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'ABSTRACT

>
\‘ v »

The phenomenon of cell migration 1nhibition, originally . ¥

Y

described as a manifestation -of delayved hvpersensitiviurbyRich and Lewis
(1932)Lwas demonstrated by three methods indirect caplllary migration,ft

darect capillarv migration and direct agarose migration. The iinhibitio,

of migratlon ‘shown in .all these techniques was due to migration inhibition

factor (MIF) activity.

_ | o . ) . L | .
S In studying the cell'mediated response. in postpartum o »
; multi;;:ohs\ggggﬁ//::*;%§ shown -that sen31tization to histocompatibility o
- 8
: antigens could be caused by’immunlzation to paternal antigensthrough '

i

pregnancy and could per51st after the dlsappearance of cyootoxic

antlbodies. Sen51t12at10n bv: multlple transfusion was alsojﬁetected‘
E2 / B

by the cellxmigration inhibition assays. an implication is that

”’“heSe techniques in the .

o

habsence of detectable humor al sensitization."i

’

: - Cell migratioh inhlbitlon assays had the capacity to detect

'"blocklng factors" whlch occurred in, the sera of Some sensit zgd indivi-
T

duals. Sera that inhibited the release of 'MIF frequently ihhi%&%ed

. _unidlrectional mixed iymphocyte culture (UHLC) stimuladion. Although

there is s1gnif1cant correlation between. MIF activity and cytotoxic'
-antibodles as well ‘as cell mediated lympholysis (CML) the specific mechanibdgﬁw
" - that cause MIF production is still unknown |

’it(iii) : R
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I. INTRODUCTION

The immume system functions to maintain the integrity of the

L3

J?Fliving organism. n vertebrates, lymphoid elements are concerned with -

the fine degree of discrimination between normal or self components and

—— o

\
foreign components, or foreign antigens. The Pymphocytes are divided

into three main subpopulations. stem cells, or. precursor cells; B, or
Y P

bone marrow derived lymphocytes ‘which are involved in the. production
; .
of humoral antibody, and T, or thymus derived lymphocytes which are.

1nvolved in the generatioﬂ of cell mediated immunity giiller et al, 1971,
LI

' Parrott 1971) Both T and B célls carry ‘immunoglobulin or irm og& -

‘ 3 E
bulin-like recept rs d their surface (Gredves & Hdgg, 1971) which may

4

constitute the recognition units of the antigen ré@ctive cells, though

‘there is' some controversy over the exact nature of ‘receptors on T cells.:

B | | .
‘After stimulation with certain antigens, the antigen reactive
. L) I

cells of both T and B variety, collaborate or interact, to give rapid B
. ‘
proliferation. ' These. proliferating cells consist of three specifically

6'd1fferentiated effector cell types: antibody forming cellsqor AFC
(Szenberg & Cunningham, 1968) the effectors of cell mediated immuni?y}_
" or programmed T cells (Davies ét al, 1966 1969 Parrott 1971, Cooper, ;

- 1972, Cooper & Ada,~1972); and memory cells (Cunningham & Sercarz,*l971);! v

Experiments on passive transfer of transplantation immunity

have demonstrated that graft rejection is mediated primarily by



LY

- :
sensitized lymphocytes (Mitchison, 1954) rather than by circulating
antibodies (Algin et ql, 1957). Although circulating antibodies were '
claimed to participate in a few in vivo systems of allograft rejection
éﬂasek et aZ 1968} 'others have shown .that they often have ;n inhibitory
effect on graft rejection (vzde 1nf¥a) Thus cell mediated immunity is
recognized as constituting the principal mechanism for graf&'rejection
although the precise way in which these effector cells lead to the

final rejection of the grafted cell remains largely unknown The

purpose of this study is to develop assay systems applicable to detecting

cell mediated immunity in man, and the effect of blocking antibodies

after sensitization. ’ R ‘ , = s

% ST - N
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II. LITERATURE REVIEW -7

By

{ - g
#a=(A) Cell Mediated Immunity (CMI)

[y

(1) Overview N
v e
- Cell Mediated Immunity is defined as an immunolog al response
—~aniZested by interactiog@of antigen with specific lymphoid cells,
rather_than antibetdies. Historically, the phenomenon of CM1 received.
recognition first in the sphere'of'chonic infecgive- disease and was
early known'as bacterial allergypor delayed cut neous’hypersensitivity
to infection. The classical exampqe is the intradermal reaction t
antigen prepared from tubercle bacillus which develops in %an or
experimental animals infected previously with tubercle bacilli - There
is no immediate effect but an inflammation becomes apparent which in-the

course of 12 to 24 hours results in an eﬁématous.area caused by mono- "

nuclear cell infiltration (Gell & Hinde, 1951, Goldoergfet ol, 1962).

% )

Other common CMI responses are found in some forms of contact

-

sensitivity, immunity to many viral bacterial and fungal infections,
, homograft immunity, certain autoimmune diseases such aS»experimental

Qallergic encephalomyelitis and immunity tosneoplasm (W.H.O. Report 1969).

|
CMI is' an immune state that can be,transferred passively with lymphoid'

v

cells,but not with serum (Landsteinerq& Chase, 1942). Clinical and'n.’ ™

experimentallyrinduced‘immune deficienc&.diseases demonstrate the *.

v

existence-oﬁﬁseparate pathways for the induction, maintenance, and
\.“. ] | ‘. 1 . - L : .
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\

expression of cellular and humoral immunity (Valentine & Lawrence, 1971).1

(2) Induction of Delayed Hypersensitivity

‘

In general delayed-type hypersensitivity (DTH) occurs most., -

commonlyJfollowinghinfection of the host with certain live bacteria pr

_ viruses (Chase, 1965, Turk, 1967). The injection into animals of deadéﬁ

”organisms, other than tubercle bacilli, cannot induce marked‘DTH "DTH

to egg protein was. 1nduced if thelantigen was inJected into- tuberculdus

foci It was also found that dead tubercle baciﬁli produced much

higher levels of sensitization if incorporated in oil. . This led’

Landsteiner and Chase, as well as Fre;pd to produce CMI to specific e <
"¢

antigens by incorporating them in an adjuvant of killed mycobacteria g

in oil, shbsequently known as Freund's complete adjuvant (Fca).

“

DTH to protein antigen can be in nder certain cifcum-

-stances-without.the use of mycobacteria. A small‘do e'of antigen in

: -
the form of antigen—antibody complexes prepared in antlbody excess (Uhr,

11966), or 1 ug or lower doses of antigen in oil administered 1ntrader-’

.mally_(Uhr, 1966), stimulatesudevelopment of DTH that persists for

X

. several days or weeks without deyelopment of detectable jntibody.

¢
.Lymphoid cells from these sensitized guinea pigs ot humans will transfer

: DTH to the specific antigen to;normal non—Sensitive>re?ipien-

\

\
(O

(Uhrz 1966).

3

el



proredd?

(3) Histopathology of DTH | | ;

w

‘Following the intradermal injection of antigen into animals
with DTH to the antigen there occurs an-initial capillary dilatation
.b-and a perdivascular entry of polymorphd%%clear Egukocytes (Gell & Hinde,
.1?51). With time there is a steady increase in the proportion of
mononuclear leukocytes predominantly macrophages. and lymphoc;tes,
(Goldberg et al, 1962 Turk 1967) .to reach maximum extent at 26 hours:-

as an area of palpable skin induration which begins to sul’side after

. 48 hours. Although variation in cell types occurs during different

)

phases of these manifestations of cellular immunity, and from_one
speeies‘to another, the large.number of mononudlear cellslpresent during
- the height'of.tnese‘reactions»distinguish‘them'from the type of immuno-
logic damagefmediated by‘antibody.*
| Characteristic forms of - tissue damage during this reaction are

also distinguishable and can be classified (Waksman 1962) as: (1) .the
invasive—destructive lesion, where infiltrating lymphoid cells are

associated with focal areas of destruction of antigen containing paren—v
chyma, often also observed in the reJection of tumor and skin; the
lesions of auto—immunity and graft versus host reactions, (2)
vasculonecrotic lesion of tuberculin reactions where fibrinoid or
necrotic changes in blood vessel walle and adjacent parenchyma are

seen with the usual‘perivascular-mononuclear.cell infiltrate_and an

- involvement of polymorphonuclear'leukocytes' and (3) the massive




[

(4) Trankfer of Cell Mediated lmmunity

DTH is distinct from antibody mediated reactions on the
basis of the’ different method #f induction, slow progress of the delayed

lesion and the inability to be passively transferred with serum. By

contrast\this form of immunity can be transferred to guinea pigs by means

N , ‘
of mononuclear cells (Landsteiner & Chase, 1942). Lymphoid cells from

lymph nodes: and spleens can- passively transfer tuberculin hypersensiti-

~

vity;(Chase,_l94$) and so can peripheral blood leukocytes (Stavitsky,

gl948){ Intthe mouse, peritoneal exudate cells (PEC) ' can induce much
more intense CMI than cells from other sources (Asherson & Park, 1968).

‘The duration and magnitude of the SensitiVity after transfer is greater

[y

between members of inbred strains than between outbred strains (Bloom

& Chase 1967)7 since syngeneic cells are not reJected whereas allogeneic

cells cause rejection.

The

"~ aftér syngeneic transfer -of lymphoid cells from specifically sensitized

3

animals by the ability of the recipient to reject skin grafts from the

original se sitizing donor fh.an accelerated fashion. (Billingham eZ al,

& Billingham, 1967). On the other hand lymphocytes from’%

animal cause a vigorou//{nflammatory response when injected

L

intradermally into the original’donor (Brent & Medawar 1967) . Lymphoid

cells from skin sensitized animals are also able to.neutralize the
‘growth of cnemically induced tumor cells; sfngeneic with the skin

hsensitizing donor, when-a mixture of the immune and tumor cells'is

.

assive transfer of homograft'immunity can also be detected

|



\injected into syngeneic‘sublethally irradiated mice (Klein et al, 1960).

Studies of the positive DTH skin readuion in'animals passively

sensi zed with transferred cells have demodstrated that there 1is lictle

i -
if ‘any preferentlal localization of the transferred donor cells ;t\gpe’

specific test site (McCluskey et al, 1963). Using isotope labelled
v

cells, the vast maJority of the cells in the infiltrate is contributed

A

. by the recipient of the transfer (McCluskey et al, 1963 Turk & Oort,

11963). ‘Similar observations ‘have been made in the passively transferred
homograft reJection in mice (NaJarian & Feldman, 1962, McCluskey et aZ

: 1963) as. well as in rabbits (Prendergast 1964) These findings

1ndicate that in CMI reactions, a small number of specifically sensitive
cells may_recru1ci;d1rect, or alter the behaviour of a large number of
nonsensitive-cells.’ Further evidence fon,the‘participation of non-
sensitive;transfer—recipient's cells-in the generation of the.cellulart

: infiltrate(is provided bv the.finding that irradiation prthe recipient;ﬁ
prior to the transfer of sensitive lymphoid'cells, temporarily prevents

‘the_development of a positive skin test (Coe et al, 1966).

In man, hypersensitivity to tuberculin has been transferred
to patients receiving a blood transfusion from a sensitive donor o
v’(Lawrence 1969). Subsequent investigations-revealed that DTH couid,"
in fact, be transferred uith'extracts or.lysates of lvmphocytes .
(Lawrence, 1969). This active substance in'thellymphocytes hashbeen
given the operational designation of . transfer factor. Transferofactor
from donors artifically sensitized to an ﬁrtificial antigen transferred

T\
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4‘ ; '
'1“$éng!la§t%g%@8pgcific DTH to recipients who could not have encountered
5 <t E‘il u_ ! b ‘é { R (\ )
3 )‘ ] ] ‘/J 2t

Wghe antiggn béfore (Maurer,.l961) Transfer factor prepared from

leukocyte donor A, who had been imm by skin grafts‘frOm B wyhen

injected.into recipient C can induce accel rated rejection of grafts

‘from B but not from indifferent donors ( wrence, 1957, 1965, Lawrence,

et aZ 1960) - <

It ig logical to consider that the ability of intact-cellsto
transfer DTH is due to their content of transfer factor but it must
be stressed that transfer factor,,though a protein of 2,000 H W. is not
an immunoglobulin, nor, until very- recently, could it be shown to ‘
»transfer cellular immunity, in vitro or in any other species than man .
(Lawrence 1969). Lysates of sensitized cells have not been able to

transfer the ability to produce Spec1fic humoral antlbodv even when the

‘ donors have been recently boosted (Zweiman &»Phillips,’l970). ) v

’

Al ) . . ] . I C
(5). Xgphokines o - _ i ‘ ey}//
Transfer factor has been described by its activity\as a
specific substance for the induction of DTH, in viuQ. It is ai?o

. . ) " : *
possible to define specific cellular responses to antigens by)in vitro

production of other;foluble factors (Bloon & Benneu;;l966, David,‘l966),

—

These factors are referred to as lymphokines. Thev probably play an

o

_ important role ‘in the rejection of homografts (Medawar 1959- Gowan
K McGregor, 1965) in tumor’ immunology (Klein, 1966, klein & Sjogren,
?1966 01d & Boyse 1964) and in resistance against‘certain infections

-

(DeClequ & Merigan %1970)



. The first of these factors described is the migration-

: inhibltion factor (MIF) (vide zZnfra) (Rich & Lewis, 1943, George &

fVaughan 1962) Subsequently, using a variety of methods for the study

'bﬂ

_ cellular immunity.‘ (S

{of cellular immunity, many other supposedly different mediators have

Ty

been detected from sensitized lymphocytes in varlous systems. In

addition to MIF, these include: ‘macrophage activating factor'(Nathan

©

N

et al, 1971); macrophage aggregating factor (Lolekhar‘et al, 1970); "q

antigen—dependent MIF (Amos & Lachman, 1970);‘chemotactic factor for

moncytes (Ward et al, 1970), for'eosinophils-(Cohen'& Ward»fl§71) and
/V <

for neutrophlls (Ward et al, 1970), lymphotox1ns (Ruddle & Waksman,

'»l967 1968 Kolb & Granger, 1968), colony inhibiqéon factor (Lebowitz /%&

& Lawrence, 1969), proliferation 1nh1bition factor (Green et aZ 1970)
skin reactive factor (Bennett & Bloom, 1968) blastogenic factor

(Valentine & Lawrence, 1969), and 1nterferon (Green et al, 1969)

Many of these substances have not been purified to any
s1gn1ficant degree, but the molecular weight of several of these sub—‘
stances is much smaller. than 1mmunoglobulin (Tatle I) Some of . the
biological activ1ties may be associated with' separate molecules, " others

ey

may be similar or identical molecules capable of reacting differently

in several in vztro systems. "Although the functions of these factors

“in the mediation of cellular immunity in vivo are not. clear, they

provide in vztro tools with which to study the molecular basis of
( . . .
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(B)v Transplantation Immunology

(1) - Evidence of CMI ' : ’

Homograft immunity is produced by immunologicallcortact of

the host to donor histocompatibility'antigens; As with induction of DTH

of foreign lenkocytes intradermally will

induce homograft immu ¥ty much more effectively than the intravenous

route (Lawrence, l959)t This ‘active induction of homograft imnunity

' . y the acquired ability of the rec1pient to produce
an accelerated reJection of either skin grafts (Billingham et al, 1963)h
or.tunors (Wilson 1967) from a doner. Additional evidence for the

"role of the lvmnnocvte in this reaction is provided by the ability of

the lymph ﬂCdL cell from a sensitized guinea pig to 1h1tiatk,a v1gorous\.
'1nf1amaatory respjrse when inJected 1ntradermally into the original

'sxin graft donor whereas the serunm has no effect (Brent & Medawar, 1967).
Immunity to skin graf S can be transferred with cells from the regional
lympn nodesbdrainlng the site of graft application (Hitchison 1953,
1954, Blllingham et al, 1954) In contrast, transfer of 1mmun1ty with‘
‘serum having high spec1fic antibody levels has rarely led to allograft

' 1mmunitv although successful demonstrations have been reported (Hasek

1972) .

In mice, antibodies to histocompatibility antigens are
' detectable on the. third and tourth day after skin grafting (Jensen &
Stetson 1961) and cvtotox1c .anti- tumor antibodies can be demonstrated

~at the heignt of tumor allograft rejection (Gorer et al, 1959) Mouse
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neoplasms, especially in the form of single cells, are sensitive to
cytotoxic. antibodies (Gorer & Kalissy 1959) and certain dissociated
cell grafts such as hﬂkocymw and hemopoietk grafts, are damaged by
the action of ntibody, but solid tissue'grafts are not very vulnerable
except when impla ted into previouély < tized recipients with donor

specific cytotoxic antibodies. _ : oo

HistologiCal examinations of primary graft rejection revealv

. thetappearance of infiltrating mononuclear cells as early as the second
or third day after transplantation, consisting of variable proportions
'of lymphocyte and macrophages as well as some plasma cells. . Macrophages
obtained from dmsperitoneal exudate cells of tumor grafted.mice are able,
when injected together with tumor cells into irradiated recipients to
suppress tumor growth (Bennett 1965). Because of the ‘evidence and

‘similarity between delayed sensitivity and homograft reaction, CMI plays

a very vital role in transplantation immunity

(2) Serologically Defined HistocompatibilityfAntigens

‘Histocompatibility plays a key role inlthe fate of tissue

grafts (Little & Johnson, 1922, Loeb, 1930 Snell 1948) and for each

: animal species a single trong histocompatibility locus is demonstrable'

the H-2 of mice (Snel ,'1948,>Shreffler, 1967) HL-A locus of man
(van Rood & Ernis 8, Dausset et aZ, 1965; Cepellini et al, 1967),
Ag-B (Hrl) locus of-rats (Palm, 1964),. B locus of chickens(Jaffe

4et al, 1943 Crittenden et aZ 1964) and DL locus in dogs (Thomas et al,



N l ‘ . ' .
"1950). These antigens are on all'nucleated cells, which in some

species,‘such as the mouse, include the nonnucleated redlbloodfcells.

~ ) . . - W
In man the ABO blood group factors on red cells are also
histocompatibility antigens, though the other red cell antigen such

as M, N, S, Kjel, Duffy and Cc Dd and Ee are not probably because

they are not found on other human cells and because they are very weak

'1mmunogen3u‘ “ABO inCompatibility may be responsible for,the acute

rejegtﬁ%ﬁ@m.‘kidney (Gleason & Hnrray, 1967) and skin“grafts (Dausset

~"'_' "(L,.‘ZH‘ \ ,,,,, ‘1

et aZ 1986) Long survival of the Al tissues in 0 incompatibl

12.

recipients have been reported for. skin (Cepellini et al, 1966) and organ

transplants (Gleasonget al, 1967) There is some ev1dence that incom-

¢
Patibility for blood group P antlgens (whlch are probably Present on
& &

pareachyma cells as well) may affect skin (Cepellini et gl 1966) and -~

kidney graft survival (Gleason et aZ 1967) Other non HL~A antigen

can be detected by platelet complement f1xat10n (Curton1 et aZ 1967)..

Some of these, for -exam le, the K°.and Zw anti ens appear- to.be confined
P g P

to the platelets (van der hedtdt 1965) . but the Bl antigen descrlbed by

'Shulman (Shulman et al, 1964) has been found on both granulocytes and

lymphocytes with.certain HL-A specific1ties. It is not clear whether

granulocyte specific antigens NAl NA2 are transplantation antigens

(Lalezari & Bernard 1966) R . , R
HL-A antigens _are determined by two princ1pa1 series of

' closely linked co-dominant alleles on a 51ngle pair of autosomal

-

o chromosomes: constituting the LA (or first) and the "Four (or second)'



series. Each chromosome has an allele for both the first and the
Pt )

second HL-A subloci, SO no cell hasgmore than 4 HL-A", ntigens._ The

po—

existence of this main HL—A@iocus governing’several alleles was

demonstrated bv Bodmer (1966) ff~

e

, The concept of the existence of two loci in the HL-A"

By

Y

region was first stated by Dausset ‘(Dausset et al, 1965) and later
conflrmed by Kissmeyer—Nielsen B al (1968) and Singal et aZ (1968) and
many other partlclpants at the four HL—A histocompatibility conferences :

up. to that at Evian in 1972, Ten antigens [HL—A 1, 2 3, 9, 10 11, 28,

W29 w32] have been shown to be components of the first locus,

and fifteen other antigens [HL—A 2, 7, 8, 12, 13 14 17 27 W15,
W18 W22 W5, and W10] are demonstrable at the second locus (Histo-
compatibility Testing 1972) (Appendix E) where W stands for korkshop
deflned antigens which have not yet: been given HL-A status. U)’Appendix
*D lists the present HL-A antlgen table and shows the pattern of cross

react1v1ty hagt hav

en shown between them.

It was“estimated, in’ 1970, that 112 of the alleles in the

first locus and 212 at the séfond locus were still unknown (Dau@set é‘

7.

et al, 1970). Other loci seem to exist (Walford et al, 1969) but =

»

'1nvestlgation of further loci is complicated by the existence of crossing— -

: over of HL—A specificities. The presence of a third axipossibly a

, @
. fourth series of HL-A antigen supposedly determined by an allele at an -

HL-A sublocus other than. the first and second site has been postulated :

(Walford et al, 1969). )

3
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N \/ The initial correlation sug esting that the mixed lympﬁ/Ayte

ed by differences of the' main
. . A { -
v%histocompat}bility complexes (MHC) assumed in large measure that

activation was. due to- diffﬂrences for the serologica11§ defined (SD)
adkigenl Bach (1972) has demonstrated the MHC difference which lead
to MLC activation are at le 8t in some cases separable genetically
form the SD loci There is e idence that a lymphocyte defined (LD)

locus which cannot be detected serologicallusis present withip the'

'MHC . (Bach et al, 1972) (que znfra)

— -

- : . Y . . e
- i . . .
¢

(3) .Immunological Enhancement,-

a

The term 'immunological enhancement" was introduced by Kaliss

to. denote d&phenomenon in which humoral antibody facilﬂuie the growth
o +
. of the antigenically foreign tumor cells which would otherwise be

-
- °

~rejected (Kaliss, 1&58) Such antibodies can-be pass1vely administered
-
‘or their formation induced by active immunization procedures.-

-

Immunologic enhancement is presently def

N . _ . SR .

_ abrogation or prevention of immune rejection by antibody or antigen—

e

d as specific

.‘antibody complexes and i% different from immunologic )lerance which is
3 . .

o the immuhologic

. N .

vstimulus of antigen (Dresser & Mitchison 1968) g&hancement canﬁbe j.

3

generally classified into 3 types' affe&ght, central, and efferent'

- .

1 . .
(Kaliss 1958 Moller & Moller, 1966) In afferent enhancement humoral

>antibodies neutralize the immunizing ability of foreign ant .

° | /
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(van Rood et al, 1968). A classicial ekample'of such enhancement comes

v

from experiments’ performed by Snell et aZ in mice in whi it was

i

shown that lymph node;draining the site of a grafted allogeneic tumors

,were less reactive to the H-2 antigens of the tumor if the mice were
injected with hyperimmune antisera prepared against these antigens
o

"before the tumors were tranSplanted (Snell and Winn 1960) Efferent e

~

v:enhancement is the phenomenon by which humoral anti‘.dies bound to the
. . . - ’ .

antigen of tanget cells decrease the susczptibilit~ of such cells to stimula
1mmunologcauyprogrammed effector cells which -.ould otherwise destroy

ithem. This phenomenon may explain why passively ingected antibodies

‘can faciliate growth of allogeneic tumors in animals which have been
1mmuénzed against the tumor alloantigens (Cepellini et al, 1967 Amos -

& Kaliss, 1968 Moller ‘& Moller, 1966) An analogous effect can be

Ademonstrated in vztro in which cultiviated mouse tumor cells were

found to escape the lethal effects of lymphocytes immune to the H-2 ,//

~antigens of the tumor if they were first incubated with a hyperimmune

.

- serum prepared against these antigens (Mol}er, 1965)." Thus, efferent

enhancement and the Hellstrom s early concepts of "blocking antibodies _
may- be closely allied if not identical o R

In the central form of enhancement it is - 1jectu ed that
antigen—aptibody complexes act directly on the immunologica ly

. NG .

‘competent cells and specifically decrease their immunological reactivity
(Kaliss, 1958, Moller & Moller, 1966, Takasugi & Hildeman 1969, Safford 5
. & Tokuda, 1970). It is necessanj to supﬁgse that antigen is present

to direct antibody to the specific clone of ARCs. Diener and Feldman



y : . ) o
have postulated that'antigen antibody cOmplexes may then build up a

lattice structure on the membrane)of specific antigen reactive cells

so that they are inactivated immunologically (1972) Doses as low as’ A
0.0005 ml of whole immune serur n vivo will protect an antibody resist—

agnt and hignly antigenic imm ne tumor against the lytic effects of _‘ v ."jv

immune lymph node cells (Gorer, 1961, Batchelor et al, 1962 Hutchin

et aZ,.1967). In vzvo experiments by Amos (1970) showed clearly hat

‘ ascites .tumour cells and antibody could cause immunologic suppression
- of the host animal ' He cautiously called the substance responsible for
this ISS,'or immunologically specific substance, which has charactegistics

41( of antigen-antibody cbmplexes.v B 4 o o Co

The role of'antiged together with antibody is in accord with"
~the observation by Stuart et aZ(l968) that minimal prolongation of 7
rat kidney grafts occurs with administration of antibody alone but
that marked prolongation (or enhancement) was observed when antigen

2

, wag also administered This observatlon.coincides with others that

-
—indicate some forms of allograft tolerance are caused byt e formation
‘of enhancing antibodies., In”rats@ immunological nonreactivity to
' transplanted "semiallogenic" rat. kidney can be induced by 1nocu1at10n‘of
:antiserum to the foreign alloantigen of the grafts although the rats
‘ continue to form antibodies againsﬂQ¥he foreign antigens of their - grafts
for a long time (Stuart et aZ 1968 French and Batchelor, 1969 ‘Rowle;
~et al, 1969) < Furthermore, supralethallyﬁirradiated canine chimeras
possess both a cellular immunity and enhancing serum factor after

allogeneic bone marrow transplantation,leading to the suggestion that



- a chime;ic individual serum can protect against such cellular'immune
reactions that would otherwise lead to the destruction zf ii own“v
cells (Batchelor & Howard 1965)
In mice the most. 31gnificant demonst<htion is.that enhancing
antibodies can contribute to the protection o£rthe conceptus from
: immunologic?l destruction by the mother s immune lymphocytes

tern;l mice._vgﬂ\\)v

according to in vivo tests are spec1f1cally less redctive to allogeneic

:(immunocompetent cells) (Hellstrom et aZ 1969)

.
"skin or tumor grafis cafr(§3 by their offsprings (Hellstrom & Hellstrom,
v R _
1970). S tﬂ

e | a

v .

