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SU¡ß,TARY

The aim of this vrork was to produce an alloantiserum which would

modify the graft-versus-host (GVH) reaction, as has been done previously

by several authors (33,34,35,36,37), and then to investigate the role

of anti-Ia, anËi-D and anti-K antibodies in producing these effects'

of the eight alloaptisera produced, only one f¡Ias effective in

altering the GVH reaction as measured by a spleen weight assay.

A B10.BR anti-BlO.D2 (anti-H-2d) serum was capable of augmenting the

spleen index produced by Bl0.BR spleen cells in adult (Bl0.D2 x

B10.BR)FI hosts, over a wide range of antiserum doses. This effect

could noË be reproduced in newborn mice. The only known antigens

controlled by the H-2 complex against which aLloantíbodies may be

produced are H- 2D, H-2K and Ia antigens. The activity of this anti-

serum could be absorbed out by lymphocytes, thprocytes and red blood

cells. All these cell types exPress D and K antigens. Ia antigens

are expressed on B lynphocytes in high concentration (25,42,53) ,

thymocytes probably carry some Ia antigens in low concentrations

(28 r42r53) , r¿hile red blood cells are belíeved to lack Ia antigens

(25 r28r42,64). Lynphocyte and thymocyte absorbtions completely

removed all in vitro cytotoxicity for lytph node cells. However,

the presence of some remaining cytotoxicity after absorbtion with

red blood ceLls, supported the belief that anti-Ia activity remained

in this sample (31- r 58) .

From these results it was concluded that the antiserum comPonent

responsible for the spleen index augmenting actívíty vlas probably not

anti-Iaantibody.Excludingthepossibilityofthepresenceof
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anËibody against an unknown antigen linked to H-2 and expressed on

all the absorbing cells, iE was further concluded that the effect

on the spleen index was probably due to anti-D and/or anti-K

antibodies. Of the non-antibody molecules considered as possible

mediators of this activity, and which could possible have been

present in an alloantlserum, the only one which is likely to be

removed by all these absorbtions is a B10.BR helper factot (32)

with specífÍcity for 810.D2 (H-2d) antigens, but there is no evidence

either for or against this possibility. The mechanism of the

augmentation of the spleen index ís not knov¡n'
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INTRODUCTÏON

The Graf,t Versus Host (GVH) Reaction

The graft versus host reaction results from the injection of allo-

geneic iurmunocompetent lymphoid cells into a host which is unable to reject

the donor cells. The injected cells migrate to the lymphoid tissue of the

host (1) where they are stimulated by the foreign host antigens. Spleen

cells from a neonatally thymectomized anímal (40), or anti-theta treated

spleen cel1s (41), are unable to produce a GVH reaction, therefore the re-

action is dependent on thymus derived lymPhocyËes (T cells). A GVH

reaction can be produced in several ways, which include:

(a) A GVH reacËion can be induced by injectíng adult lymphoid cells into

an animal in which the imune system is not yet mature and, therefore is

unable to respond to the donor antigens. Newborn mice can be used because

they do not becqme irrnunocompetent until several days after birth (2).

(b) F1 hybrid animals express the histocompatibil-ity antigens of both

parental strains, therefore they do not recognize the antigens of eíther

parent as foreign. Vühen lymphocytes of either parental strain are inj-
\

ected ínto the F1 animal, they are able to respond to the antigens of the

other parental strain (1,3). The host cannot react against the histo-

compatibílity antigens of the donor; however, it can make antibodies

against the ce11 surface receptors which each parental strain carries for

the recognition of the antigens of the oËher, and which are not expressed

in the F1 animal (44). There is some evidence Ëhat such an'antibody

response by the F1 hosE may contribute to the eventual recovery of

animal with GVH dísease (45).

(c) Lethal írradiation of the host eliminates iumunocomPetent cells so
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thaÈ Ëhe hosË cannot reac¡ against injected allogeneic cells (4).

The pathological characreristics of the GVIIR are as fol1ows. In the

early stages the spleen, liver and lynph nodes enlarge, reaching a maximum

size ar eight ro ren days (5,6). Meanr¿hile the thymus atrophies (7). Later

all the lymphoid organs atrophy (2). The animals become emaciated or fail

to grovr and may die if the reacËion is strong enough (2). The strength of

Ehe reaction depends on the strain combination (2) and on the dose of cells

ínjected (19).

The donor lymphocytes begin to proliferate in response to host anti-

gens within the fírst few days (8,9), and there is evidence thaE the host

stimulating cell is lymphoid or hemopoietic tissue (10'f1). By the time

the lyrnphoid organs reach their maxímum enlargement, most of the dÍviding

cells are of host origin (8,9), Ëherefore, the spleen enlargement is due

mainly ro host cells. The reason for the host ce11 prolíferation ís not

known. If a host anti-donor reaction ís ruled out, stímulation by contact

wíth, or humoral factors from the activated donor cells, could be considered.

A mitogenic factor released from activated lynphocytes ín the mixed leuko-

cyte reaction is able to cause Eransformat.íon and thymidine incorporaEion

(indicarive of celf prol-iferation) of normal lyrnphocytes (51). The allo-

geneic effecr factor (16), described laterr may account fot a proliferation

of B cel1s. Acrivated lymphocytes also produce a chemotactic factor which

atEraccs neucrophils and macrophages, and a macrophage inhibítory factor

which inhibits the migration of macrophages out of the spleen and lymph

nodes (Sf¡; either of these might contríbute to an increased number of host

cells in the spleen.

The response of donor lymphocytes against the host produces cytotoxic

donor lymphocyres wirh specificity for host histocomPatibílíty antigens.

The host cells become nonspecífícally cytotoxic, with maximum cytotoxicity

-4-



corresponding to the time of maximum spleen enlargement (11,t2). The

reason for the activity of host cells ís unknov¡n. It is unlikely that

this is due to a reactíon of host cells against donor antígens because

the cytotoxicity is nonspecific, and GVII reacËions only occur in a host

which cannoË reject Ehe donor cells. This nonspecific cytotoxicíty of

host ce1ls may con¡ribute Eo the pathological symptoms of the GVH reaction.

