thymus antiserum and complement lose _their

ability to respond to allogeneic stimulation (Mosier and

Cantor, 1971; Gorczynski and Rittenberg, 1974; Berman,

_ Puryear and Argyris, 1976). T cell-enriched mouse responder

L]
cells, which have been depleted of cells adhering to nylon

wool, exhibit an increased MLR response (Berman, Puryeer

" and Argyris, 1976). On the Q\?er hand, it appears that

some mouse B cells may indeed respond in the MLR. Wagner
(1972) observed that spleen cells of athymlc mice were able
to respond in the MLR and attrlbuted this to B‘;ells. \
similar evidence was prov1ded ‘by von Boehmer (1974} but he'
stressed that B cell prollferatlon could only occur in the -
presence of T cells. In hlS experlments the 1atter were 7
JpreVented from prell eratlng by treatment with m1tomyc1n-e.
Pigquet and Vassalli (19729also reported B cell prolifer-
ation in the mouse ﬁiR and suggested;that'T cells recruit
B.ceils for this purpose. However, it appears that- the,
role of B cells in the MLR responsé of the mouse is fairly
minor as less than 5 per _cent of cells in mitosis at

the peak of the reaction are of B cell origin (Andersson,’

Nordling and Hayry, 1973).

An intéresting experiment was carried out in rats by
Johnston and Wilson (1970) to show that the majorlty of cells
respondlng in the MLR are thymus-derived. They thymectomlzed

andx—lrradlated rats in order to ellmlnate all the immuno-



'complement. Uhfortuhately, their evidence may be
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competent cells. The animals were then reconstituted with
syngeneic bone marrow and -thymus cells with different sex

chromosome markers. When these cells were stlmulated w1th

.

Fl hybrid cells, it was observed that 90 per cent of the

proliferating cells bore the sex chromosome marker of the

" thymus cells.

It has been suggested by Sheppard, Sell, Poler and
Redelman (197i) that the responding cells in . the rabbit MLR

are also T gells. They found that the MLR of rabbit

peripheral blood leucocytes was inhibited by treatment of

the respondihg cells with anti-thymus antiserum and

r

1nconclu51ve since their antiserum had not been absorbed

»

. with non-thyhus~derived cells and its cytotoxicity with

respect to cells which were not of thymic origin was not
flrmly estﬁzllshed. Consequently, it is not clear whether

cells/other an T cells were\also killed by this treatment.

has been demOnstrated that the thymocytes of
humans (Sohwartz; 1966; Han, Minowada, Subramanian and
Sinks, 1926), mice (Blomgren and Svedmyr,, 1971; Berman; -
Puryear e§B~A{?yris, 1576), and rats (Knight ahd Thorbecke,
1971) respond in the MLR.  However, those of the rabbit
do not (Chapman and Duttén, 1965; Ozer and Waksman, 1974;

Milthorp and Richter, 197%5: _ )
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Although thig”discussion is conEErned primarily“with

the cells involv'd,in the proliferative MLR reSponse, it ié-
interesting to‘%ote in Passing that the cytotoxic effector

at cells generated in the MLR are also T cells. The cytotoxlc
cells of the mduse afe kllled by antl-thymus antlserum and
complement (Hayry and Andersson, 1973) Sondel Chess,
MacDermott -and Schlossman (1975) demonstrated that huﬂan
blood leucocytes which did not aqhere to immunoglobulin
absorbent colnmns, and were therefore T cell-enriched, were

' able to develop the capac1ty to klll allogenelc cells to
which they had been sensitized. The B cell-enrlcheﬁ S L
preparations subsequently eluted from the immunoglobulin

‘absorbent columns were unable to do this. . However, as

" described prev10usly (1n IT1. lb), the cytotoxic and proliferative

cells of the MLR represent entlrely different clone cells. \)
_2d) ~Accessory cells*tn<£hg{;LR' 1
There 1s much evidence that pure populations of an

lymphocytes do not exhibit an MLR and: that a small Proportion
of macrophages is required. Removal of macrophages
(phagocytgc and adherent mononuclear cells) from both the
: resp0nder and” the stimulator cell populations resdlts in a
much diminished MLR. Addition of macrophages syngeneic to
elther popul on of cells restores thls response thus
. indicating tjaf‘macrophages ple‘a non-specific acceasory
role'(Twomey, éharkey, Brown, Laughter and Jordan}'lQ?O;
Rode and Gordon, 1970; Levis,and Robbins, 1970; Alter and

] . - ra i
- : .o
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(? Bach, 1970; Lohrmann, Novikovs and Graw, 1974; Sondel,

Chess and Schleébgiff

inger, Lopez and Good,
1976; Blomq;eé, 1977) . ' '

. It has been suggested that an optimal MLR is
generated when the macrophéges are breéent in a threshold
coqpentration; below this concenfraﬁion, the maénitude of
the MLR is a function of the concentration of macrophages.
Maérophaées present in higher concentrations hafe no ‘/

‘additional effect (Twomey, fharkey; Brown, Léughtgr and

Jordan, 1970; Alter and Bach, 1970; Rode and Gordon, 1970).

. Rode and Gordén_(1970) have suggested that the threshold

concentration for these macrophage ﬁélper cells is

approximately 1 to 2 per cent.

In Humans it has been established that the MLR .

‘ Y reactions. For eanPle“jlt has been found that
macrophages are required for T be 1 ‘activation by mitogens
and antigens 'in the human (Hersh and/Harris, 1968; Lake,

\ . Bice, Schwartz and Salvaggio, 1971;'Rosenstfeich Farrar
and DS“gherty, 1976, Mookerjee, 1977) by antlgens in the
gulnea pig (Seeger and Oppenhelm, 1970) and by mltogens in

the rat (Keller, 1975) and rabbit (Kim and Herscowitz, 1978).

B [RPR—




3. THE MIXED LEUCOCYTE CULTURE REACTION AND ALLOGRAFT -
IMMUNITY , =

3a) The genetics of transplantation reactions' and the
mixed leucocyte culture reaction

Soon after the discovery of the MLR in 1961 it was
observed that the leucocytes of identical twins do no£
gfiow an MLR (Hirschhorn, Bach, Kolodny, Firshein and
Hasﬁem, 1963; Bain, Vas snd LOWenstein; 1964). Since

’ ] -
identical twins do not reject grafts from one another, it

was suggested that the MLR may be related to homograft
immunity (Bain, Vas and Lowenstein, 1964). .The MLR has

since been used by many investigators to select kidney

donors for patients with terminal renal disease. .

The antigenic. determinants involved in allpgraft
_rejection reactions are controlled by a group of closely

linked genes known as the major W&stocompatibility complex

(MHC) (Dupont, Hansen "and Yunis, 1976). The MHC is known

as the HLA system in man, the AgB system in thé?rat, the
“H-2 system in the mouse and the RL-A system in the rabbit.
Some MHC dlfferences‘can be defined using serologlcal
;ssays”in which antisera are emplqyed-to detect specific
antigens on the surfaces of lymphocytes iDupont, Hansen
and Yunis, 1976). Antigens iaqptified by this msthod are
rknown asdserologically defined (SD) antigens. These |
-antigens are present on practicéiiy'all tybes of cell

(Bach\and-Van Rood, l976a).

1

23




ey

e

C7

24

-

In 1967, Bach and Amos_showed a relationship befween
the MLR response exhibited by the cells of‘two individuals
ahﬁ their genetic-dissimilarity as determined by SD antigen
pring. Resq;ts from later experiments indicated that this
relationship doeé not always exist: Amos-and.Bach (1968)
and Yunis and Amos (i971) observed that an MLR responge
couid océur between leucocytes of some pairs of individua}s
of the ééme SD antigenic type. ‘This was also demonstrated
in the rabbit (Tissot and Cohen, 1974). Because of this

discrepancy, the concept of lymphocyte-derived (LD) antigenic

differences evolved (Bach, Bach, Sond and Sundharadas,

1972). These differences ére'reflected in the MLR and do
not correlate with any known antigenic determinants

(Ling and Kay, 1975).

The proliferative- response in the MLR is dependent
on LD differences. Cytotoxic cells are usually gererated

in the MLR but the target antigens recognized by these cells
-

" are not LD but SD antigens. This LD-SD collaboration was

demonstrated by Schendel, Alter and Bach (1973) who uséd
a one-way MLR with three different cell populations. 1In

this experiment, the responder cells were stimulated

. initially with stimulator cells which had'ideptical_SD

s

antigens but different LD antigens. A proliferative

response ensued

second populatign of stimulatér cells, whicntifd identical
‘LD antigens but §ifferent SD antigens with respect to the

responding cells, w added to the culture. The responding

t no cytotoxic cells were generated. A’ .

—
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cells“ﬁere unable to proliferate in response to the second
population of stimulating cells. However, cytotoxic cells
were generated which were specific for the second population

of stimulator cells and were therefore directed against the

SD antigenic determinants.

3b) Transplantation rejection reactions and the MLR

When allogeneic tissue transplants are carried out,
two types of reaction can occur: the host versus graft

(HvG) reaction which results in destruction and rejecti

of the trahsplanted tissue, and the graft t (GvH)

reaction. The latter occurs when i

g
transferred to an imm

ocompetent cells are

v compromised allogeneic host.

The graft'"r Cts" the cells of the host, causing much tissue

-

damage and .ultimately the death of the host animal. An
example of this reaction is the potentially fatal situation
- ”

which arises when an immunoincompetent individual receives

a bone marrow transplant from a normal allogeneic donor

%(Bach and van Rood, 1976b). The transplanted cells

. proliferate in the spleen of the host causing splencmegaly.