(4) Pregnancy as a Model for Allograft Transplantation Study

Many hypotheses have been introduced to explain why the
_ : . o P . ‘
conceptus of a normal. allogeneic mating is not rejected by the mother

through .immunological reactfons againstfpaternally‘derived alloantigens
(Billingham 1964.vCurrie 1968) " The most common explanation has been'
that the trophoblastic layer acts ‘as a barrier which can "wall of f"

.. the embryo from the immunolog cal system of the mother so that the
mother neither becomes sen31tized to antigens of the embryo or, 1if
sen51tized \her immune response is’ unable to destroy the embryo i
(Broadbury et al, 1969 Currie et aZ 1968 Currie & Bagshawe 1968).

a v,,, c"
- There are- many repor_§, however which raise doubts as to whether ‘the

1trophoblastic layer can Begﬁylly protective. Ff&st morphologic data

suggests that the rat trophoblast layer is not wholly continuous but

N

has pores through which lymphocyte may penetrate (Tai & Halasz, 1968)
\ .

’ -
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N

Second, 't Cr/’is evidencd that newborn mice possess lymphocytes of
maternal o \gln and that blood cells derived from a new born child
occur in its mother s circulation after delivery (Tuffrey et al, 1969,
Walknowska et 3§ 1969). Third, Soren applied the Simonsen graft—versus
host assay to show that lymphocytes frqm mice of one strain which have
¥
undergone repeated pregnancies with a(male\qf another strain are immune
to the" paternally derived antigen in the embryos (Soren 1967) Fourth,
in contrast to the last point several investigators have demonstrated
that female mice which have been repeatedly 1mpregnated by a male of
( another strain are spec1f1cally less reactlve against alloantigens of"
the pPaternal strains than controls, and that such mice often possess

haemagglutinating antibod¢'to these antigens (Kaliss & Dagg, 1964,

Breyere & Barnétt 19600, 1961 1963 Payne 1962) .

\
It has been suggested, therefore, that enhancement may play

, ‘s

. a role in pregnancy (Kaliss & Dagg, 1964) | Thz independegt demonstration

'.by Payne and Rolfs (1958) and by van Rood et al (1959) that in man, .
leukocyte antibodies are present in maternal serum following multi—
pregnancies ‘offers additional ev1dence of the occurrence and incidence
of fetal-maternal transm1551on of leukocytes during gestation, since

the antigens concerned are not present on ervthrocytes nor in all
probability are they present on trophoblast cells in an effective form

.(Seiglel & Netzgar 1970) Since multioarous womer? can only formir

'antibodies ag inst the leu ocyte antdgehs transmitted to their fetus

from their h band and absent in themselves, their antibodies are

necessarily of limited specificity.



The evidence reviewed so far indicates that (1) cells from
fetus do normally gain access. to the maternal circulation and probably
to the regional lymph nodes draining the uterus since they enlar

‘during ﬁZterospecific pregnancy (Beer et aZ 1971); and (2) the mother

19,

is 1mmunolog1cally aware of and is, indeed, stimulated by the cellular-

antigen-of her fetus. ' .

~

(C) In Vitro Correlates of CMI _ o {

(1) Mixed Lymphocyre Culture
' )

A variety of‘experimental studies have shown that at the

! -

peak of the immune response, the specifically active lymphoid effector

cells comprise a surprisingly large number (Jerne et al, 1963,° Wilson,

1965 Simmons & Fowler, 1966). Thus nurine splenic cells producing

» hemolytic or hemagglutination antibody following immunization with

fsheep erythrocytes amount to 0.1-0.2% of the population (Jerne et al,
1963, Zaalberg et al 1966), and the production of‘lymphocytes in the‘

‘lymph nodes draining the site of a skin homograft which acquires

specific cytocidal activities directed against the homologous target

cells has been estimated to be 1- ZZ (Wilson 1965) A similar

proportion of adult fowl peripheral blood lymphocytes _when transferred

b .
o . -
into an allbgeneic environment _are capable of producing pathological

lesions - - pocks on the chorioallfntoic membrane- or splenomegaly -

which are due 1mmunologically to the graft—versus-host (GVH) reaction

7
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(Simmons & Fowler, 1966, Simmons, 1967, Szenberg & Warner, 1962,

Szenberg et al, 1962). The rate of the appearance of reactive cells in

these various immunological systems has been shown to be essentially

_H}ponential

A similar lymphocyte proliferation occurs in vitro underv
three conditions: (1) when cells from a sensitized animal or 1ndividua1
are exposed i culture to the sensitizing antigen excluding T antigens §
(2) when unsepsitized cells are exposed te allogenglc T antlgens* on an

intact, or irr iated, or mitomycin treated cell (the two-uay or one

-
~ way mixed lymphocyte culture, or MLC), and (3) when unsen51tized cells

are exposed to certain substances, called nonspecific'mitogens,‘such as
phytohemagglutinin (PHA), conconavalin A (Con A) and poke;weed mitogen
(PWM) . (* T antigens = transplantation antigens.) |

i Lymphocyte transformation ?n vitro can be defined simply,as
morphological enlargement‘of_small lymphocytes'to large lymphocytes
(Robbins, 1966 . - The transformed_cells morphologically .
resemble the pyraninophilic lymph node cells which appear after;in vivo |

antigen stimulation (Parrot & de Sousa,. 1966 Turk & Stone, 1963)

- This transformation may be due to a ‘ebres51on of transcription of

inactive genes of the small lymphocyte which is preceded by an increased

N
rate of histone acetylation (Pogo, 1966) : Subsequently, ‘the cells

'manifest a marked increase in their protein (WcIntvre & Ebangh 1963),

RNA (Cooper & Rubin, i965 Tanaka et al, 1963) DNA (Mack:nnev 1963)

synthesis culminating in mitosis (Nowell 1960) of the transforming



lymphocytes. * 54

Regarding the kinetics of transformation two. major groups
can_be'di?{inguished: (1y Lymphocyte transformation reaching maximal
DNA synthe51s after about 72 96 hours incubation. Stimulation of this
type is achieved by phytohaemagglutinln (PHA) (Nowell 1960),‘streptolysin
(Hirschhorn et al, 1964). and 1eukocyte antisera (Grasbeck et aZ 1963) -
(2) Lymphocyte transformatlon reaching max1mum DNA synthesis abo:t 144
hours after initiation of the culture. Antigen stimulation of sensitized
»cells (Pearmin et aZ 1963, Hirschhorn et al, 1963 Ling . and Hus&ggd
1964) and mixed lymphocyte culture (MLC) of unsensitized cells (Bain
,et al, 1964, Bach & Hirschhomn, 1964) belong to this category.
The number of original cells which respond in these lymphocyte '
.transformations’varieS' 607~ 8OZ of the cells are involved in the. first.

type of transformation whereas between lZ and 4Z or original cells are

1nvolved in’ the second

In 1963 Bain and her colleagues (Bain et al, 1963, 1964)
described a proliferation interaction which resulted when leukocytes
from immunologically disparate donors were mixed‘and placed into.
,'culture. Subsequent studies,’ using inbred strains of rats as cell n
donors, led to the conc1u51on that the reaction in the mixed. 1ymphocyte
: cultures (MLC) represented an immunologically specific response by
'competent lymphocytes in cultures to homologous but allogeneically

different, cellular tranSplantation antigens (Wilson, 1967, Wilson et aZ,

1967c, Silver et aZ 1967) It has been found that neontal thymectomy o
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inimice substantially eliminates both PHA reactiv1ty and responsiveness

to alloantigensiassay§d~Zh vztro in a host spleen cell population

o

(Takiguchi et al, 1971) thus establishing that the cells which respond

in MLC require the presence of T cells.

The MLC is similar to the primary phases of certain Ln vzvo
allogeneic lymphoid prollferations such as (a)" the normal lymphocyte
transfer reaction which manifests itself as a delayed type of 'skin

lesion, and involves the transformation of donor cells (Brent & Hedawar,

» 1967), -and (b) . the cytology of the earlv phases of graft—versus—host

reactions (Gowans & McGregor 1965) The WLC is con51dered to reflect
some of the afferent processes in transplantation 1mmun1ty and supporting
evidence for this view is that leukocytes from a 6—day MLC were able

to confer accelerated graft rejection in rats (Gordon et aZ 1967)

Stimulation in‘MLC tests (Bach &‘gbynow 1966 Bach et aZ
1970) is dependent on differences at the maJor histocompatibllity

complex. In the mouse, the maJor histocompatibility complex has

recently been defined as including two serologically defined loci

H-2K -and H ~2D, the immune response (Ir) loc1 and the Ss ~-S1lp locus; of

these the locus for MLC stimulation seems to be w1th1n the Ir locus.

In man, the two serologically defined subloci (LA and "Four . in the HL-A
‘system) have been identified but the alleles of the LD locus responsible

Lfor MLC have not yet been defined This locus segregates,_within families,

with the HL—A SD antigens as shown by ‘the fact that HL-A identical

siblings usually fail to stimnlate each other in MLC. However; amongstA
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unrelated individuals with identical HL-A SD antigens the MLC is
positive in 80% suggesting that MLC LD antigens are the cause, Ihe_

fact that 20%Z of sh identical unrelated individuals fail to stimulate

vin MLC is attributed tob"linkage d1sequ1librium" between certain LD

and SD- antigens. ;he fact that within families, s1bling pairs differing

- by ‘two HL—A hoplotypes stimulate approximately twice as much as those T
differing by only one allele (Albertine & Bach, 1968) is not incompatible
with this hypothes1s. This observation has been confirmed in both man |
'(Sorensen & Kissmeyer-Nielsen 1969 Schellekens & Eijsvoogel 1968) .and
gfor AgB haplotypes rat (Wilson & Nowell,}l?}ﬂ)f Each family haplotype

is presumbly linked to its LD_allele, and two LD:differenees stiuulate_

more than one, in MLC.

9 '
3

The importance of Ir genes in MLC has been established by
. studies with inbred straiﬁs of mice (Dutton 1966) where responses in
«.\/ 3 DR

the MLC have been observed in cell mixtureSfthat are identig@lianuthe

H—Z locus but incompatible at the miner histocompatibi

e o

In 1968

"(Rychlikova & Ivanyi (l969) and the Ir locus.

. w . ;
B3 a
 This is explained by cr0551ng over between HLhA and MLC rqgionsgfh Y

s

. ,
r/._ M

unrelated HL—A identical individuals Kissmeyer-Nielsen (Kissﬁel 'f,ci

-

studied eight 20, and six unidirectional MLC, reSpectively and o 'i;.' _ "

-\
B

observed stimulation in all instances. The discrepaqt[geactions are E
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A,
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" (‘A

attributable to (l) the variant of certain well defined HL-A anU#&éns

’e.g; HL-A 2, (2) unknown antigens possibly of a third ‘sublocus o;fv
R

is now being used w1dely as both an index of cellular immunity or

‘ unrespons1veness -Accelerated but not increased MLC responses after E@
allograft transplantation can be used to detect cellular presensitization)
(Miller et al, 1971) Inhibition of UMLC in the presence of the patientfs
serum have been demonstrated following a successful renal transplant
(Hattler et al, 1971). IgG separated on DEAE»columnS‘from the transplant

‘recipients is able to -inhibit UMLC where donor lymphocytes arevtested.

&

(2) Cell Mediated Cytotoxicity

Lymphocyte mediated cytotox1c1ty against various target cells
‘in culture has been found to be partlcularlv valuable for the under-
standing of cell mediated immune reactions in graft reJection Lymphocyte
mediated cytotoxicity against various target cells can be 1nduced in
vculture by (a) the addition of lvmphocvtes prev1ously sensitized
.against the corresponding target cells and. (b) nonspecific mitogen
such as phytohemagglutinin, added to nonsensitized lymphocytes and

target cells. Only in the first instance is the lymphocyte action

immunologically sepcific., Cytotoxic reactions induced by nonspecific



. mitogen, (b) above appears to be nonspecific because the lymphocytes

can be induced to kill autologous target.cells (Lundgren & Moller, 1969).
In certain experimental situation, when a pronounced degree of sepcificity |
was observed it was claimed to ‘have different. specificity from that

indicated by humoral antibodies (vide infra).

In the Colony'lnhibition.(CI) assay (Hellstrom FI. et al, 1965,
‘ Hellstrom,‘l., 1967) the suspension of target cells are seeded on petri

dishes and later exposed to the lymphocytes to be tested for anti-target -

b

cell-immunity. - The ‘ability of such lymphocyte‘to depress the cl;bny—
for;ing ability of the ﬂgated cell is measured. In. human'neoplastic
diseases sensitized lymphocytes will not only kill fibroblasts from
cancer patients but will’ be inhibited from killing in the presence of‘~

“the autologous sera (Hellstrom & Hellstrom, 1969). . This blocking effect

‘may be analogous to the enhancement'aﬁter allograft sensitization.

birect_cell mediated‘lympholysis (CML),assay usingvSICr
releasevfrom}target_cells (sensitizidg population) is_also an in v{tiO'
ltest of CMI vhich reflects.in vivo.sensitization. Sensitized lymphocytes
are mixed with sensitizing lymphocytes to detect direct cy%otoxic killing.n
" The short (4 hour) period for incubation of attacking with target cells
does not provide enough time for sensitization in vztro, and the '
expressed cytotoxicity represents the in vivo state of sensitization.
CML is a thymus dependent and non- complement requiring process . in which

close cell to cell contact is a prerequisite (Brunner & Cerrottini '1972).

The reaction 1is immunologically specific (Miggiano et az 1972) The
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_ meéhanism of target cell injury is far from clear, but reports that !
3', 5' cyclic nucleotides play a role suggests. the 1nvolvement of -

a secretory Procéss (Strom et al, 1972).

The relation of the" cytotcxic properties of 1mmune 1ymphocytes
znlvztro to graft destruction in vzvo is also unclear. Thoracic .duct
cells (Wilson, 1965) from grafted animals could k111 target cells zn
ﬁitro. however, the in31gnificant number of radioactive labelled .

°nsitized cells suggests other mechanismslike lymphoklne release and

recruitment of - unsensitized cel%//gav be operative in vivo. The CML

‘in vitrd reflects only,one aspect of graft rejection in vivo.

(3) Migration Inhibition Factor (MIF)

In_1932’Rich andsﬂewis found that -tuberculin inhibited the

s

‘migration of cells’ from explanted spleen fragments, and caused buffy-
coat leu.ocytes to aggregate in plasma clots taken from animals with
delayed hypersensitivitv to tuberculin. They also noted some cytotoxic
changes in these cells (Rich & Lewis, 1932) Other.studies did not
.confirm their demonsnntion (Cruickshank 1951 :May‘& Weiser, 1956)

but most studies were confirmatory (Holden et al, 1953 Carpenter, 1963)
d.George and Vaughan (1962) introduced a modifled cell migration assay.
0il- induced guinea pig peritoneal exudate cells (PEC) packed bv gentle
. centrifuation 1into capillary tubes were allowed to migrate out into a ﬂT}

i

flat surface. PEC from guinea pig . exhibiting delayed hypersensitivity

[
were markedly inhibited from migrating out of capillary tubes by specific

!



antd -‘DaVid et al, l964a 1964b). In sharp contrast, cells obtained

‘specifi-z antigens. Attempts failed to passively sensitize‘PEC from
no:mal ifimals hy incubating these cells in serum from sensitized‘
;;a an’mdls-_ndicating the cytophilic antibodiesiwere‘not.involved The -

" }
”}@:w'irhvbitrnp occurred in the presence of heat ~inactivated serum, ruling

y

E; out par.«Cipation of complement factors (David et aZ l964a; 1964b
) o : \ , . : | r
Antibody—mediated hypersensitivity reactions can be evoked
" on chalitnge of the sen51t12ed animals w1th the immunizing hapten
conjugattd to many unrelated proteins. These humoral reactionsdo not
} depend f(r their detection on the- specificity of the carrier proteins
used for immunization? In delayed hypersen51tivity, however, there
eXists a major contribution by the carrier protein t0rthe specificity
of - delayod reactions as descrlbed by Benacerraf and Gel (1959) Using |
thc,ha.t’n—protein conJugates DNP—ovalbumin, DNP—ovalbumi or DNP—boVine
l'gamma.flxhulin,_David et al (1963c) demonstrated the obligatory
: partlc 11110ﬁ of the carrier protein in determining the speci}idity
V of the ilhlbltlon of mlgration of PEC from animals immunized with the
3ﬁypré;_'1 e napten protein conJugate although immune‘serum would react

PR -

with ic hapten 1rrespect1ve of the carrier protein. T ¥

N
T The- a—DNP—oligopolypeptide containing seven or more L- lysine

,syl) re31dues elicit DTH (Stulbarg & Sehlossman 1968) whereas

)

- L
' . <
,'“"v . . : R . D .

E’”' a—DNP~--igopolypept1de, containing‘S«g lysine residues, can:only induce

27.

.
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- ‘and a cytophilic antiserum to that antig . In contrast, however;,

28.

!

g

anti GDNP polypeptide antibodies. PEC cells from guinea pig with

delayed hypersensitivity to a—DNP oligolysine (an average chain of 18 4//\/,

‘_._,

lysine residues) were allowed to migrate the presence of aDNP(lys)
QDNP(lys)a, dDNP(lys) ‘and aDNP(lys) ‘and only the last antdgen aDNP(lys)
was able to inhibit cell migration (Schlossman 1968) . MR .i-"

. 2
~ 3

The ability of puromycin and actinomycin D to reduce the

inhibition and allow normal migratlon indibates ,that inhibition of

migration is not the result Of cytophilic antlbody attaching to PEC
and thereby stopping cell migration Also, Amos absorbed out sera of
high titer of cytophilic antibody to PPD w1th normal guinea pig PEC.

These cells migrated normally in the absence of PPD, or when PPD was

present. Similar experimental results were obtained for B- lactoalbumin

cytophilic antibody passively sensitizéd (lung) alveolar macrophage to

>

be inhibited in the migration on’ exposure to antigen (Heise et at, 1968)
Also, if 7s and le fractions of rabbit anti sheep. ervthrocyte ar&ﬁ&

5 v
mixed with normal PEC and sheep- red cells the cell populations contain—

¢

S -’
ing the 7s (IgC) will be inhibited from migratlon, suggesting that .
cytophilic antibedy may bind poorly to matrophages but very well to v

\éukocytes and antigen antibody complexes may interfere w1th migration.

-

By separation of the cell population in PEC it is possible:
to demonstrate that it 4s the sensitized lymphocytes which in. the

presence of specific antigen release migration—inhibition factors (MIF)

q !

whereas the macrophages merely act as indicator cells (Bloom & Bennett

~
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1966f.' Purified sensitiZed‘lymph node cells when mixed with 95% of
, | . . )

< N

normal PEC can inhibit cell migration in'the presence of specific
: . / .

antigens (David, 1966). When sensitized peripheral\Plood lymphocytes
are cultured in the presence of antigens, they will release MIF into
" the medium and the cell free supernatant will cause inhibition of

migration of normal PEC (Bartfeld & Kelly, 1968)

The migration,technique has been‘adapted to(human'leukoofge
‘migration assay as a measure ofdcellular hypersensitiyity (Soborg,
1967); A number of workers-have demonstrated,a correlationebetweenlv
_inhibition of migration and the presence of a positive delayed type"v‘
fskin reaction (Falk et aL l970a Falk et al, lQ}Ob) The method has d -
: been employed for the study of delayed hypersensitivity to soluble
| (Mookerjee et aZ 1969 Rosenberg & David 1969) and particulate
3ant1gen (Soborg & Bendlxen 1967) and after kidney and liver
transplantation (Eddleston et aZ -1970) as well as skin grafting
(Falk et ¢ ) ]970) _ MIF is heat stable. (56 Cc 30") but cryolabile
';(Bartfelc & Kellw 1968) When injected into a normal a al
;inflammadznloccurs that is similar to a_positive delaye type ;hin'
test. MIF is a glycoproteln and the molecular weight ranges from'ii:
23, 000 to 55 000 depending on the species that produces it and may.*; N
also depend on’ the specific antigen that stimulates its production
(Bloom & Bennett 1971) However, MIF production can be triggered by‘
mitogens from lymphoid cell as well as . non—lymphoid cell lines (Tubergen '
et al, 1970, Photini et aZ 1971) The molecular structure of MIF

from mitsgen stimulation is more heterogeneous than MIF from specific
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antigen stimulatiom (Remold et al, 1972). No one has determined the

composition of MIF, nor have the amino acids of the protein moiety been

3

" sequenced.

The role of MIF in vivo is unclear. Tissue culture supernatant’
containing this activity have been shown to be leukochemotactic for -
mononuclear cell in vitro (Ward et al, 1969) and probably in vivo

,
to induce vascular permeabillty upon 1nject10n in vzvo

(Maillard et al, 1972), and to evoke a delayed type dermal reactlng in
guinea pigs follow1ng intradermal injection (Bloom & Bennett, 1968).

It is plausible to consider that MIF'participate in CMI, in vivo,

-perhaps serving as mediators for the attraction of ;ells from the .
circulation into inflamr *orvfoc1 when released by sensitlzed lymphocytes
that have encountered thelr spec1f1c antigen and perhaps conferring

aggressor activity on these recruited cells in cytotoxic reactions

(Grant et aZ

Table I summarises some of the properties of different

lymphokines.
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fable Ia

;?EFIES

INDUCER
x

CELL SOURCE

CULTURE TIME

TARGET CELL

PROD.INHIB.BY

. M.W. (SEPHADEX)

HEAT INACT.AT

ELECTROPHOR.R

DESTROYED BY:
Trypsin

- Chymotrypsin

';Néuraminidase~

»H STABILITY

- LABORATORY

* Lo
- Bloom and Glade (1971)

f

P *
Migration Inhibitory Factors

}

. Bennett

Guinea Pig Guinea Pig Human

PPD, OCB-BGG, PPD,SKSD,

Tumor Ags Con A PHA ,PKM,
' Vaccinia

LNC, PXL LNC PBL

6-96 h 2% h 72 h

GP-PX GP-PX 'EQ_ GP-=PX

gells_ cells. cells

Mitomycin Actinomycin

Puromycin Puromycin

25,000 &  35-55,000 . 50,000

55,000

80°C 80°C 80°C

Pre—éibumin- .

No (1 mg, Yes (4 mg,

insol) " insol)

No (1 mg, Yes (4 mg,

insol) " insol)

' Yes (10C ug)
2-10
- Bloom, Remold, Tﬁor .f
David ‘

Human

PPD,SKSD

PBL
72 h

CP-PX
cells

55,000

. 'Remold,

David

31.

Human

None

Lymphoblast .

lines A

4-6 h

Lymphoblast
lines GP-PX .

Glade,

’ Broder
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. Table Ib _ ) k\
v . v ' K
Human-~Blastogenic and Potentiating Factors

FACTOR ~ . LTA '~ BF CMRF . MF EGO

INDUCER . PPD, DipTxd MLC, Ags Neme' - PPD None

CELL SOURCE " PBL PBL'°  PBL adher- PBL Lymphoblast

S ent cells lines

CELL DENSITY *  2.5x10° - 1-2x10° 10’ 10°
CULTURE TIME 36 h 3-5d  2h  3h

HEAT INACT. AT 56°C , . : . 80°C

LABORATOR‘Y- | Valentine, J_émis, Bach = Maini, "}A'Adler y ‘ _

o ‘ Lawrence-  Bach [ - Dumonde Smith ,
£

s

*’ . ‘1 i
Bloom delade (1971)



Table -Ic

b N *
Cytotoxic and Growth Inhibitory Factors

QPECIES-FACTOR Human-LT _ Mouse—LT"Human-CllF Human-PIF

INDUCER ~ ~ °  PHA (or none) PHA,MLC  PPD,PHA . PHA,PPA,DipTxd
CELL SOURCE Adenoids (or ‘Spleen  PBL PBL
‘ lymphoblast : v :
. lines) E
CULTURE TIME 2 h-5d - 12t 246 - 241
. o 72 h
TARGET CELL ~  L-cells 'L-cells HeLa HeLa,RB, HEP2
PROD.INHIB.BY Puromycin,DNP,
' : cycloheximide_
M.V (SEPHADEX) 80,000 85,000
' 53,000 : N
(sucrose
grad.)

HEAT INACT.AT 80°C° ~  100°C_  56°C - 80°C
'AMM. SULFATE 0-40% ppt.  60-80% ppt.
DESTROYED BY  Phenol " Phenol " Trypsin '

, ~ extract extract : 5
RESISTS | irypsin, ' - Trypsin, ’ : - RNase, DNase

: o RNase - N RNase 1
LABORATORY'» Granger, n_Granger Lebowitz, "Cooperband; Green

~ Kolb = - .. Lawrence ~Kibrick

* o o
Bloom and Glade (1971)

X7



M.W. (SEPHADEX)
HEAT INACT. AT

'ELECTROPHOR. R
: £y

LABORATORY

34,

Table Id i

. ) . *

Chemotactic Factors
- FACTOR-SPECIES  CF-GP CF-GP - CF-Hu -
- ,_ | 5

INDUCER - oCB-BGG : oCB-BGG - .SKSD
CELL SOURCE. LNC - LNC ‘PBL
CULTURE TIME 26h 24 h " 72n
TARGET CELL

'Rab. GP maéfophages'RabbitgPHN ‘Rabbit, GP macroﬁhages,

50,000 = 50,000\ 56,000_
8o°c . |
.. @-Globulins o Y?Clobulins
Ward, David o | Ward, David gyard; Rocklin ‘

gy .
R
N do WY .
k* % T

* o S ,
Bloom and Glade '(1971) -/

e .
&



Table Ie

* ' '
Bloom and Glade (1971)

~

 FACTOR-SPECIES

INDUCER

.CELL SOURCE

" CULTURE TIME

M.W. (SEPHADEX)

DESTROYED BY:
Trypsin

HEAT INACT.AT

LABORATORY

<

, s
" Interferons
"IF-Hu  IF-Hu
PHA,PKM  PPD,DipTxd
PBL, PBL
4+ days
18,000
Yes : 'Yes
65°C Stable at 56°C
Cooper, Green, Kibrick, -
Grideman Cooperband

©3s,

IF-Hu
‘Noné

- Lymphoblast

lines’

20,000

Yes’

" Stable at 56°C

KaSel, Glade,
Chessin



.
Skin Reactive Factors

Table If

SPECIES GP

INDUCER PPD

CELL SOURCE . LNC, °

SUPERNAT.CONC. 10-20 X -
GP .