It is not only T ce1ls which are involved ín the GVÍI reaction. A

reduction of the spleen index has been achíeved by removing macroPhages

from the donor cell preparation (14). It has also been found that perí-

toneal macrophages from F, mice injected with parental lymphoíd cells show

increased nonspecific cytotoxicity whích reaches a maximum abouË 14 days

af¡.er the injection (f5). B cel| activity may also be stimulated by a '

GVH reaction. An allogeneic stimulus, such as that presented to donor

T cells in a GVI1 reaction, causes the T ce1ls to produce a nonspecífic

factor which will enhance the antibody responses by host B cells to

many ancígens. Thís effect is known as the allogeneíc effect, and the

factor, as the allogeneíc effect facËor. There seems to be an op¡imum

allogeneic ce1l dose above whích the antibody productíon may be suppressed

rat.her than enhanced (16). Plasma ce11s of host origin have been found in

the lymph nodes of animals undergoing a GVH reaction, and host antibody

production, especially of 7s antibody, is greatly augmented. some of

these host antíbodies are autoantibodies (l7). Autoantibodies have also

been observed in hamsters during a GVH reaction (18). It may be that the

allogeneic effect plays some part of this host B cell triggering. However,

B cells do not appear to contribute to the spleen enlargement, since treat-

ment. of donor spleen ce1ls wíth anti-ß serum did not reduce Ëhe spleen

índex (14).
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Measurement of the graft versus host reaction

Cournonly used measurements of the GVtl reaction are the mortality

rate, phagocytic index, and spl-een or l-ymph node enlargement. MortalíËy

is not a very reliable method because times of death vary greatly in the

same strain combination and using the same cel-l dose. Secondary bacterial

and viral infections may be the cause of death, therefore environmantal

factors affect mortality quíte significantLy. lvtortality rate also has the

disadvantage of taking a long time before the results are known. The

phagocytic index is a measure of the rate of elimination of carbon part-

icles from the círculation. by activated macrophages. This is probably

related to proliferation anðfor nonspecífic activation of reticuloendo-

thelial cells (56). The increase in the weight of the spleen or a lymph

node is due to the proliferating cell-s, mostly those of the reticulo-

endothelial system (56), and ís measured at the time of maximum spleen

enlargement, which occurs at about 7 to 10 days after ínjection of the

alLogeneic cells. The size of the appropriate ly*ph node Ís measured when

the cel1 injectíon is made locally, such as into a footpad. Spleen size

is measured when the cel1s are injected intraperitoneally or intravenously.

Spleen enlargement is usually expressed as the spleen index, which is

cal-cuLated as f ollows:

Sp1een Index = spleen weight i bodv weight of test animal

spleen weight ; body weight of control animal

The control animal is either uninjected or is injected with syngeneic

cells. The spleen index is directly proportional to the logarithm of

the number of cells injected (19).

GenetÍcs of the graft versus hosÈ reactíon

The early studies of the GVH reaction showed only that the donor and

recipient had to be of different inbred strains (20), or the donor had to

-6-



be from a parental strain and the recípienË an F, anímal (Zf¡. Laxex

studies were done using congeníc strains differing only at the mouse major

hístocompatibility locus (H-2). Incompatibility at H-2, which leads to

the most rapid graft reject,ion, \^Ias found to be necessary for a GVH

reacËion. Differences at other hístocompatíbility loci usually only pro-

duce a measurable GVII reaction if Ëhe donors are irununized (22) 
' although

a one way GVHR and MLR occurs between BaLb/c and DBA/2 which are aPparently

ídentical at H-2 (43).

The H-2 complex is siÈuated in the ninth linkage group. A number of

specifícities control-led by loci at. either end of the H-complex were dís-

covered serologicaLLy, and these end regíons vrere named D and K. ,An area

next to D determines t\.Io specÍficities, known as Ss and S1p, whích are

present on a serum proËein that is probably relat.ed Ëo the complement

system. The ability to respond to certain antigens is determined by ímmune

response (Ir) genes situated betr¿een K and Ss-Slp. The relative positions

of these loci were shown by recombination between strains which are con-

geníc f.or H-2.

The H-2 Complex

I K , IA ¡ IB r IE , IC I SsSlP, D 
I

\--ì--l
I region S

Lymphocytes from mice differing only in the Ir region are able to stimulate

each other's lymphocytes in a mixed lyurphocyte culture (MLR) in spite of

the fact thaË their D and K specificíties are Ëhe same (24). Some pairs

of strains, which differ at very small parts of this region, only stimulaËe

one !üay in the MLR (42) .

Klein and Park (13) used recombinant congenic míce to show thaË the

sÈrongest GVII reaction, as measured by spleen en1-argement, occured when
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the cell donor and host differed in the rr region. LittLe or no spreen

enlargement resulted when Ëhere were differences only in the D or K, or

D plus Ss Slp regions. Because D and K region differences had been defined

serologically, they became knov¡n as SD (serologíca1ly defined) differences.
Ir region differences had been defined only by their GVH and MLR react-
ivity, therefore, they were named LD (Lprphocyte defined) differences (24) .

Soon afterwards cytotoxic antibodies i¡/ere produced against antigenic deter-

minants controlled by genes in Ëhe rr region, and these were named lymph

node antigens (Lna) because Lhey could be absorbed out most effectívely

by 1-ymph node cells (25). trtrhen it became known that the rr region

carried genes controlling ínrnune responses, GVH and MLR reactions, and

lymphocyte antigens, it wa,s renamed Ëhe r region (26).. The Lna antigens

bqcame know'h as Ia (I region associated) antigens (27).

The tissue disËribution of Ia antigens is not completely knov,rn. Con-

flictÍng rePorts may be due to different techniques and reagents used in
different laboratories. They have been found consistently in high density

on most B cells (25,28,29,39,42,4g). They have also been found on.macro-

phages, sperm cells and epidermal cells (2g,53). There aîe a number of
rePorts of Ia antigens on T cells and/or thymocytes, but in lower concen-

tration than on B cells (28,30,42r49,65) , while other investigators have

not been abl-e to show their presence on T cells or th)¡ûrocytes (2g,3g,42).

It is possible that at least some specificities are confined to certain

subpopulations of lymphocytes (42) . For instance, there is an ra specif_

icity r¿hich has onLy been found on T cells (30), also one anti_ra serum

could not be made to react with thymocytes or peripheral T cells (39).

Some anti-Ia sera gave a biphasic curve when their cytotoxicity was tit-
rated out against spleen or lymph node celIs. One such antiserum reacted
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\'¡ith both T and B cells at high concentration, but only with T ce1ls aË lo\"/

concentration. Absorbtion with B cells left activity against T cells. This

suggests the presence of more than one popul-ati,on of anti-Ia antibodies (65).

since rr genes, MLR and GVH reaction genes, and ra antigen genes are

all present ín the I region, it is of interest to knor¿ whether the Ia

antigens have any functional reationship to MLR, GVH or Ir genes. Anti-Ia

sera have been used to study this problem. Anti-Ia sera directed against

the stimulating cells in the MLC reaction can block the reaction, but anti-

Ia sera against the responding cell-s has no effect (28). Antibody against

only one or tr{o Ia specificitíes on the stimulating cell has a smaller

effect. Elimínation of Ia antigen bearing stimulator cells by antí-Ia serum

and complement Prevents the MLR, but similar treatment of responder cells

has l-ittle of no effect. These results suggest that the Ia antigens may be

the stimulus in the MLR, and that the responding cells in the ldLR do not

calrry Ia antigens (28). Anti-Ia serum has al-so been used to block the in

vitro formation of plaque forming cells against sheep red blood cells (2S).