The increase in spleen size is used as-a-measure of the

proliferative response of this reaction (Bach and van Rood,

1976b). HVG and GuH_réjection reactions ar considéred to

represent different aspects of the same ysiological response

and they both show many similarities t thigyLR'response;

The HvG reaction ap to pear a close resemblance

to the MLR in that both involve the production of cytotoxic
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T cells. Hayry and Roberts (1977) reported that large
numbers of specgific cytotoxic T cells were produced in the
HVG reaction which could be found in the lymph nodes and the ’
spleen. Contradictory reports have been published concerning
the nature of the cells At the rejection site. Roberts and
Hayry (1977) found that the cells infiltrating the allograft
ét'thé pgak of the rejection, which occurs seven to eight
days after grafting, were predominantly non-T killer cells,
namely macrophages and noﬁ—T'lymphocyt s. However, Strom,
Tilney, Paradysz, Bancewics gnd Carpeniqr (1977) found that
cytotoxic T cells cémprise the ﬁajority of cells at the

rejection site. This discrepancy may be explained by the

findings of Balch, Wilson, Lee and Feldman (1973) who

observed that the infiltration of the allograft by T

lymphocytes reaches its peak four days after grafting.

S

e

However, by the sixth day, which is the time that! Roberts
and Hayry (1977)-performed their assay, this~infiltration

is relatively diminished.

Another aspect of the relationship between the MLR
and allograft réjection is the abiiity of the leucocytes
of th'allograftAreEipient'to exhibit a modified MLR upon
further exposure to cells of the allograft donor. This
response is similar to the secondary MLR,ldesqubed in
II.lc above, as it is specific)for the alloantigéns of the

allograft donor and occurs much more répidly than normal.

" It has been observed in'the-rabbit (Harrison} Wei and Ahie,

1971; Milthorp, Belanger and Richter, 1979), the rat

-
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(Wilson, Silvers and Nowell, 1967), and the mouse (Adler,

Tagikuchi, Marsh and Smith, 1970).

Chapman and Dutton {(1965) and Sheppard, Sell, Poler
and Redelman (1977), working with the rabbit, were unable
to shown an accelerated MIR by cytes of allograft
receipients. These results may, however, be explained by
the fact that these 1nvestlgators evaluated the MLR blast-
ogénic response only on or after day five of culture, by
which time the accelerated responeg would have subsdded and
the response of the cells would be reduéﬁd‘go the level of

"unsengitized" cells. »

The GVH also appears to be very similar to the MLR.
Like the MLR it manifests itself by a préliferatiVe.response
accompanied by the production of cytotoxic killer ‘cells
{Sprent and.M111erﬂ 1971)}. The T cells respon51ble for the
MLR appear to be the same as the T cells responsible for
the GvH reaction (Wagner, Rollinghoff and Shortman, 1974).
and T celle depleted of cells which 'adhere to alllgeneic
cell monolayers retain MﬁR.and GvH reactivity but lose
specffiC‘cytotoxic activity (Mage and McHugh, 1973). A
high level of correlation exists between the degree of
splenomegaly in the GvH reactlon and the prollferatlve
response in the one-way MLR between leucocytes of the graft
donor (respohder cells) and the recipient (stlmulator cells)_

(Livnat, Klein and Bach, 1973).
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.'_In both the GvH and the MLR the proliferative
rééponse is to LD antigegic diff;rences (Elkins, Karathas
and Bach, 1973). The role of the cytotoxic killer cells
produced in the GvH reacfion has not been resolved but it
is conceivable that they are responsible for the tissue
damagé and ultimate death of the host animal.

4. CONCLUSIONS

In this chapter the MLR has been discussed in terms
of its mode of action, the cells involved, and its
significance as an in vitro counterpart of the in vivo

ol

allograft rejection reaction. Much of the information

available at present concerning the rabbit has been discussed

and it is clear that the rabbit has not been studied as
thoroughly as the human and the mouse. One of the major
aspects which has been almost entlrely'ﬁeglected in research
concerning the rabbit is the function, if any, of leucocyte
subpopulatlons in this reaction. The following experiments
are de51gned to determlne the roles of thymus—derlved cells,
bone marrow-derlved cells, appendlxrdeylved cells and
phagocytic cells in the MLR respbnse of ra?bit cells to
S \

allogenéic stimulation.

~
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APPENDIX - 4

TECH&IQUES FOR SEPARATING SUBPOPULATIONS
OF LEUCOCYTIC CELLS

.Leucocytes can be separated from one another by
technigues based on their individual properties. .There are
numerous methods and the ones relevant to this thesis are

described below.

[y

The polymorﬁhonuclear cells of some animals are denser
than macrdphéges and lyﬁphocytes and they can be removed
from a cell suspension by centrifugation over a Ficoll
Hypague solutién of specif}c gravity 1.077 (Boyum, }968).
Thé polymorphonuclear cells pass through the Ficoll Hypaque
and the other cells remain above it. Any red blqod ceils
(RBCs) and dead cells present in the cell suspension are

~also rémoved by this method as they aléo pa;s th?ough the

Ficoll Hypaque solution.

_Mac;ophages and polymérphonuclear cells have the
ability, at_37°C in the presence of calcium and magnesium
ions and a heat labiie‘factor from fresh serum, to ingest -
and adhere to foreign particles (Tullis and Surgenor, 1956;
Cassen, Hitt and Hays, 1Q§§iqfabinowitz,'1964)."These cells -
can be separated from lymphocytes by technigues based on
these properties. Many people describe the cells which
have been removed by thése methods as macrophages.. This is

incorrect unless the original cell suspensions were initially

devoid of polymorphonuclear cells (for exg?ple, from

[N
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have been pérformed by Cassen, Hitt

*Blomgren (1977}, respecfively.

some lymphoid organs or from Fiqoll‘Hypaque gradient ..
separatioh prgparations) which would otherwise be removed

with the macrophages.

A\

Levine (1956) introduced one of the first techniques

for the removal of phagocytic cells:. ' He incubated humdn

. ) w
Blood cells with starch-coated iron granules and removed

the iron ingesting phagocytic cells and elresidual iron

. /-\ -
with a magnet. He observed that untleaté
,not readily ingested by cells. Similar
the use of gum arabic-coated iron granulg

Aand Hays (1958) and

The draQbaék of separation techniques based on
phagocytosis is that they can only be used t¢ éliminate
macrophages and polymoréhonﬁglear cells. In’order to
recover these cells after separatioh, adherence tecﬁniques
must be used. Columns filled with glass beads or wool
{Gordon, i968), cotton wool (Rode ahd Gordon, 1974), qylon
wool (Chess, MacDerﬁott, Sondel and Schlossman, 1974;

Greineder and Rosenthal, 1975), and.rayon wool (Alter and 1

Bach, 1970) have been used tg¢ remove adherent cells. The

-cells are incubated in the cdlumns under the optimal

conditions for adherence.: Noﬁ—adherent cells are washed
out with a buffered salt solution at 37°C. The adherent
cells can be eluted by washing the columns with cold

medium containing EDTA which chelates with the magnesium

and calcium ions. Under these conditions, the adherence

ut

iron granules are
hniques involving

and carbonyl iron
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. (Greineder and Rosenthal, 1975).

properties o the cells are lost and they pdss through the
column. Cells adhering to ‘plastic petri dishes have been

separated from non-adherent cells in a,similar manner

-

The nylon wool adherence technique fqr the separation
of méérophages and polqurphonuclea; cells is not ideal as
B lymphocytes alsoiadhere to nylon wéol. This techniqué-
has been successfully usgg/f6§‘éhe removal of macrophages
by Chess, MacDermott, Sondel and Schlossman (1974) who used

cell preparatlons prev1ously dépleted of B lymphocytes.

Mixtures of'polymorphonuclqar cells and macrophages
obtained by theée mgthods can be enriched for mac?ophageé
by incubating them th 37°C% for four to seven days. During
this time, most of the polymorphonuclear cells die‘out
leaving an a;mostvpure population of macrophages (Gordon,
1968). Cells xich in mécrophages;can be obtained from the
peritoneallcavity énq these can be purified by any of the

adherence techniques already mentibned.

B and T lymphocytes each have unigue receptors on
their surfaceés. Lymphocytes of the bursa of Fabricius have
surface immunoglobulins (Cooper, Lawton and Kincade, 1972}.

Some lymphoid cells of many species including the human

(Unanue, Gréy, Rabellino, Campbell and Schmidtke, 1971).

the mouse (Raff, 1970}, and the rabbit (Sell and Gell, 1965), .

have surface immunoglobulins and their presence is widely

accepted as a marker for B cells. However, there is- some
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controversy in the raﬁbit cdnéerning the nature of the
immunoglobulin bearing cells. Sell and Sheppard {1973)
observed that some of the rabbit ;eripheral blood -
lymphocytes which respond to T cell mitogens havé surface
immunoglobulins. This however was contradicted by Bell
and Wigzell (1977):/)In theif\experiﬁzgés, the cells of
thé spleen, lymph nodes and blood of the rabbit with

surface immunoglobulins did not respond to T cell mitogens and

[

the cells which did respond to these mitogens did nhot  have

- L]

surface immunoglobulins. It is conceivable that the

immunoglobulins on the surfaces of the cells in the

‘experiments of Sell and Sheppard (1973) had been adsorbed

from the plasma.

Chess, MacDermott and Schlossman (1974) separated
immunoglobulin—beéring cells from non-immunoglobulin-bearing
cells using columns ¢on£ain§ng sephadex G-200 conjugated to

anti—hﬁmhn immunoglobulin antibodies. The cells with

- - .

surface immunoglobulins which adhered to the columns were
subsequently eluted by competitive Binding with a 1 per cent

immunoglobulin solution.

P,

”

Nylon wool adherence'techniques have been ﬁsed for the
separation of B lymphocytes from human cells by Potter and-

Moore (1977) and from mouse cells by Berman, Pﬁryear and

‘Argyris (1976) . However, as described above, macrophages

are also. removed by these techniques.

The thymus-derived cells of soime . species including

humans have a receptor for untreated sheep'erythrocyteé and
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4°c (Coombs, Gurner, wlls , Holm and Lindgren, 1970 " Lay,
Mendes, Bianco and Nusse zwelg, 1B71). Rosettes can be
separated from non-rosette forming cells by Ficoll Hypaque
density gradient centrlfugatlon since the former is denser
than the latter. Recovery of the rosette forming cells is
achieved by lysis of the erythrocytes with a buffered salt
solution of 0.83 per cent- ammonlum chloride. .This method
has been used to separate E—rosette forming cells by Wybran,
Chantler gnd Fudenberg (1973) The great advantage of this

technlque is that all of the/cells 1nvolved can be recovered.