SKIN TEST IN

" INFILTRATE

'Mononuclear,A4h
PEAK REACT.  6-12 h
M.W. (SEPHADEX) 35-85,000
HEAT INACT. AT ’
DESTROYED BY: -
Trypsin " No (1 mg, -
. insbl)
Pepsin '

ELECTROPHOR. R

LABORATORY '_Bennett; Bloom

, | o
Bloom and Glade (1971)
o

e

GP

"56°C

Yes (10 mg,

GP GP
PPD,Con A ‘Con A
PHA

PXL,LNC LNC
1x 1x
GP GP

Mono. & poly Mononuclear:

3-6 h 24 h

35-85,000

)

Vv

insol)-
Yes (250‘ug)

Pre--album. &
albumin

SCBwattz,
Leon -

Pick, Krejci,
Turk

- .36,

Mouse (PAR)

- MLC

LNC, Spl
10 X

Irrad. . .

" hamster

Poiys

24 h

Ramseier



Table Ig .
. ! . .,*
. Other Factors
FACTOR-SPECIES = MAF-GP ~ IDS-Hu
INDUCER ~ ~ PpD None
CELL SOURCE LNC | Lymphoblast
: lines
TARGET CELL PEC PBL
PROD.INHIB.BY - AcD ,
Puromycin
HEAT INACT.AT 80°C | 156°C
M.W. (SEPHADEX) : ‘ 10,000 or less
DESTROYED BY: ' - ,
Trypsin . Yes . @Z
LABORATORY © - Gotoff, Lolekha, Smith, Adler
, o Dray . SR .

* . . ) . . -
Bloom and ‘Glade (1971) _ L
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VABBREVIATIONS

AcD *° ' actinomycin D
Ag - o o antigen
- Amm Sulfdte | ammonium sulfate
- BF S '~ blastogenic factor
CF % “chemotactic féc;or
C11F ce ‘ cloning'inhibitory factor
CMRF ': éonditioned médium féconstituting'féctqf
Con A o concanavalin A | o
Dip Txd o ’ diphtheria toxoid
| DNP ‘ dinitrophenol or dinitrophenylated
EGO J enhancer of gene operation B
‘s . inhibitor of DNA synthesis
IF , | - interferon
LN . lymph node cells
LT ':' o A 3"lymphoto£in' ‘
' LTA ) 3 »Hglymphocygé;
1MAF , L macrophagé a
MF R 'mitogenic factor* -
MIF - S - >migrat10n inhlbitory factdr
MLC L mlxed leucocyte culture )
Mono. .<v;‘»mononuc1ear cells
OCB-BGG o "oftho;obenzoyl—bqvine gamma gldbulin
. PAR . ' ,product of antigen recégnition
"PHA ' . ‘phytohemagglutinin M
PIF ’ s .préliferation inhibition factor
PKX '_ o -pokeweedvmitoggnf
- PMN-or poly | vﬁblfmbrbhoﬁuélear leukocytes
"PPD - . Apurified protein derivative of tuberculin
PPL .. »_' 'peripheral blood lymphocyteS' . o
PX I peritoneal exudate
>.SKSD o - » streptokinase—streptodornase

-SRF . skin reactive factor



39.

IIT. MATERIALS“AND METHODS

(A) Materials

(1) Lymphocytes .
Peripheral blood leukocytes were harveste& by the Ficoll

Isopaque technique from (a) multiparous women [de51gnated as (W)], (b)

their husbands (H) (c) dialysis patients, (d) HL—A identical individuals

‘and (e) control cells from a panel of normal indiv1duals (C) The

Ficoll Isopaque solution is composed of (a) 33.9% solution of Isopaque

(757 Sodium Metrizoat) (Laboratory Products Nyegaard and Co. As. Oslo)

'(b) 9% solutlon Ficoll (Ficoll Pharmacia Fine Chemicals, Uppsala Sweden).“
'The final E1c011 Isopaque solution _contains l3 parts of 33. 97 Isopaque

‘to 31.2 parts of 97 Ficoll with a specific gravity of l 076-1. 078

* Whole blood or buffy coat layer, resuspended in Hanks medium was layered

on top of the Ficoll- Isopaque solution in 1'= 1 ratio in" a centrifuge

tube. After being spun at 500 G for 35 minutes at 18 C the lymphoid cells

" were obtained by aspiration of the visible turbid zone in’ the Ficoll-

isopaque mixture.

2) _Leukocytes

Peripheral blood leukocytes were obtained from randomly

chosen volunteers w1th known HL—A profile by the: Plasmagel sedimentation »

~ method. Heparinized blood was mixed in 3 to 1 ratio with Plasmagel
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Plasmagel is a product of Labor%toire Roger Bellow (159 Avenue de |
Roule, Neuilly, France) and- contalns 3 gns of modlfied gelatine‘O 7 gm o
of NaCl, 0.2 gm of CaCl2 . ZHZO in 100 ml of distilled water. The :
mixture was allowed to sediment in a cyllnder at 37°C for 40 minutes after
- which the leukocyte rich top layer was removed The cells were then:
obtained by centrifugation for 10 minutes at 210 G. After 2 washes with
Hanks medium, the cells were usually adJusted .to about 40 - 80 x 106
cells/ml To each ml of cell suspension 9 mls of freshly prepared

:O 83% to NHACI (Flsher Sc1ent1f1c Co. ) was then added to lyse the red
cells. “Finally, ‘the cells were washed twice in Hanks medlum, and were -

'COunted,and differentiated.

4

R . i )
(3) Peritoneal Exudate Cells

30 ml of sterile llght mineral oil (Flsher Sc1ent1f1c Co.
kviscosity 1. 35) were 1n3ected 1ntraper1toneally into 500 gm random
bred guinea pigs. Approximately 72 hours later; the'animals -

;to death.from the heart, under ether anesthe51a, to reduce erythrocyte
contamination of the perltoneal exudates. Cold Hank's balancedssalt 3

'lsolution (Mlcrobiolog1cal Assocxates Bethesda; Marylandj, 100 to 150

: ml were injected 1ntraperitoneaIIV' the. abdomen was kneaded gently,.

:and the contents drained by’means of . a cannulated trocar ‘and plastic
tubing into a separatory funnel. The aqueous phase was separated from

¥

the oil and centrifuged at 300 G for 10 minutes at 4 C @If erythrocytes

. were present, the cells were treated with 0.837 NH Cl " The PEC are .

4

i

composed of 702 or more mononuclear cells (lymphocvtes and macrophages), g}f_

o

.



the remalnder being @olymorphonuclear cells, After the cells were
Yy
washed three times they were made up to 40 x 106 cells/ml in medium

.TC 199 (Hanks based) with 50 units of pencillin and 50 ug of strepromycin

(Hicroblological Associates Bethesda Wd ) and 152 normal guinea vig

\
serum. ,
o 0 n

(4) Serum

—

(a) Normal AB serum
(i)' Peripheral blood from AB donors.was taken by a donor set into L
sterlllzed glass tubes v1np rubber stoppers.v
h(ii) .The blood was allowed to clot at r00m temperature for 6 hoursl,
then the clots were manipulated with sterile sticks to- separa:e"
" them from the 51des of the tube.
({ii) The tubes were centrifuged 900 G at 4° C for 10 minutes and the
serumion the top was removed by Pasﬁeur pipets.

(iv) Sera from several AB donors were pooled together, aliquoted

and stored at -15°C

(b) Autologous‘serum

' (i) Autologous serum came from the peripheral bload of the donor
who possessed the supposedly sensitized effector cell population.‘
(ii) The sera were allquoted dated,Astored at —15°C and were

decomplemented before use.
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.‘ ) he -’/";n ‘ . . . : ’;’
‘- ¥
(c) Guinea pig serum S -

(1) Guinea pig serum was«obtained from randomly bred guinea pigs by

S8

cardiac puncture after anesthesia induction with' ether.

(11)  The blood was. allowed to clot as above and the serum harvesséd

in the same manner [4b(11)] ‘

(&) Fetal calf Serum

Fetal Calf Serunm was obtained from Microbiological Associates

Bethesda, Maryland in 100 ml bottles. It was aliquoted and stored at

-15°C. o
. ‘_.’_". )

(e) Horse serum -
' JZOLSE serum

(1) Horse serum was obtainec 1s clotted whole blood from the Unlversity —

of Alberta Vivarium.

(i1) Serum was. obtained, stored as abone [4b(i1)].

(f) Decomplementation
>

All sera were decomplemented in a 56 c water bath for 30

minutes before experimentation.

(B) Methods

- (1) Indirect Cdbillarv Migration‘Test

(a) Human peripheral blood from husband 'multiparous women, and
unrelated persons was either taken by donor set (Cutter Laboaratories,
A~
Inc. Berkeley, California).into containers with 80 units of heparin.



T (d).

~

®)

(c)‘

_(e)

- (6)

~and Co. Rutherfords New Jersey).

43.

per ml (Sodium heparin Injection USP, from intestinal mucosa,

Connaught Medical Research Institute, University of Toronto,

- Canada) or by heparinized "Vacutainer" tubes'(Bectow;‘Dickinson

o
=

okl
N

The heparinized‘blodd was centrifuged at 500 G fdr 8 minutes:.

o

The buffy coat was removed and resuspended in“i‘ ﬁl‘ratio with

Hank's balanced salt solution (BSS) " The celﬁ{;uépension was

\

_then layered in a one to one proportion over Ficoll Isopaque

solution.,

- T
[

'ai the interface were removed mixed»w th an equal volume of Hank's

S and centrifuged at 500.G for lQ(m nutes at 4° C.

AN

After twomore washing with Hank's'BSSLthe.cells,were resuspendedé
¥ . *
in medium 199 with Hank's BSS, sodium bicarbonate, 100 units of

penicillin and 100 g of streptomycin per ml (Microbiological

.Associates Inc. Bethesda, Maryland) plus 152 of normal AB serum

(ABS) or fetal. calf serum (FCS)

»The cells were counted and differentiated in a haemocytometer.
The procedure consistently gave a mononuclear cell population

'of9oz. SR o

Mixed lymphocyte cultures (MLC) were prepared by mixing 1 x 106

cells from each partner or 2. X 106 trom one person in a total

“volume of 2 ml in TC 199 Hank based medium with 152 normal ABS



(2)
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(1)

)

(k)
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or FCS. Cells were cultured in Falcon (12 X 75 mm, Oxnard

California) plastic tubes in a humidified incubator at 37°C in 5%

CO2 in air.

Cultures were terminated on days 3 and 5. The cell free super-
nagpnt fluids from 3 and 5 day a MLC were obtained by pooling all
the supernatants from identical cultures, centrifuging at 900 G

for 10 minutes at 4°C and passing the fluid through 0.45 U Millipore

filter. : ‘ : >

The different groups . of cell free supernatant were poured into

dialysis tubing (Fisher Scientific Co. Pore size 10,000) and

’sealed at both ends.

Each tubing was then dialysed. against polyethylene glycol

(MW 20,000 Fisher Scientific Co.) unitl 5 times concentrated.

Then they were retightened at both ends: dialysed for 48 hours

against 200 volume of Hanks BSS (with 50 units of penicillin aqd
50 g streptomycin/ml), and” the content was again d1a1ysed for

a_ further 24 hours wi 50 volumes of fresher medium TC 100 Both ;

v

dialysis-steps were performed at 4°C and with a constant motion
. - 3 . .
of .the media by magnetic stirrers. - ' :

The final osmolality of these supernatant fluids (ranged between

' 270 350 mom/kg) was checked by osmometer (Advanced Instrument

‘ eInc., Newton Heights Mass ) and on a given experiment, osmolalities

of the control and experimental supernatant fluid were approximately
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" equal. These fluids were then assayed for presence of MIF
activity by being used,as culture medium on freshly harvested

peripheral blood leukocytes from another unrelated person.

(2) Leukocytes as Indicator Cells

The migratory cell population was harvested by a previously

descrlbed technlque by Falk et al (1970) as follows:

(a). Peripheral blood_was taken from an individual unrelated‘to
those used. for mixed cultures. After deflbrination by glass beads,
the blood was mixed in;3'° 1 proportions with ‘plasmagel and

allowed to sediment for 40 ninutes‘at 37°C.

.(b) The leukocyte enriched layer#was’removed and'centrifuged at 210 G
for 10 mlnutes in a refrlgerated centrifuge and the cell pellet

‘was suspended in l nl of Hanks BSS per 10 ml of original whole

"blood

(c) To this were added 9 volumes of 0.83 ammonium chloride, and'after 3—5
' minutes, the mixture was centrifuged at 200' G for 10 minutes.

‘This procedure lysed most of the red cells.

7:/ @) Theicéils were washed 2 times in Hanks BSS and resuspended in
P s -

‘

.J "2-f,mediymeTG 199 with 15% normal AB serum. - The ceils were‘adjuéted
'to a concentration of 30 - 40 b 106 cells/ml and packed into
"20 Nk caplllary tube (DrunmomdScientific Co ) of about 1l om

internal diameter and 6. 5 cm long.

, '.'.



(e)

(g)

(h)

€]

“and dialysed MLC supernatants) bv the average area of migration in

46.

B

The capillary tubes were cut at the cell-fluid interface and

placed in a clear plastic chamber with a diameter of 2 cm..

,',3

]

A small amount of silicone grease (Corning Co ) was used to

maintain the tubes in place, and’ the chambers were filled with the

i

concentrated supernatant fluids obtained after termination of

3 and 5 day MLC A clear cover glass was used to seal the top

P

of the chamber.u'

\
. . it Y v . .
n b ) hd

After 18 hours of incubation. at 37°c the chambers were placed on

a 3M overhead projector (Minnesota Mining and Manufacturing Co Yy
-4

and the image of cell migratlon was’ projected on - the wall‘ The

»outline ~f he area of ¥ Oration was' traced onto a sheet of paper

and the =rez was determlned by a planlmeter (Gelman Instrument Co ).

o
! N
2

In all exps2 riments, at least four mlgration tubes were used fo~

a given seot and ‘the average area of miqration determined The )

m1grat1 n index (M I.) was . determlned by dividing the average

area of migration in experimental supernatant fluids (concentrated

v
-,

control supernatant fluids from the unmixed lymphocyte culture:

icontaining the same number of lymphocytes from one perSon.'

” . 1"

: . ‘ m'{'gg”z : ,
MI = average area oﬁﬁmigration in: mixed culture supernates
' average area of mlgration of unmixed culture supernates

(]

and a MI value‘of 79 or 1ess was considered as a positive
" "
"+ action and a demonstration of DTH
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(a)

(b)

‘(.t:)

- Sd.j-'i

(e)

(3) Mixed Lymphocyte Culture (HLC)' : B -
. . ] . ) \

Lymphocytes were harvested as by the . Ficoll Isopaque method and
cultured at a concentration of 1 x lO cell/ml from each partner
toga final volume of 2 ml or 2 x lO6 cell/2 ml from one individual-

as previously described.

Four.hours'before the termination of the 3 or 5 day cultures,

they were pulsed vith 1 uC 3H thymidine per ml (specific activity
4, V‘;'\.ri‘ )

3.0cC per‘mﬁ) The cell button was washed twice with 2. O ml

Beckmen sc1nt111ation flu1d solution at 500 G for 10 minutes {3
llters of Beckmen toluene + 7.77 gm of 2 5 Dipenyloxazole

(Amersham Searle ) + 0.258 gm of 1,4 blS [2 (S Phenyloxazlyl)]

"(Packard)}

0

The\eells were then resuspended in 982 ethanol, spun at 900 G

for 10 minutes and the supernatant discarded.

i

0 2 ml of 25Z NCS (nuclear Chicago Solution) tissue solublizer ‘

in toluaue(Amersham Searle Corp.) was added to each cell pellet

and left for 30 minute at room temperature.

A total of 9 ml of toluene scintillation fluld was added 1nto

-each culture tube and the fluid was transferred into a screw

cap scintillation vial (Beckmen'Co.);

% All the vials were labelled on the caps and counted in a

Scintillation Counter (Packard Model 3375).
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N . .
\ . - ’ s

(g) Blastogenic Index (BI) was determined by average counts per

(a)

- (b)

(a)

(b)

(cj'

~

minute of - the mixed ce11 culture div1ded by half the sun of the

average counts per minute of one unmixed cell culture and the

other unmixed cell culture.,

.n

AB

BTy Ty

(4) Unidirectional Mixed Lvmphocyte Cultures (UMLC)

Before setting up the cultures as'desCribed previously the

stimulating cell population which is half the total cells

(1 % 6 cells of each unmixed lymphocyte culture) were

subjected to 7000 R of 137Cs irradiation (620 r/min)}

The cultures were terminated and harvested in’ the same way as

" MLC described previously.

N
Y

" (5) Micro UMLC

vPeripheral lymphocytes were harvested by the Ficoll Isopaque

»

technique as previously described ‘ : d

The final cells&e2§,suspended in Hanks BSS with lSZ normal AB

serum. - 4§.”“f

The stimulatory cell’ populgﬁion in the one way- micro mixed

lymphocyté culture (or half the micro unmixed lymphocyte cultures)



(d)

(e)

(£)

Str;.ntillatron countfep.

were treated with 25 ug/ml Mitomycin C (Sigma Scientific Co.)
for 25 minutes at 37°C. All cell populations were then washed
2 times with HBSS and the final cell concentration was adjusted
to 1 x 106 cells/ml in Hepes buffered medium (Mlcrobiological

Associates Md.) with 157 normal AB serum. '

The micro unidirectional mixed lymphocyte cultures were

set up by mix1ng 100 1 of l X lO6 cell per mlfresponder cells

and 100 1 of 1 x 106 cells per ml Mitomycin.C treated stimulator
cell.population, together into a microtiterfwell (Falcon Co.)

I1f autologous serum was required 3 ul of serum was also added into

the well. R

The cells were harvested by a multiple sample precipitator

(Otto Heller Madison Wis ). on glass fiber filter paper.

[

" Each filter paper was taken out into a vial and counted in the

LGS ey
1 .
. d,‘:)\\x )
3»‘., &

\Y..1 N

£

0(’?‘ 39 fn

©(6) Direct Capillary Migration Test;?

(a)

- (b)

S
v
g

Peripheral 1ymphocytes were harvested by the Ficoll Isopaque v

technique as previously described

i), IR
gy

The lymphocytes from each 1ndividua1 were in 1 ﬁ 1 ratio MLC
.Gy ;g %19
at a concentration of 2 x 10 cells/ml in TC 199 (Hanks base)

medium with 157 pooled and decomplemented AB ‘serum.
3 .

49.



(c)

(d)

(e)

(£)

(g)

' S0.

Aftet six hours of incubation at 37°C with 5% COZ’ the cultures

were centrifuged at 500 G/for'lo minutes 3nd/the supernatants

I
N

were removed and stored.&

Each cell pellet was resuspended in its own supernatant at
i)

30 8,106 cells ber_ml and packed into the 20 ul capillary tubes.

The tubes were sealed at one by‘"seél—eése 'clay centrifuged at

55 G for 6 minutes and cut at the cell fluid 1nterface.

These were placed in the 2 cm diameter plastic chembers nhich
were filled by the respective cultnre‘supernates. A clear cover

glass wasused to seal the top of the chamber.

Tbe chambers were placed in an incubator at 37°C. After 18 hours

Y
BN

the area of migration was determined by projection and planimetry.

MI was determined by

average areas of migration of mixed cells
average areas of migration of unmixed cells
v _ . ,

3

57 : ' C

- In some exberiments the MI was also.determined by

average area of migration of mixed cells
ok (average area of migration of 1 unmixed’ 1s +
average of migration of the other unmixe d cells).

2
&

(7) Direct Agarose Migration Test - Preparation of the Agarose Plate

The agarose technique was first described by J. E Clausen

(Clausen 1971) and was modified in the following way. :-: %%i; .

Y



(a)

(b)

#(e)

(d)

(e)

NooE T o - . L

é &ﬁéﬁ : \ ‘

Fresh agarose medium was prepared for each experiment. A 2z
solution/of agarose (J.T. Baker Chemical Co. N.J.) was prepared
»by welghing 2 gms of agarose per 100 ml of distilled water and

dissolv1ng the mixture in a boiling water bath

4 ‘ .
*f fter coollng to 47°C, the 2% agarose medium was mixed at this
temperature with horse serum (Unlversity Vivarium Uniuersity‘
‘of Alberta,vEdmonton) distilled water and ten-fold concentration

<of tissue culture mediuimn 199 (Gibco) to give a solution containing

[

1Z agarose, 10Z horse serum in singletstrength of TC 199.

fenicillin andvstreptomycin'was added in a concentration of 100

: units’ofqpenicillin'and-100.ug of streptomycin'per-ml.

,
\

A
Sodium Bicarbonate solutlon (7 SZ NcHCO3 from Microbiological
,Associates Bethesda, Md.) was added to that pH in the agarose
medium after incubating in 5Z COZ’ 952 atmospheric air saturated :

w1thrwater vapor was between 7.2 and 7.4.

)

.6'ml agarose serum TC 199 medium was poured into Falcon disposable

- plastic pe;ﬁi dlshes (Falcon, Bioquest Co. ) After ‘the gel: had

‘formed 6J;Jholes of 2 3 mm diameter was cut in each agarose plate
23

F. <',\

by stainless steel tublng, and the gel inside the holes was

Jremoved,by suction. o J{; e ’ : {f_ .(
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8) Application of the Agarose Plate

(a) Peripheral lymphocytes were either cultured for 6 hours or 24 hours

(b)

()

(d)

(a)

" (b)

) (Oxford_Pipets).

‘The Sephadex G lOOYPhosphatevBuffer Saline (PBS) mixture was

in az2x 106 cells/ml concentration -of MLC or unmixed culture

as previously described. .
B

The cultures were spun at 500 G for 10 minutes and the supernatants
were removed except about 50 ul left” per 10> x: 106 cells. The cells

were resuspended by v1brat10n 10 ul lymphocyte suspen51on contalning

2 x lO6 cells was placed into everv hole in the agarose plate

e+ S e
In order to prevent drying up of the cells, 1/2 ml of TC 199 medium

was placed evedly on top of the agarose plate.

These plates were incubated for 21 hours and the area of

migration was deterﬁined by projection and planimetry@ﬁs previously

described. T

' . .
- . . ) . . : T

(9) Characterisation of MIF bv Coluimn Chromatography
Sephadex G lOO‘(Pharmacia Fine Chemicals Uppsala Sweden) was

v

~first soaked in distilled water for 120 hours and then 72 hours

in 0.01 M Na phosphate 0. 15 M NaCl buffer pH 7.4 at %?C.

A

poured into a 2. 5 X 95 con“glass columns, (Pharmacia Uppsala)
- o
with a 500 cc reservoir attached to the top. Sl

by



(@

(d)

(e)

(£)

(&)

v ' 53.

T

Cell free supernates concentrated 5-10 times by polyethylene
glycol MW 20 000 (Fisher Scientific Co.) were first filtered by

0. 45 u Milllpore filter and applied to the column.

A LKB fraction collector (LKB‘Products Co. Sweden) and a LKB
unicord III (Model 8300) flow spectrophotometer measuring @ 280 my -
were used in the cold room using a LKB. recorder (Model 6520 3)

for monitoring..

2

Into each culture supernatant was added 5 mg of Chymotrypsinogen A.

The supernatants were pumped through the column against gravity

at 15 ml per hour and fractions containing 2. 5 ml each were collected.

Effluent fractions which appeared beforevprotein of high molecular
weiOht such as‘yglobulin were pooled and referred to as G-1.
Fractions containing Y globulin were pooled and referred to as G-2,
Fractions containing albumin were pooled as G- 3 Fractionsb
containing the chymotrypsinogen A indicator weré pooled as G-5

and fractions between G-5 andzc-3 were pooled as G—4.

The pooled fractions were lyophllized (Virtis Research Equipment,

N. Y. ) and each pooled fracnépn was reconstituted 50 fold the ,

~mtig"i:na:l supernatant dialysed for 72 hours against distilled

water ‘and stored at 4°C,



'('a)

(10) Migration of Guinea Pig Peritoneal Exudate Cells

Guinea pig peritoneal exudate cells were harVested‘by flushing

the cell suspen51on out with HBSS 3 days after intraperitoneal oil

o injection." These cells, conslsting malnly of macrophages and

®)

‘f(:a‘)

(b)

()

The area of mlgration was measured by prOJectlon and planimetry.

lymphocytes, were packed into 20 ul caplllary tubes. The tubes

were centrifuged at 50 G for 6 minutes and cut at cell-fluid

‘1nterphase as previously described. .

To determine MIF activity, 20Z of the aliquot of each poo%;d

fractlon was made up with TC 199 and 207 guinea pig serum were.

used as migratiqn medium. ¢

vAt least 4 capillary tubes were used for each sample

0

3

Lo (A1) Autologous Sera of r—D“Iult‘iparous.‘»Iomen-'

-1.5Z decomplemented autologous sera of the multiparous women

' [

_ were  added into each additlonal culture of. Hw cw, and ww to 4

make up a total of 157 serum concentration in TC 199 medlum

«®

To determine specificit, of the autologous serum, serum from

"danother multiparous women of the Same concentration was added

and into 3 other identical sets of HW, ©W, and WW cultures}1n a

After six hours of ‘incubation, the cells were harvested either
for the direct capillary assay'br the direct agarose migratibn

assay to detect MIF activity.

54.
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-

(12) Rabbit Anti-Human Gamma—Globulin

. (@) Im some experiments, 3 concentrations (1, 10 and 100 ul/mi) of
rabbit antihuma ,/\/gamma globulin (Miles Lab. Inc. Ill.) was -
'added into_B/%ets of cultures before incubation, instead of

autologous serum.

(b)"vAfter 6 or 24 hours, the cells were applied. into the wells of the

¥

agarose plate for detection of the migration area.

(13) Cytotoxic Antibodies and HL-A Profile

’
]

Both the cytotoxic antlbodies and the HL—A profiles of the
subjects were detected by the Tissue Typing Laboratory of the University
Hospital, University of Alberta.’ The techniques were described by

Terasaki and McClelland (1963) and by Mittal et 4l (1968). V[Appendix Al.

(14) Direct Cell Mediated Lympholysis (CML)

Direct CML was the work of Dr.. T Kovithavongs and
“Dr. J. B Dossetor of the MRC Transplantation Unit, University of Alberta
according to the techniques descrlbed by Wunderlich et al (1972) and

Garovoy et al (1973). [Appendix B]

_A(IS) Colony Inhibition (CI)
Colony Inhibition was the work of Dr. E, Liburd and

.Dr. J.B. Dossetor of the MRC. Transplantation Unit University of Alberta

o

o
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. a '?‘ ,u M
< b

according to the techn§§?e described by Hellstrom and Hellstrom (1965

A

- TR

!