It is also of interest that identity at I-A and I-B or some part of this

region is necessary for successful T - B cell co-operation (28).

Ia antigens have been found on three factors presumably produced by

T cells, and a possible function for Ia specificities on B cells has been

suggested. The antibody response to the syntheric porypeptide (TG)-A-L,

which consists of an alanine and lysine backbone with sidechains of tyrosine

and glutamic acid, is controlled by genes in the r region. All high

responder and most low responder mice produce an antigen specific T cell

factor which can replace T cells in this thymus dependent antibody response,

by stimulating antibody production by B cells Ín the presence of antigen.

It has a molecular weight of about 50,000 and carries an antigen binding
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site, but it does not react hTith anti-inrnunoglobulin sera, therefore,.it

does not carry inrmunoglobulin constant region determinants although the

presence of idiotypic determinants is not ruled out. It can be absorbed by

an anti-Ia iuurunoadsorbant coluurr, therefore, it carries Ia antigens. It is

possible'that this factor is all or part of the T cell recePtor controlled

by an Ir gene in the I region. Only two knovm H-2 genotypes do not produce

this helper factor (32). Most loiv responders do produce this factor, but

have B cells vrhich cannot respond to it. IIígh responder strain B cells can

absorb and respond to helper factor from low responder T cells. This

implies that a second Ir gene in the I region controls a B cell recePtor

site for the T cell factor. Anti-H-2 serum directed against bone marrow

cells can block their response to helper factor. Such a B cell receptor

site could account for some Ia specificities on B cells (32).

A suppressor factor of molecular weight 35,000 to 55,000 was obtained

from sonicated spleen cells or thymocytes taken from BaLb/c mice primed

with the carrier uolecule KLH (keyhole limpet haemocyanin). This molecule

vras able to suppress the anti-DNP (dinitrophenoL) IgG response Eo DNP-KLH,

both in vitro and in vivo. It was shown to be carríer specific, and only

acts in mice of the same H-2 allotype. Sínce suppression is only achieved

ín the presence of carrier prirned T cells, it ís assumed to act on these

rather than on B cells directly. This molecule, like the helpet Lactor,

is not absorbed out by an anti-Ig inrnunoadsorbant, but is taken up by an

anti-Ia irmnunoadsorbant, therefore, it does not ca:.ry iurnunoglobulin

consËant region determinants, but does carry Ia specificity (61).

The third factor is the aLlogeneic effect factor previously mentioned.

It is not antigen specific, and it can replace T hel-per cel-l activity for B

cells exposed Ëo any antigen. Its activity can by absorbed out by an
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anti-Ia iuununoadsorbant, therefore, it carries Ia specificity (62) .

The effect of alloantisera on the graft versus host reaction.

There have been several reports of eiËher an increase or a decrease

of the severity of the GVH reaction, produced by injections of donor anti-

host sera into the host. These experiments have been done in adult and

ner¿born mice, in F1 and allogeneic hosts. The antisera have been injected

before, simultaneously with, and after injection of the donor cells. Mort-

ality rate, survival time and spleen index have been used as measurements

of the severity of the GVII reaction. In most cases only a small amount of

antiserum (0.1 ml or less) was required to produce a significant effect.

Voisin and Kinsky, Ln L962 (33), increased the survival time of new-

born A strain mice suffering from runt disease índuced by adult CBA spleen

cells, by mixing 0.2 to 0.4 pL of CBA anLi-A serum with the donor cells. In

1965 Batchelor and Hovrard (34) injected two 0.1 url volumes of donor anti-

host serum intraperitoneally into adult F1 hosts, the first injection being

given two hours before, and the second, one to four days after an injection

of adult parental spleen ce1ls. Three different strain combinations r^Iere

used, and produced three different results. In the C57BL---¡ (C57BL x CBA)

F1 combination, survival rate was decreased, but the phagocytic index,

measured on day 1l was not altered. In the A 
-' 

(A x C57BL)F1 conbination

survival time and survival rate r,üere both slightLy decreased, but this was

only evident if low numbers of donor spleen cel-ls,were used. In the

C57BL 
-Þ 

(A x C57BL)F1 combination survival rate and survival time q¡ere

both increased. In 1968 Voisin, Kinsky and l'Iaillard (35) increased the

survival rate of adult (810.D2 x CBA)F1 hosts by injecting 0.01 ml Ëo 0.1

ml of 810.D2 anti-CBA serum intravenously, 24 hours before the injection of
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B10.D2 spleen cells. Ilumphrey, Fitch and Coppleson, ín 1972 (36) used

AlHe or CBA spleen cells injected ínto 3 - g day old (A/He x CBA)F1 hosts.

A 0.1 ml volume of A/He anti-CBA serum was also injected i.P., either one

day before and Ëhree or four days after the cells, or mixed with the cells.

The antiserum acted synergistically with cells of either parental strain

to increase the spleen size, measured l0 to 14 days after the cell injection.

In irradiared adulrs (360R), 0.5 m1 of antiserum given i.p. one day before

and three or four days after Ã/He spleen cells, also acted synergistically
a

to decrease survíval tíme. Jose, Stutman and Good (37) injected 5 x 10'

CBA spleen ce11s into adult (CBA x DBA/2)F, mice, followed iurmediately

by 0.1 ml i.p. of various dilutíons of CBA antí-DBA/2 serum. The spleen

index r¡/as measured on the eíghth day. The antiserum produced a reduced

spleen index over a limited range of dílutíons, but aE higher and lower

dilutíons it had no effect. IgG, and IBG, fractjons of this antiserum r./ere

also able Eo medíate this effect, while the IBG, fraction was inactive

and the IgM fraction produced a slighr íncrease ín the spleen índex. As

discussed later, the source of cells used as antigen in the production of

the antisera may be important. Batchelor and Howard (34) staËe only that

they used rrnormal and neoplasticil tissues as anEigen ín the production of

Eheir antisera, but in all the ofher studies spleen cells were used.

Safford and Tokuda (38) were able to reduce mortality in A/J mice under-

going a GVFI reacËj-on by injectíng the C57BL/K spleen cell donors with

0.1 ml of. C57BL/K anti-A/J sarcoma (SaI), four to eight days before the

spleen cells rrrere used.