However, the possibility exists that the procedures damage the

cell membranes. : . R

T cells of the rabbit:do not possess the recebtor'for
sheep‘erythrocytES but they can be identified ang eliminated

by their susceptibility to anti-thymus antiserum in the

-presencgﬂkfxcgmplementl (Colas de 1a Noue, Koperstych and

L4

Richter, 1972; Fradelizi, Chou, Cinader and Dubiski,le?j;
Redelman, Scott, Sheppard and Sell, 1976; Fanger, Pelley
and Reese, 1972; #iiggn, Teodolescu and Dray, 1976). This
technique has also been-used to identify ang eliminate

thymus—derived cells of humans (Aiuti ang Wigzell, 1973a,

1973b;. Ablin and Morris, 1973) mice (Mosier and Cantor, 1971;

‘Berman, Puryear and Argyris, 1976) and rats (Colley,

Malakian and Waksman, 1970).

1. Complemeht,is a4 system of heat labile Serum proteins which

" interact with antibody ahd antigen to effect . cytotoxicity.

[FIV TR
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An antiserum to cellular antigeﬁs is prepared by
immunizing an animal with the foreign'cellS'éowards which’
the antiserum -is to be dytofoxic. The animal synthesizes WS'
antibodies which are directed against the cell surfaée.
antigené. Wlthln several weeks after the 1mmunlzatlon -
the serum of the animal is usually richsin antlbodles and

-

is descrlbed as an antlserum Incubation of the antigenic
.
cells with the antiserum and complement results 1n cytotoxic

(]

lysis of ‘these cells. Antisera generally exhibit some
cytotoxicity with respect to other cells of the donor of

the sen51tlzlng antigens and must be ‘rendered specific by

absorption. This is Qone by incubating the serum at 37 C,
in the absence of compl ment, with the .cells to which it is

to be rendered non-cytotfoxic.

in additioh to arti-rabbit thymus antisera, specific
antisera for rabbit cells have also been prepared for bone
marrow—defived cells (éolas de la Noue and Richter, 1974a),
appendix-derived cells (Colas de 15 Noue and Richter, o
1974b; Sheppard and Sell, 1977) cells with-surface
immunoglobulins (Wilson, T;;dbrescu and Dray, 1976) and

macrophages (Kim and Herscowitz, 1978).

Separated subpopuiations of 1eucocytes need to be
deflned not eonly in terms of the types of cells reptesented
but also in E;//F‘lf the technlques used for separatlon.
Thls is because sogz\overlap exists amongst these subpopulatloné
N

with respect to mapy of their properties. When discussing

jdepletions of subpopulations of cells using antiserum and

®

L

M
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o N
complement it is necessa to describe the specificity TN '
. . N
(:» of the antlserum used’ in ‘terms of the cells it does and

does not kill 1n the presenCé of complement.‘ Results

<

expressed without thése d_talls 1ose much of their megning.

—



.,

//#aaboratoriés Ltd.; Montreal, Quebec.

R R, fowter I T R A R PN T e ety

-

36

CHAPTER IIT

MATERIALS AND METHODS ~ ° ; '

1. MATERIALS

.ff’/7‘9”

" Rabbits - outbred, 4-5 lb New Zealand White rabbits

were obtained from Rockland Rabbit Ranéh; Rockland, Ontario..

RPMI - 1640 with L-glutamine wag obtained from

Microbiological Associates, Bethesda, Maryland, and stored

at 4%c.

1

Hank's Balanced Salt Solution" (H S) was obtained

from Microbiological Associates and st&red at 4°cC.

Penicillin Streptomycin Mixture, containing 5,000 I.U.

potassium peniiillin G/ml and 5,000 ﬁg streptomycih

>

sulphate/ml, was obtained froﬁ Microbiological Associates

and stor%d at -20°c. oo

U
Ficoll 400 was dbtained from Pharmacia Fine Chemicals

A.B., Uppsala, Sweden.

Hypaque Sodium (50% w/v, pH = 6.5-7.7) was obtainead,
i

from Winthrop Laboratories, Aﬁrora, Ontario, and stored in

the dark.

Methyl Cellulose was obtained from BDH Chemicals Ltd.,

Poole, England. ' g b -

Sterile Water'(pyrogen-free) was obtained from Abbott

N
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Dextran T 500 was obtained from Pharmacia Fine

Chemicals A.B. ' ’ . u‘“\\\\HJ(

Heparin Sodiu£<?}b,000 U.S.P. units/ml) was obtained

from Organon Canada Ltd., Toronto, Ontario, and stored at 4%c.

Saline (0.9%) in pyrogen-free sterile water was

obtained from Abbot:\Laboratories Ltd.

Surital (Sodium‘Thiamylal) was obtained in powdered
form from Parke, Davis and Company Ltd., Brockville, Ontario.

It was dissolved in - distilled water prior to use.

Trypan Blue (0.4%) in normal saline was obtained from

Grand Island Bioloyical Co., Grand Island, New York.

’

GAF Carbonyl Iron Powder grade SF wgs obtained from

Chemical Developments of Canada Ltd., Toronto, Ontario.

Mitomycin-C was obtained in powdered form from
Nutritional Biochemical Co., Cleveland, Ohio, and stored in
‘the dark at 4°C. Immediately before use the powder was

dissolved in RPMI-1640 to g;ve a solution EOntaining 1 mg/ml.

3H-—Thymidine (speéific activity = 20 Ci/mM) was obtained

from New England Nuclear, Boston, Massachussetts. This was
diluted in RPMI-1640 to a concentration of 10/ pCi/ml and

stored at -20°¢.

Ready-Solv GP Scintillation Fluid was obtained from

Beckman, FuX¥lerton, California.

Sodium Nitrite was obtained in crystalline form from,

Fisher.Scientific Co., Fairlawn, New Jersey.
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.'ir

Ethylene Glycol Monomethyl Ether was obtained from
4 . ‘

-

‘Fisher Scientific Co.

Alpha—ﬁaphthyl Acetate was obtained in anhydrous form

from Sigma Chemical Qo., St. Louis, Montana.

Pararosanilin was obtained in anhydrous form from-

Sigma-Chemical Co. '

Sodium Phosphate, Dibasic in anhydrous form was

obtained from Fisher Scientific Co. . Ny

Potassium Phosphate, Monobagic was obtained in
crystélline form from J.T. Baker Chemical Co., Phillipsburg,

New Jersey.

Methyl Green was obtggned from J.T. Baker Chemical Co.:

Sodium. Acetate in fused-anhydrous form was obtained

from Fisher Scientific Co.

Hydrochloric Acid (HCl) was obtained from J.T. Baker

Chemical Co.

Sodium Hydroxide electrolytic pellets were obtained

from Fisher Scientific Co. .

s

s

Methanol was obtained from Fisher Scientific Co.

pPlastic Falcon conical centrifuge tubes (50ml) were
%hgtained from Falcon Plastics, Oxnard, California, These

were sterilizéd by autoclaving before use.

Plastic sterile tubes (17 x 100 mm) were obtq}ned

from Falcoh Plastics.



Sterile Universal cortainers (20 ml) were obtained

from Sterilin Ltd., Richmond, Surrey, England.

Sterile tissue culture plates and lids (Microtest II)

were obtained ‘from Falcon Plastfcs.

All glassware was obtained from Fisher Scientific Co.

It was,sterilized by autoclaving before use. .

Syringes - sterile disposable syringes of all sizes

.

were obtained from Becton, Dickinson Co.. Canada Ltd.,

Mississauga, Ontario.
!

Hypodermic needles - sterile disposable Luer-Lok

" hypodermic needles were obtained from Becton, Dickinson Co.

3

Pipettes - 1, 5 and 10 ml pyrex disposable serological
pipettes were oBtained from Corning Glass Works, Corning,

New York.

Automatic MLA Pipettes (100 pl and 50 pl) were obtained
from Medical Laboratory Automation, Inc., Mount Vernon,

New York. Pipette Tips were obtained from Fisher Scientific
L/ -

Co.

"
‘

Haemacytometer Counting Chambers - AO Spencer "Bright

Line" type - were obtained from Canlab,.Ottawa, Ontario.

Nalgene Filters (45 p) were obtained from Sybron

)

Corporation, Rochester, New York.

\

The Coulter Counter used was the model ZBI made by

Coulter Electronics, Hialeah, Florida.
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The incubator - -a-Wational Incubator was obtained

L

0il anf water.

Liquid Scintillation Counter was a Beckman Model

LSC-230 obtained from Beckman, Fullerton, California.

) * 2. METHODS ' .

L
=

2a) Preparation of Reagents

o+

Rabbit serum was obtained from the laboratory rabbits

by cérdiac puncture: blood was allowed to clot at room
temperature for approximately-one hour affer which the serum
was separated from the clot by centrifugation at 1500g for

20 minutes., Some sera were complement—inactivated by heating
at 56°C for 30 minutes. Pooled serum was composed of

equal volumes of serum from at least ten différent rabbif‘:

This was divided into 5 ml aliguots and stored at -20°C until

required. - : ’

RPMI - 1640 with L-glutamine and HBSS. Penicillin and

streptomycin were added to these solutions to a final concen-
A . )
tration of 100 I.U. penicillin/ml and 100 g streptomycin/ml.

This was to prevent bacterial contamination.

-
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Tissue culture medium This was composed of RPMI-1640

medium with L-glutamine, penicillin and streptomycin

'~ supplemented with complement-inactivated pooled rabbit

serum at a concentratiqn of 2.5 per cent.

The Ficoll Hypaque density gradient solution was made

by dissolving 40g of Figoll 400 and 0.6g of.methyl cellulose
in 500 ml of distilled water: this was made up to a specif%é
gravity of 1.1 at 18°C by tHe addition of Hypaque. This
solution was ster;;ized by filtraéion Eprbugh 45 p Millipore

Nalgene filter, divided 'into® aliquots and stored in the

.dark at 4°C.

A, -
q.:: .
The dextran solution consisted of 6 per cent dextran

(molecular weight 200,000 - 250,000) in saline with heparin

at a final concentration of 150 units/ml.