T
-ﬁﬁlein (1970).



IV. RESULTS

. .
o

-(A) Detection of MIF in Supernatan% fluids of 5 day MLC Between

P

Unrelated and Non presensitized Individuals

v

¢

MLC between 2 unrelated and i.on presensitized individuals, l
(Table II and III)/were set up in medium " with ZOZ‘of either (1) |
pooled AB serum or (2) FCS, and terminat on day 5. The supernatant
fluids were removed, concentrated dialysed and the MIF activity of
'Jthese supernatants tests using the culture fluids as migration medium
for fresh human peripheral blood leukocytes. Supernatant fluids'from

5 day mixed lymphocytes ‘thunes were strongly inhibitory when compared

" with the control unmixed cultures supernatants, Remarkably similar

‘results‘were obtained when culcures were set up wlth either pooled AB serum

@

MI = - 0.53 + 0.30 s.e;),or FCo (MI = 0.45 £0.07 s.e.). It is concluded

7

that 5 day MLC between normal ' unsen51tized cells produce MIF whether
: & . .

N
cultured. in AB serum or FCS

Pl S ‘ ‘N (..;
. . v o

~(B) Determination of Blastogenic Indei‘(BI) in 5 day MLC between -
.2

o Unrelated and Non—presensitized Individuals

]

< Lymphocyte cultures were set up between unrelated and non--

=presensitized normal adults in medium 199 with either ZOZ of (1)

| pooled ABS or (2) FCS. On day 5 triplicate cultures from each .group

-

were terminated after 4 hours incubation with tritiated thymidine. The.

]

- 57.



Table II

Indirect Capillary Migratlon ﬁiSupernates of
e

5 day Cultures with 207 Pooled ABS and BI

: ' ' X%
Migration Index (Planimetry units ) Blastogenic Index

* L.
‘ ND:= Not done.

*%x

planimetry units (Gelman Instrument Company
Mich. U.S.A. 1000 units = 1 sq. in.)

chambers was done by a 3M overhead projector . Ksee text)

-

Planlmetor Ann. Arbo;g:(
PrOJection of mlgratldh

0.43 (48/109) o 19 -
’ 0.42 (61/146) 17
:0.36.(68/189) 19
0.62 (90/144) 9
L - - 0.55 (63/117) 11
- 0.62 (20/32) 14 S
' s
0.57 (70/122) .12 ,
10.61 (128/210) N
0.62 (74/117) 14 '
MEAN  0.53%0.03 s.e. 14.4" e
4 R
. E I IR .': A "
£

Tt

,i; |

Figures within parentheses indicate absolute areas of migration” fn

Q



. 1.'_ "i-
Table IIL

YRR
a7

" Indirect Capillary,,Mi‘g"r;vat_?ion;:’ in Supernages‘of
.5 ‘day Cultures wigﬁ} 20% FCS and BI

!
L w

ML ot BI
: —
i 0.64 (31748)

o

o;igﬁtis/éso_ | 16
‘0:35’(27/83) SO 12
0,61 (39/65) 6

0.58 (;4/225 .
. 0.21 (13/66) g

0,61 (64/105) - 3

707y MEAN 0.45 0.07 s.e.. .85

* b . . .
ND = Not doneg

&
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cultures were harvested digested and counted individually 1n a
scintillation counter for. 5 minutes.: Only if the counts of the three
vials in each'group gave .a standard error | of less than 5/ was that
'experiment'considered valid . The mean BI for ‘5 day MLC with ZOZ AB
serum,is 14.4 and with FCS is 8.5. BI determination was carried out
concurrently with experiments for the detection of MIF (Table II and

1I1). It is concluded that there is no close inverse correlation

between MIF as measured by MI and the BI.

'(C) .Detection of MIF inlSupernatant:Fluids:of j'day'UMLC Between

Unrelated and Non—oresensitized IndividualsA

: -
Sensitization was also detectable in 5 day one way MLC UMLC

were set up after irradiating cells from one party w1th 7000 R by.Cs
7
irradiation ( Cs irradiation at 650 R per minute Picker Nuclear)

Controls contained equal mixtures of irradiatec and untreated cells

60;

from the same individuals. Cell free supernatant fluids were treated ‘

in_the‘s e fashion -as described previously. The migration cell
populat on was ~peripheral blood leukocytes taken from either (1) an
unsensitized donor'nnrelated to the donors of the MLC or (2) ‘the donor
who provided the allogeneic stimula@@ngq but irradiated, cells in the
Imixed culture or (3) the same ddhor who provided the responding cell

p0pu1ation.

The MI from the concéntrated 5 day MLC supernates were. (l)

0 38 using a 3rd and unrelated individual as donor for indicator cells



(2) 0.40 using the stimulator's leukocytes as indicator cells and 3)
0.40 using the responder's leukocytes as indicator cellsv(Iable Iv).
It is_concluded that the origin oi the indicator cells is not important

in the detection of MIF.

v

(D) Demonstration(ﬂfDirect Migration-inhibition and Blastogenesis in

’ ¢

Cells after 5 dav MLC and UWLC

After 5 days of culturing, triplicate ‘cultures from each
~group were terminated after 4 hours 1ncubation with tritiated thymidine,.

‘a@d later counted in a sc1ntillation counter for determining the BI. The ‘

other cultures were centrifuged and the supernates were removed, concentrated,

IS
4

dialysed and stored. lhe cells from the MLC and UMLC were washedvtwice
‘with medium 199 and 20Z ABS, adjusted to a concentration.of 40‘k 106
cells/ml, and packed into_the.capillary tubes which were allowed to
migrate_in medium 199 plus ZOZ ABS. Both mixed cell populationsv
.after 5 day MLC or UMLC, demonstrated migration inhibition compared’to
unmixed cell.populations, and the MI of 0 33 and 0.42 from the two
populations of cells was not 31gnif1cantly different (Table V) 3
,Blastogenesis we;e apparent in both 5 day MLC and UMLC cultures (Table V).
It is concluded thht the direct migration of cultured cells (MLC and
UMLC) 1s 1nh1bitable because of MIF being released in the mixture of

ﬁcells though antibody mediated 1nhibition of migration is: -not excluded

- There is also no close inverse correlation between MI and BI.
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“Table IV
&
Indirect Capillary Migration to Demonstrate ;
B ... MI of 5 day UMLC Supemates by Different o \'\.\‘
Cells from Different: Donors (A, B, & C) o '\;\
[ ' v
MI* ::INE::CL:';QR . unrelated ‘requn_der a stimxflatof
' * B* *
| cinBB) -,y (B) B in (4B
’ (AA ) o (AA) (aa )
0.57. (49/86) 0.37 (36/99) 0.38 (31/82)
0.23 (17/77) = 0.28 (17/63)  0.39 (30/78)
0.46 (28/62) . 0.43 (21/51) 0.26 (12/47)
0.36 (14/39) 0.58 (26/46) 0.53 (29/55)

MEAN " 0.38:20.06 s.e. 0.40:0.05 s.e. 0.40£0.06 s.e.

7000° R irradiation dose to stimuilator-c:alls'v in. unidirectioxal MLC
i _
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a _Table v

Comparison of MI and BI after 5 day MLC and UMLC
(‘(I Determined by Ind1rect Caplllary Mipartion)

‘qic - ' UMLC
MI | BI MI - ~ BI.
0.33 (33/102) 19 6.40 (23/58)‘ 7 -
0.3% (21/62) | 3 10.53 (40/77) 50
0.29 (26/93) f 8 | 0.62 71/115) | 17
0.64 (53/84) 15 | 0.38 27773 13
0.19 (13/72) | 13 | 0.17 (13/78) 8
0.7 G289y | 4 | 4w
0.39 (29/76) | o ) Cwm T; ND
MEAN * 0.3320.06 s.e.  10.1 0.4240.08 s.e.  10.0

Not done



(E) A Search for MIF in Supernatant of 3 day MLC between Unrelated

’

and Non-presensitized Ind1v1duals (Table VI and VII)

Supernatant fluids from 3 day mixed lymphocyte cultures
having either (1) pooled ABS or (2) FCS as nutrlent did not
'slgnificantly lnhibit leukocytesmigration. The MI of 1.01 from eBS—
‘MLC and 0;99vfrom'FCS—MLC is not 51gnificantly from unity. It is
concluded that .Supernates from 3 day MLC (in contrast from those 5
day cultures) do not contain MIF, whether cultured in AB or FC serum.
Figure 1 and 2 summarise the MI of 3 and 5 day studies in the AB serum

or FCS between unrelated normal 1ndividuals cells in MLC.

-

(F) Determination of BI in 3 day MLC between Unrelated and Non—

presensitized Individuals (Table VI and VII) e

Lymphocyte cultures were terminated on day 3 atter a 4 hour
-incubation with tritiated thymidlne._ BI from cultures in pooled ABS
and FCS were signlficantly hlgh It is concluded from experiments E
and F that signiflcant blastogenesis ‘may occur in MLC without there
being detectable MIF in the supernatant in 3 day cultures of

unsensitized normal cells.

64,
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. [
. .
- . Table VI
: o
- .- Indirect Capillary Migration in Supernates of -
3 day MLC with 20Z ABS and BI.
MI (planimetry Qnits) v . BL~
0.79 (87/100) - 6
1.44 (36/25) | | 5
,/f' 0.70 (96/137) 12 .
/ ’ .
1.15 (31/27)" | ' 4
0.90 (43/49) | ' 10
1.05 (158/151) _ ' 10 -
0.91 (83/92) ' , 8
N ‘ X *
1.14-.(85/72) . ND
1.05 (99/95) ) .. 10
MFAN 1.01%0.07 s.e: o ; 8.1
; s
*

ND = Not done



Table VII

Indirect Capillary Migration in Supernates of
3 day MLC with ZOZ FCS and BI

MI‘(planimetry-unitg) L "N BI
1.09‘(88/81) | _ 2
0.79 (161/136) - 14
0.69 (94/136) | 10 .
1.00 (38/38) : | _ ND
0.93 (71/76) | o f-Nn;_;:
MEAN 0.99%0.07 s.e. B 8.6

")..

XD = Not danef




MIGRATION INDEX

- - Flgure 1 Indirect capillary migration in superna.tes

" of 3 and 5 day ®LE of unrélated .individuals in :

. AB serum

67.
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Figure'Z Indirect capillary migration in super-—
' nates of 3 and S day MLC of unrelated
individuals in'FCS. :



i

) Detection of MIF in 3 day UMLC Supernates
r‘% -
,p 1 A
fap
q%ree Supernates ‘from the unidirectional lymphocyte
culturesfﬂﬁd a,m%grﬁtion index of 0.91 * 0.08 s.e. in six experiments,
;when a thirdiindividuals’ periphefal'blood leukocytes'were used as the
R 4
migratory?cell population. With responder leukocytes migrating in

.

'concentrated supernates»the MI was l 12 + A 0.26 s.e. When ‘the

stimulator cells were the migrating cells "and MI was 1.01 * O.OSIS.e.
v . . o vy
(Table VIII) There was no migration—inhibltion in any experiment with

~ AH

one exceptiom. - It is concluded;that 3 day UMLC supernates do.not

" contain MIF when cells from an unrelated persons or from the donor

'that provide the UMLC cell are used as a migratory population.

. g i x
wd 0 - !

v p .
(H) Direct Migration and Blastogenesis after 3 day MLC between

Nonepresens1tized Individuals .

After 3.da).’s' of MLC the eellsA were washed twice with TC 199
and resuspended at a concentration of 40 x 106 cells/ml in TC 199 with
_202 ABS."The‘cells were allowed to migrate in the same medium, and
there were- no 1nh1b1tions in any experiments (Table IX) despite

>51gn1f1cant increase’ of blastogenesis as demonstrated by BI.
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Table VIII , ' : ’

MI, of 3 day UMLC Supernates, Using Three Types of
Indicator Cells (C, A; and B) in the Indirect Capillary
Migration Technique with Culture Cells from A & B

unrelated : responder o stimulator

o * &
MI C in £é§—l-supernates A in Sﬂg—l supernates B in (AB*) supernates

(an™) [ (an™)
0.93 (63/68)  0.95 (76/81) 0.95 (68/72)
= 0.94 (35/38) 0.73 (18/26) = L1 (41/37)
1.07°(93/87y 1.42 (164/116)  1.06 (98/93) ’
<. 0.98 757 1.3 )80/71) 10.99 (76/77%
1.16 (62/52) . o0.99 38/39) - . 0.93 (38/41)
,1:20.(62/52) | N ™ | e
_ MEAN 0.91#0.08 s.e. 1.12:0.26 s.e. 1.01£0.05 s.e.

%k

[

ND' = Not done

* ..
7000 R



Table IX

MI-of Cells after 3 day MLC by‘Directgﬂigration and BI

!

‘MI

- 71,

-

' BI

0,91 (71/78)
”1bé91(1°l/93)
0:89. (105/119)

£ 0,93 (159/171)

few - A

1.3 °

MEAN 0.98%0.04 s.e.

ND\= Not ‘done - A y 4

<



(I) Detection of Migration of Cells from 3 and 5 day UMLC with the

Addition of Fresh Leukocytes (Table X)

J

-1

After cells from the 3 or 5 day UMLC were washed the} were
resuspended in Hank s 199 with 20/ ABS and counted. To each population
of cells freshly prepared leukol&tes from the stlmulator -donor were ;‘
‘added inl : 1 ratio so -that the final concentration of cells was

40 X~166icells/ml Cells were then packed into 20 ul caplllary tubesk
and allowed to’ migrate in ‘medium 199 containlng 207 ABS.. Most of the
‘mixed lels from 3 day UMLC dld ot signlficantly inhibit migration

--compared with mixed cells from 5 day UMLC whlch showed significant
-inhlbition in 4 out of S cases (Table X).. It is concluded that a
,deficiency of stimulator cells in the direct mixed cell migration is
not the reason for the failure of ‘MIF detectlon after 3 day UMLC when‘

normal unsensitized cells were used (nor dld the extra stimulator cells B

distort the detection of MIF 1n S day UMLC dlrect mixed migration

8 ) - «

Ra

_ population) ’ s i-; : o L 4

.\" .

o
K3

E

' / . o . i ,’ . ‘\ : . u:.

. ' L/
(q)*.Detection'of IF in Supernates of 3 dqv MLC between supposedly

Y
IS

Presensitized Ind1v1duals Using the Indirect Techniquei

A'L-V
.

Multiparous'women frequently have humoral antibodies in

Eheir serum - direct against one or more, of the antigen of their husbands..ﬂ?.
- . 3 . ‘
£ The purpose of this study was to see if CMI to the hlstocompatibility

antigeng of the husbands could be. demonstrated in such women. Sera;
8
~ )' )
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vl

- Table X
'MI of Cells from 3 and 5 day UMLC with the
Additibn of “Fresh Leukocytes from the Stimulator
- Cowae - R .
T , - : ) 146)
- 0.95 (66/69) \ 0.40 (58/146) -
71,00 (73/73), ~0.98 (125/128)
Ly 0.73 (35/48) .. 0.33 (10/32)
L.\ . 0.96 (82/86) 0.30 (29/97)
b | 0.85 (86/102) - | 0.33 (43/132)
© 1.24°(146/118) . ' ND
MEAN 0.99%0.07 s.e. | 0.41%0.12 s.e!
| -
x -
ND = Not done
| ot .
] \
,%;' g ~ ‘



- from multiparous women were gbtalned from “the obstetricai service,
and screened for the presence of4ant1bodies against a.panel of 5 cell
donors, using Terasaki s m1crocytotoxic1ty tést. MLC‘were set up
between the cells of the&wlfe with that of'the husband.(HW) and
between cells from the wife with that of a random unrelated indlvidual
(cw). Contlols contained‘cells from the wife\only (WW) under 1dentical
cultures conditlons.- In six experlments the unrelated third person (C)

- did not share any HL-A antigens with the husband (H) while in two :,
experlments the unrelated third person’ (C) shared only one antigend

‘ with.the hushand (H). A fourth person s peripheral blood 1eukocytes
were used as the mlgration population in the concentrated supernates

from (Hw) (Cw), and (Ww) lymphocvtes cultures..

The results are summariaégsin Figure 3. Significant MIF
"'activity was detecseble in, the supernates of cultures between (HWYy % .
N .
cells by the third day. Slgnlficant MIF activity was not detectable '

on the thlrd day in the supernates of MLC between (WC) The mean o

MI of the supernatant flu1£$ from 3 day MLC between husband and wife
was O 49 * 0.04 s. e,,whereas ’that for the. supernatants from 3 day
Qﬂﬁ of wife s cell and the cells from a third unrelated individual. N
(CW) was 0.94 t 0. Gﬁgs e, The di?Terence between these’ means'ls hlghly
'1slgnificantj(p <J0;01). The bI,~however,;did not appear to be differentv
{betneen each” group, (HW) and (WC), within each experiment‘kTable Xl‘l |
iiFigure'j),v It is conéﬁhded that although BI are 1ncreased at day 3 in

HW and CW MLC, the-supernatant by the indirect technique shows_MIF

only-in>the HW cultures. L »Ib ! ; o - o
hY : . . - . ’ ) » N



‘Table XI

75.

|
j.f; .Mlgratlon of 3 day MLC -
, oL R :
#;f Presen51clzed;and Unrelited Individuals
o 'HL-A . BI ' RMOLARTTY MI
- Expt ~
) *x . * * *
 (RELATION) 3 55 3" s 3° ¥
L HW CW HW CW - HW cw HW cw,.\
CLAR (H) | (1)(5,8) - 9 16 310 289 . 0.69 0.47
_ (9 | (10,11) (W17,W18)> 312 292
HAYS (C) | (11,7)(12,W5) 12 30 293 296 0.79 0.43
SMIT (H) & 10 10 < 288 289 0.64 0.47
W ND - 274 277 ' y
~ZIEG (C) | (2)(7 27) - 10 i1 298 292 0.90 ~ 0.55
GRAH (H) | (2,11)(5,V5) 16 21 293316 0.40 -  0.50
. i v —
W | @,3) (72w22) ) 301 320 LT
OSLU (C) | (9,28) (37,u17) - 17 25 320°333 0.97 ~0.34
ZACK (H) | (10,w29) (12,W15) 20 ©10 248 324 0.32- 0.40
W) [(2,3)(5,12) ) . 293326 o
‘osLy () ©9.28) 27 M17) 10 11 277 317 . 0.70 . 0.50
SCHU (H) | (9,W30) (W10,13) 10 17 © 290 301 0.62 ,??0,66_
W) | (2,9) (W5,aN2D) © 297 316 o .
LA0  (C) | (2)(W10) - 14 35 298 300 1227 0.79
TONY (H) | (1,2)(12,8)° 35 17 - | 260 257 0.43 0.71
. @ | @,1002) L 266294 o -
E) HAYS -(C) | (11,W32) (12,W5) 54 21 260 287 1,03 - 0.26
GRYG™ (H) | (1,2)(5,W17) ]' 2 2 1270 316 0.42 0.48
S | () (e10,W15) . 7271 320 .
OSLU (C) | (9,28) (W27,W17) 3 2 7 292283 ' 1.01 0.39
'LOCK (u)<-(3,11)(7;12) 14 10 294 292 0.46 o,so'[
| (2,3) (ws,14) e 297 294 - |
ZIEG (2) (7,227) 15— 12 281305 0.88 0.5

(©

» *;day of MLC .
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~

(K) Detection of MIF. and Blastogenesis in 5 day MLC between Presen-~

sitized and Unsensitized Individiuals Using the Indirect'Technique .

\

In ‘the putative:presensitiaed combinations; MTF‘production.

commenced earlier being detectable by day 3-(Figure.3 and Table.XI); };i[

In day 5 MLC studies (HW) and (CW) groups agaln showgd ‘normal

proliferatlon ‘as determined by the BI The.mean MI in 8 experiments-

in the husband and w1fe (Hw) mixed culture supernates was 0 52 0 04 s. e. .

(Figure 4), whereas that for the control wife-third party supernates cw)
was 0.47 % 0, 05 s.e. The difference is.not‘statistically signffiéantk |
This allows 2 conclusion that. MIF is produced by 5 day MLC cultures in |

»)

both normal cultures and in cultures between supposedly sensitized

" cells and the putative sensitizor cells. o o

J . . R - hv . . \/

3 o o . »
’(1) Detection..of MIF ‘and Blastogenesis between Unrelated HL-A Tdenticals

. « . ‘(\" .
-Afb ‘ The HL-A antigens of many. unrelated individuals were determined

&
by %@e Tissue Typlng Laboratory personnel using the Terasaki microcyto—-f

TR
_tox@c1ty method (1964) The aim was to determlne whether individuals
ilwho were identical by typing would produce MIF and blastogenesis after '
’ S days of MLC Three unrelated persons had the HL-A profile of (1 2)
vl(8 12). The control (C) was.(9 40)(27 17) These three persons wgre
" de51gnated (H) (M), and (V)Jin this section;‘ Three base lines were?:'

’uFed for the measurement of MI' ‘The standard MI is defined as the

. average area of mlgration in the mixed culture (AB) divided by

s
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- Figure 4

- 'Indirect capill‘ary‘-'mi‘gfation 1n supernate§. of S o
day MLC of supposedly sensitised individuals (W) .. . -
- with the putative sensitisor (H) compared with -
S .an unrelated control (C). o '
N ‘



, differences betwee

MIF . was also dete

: ”different’efgﬁgséign for MI in this experiment (Table XII) It is

‘other into blastogene51s in MLC but produced MIF in supernates of 5 day

the‘average are of migration in the; unmixed culture supernates (AA)

In the experiment (ég) is the standard MI but MI defined as %i- and
AB

232271"357' ‘were falso introduced to see if there were anxas1gnificant

the three expressions._ BI as always were defined
/ - “

79.

;szég“ggy and - he BI among the 3 unrelated HL-A identicals were high.

as nonidenticals; There is no 51gn1ficant difference between the

concluded that. unrelated HL—A 1denticals not only stimulated each .

able. in all cultures between HL-A identicals as well

cultures, as do cells that have'd1531milar tissue typing. ‘HL—A identical

~

s S :
siblings with nonstimulatiog in MLC (BI < 2,0) were not examined for 5

e

~ day supernatant MIF activity.

P . . - . : . 3y

_ | T _ v |
(M) Characterization of MIF in the MLC ' Supernates

At least 4 capillary tubes were used to test the: effect of ST

each supernate on migration. In a series of 59 experiments the area

nof mlgration of leukocytes from any: individual capillary tube did not

i
»

tubes; In the 1nhibitory supernatants, migration inhibition was not

s

‘due to 1ncreased mortality of mlgrating cells. The viability of the

»

:};migratory cells (determlned by 0 05/ trypan ‘blue) at the end of the

1

migration period ranged between»SO and 804 being somewhat variable

' from experiment to experiment In a givenlexperiment, there was no

o

' differ more than *67% from the average mlgration area of the 4 capillary

o]
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Table X1 o o | A\

MI (Determined by the Indirect Capillary Migration)
"~ and BI Between Unrelated HL-A Identical and
' Nonidenticals* in S‘day MLC

1

W

DIFFERENT EXPRESSION FOR MI

AB AB __AB Bt
AA BB 2 L (AA+BB

HC| 0.68 (59/86) 0.40° (59/146) 0.51 (59/116) | 45
MC 0;59 (51/86) | 0.47 (51/109) ©0.52 (51/97)  ' 29
NC| 0.67 (57/86) 0.57 (57/99) .-0.55 (57/92) | 30
| 0.40 (58/146) 0.53 (58/109) | 0.46 (s8/127) | 15

HN | 0.45 (66/146) 0.66 (66/99) |- 0.51 (66/122) | 23

MY | 0.50 (54/109) | 0.56 (54/99) | 0.52 (s4/106) | 24

x - ‘ ; o : _
: Indiyiduals H{ M, and N were unrelated HL-A identical (1,2)(8,11)
C was a'nonidentical contro1 individual'(28,w32)(14,W20} ' '

K



Table XIII

81.

V1ab111ty of Mlgratlon Cells (Determlned by 0. 054 Trypan - Blue)

after 18 hours of Incubation in: Different Supernates

~ SUPERNATES
EXPT. HW cw ”V
(177-39) . . (177-52) (177-49) ’
CLARK 77 [TXIOOZ] | [—'—'ﬁ7— 100/] [—IT lOAOZ] N
' - (109 42) o (109-36) . -‘ (109-48)
. v.SM‘ITH 61 [TXlOOA{[ 66 [TXIOOA ]l [—ET$IOOZ]
TONN 66[131§—Z§lx100/] 63[5319~§9) x10021 | 725 (216- 59 1007]
216 216 _ 216
‘ | . (115-39) (115-25) . (115-29) |
LOCKWOOD 66 [~—=175100%] | 78[~==2722 175 /%1004]v 74[“”1?3‘" 1007]
R r . .w;& o :
\ Co .
cranar | 51728005y 5812840 100 67[522—311x1007] %,

e

Viability

¥

»

area’

)

o~

_ total cells per area - stdined cellq per
: total cells per area’ :

'x 1007

.

t-‘
Dy

-

.

~a
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significant difference in the viability of cells im the
contrbls'unmixed cell, supernatants compared with those in the

. experimental, mixéd‘culture, supernatants (Table XIII).