Many investigators measured mortality, of which the direct cause or

causes are not fully understood. Others used a spleen weight assay'

which is a measure of the proliferation of lymphocytes in the spleen'
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In only one case (36) was the same antiserum used in both assays and in

this case ít had the same effect on the severity of the GVH reaction

measured with either assay.

It is not knolrTMhat determines whether an antiserum will increase

or decrease the severity of the GVf{ reaction. It has been suggested

that the immunization procedures, the class of antibody produced (36)'

the dose of antiserum (33,34), the straín in whÍch the alloantibody is

produced or the strain of the host (36), or a combination of these may

be determining factors. There are no consistent trends to índicate what

importance each of these facËors may have. only Jose, stutman and Good

(37) isolated the iurmunoglobulin classes responsíb1e for the activíty of

their antiserum. They also noted that Ëhe protective effects of their

sera T¡rere nou related to Eheir hemagglutínacion titers. voísin, Kinsky

and Maillard found that the hemagglutinating ability of their sera could

be absorbed out without completely removing its protective effect (35) '

The mechanísm of the action of these antisera remaíns unknown, bu¡

it has been compared to the enhancement or facilitation by antiseta of'

tumors and allografts. Covering of antigenic sites on host alloantigens

ís the simplest explanation for protect.ion against runt disease' but T¡lhere

very small amounts of antiserum have been used, or a critícal dose is

required, rhis is unlikely (37,38). The critical dose observed by

Jose et. af. (37) suggests that the formation of antigen-antibody complexes

at a critícal ratio of anËigen to antibody may be required in order to

suppress the donor cells. safford and Tokuda provided good evidence in

favour of a direct effect on donor cells of antibody, which might perhaps

turn off specifíc responding cells or stímulate the formatíon of suppres-

sor cells (38). trrlhen Jose et al . preincubated donor cells \'líth their
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antiserum the GVH reaction was not altered (37) , but the incubation may

not have been long enough'to affect the cells irreversibly. It has not

been ruled out that some component of antiserum other than antibody might

be involved in increasing or decreasing the severity of the GVH reaction.

Mechanisms of enhancement

It has been suggested that all-oantisera might protect against runt

disease by the same unknown mechanism as that by which alloantisera en-

hance the survÍval of a1-logeneic tumours (47,48) or normal tj-ssue allo-

grafts (50) in vivo, or protect tumour cells from cell mediated lympholysis

in vitro (47,48). There are several hypotheses to explain the action of

enhancing antisera. The antibody may cover antigenic sites on the graf.t

or suppress the expression of cell surface antígens, so that eíther the

normal lymphocyte cannoË become sensitized or the sensitízed lymphocyte

cannot kill the target cell. Antibody or iumune complexes may act

directly on the iurnunocompetenË cells to either prevent their sensitiz-

ation or inhibít their cyËotoxic activíty.

There is reaLly no conclusíve evídence for the prevention of sensi-

tízatíon or killing by covering antigenic sites, although grafted tíssues

do take up the relevant antibody (46). It is doubtful whether the amount

of antibody necess ary f.or enhancement vrould be sufficient to cover enough

antigenic sites to prevent sensítization or killing.. French and

Batchelor (50) found Ëhat in rats vrith long surviving kidney allografts

established 5 months earlier by using enhancing alloantiserum, there

are no circulatíng antibodies, and the kidneys from these rats can

take up as much radiolabelled alloantibody as kidneys which had been

newly transplanted without enhancing alloantiserum; therefore, the

antigenic sites are not all covered. ÌIowever, during the first few

weeks after Ëransplantation, during which there ís circulating
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anËibody, masking of antigenic sites carinot be ruled out. In contrast,

Thoenes et al. (57) found circulating antibody in rats with long estab-

lished kidney allografts.

Takasugí and Klein (47) and Takasugi and llildeman (48) were able Lo

extend the survival of an allogeneic tumor in vÍvo and protect tumor cel1s

from dest.ruction by sensitized lymphocyËes in vítro, using anti-H-2 serum.

They observed that lymphocytes taken from mice inj ected v¡ith antibody as

well as tumor cells were less cvtotoxic to tumor cells in vítro than cells

taken from mice injected only with the tumor. Lrhen the antibody was in-

jected six days afËer the tumor, by which t.íme the animals were already

sensÍtized, there r¡ras a reduction ín lymphocyte cyËotoxícity which T¡las not

a result of the removal of the antigenic stimulus, because the removal of

the tumor did not have the same effect on the sensitízed lymphocytes.

Thus, there appears to be a central inhibítory effect on the sensitized

lymphocytes, although it has not been ruled out that antibody may also

acË at oEher levels.

French and Batchelor (50) also produced evidence for a central in-

hibitory effect. of alloantisera. They made a rat kidney, Fl to parental

sËrain, graft accompanied by enhancing antigraft al-loantíbody. Later,

without the use of any addit.ional antiserum, a second F, kidneY grafË was

accepted by the fírst host, and the first kidney grafx \¡ras transferred Eo

a second host where it was rejected. The enhancement v/as associated

with the host which was given antiserrm, and not transferred with the

transplanted kidney. Rats bearing enhanced F, kidneys are capable of

producing antibody against donor strain and their lyutphoid cells can

produce a GVHR in the F, strain. However, they make only a weak cell

mediated immuníty against a later skin graft from the same F-, donor
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strain as the kidney. Even following Ëwo injections of fifty million

spleen cells to induce a response, neither the skin grafts nor the

kidney are completely rejected.

Duc et al. (59) v¡ere able to produce tumour blocking activity by

uixíng alloantiserum with tumour antigen in the right ratio. This sug-

gests that antigen antibody complexes may be important for enhancement.

Several mouse Lumour enhancing alloantisera have been analysed to

find the Ig class responsible for their activíty. Takasugi and Hildemann

(SZ¡ found that IgG, enhanced, IgGl had no effect, and Ig$ was cytotoxíc.

Takasugi and Klein (47) found most activity in the IgG2 fraction, some

in the IgGl fraction but none in the Ig$ fraction. Rubinstein et 41.

(63) were able to enhance with alL three fractions, if used ín the cor-

rect doses, but high concentrations of ïgi't or IgG, inhibited tumour growth.

Gillespie (46) used Fab, F(ab) 2 ana Fc fragments of TgG, aTLoantibodies

to protect tumour target cells from lysís in an in vitro cell mediated

cytotoxicity test. He showed that Fab fragments protecËed the Ëumour

target cells when preincubated with the tumour cells, but not when

preincubated with the normal thynocytes which were used as the source of

T cells. Conversely, the Fc fragment protected when incubated with the

lymphocytes, but not with the tumour cells. It vlas suggested that the

Fab portion of the molecule may medíate enhancement at the target ce11

l-evel, while the Fc end mediates a central ínhibition of the lymphocyte.