-/ Phosphate buffer (0.1M) of pH 7.6 was prepared by
mixing 2,000 Ml of 0.1M monobasic sodium phosphate with

190 ml of 0.1M dibasic' potassium phosphate.

[

The methyl green solution consisted of 1 per cent
. ¢ 4

methyl green w/ﬁ and 1.4 per cent sodium acetate .w/v in
distilled water. It was adjusted to pH 4.2 with concentrated

“acetic acid.

-The pararosanilin solution was made by mixing together
} - IS

lg of pararosanilin, 20 ml of distilled water and 5 ml of

Y

concentrated HCIl.

..

r
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2b) Rreparation of cells

‘-
-

Rabblts qere killed by the 1ntravenous injection

of Sutltal. Bone marrow was obtained by cracking the femur
and scfap%p? ‘4he cells into a Unlversal container. The

spleen, th;ﬁus'ahd appenéix were rapidly removed and blaced
in sterile Universal containers. - The -appendix was slit open

and rinsed several times in saline in order to remove its

‘contents. Cells were released from these lymphoid organs

by chopping with fine pointed scissors followed by shak%ng

in HBSS. Filtration of the cell suspensions through

3

sterile gauze removed the tissue fragments and any fine ~

pieces of bone from the bone marrow samples. The cells

were washed twice in HBSS for 10 minutes at 800g and finally
re-suspended in RPMI-1640. Unless otherwise stated, white

cell counts were made using a Coulter counter.

Density gradient separations of spleen cell'suspensions
were carried out using, a Ficoll Hypagque solution of spec1f1c
gravity 1.1 contalnlng 0.001 per cent methyl cellulose.

The latter constituent was -added to enhance agglutination
of erythrocytes. An aliquot of the cells (10 - 20 ml
containing approximately 108 leucocftes), suspended in
RPMI-1640, was layered over tte Ficoll Hypaque solution

(10 ml) in a 50 ml eteriie glass centrifuge-tube. The tubes

were centrifuged at 1;000g for 30 minutes at 18°C. The super-

natant was removed by aspiration and the s at\the medium-

-

Ficoll Hypaque interface were collected.[ The "celll were

washed three times with HBSS and re-sugpende MI-1640.



These ¢ells are referred to as mononuclear—enriched cell

‘suspensions. The average recovery of -spleen leucocytes

was 32 per cent.

RBCswere obtained by dextran sedimentation of whole
blood.  Two parts of blgod obtaineq by cardiac puncture
were mixed with one part of dextran solution containing
hepérin. The cells weré allowed to settle in a measuring
cylinder -at room temperature. The ieucocyte—rich super-
natant was discarded and the remaining RBCs were washed

three times before .use.

2¢c) Preparﬁtion of antisera

The anti-thymus antiserum and control serum were
prepared by Colas de la Noue, Koperstych and Richter (1972)

and the anti-bone marrow and anti-appendix antisera and-

~theif respective controls were prepared by Colas de la Noue

and Richter (1974a: 1974b). Briefly, normal adult horses
were immunized bj the intravénous administration of the
appropriate cells three times at seveﬁ;day inte;vals.
Different horses were used for the pfeparation of each

particular antiserum. For the preparation of horse anti-

rabbit thfmus antiserum (HARTAS), horse anti-rabbit - bone

marrow antiserum (HARBMAS) and horse anti-rabbit appendix

antiserum (HARAAS), 5 x 1010 rabbit thymus cells,

5 % 10° rabbit .bone marrow cells and 5 x 10° rabbit appendix

cells respectively, were used for each injection. The

-animals were bled 2, 3 and 5 weeks after the last injections

a
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of thé antigens and the antisera were obtained by

centrifugation of the clotted blood. The sera were stored

at —20°C until used.

* control sera for each of these antisera were pfépéred

prior to immunization from.the same horses as those used

to produce each antiserum.

The antisera and control sera were complement-

inactivated by incubation at 56° for 30 minutes and

filtered through a 45 u Nalgene filter prior to use. &All
dilutions of the antisera and control sera were made with

RPMI-1640.

2d) Absorption of the antisera

A specific number of the appropriate cells was
suspended in the antiserum for 30 minutes at 37%¢ with
occasional shaking. This was followed by centrifugation
at 800g for 20 m%nutes.‘ The absorsed antiserum was either
subjected to further absorption or divided into aliéuotg

and stored at -20°C until required.

”

2e) Cytotoxicity assay

The method used is based on that of Fradelizi, Chou,
Cinader and Dubiski (1973).  One volume of lymphoid cells
(5 x,lO6 cells/ml) in RPMI-1640 was mixed with two volumes

of the antiserum made up 'to an appropriate dilution. The

- cell-antiserum mixture was incubated at 37°C in 5 per cent

002 in air for 15 minutes after which two‘volumes of



complement (fresh undiluted autologbué rabbit serum) were
added and the incubation continued for ‘a further 60 minutes.

. L)
///r;;lls were also incubated with the control sera in .

place of the anti-lymphocyte antisera.,

The p®centage of dead'éellslwas determined using the
trypan blue dye exclusion test~described‘below. The
cytotoxic index (CI) was calculated from.the formula;
ci = / (DE-DCY/(100-DC)/ x 100, where DE. is the percentage
of dead cells in the sample containing the antiserum and

DC is the percentage of dead cells in the sample containing

the control pre-immunization serum.

-

2f) The' trypan blue dye exclusion test

.Two volumés of a cell suspension, containing cells at
a concentration of 2 x 106/m1 of less, were mixed with one
volume of a 0.2 per cent trypan blue §olution in saline;"
After five minutes, the cells were counted in a
haemacytometer éhamber. Ehe cells which Qe}e unable to
exclude the dye ﬁeie considered dead. By‘means of this
technique, the concentration of viable cells and the

percentage of dead cells can be determined. ‘At least 200

cells were counted from each sample.

2g) Depletion of limphbid cell subgopdlations

The prospectivé MLR responder spleen cells were
tréqted with either anti-thymus, anti~bone marrow or
anti-appendix antiserum and complement or with control

serum and complenment under the conditions described for the
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_» using the trypan blue dye exclusion test.
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cytotoxicity assay. After incubation, the cells were washed
four timeg with HBSS and re-suspended in tissue culture .

medium. [Theée coﬁcenﬁration of viable éells was deteﬁﬁined

-% ior to treatment of the spleen cells with the anti- '
bone marreﬁ’antiserum, thelRBgs were removed by Ficoll
Hypaque density gradient.separation. Thls step avoided
any compllcatlons whlch‘ﬁight otherwise have arisen due to
the pompetrtlon between the erythrocytes and the bone marrow-

derived lymphocytes for the antibodies in.the'anti-bohe,

marrow ahtiserum.

=

2h) Depletion of phagocytic cells

Packed spleen cells (107) in sterile plastic tubes

were suspended in 5 ml of fresh uninactivated autologous

" serum diluted two-fold with RPMI-1640 containing various

concentrations of carbonyl iron (See IV.2). This mixture
was incubated for 60 minutes at 37°C with constant mixing
provided by a rotator. The iron;ingesting'phagocytic cells
and the residual 1ron were removed by four exchanges from

one test tube to another over a strong magnet. After three

washes with HBSS, the cells were suspended in elther

RPMI-1640 and treated with m;tomycmn—c {(stimulator cefﬁs),

or in tissue culture medium (responder cells).

) Control cells were treated similarly but w1thout the

addltlon of carbonyl iron.

t
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Smears were etained for ngn-specific esterase as
described immediately below in order to determine the
;eletive proportions of iymphocytes, polymorphonuclear

leucocytes and macrophages in the cell preparations.

2i) Non-specific esterase staining

—

This technique for the identificetion of cells
containing the esterase enzyme was‘develdped by Yam, Li
and Crosby (1971) It involves treating slide preparations
with the substrate alpha—napthyl acetate and the dye
pararosanilin.' The esterase enzyme splits the substrate
_ producing a napthyl end product which becomes stained by
the dye. In this method the»ce}ls_ére counterstained with
methyl‘green,-which allows the cytoplasm and the nucleus

of the cells to be seen.

Slide preparations of cells in serum were rapidly
dried using cold air from a hair dryer. The esterase

staining solutlon was prepared as follows: egqual volumes

of pararosanilin. solution and 4 per cent sodium nltrlte

were mixed; after exac one minute 6 volumes of this

mixture were added to 5 volymes of ethylene glycol
monomethyl ether contalnlng 20 mg of alpha-napthyl
acetate/ml; 90 volumes of phosphate buffer of PH 7. 6 were
added to the mixture and the pH was adjusted to 6.1 with
'-ﬁCl;,the buff.coloured precipitate which:developed was

removed by filtration.
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Each slide was covered with the esterase stainyng
solution for_49 miﬁutés at room temperatﬁre. The slides
were then washed with-water and dfied and fixed in methanol
for two minutes. After the methanol had evaporated, the
slides were'counterstdined with a 1 per cent soclution of

methyl green for two minutes and then washed with water.

~—

2j), Mitomycin-C treatment of stimulator cells -

Stimulator cells at a concentration of 5 x 106/m1 were
tréated with mitomycin~C (final concentration 50 mg/ml) for
30 minutes at 37°C in 5 pey cent 002 in air. Excess
mitomycin-C was washed out\4 times with HBSS after which

the cells were 're-suspended in tissue culture medium,

L]

2Kk) MLR culture

Responder and mitomycin-C treated stimulator cells
(obtained from two different allogeneic rabbit spleens)
were suspended in tissue culture medium. The fesponder
cells (0.5ml) were mixed with the stimulator cells (0.5ml)

in sterile plastic tissue culture tubes. In each

experiment at least three different concentrations of
responder cells were used, the final concentrations varying'

‘between 0.1 and 0.6 x 106/m1.‘ Stimulator cells wefe

cultufed'at a final concentration between 0.6 and 2.5 x
106/m1; The cultu;es were incubated at 37°% in 5 per cent
CO2 in air,for‘s days. 3H-thymidine (0.1 ml containing
1 Pci: specific activity = 20 Ci/mM). was added to each
of the culture tubes 18 - 22 hours prior to termination of

the cultures. ) s



49
Control cultures consisted of responder cells
incubated with the appropriate number of mitomycin-C
- . * -
treated autologous cells... ’ o
The amount of 3H-thym1d1ne incorporated into the "

DNA was determlped by 11qu1d scintillation countlng. The

cells were washed twice in 3 per cent acetic ac1d to remove

the exces

s tritium and the acid-soluble’ haemoglcbin. The

pellets were dissolved in 0. 5N sodium hydroxide (0.5ml) at

80 Cc for

acetlc ac

10 minutes and then neitralized with 5 per cent

—

id (0.2 ml). The contents of each tube were mixed

with Ready Solv GP scintillation fluid (7 ml) and the -

3

counting

H-thymidine incorp ated into the DNA was determined by

at ambient temgerature in a liguid scintillation

counter. Counting efficiency was 60 per cent in.an ungquenched
sample.
21) Calculations

The MLR is expressed in either counts per minute (cpm)

or as the
allogenei
control c

samples.