>

The MIF activity was unaffected by heating at 56°C for 30'
minutes, but was extremely cold labile. Unheated, the MIF of five

vday MLC supernatants was 0.35 *+ 0.08 s.e.,haftet heat treatment, the

!

mean activity was 0.43 £ 0.13 s.e. (not 51gn1ficantly différent). If

8 .
_the supernatants Were kept at -70°C for 72 hours or more, the MI of tHe

freshly thawed supernatants was 1‘07 0.10 s.e.. which was 51gnifi ntly

different from the other two MI (Table KIV) It is eoncluded that,\w;

" supernates have activity in mlgration’inhibition which is consistent

“with the known effects of thermal change on MIF and that failure to

'imigrate is not due to cell death.‘-

F
if

‘Demonstration of Migration-Inhibition after 6 hours Incubation

-, of Cell Mixtures

Perlpheral blood. lymphocvtes were harvested bv the Ficoll
’ Isopaque technique and the cells were cultured- at the concentration of

2 x 106 cefl per ml in TC 199 medlum with 100 unit/ml of pen1c1llin

and 100 ug/ml of streptomycin. After 6 hours of 1ncubat10n the cells

were reSuspended in the superndtes and packed into caplllary tubes
Thevtubes were cut at the cell fluid interphase and allowed

to migrate in the reépective‘culture supernates. After 18 hours of

A
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Table XIV
MI of HW Supernaﬁes after ﬁeat and Cold Treatment
— ' _x *k
EXPT. | ‘.NORMAL . : - HEATED '__ FROZEN
A 0.51 (49/88)" | 0.66 (58/73) | 1.16 (91/79)
B 0.26 (11/43) | 0.36 (12732) 1.15 (66/50)
¢ | o.18 (4/21) 0.18 (5/29) . | 0.90 (17/19).
8 . | 9.
D |0.59 (68/116) | 0.73 (70/97) - | 1.22 (139/114)
E - "]0.21 (18/86) | 0.22 (21/99) 0.92 (71/78)
MEAN MI- | 0.35:0.08 s.e. ‘ ' -1.0740.06 s.e.
, .
%

Heated = S6°C for 30 minutes
** Frozen = = 72°C for > 72 hours T ‘ ' - {



incubation at 37 C, the MI
. -
o 20 had MI. less than O 80 (

wcultures also had MI less
' T

»

-

was determined In 21 HW combinations
A ,

except experiment 2557) ~ Two out of 21 CW

than Oth (experiments 2675 and 2771)
* N

%Table XV)(Figure 6): In all these cases the” multiparous women had had

antibodies again;z'their husbands

'aftergdelivery andnblso approximately 6 weeks later.

- J

}3‘.Qwhen the wives had antibod

:ﬁge experiments were done’”

patibility antigens showed

ies detectable aftfr delivery, but none when .

migration—inhibition was found in the HW

';cell combinatidn (Table XVI)(Figure 7). 4 of 8 multiparous women who

1 k

L4
migration Jnh}hition in HW combination

85.

~

3

histocompatibility antigen 1mmediate1y

In 3 of 5 instances

B

; . . ‘
‘;hag 5 or more children without detectable antibodies against histocom~ ,

(Table X%;I)(Figure 8) It is concluded that when the wife has cytotoxic

- ng/

o
1

antibodies against her husband s cells direct HW studies nearly

' always show Q}F activity.“

a

direct migration, is quite

The fd#ilure of HW incubate mlxtﬂmeshin

4

R -

-pften seen even when a supposedly sensitiZJd
Kl

o woman is negative by the humoral lymphocytotoxicity test." Thus CMI

is induced by gravidity and persists longer than ‘cytotoxic antibodies

- ——/
in the postpartum period

rd

)

Ry é

-

Factor that b%g»énts Ce11 Migration -

(O)*~Detection of Blodking

. Inhibition in the Direct Capillary Migration and the Direct,

; _‘—-./‘ / . g
_garose Mlgraoion Techniques ¢

v'.'!
I8

Ay

- ~td, ‘ Autologous serum ‘was’ obtained from t?é multiparous women and’

was added in 1 Sz into each combination of cultures. In 7 experiments

L



Table XV

86.

. k -
L » : T . g ¢
x AT
. Direct Migration.of PresenSitiZeéJInﬂividuals
’ with QYtotoxic Ant%podié;
| . ’ ) v, o
b\ﬂ . N . . . . E) *
| | MI . " HL-A ANTIGENS
EXPT ‘ '
HW « Cw .
W W g ¥ ¢
. ‘ ’ . - ’ 59 ’
2419 {0.35 | o.85" - (3,11) (2,3) 2
- | (40/120) | (107/126) | (7,12) (W5,14) (7,27)
2550 0.43 0.96 | ar,28) 3.3 (2)
| 67/153) (146/153) | (14,w18) .| - (7,27) (7,27)
2547 | 0.40 0.86 (2,3) (1,28) (1,9) -
(60/148) | (119/148) | (W5) (7,W10) (17)
T.2557 | 1.11 1.16 (11,9) '(2,9) (2,10)
(151/136) | (157/136) | (7,5) (7,W10) (wZﬁ,la)
2561 | 0.74 0.97 (2,10) (1,3) 1,9
e (82/111) | (@o08/111) | (7,w22) |- (8,7) (17
¢ 76 | 0.45 1.04 . (1,W30) iz;lo) - (2,3)
1 .(36/80) " | (83/80) . (,W18) . (12W5) *(7,12)
2563 g L1 (@ | anwe | iy
] (e8/91). (101/91) (13,w10) | (12) (7,8)
2568 | 0.60 116 | (@) g 3,11 | (@11~
7| 44/73) | 106/73) - | (12,17) (7+27) (7,8)
2575 | 6.33 0.77 (3,W30) (2,3), | " (28,W32)
' (47/142) | (110/142) | (5,W18) 2(7,27) ,,(W22g%§)
2685 | 0.61 0.93 (10,W29) |. (2:28) . (1,W31)
| (57/94) (87/94) (12,W15) (5,W18) (8,W10) -
2714 | 0.40 . | 0.88 (1,2) (2,3$\\' (1,11)
| w1107y c9a/r07) | (M) | (ws) (7,8)
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&

9 " i
o
Table XV -
~ &
ML HL-A ANTIGENS :
EXPT. S ' o ' \ ~
v W R W c .
2741 | 0.48 1.04 (1,2) . 3,100 | @,y -
(81/112) | (118/117) | (8,W10) (5,W5) ° (7,8) -
2748 | 0.79 oo |,y (1,2) (1,W30) .
¥ | (76/96) (98/96) (7,8) (14,8) . (8,WT0)
6203 | 0.62 | 090 | (2,10) Sl oaan
(70/112) | (100/112) | (W22) (17,12) .| (7,8)
, : 3 y
G233 | 0.72 0.97 | ws,17)y ') (10#w29) (1,W30)
: (26/36) (35/36) . | @7,w0) | (8,w10)
2771 | 0.74 0.65 | (1,2) (3,11) (2)
.| 38/51) (33/51) (£5,7) (W10)
© 2752 | 063 | o.88 (2,3) (10,11) (2+32)
: | (58/96) (88/92) (27,W10) | - (W5) - 2 ,
2740 }-0.60 0.86 (2+28) (2) 2,3)
- | (60/100) | (103/120) | (12,W5) (W21,12) | (27,W10)
2782 | 0.78 1.02 1 @,e 2) . (28,W32)
1 (t1/66)- (67/66) (12,W22) | (1) | (W22,14) :
2805 | 0.71 0.85 (3,28) (1,9) @ -
’ (76/108) | (92/108) | (14,W18) 8,7y - 1. (7,27)
2809 | 0.62 1.04 ' (3,10) S (2,W32) | (2,W21)
| 8/126) | (131/120)¢| (7,w18) (7,W5) . (12,13)
." | |
7
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Figure 6 Comparison of direct capillary migration
- inhibition between individuals with cyto-

toxic antibodies and unrelated individuals
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Table XvI **.

7

Direct Migration of Presensitised Individuals. whose

Cytotoxic Antibodies have Disappeared 6 weeksafter Delivery

MI HL-A ANTIGEN
BXPT. [ w | .
W W ’ ’
6146 | 1.12. | o0.89 @
| (122/109) | (96/109) | (w5,u22)
2547 | 0.64 | 1.03 (2,3)
- ©(127/195) | (201/195) | (u3).
2547 | 0.72 | 1.10 : (2,3)
| o9ss2) | (asasis2) | (ws)
2741 | o.71 | 122 a,2)
| 64790) | (10/90) | (7.w10)
2801 | 0.59 | 1.4 (3,%30) | (2) (2,9)
(88/164) | (187/164) | (27,w18) | (W15 w10) - (7,W15)
6189 | 1.02 1.07 N> W yw M
.| asy | e R
2741 | 0.48 - 1.03 a2 | @3,10 o
46/95) - | (108/95) | (8.45) . C(5,810). | (3,9)
N
. * N . - .
" ND = Not_done
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the cells of achféiitur% were divided into 2 gourps, one for capillary
migratiodiand the other for ~agarose migration. Six out of 7 experiment5¢

demonstrated inhibitions with the capillary migration technique and in

o

all 6 cases there was no migration inhibition when the culturcs}had
: &

fe's autologous serum. In the agarose technique all 7 cases showed

lgration inhibition, and in all the inhibition was preventedgby wife's“;;>

L g

tologous serum so that the HW mixed cells migrated normally (Table
T 4]

LG

Xv i, Figure 9). It is concﬂﬁﬁed that the results from the. agarose : «j"

cec’ .lque zTe comparable to that of the direct capi}lary migration
@ .d thzt the wife's serum contains a "factor" that prevents mig#htion-
‘hiticz,

s

Vo
- .
N

{P) Comparison of Biockiné Factgr im Migration Inhibition and/UMtC

(j 13.coup1es in'which the wife had cytotoxic antibodies at o

K4
h;?time of delivery, were chosen for comparison of MIF blocking factor

‘and UMLC inhibition. In 1 case the wife had no’ cytotoxic antibodies

at the time of experiments; in this instance there was no inhibition of -

v

,migration even in the absence of aut010gous serum so the possible

" blocking effect,could not be examined. In the’other 12 cases, migration

6f HW mixeéd cells was inhibited‘(Table XIX), and blocking'gactor was

present in 10 cases. ‘It is concluded that there is significaut
J

'similarity between a serum that inhibits MIF activity and one that in—

hibits the wife's ceIl response when stimulated in UMLC by the husband's

cells// R

&2
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Table XIX ._\\
. \\‘
4 . w N ., r
MIF Blocking and UMLC Inhibition
CoN N . MIF UMLC
:  HW HW & WS HW & WS
;‘/’7/‘ . | ) . "
° | T G205 - .
: : ' S
2825 . ' + 4
" 6275 + g o + o+
2810 - + LN
; . "".‘”; il b
) ,@2479 + N+
5 - 2771 _..+ o 4_/;%_" 5); +! |
o 2807 4 4 -
o T2805 Mo+ o L N
W 2859 4 o+ +
o . ° *. ° .
- ! 2502_ + : .4, + -
- * . .
125000 . # o+ +
* . L a ‘ '
2540 + A~ + +.
- » N :
-y S f “
: .

Experiments done > 42 days postparté;

Blocking or. no inhibition of migration
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* (Q) Specificity of Blocking Factor s ' 0 PR
- v A A * - o"

N\ ' '
In 6 codples, all the women had demonstrated migratiog -

L

inhibition ‘to the husbands antigens. And all &he HW cells migrated
. L}

: normally in the wif!'s,autologousserum If an ‘unrelated seyym from , -
kA - ' v
‘another multiparous woman}substituted the wife's autologous serum, there

1,

-

.was" still inhibition*inﬂthe HW &ell. migration (Table XX) It is conyg
.
{L: cluded from this preliminary spec1ficity study that the blocking factor R4
- is a*serum factor with spediéicity to.the sensitized or sensitizing
indiV{duals)though whether,this specificity can be defined by the -

husbands: HL—A antigens has . nottbeen ﬂetermined. ;
S oy )
: , 3*" 14 K
o
v
S A —® A
L (R)Y Correlation df 3‘1n vitro Svstems to Detect ‘M1 (WIF CML, and )
. LT .
CI)- in Wultiparous homen Cells &ested Against Panel Cells . ‘
; s . K E S S v .
-\0 . . " : oo . ) ‘9 .
K m;’._ﬂ In the study of 10 multiparqps women who ‘were sensitized o@ly
- . »1 . H

by their husbands histoincompatibility antigens their cells were
3 A}

tested against a constant panel of five Cells by MIF, CML and CI W

¢ <
(Table XXI) Between MIF and CHL 50 tests were done and there were

1] .
‘ \
21 positive tests, 9 of which were positﬁve when both MIF and CWL were

positive 7 by MIF above and 5 by Cﬁé‘alone. The chi square shqws 9 4

8w

with l degree of - freedom and the correlation between the two tests is

S significant (p < 0 01)(Tab1e XXIIa) - When MIFﬂand CI were'compared

~

:there were 40 tests done»cnly 3 of hich were positive when both 5}F
and CI were positiveé 9 were p 'itive by MIF alone ane 5 by cI alone

k.
'~(Table XXI1b). There 1s no %ignificant correlation between these two.

7
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Table XXI T
Comparison of MIF, CML, and CI by the Cells of
Multiparous Women Tested Against Their Husbands and .
o a Constant Panel of 5 Cells
A '
- 9 .
SN PANEL™™ AnD ’
EXPT. WIFE HL-A HUSBAND HL-A “pooren ceLLg, MIF My
. v .. - R
LOCK (2,3)(14,W5)_'(3,11)(7,12) H + +
o ' EE . , 1 + +
v 2 + -
3 + -
4 - -
. 5 - -
- - ¥ " - v \ R —>~- -
OGLU =~ (%3)(12,W10)  _-'ND = H ND  ND
- : . % + -
— . 2/ ) + ' +
3 R+ 4
v , . 5 I S
- = & S (

LALL  (1,9)(7,8)  (3,28)(f4,12) ~ ®H - -
, ‘ g N ‘ 1 -
S ) 2 ; - =
. o ARV R
: . . R e L& - B

LYK (LWI9)(7) (@)D

H + -
1 - .-
2 + + o
. 3 + - - '
: 44 - - - -
S - - - M . '
" GALL  (3)(7,W5) - (1,11) (8) H o+ L+ '
— : o » . o 1 N -
2 + +
- 3 + +
“ 4 o = -
A 5 = -~ -
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Table XXI 1‘

RS 7 “T\
4
*k T
. PANEL  “AND-
EXPT. WIFE HL-A HUSBAND HL-A ‘HUSBAND CErLs JMIF ML CI
WHIT  (3)(7,W5) (1,11)(8) H + + ND
v ' 1 + - - -
2 + o+ -
N 3 + + -
& - - -
‘ 'Fﬁ 5 //Aw/ - - -
DUCL  (2,11)(17,w5) . (9,11)(12) H (\J  o+ + ND
. , . 1 L+ + ND
L ‘ ‘ 2 + . - +
» t 3 o+ - g
. . 4 - T - + .
N ¥ f - 5 - -+
KREP ()7) - (3,10)(17.2% H -+
. 1 - - “'ND
. 2 %_ + -
3, - + -
~ , 4 - + -
ZONN  (9,10)(12,18)  (3,28) (5W5) "H + - ND
v . ’ » 1 - P -
2 + + -
3 + + -
4 . - - =
Q 5 - - -
+— -
ZAHA (2,10)(w1q§> (2,10) (12) H - . - ND
_ . 1 - - ND
- _ _ K
~ 3 - _ 4.
y - - T
S - - +
*ND = Not done : ) %
**HL:A'profile_of constant panel cells ) - » kX
1 = (1,W32)(12,W5) ' o o
-2 = (1,W30)(8,W10) ' B . , A
3 =(,11)(7,8) . S , , , : - '
- 4 = (W32,28) (14,22) - ' - ‘ D
5 = . ) .

(10,W32) (171wWi6)

f?h

\
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Table XXIIa
- Comparison of MIF and CML in the Multiparous
Women Study by the Chi Square Test :
MIF. 4
" i . «
+ 9 5 x% = 7.37
\ -7 29 | p<0.01 4
Table XXITb - e I
. . . | \ ‘,, . -'“ .
Comparison of MIF and.C% in the Multiparous .
Women Study by the é%i Square Test
MIF | Ly
+ L . x%=0.007
+ 3 5 p = Not significant .
CI : . '
= 0 23 , v _
Table XXITc | . &
Comparison‘of CML and CI in the Multiparous
- . meen~Study'by the Chi Square-Tes;
ML . J
+ - .~ 4 x =0.06 ¢
+ 1 7 \ P = Not significant
L ,CI-Y . _ y B f
- 11 21 v
. ' ‘
»

101.
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assay systems. Between CML and CI there were 19 positive tests: out of

40 but only in 1 case were both CML and CIupositive. CML was the.only

positlve test in 11 cases and CI in 7 cases . (Table XXIIc) There is

no correlation between oML and CI When all. 3 zn vztro assays were

- compared .4 " there we%? 9 instgpces where 2 or more of ‘the 3 assays

were positive MIF’was always positive (Figure lO) Of the 15 instances

when only 1 test was positive MIF was the single positive test in 3

occasions.

(s): Correlation Between MIF and the HL-A Disparities Among Wife,

Husband, and Panel Test Cells

+

- In the 10 multiparous women study, cytotoxic antibodies trom
7 multiparous women developed ‘against the husbands ‘antigens as well
as against the panel of'.5 cells. The sera of 5 of these women were
furth\?~tested against . panel of 100 cells to determined HL-A
specificity, Table XXIII shows a comparison of the HL-A specificities
~ determined by panel of 5 cells and one of 100 cells, and the HL-A _
spec1f1c1ties'determined by a panel of 100 cells are also the HL-A
spec1ficities determined by a panel of 5 cells except in the case of
LOCK in which there was an anti 27 antibodies not detectable by the
panel of S cells however Hi-A ZG)crossreacts strongly with HL~A 7.
which'the husband had. It is concluded that the cytotoxic antibodies

.that develop against a panel of 5 cells are . explicable in terms of HL-A -

disparity of the husband towatds the wife._

-~
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Table XXIIXI

N

HL-A Specificities of Multiparous Women Determined
by a Panel of 5 Cells and 100 Cells

&
.

S HL-A SPECIFICIES .
EXPT. : —

'x_ ’ 5 CELL PANEL - 100 CELL PANEL
'LOCK .12 : 12, 27

oL | 3,4 ‘ 14
GALI - 1, 8, wio , 1
OGLU 1 7 7
pucL. | 9, 12 - ' 9. .

Data supplied by the Tissue Typing Laboaratory, University of
Alberta Hospital, ?}ponto » Canada.

¥y
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. * Figures denote number of tests .

o Figure 10 Comparison of MIF, CML, énd CI in the .’

~ multiparous women study
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}i ﬁ pﬁsgpgétuﬁ (average of 11 month after delivery), migratiou—inhibition
i/ .
x” Uﬂ$;2f§ity wag‘dEmonStrable in 6 couples. Among the’ panel cells that

also reacted positively wiEE,Ebe wife's cells, 6 tests may be due to
{
. the fact that the panel cells sha ed HL-A antigen with the husband o R

in 4 tests the pandl cells poss/ﬁsed HL-A cross reacting antigen with

the husbands HL-A antigens” 3 positive tests were not explicable by -

‘the;HL—A system. It is concluded that the cytotoxic antibodies ‘

L

against a panel of 5 cells'are directly correspondent to the HL-A

system but the migration-inhibition phenomenon is not entirely due

to HL—A disparity between sensitizing and sensitized cells.

(T) Correlation of 3 in vitro Systems (MIF, CML, and CI) to Detect

—

CMI in Haemc lialysis Patients' Cells.Tested Against Panel Cells

N

In'the study of l2 haemodialysis patients who had been

'

multitransfused, their cells were tests against a co gtant panel of
5 cells by MIF, CML, and CI (Table \XIV) althougft”it is impossible to

determine which HL~A antigens wer : rresent on the cells that were

responsible for sensitization. There‘were 56vtests i%?which both MIF -

]

_and CML were done;. Of the 28 positive tests lS were positive by both
MIF and CM# 4 by MIF alone and S by CML a10ne. The chi square shows a

value of 13 15 with 1 degree of freedom ‘and’ the correlation between the |

N
»

tests‘is significant (Table XXVa). However there is no significant

correlation'between MIF and CI as well as CMb and CI (Table XXVb and

. " i
- &



A - - 106.

. Table XXIV . A ' -

Y
S N

Comparison of Cytotoxic Antibodies, MIF, CML and CI
'in the Dialysis Patients Study Against a Constant Panel of -5 Cells

T
N | . ' . .
' oo o’
F . “ . ‘ 14 ’

~

EXPT.  PANEL CELLS MIF CML CI

CYT
RAWL 1 + + - +
2 - - - -
3 + + - + -
4 - + - + )
‘ 5 + - -+ gy
4
SCHM 1 - - - o+
‘ 2 - + -+ h
3 - + - + N v »
4 + + - +
5 + + + + _ B
COLS 1 ' é - -
2 - B - - ]
4 - - - -
5 + o+ - -
JOLS 1 - - - -
. 2 - . + . -
'3 + ~ - +
4 - - - -
5 ~ + - -
AOLS 1 + ND - +
. 2. - + - +
3. + + - -
4 + + - -
5 - - - - -
SLIN 1 o+ + + o+
- 2 + .+ +. o+
3 + .+ - +
4 + + + +
5 -+ + O+
] X ‘
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‘Table XXIV

CYT

CI

CML

PANEL CELLS

MIF

EXPT.
DSCH

N A

+4+ 1+ +

SE

—ANM TN

FARQ

N M

3
L A I T B |
L +ny\~_
[} _\n_ |
| I R T B |

AN M3

VANE

CARS

N

SHEW.
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Table XXVa

Comparison of MIF and CML in the Dialysis .
Patients Study
ur’; .
MIF .
. 3 + - )
- 2
o+1s 9. x* = 13.15 - ny
CML D _ ' -
R AT ~ p<o.01 ,
 Table XXVb
Comparison of MIF and CI in the Dialysis ' A»:. T
Patients Study
MIF
v+ - ' , T \
+ 7 7 - xT = 1,17
cr oy S ,
B ) P = Not significant

fable XXVe

' Cpmparisoﬁ of;CML'and CI in the Dialysis;

‘Patients Study v\
CML
+ -
' : P v 2 v
+ 6 8 ' x = 0.09.
> 18 24

p =_Not‘sigﬁificant
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Table XXVIa - o o 5
: Comparison of Cyt. ab. anéjg&F in the Dialysis
Patients Study ' v -
1 co- '
) MIF , .
. | A : .
+ -—
+ 13 10 X = 6.66
. CYT _ ' : ) o
AB - 7 28 p < 0.01 ‘ .

Comparison of Cyt. ab. and CML in the Dialysis

~Patients Study .
ML
L o+ - .
e : ) .
+ 15 7 - %% = 7.87
o CYT 2 - ' SR
" - & 25 v p < 0.01

Table XXVIc
Comparison.of Cyt. ab, and CI in the Dialysis
. Patients Study T

>

cr S . | |

+ 9 14 ’ x* = 4.6
‘ p = Not.significant

C



XXVc). When MIF and CI were compared there were 27'positive tests,

7 of which were positive for both MIF and CI (Table XXIV). 26 out of "<

the 32 positive tests for CML and CI showed discrepancy (Table XXIV).
© , : S

When alfﬁfhe 3 Zn vitro assays were compared there were 18 ‘\?g

~

) reactions where 2 or more of the 3 systems were positive MIF was '
positive in 17 instances (Figure 11). Of‘the 15 instances when only

1 test was positive MIF was the single positive test in only 2 occasions.
. ® _ :
It is concluded that CI does not appear to mark the same-

-
speciflcities as CML and MIF.

J/

<.,
e

(U) Correlation Between MIF and the HL-A Specificity

In the multitransfused patients the sensitizing HL—A antigens
: coEld not be determined but the patients»sera were‘%ested against
Athe same'5 cell panel to detect cytotoxic antobodies which usually
COrrelate with HL-A specificities. of the 12 patients studied 7
developed cytotoxic antibodies against one or more panel cells, and
.9 hadddlf activity against the same panel. There were 58 tests don ‘ f
by both MIF and cytotoxic antibody ‘assays, and 41 tes?s were notuc:é ’
o discrepant. The correlation between the two systems by chi square is

'significant (p < 0.01). There is‘also significant correlation between

"ML and cytotoxic antibodies (p < O. 01) but not betﬁben CI and cytotoxidD

.antibodies (Table XXVIa b, and c) N : _ ' Jf’ ' jg‘fég//

. ) hd
L N
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(V) Effects of Rabbit Anti Human Gamma Globulln in Culture
: T
\

Rab;&t anti-serum to ‘human gamma globulin was obtained in lyopholized
form (Miles,'Pentex:Research Products) and dissolved in 2 cc of distilled
nater. To each million cells 1 ul, 10 ul or 100 ul of the serum was
‘added, Cultures were set up in. parallel w1th culturesﬁcontaining ABS
only. The migration index was‘low 1n‘HWnincubates.and normal inCW.

1 1ncu§ate§ underbvariOus'concent;ation of anbit ant* human immunogégbulin
(Figure 12) From this.it is concluded ik migration—inhibition,:in
direct migration of -6 hour HW incubaces, is not due to antibodies
 secreted during the incubation and tie sdbsequent migration periods.

This provided indirect evidence that MIF is the cause of inhibition in

this direct migration system. T

(W) Detection of MIF activity after‘Sephadex G lOO'Separat&én
. - T P . o

'Supernates.frOm different cultures such as HW, CW, and W

that contained ABS and - ABS with<ghtologous serum of the W were concentrated
'SX dialysed .and passed through a Sephadex G 100 colum.  The fractions
were pooled as Gl G2 G3 Géland G5 according o the peaks from the : |
charts of the recorder.. After lyophilizat;:n,and oncentration of the
supernates, guinea pig'peritoneal eaudate cells\ﬁ?EC) were allowed to
migrate in.them (Figure.13) (Table XXVII). MIF ac;ivity waS'detectable'

. - v _

only in the HW culture upernates of G¥4 and G-5 fraction incubated in

A&,
the absence of the wife s serum. It is’ concluded that MIF activit



0.80 -
Ml

050k

:

b1 4

) 0 01 1 10
- RABBlT ANTl!-HUMAN YGLOBULIN,

Figdreil? Higration 1nhiﬁ*tion in the presence of rabbit

anti—human gamgg’}obulin .

113.



P - . -

" 114.

r-' . . . . ,v .
Table XXVII | | |
Detéétion of MIF Activity in MLC Supémates
After Column Fracti&ati}k '
&
GI  GII* GIII GIV GV

| Guinea Pig ' . '

[ ~ PEC ( ' : ' o
ABS ' . v ) L /\ . 1
HW - - -+ o+ S

ABS & WS A
- HW - - - - -
W - - - - -
. ~ -
CW - - - - -
» ‘ N
)
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- is demonstrable by molecules of 70,000 to 23,000 daltons, and autologous

'.serum‘does not inhibit the,activity of MIF but prevents MIF releaSe.



V. ~DISCUSSION'

} B
Studies have established the existence of two distinct

populations of immunocompetent cells (Craddock et aZ 1971) One'of

these consists of cells (B) capable of producing specific antibodies.