This hypothesis is difficult to reconcíle with the inrnune complex theory

unless enhancing antisera have several modes of action. It is also

possible that the action of Ig fragments in vitro may not accurately

reflect the action of v¡hole molecules in vivo.
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Turo authors have produced evidence that it is the anti-Ia

component of an enhancing alloantiserum which may be responsible for

its activity. D and K specificities are present on red blood cells

and platelets, but Ia specificities are believed to be absent (25,60n23)

therefore, anti-D and anti-K antibodies can be removed from an anti-

serum by red blood cells or. platelets, leaving anti-Ia antibodies.

Jansen et a1. (58) found that the IgG2 fragment of a B6AF1 anti-810-D2

serum woul-d enhance 810.D2 skin grafts on B6AF1 mice. After absorbing

with 810.D2 red blood ce1ls he found that all the cytotoxicity had been

removed but the enhancing activity remained. A similar experiment by

Davies (60) involved the use of rat anti-Ag-B serum, (Ag-B is the major

histocompatibility complex of rats), to enhance (hlag x Agus)F1 to Agus

heart transplants. trIhen the antiserum was absorbed wÍth Wag red cells

or platelets, the enhancing activity was not diminished. In both these

cases the anti-Ia component of the antiserum sras able to produce the

same enhancing effecË as the whole anËiserun.

The mechanism of enhancement is not compl-etely cl-ear. There is a

lot of evidence in favour of a central inhibitory effect, but peripheral-

effects cannot be ruled out. It is likely that antigen-antibody complexes

are required. Most authors have found activity in the IgG fractions of

enhancíng antisera, and some have implicated the anti-Ia comPonent.
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OBJECTIVE OF THE PRESENT STUDIES

{he- studies discussed in the previous secËion demonstraËed that

donor anti-host Sera may in some cases Suppress oT augment GVH reac-

tions. The mechanism of these effects is not clear, buË may be tenta-

tively attributed toartibodies directed against some antigens of the

major histocompatibility complex , as suggesËed by the facË that a1l the

antiseïa used by the authors quoted above contained anti-H-2 antibodies

and that H-2 incompatíbiliËy between donor and host is necessaty for

the developurerit of GVt{ reactions. Since different antisera, all con-

taining anti-Il-2 anËíbodies, have been shown to produce opposite effects

and frequently may have no effect at all on the intensity of a GVII re-

action, this raises the problem as to r¡rhat characteristics of the anti-

sera are responsible for these different effects. Some of the previous

authors have ínvestígated the possibility that the antibody class or

subclass may be critical for determiníng the effects of an antiserum

on GVH. While this possíbility deserves further invest.igations' another

possibility is suggested by the recent progress ín our knowledge of the

H-2 antigens. It has been shown that GVH reactions are at least in part

due to differences of LD antigens determined by the I regíon. Thus,

antibodies directed against the same ant,igens would be expected to inter-

fere with the reaction and induce either its suppression or its aug-

mentatíon. As mentioned previously, Ia antigens may be related to LD

antigens whích are determined by the same H-2 region. The possibility

that anti-Ia antibodies contained in the a\tL-H-Z sera were the factors

which affected GVH reactions in previous experiments should be taken

inËo serious consíderation. This possibility vlas not considered at the
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time when most of the experiments quoted above erere done, because the

exÍstance of Ia antigens \"ras not knornm. Moreover several authors have

omitted in their papers, details about the methods of preparatíon of

their antisera which would retrospectively supply some information about

the role of Ia antigens. The possible fole of anti-fa antibodies is

further supported by the similarities of the suppression of GVH reactions

with antísera and immunological enhancement of allografts, which has been

recently suggested to be due to anti-Ia antibodies (58,60).

0n the basis of these considerations, it was decided to investigate

the role of anti-Ia antibodies in the modification of GVH reactions with

antisera, in the hope that this might shed some líght on the role of Ia

antígens in GVH reactions. Anti-Ia antibodies may be obtained in two

vrays, i.e. (i) bV the use of congenic recombinant strains of mice differ-

ent only for part of the I region of H-2 and identical for the K and D

regions, and (ii) by absorbing the antí-K and antí-D antibodies from an

antiserum produced against the whole spectrum of H-2 antigens t¡ith

tissues which contaín these antigens buL do not contain Ia antigens.

The first approach presents'the advantage that anti-K and anti-D anti-

bodies would not contaminate the antiserum, buË has the disadvantage that

some antí-Ia antibodies critical for the elicitatíon of the desired

biologicaL effect may not be represented in the antiserum depending on the

point of the H-2 chromasome where the recombination which distinguishes

the two strains has occured. The second approach does not present the

latter problem but presents several technical problems related to the

choice of tíssue for absorbtion and to the difficulty of determining

when the absorbtion ís complete. Since the appropriate congeníc recomb-
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inant strains were not available in this laboratory, only the second

approach was possible for us.

The first step tovlard the objective stated above vlas to reproduce

Ëhe results of previous studies, i.e. the augmentation and/or suPPressr

ion of GVH reactions with antisera to H-2 antigens' As shown in the

Results section, the different antisera tested either produced no effect

or induced an augmentation of the GVH reaction. Thus, it was not

possible to study, as originalLy planned, the effect of anti-Ia

antibodies ín the suppression of GVH reactions '
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MATERIALS AND METHODS

Chemical and biological materials '

1. Agarose was obtained from Marine Colloids, Inc., Rockland, Maine.

2. Alsevers solution was Prepared as follows: dextrose 20 '5 g/L' sodíum

cirrare (dihydrate) 8.0 g/1, citric acid (nonohydrate) O'55 g/L,

sodium chloride 4.2 g/L. This solution r¡Ias auËoclaved at 15 p's'í'

for 15 minutes.

3. Chromium 5I was obtained from Atomic Energy of Canada Ltd' or from

the RadiochemÍcal Centre, Amersham, England, in the form of a sodíum

chromate solutíon. The pII r,ras corrected to approximateLy 7.4 by

adding 0.2N HCl dropwise, using phenol red as in indicator. Then

the concentration was adjusted to 1000 uci/ml r¿ith Dulbeccots buffer'

4. (Ethylenedinirrilo) tetraacetic acid' Eetrasodium salt (EDTA) ' vras

obtained from Matheson, Coleman and Bell, Cincinnatí, Ohio.

5. Foetal calf serum (FCS) was obtained from Microbiological Associates'

Bethesda, Maryland. Complement r,Ias heat inactivated at 56"C for

30 minutes.