Statistical data are based on the paired Student's

T test.

gtimulation index (SI) which is the cpm of the
c culture divided by the cpm of the autologous

ulturgs.' All results are based on trlpllcate



o e

P e g ——

LI Ao g

_fabbit each contains anti

from heterogeneous cell suspensions.

;(' CHAPTER IV ’ ST

EXPERTMENTAL RESULTS \\\_,/// g

-

IV: 1. PREPARATION OF ANTISﬁﬁA SPECIFICALLY CYTOTOXIC FOR
THE THYMUS-DERIVED CELLS, BONE MARROW-DERIVED CELLS

! - AND APPENDIX-DERIVED CELLS OF THE RABBIT

- INTRODUCTION

An anti-thymus antiserum (HARTAS), an anti-bone marrow

antiserum (HARB )* and an anti-appendix antiserum (HARAAS)

have been prepare horses for rabbit cells by.Colas de.
la Noue, Koperstych a Richtef (1972) and Colas de la Noue

and Richter (1974a; 19155-. Using these antisera they

demonstrated that the thymu hbone'marréw and appendix of the \\\]
iéally'unique populazipns of
lymphocytes. The purpose of the experiments desc ibed below

is to render these antisera specific for the apprdpriate cells

of using

by means of absorption and dilution with the ai

them to eliminate each of these lymphoid subpopulations

-

-

RESULTS AND DISCUSSION

Anti-thymus antiserum

The cytotoxic activity with' respect {0 thymus cells,
bone marrow cells and RECs of.the HARTAS, unabsorbed and
absorbed (at a dilution of 1:5) with 0.25 ml of packed RBCs/ml

of antiserum, is shown in Figure 1. The plots represent
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'/,<7//f\ ea) values from two experiments.

" The unabsorbed HARTAS, at high concentrations, was
highly cytotoxic to all three cell types. Upon dilution of
the antiserum (up-to 1:320) much of the cytotoxic activity
with rgspect fb bone marrow cells and RBCs was lost with

little effect on the cytotoxic activity with respect to

fhymus cells. At the dilutién of 1:32(f, the antiserum did
not lyse many RBCé but induced much c ciumping.' This
clumping was probably caused by the tachment of non-

complement fixing antibodies the RBCs?®

.. The antiserum was absorbed at ilution of 1:5 with
0.25 ml of packed RBCs/ml_pf antiserum. This absorbed

antiserum diluteq to 1:20 was no longer cytotoxic towards

1

RBCs and bone marrow cells but retaThed most of its cytotoxic

éétivity towards thymus cells. It no longer caused RBC
clumping. This.preparation of the antiseruir is regafded as
being specific for -thymus cells because it consistently
gave a CI greater than 90 for thymué cells and killed less

than 10 per cent of bone marrow ¢ells and RBCs. (Table 1).

Anti-bone marrow antiserum v .

. In-thése experiments, the impo;tant criteria for the
definition of a specific antiserum are that the antiserum
should be cytotoxic to (i) less than 10 per cent of cell .
populations which do not contain the cells %hich were used
for the immunization, and to (ii) a maximuin number of the

cells which were used for the immunization. The.thymus is

N

g
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considered to be practically devoid of bone marrow—-derived

cells and therefore the HARBMAS cannot be considered specific "

i
Ll
]

unless it was cytotoxic to less than 10 per cent of thymus

cells.

The cytotoxic activi;z with respect to bone marrow

cells and thymus cells of the HARBMAS, both unabsorbed and i

7

v _
absorbed three times with 10’ thymus cells/ml of antiserum,

is shown in Figure 2. The plots represent meaf veiues from
two experiments. It can be seen that, at high c0ncentretions,
the unabsorbed antiserum was highly eytotoxic towards both
thymué—cells and bone ﬁarrow cells. The unabsorbed HARBMAS
gave a mean CI for bone marrow cells of epproximately 46 at
a dilution (1:32) which consistently killed less than 10
per cent of thymus cells (F;gufe 2b) .  The aetiserum ebéorbed
- once, twice or t?rée times with loj.tﬁymus celis/ml of-~
antiserum gave mean CIs for bone marrow cells-of 58, 68 and
88, respectively, at dilutions (1:8, 1:4, 1:2, respectively)
whigh censistent1y gave a CI which was less than 10 for

thymus cells. The two expePiments on which the above is

based gave Similar results.

“In view of . the above results, the HARBMAS abSErbed

three tlmes with 107 thymus cells/ml of antiserum, diluted

1:2, was considered to be sp&cific for bone marrow cells
because it was cytotoxic towards approximately 90 per cent

»

of bone marrow cells and an average of 2.5 per cent of thymus

jy\gellsf (Tfable 1).
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Anti-appendix antiserum

-

The unabsorbed HARAAS was cytotoxlc towards appendix
cells, thymus cells, bone mMarrow cells and RBCs at hlgh
concentrations. The anti-BBC activity of the antlsgrum
was removed by absorption with-0;25 ml of packed RBCs/ml

of antiserum.

The thymus and. bone marrow are considered to be
devoid of cells bearing‘appendix-specifié 3ptigens and

therefore the HARAAS could not be considered specific

.unless it was cytotoxic towards less than 10 per cent of

>

thymus cells and bone marrow cells.

Absorption of the HARAAS with thymus cells removed
much of tﬁe anti-thymocyte activity and also some of the
cytotoxicity towards appendix cells (Figure 3). The points
on the plot in Figure 4 represent the cytotoxic activity
of the anti-appendix antiserum for appendix cells under
various condltlons which resulted in less than 10 per cent
of the thymus cells being killed. The highest possible
CI with respect to appendix cells was achieved using the

8

antlserum absorbed six oxr more times with 10 thymus

cells/ml of antiserum. C

The cytotoxicity with respect to appendix cells,

thymus célls and bone marrpow cells of thg HARAAS absorbed

_once with 0.25 ml of packed RBCs/ml of antiserum and 8ix

times with.lO8 thymus cells/ml'of antiserum can be seen

in Figure 5. This absorbed antiserum, at a dilution of

1:16, was cytotoiic towards appro:iyaﬁely 67 per cent of
(k;lled less than 10 per

A

appendix cells and it consistentl

i ——— ananad
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cent of thymus and bone marrow cells (Table 1). Up to and

~1nclud1ng this dllutlon, this absorbed antlserum exhlblted

maximum cytotoxicity towards appendlx cells (Flgure 5).

" Results from cytotoxicity assays using the absorbed HARTAS

and HARBMAS indicate-that the appendix cells not 1yéed by
the absorbed HARAAS were thymus- derlved (approxlmately )

12 per cent) and bone marrow-derl&e approximately 22 per

cent) {(Table 1). It can therefore Be oncluded that the s

. HARAAS absorbed once with 0.25 ml Of pagked RBCs/ml of ¢
P :

antiserum and six times with 108 thymus cells/ml of

antiserum, and diluted 1:16, is specific for appendix cells.

Control sera

The control pre-bleéd sera exhibited slight cytotoxicity
towards some of the cells used in the assays. This was

removed by means of absorption with the appropriate cells.

.
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"CYTOTOXIC INDEX W.R.T. APPENDIX CELLS

4 ‘?:
: ;
v i
i
!
%
L S N 1 i L. ] l
0 .1 1 3 4 3 6 1 .8
NUMBER OF ABSORPTIONS WITH 108 THYMUS CELLS/ml OF ANTISERUM
. 7 : -
- |
FIGURE 4
L]
THE CYTOTOXIC ACTIVITY OF HORSE ANTI-RABBIT APPENDIX
'ANTISERUM AT DILUTIONS WHICH CONSISTENTLY GAVE A
. . z - ’ .
> CYTOTOXIC INDEX FOR THYMUS CELLS OF LESS THAN 10. n=2,
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_ CYTOTOXIC INDEX -

30k
‘ ' 20}

10

1 . . O APPENDIX CELLS
A THYMUS CELLS
@ BONE MARROW CELLS

1:2 _ 1:4 1:3 f:16  1:32 164 1:128  1:256

ANTISERUM DILUTION

P

¢

FIGURE 5

2

~ THE CYTO[FOXIC ACTIVITY WITH RESPECT TO APPENDIX CELLS, o

THYMUS

APPENDIX ANTISERUM ABSORBED ONCE WITH 0.25 ml OF PACKED _ -

RBCs/ml OF ANTISERUM Aﬁﬁ SIX TIMES WITH 10

OF ANTISERUM. n=3

AND BONE MARROW CELLS OF -HORSE ANTI-RABBIT-

-

60

THYMUS CELLS/ml
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'SUMMARY AND CONCLUSION .