The second population is thymus dependent (T) and is responsible for

-

“cell mediated” immunity. Cells from'this population do not secrete

noglobulins and when stimulated in g%tro by antigen these cells
release substances which have been described as possible effector
molecules .of cellular tmmunity (Granger & Kolb 1968 Bloom & Bennett,

1966 Kasakura & Lowenstein, 1965 Valentine & Lavrence 1969). HIF

is one of these effector molecules.

f&k

In vztro lymphocytes from two non HL-A identical individuals
would be expected to become sensitized to each other in MLC. As a

result lymphocytes after 5 days of culture might not only prollferate

but also produce MIF. In’ 16 experiments supernates from MLC and unmixed

g
lymphocyte cultures were assayed for MIF activity by allowing an

unrelated population of human peripheral leukocytes to m1grate in them.'

: This procedure is called the indirect migration technique. 5 day MLC

117.

. &

between normal unsensitized cells produce MIF whether cultured in human

. AB serum or FCS (Table II and III) TR the case of UMLC where one of

st

<4
“the mixed populationshad been irradiated by 7000 R there is also MIF

- activity dgtectable in the supernates after 5 day culture (Table IV)

- . -
a -
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,It was shown that the source of the indicator leukocytes is unimportant
in the detection of MIF. Cells from either the 3rd party, responder or
stimulator were used as migratory cell populations and had MI of 0.38,

‘/% 40, and 0 4Q»respectively in the same cultured supernates (Table IV)

: Although the presence of cytophilic antibodies ina 5 day culture cannot
be ruled out the inhibition phenomenon is . definitely not specific. MIF

lis known mnot to 1nhibit cell migration specifically (David 1972) The

MI from the 5 day UMLC is not significantly differeng’from the MI S
from 5 day MLC (Table 11, III and Iv) although in the latter case .
lymphocytes from both individuals can produce MIF, The amount of MIF
produced by one population or two is not demonstrable by the indirect

migration inhibition technique.

In 5 experiments in which lymphocytes of 2 unrelated individual
"are set up for 5 day MLC and UMLC and the cultured cells are used to
mlgrate.in the concentrated medium -the average MI are 0.36 and 0.42 ‘
respectively . (Table V) This is the 5 day direct migration technique. | g}
‘When Rich and Lewis (1932) first described the migration—inhibition -
.phenomenon they mentioned that lymphocytes could not be inhibited very '
well. Since then George and Vaughn1(1962) have used guinea 'pig PEC
'-which were composed of 702 of macrophage and lymphocytes and 302
: polymorphonuclear cells as indicator cell population.fuMany centers
- doing MIF have termed the procedure as . macrophage migration—inhibition.
Soborg (1967) has used human peripheral leukocytes and Clausen (1972)
‘has also used human polymorphonuclear cells as migratory cell

populations.
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In the 5 day direct migration systems (Result D, Table V)
a fairly pure population of lymphocytes which are also the<stimu1ating
./—.‘

and responding cells, has been used as the indicator for mlgration and

its inhibition. There are obvious advantages of the direct migration

119.

technique over ‘the indirect’migration technique but this will be discussed

: Later in this’chapter. Using the direct migration technique, 5 day UMLC

cells were.mixed in 1 : 1 ratio with‘fresh leukocytes;<thi5'system still

.demonstrates migration'inhibition (Table X). This phenomenon demon~

strates that (l) the cultured cells were still viable, (2) they were

still able to produce MIF, and (3) the MIF was. 1nhibitory not only to

the sensitized Cultured cells but also to fresh leukpcytes. “ The last;
7point correlates with early work by David (1964) that a proportion
of cells producing MIF can inhibit other cells. The data from the 5.
~ day direct migration technique is consistent with the view that MI
“obtained from MLC is not significantly different from MI obtained
from UMLC (Table V). It is appa;fit that both the direct and indirect
: migration techniques are not quantitative enough to distinguish MIF
‘produced by one or two cell populations._- _
v . .
In MLC between unrelated individuals MIF is present in the
supernates by the 5th day but not by the third day (Figure 1 and 2)
(Table VI Table VII, and Table VIII) as demonstrated by the indirect
migration technique In the case of multiparous women who have
‘cytotoxic antibodies’ against their husbands HL-A antigens MIF is

'detectable in the supernates of the .Cultures between husband and wife

(HW) by the third day (Table XI) Significant MIF activity is not




‘detectable on the third day in the,;upernatant of MLC between cells
from the wife and the third control (CW) (Table Xi) with the exception
of Zackowsk1 in which case the wife reacted with the control who had
Wl7.  Antibodies against W15 which ‘the husband had could be absorbed by
W17 (Appendix D). A vigorous specificity study should use «C and H cells
with incre331ng sharing of HL—A antigens. This might lead to a point
where CW supernatants would become positive at day 3. | This study would
also shed somemlight into the understanding of other histocompatibility

H
loci. To date this study has not been done.

In the presensitized cdmbination (husband;and multiparous

‘women) MIF production has commenced earlier thus explaining the

P

“_.detectability by day.3; Alternatively MIF production might commenceq

'

51multaneously in the sen51tized and control combinations but the
Vproduction could be much greater in the cultures where the sensitive
wife s cells are confronted with thd’sensitizing histoincompatible

;,Q“« "'r Y T A
antigen of the husband In either case one migh J e

A i 2 g ’5‘_‘) &
This may ‘mean that the sensitivity %F f'

(p < 0.1).

'.technique is not sufficient” to%permit detection after an., qptfhum aﬂggnt

of migratiOn inhibition material has begn @roduced Alternately in5
. X . G&l 'B v s,., . .
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presensitized culture (HW), production of MIF may- commenoﬂg peak and

Jh.
end earlier so that by the 5th day very little fresh quais produced

‘In the control culture (CW) on the other hand, MIF 220 yuction'could

,mﬁ'tn day, so that

o ,é

£ 'ﬁge cultures (CW)
o S
at that time may not be significantly lowJ% Léﬁ#h in the presensitized

‘culture (HW). One way to study the problem" fremove the supernatants .

on the 3rd day and add fresh medium into each set of culture. -If
there is MIF activity in the fresh medium of 5 day MLC then %ﬁf pro-
duction of MIF is continuous and the technique is definitely not.

sensitive enough to distinguish between 3 day production of MIF in HW .

g
-

and l day production of MIF in CW culture.

v e

)

MIF has been shown to be a product of cells entering the mitotic »

cycles, more specificially that of the 'S' phase (Tubergen et al, 1972).
&
It is of interest to determine if a significant correlation could be

_obtained between the degree of lymphocyte transformation and the MIF

s

A .
activity of the supernatant fluids in these cultures. In 5 day MLC and

UMLC there is always significant blastogene51s whether the cultures are
in pooled human AB serum or FCS (Table II Table III, Table V). However,
in ‘all these experiments in which MIF activity is also demonstrable,

- the BI. does not closely correlate inversely with MI (Results B and D)

A significant increase of blastogenesis is not followed by a 1ower MI

in the same culture. Thus, although there is a failure to demonstrate

MIF activity by the indirect migration technique in 3 day MLC%and. UMLC

there is significant blastogenesis in these cultures (Table VI Table VII
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! : e
Yy ,.
; g

and Table VIIl).v BI is an eaf¥lier indication of MLC sensitization than

MI between unrelated individuals. v o

“u

~ When ‘the BI of the unrelated set (CW) is compared with that

of the presensitized culture (HW) there . is no statistically significa: -

x.,"

difference either on the 3rd or 5th day in either MLC or UMLC (Table XI).

Thus under the experimental-conditions, lymphocyte transformation as

. quantitated by tr1tiated thymidine uptake does. not detect presensiti-

zation whlch is. demonstrable by the earlier appearance of MIF activity

in the supgrnatant fluid_of HW cultures,

Thqglack of correlation between blastogenesis‘and MIF

'-productlon in MLC may be due to different specificity of stimulation or

even due to different subpopulations of cells«fggocklin (1973) has

: demonstratedithat in conditions which allow for preferential elimination

of a population of proliferating lymphocytes, there is a population of

,cells that remains capable of producing MIF. The activity of MIF +

produced by these 1ymphocytes is comparable to that of the original k :

_population. This suggests that nondividing cells contribute significantly

to AIF production whereas the dividing cells are responsible for
9

blastogenesis.

Lymphocyte transformation and proliferation in a 5 day MLC

were for a while presumed to be due to HL-A disparity. Recent work‘by

’Bach and his colleagues (1972)'haveshown, hovever, that there.is a

!

lymphocyte defined locus which is demonstrable by MLC The correlation

between the average migration inhibition and the number of HL-A
.



123,

discrepancies in skin graft individuals has been reported "striking

and statistically significant" (Falk et al, 1970). But it is apparent
(-4

that the MIF specificities are not restricted to the HL-A system since

3 pairs of unrelated HL—A identicals demonstrate significant migration

inhibition in 5 day MLC (Table XII) . ' 5‘

The properties of MIFlnve been revieued in_great detail by
David (4971) and Remold (1971)-and will not bebdiscussedvhere. .To
demonstrate.that the migration.inhibition‘phenomenon is due to MIF and
AN

not MIF-like-activity, leukocytes from three unrelated individuals have
- been allowed to migra?e/inrthe same supernates, and they all show
'significant inhibition in 5 day MLC supernates of unrelated individuals
(Table IV) and no inhibition whatsoever in 3 day UMLC .This»confirms
that MIF would inhibit leukocyte migration nonspecificially (David, 1964).
Hhen the 5 day MLC cells are mixed with fresh leukocytes, again there is

_significant inhibition (Table X), similar to David s finding that only

a proportion of migratory cells need to be the sen51tized cells producing

AMIF (David 1964)

In the concentrated supernatants, migration inhibition is not

~ due to decreased viability of migrating cells, since there is no signi///}
ficant difference in the viability.of cells migrating in the control
supernatants from unmixed cultures vs thoser in the MLC supernatants E

(Table XIII . The osmolarities of the supernatants in the same

nt wege sim Lff so that there was. no possibility that inazLition'
-——(

was due to psmo c/ differences.
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.The MIF activity of the supernatant fluids is unaffected at
56°C for 30 minutes. Unheated ‘the mean migration index of five 5 day

MLC supernatant was O. 35 * 0.08 s. e. after heat treatment the mean

activity was 0. 43 * 0 13 s. e. MIF has been demonstrated to be- heat

. stable but cryolabile (Bloom & Bennett,.l971).v The M1 of HW sdpernates

prior to freezing at -70°C for 3 day was 0. 44 0. 09 s.e. and after
) ' , ' :
freezing the MI was 1. 14 * O 12 s.e. (Table XIV) ' , ) >

The disadvantage‘of the indirect'migration lechnique is the

-lengthy period of incubation and another 2 days are required to concentrate

and dialyse the cell free supernatcs befdre peripheral leukocytes from

another person are ‘allowed to migrate.' Besides the procedure requires

more than 50 X 106 lymph01d cells to. accumulate sufficient supernatants.

_The direct migration technique (Table V) eliminates these difficulties.

JESRY ,

‘Instead of a 3 day MLC incubation period inhibition by the
direct migration technique has further been shown after only 6”hours of
incubation of the supposedly presensitized wife ~ells and her husband's
cells.' In this 6 hour direct migration technique 20 out of 21 HW
comblnationshad a MI of less- than 0 80 (Table XIII) In all these 21

cases the multiparous women had had cytotoxic antibodies 2 days after

- delivery against ‘a panel of cells as well as- having them against their

)
husbands antigens at the time when MIF activity ‘was determined (6 weeks

postpartum) Two out of 21 CW combinationsalso had inhibited migration.

In both cf these two cases the control () sharesHL-A antigen with‘the

husband (H). Over all there were\? occasions in which the C shared

S
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| HL-A ‘antigens with H. o R

In other instances when the wives had had cytotoxic antibodies

N

detectable after delivery but none measurable when the experiments were
done 3 out of 5 cases demonstrated migration inhibitlon in HW combinatioms
(Table X1V). With multiparous women who never hdd had any detectable

antibodies against their husbands or the 5 cell panel 4 out. of 8 mixed
"HW cell populations were - idhdbited from migration (Table XV) When ‘the

 wife has cytotoxic antibodies against her husband'Scells direct capillary

>

_migration of HW cells nearly always detected MIF activity. The hIF

activity in HW cell mixtures is only sometimes observed in those women

who have lost cytotoxic antibodies or'when the ant1bod1es were not detectablo.
Thus CMI as demonStrated by the direct migration technique can be in—

duced by gravidity in multiparous women, and can also persist after the

' disappearance or in the absen of cytotoxic antibodies,

Cu v
LI

The same phenomenon can also be demonstrated by allowing the
cells,to migrate in agarose instead of coming out . from the capillaries o <i
as in the direct migration techniquel) This agarose migjhtion technique

whidu;equﬁ;es fewer cells than the direct migration technique has been
. >
-Teported to be more sensitive (Clausen, 5972). A comparison study has

-

shown that the 6 hour direct _agarose technique is as sensitive as, if

t

not better, than the 6 hour capillary’migration technique (Figure 9
: Table XvIir. - o o . |
. . : LN . -

WH cells that show- inhibition of migration in both the direct

.

capillary migration test and the direct agarose migration technique '
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do not demonstrate MIF activity in the presence of the autologous serum

" of the multiparous women (FigUre 9, Table KVI) Thus blocking

phenbmenonbin the MIF test is specific because autologous serum’from

' one multiparous woman does’ not affect migration;inhibition of another

HW cell combination (Table XX). . Nonspecificrfactors in the“sera'adhered
to : the placenta may interfere with CMI (Currie et aZ 1968, Riggs
et al, 1971) but ‘they cannot take part in this ‘in vitro _assay. 0ther'
V nonspecific factors that can 1nterfere w1td CMI1 reactio%ihave been
demonstrated in maternal sera (Kasakura, 1971) but these factors usually'

disappear 2 days postpartum and most of the MIF blocking was demonstrable

6 weeks after delivery ;

' Using these sera in HW UMLC there is significant inhibition of
response as compared to HW cultures w1th AB serum alone (Table XIX)

‘!F‘ *\.'
Although it has not been possible to demonstrate presens}tization by
changes in blastogenesis 1t would be interesting to compare sera that

. 1se MIF blocking -and UMLC inhibition with a view to antigen specificity
and s ‘te of inhibition.,-

The'results (Table XIX) show that here 1s no MIF blocking

4

and UMlC inhibition in'two of'the'thirteen HW combinations and in none"'
of the! thirteen&oontrol experiments. There are both blocking and
v.1nhibition in eight of the other eleven couples. ‘Thusithere is
'discrepancy‘between,the two”tests,in three7out’ofltwenty-six (11.5%).

It is possible thatvexcess antibodies‘are-acting on thebhusband'siCells-
preventing both the'release Of MIF and_the'transformation of the‘wife?s

-cells., =~ R L - _ L o R
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- But in the case of central enhancement where antibody—antigen
complexes are presumably in smaller quantity than free antibodies it

is possible that these complexes are (1) acting on the same recognition
'site; responsible for ﬂu:production of MIF and blastogenesis (2) very
close recognition sites that the blockade of one would by steric effect
”prevent the other recognition site to be in contact w1th the sensitlzing
cells, or (3) two”far apart recognition sites. covered by two different
antibody—antigen compleXes which happen to be in the serum. The postu-
: ; 5
late of close recognition sites seems most likely because of the

: correlation of the twd’éests and the discrepancy (ll 5%) between the

‘tests does not point- to the first possibility.

::> A ' rther analysis of MIF specific1ty is to compare MIF and

cytotoxic antibodies as well as other tn vztro tdsts for CMI, such

as CML and CI (Figure 10 Figure ll) The pencentage (30 5Z) of
multiparous women (3 or more pregnancies) having cytotoxic antlbodies 2
day postpartum compares well with the finding of 33Z by Payne and
;Rolfs (1958).  The specificities of the cytotoxic antibodies as
determined by a panel of 5 cells cannot be accepted as in any Jay
: adequate. However , the reactivity of multiparous sera again:t.such a
.small panel is not inconsistent with the _HL-A profile of husband and
panel cells. Moreover when 6 multiparous sera were further typed
‘against a panel ot 100 cells or more the cytotoxic antibodies of

'these sera did not lie outside the HL-A specific1ties determined by -

the panel of 5 cells (Table XXIII)

~
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MIF correlates withtMe cytotoxic‘antibodies by the Chi square
test (p < 0.01) in the study of dialysis )atients (Table XXVIa) There
is also 51gnificant“}orrelation between MIF and CML in the dialysis
patients as well as multiparous women (Table XXVa and Table XXIVa) " In
these 2 studies there are 26 positive reactions in which one of the
three in vztro tests of CMI is positive MIF is the single positive test
in only 4 instances (6 82). On the other hand, ‘there is reason to

believe that single positive reaction by CML or CI alone (22 of 58

p051tive test or 482) may ot represent CMI.

These studies éhow ' that migration inhibition as
demonstrated by the agarose technique correlates to some degree with
chtotoxic antibodies and CML. Further MIF:blocking by immune serum e

correlateswith UMLC inhibition. The MLC response was initially ,;rf
presumed to measure the dlsparity between the HL-A system (Bach

1966) by the finding in man dat cells of siblingsfailed to stimulate

each other approx1mate1y ZSZ of the time whereas cells of virtually a11
.unrelated 1ndividuals tested stimulated Later studies (Bach - et al, 1972)
1nd1cate that histocompatibility differences which lead to MLC activation
. are at least in some case: separable from the serologically defined HL-A
tjloci. Eijsvoogel had demonstrated that MLC activation determined by a
blocus‘(loc1) distinct from the presently known HL-A loci was prerequisite
for 1n viteo induction of CML (1972) Recently the same author has

shown a CML negative reaction in a MLC positive situation (Eijsvoogel

-et al, 1972) If. the present findings on MIF activity do have an Ln

vivo significance it could be postulated that MIF activation may be
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: Vel o E
determinéd by an independent locus whict\js very close to the HL-A,

CML, and MLC loci. -

& Like ‘the: direct capillary migration assay, the direct agarose
migration technique has only demonstrated that the migration inhibition
is due to. the presence of tissue speelfic antigens which presumably
stimulate the presensatized cells to produce MIF activity.* In the
indirect migration technique the properties of MIF in the supernates
can be demonstrated by heating, freezing,.chromatography » CsCl gradient
andngel electrophoresis separation. Because the supernates are not used
in the direct oapillary migration assay and dlrect agarose migration

technique, some authors have suggested that - inhibition in this. system

. ST
ve 7

may be due to cytophilic antibodies.

. o . . r' .
To demonstrate ‘that cytophilic antibodies are not cau51ng MIF-. ¥

o ldike acti\ity iv the direct and agarose migration inhibition assays

i(,

rzbbit antihuma“ szra have been added in three concentrationsin other

icentical sets 0! tultures. When the HW cells are inhibited from

a

,migranior “e .ame HW cells which have been incubated together for 6

-

hours with rabbit antihuman sera also show MIF activity._ Rabbit

antihuman serum under these experimental conditions do not prevent

<

"inhibition of cell migration, and: this makes - it unlikely that antiybdy

.is the cause of migration inhibition (Figure 12)
. » .

-

In this study MIF activity is demonstrable fromtﬁe supernates

of cells which are used for direct and agarose migration inhibition assay.

<

MIF has been described to have a molecular weighq”éetween 67 000 23,000
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depending on the. species from which_it is pronuced (David, 1972,
Valentine & Lawrence, 1973). MIF activity, as demonstrated by guinea
pig PEC is shown in G-4 and G-5 fractions of HW cultures supernates
(Figure 13, lable‘XXVIl). The G-4 fraction contains molecules_of
70,000-25,000 daltohs,iand the G-5 fraction contains molecules; like
the chymotrypsinogen A marker = of 23, 000 daltons. Human MIF\has
been reported to have a molecular weight between 40 OOO 23 ,000 (Bloom‘
& Bennett 1972) . It is quite prchable that the G-4 and G-5 fractions-

from HW supernates contain the’molecule MIF.

WH'cultures that show inhibition of migration in both the
~direct capillary migration and agarose assays do not demonstrate MIF
act1v1ty in té; presence of autologous serum of the multiparous woman.,
The G-4 and G-5 fractions from the HW culture and autologous serum

- (HW + WS) do not have any WIF activity (Table XXVII). This could be
due to blocking factor(s) in the autologous serum preventing the
effector cells to release MIF: PresUmably the blocking'factor acts

_ elther to cover up all the histocompatibility antigen on every

' sensitizing cell or acts on the much smaller specifically sensitized

. responder cell population.. Unfortunately there is no evidence on either

postulate. o . o S R

"+ The 1ess satisfactory results of serological ’typing "in the
selection of unrelated donors (in organ transplantation) may well be

explained by the high chance of 1ncompatibility for the lymphocyte deffned

alleles, which may’triggertlymphocyte activation. The,MIF technique has
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been developed from. indirect migration to direct migration and then to the
agarose technique. All these techniques have shown that 1nhibit10n

of migration is due to MIF activity. CMI as demonstrated by the HIF '

»techniques can be induced by pregnancy in multiparous women and by

transfusion. in haemodialysis patients., The MIF test can*detect CMI
after the disappearance of cytotoxic antibodies; unlike MLC, it can
detect presensitization-‘unlike CﬂL it can detect blocking factors-

unlike CI it takes less than 36 hours to obtain the results. It can.

be used as a monitoring system for organ transplantation tumor

immunity and‘autoimmune diseases and it may be the only CMI test that

]

can. detect sensitivity to a certain histocompatibility locus. . The MIF

phenomenon may be caused by the interaction of an extremely small number

‘ .

of sensitive T cells in contact with specific “antigen leading to a
series of events that produce a large mononuclear reactlon in vivo with

a heightened activ1tyi§g destroy "foreign" tissues. The capacity to

¢

vproduce a large cellular reaction is the most economical method by which.

" the organism might maintain effective cellular 1mmun1ty to a wide variety

of antigens. Therefore there is urgent need for further studies of the

HIF phenomenon to answer some of the problems existlng in 1mmunology

e

A



v 132,

VI. BIBLIOGRAPHY

£

 Albertine, R.J. and Bach, F.H. (1968). Quantitatlve assay of antigen
disparity at HL—A" the major hlstocompatlbllity locus in man.
J. Exp. Med. 128 639. '

Algine, G.H.,'Weaver,‘J.M. and Prehn, R.T. (1957). Studies on tissue
’ homotransplantatlon 1n mice using dlffu51ng chamber methods.-
Amn. N.Y. Acad Scz. 64: 1009.

 Amos, D.B. (1969). -Genetics and antigenic aspects of human histdcbmpati—
. ‘ bility systems. In: "Advances in Immunology"”, ed. by Dixon and

Kunkel Vol. X, p. 251 Academic Press, New York.

Amos, H.E., Gurmer, B.W., 0lds, R.J., Coombs, R.R.A. (1967). . Passive sensi-
. tisation of tissue cells. II. Abilit§ of'cytophilic antibody to
render the migration of guinea pig _peritoneal exudate cells

inhibitable by antigens. Int. Arch. Allergy 32: 496.

Amos, D.B. and Bach, F.H. (1968). Phenotypic expression of the major
histocompatibility locus in man HL-A: leukoc§te”ﬁntigen and

- mixed leukocyte culture reactivity. J. Exp. Med., 128: 623. -

Amos, D.B., Bashiv, H., Boyle, W., MacQueen, M. and Tiilikainen, A. (1969).
A simple microcytotoxicity test. Tramsplantation 7: 220.

gmos, H.E. and Lachmann,P.J; (1970).  The immunological specificity of a
macrophage inhibition factor. Immmology 18: 269.

‘ Asherson, G.L. and Ptak, W. (1968) Contact and" delayed hypersensitivicy
in the mouse. 1I. ACthe sensitisation and passive transfer.
. Immunology 15: 108.



- | | ‘, o | : 133,

Bach, F. and Hirschhorn, K. (1964). Lymphocyte interaction: a potential
-histocompatibility'test in vitro. Science, 143:/813.

Bach, F.'and~Voyhow, N.K. (1966). One way stimulatioq/iu mixed leukocyte

culture. Seience, 153: 545.

Bach, F.H. and Bach, M.L. (1971). Mixed leukocyte culture in transplan-

tation immunology. Transp. Proe. 3: 942.
Bach, F., Widmwer, M.B., Segall, M., Bach, M.L. and Kleins, J. (1972a).
‘ Genetic and immunological complexity of major histocompatibility
' aregions.v Setence, *176: 1024. ’
Bach, F., Bach, M.L., Sondel, P M. and Sundharadas G. (l972b) Genetic
o controls of mixed leukocyte culture react1v1ty. In Iransplan—

~tation Reviews' ed. by G. Moller vol. 12, p. 30.

. Bach, %.H.'and Bach M.L. (1973). Cell mediated immunity: separation of -
cells involved in recognltive and destructive phase. Scien%é,
180: 403.

Bain, B.,'Vas, M;R. and Lowehstein, L. (1963). . Proliferative and differ- ™

 entiative manifestatlon of cellular immune potential. Progr.

AZZergy 10: 1.

.Baiu, B., Vas, M.R. and Lowenstein, L. (1964). The development of large
N ‘ immature mononuclear cells in mixed leukocyte cultures. Blood _
-23: 1008,
Bartfeld, H. and Kelly, R. (1968)‘_ Mediation of delayed hypersensitivity
by peripheral blood lymphocytes zn vitro and by their products
Ln vitro and in vitro: morphology of ir vitro lymphocyte -

macrophage interqction. J Immu%ocogy 100: 1000.



134,
: _ &
Bartfeld, H., Atoynataw, T. and Kelly, R. (1969). Delayed hypersensitivity
ggndies'with a modified capillary migration culture system. '
Transplantation 7: 242, ‘

BatcheIor,‘J R., Boyce, E.A. and Gorer, P.A. (1960) Synergic action
between 1soant1body and immune cells in graft reJection. Trans-
pZantatzon Bull 26: 449,

!

Batchelor, J.R. and Howard, J. G‘ (1965) Synergic and antagonistic effect
of 1soant1body upon graft versus host disease. Transplantation
3: 161, |

Batchelor, J.R. and Selwood (1970). HL-A subloci: are they valid’ In:
' Histocompatibility Testing 1970 ed. by P.I. Terasaki, P 243

Munksgaard, Copenhagen.,

Beer, J.Z., Ziemba- Zak, B., and Rosilk 0. (1971) Regeneratioﬁ of .
proliferation act1v1ty in the proge ofwmurine lymphoma cellsw
'L5178Y irmadiated with X rays. BuZZ.-Acad.'PoZ; Sei. [Biol.]
18: 581.° . R

Benacerraf B. and Gell P.G.H. (1959). Studies on hypersensitivity. I.
Delayed and Arthus- type skin reactivity to proteln conjugates in.
guinea. pig. ~ Immunol a: 53
' . ‘ v S

Bennett, B. (I965). Specificvsuppression of tumor growth by isolated
peritoneal macrophages from immunized mice. . J;.Immunol; 95:

©oes6. | . ) :

Bennett, B. and Bloom, B.R. (1967) : Studies on the migration inhibitory
' factor associated with delayed type hyJersensitivity. cyto-
dynamics‘and specificity. Transplantation §: 996.