6. Ilanks balanced salt solution (HBSS) and RPMI were both obtaíned in

powder form from Grand. Island Biological co., Grand Island, New York'

They were made up according to the accompanying instructions' except

that ín both cases sodium bicarbonate vras replaced by l{epes buffer

at a f inal concentration of 0.01M. 0.025M llepes vTas sometimes used

in RPMI for tumor cell cultures '

7 . N-2-hydroxyethylpi perazine-N-2-ethanesulfoníc acid (Hepes) buffer

was obtained from calbiochem, san Diego, california. A 1.0 M stock

solutionv/aspreparedandcorrectedtopFlT.3with2NNaoH.
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B. Madin and Darbyrs solution was prepared as follows: NaCl B.O g/L,

KCl 0.4 g/t, NaHCOr 0.58 g/1, dexrrose L.o e/t, EDTA 0.2 e/L.

9. Normal mouse serum (NMS) was obtained from pooled blood collected

from various strains of mÍce. B10.BR NMS for experimental control

purposes was collected from mice being kiIled as cell donors. These

sera r{ere heat inactivated at 56oC for 30 minutes and stored at -2BoC

in I m1 aliquots.

10. Pertussis vaccine containing approximately 15 x 109 killed organisms

per ml r,¡as obtaíned from Connaught LaboraËories Ltd., Toronto, Canada.

11. Dessicat.ed penicillin-st.reptomycin was obtained from Difco Labora-

tories, DeËroiË, Michigan. It was dissolved in sterile water and

added to culEure media at a concentration of 100 units of penicillÍn

and 100 ug of streptomycin per m1.

L2. Phosphate buffered salíne r¡ras prepared as follows: NaCl 7.659 g/L,

Na^HPO, 0.725 g/L, |<H^PO, 0.2L2 e/1.2424
13. Trypan blue was used at a concentration of 0.25% ín normal saline.

L4. DessicaËed bacto-trypsin was obtaíned from Difco Laboratories, Detroit'

Michigan. It was díssolved in dístilled \¡rater at a concentration of

5"Á and stored at -20oC. For use ic was diluted xo 0.514 ín Madin

and Darby's solution.

15. Turkrs solutícn vras 0.0L7. methylene blue in L7" acetíc acid.

S terilízation.

The solutions and sera r¡rere sterilized when necessary by passing

them through 0 .45 V Millipore filters which had been sterilized by auto-

claving

Animals.

810.D2 new, B10.BR, C57BL/6 and B6AF.' mice, and New Zea1.and Lrhite
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rabbirs

(810.D2

Medical

Tumors.

\4/ere obtained from Jackson Laboratories, Bar Harbour, Maine.

x B10.BR)F1, mice were bred in the animal care centre, Basíc

Sciences Building, University of Manitoba.

The 810.D2 sarcoma celrs were obtained. from a frozen sample of a

tumor previously produced in this laboratory by one subcutaneous iniection
of 1 ng of nethylcholanthrene in oil.

The PB15 tumor was originally obtained from Dr.

the time these experíments r,Iere performed, the tumor

serial intraperítoneal transplantation in DBA/2 mice

this laboratory.

Preparation of cell suspensions.

K. T. Brunner. At

had been carried by

for four years in

(a) For producrio4 of anrisera in 810.D2 and ¡lq=-Ee *&e. spreens,

lymph nodes and thymuses $/ere Ëaken from the donor mice and. collecced. ín
HBSS over ice. These organs were broken up in a loose fitting homogenizer,

the debris was allowed to settle for 5 mínutes, and the supernaËant con-

taining ce1ls was pipetted off. This vras repeated using more HBSS and the

second supernatant vras added to the first. The cetr-1 suspension v¡as ad-

justed to the required volume with HBSS. The cells $rere not v¡ashed.

graft versus host reactions. Mice were killed by cervical dislocation,

Ëheir spleens r¡rere removed and put ín a petri dish conËaining HBSS. The

spleens \^7ere teased apart with two needles and the remaining lumps \¡rere

broken up in a loose fittíng homogenizer. The cells vrere separated from

the debris by passing them rhrough a 2oo gauge staínless steel mesh,

then v¡ashed Ërnrice and resuspended ín more HBSS. A 50 ul sample was taken,

using a 50 ul capillary pipette, and diluËed 20 times in Turkfs solution

(b) For producríon of anËísera in A,/J and C57BL /6 mice. and for
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for a total cell count, or in trypan blue for a viable cell count. At

least 100 cells were count,ed each time and tsvTo seDarate counts r¿ere made

for each cell preparatiori. The cells rÀrere counted in a Neubauer hema-

cytometer. The required number of cel1s r¡ras centrífuged once more and

resuspended in Ëhe appropriate voh¡me of HBSS.

Productíon of antisera.

(a) BIO.BR andi-810.D2 (1) and 810.D2 anti-B1O.BR (1). 0.5 nl of a

suspension of spleen, lymph node and Ëhymus cells in HBSS was injected

intraperitoneally (i.p.) into each mouse. Ten donor mice were used for

fifty recipients. A total of seven such injections were given at ten

day intervals. Fif teen to tl/¡enty drops of blood were taken from the taíl

vein of each mouse iu¡nediately before the lasË three injections and Ëhe

animals were bled out ten days after the last injection. The sera from

all the bleedings were heat inactivated, pooled and sËored at -20oC in

2 mL aliquots.

(b) B10.BR anËi-810.D2 (2) and 810.D2 antí-BlO.BR (2). 0.5 ml of a

suspension of spleen, lymph node and thymus ce1ls in HBSS was injected

intraperiËoneally ínto each mouse. Ten donor mice were used for f.ifty

recipients. A total of eÍght injectíons were given. The second ínject-

ion was given fourteen days after the first, and the rest at seven day

intervals. The animals were tail bled immediately before the last two

injecËions and bled out seven days afËer the last injectíon. The serum

from each bleeding was heat inactivaËed and stored separaËely aË -80oC.

(c) C57BL/6 anxí-A/Jl C57BL/6 anrí-86Ã8.; AlJ antL-C17st/6; AlJ ar-xL-P6ÃFr.

The irnmunizatíon procedure used was that described by Jose, SËuËman and

Good (37). On day O , 2 x 107 viable spleen cells mixed wirh 109 killed
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pertussis organisms in 0.5 ml HBSS, \^leIe injected i.p. into each mouse'

On day 14, 2 x :1O7 viable spleen cel1s only were injected í.p. in 0.5 m1

HBSS. The animals were tail bled on day lB and bled out of day 19. The

sera from both bleedings \¡rere pooled, heat inactívated and stored at -B0oC

in 2 ul aliquots.