-

Honse antiserd, obtained following immunization with
rabbit thymus cells, bone marrow cells and-eppendix cells,
were rendered specifigc for the respective cells by means of
absorptions with tne apprgp;iate cells. The anti-thymus
antiserum (diiuted five—fold) required one absorption with
0.25'ml of packed RBCs/ml of antlserum At a dilution of
1:20 thls absofbed antiserum was cytotoxic to over 90 per

cent of thymus cells and less than 10 per cent of bone marrow

_ceélls. It exhibited no cytotoxicity towards RBCs. The anti-

bone marrow antiserum-required 3 absorptions with 107 thymus
cells/ml of antiserum. At a dilution of 1:2 this absorbed

antiserum was cytotoxic to approximately 90 per cent of bone

" marrow cells and iess than 5 per cent of thymus. cells. The

L ]

anti-appendix antiserum required one absorption with 0.25 ml

of packed RBCs/ml of antiserum and Six absorptions with 108

4

thymus cells/ml of antiserum. At a dilution of 1:16, this

absorbed antisefum was cytotoxic to approximately 67 per cent

of the cells found 1n the appendlx. Approxlmately 4 per cent

o

of thymus cells and 3 per cent of bone marrow cells were lysed

1

by this antiserum. It was not cytotoxlc +to RBCs. 'The

" appendix cells not IYSed gith the anti-appendix'antiserum

. ) S g . . !
' were thymus—derived cells-and bone-marrow derived cells.

These three antisera, suitably.absorbed and diluted,

can therefore be used for the elimination of cells bearing

- _\/“\_‘

the antlgenlc markers of each of these three unigque rabblt

-

.&ymphOLd cell subpogpleg}ons, namely, thymus derlved cells,

bone marrow-derlved cells and appendlx-derlved cells.

. - / T
;
. .

»

r
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(T? | IV. 2. THE ELIMINATION OF PHAGOCYTIC CELLS FROM RABBIT
' . . SPLEEN CELLS

we

INTRODUCTION

It has Been demonstrated by many inve§tigators that
no MLR occurs between ﬁopulatidns of human stimulator and
responder cells when both have been depleted of macroﬁhages
(Gordon, 1968; Alter and Bach, 1970; Twomey, Sharkey, Brown
Laughter and Jordan, 1970; Levis and Robbins, 1970; Blomgren;
1977). The purpose of these experiments is‘fo determiﬁe

_ whether the depletion of phagocytic cells (i.e. macrophages
and pblymorphonuclear cells) from rgbbit spleen responder
and stimulator cells prevents them from exhibltiné an MLR

as is observed with macrophage-depleted human responder and

stimulator cells.

In the experiments described below, the phagocyte
depletions carriea out are based on the ability of these cells
to in;;;:-carbbnyl iron and, a; a result, to adhere'zb a magﬁét.
The efficiency of the procedures for the depletion of
fhagocytééffdm the_ﬁLRefésponder and tﬁe-MLR—stimulatbr.
cells ig measured b§ the sﬁudy of cell preparg;ions.stained
for non-specific esterase. In the rabbit, macrophagés
become ﬁeavily sEained whereas most polymo;ﬁhonuclear cells
and lymphocytes exhibit a weak stainL; Furthermore, the | .
polymorphonuclear cells éaglbe identified by their

characteristically shaped nuclei. v

y
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RESULTS

The basic method for th& removal of phagocytic =
cells i; outlined in Chaptér 3. The results of attempts
to remove these cells from ungéparated spleen cell
suspensions by meané of a magnet after incubation with

4 mg and 8 mg of carbonyl iron/ml under the optimal

conditions for phagocytosis are shown in Table 2.

- . A study of cell preparations stained for non-specific,
estefase revealéq that, of the cells rémaining in the '
reéponder and stimulator cell populations after phagocyte
depletions using 4 mg of carbonyl iron/ml, an average of
1.5 per cent were macroﬁhages and an éverage of 1.2 per
cent were polymorphonuclear cells. These respohder and

stimulator cells did not exhibit a modified MLR in two out

of three experiments.

After treatment with 8 mg of carbonyl iron/ml, a

lower proportion of phagocytic cells remained. On average,

0.6 per cent were macrophages and 1.1 per cent were
pblymorphonucieaf cells. However, this treatment also had

no effect on the MLR response.

The next attempt was carried out using mononuélear-
enriched cells obtained from the medium-Ficoll Hypaque .
interface following density gradient eengifygafiaﬁfx\mhese-\
cell suspensions contaihé; a lower percentage of'phagocytic

cells than unseparated cells but could nevertheless

o
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exhibit an MLR. Phagocyte depletions of these mononuclear-—

enriched responder and stimulator cells, using 4 mg of

carbonyl iron/ml, severely limited their ability to exhibit

an MLR. .0Of the cells remalnlng after treatment,an average

of 0 6 per cent were macrophages and 0.8 were polymorpho-

nuclear cells.
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c ' | SUMMARY AND CONCLUSION

;A
The removal of phagocytic cells from mononuclear-
enriched rabbit spleen cell suspensioné, by means of a
‘ magnet after inéubation with 4 mg of carbonyl iron/ml
under the optimal conditian for phagocytosis, resulted
in a much reduced MLR. On the other hand, for reasons
which are notdunderstOOd, a reduced MLR could not pe'

,\//lachieved by phagocyte deﬁletions of unseparated rabbit
spleen ctlls.

67
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IV. 3. THE ROLES OF THYMUS=-DERIVED CELLS, BONE MARROW-
DERIVED CELLS; APPENDIX-DERIVED CELLS AND
PHAGOCYTIC CELLS IN THE RESPOﬁSE OF RABBIT
SPLEEN CELLS IN THE MIXEb LEUCOCYTE REACTION

INTRODUCTION

The purpose of this eet of experiments was to
determine the roles of thymus-derived cells, bone marrew-
Qerivedbcells,\Fppeﬁdix-derive& cells and phagocytic celis
in the:MLR response of the rabbit to allogeneic stimulation.
This investigation was carried out with suspensions of ‘
'spleen cells depleted of each of the above-ﬁentioned:

subpopulations by means of the techniques described in

IV.1l and 1IV.2. - a

RESULTS ’ f

The role of thymus-derived cells in the MLR response

The removal of thymus-derived cells from the
MLR-responder spleen cell populatlon resulted in virtual
elimination of the MLR response by these cells. A typical
pPlot of the MLR using increasing concentrations of spleen
cells depleted of thymus-derived—eells and control spileen
cells is s 1 -iggie 6. The expetriment was repeated
fOur;tiﬁg;%:::izn;:mparison of the stimulation,indices is
shown in Table 4. The values presented in Table 4 anq/;n
ali other tables concerning ‘the MLR are taken from the

~ ascending po;tions of the MLR response plots.



The specific anti-thymus. antiserum ln the presence
of compleﬁent killed an average of 24 per cent of the |
spleen cells (Table 5). The fesults of simultaneous
cytotoxicity assays carried out with thymus cells and
bone marrbw cells, isogeneic to the responder ‘cells, with
the same source of.csmplement and batch of antiserum or
control serum as used for the depletion procedure, are
shown in Table 5. It can be seen that the conditions
used for the elimination of thymus;derived cells from the
responder spleen cell suspensions were such that
practically all thymus-derived cells but few bone marrow-

derived cells were killed.

e

The role of bone marrow-derived cells in the MLR response

Treatment of the responder spleen cell suspension
with the specific anti-bone marrow antiserum and complement
killed an average of 18 per-cent of the spleen cells
(Table 5). However, this loss did not afgect the MLR-
respondihg capacity of the residual cells. In fact, a L
hidher MLR was exhibited by these cellsﬁreflecting an
increase in the proportioe of thymus-derived cells as a
result of the elimination of bone marrow-derived cells
(Figure 7, Table 6).' The results of parallel cytotox1c1t{ |

assays indicate that the conditions used‘for'the elimipation

of bone marrow-derlved cells from responder spleen cell ’

N

suspen51ons were such that practically all bone marrow—derLVed

cells but few thymus-derived cells were killed (Table 5).
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The role of appendix-deriVea cells in the .MLR response

The specific anti-appendix antiserum killed a larger

proportion of splgen cells than either of the other two

‘antisera. In the, presence of complement it was cytotoxic

towards an average of 32 per cent of spleen cells (Table 5):
However, the elimination of these appendix-derived cells
from the MLR-responder cell population had little efféct

on the capacity of the remaininé cells to exhibit an MLR
(Figure 8, Table 7). The results of simultaneous
cytotoxicity assays, shéﬁn in.Table 5, indicate that the
‘conditions used for the elimination of spleen cells bearing

appendix-specific antigens were such that few thymus-

derived cells and bone marrow-~derived cells were killed.

The role of phagocytic cells in the MLR response

The effect on the MLR of-the removal of phagocytic
‘ells from the responder and/or .the stimulator cell populations
::;”;;\seen in Table 8. The elimination of phagocytic cells
from the MLR-responder cells resulted either in ohly partial"
or no reduction in the MLR response,’ indicating that- the
MLR responding,cells are not- phagocytic. Howe‘ the MLR .
respongg was significantly reduced (by 34-95 per cént).
following elimination of the‘phagocytic'cellS\from both the
responder and thé stimulator cell populations (p= 0.02) .
(Figure 9).  The poor.MLR response observed when- both
stimulator and r;;pondef celi were depleted of bhagocytes
cannq&\?e attributéd to the-eiimination of phagocytic

stimulating cells since the MLR was neither greatly nor

consistently affected when only the stimulator cells were

‘depleted of'ghagocytic cells (Table 8).
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THE EFFECT ON THE ONE-WAY MLR OF THE DEPLETION
OF THYMUS-DERIVED CELLS FROM RABBIT SPLEEN
RESPONDER CELLS. -

(3 :
Experimerit | Co ncentration of | MLR response (stimulation index)
nu'mber_ . responder cells Control Thymus depleted

1 4 x 10%/mL 13.60 1.11

2 4 x 105/m’ 78.60 2.49

3 4 x 10°/ml 44.70 .2.34

4 4 x 5/ml 6.06

1.24
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: TABLE 6

r

THE EFFE&T ON THE ONE-WAY MLR OF THE DEPLETION,
' -OF BONE MARRDW—DERIVED CELLS FROM RABBIT SRLEEN
-RESPONDER CELLS.