135.

Bennett, 'B., and Bloom, B.R. (1968). Reaction in vivo and in vitro ,
produced by a soluble substance assoclated w1th delayed type
hypersensitivity. Proc. Nat. Acad. Sei. 59: 756.

Bernstein, I. and Wright, P.W. (1971) In vitro detection of enhancing

antibody by the macrophage migration test. Nature New Biology
231: fs o

Billingham,vR E., Brent I; and Medauar, P.B. (1954). | .Quantitative

studies on tissue transplantation immunity.. II., Origin,

strength, and duration ' of activ1ty and adoptively acquired
immunity. Proe. Roy. Soc. [Londbn] 143: 58.

)

B. (196B) Further studies

on adoptive transfer of sensitivity of skan homografts. J. Exp.

Med. 118:°397. o
."gb~

-B16%h, B.R.:and Bennett, B. (1966). Mechanism of a reaction -én v1tgc”

Billingham, R.E., Silvérs, W.K. and Wilson, D

v associatéd w'th delayed type hypersen31t1vity.

Bloom, B.R. and: Chase, %’ ’
tivity. A critical revﬂkq and experlmental study in- the guinea

pig. Prog AZZergJ 10: 151,

Bloom, B.R. and:Jimenez, L. (1970). Migration 1nh1b1tion factor and cell—
ular basis of delayed- type hyperSen81tiv1ty reactions, Amer. J.
Path 60: 453. "

Bloom, B.R.; Caffney, J. and Jimenez, L (1972) Dissociation of MIF
' production and cell proliferation. J. Immunol 109: 1395.
Bloom, B.R._and Glade, P.R. (1971) (Ed) "In vitro methods in cell mediated

immunity". Academic Press, New York.



~y

<o SR | ' ' 136.

' Bodmen, W., Bodmen, J., Adler, S., Payne, R. and Bialek ‘J. (1966).

Genetics of "4" and "LA" human leukocyte groups. “Ann NY Acad.
Sci. 129: 473. . |
%
Brent, L. and Medawar, P.B. (1967); -Cellular immunity and homograft

reaction. Brit. Med. Bull. 23: 55.

\\

Brunner, K.T., Cerrottini J.C. (1972). Cytotoxic lymphocytes as effector
' cells of (MI. Proc. Ist int. Congr. Immamn. 385,

 Bryere, E.J. and Barrett, M.K. (1960a). A strain specific influence of

parity on resistance to homografts. Amn. N.Y. Acad. Sci. 87: 112,
g" |

Bryere, E.J. dnd Barrett, M.I.C. (1960b). lProlongéd surviyal of skin

homografts in parous female mice. J. Nat. Cancer Inst. 25: 1405,

-
' L]

Bryére, E.J. and Barrett, M.K. (1961). Tolerance ihddeed by parity in

mice incompatible at the H-2 locus. J. Nat. Cancer Inst._273”409;

Buckley, R.H., Scﬁiff, R.I. and Amos, D.B. (1972). ' Blocking vf autologous
- and homologous leukocyte responses by human alloimmune plasma.
» A possible in vitro correlation of enhancement. J. Immunot. 108:
£.34.

B

Carpeﬁter,jR;R. (1963). Cellular hypersensitivity to PPD énd,other protelp

o antigens. Federatioﬁ~Proceedings 22: 617.

>

Cepelllnl, R., Franceschini, P., Miggiano, V.C. and Tridente, G. (1965)
D1rect10na1 activation of mixed lymphocyte culture (a preliminary
report) Histocompatibility Testing p. 225. 'Munksgaard,

Copenhagen.

'Cepellini, R., Curtoni, E.S., Mattinz, P.L., Leigheb, G., Visetti, M. and

Colombi, A. (1966). Ann. N.Y. Acad. Sci. 129: 421.

. Cepellini, R. (1971). 01d and new facts and speculations about traneplan-.-

tation antigens of man. In: Progress in IMmunology,'ed.

11
‘ +



' | | | 137.
%(. _ ‘ o

Amos, D.B. p. 973. Academic Press, New York. '

Chase, M. W. (1945) The cellular transfer of certaneous hypersensitiv1ty ,
‘ to tuberculid. Proc. Soc. Exp. Biol. Med. 59: 134.

Chase, M.W. (1965). The allergic state.>In: Bacterial and mycotic
infection in man, ed. by Dubos, R., and Hirsch, J.G. J.B. Lip-
- pincott Co. Philadelphia.

Clausen, J.E. (1971). Tuberculin-induced migratlon inhlbit¢on o' Ghan

peripheral leukocytes in agarose medium. , Acta Allergologica:
.. : . ,

& -
Fod
W

Clausen, J;E. (1973). Migration inhibition effect of cell free suﬁernathant
from tuberculln stlmulated cultures of human mononuclear 1euko~
cvtes demonstrated by two step MIF agarose assay. J..Dnnunol 110:
546. ‘

Coe) J. E., Feldman, J.D. and Lee, S. (1966) Immunological competence of
thoracic duct cells. TI. Delayedvhypersepsitivity; J. Exp..Hed.v
~123: 267. '

Cohen, 'S. and Ward, P. A. (1971). In ULtPO and in vivo activity of a lympho-
cyte and ‘immune complex—dependent chemotact1c factor for eosino—}
phils. J. Exp. Med. 133: 133

. ‘ | T |

Coopér,'H L. and Rubirov A.D. '(1965) RNA metabollsm in lymphocytes

i B stimulated - by phvtohemmagglutinin' initial response CQ,PHA.
" Blood 25: 1014.

' Cooper, M. G. (1975&) ‘Delayed-type hypersensitiv1ty in the mouse: II;

| Transfer of thymus - derived (T) cells. - Seand. J. Immunol. 1:

237. - . .

1



. 138,

Cooper, M.G. and Ada, G.L. (1:72b). Delayed ~type hypersenSitivity in the‘
mouse. III. Interaction of thymus  derived effector cells and

@hﬂlr precursors. ‘Seand. J. Immunol J1: 247, -
: :

Craddock C Gﬁg Longmi e, R., and McMilla , R. (1971). Lymphocyte and
the 1mmune response. New Eng. .J. Med. 285: 3., -
Crittenden,'L.B., Johnson, L.W. and Okazaki, W. (1964) Hiscocompatibility
' and erythrocyte antigen variabillty wlthin highly inGred lines
of white leghorns. Transplantation 2: 362,
Cunn1ngham A.J. and Sercarz, E.E. (1971). The asynchrOnous development
. of 1mmunolog1cal memory in helper (T) and precursor (B) cell

lines. EurOpean J. Immunol. 2: 413

. ' ' 3;"% ) .
Currie, G.A. (1967). Immunologlcal studies of trophﬂblast in vztro. J.
' Obstet. Gynaec. Brit. Comm. 74: 841.

Currie, G.A. and Bagshewe, K.D.'(1967) The masking of antigen on tropho—
| blast and cancer cells. Lancet 12 708. : .
o ‘ ) .
.Cufrie,'C A., VahDoorniﬁek 'W;; BagShawe, K.D. (1968a). Effect of neura-
' minidase on the immunogen city of early mouse trophoblast. Nature
219: 191. ‘ )

Cﬁrrie, G:A. and.Bagshawe K.W. (1968b). Immunogenecity of E;ZIO murine

' T leukaemia celis after treatment with neuraminidase Nature 218, ®
1254, - ' ST

Curtoni, E.S., Matting, P.L. and Tosi, P.M. (1967) (Ed.). Histoeompatibil-

- ita\Testing 1967, p. 435. _Muﬁksgaard, Copenhagen: %‘é

David, J.R., Al-Askari, S., Lawrence, H.S. and Thomas L. (1964a) ~ Delayed
hypersensitivity in vztro. ‘1. The specificity of inhibition of
. .

o
:



/

cell migration by antigens. J. IMunoZ. 93: 264.

(

Ak -

David, -J.R., Lawrence, H.S. and Tﬁémas, L. (1964b) . Delayedw ypersensi-
tivity in vitro. II. Effects of sensitive cells on normal cells
in the praesence of antigen. J. Immunol. 93: 2714.
David, J.R., Lawrence, H.S. and Thomas, L. (1964c).\ Delayed hypersensi- -
© tivity in vitro. III. The specificity of hapten pgdﬁein'conjui'
gates in the iphibition of cell migration. J. Immunol. 93: 279.

N -~ a. . L

David, J. R.,'Lawrehce, H.S. and Thomas) L. (196&d) The iﬂ/;;tro deseénsi-
tisation of sensitive cells by trypsin. J.‘E:p. Med. 120: 1189.

DéVid, J.R. (1966). Deléyed hypersensiiivity E?-vitro: its mediation by
cell free substances formed by hymphoid cell-antigen interaction.
Proe. Nat. Acca“. Sct. 56 72.» : %

_ DaQid; J;R} and Schlessman, S.F. (1968).  Immunochemical studies on the )

| specificity of cellular hypersehsitivity. The in vitro inhibition

of peritoneal e¢xudal cell migration by chemlcally defined anti-

gen. J. Exp. Med. 128: 1451.

. David, J.R. and David, R R. (1972). Cellular hypersensitivity and immunity.
2 Progr. Allergy. 16: 300: |

Dalmasso, A.P., Martinez, C., Sjodin, K. and Cood R.A. (1963). Studies :
on the role of the thymus in 1mmunobxology. "Reconsti;utidn of

immunologic capacity in mice thymectomized at birth". - J. Exp.
~Med, 118: 1089.

Daussetf, J., Ivanyi, P. and’IQanyi, D. (1965) Tissue alloantlgen in
L - human. Identification of a complex system (Hu—l) In:
Histocompatibility - Testzng 1965, ed. by J:J. van Rood
'»‘ Munskgaard,Copenhagen..



'al'él
Daussett,

Daussett,

S

7

E | ' 140,

J. and Rapanort, F. (1966). Role of ABO erythocytes groups in
human histocompatibility reactions. = Nature 209: 209.

J., Colombani, J., Legrand, J. and Fillows, M. (1970). Genetics

of the Hl-A system. In: Histocompatibility Testing 1970, ed. by
P.I. Terasaki, p. 65, Munskgaard, Copenhagen.

Davies, A.J.S., Leuchars, E., Wallis, V. and Koller, P.C. (1966). The

mitotic response of thymus derlved cell to antlgenic stimulus.
Transplantatton 4: 438, & '

4

Davies, A J.S., Carter, R.L., Leucharsﬁ Eé, Wallis, V. (1969). “The morphol -

ogy of the serum reaction inj orgal thymectomized and reconstitu-
2 .
ted mice. IXI. The response to oxazotone. Immunology 17: 111;

u,

‘ DeClercq, E. and Merigan, T.C. (IQZQ) Current concept of 1nterferon and

Diener, E. and Feldmann, M. (i@z

Dresser, D W. and Mltchlson,

L4

~antibody 1nduced sup

i

1nterferon\1nduct10n.' 3N

&/
Y

575

pré&ssion of immunity. Transp. Review 8: 76.

. Rev. Med 21 17h};
&
Relatlonship between antigen and

-a

N.A. (1968) The mechanism of 1mmunologica1
paraly51s._ Ad i Immunology 8: 129

Dutton, R.W. (1966). Significance of the reaction of hymphoid cells to

the homologbus_tissue. Bact. Reviewq303 397.

‘Eddleston, A, F., Willlams, R. and Calne, R.Y. (1969) Cellular immune

response during reJection of a liver transplant in man. WNagture
2a2r 674.

EiJseoogel v.p., DuBois, M. J.G. J., MeliefC.J.M., De Groot—Kooy, M. L.,

Koning,,G., van Rood J.J., van Leeuwen A., Du Toit,. E. and i
Schellekens, P.Th.A. (1972) Position of a locus determining .

mlxed 1ymp cyte reac&;on (MLR) distlnct from the known HL—A
loci and its er tion to cell mediated lympholysis (CML). In

-"Histocompatibility' Testing 1972"ed by J. . Daussett and

J. Colomban1 Mun\ebaard Copenhagen.



. ) - 141,

Falk, R.E., Thorsby, E., Mdller, E. and Moller, G. (1970a). In vitro
assay of cell mediated immunity: the 'inhibition of migration
of sensitized human leukocytes by HL-A antigens. Clin. Exp. .
Immmol. 6: 445. : >

Falk, R.E., Collste, L. and Mdller, G (1970b) In vitro detection of

.transplantation immunity: thef1nh1b1t10n of migration of. 1mmune

spleen cells and peripheral blood leukocytes by Spec1f1c antigen. .

Je IMmunoZ 104 1287..

Garovoy, M.R., Zschae, D., Strom, T.B., Franco, V.,“Cafpenter, C.B. and

| Merrill, J.P. (1973). Direct lymphocyte mediated cytotoxicity
55 an assay of presensitization.  Lancet 1: S573.

Gell, P.G.H. and Hiride, I.T. (1951). The histology of the tuberculin
‘reaction and its modification by cortisone. Brit. J. Exp.
Path. 32: 516

George, M. and Vaughn J.H. (1962) In vitro cell migration as a model

for delayed hypersensit1v1ty. Proc. ,co..E&p. Biol. Med. 111.
14, S |

. ! .
L Gleason, R.E. and Horray, J.E. (19673), Report from kidney transplant
' registry:‘analysis of: variables in the function. of human‘kidnef‘
trénSpiant. I. Blood °group compatlbllity and splenectomy.
Transplantation 5 343. ; {;

Gleason;uR.E.,and Murfay, J.E. (1970b). Report from kidney transplant »
o ‘ regf;tryzxahalysis of véfiableS»in the function of human kidney -
tfansplant, 1I1. ,Immooosuppreésive regimens. TraﬁspZantation_S:

360. | " B

Golaberg, B;;‘KanCOr, F. S. and, Béﬁaceraf ’B (1962). ' An electron mlcro— ’
‘ ‘scopic study of delayed sensitiv1ty to ferrltln in guinea plgs.

Brit. J. Exp Path 43: '251.

- ' °

S



142,

Gordon, J., David-Faridy, M.F. and Maclean L.D. (1967) lransfer of

transplantation 1mmun1ty by leukocytes sensitized in witro.
Transplantation 5: 1030. ’ _ o

Gorer, P.A. and Kaliss, N. (1959). Effects of isoantibodies in vivo on

three different transplantable neoplasms in mice. Cancer Heg.
19: 824, '

- Gorer, P.A., Mikulska, Z.B. and 0'Gorman, P. (1959). ~Time of sppearance
of isoantibodies during the homograft response to mouse tumors,

Ihmunology 2: 211

Gowans, J.L. and McGregor, D.D. (1965). The 1mmunolog1c act1vities,of
lymphocytes. - Progr. AZZergy 9: 1.

Gowans, J.L. (1968). Lymphocytes. Harvey Lect. 64: 87.

Granger, G. and Kolb, W. (1968). 'Lymphocyte in vitro cytotoxicity:
‘ ’ mechanism of 1mmune and non-immune small lymphocyte mediated

target L cell destruction. J. Immunol. 101: 111.

Grant; C.K., Currie'vC.A. and“Alexandet P. (1972) Thymocyte from mice
1mmun12ed agalnst an allograft ender bone marrow cells specifi—
cally cytotox1c. J. Exp Med. 135: 150._
Grasbeck, R., Nordman, C. and Chapelle, AJ, de la‘(l963) Mitogenic
| , action of antileukocyte immune serum on peripheral leukocytes
vtn vztro Lancet 2: 385. : :

ilgféaves, M.F. and Hogg, N M. (1971). Immunoglobulin determinants on the -
S sur face antlgen b1nd1ng T and B- lymphocytes in mice. In: '
Progress in, Immunology, ed. by Amos. " Acadeémic Press, New York "
and London. a ' ’ o



143.

" Green, J.A., Cooperbrand, ‘S.R. and'KibrickN S. (1969). Immune specific
- induction of interferon productlon in cultures of human blood
lymphocytes. Seience 164: 3886. " L |
5 Loy
Hartzman, R.J., Segall, M., Bach ‘M.L. and Bacn; F. H (1971). Histocom-
o patibility Matching. . VI. Mlnlaturization of the mixed leuko-

3 { cyte culture‘test:' alnrelimlnaryvtest,,_Transplantatton 11: 268.

SHasek; M., Chutna,'J;, Nouza, K., Karakoz‘ I. and Skamene E. (1968)
Abolition of tolerance and destruction of tolmated skin homo—
grafts by means of serum antibodles.‘;In:j ‘Advances in Transplan—,,

‘ tatzon, ed. by J. Dausset, J Hamburger, and G. Matho. -pa 15
'Munksgaard,.Copenhagen. - , - o : i .j)» 7
Hasek M., Karakoz, I.'and Hala, K. (l972) The 1nfluence of bursectomy

and thyrxctomy on the formation of alloanxlbodles affectlng the
skin gra.t in ducks.{ Polta BLOZ 18: 441 ”

Bvisc,.E R.,{Haw -S.‘and Weiser, R. S. 21968) In vztro studles on the -
mechanisms of macrophage mlgratlon 1nh1b1t10n ‘n tuberculin
’sensitivity J. Immunol. 101: 1004

Hellstrom,”l; (1967)'v A colony inhlbltion (C1y’ techn1que for: demonstra— R

' ' tion of tumor cell destruction by lympho1d cell in vttro. _Intl

o . Cancer 2 65 ' ' o

N

Hellstrom, I.vand hellstrom, K.E. (1969) ‘ Studies on cellular immunlty
‘ - and its §erum mediated inhibition in Malonev—v1rus 1nduced mouse
sacromas. Int. g Cancer ¢ 5897 St SRR *%,
‘Hellstrpm,ull, EvanS’(C A. and Hellstrom, KvE;, (1969) Cellular 1mmunity

and its serum-mediated inhibitlon in Shope virus- 1nduced rabblt

papilldmas. Int J Cancer 4: 601



144,

Hellstom K.E. and Hellstrom, I. (1969). Cellufar.immunity against tumor

ant1gens. Adv. Cancer Res. 12: 167.

studied by cell culture techniques. Ann. " Rev.
373.

Hellstrom, K.E. and Hellstrom, I. (1970) Immunologlcal enhancement as

Microbiol. 24:

Hirschhorn, K., Bach, F., Kolodny, R.L. and Firschein, I.L. (1963). Immune

response and m1t031s of human peripheral blood lymphocytes in

vitro. Sczence, 142: 1185.

Hirschhan, K., Schreibman, R.R., Verbo, S. and Gruskin,

R.H. (1964). The

action of streptolysin S on peripheral lymphocytes of normal

subJects and patients with acute rheumatic fever. Proc. Nat.

Acad Set. 52: 1151. .

Holden, M.,.Segall, B.C. and - Adams, R.B.'(1953}._ The effect of tuberculin

and cortisone singly and in combination of explanted tissue of

guinea pig, mice, and rabbits. J. Exp. Med. 98: 551.

Hutchln P., Amos, D. B., and Prioleau, W.H. Jr. (1967)

Interaction of

) humoral antibodies and immune lymphocytes.' Transplantation 5: 68.

L]

Jeffe,’P W. and Payne, L.N. (1962) The genetic b351s for the graft against

host reactlon between inbred lines of fowls.

Reasetheath C and 1 inbred lines. Immunology

Differences between
&: 399.

Jensen, E. anJ Stetson, C. A. Jr. (1961) Humoral ‘aspects of the'inmune

response to homografts. II. Relatlonship between hemagglutina--

ting and cytotox1c actlvitles of certain isoimmune sera. J. E&p.

- Med. ZZS 785."

Jerne, N.K., Nordin, A.A. and‘Henry, C' (1963). The agar plaque technique i ‘

for recognizing antibody producing cells. ' In:

Cell Bound'Antz-



@

145.

N .bodies, ed. by B. Amos and’H. Kopowskl. p. 109. The Wistar

Institute Press.. Ph11adelph1a Penn.

Kaliso,'N. (1958). Immunologlcal enhancement of tumor homograft in mice.
Cancer E@searcn 18: 992 B

Kaliss' N. and Dagg, M. K..(1964) Immune - response engendered in mice by
o multiparlty. Transplantatzon 2: 416

Kasakura, S., anduLowenstein, L.'(1965) A factor stlmulatlng DNA synthe—
- sis derived from the medlum of leukocyte cultures. Nature 208;
794. | |

vKasakura,‘S. (1971). The presence of a factor in macernal plasma during

pregnancy which suppresses the react1v1ty of mixed leukocyte -

culture. J. Immowl. 107: 1295.

Kissmeyer-Nielsen, F., Svejaard, A., Sorenson, S.F., Nielsen,lL,S.'and
‘ Thorsby, E..(1970). Mixed leukocyte culture and the HL-A
~ “identity in unrelated subjects. ,Hature-228; 63.

’ﬁklein, E. and'Sfcgren, H.0. (1960). humoral and cellular factors in.

N

homografts and isograft 1mmun1ty agalnst sacroma cells Can.
Res. 20 452,

Klein, G. (1960). Demonstrations of. re51stance agalnst methyl cholan-
threne-induced sacomas in prlmary autochthonous “host. Can. Res.:
20: 1561. '

Klein, 8. (5366) Tunof antigens; Ann. Rev. Microbiol. 20: 223.
équl v | 2
Kolb, W.P. and Gfang G.A. (1968). Lymphocyte 1n vitro cytotoxic1ty.

character1zation of human 1ymphotox1n. Proc. Nat. Acad. Sei. 61:

e 1250, - o - I

N P



- 146.

Lalezari, P. and Bernard, G.E. (1966). isologous antigen—antibody
reaction wlth human neutrophiles, ‘related to neonatal neutro—

penia. J. Clin. Invest..45 1741.

.3

.Landsteiner, K. and Chase, M.W. (1942). Experiments on transfer of cutan-
‘ eous sensitivity to a simple compound. Proe. Sci. Exp. Biol.
Med. 49: 688. ' ' ‘

‘Lawrence, H.S.V(1957). Homograft rejection and.tuberculin type allergy.
Ann. N.Y. Acad. Sci. 64: 826. |

LawrenCe, H.S. (1959): Homograft Sensitivity. Physiol. Review 39: 811.

Lawrence, H.S. (1965). Transfer factor and aut01mmune desease. ‘Amn. N.Y.

4cad. Sei. 124: 56.
Lawrence, H.S. (1969). ‘Transfer factor. Adv. Imminol. 11: 195.

Lawrence, H.S., Rapéport F.T.,: Converse, J.M. and Tillet, W. S. (1960).

Alteration of. tytotbxi Wactlon of sensitized lymphocytés by
choligergic agents and actlvators and adenylace cyclase.

J. CZLn. Inuest 39 185.

Lawfence, H.S. and Landy, M. (1969) * Mediators of cellular immunity.
-Academlc Press, New York. L : '

/.

;;iuﬂLéboviti; Aw? and Lawrenc%, H. S. (1969) Target cell destruction by

% 33 antlgen g%mmulaved human lymphocytes. Fed. Proc. 28: 630 (abstt )

vy »» PR "ﬂ"‘nw L
@ % . d $oan b : : ' '
Llng, N. R. “4nd Husband E. H (1964) . Spec1fic and non-specific stimulation

- of, per1phera1 lympﬁg;ytes. Lancet 1: 363.

Lolehka, S., Dray, S. and Gotoff S.P. (1970) Macroghage aggregation

in vitro. ' A correlat1on of delayed hypersg 5
J. Immaol. 104: 296. ;. ’ ’ |

R
SR

Pe AT “.-:‘ N



147.

Lundgren, G. and Moller, G.- (1969). honspec1fic induction of cytotox1c1ty
in normal human lymphocytes in vitro: ‘studies of m chan1sm and

specificity of reaction.. Clin. Exp Immmnol. 4: ﬁBS.

McCluskey, R.T., Banacerraf, B. and MeCluskey, J.W. (1963). Studies on
specificity of cellular 1nfiltrates in delayed hypersensitivity
reactions. . J. Immunol: 90: 466. : RN

McIntyre, O.R. and ough, F.G. Jr. (1963). The effects of phytohemagglu—
tinin on/leukocyte cultures as measured by 32P incorporation in

DNA, RNf} and acid soluble fractions. Blood 19: 443.

MacKinney, A.A.‘Jr;, Stohlman, F. Jr. , and. Bfeacher G. (1962). . The.
' kinetics of cell prollferatlon in cultures of human per1phera1
blood ‘ BZood 19: 349.

~Marsghall, W.H.,‘Valentine,”F T. and Lawrence; H. S (1969) Cellular
immunity in vitro. Colonal proliferation of ant1gen stlmulated
lymphocytes. J. Edp. Med. 130 3270
i ‘ |

MaUrerz P.H. (1961){ Immunologic studles with ethylene oxlde treated

' human serum. . Bap. Med. 113: 1029.

. o Fa

May, K.J. and Welser, R.S. (1956). The tuberculin reaction: VI. Stud1es

© on thejeffect of tuberculin on tissue cultures of the corness of

tuberculin sensitive guinea pig. J. Immunol 77:.34.

. o - : _ ‘ .
Medawar, P.B. (1959). Reaction to homolgggus tissue antigens in relation”
' to hypersensitiyity} In: Cellular ard hwmoral aspects of the
hypersensitivity state, ed by H.S. ’Lawrence. P- 504. Hoeber-
Harper,‘New York. o
) :
Miggiano, Vo, Bernoco, D. and Ceppellini R (1971); Turnover of HL-A~

- _'antigen at the lymphocyte surface. Virol lbmnou)l..64.
N . . < 'I‘ml‘-



o

. a\zli%xn 148-

#.Miggiani, v.C., Bernoco; D;, Lightbody, J., Trincﬁieri, G. and

Ceppellini, R. (1972). Cell-mediated lympholysis in vitio with

normal lymphocytes as target:. Specificity and cross reactivity

of s.the test. Transplant. Proc. 4: 231.

aland J.L., Pick, E. and 1uLP J.L. (1972). Interaction between

. "sensitized lymphocytes' and antigens in vitro. V. Vascular
permeablllty incuced by skin reactive fector.' Int. Arch.
Allergy Appl. Immunol. 42: 50,

O

Miller, J. (1963). Immunity and the ;hymusm Lancet 1: 43.