(d) Bl0.BR anti-P8l5. P815 cel1s which had been cultured for at least

16 days were used to iromunize I0 BIQ.BR mice. After washing 5 times'

the following numbers of víable cells were injected i.p. into 0.5 nl of

HBSS: Day O - 1 x 106; lay 10 -3.8 x 106; Day 20'-3.6 x 106; Day 30 -
a

13 x 10o. The animals v¡ere tail bled iunnedíately before the last injection

and bled out 10 days after the last injectiori. The serum was pooled, heat

inacËivated and stored at -80"C.

Tumor cell cultures.

All culture procedures vrere carried out in a

usíng sterile equipment. The cel1s were cultured

tíc disposable flasks with 15 to 20 m1 of RPMI +

P815.

laminar flow cabinet

in 75 "t2 "t"tíle 
plas-

514 FCS in each.

One PB15 bearing DB^/2 mouse was killed, the fur was shaved off and

the skin was sreriLízeð, wLtt. 707" alcohol. The tumor cells were removed

using a syringe wiËh an 18 gauge needle, washed twice in HBSS, resuspended

in RPl"tI and counted. Approximately 106 cells r^7ere put into each of ten

culture flasks. The cells vrere removed from the flasks for transfer or

írnrnunization by removing the RPMI and adding 1-0 nl of 0.5% trypsin ín

Madin and Darbyts soluti.on. As soon as the cells r¿ere free they were

removed from the flask, washed once in HBSS + 5Z FCS to seParate clumped

cells and then 5x more in HBSS onlY.
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Bl0.D2 sarcoua.

A vÍal of frozen cerls was thawed and the cells were counted. rnto
each of three culture frasks were placed, 2.8 x 105 vÍable cerrs, and
2.8 x 105 viable ce1ls were injected subcutaneously into each of tv¡o
adult 810'D2 male mice' The cells in the flasks did not groql, therefore,
as soon as small tumours appeared in the mice, one vras excised under
sterile conditions, cut into small pieces, mixed with 10 nl 0f 0.5% trypsin
in Madin and Darbyrs sorution Ín a trypsinizLng frask, and stirred with
a magnetic stirrer. After about 30 minutes, the supernatant was taken
off and the cells contained in it were washed 5 times. Although there
appeared to be few viable cells, several culture fr-asks vrere set up and
eventually the cells grew welr. hlhen it became necessary to transfer
the celrs, o-5% trypsin in Madin and Darbyrs sorution was used to free
the cells' which vrere then washed r¿ell in HBSS. rt was rater found that
Madin and Darbyts solution arone wourd free the cerls, therefore, this
method was used on one occasion.

The cvtoÈoxicitv test

. The rabbit was anaesthetized with
nembutal and bled out by heart puncture. The whole absorbtion process
was carried out at 4"c in order to avoid activating the complement
sequence. The rabbit seruu was diluted L:2.5 in HBSS. Calcíum and
Magnesium ions are necessary for the activation of complement, therefore,
these r^/ere removed by adding 2 mL of 

'.rM 
EDTA per r00 urr of dituted

serum' Then 80 mg of agarose per ml of the undiluted serum was added,
and the mixture v'as stirred gently at 40c for 30 minutes. The agarose
v'as remcved by centrifuging at 4340 g for 10 minutes at 40c, and Ëhe
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supernatant was centrifuged again at 12000 g for r0 minutes at 4oc.
The ca*f content was restored by adding 2 mr of 0.1M cacl 2 per 100 mr
of diluted absorbed serum. A sample was Ëitrated in the two step
cytotoxicity test and the rest eras stored at -g00c in I ml aliquoLs.

.

A mouse of the appropriate strain was kirred and the lymph nodes

v¡ere removed. A cell suspension in HBSS r¡ras prepared by pressing the
tystph nodes through a 200 gauge sËainless steer mesh using a rubber
tipped syringe prunger. The cells were washed once, resuspended in a

small volume of RpMI + 52. FCS and a sample vras counted in trypan blue.
The required number of cells were taken and diluted to a concentration of
107 viable cells per mr. 51cr was added to give a concentration of
100¡ci/nl. The cells were incubated with the 51cr at 370c for one hour,
mixing every l0 minutes. The labelled cells were washed 6 tímes in HBSS,

resuspended in HBSS + 22" NMS, counted in trypan b1ue, and diluted to a

concentration of 106 cells per mI in HBSS + 2% NMS.

Procedure.

The one steP test was used for the prelíminary testing of the rabbit
complement. The two step test was used to test the final absorbed comp_

lement preparation, all the mouse antisera and some of the B10.BR anti_
BL1'D2 (2) absorbed samples. The three step test \¡ras used for Lhe final
testÍng of the absorbed antisera. rn the early tests, u bottomed prates
were used, but it was later found that V bottomed plates gave more

accurate results and were used in all tests on absorbed mouse sera. prastic
adhesive sheets were used as covers, serial dilution of 0.1 ml of antiserum
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in HBSS were made in the plates, and 0.1 nl HBSS containing t05 51Ct

labelled lynph node ce1ls was added to each we1l. The plates v¡ere covered

and left at room temperature for 15 minutes. At this stage the procedure

varied:

(a) In the one step test 0.05 ml ot L/5 complement r¡ras added and Ehe

plate was incubated at 37oC for 40 minutes, cenËrifuged and 0.1 ml of

supernatant r,ras removed for counting.

(b) In the tvro step Ëest Ëhe plate rras centrifuged, 0.16 rnl of the super-

natant r¡ras removed and discarded and 0.2 mL I/20 complement was added.

After covering the plate and resuspending the cells, Ëhe plate was incu-

bated at 37"C for 40 mi-nutes, centrifuged and 0.12 ml supernatant was

removed for counting.

(c) The three sËep test r¡¡as the same as the two step Ëest, but the cells

were r^¡ashed ín 0.2 m1 HBSS before addíng complement.

All centrifuging was done at 2L6 g f.or B minutes. CounËing $ras done in

a Nuclear Chícago ganma counËeï f.or 2 minuËes. Samples r¡rere tested in

triplicate if possible, or in duplicate if only sma11 volumes r,¡ere avail-

able, as l.¡as the case wiËh some absorbed sera.

Since the complemenË had some cytotoxícity remaining even after agar-

ose absorption, r,¡ells conËaining ce1ls p1-us complement t¡ere used as Ëhe

0% conËrol. Previously tested sheep antí-mouse lyrnphocyËe serum (AfS)

was used at a dilution of L/40 Íor the l00Z control. Two concentrations

of the test serum r¡ithout complement were included, but these readings

were always below the 0% readings.

Graft versus host reactions.