-

)

Experimen£ Concentratlon of MLR response (C¢pm)
number responder cells N Bone marrow
' Control depleted
1 3.3 x 105/m1 74,000 . 86,200 ~
2e | -1.6x10 /ml' .| 1,570 ' 2,560
oI 1.6 x 10 /ml | 52,800 . 64,700 ,
4 3.0°x 10°/ml 14,900 . . 24,400 ‘
i ] ! ' r )
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TABLE 7 ‘

THE EFFECT ON THE ONE—WAY MLR OF THE DEPLETION
OF APPENDIX-DERIVED CELLS FROM RABBIT SPLEEN
RESPONDER CELLS. *

W

LS /
Experiment| Concentration of |MLR response (stimulation index )
number reésponder cells
e Control ' Appendix depleted
4 - N

1 ' 4 x 10°/m ‘ 2.10 | -2.88 Q

2 1" 2x10°m\ [ 35.50 .| 46.10

3 4 x 10°/m1 90.50 81.80

4, |. 2x10°/m 7.85 o 9.0

.
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~ SUMMARY AND CONCLUSIONS L .

The roles of th us=-derived eells, bpne marrow-derived

cells, append1x—der1Ved cells and phagocytlc cells in the

ls depleted of each of tﬂgse cell subpopulations- The

MLR-response of the rabbit were*determlned using spleen
el

o

*

" cell populatioq,v It is concluded that

'marrow-derived cells and appendix-derivéd cells are not

ellmlnatlon of thymus—derlved cells from the MLRrresponder'
cells abolished -the response whereas no detrimental effect

on -the MLﬁf;;;\ebs€}ved when bone marr NHe%‘iVed cells and

appendlx—derlved cells were eliminated om the responderﬁ.

hymus—-derived cells

are the primary responding cells

b

MLh-and thatrbone

essential for this reaction.

The elimination oﬂiphagocytlc cells from both the
responder and the stlmulator cell populatlons resulted in .

a much rerced MLR response. This was not due to the

-
~

removal of respondlng or stimulating phagocytic cells 51nce

thelr ellmlnatlon from only ‘the responder or .only the

stlmulator cells resulted in only a° partlal or no decrease_

«

in the MLR response.. These experlments demonstrate‘that

phagocytlc cells are essentlal for the MLR of rabblt spleen
. 3
cells.' They play a non—spec1flc accessory role in this reactlon

s1nce they can be prov1ded by either| the responder or’ the
§
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CHAPTER ¥

DISCUSSION

In the last two decades the allograft rejection
phenomenon has become a major area of.interest as a result
* of the oyerwhelming evidence in support of the immunological
basis for allograft rejeetion. Much progress has’beenlmade
towards understanding the allograft rejection'reaction and:
Y _as a.result tissue transplants have met with increasing
" success. Surgical techniénes have been developed to such an |
extent that‘the functiof and survival of implanted_allografts"
a#e no longer subjept eo eurgicai limitationse Today it is'f
recegnized fnat‘the primary cause for the cessation of

functlon and ultlmate rejectlon of the graft is the 1mmune

response of the host to the allograft.

Laboratory assays. have been established and developed
\ r

for)preq&cting graft survegval and results from these tests

have been-used to seiect appropriate donors for designated !

recipients.- The two assays most frequently used are the,
lymphocytoton1c1ty assay, Whlch 1s also known as tissue,
typing, and the MLR; Whlch is consldered to be the in vitro
counteréart of the in vivo allogi;ft-rejection reaction. ‘

The lymphocytotoxicity assay, which is a gerological test,

1dent1fLes antlgenlc dlfferences between ‘the cells of the

pote t1a1 allograft donor and the cells of the de51gnated

recjpient. However,J many of the serologlcally defined (SD)
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.results“of the MLR assays.

82

antigens (oﬁer 90 have ndéw been identified) are "lesser”

or "weak" antigens and the absence of a complete match
Between Sﬁfantigens of thé.dOnor and the reci?ient does not
nécessarily indicate potential rejection. gurthefmore,
allograft rejection-sometimes occurs when the hostr and,donor
exhibit indénéiqal SD antigens. The advantage of this

s

assiay 18 that it only takes a few hours to perform.

The MLR, Aflike the lymphocytotoxicity ay, measures

functional préperties of the cells concerned. In the MLR,',

the cells of the potential allpgrafi/ﬁecipient.are cultﬁ;éﬂ

with the cells of the potential defior, the latter having
been treated with either mitomycin-C or X-irradiation in
order to prevent their proliferation.. The deéree of thg

proliferative response .is considered to be indicative of

the antigeiic dissimilarity between the respaonder and

stimulator lcells and therefore the absence of a response

indicates a good match. The survival of allografts in (fi\\\.-
33 . ! )
patiéqts generally correspond€ to. expectations based on the \_)

results of the MLR. o : . v

-
Elad - -~

' -The main ‘disadvantage associated with the MLR assay

is its 4 to 5 day dufation.‘ This is considered

3 o -
unsatisfactory on occasions when a#lelay in the implant-

ation of the allograft cannot be tolerated. However, ' these

¥

“ - e ) L3 Il
. occasions are rare since 'in practice the.majority of

ts involve kidney$ from 1iviﬁg_donoré and the .

pient can be kept alive by dialyéis Wbile agaﬁying the

’{/.

\

iq
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A

The 1mmunolog1cally-mature outbred rabblt was used
for the experiments carﬂied out for this thesis. This
animal is exceedingly us ul for the investigation of imm:ne
phenomena for many reasons. Since the rabbit is a‘large '

animal it is possible to .obt®in large numbers ;zzpells from )

d therefore
1

e&ch of the: lymphozd organs and from the blood

" to carry out a large numbexr of assays with the cells of one

animal. It is also possible to perform a'large number of
assays on the circulating cells of the rabbit over a period

of time. Furthermore, since the r hit,'unlike'the inbred
laboratory h0use, rat and guinea pig), is"an outbred animal,
results obtalned ‘with the former should be more representatlve
of éﬁe entire species than results obtained withg the latter.
In.addition, the frabbit is more closely related to the human
on a physio—anatomic basis than the mouse, rat and guinea ‘
pig, since neither the spleen nﬁr the lymph nodes are

haemopoietic,ln the mature human and rabbit, in contrast to

those of the mouse, rat and gulnea pig.

Since the MLR of the rabbit was first described by
Chapman ‘and Dutton&\ﬁ 1965, a number of attempts have been
made to correlate the rabbit MLR with skin graft survrvalk
(Harrison, Wegipnd Ahie, 1971; Chai and Lerner, 1975;
Milthorp, Belariger and Richter, 1979). It has been shown
that the cells of allograft rec1p1ents exhibit an
accelerated and enhanced MLR upon further exposure to cells

bearlng the antigens of the allograft which is comparahle

- to the secqndary MLR descrlbed in II.lc (Harrlson, We1 and

Ahie, 1971; Mllthorp*'IElangerland Richter," 1979) " The
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ability of the circulating cells and the ‘cells of each
ofthe.lymphoid oréans of the rabbit to respond or

| Lk
stimuldate in the MLR has been determined but the roles of
. . . . . J
the leucocyte subpopulations in this reaction have not yet

been %ystematically studied.

The purpose of this investigation was'tp determine the
_roles of thymus-derived cells, bone marrow-derived cells,
appendix-derived cells an3 phagocytic cells in the response

w— _  of rabbit cells in the MLR. The results of this investi-

‘ gatioq indicate that: (i) thymus—der?veé'cells are’
eséential for the blastogenic response 'in the MLﬁ; (ii) the
response is not given Sy bone marrow-derived or appendix-

derived cells; and (iii) phagbcytic cells are required for
"the ﬁiﬁ and they can be supplied by either the responder
of the stimulator cells, which can be either untreated or

mitomycin-C treated.

The cells which respond in the MLR of the rabbit were

shﬁwn in this investigation to be thymus-derived. Similar
P | resul{s were reported by Sheppéﬁd, Sell, Po&er and Redelmani
(1976) who observed that the MLR-responding cells of rabbitu

periphefal'biood were killed by treatment with anti-
thymocyte antiserum (ATS)Eané complement. However, their
results are subject £o SAme doubt because the cytotoxic
activity of their ATS towards cells of nonﬂthfmié origiﬁ

" was not defined. Their ATS, which was cytotox{é to |

“virﬁually %il thymoéftes“, was not éytotbxic to 50 per cent

_Qf spleen cells which included most (80 to 100 per cént)

-

T . . -y ‘ A J _ /
- ' . } ra . .

|

[UNERIA ¥ 3




B cells.y'

‘of the splenic plaqqe-forminé (B} cells to sheep red

blcod cells Subsequent to immunization.with these antigens.
The horse‘anti-rapbit thymus antiserum (HARTA used in |
the experinents'described in this thesis, whilch is cytotoxic
to virtually all thymocytes and only 4 per‘cent of the cells
of the bone marrow, was cytotoxic to onlf 24 per cent of
spleen cells. Despite this, the MLR response of.spleen
cells was almést obllterated folloW1ng treatment with

HARTAS and complement. It therefore seems likely that the
ATS used by Sheppard and his colleagues killed not only

thymus-derived cells but other types of celils as well.

The results of the majority of studies carried oun
with other animal species implicate T cel}s as the primafy[
if not the only, cells capable of responding with blasto-
genesis and mitosis in‘the.MLR. Theuresults reported in
this thesis concerning theerabbit are in.agreement with
those obtained with the human (Lohrmann, Novikovs anerraw,
leﬁ; bhess, MacDermott, Sondel and Schldbeman, 1974;
Potter and Moore, 1977; Blomgren,.1977),‘monse (Mosie;l
and’ Cantor’' 1971; Gorczynski and Rittenberé, 1954'
Rolllnghef Pfizenmeier, Trostman and Wagner, 1975,

Berman, Puryear and Arg;rls, 1976), rat {Wllson, Silvers and

Nowell, 1967; Johnston and Wilson, 1970) and chlcken {Alm,

1971; Weber, 1970) which indicate that the cells which

respond ln the MLR are thymus ~derived (T) cells and not i
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) IIt is interesting to note that although rabbit thymus-
l: derived cells respond well in the MLR, the endogenous thymus
cells of the rabblt do not respond in this ction (Chapman
end putton, 1965; Ozer and Waksman, 1974, Milthorp and
Richter, 1979) The thymocytes of the human (Schwartz,
1966; Han,.ybnowada, Subramanian and Sinks, 1976), the
mouse - (Blomgren and Svedmyr, ©1971; Berman, Puryear and.‘
\ ArgyrisQ\\976), and rat (Knlght and Thorbecke, 1971) are °
| able to respond %n the MLR. It would therefore appear that
the thymus cells, of the rabbit may be unable to respond
because they are less-mature than the thymus cells of ghe

»

human, mouse and rat.