‘Mlller, J., Hattler, B., Davis, M. and Johnson M.C. (1971). Cellular

and humoral factors governing canine MLC after renal transplan-

tatlon. Transp 12: 65.

v
’

eHiller, J., Basten, A., Sprent J. and Cheers, C. (1971); Interaetion

o7

L

between 1ymphocyte in immune responses._'Cellubxrﬂbnﬁunol. 2:
- 249; | | |

)

~‘Mitchison, N.A. (1953). Passive transfer of transplantation immunity.

Nature, 171: 267. R

Mltchison N.A. (1954).. P3551ve transfer of transplantation immnnity.
Proe. Roy. Soe. B. 142: 72.

\

L M;ctal;'Khx., Mickey, M.R., Singal, D.P., and Terasaki, P.I. (1968).

B

Serotyping for homograft tranéplantation. XVIII. Refinement

of mlcrodroplet lymphocyte cytotoxicity test. Traﬁsplanfation

6: 913.
) ‘

J S .
s MafIér, E. and Moller, G. (1966). Contact induced cytotoxicity and its

relatlon to cellular immunity. Voz Sang 11: 299.

' h,'C.F:D. and Dossetor, J.B Delayed hyper-

(1969) .
\_ .




149,

Najarian, J.S. and Feldman, J.D. (1962). Passive transfer of transplanta-
tion immunity. I. Tritiated lymphoid cells. II. Lymphoid
, cells in millipore chambers. J. Exp. Med. 115: 1083.

- Nathan, C.F., Karnovsky, M.L. and David,-J,R.‘(197l). Alteration of

maerophege‘functiqns by mediators from lymphocyte. J. Exp. Med.
133: 1356.

Nowell, P.C. (1960). Phytohemagglutinin" an initiator of mitosis in

cultures of normal- human 1eukocytes. Cancer Res. 20: 462.

0ld, L.J. and Boyse, E.Z. (1964). Iﬁmunology of experimental tumors. - Arn.
“Rev. Med. 15% 167. ‘ ' ¢

Palm , J. (1964). Serological detectlon of hlstocompatlbxlity ae}igens

in two strains of rats. Transplantatlon 2: 603.

Parrott, b.ML and deéoUsa, M.A.B., (1966) Changes in the thymus depen—'

' ~ dent area of lymph node after immunological stimulation. Nature
212: 1316. | | '

Parrott, D.My (1971). The role of the thymus in cell mediated. immunity.

| ' In: New concept'in.allergu and oZinééaZ immunologu Proc. VII-
Int. Congr. AZZergoZbgy; Florence, ed. by U. Serafini, 4.W.
Frankiaﬁd, C. Masala and J.M. Jarman. Exerpta Medica (Amst.).

- Payne, R. and Rolfs, R;R. (19585 Fetomaternal 1eukocyte 1ncompat1bil§§%

' J. Clin.” Invest. 37: 1756,

-

Payne, R. (1962). The development and persisténce of leukoagglutination

in parous women. Blood 14: 411. o

“Pearﬁain, G.;_Lycette% R.R. and Fitzgerald, P.H. (1963). Tuberculin-
' indqced:mit051s in pdripheral blood leukocytes._Ldncet 1: 637.



150.

Photlnl, S.P., Walter, L.H. and Glade, gﬁx;,(1972) Production and
. characterlzatlon of migration inhlbitiom ?%ctor(s) (MIF) of

established lymphoid and non-lymphoid cell lines. J. Immunol. N
108: 494. s

Pogo, B.G.T., Allfrey, V.G. and Mirsky, A.E. (1966). RNA synthesis and
histone acetylation during the course of gene actlvation in

lymphocytes. Proc. Natl. Acad Sei. 65: 80.

L

a

Pfehdergast' R.A:. (1964). Cellular spec1f1c1ty in homograft reaction. J.. -
Exp Méd. 119: 377.

1]

RAbellino; E., Colon, S., and Grey, H M. (l971) Immunoglobulin on the
- surface of 1ymphocytes. I. Dlstributlon and quantitatfon..'J.
Exp. Med. 133: 156. = . S -f

Remold, H.G., David, R., and David, -J.R. (1972). Cellular immunity:
characterlsatlon of m1grat1on inhibition factor (MIF) from
gulnea pig lymphocytes stimulated with toncanavalin A. J.

Immmol.

.
PR

Remold, H.G. (1973). Purificatiqn and characterization of lymphocyte ,
' mediators in cellular immunity. " Transplantation Review 12: 152.

Rich, A.R. énd Lewis, M. R.l(l932)' The nature of allergy in tuberculosis v
as revealed by tissue culture studies. BuZZ.'Johns qukzns&HoSp;ii
50:115. | | 3 B

| g | T

Riggis, R.R., Parlllo, J.E. Jr., Bull, F.G., Schwartz, G.H., Stenzel, K.H.

and Rubin, A. L.n(l97l) Inhibition of lymphocyte transformation

by a placental glycoprotein. Transplantatzon 12:°400.

Robbins J H. (1964) : Tlssue Culture., studies of‘éhe humén lymphocyCes.
 Science 148: 1648. - R



P

151.

Rocklin, R.E. (1973). Production of migration inhibition factor by non-
L dividing lymphocyte. J. Immunol. 110: 674.

’ Rosenberé; S-A. and David, J.R. (1970). Inhibition of leukocyte migration: -
an evaluation of this in vitro assay of delayed hypersensitivity

in man to a soluble antigen.' J. Immunol. 105: 1447.

Rowley, D.A., Fitch, F.W., and Axebred, M.A. (1969). . The immune response
suppressed by specific antibody. Immmology 16: 549.

Rowley, M.J., Mackay, I.R. and McKenzie, I.F. (1969). Antibody production

in immgno suppressed recipient of renal allografts. Lancet 2:
708. S L -

) . . &
Ruddle, N.H. and Waksman, B.H. (1967). Cytotoxic effect of lymphocyte—

U . antigen 1nteract10n in delayed hypersensitivity. Seience 157:
1060.
" Ruddle, N.H. and Waksman, B.H. (1968a). Cytotox1c1ty medlated by soluble
s antigen and lymphocytes in delayed hypersensitivity I. Char-
acterization of the phenomenon. J. Exp. Med. 128: 123]4‘
; (ng . o
Ruddle,‘N.H. and Waksman, B.H. (19685) Cytotoxicit rediated by solublte
antigen -and lymphocytes in delayed hypersenSit1v1ty II. Corre-
latigns of the in UofPO response with skin react1v1ty. J. Exp.
Med. 128: 1255. o R K
Ruddle,_N.H; and Waksman, B.H. (1968c). Cytotoxicity mediated" by soluble -
' ‘antigen and lymphocytes in delayed hypersensitiv1ty ill,p‘ ‘
Analysis of mechanism. J. Fxp. Med. 128: 1267. o

Rychlikova, M. and*Ivanyi’-P (1969) Mixed lymphocyte culture and histo—
' compatibility loci between the llnes. Folia Biol. 115: 126.

A



152,

Safford, J.W. Jr. anh Tokudar, §S. (1970). Suppression of the graft versus-
host reaction by passive immunization.  Proe. Soe, Exp. Biol.
| Med. 133: 651. o '

' Sanberg, L., Thorsby, E;, Kissmeyer—Nielsen, F. and Lindholm, A. (1970).
' Evidence of a'third sub-locus within the HL-A chromosomal .

~region. Im:. Histocompatibility Testing 1970, ed. by P. Teras- -
- aki, p. 165. Munksgaard, Copenhagen.

'Schellekens, P. Th.A. and Eijsvoogel, V.P. (1968) ' Lymphocyte transforma-
tion in vitro. I. Tissue culture cond1t1Qn and quantitative

measurements. Clin. Exp. IMmunoZ 3: 571, w

Schellekens, P. Th. A., Vrlesendorp, B., Eijsvoogel, V.P., V., Leeuwen, Aad,
' V. Rood, J. Je, Mlggxano, V., and Ceppelini,vR. (1970). Lymphocyte
transformatlon zn vztro._ II. Mixed lymphocyte culture in rela-:

~tion to leukocyte antigens. Clin. Exp. Immunol. 7: 241.°

Shreffier; P.C. and Snell, G.D. (1969).. The distributibﬁ of 13 H=2
“alloantigenic spec1fic1t1es among the products of 18 H-2 alleles.
I&unsplantatzon 8: 435.

~

Shulman, N.R., Marden, V. J;,'Hellen M:C. and Collier, E.M. (1964). Platelete :
and leukocyte isoant1agens and their antibodies: serologic,

physologlc and clinical studies. Progr. Hemat. 4: 222,

Silvers, W.K., Wilson, D.B., and Ralm, J. (1967). Mixed leukocyte

- reactlons and hlstocompatlbility in rats. Setence -155: 703.

Simmons, H J., and Fowler; R. (1966). Chorioallantoic membrane 1esions :

produced by inoculation of adult fowl small hymphocytes.
‘ Nature 209: 588. '

5

o



‘153.4
éimonsenL‘M.i(1967). The clonal selection hypothesis evaluated by grafted
Q“ﬁ ells reacting against their host. Cold Sprirg Harbor Symp.

iy

Mickev, M.R., Mlttal K.K. and Terasaki, P. 1. 61968) Sero-

tybing for homotransplantatlon. - XVII. Preliminary Studies of

HL-A subunits and“allelesf Transplantation 6: 904.

L]

Snell, G.D. (1948). The geneticsof transplantation. Ann{ N.Y. Aéad. 69:
555. ‘ ’ |

Snell, G.D. and Wiﬁn, H.J. (.960). The demonstration of "weak" isoantigens

- of transplantable tumor of mice. Acta. Un. .Irt. Cancer 15: 924.

Soborg, M. (1967). Evaluatlon of the leukocyte migration test as a measure |

C 4 of delayed hypersensitlvity in man. Suppression of migration
- y > )L o
- inhlbition by purowycin. -Clin. Exp. Irrmnol. 11: 535.
\,m )

r

Soborg, M.?and'Bendiied, G. (1967). Human lymphocyte migration‘as a para-

»

meter.of hybersensitivity. Acta. Med. Seand. 181: 247.

Soren, L. (1967). " Immunological reactivity of iympnve,:es invmultiperouS»‘

~ females after strain specific méting.. Laf 213: 621,

'Sorensen, S.F., Andersen, V., and‘Giese, J. (1969). Studies on the qdanti-
| ~ tation of lymphocyte response in vitro. Jetaq. Pathol. 2 erobiol.
Seand. 76: 259. - a ‘
. . . : .
Sfavitsky, A.B. (1948).' ?assive cellular efanéfer‘qf.tuberculin type of
| hypefsensitivity.; Proc. Sez. Exp; Fiol. Hed. €7: 225.

Strom, T.B., Deisseroth, A., Morgauroth, J., Carpenter, C B. and Meriller, J.P.
(1972). qugsfer of delayed hypers;n51t1v1tv to ‘skin homograft
‘ with leukocyte extracts in man. - Proc. Natl. Acad. Scz. 69. 2995,



- . 154,
Stuart, F.P., Saitoh, T. and Fltch F.W. (1968)." Immunologicai

enhancement of renal graft in ‘the rats. Surgery 64: 17.

.Stulbarg,,M. and Schlossman, S.F. (1968). The specificity of antigen

-

induced by thymidine -~ 2 - %4C incorporation into lymph node
5 : - :
e “cells from sensitized animals. J. Immunol. 101: 764.
: N | . |
Szenberg, A. and-Warner; N.L. (1962). Quantitative aspects of the
Simonsen phenomenon. I. The role of. the large 1ymphocytes.

Brit. J.. Exptl Pafhol 43: 12”

Szenberg, A., Warner; N.L. Buw , F.M., and Lind, P.E. (1962).
_ ‘Quantitative aspect: »f the Simonsen bhenomenon. II. Circum-
- stances influencing the fe;;},counts obtained on chlorioallantoic

membrane. Brit. J. Exptl./Pathol. 43: 129.

- SzZenberg, A., and Cunninghaﬁ; A'J (1968). DNA synthesis in the
developlng of antibody forming cells during the early stages

of mmurne: response Nature 217: 747.

)
v .

‘.Tai, C. and Halasz, N.A:;(l967) : Hlstocompatlblllt/ antigen transfer 1n
- utero- tolerance -in progeny ‘and sen51t12atior in mothe

Setencs “o8: 125.

o Takasugi, M., and Kelin, .E,’(1970) A microassay for cell mediated
‘ ~ immunity. Transpl 9 219. ' '

o «

Takiguchi, T., Adler, W.H. and Smith, R.T.‘(1971). Cellular recognitionz
~ in vitro by mouse lymphocytes. J. Exp. Med. 133: 63.

Tanaka Y., Epstein, L.B., ﬁgccher, G. and §tohlmen F Jr. (1963) v
.', - J <
S .' . Tran§fofm€i;;n of 1ymphocytes in cultures of human peripheral

blood: Blood 22: 614, ' )

JTerasaki, P. I. and McClelland -J.D. (1964). Microdroplet assay of human’
‘serum cytotoxin.. Nature 204: 998. - '

o



\ ! 155.

Thomas, L., Paterson, P.Y; and Smithwiek B. (1950). 'Acute'disseminated
encephalomyelitis following immunization with homologous brain
extracts. J. Exp. Med. 92: 133. } '

. Thompson, J.S., Severson, C.D. and Lavender;'A K. (1968). Aséay'of human

leukoagglutinatlon by caplllary mlgratlon. Transplantation 6:
728. '

Tuffrey, M., Bishun, N.P. and Barnes, R.D. (1969).. Porosity,ofvmﬁﬁﬁe
' placenta to maternal cells. Nature 221: 1029. : >

Tubergen D., Feldman, J.D., Pollock, E.M. and Lerner, R._; . Prod-

uction of macrophage mlgration 1nh1b1t10n factoﬁ”by continuous

cell lines. . Exptl Med. 135: 255..

Tsuchimoto, T., Tubergen, D.G. and Bloom , A.D. (1972). " Synthe51s of macro-: .
. phage migration inhibition factor (MIF) by 1mmpnoglobu11n produc—ﬂ;
ing 1ymphocyte lines and their clones. J. Irmunol. 109:. 884.
Thrk; J.L..and'00rt (1963) A hlstologlcal study of the early’ stages
o - of the development of the tuberculin reaction after p3351ve

transfer of cells labelled with [ H] thymldlne. Immuqqlogu 6

140. s : I A i
; : , Co RN e
. o o o L o oL

Turk,’J.L..add'Stone,_S.H. (2963). Implication: of the‘&%llular cHanges 1n

2
lymph nodes during tae development and 1nhrb1t10n of delayed

type hypersen51tiv1ty. In: Cell- bound Antibod Go, ed: by 'ﬂ;4 4

BN

o
& :

B. Amos and H. Koprowski, p. 51. -Wistar . rnsggtute Press, '~/
Philadelphif. E 1

’“Tﬁrk; J.L. (1967) Delayed hypersensitivity. In: Frontier uof %iéiﬁgy,’J'
ed. by A. Nemberger and E. L Tatum. Vol. 4. North Holland Puﬁ—
o : lishlng Company. Amsterdam, ’ .. ’ : ) ' f'-”;f,

oy

&



156.
Uhr, J.ﬁ: (%?66); DelayednHypegsensitivity, Phystol. Rev. 46: 359.
4 T : Ty o | .
‘Unanue, E.R. (1970) Thymus dependency of the immune response to hemo-
‘ cyanin: an evaluatlon of the role of macrophages in thymecto-
vmlzed mlce. J‘ ImmunoZ 105: 1339.

3 ’,»;' ’

Valentlne, F.T. and Lawrence, H.s. (1969) Lympnecyte siimulation:

e

]

transfer*of cellular hypersen51tiv1ty to antigen in vitro.

Sczanae 165+ 1014, .

Valentlne,;F T.'and Lawrence, H.S. (1971) Cell medlated immunity. .In
ot Advance in Internal Ned1c1ne s ed. by G.H. Stollerman. Vol.
17, pg. sl. - Year Book Medical Publishers Inc. U.S.A. ..
Van derWeerdt Ch M (1965) The platelet agglutimaqion in platelet
grouping. In: sttocompafibility Testing 1965. Munksgaard,
_ St . ‘ NN }

s

/ ‘ ' Copenhagen. ¢

”Van Rood JeJ., VanLeeuwen A. and Eernlsse, J.G. (1959). Leukocyte anti—
bodles in-sera of pregnant women. Vox Sang 4:. 427. "

- Van Rood ,J-J., VanLeeuwen A and Schlppens, AM.J., Pearce,.R., van

Blankensteln, M. and Vokers (1968). - Tmmunc; enetics of the

group four," f1ve, and nine systems._ In "Histocompatibility

Testing 196?", ed. by E.S. Curtone, P.L. Matting, anﬁ R.M. Tose,

p- 203, Munksgaard Fopenhagen. »

Van Rood,J.J. and»frniss, J.G. (1968).; The detection of ﬁranSplantation

antigens in leukocytes. Semis in Hamematology 5: 187..
9;; Wakgman,- B.H. (1962). Tissue damage fRehe "delayed" cellular type of
B hYper§ensitivity.: In: "Mechanism of Cell and Tissue Damage
Produced by Immune Reactlons . vSecond,_Intern. Symp. on Immuno-”
pathology. Brook Lodge, Michigan, ed. by P. GraBar and P. Miescher.
: - . : . . l .



p. 146. Basel Schwake ang Co. .

Walford, R.L. (1969). The isoantigenlc systems of human leukocytes.
medical and blologlcal 31gn1ficance.. Munksgaard, Copenhagen.
o S S o . ‘
Walford, R L., Finkelstein, sS., Hanna, C. and Colllns, z. (1969) A third
sublocus in the HL A transplantatlon system. Nature 225:_461.

Walknowska, J. -Conte, F. A., and Grumbach M.M. (1969) _ Practlcﬁh and |
theoretical implicatlon of fetal maternal lymphocyte transfer.
/ Lancet 1: 1119. ' - '

' Ward, P.A., Remold,}H.G. and Dawid, J.R.g(l969)- Leukotailc factor ‘prod-

uced by‘sensitised lymphocytes. Sczence 163: 1079, - . |

'Ward, P.A., Remold, H.G. and David, J.R. (1970) The productlon of antigen
. stimulated lymphocyteé of a leukotatlc factor dlStlnCt from

‘migration inhlhation factor ‘ CeZZ TImmunel. 1: 162.

- '»' S R
. : ' o
Wilson, D. (1965) Quantltative studles on the behav1or of sensitized

lymphocytes n uztro. I. RElatlonShlp of the degree of destruc-
tion. of homologous taYget cells to the number of lymphocytes and

and to the time of. contact 1n the culture and cons1derat10n of the

effect of isoimmune serum. e Exptl. Med. 122: 143 ’

Wilson, D.B. (1967). Quantitative studies on the mixed lymphocyte inter-
a actlon in rats. f. Con51deratlon and parameter of response. - J.,
Exptl Med. 12% 625. |
. o, »
Wilson, D.B.; Silve?g"w K. and Nodell l?‘C “(1967) Quantltatlve studies l
. on: the mixed lymphocyte 1nteract10n in rats II.v Relatlonship

of the proliferative response to the 1mmunolog1cal status of the
donors. J. Emptl. Med. 126: 655. o T



: 158.

-

Wilson, D.B. and Billingham, R.E.' (1967). Lymphocytes and transplantation
immunity. Adv. Immunpl. 7: 189. ' o

Wilson, D. B., Blyth,.J.L. and Nowell P.C. (1968). Quantitative studies
' on the sgxed lymphocyte 1nteraction in rats. IV. Kinetics of the
'vresponse. J. ‘Exptl. Med. 127: 1157.

Wilson, D.B.  and Nowell, P.C;'(1970).’ Quantitative studies on the mixed
v lymphocyte interaction in rats. IV Immunologic potentiality of
the responding cells. J. Exptl. Med. 131: 391. 1970.
W.H.0. (World Health_0rganization)(l969)1 Cell mediated immune response )
o - of a WHO scientific group. World Health Organization Technical
Report Series No. 423. Int. Arch. Allergy 36: Annex 1.
Wunderlich, J.R., Rogertine, G.N. Jr., Yankee, R.A. (1972). Rapid in vitro .

- detection of cellular immunity in man against;freshly explanted

"
| *

allogenic cells. Transplantation 13: 31.

Winn, H.J.. (1960). The immune response and the homograft reaction. J.
. Immunol. 84: 530. ) '

Winn, H.J. (1962) The part1c1pat10n of complement in isoimmune reactions.
- Anm. NLY. Acad Sei. 129: 23. e | | .
Yunis, E.J. ana Amos, D.B. (1971). Three closely linked- genetic systems
related to transplantatlon. Proc. Nat Acad. Sc¢¢ 68 3031.
LN .
- Zaalberg, 0., van der Meul, V.A., van Twisk, J.M. (1966). Antibody production
; by single cells: A comparative study of the cluster and agar-’

" plate formation. Nature 210: 544. P

‘Zweimann, B. and Phillips, S.M.'(1970). In vitro lymphocyte.reactivity
 during depgession of tuberculin @yperSensitivity by 6 mercapto-
-purine. Seience 169 284 '

fo i ‘ | R



<

¥

APPENDIX A

»

The method for the detection of cytotoxic antlbodies and

determination of HL-A .profile is as_ follows.

s
Lymphocytes were prepared by obtalning concentrated buffy

coat, after the red cells were removed\by agglutination and the

’

.polymorphonuclear cells by passing through glass bead columns. All

antiséra (0. 001 ml per well) were dispensed into;mlcrodroplet testing

trays. To prevent evaporanion 0 005 m} mineral oil was added to each

: well w1th a multiple needle dispenser. After 0.001 ml of 1ymphocyte

suspension was added into each well, they wére mixed and ineubated for

30 minutes at room temperature. Then 0.005 ml rabbit. complement\was

"_added into the mixture. After a 60 minutes of 1ncubation at room

-

temperature, 0. 003 ml of 5. aqueous eosin was added to each well

- and after 2 minutes Q. 008 ml of fonmaldehyde was added

The results were read by a mieroscope and the readlng of

'8 = strong pos1tive 9 lOOZ of ceIl killed

b 4

6 positive—definlte drop in viability in comparison to
controls .

-4 = doubt ful decrease in v1ab111ty over control but on
' positive side - :

2_=‘doubtful decreaseiin‘viability over'eontrol-but on
regative side i

1 = negative-same viability as control

[

0= 1nv'a11_d" | o
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APPENDIX B’

Thefmethodvfor the detection of "cell-mediated lympholysis"

f

(CML) is as follows:

Lymphocyte suspen51on was prepared from heparlnlsed blood

by Flcoll—lsopaque separatlon, washed once in Hank's solution.
Contaminatlng erythrocytes were 1ysed w1th sterlle dlstilled water

for 5-10 seconds, then the preparatlon was rapldly brought back to.

near 1sotonicity with the addition of more Hank‘s. This treatment did

160.

not 1nterfere ‘with the v1ab111ty nor the functlon of’the,lymph0cytes.as )

effector cells whereas treatment w1th NHACI-Trls for the same purpose

S

markedly crlppled lymphocytes to act as effector cells. ,After one more

&

wash the effector lymphocytes were resuspended in TC 199 with 102 fetal

calf serum (FCS) and adJusted to a f1nal concentration of 10 oélls/ml

..

The target lymphocytes were labelled with SlCr- 5-10 x 106 cells in 0.1

'ml w1th TC 199 with 10% FCS were incubated wlth 50- 100 uCi of Cr as

{
v

Sodlum Chromate (Amersham,‘roronto) at 37 C with shaklng for 60 minutes,
then washed 4 times w1th TC 199 with IOZ FCS at 4°C. and adJusted to a

f1na1 concentratlon of, 2 x lO6 cells/ml in TC 199 with 10% FCS
All tests were done in dupllcate in 12 x 75 mm. plastic tubes
in which one ml. of effector cell suspension and 0 025 ml of target cell

su5pen51on were mlxed. After m1x1ng the cells 'the tubes were - centri—‘

: fuged at ZQO G for 5 minutes to bring the cells imﬁclose contact

' before 1ncubat10n at 37 C in SZ CO2 atmosphere for 4 hours ?he reactio

f)

w

n
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wés then stopped by adding one ml. of cold Hank's to each tube. After

centrifugation at 400 G for 7 minutes, the supernatant was decanted

into another tube and supernatants and cell pellets counted in a gamma
spectrometer. - Cr release was calculated by the formula:

g SlCr:felease - —__-cpm in supernatant

: x 100
: Cpm 1in supernatant + cell pellet

(@]
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APPENDIX .C

The method for the detection of "colony inhibition" is as

follows:

| Fihroblast lines nere obtained from skin;tand tested in. the
v microcytotoxicity‘assay (Hellstrom 1966). vAll cultures were'grown.and
subcultured 1n Eagle's minimum essential medium (MEM) containing IOZ
heat inactivated fetal calf serum. For testing, fibroblasts used had |
been subcultured for a maximum of 3 days: One hundred'cells,:in.lo ul
of medium‘were‘dispensediinto each of 96 wells in a Falcon microtest
tissue culture plate and 100 ul of MEM added. After lé hours incubation
the supernatant medium was removed and 100 Hl samples of 1:5 dilution
of the serum to be tested for blocking effects, or control serum, were
added. After these‘additions,the plates were incubated for 30 minutes
at 37 C in a m01st atmosphere of 4— 57 CO2 Next the medium was decanted,
and 1ymphocyte cytotoxicity was assessed by adding. 2 x 105 effector cells;
"from experlmental and control samples to each well, giving a ratio of
1:2000° target to effector cells.
B

Follow1ng 48-72 hours of 1ncubation, the plates were stained
washed and counted Inhibitlon was eggressed as a percentage of
the flbroblasts exposed to control lymphocytes so that 100%« inhibition
‘15 complete disappearance ofﬁall fibroblasts. Results wete‘also/‘.;

Vi

analysed by Student's "t" test. 0

o
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APPENDIX D; %
ANTIBODY —ANTIGEN WHICH ABSORBS IT
—+COMPLETE ABSORPTION
'-—----"*mmwmAmmmmm

HL~A SEGREGANT SERIES 1

/H ™
HL—A9 \1 L-A28 (Te40)

“Ln‘\l\ o , W3% (Te59) |
oo\ s
N L7k

>

N y !
H - BL-A3% ——— 31 (Te66)
‘" / 7 ' // J '
TR A /" "

7 oo
HLiAllﬁE;:::;HL—Ald" | W29 (Te63)

s

HL-A SEGREGANT SERIES 2

’////’HL_IZ‘ézéfzz\\

*Mittal, K.K. and"T “gsaki P.I. (1972) Cross reactivity in the HL-A
system. Ttssue Antzgen 2: 94, and personal communication.
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