- “l Bone marrowfderiﬁed cellsfand appendix—derlved cells-:
were shown in this infestigation not to be essent{al for,
the rabbit MLR since no detrlmental effect on_the MLR was -
seen when thesélcells were ellmlnated from the responder
cell populatlon. In fact, the tlastogenlc response of the
residual cells was usually greater than ‘that obtained with
the untreated cells, a flndlng which can be attrlbuted to-

/  an actual 1ncrease in the proportlon of T cells in the

;\_ responder cell populatron. 2 -~ . ) RN

o - e
)\\\ A number of 1nvest1gators have presented evydence
favour;ng some lnvolvement of B ceils in the MLR._ A

' . proportlon of lymphoblasts in the human MLR Were shown to
'be 1mmunoglobu11n-bear1ng cells by Pﬁllllps afd Welsrose_

(1974) . These cells were assumed to be B cells. Wagner'
J

{1972) rppOrteﬁ’that spleen cells of congenltally athymlc v
- ] - .

. - - . . . ,
I
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~

mice proliferated in the MLR although to a much-lesser . .

degree than did spleen cells of normal mice and attrlbuted
thrs responseé. to splenic B cells.._von Boehmer (1974)
observed that mouse spleen cells depleted of T_cells.are
.able to proligerate in the MLR in the presence of non-
'!eplicating mlto c;ﬁ—c %reated_cells; Piguet and Vassalli 4
(1972) also reported B cell proliferetion&in'the mouse MLR.

von Boehmer {1974) and Piquet and Vassalli (1972) both

suggested that T cells recruit some B cells 'to proliferate . _

"—-'—-—-h

in the mouse MLR, probably via the release of yet undeflned
lymphoklnesJ However, gSince less than 5 per'cent of' the

cells in mltOSls at\¥he peak of the mouse MLR‘reactlon are

B cells (Andersson, Nordllng and Hayry, 1973), - 1t may be
concluded that B cells play only a minor role in the MLR

response. : -

In this investigation, ‘both polymorphonuclear cells '+
and macrophages were remored'hy.the magnet after carbonyl

iron 1ngest10n and for this reason the procedure is descrlbed

as a phagocyte depletlon and th as a macrophage - letlon.

Thc‘ellmlnatlon of”’ phagbcytlc cells or adherent cel . &rom
heterogeneous. human cell suspenSLOns has usually been carrled
out followlng depletlon of polymorphonuclear cells u81ng the
Flcoll Hypaque denslty gradlent“%eparatlon technlque._ﬂ
Therefore the\phagocytlc or adherent cehls removed from these
-monon clear-enrrched cell preparataons agxe mainly macrophages.

It was eslrable, for comparatlve purposes, to ellmlnate

polymorphonuiglear. ¢ 1s from rabbit’ spleen cells.

Ad . v A
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Unfortunately, it was not-possible to eliminate the poly—‘

.

morphonuclear cells of the’ rabblt using Ficoll Hypaque.
Dxfferentlal counts of cell preparatlons, stained for-non—
spec1f1c»esterase, of unseparated- cells and cells obtained d
at the medium—F£c011 Hypaque interface are shown in Table 9. .
It can be seen that u31ng this technlque over two-thirds of

the polymorphOnuclear cells were removed but many macrophages

-were also removed. The ratio of these cells to one another

-in the cell fractlon obtained at the interface was only

marglnally changed: in favour of macrophages.

Unseparated Spleen responder and stimulator cells
subjected to hagocyte depletion procedures consistently

responded iﬁ.the.MLR. However, mononﬁqlear—enriched cell

preparatlons, subjected to identical phagocyte depletion

' procedures, exhlblted,a markedly feduced MLR. The reason

-for these dlchotomous results is not understood since

essentlallyhthe Same number of esterase p051t1ve ceIls

-

‘were observed follow1ng phagocyte depletlon in the

preparations of unseparated cells as in the preparatlons

=

of mononuclear—enrlched cells. It is of interest that Kim

-

~and Herscowitz (1978) encountered similax probleins with the

_ depletion of macrophages in .their investigation of the

Fesp0nse of rabbit spleen cells to T cell matogens. In" "
t experlments the blastogenlc response was not, afﬁected
by the removal of adherent cells, however, the response

was abr ;ted follow1ng ellmlnatlon of macrophages using .

"an anti crophage antlserum in the presence of complement

4
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'concerning‘the role of macrophages in the human. MLR. .

- -] . o .
, The results.of this investigati indicate that

-

phagocytlc cells are essential far the rabbit MLR since

-

‘the removal of these\Eélls from both the responder and

- - -

the.stlmulator cell-popnlatlons“resulted in g much reduced

i -

¢

, MLR. This was not due to the .removal of responding or

stimulating phagocytic cells since phdgocyte depletion -
from only'the responder or only the stimulator populations -
resultedreither in a partial_or in no degrease in the MLR
response. It is concluded that the phagocytic cells of*the

rabblt play a non-spec1f1c helper role in this reactlon.

These results are in agreement with those of Twomey; Sharkey,

" Brown, Laughter and Jordan (1970), Berlinger, Lopez and

Good'(lQTO), Levis and Robbins (1970) and Blomgren (lé??)

;The/mag:ltﬁde of the human M;R‘response;is lndependenﬁ
of_rhe number of macrophages‘ﬁhen they are present above
a threshold concentration (Twomey,'Shafkey, Brown, Laughﬁer
and Jordan, 1970; Alter and Bach, 1970; ‘Rode and Gordon,
1970). Rode and Gordon (1270} have suggested that“tne
threshold'concentration for these cells is approxinately
1l to 2 per cent. The results of the experlments des@ribed
re indicate that the. threshold concentration for

’

phayocytic cells is the.same in the.rabbit MLR.

’

The requirement for phagocytic accessory cells in

.the rabbit MLR may explaln the recent flndlngs of Mllthorp

and B;chter (1979)+. These investigators noted that the

el s



circulating white blood cells (WQC).of a minority of

"Z” . . . rabbits {18 per cent).faiied to.respond‘in the MLR upon °

S stimulation with allogeneic WBC. These cells cannot be
.described as "non-responders" since thej resppnded very
welffwhen siimulated with allqgenéic spleen cells. Their

 “results suggest that all rabbits possess circulating

MLR-responding cells but that a minority of tHem lack the

i
3 - “
necessary accessory cells in the circulation.

Maqropﬁgges have been shown to be highly stimulatory
in the MLRs of many species. Greineder and Rosenthal (1975)

- - . ’n .
and Oehler and Herberman (1977) suggested that macrophages

g . _
are the predominant stimulators in the MLRs of the ‘guinea -

-

pig and fat, respectj eiy. In théir experiments, stimulator

.. cells dépleted o acrophéges-were unable to stimulatg even

in the presence of macrophages syngeneic to the responder
cells. Macrophages are also highly stiﬁulagory in the MLR
A of the ﬁduse but they are.not solely responsible for -
stimulation ip this species fSchirrmacher, Pena-Martinez
'rand Festenstein, ;975).' There éppears to'be séme controversy
concerning the ability°of'hpman macrophages to sfimq;age |
.-in‘tﬁe_yLR. Rode and Gordon (1974) have reported that
macrophages dfe ten times more stimulatory than lymphocytes
in the human Mpk. , If this were‘tﬁe case, the removal of
macrophages from the-etimulating cell poéﬁlatibn.WOulq result
in a decrease in the MLR ¥esponse. This was not observed in
the experiments of Twomey, Sharkey, Brbwn, Laughéef and .
C | Jordan (1970), Berlinger, Lopez and Good (j']ﬁ) and Blomgren

. (1977). The results of the investigation described in this

v
]



thesls do not indicate that the phagocytic cells of the
rabbit are stlmulatory but the results are not sufflclently

consistent for conélisions concerning this to be drawn.

4
Macrophages appear to pé"involved_in T eell activation

in many reactions. For example, it has. been observed that

macrophages are required for the T cell response to mitogens,

antigehsjand allogeneic cells of the human (Hersh and Harris,

1968; Lake, Bice, Schwartz and Salvaggio, 1971; Lohrmann,

Novikovs aﬁd-Graw, 1974; Rosenstreich, Farrar and Dougherty,

1976'-' Mookerjee, 1977; Blomgren, 1977) to antigens in the

- guinea plg (Seeger and Oppenhelm, 1970) and to mltogens in

the rat (Keller,. 1974) and rabblt {Kim and Herscow1tz 1968).

The results of this lnvestlgatlon indicate that macrophages
are also required’ for tﬁg‘actlvatlon of T cells in the |

rabbit MLR.

In summary, the cells isvolved in the bf%stogenic S
response to allogeneic stimulatidn in the rabbit MLR, i.e.
thymus-derived cells, dre ontogenically analogous to those
involved in the humah,‘mouse: rat and ch%gken MLRs. Bone.
marrow-derived cells and appendix-deriﬁ cell.s .do not
part1C1pate in the rabbit MLR to any signlflcant degree.

; Phagocytic cells do riot in themselves respond in the rabbit

MLR but exhibit an essential though non=-specific accessory

function which permits the reaction to occur.
t. ' .q, ’
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‘CONTRIBUTION TO KNOWLEDGE L
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- / .- . -
1. The candidate has demonstrated that the cells which respond

in the.Mﬁh bﬁ the rabbit are .thymus-dérived (T) cells. ’ U

L

2. The candidate. has «demonstrated that neither bore marrow-derived

. . cells nor appendix-derived cells. are essential for the MLR

kl

(:) T _ -
. .'\—-\ . & - -
espohise of the rabbit. . -

‘ N L.
. '
3. The ca?dddate has demonstrated that phagocytic cells ‘are essential

' for the rabbit MLR and that these cells play a non-specific

’ : oL - . ‘
- accessory role in this reaction. ' : ™
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