In-'i ectíons. Newborn mice were injected intraperitoneally, usíng a 30 gauge
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needle inserted through the hind leg muscles. Adults were injected

intravenously via a tail vein. Antiserum dilutions were made in phos-

phate buffered saline and the volumes used v¡ere 0.05 ml for the newborn

mice and 0.1ml for the adults. Cells were in'iected into the newborn

mice in 0.1 ml of HBSS. and ínto adults in 0.3 url of HBSS. Cells were

always injected 30 minutes to 4 hours after the antisera. The control

mice were not iniected.

Measurement. Ten days after the cells were injected, the mice were

killed and weighed. The spleens \¡rere then removed, rinsed in saline,

blotted with gauze to remove excess moisture, and weighed. Weights were

measured correct to the nearest tenth of a milligram.

Absorbtion of B10.BR anti-BLO.D2 serum.

Absorbtion with lymphocytes. The spleen and lprph nodes were removed

frour 810.D2 mice and a cell suspension eras prepared as described on page

23. The cells were qlashed 5 Ëimes in HBSS, centrifuged at 375 g for 5

minutes in a graduated tube, and the volume of packed cells was noted.

The cells vrere resuspended in a sample of antiserum diluted with HBSS

and rotated gently at 4oC for I hour. The suspension was then centrifuged

aE 375 g for 5 uinutes, then the supernatant vras removed and centrifuged

again at 1000 g for 5 minutes to make sure all the cells were removed.

T\vo samples T¡rere absorbed as follov¡s:

Serum Vol.: Packed CelI Vol Dilutíon after absorbtion

Preparation

Preparation

1- : L.75

Lz4

810.02 thymuses were

L/t0

Ll2.5

broken up by teasing

I

TI

Absorbtion with thymocytes .
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with needles in I1BSS and then pressing them through a 200 gauge stainless

steel mesh, using a rubber tipped syringe plunger. The ceLls were washed

5 times, centrifuged at 375 g for 5 minutes in a graduated tube, and the

packed cell volume was noted. The cells r¡Iere resuspended in the diluted

antíserr.E sample and rotated at 4"C Í.or I hour. The absorbed antiserum

vras separated by centrifuging at 375 g for 5 minutes, followed by 5

minutes at 1000 g. The f oll-owíng three absorbtions r,rere urade.

Serum Vol.: Packed Ce11 Vol. Dilution after ebsorbtíon

?reparation I

Preparation II

Preparation III

1 : 3.5

1:3

1:3

L/LO

L/LO

L/LO

Absorbtion with red blood cells (RBC's). The method described by Haupt-

feld, Hauptfeld and Klein (31) was used. 810.D2 mice were bled into

Alsever's solution, using approximately two volumes of Alseverrs solution

to one volume of blood. The red blood cells vlere then r^rashed 6 times in

I{BSS, removing the buffy coat from the surface of the red cells each time-

The ceLls were then divided into several equal aliquots and centrífuged

at 1-000 g for 5 mínutes. The antiserum sample was diluted 10x in IIBSS

and absorbed with each aliquot in turn, by rotating gently at 4"C for 15

minutes. The cells and sertun were separated be centrifuging at 1000 g

Í.or 5 minutes. Thís procedure r¡ras carried out on the same antíserum

sampl_e on three separate occasions. BetÍteen absorbtion the antisert¡m

was frozen while a small sample vlas tested in a cytotoxicity Ëest, the

results of whích are shornm in figure 10. The details of the absorbtions

are as follows:
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lst absorbtion:- 5 aliquots of cells, each with an antiserum to

to packed ce1l volume ratio of 1:1

Total of this absorbtion = 1:5

2nd absorbtion:- 3 aliquots of cells, each with an antiserum to

packed cell volume ratio of l:1

Total of this absorbtion = 1:3

Total of all absorbtions = 1:B
\

3rd absorbtíon:- 3 aliquots of cells, each vrith an antiserum to

packed cell volume ratio of l:1.33

ToLal of this absorbtion = l:4

Total of all a.bsorbtions = L:L2

Absorbtion with 810.D2 sarcoma cells. The tumour iells were allowed

to grovr untíl they covered the bottom of the flasks. The same sample

of antÍserum was absorbed on three separate occasions with tumour cells

and its cytotoxicity was measured after each absorbtion. The results

of these cytotoxicity tests are shown in figure 9.

lst absorbtíon:- The medium r¡/as removed from 5 flasks and the adhering

cells were washed 6 times with HBSS. One ml of antiserum r^ras diluted

LOx wÍth HBSS and put into each of the 5 flasks in turn for 10 minutes

with rocking. After removing the antiserum from the fifth flask ít

v/as centrifuged at 1000 g for 5 minutes to remove any tumour cells and

stored frozen.

2nd absorbtion:- Two 4.5 ml volumes of the previously absorbed diluted

antiserum were each passed through twelve flasks of cel1s as described

for the first absorbtion, centrifuged at 1000 g for 5 minutes and

stored f.rozen.
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3rd absorbtion:- For this absorbtion the cells vrere removed from 29

flasks by replacing the culture medium in each flask with Madin and.

Darbyrs solution and rocking. The cells were washed 5 times in

IIBSS and centrifuged at 375 g for 5 uinutes in a graduated tube.

The 1.45 url of packed cells !,/ere resuspended in 9 ml of the previously

absorbed diluted antiserum and rotated at 4"c Lor 30 mÍnutes. The

cells were removed by centrifuging at 375 g for 5 minutes and then

at 1000 g for 5 minutes.
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RESULTS

Preparation of rabbit complement

In order to neasure the cytotoxicity of the mouse alloanti-

sera, it was necessary to obtain a preparation of complement effective

in lysing antibody treated murine ly*ph node cells, but riot cytotoxic

for the target celIs if used alone. Rabbit serum can be a good source

of complement for use with mouse alloantisera (55), but the sera from

individual rabbits may vary both in their coropLementary activity and in

their content of naturally ocurring antibody cytotoxic to mouse ce1ls.

To select a proper donor of complement, serun samples were taken from the

ears of four New ZeaLand Inlhíte rabbits and their cytotoxicities against

5lcr labelled 810.4 lymph node cells r¡rere measured, using the rabbit

serum as the source of both antiserum and complenent. It has been shovrn

that agarose absorbtion can remove much of the cytotoxic antíbody against

mouse cells from both guinea pig (54) and rabbit (55) sera. Therefore,

a serum sample from each rabbit \¡tas absorbed wiLh agarose, foLlowing the

method of Cohen and Schlesínger (54), and the cyototoxicities of the

absorbed sera vrere measured togeËher vlíth those of Ëhe unabsorbed sera,

The absorbtions lrere carried out at 4oC in the presence of EDTA, which

chelates the dívalent cations, Ca# and Mg*f, and thus prevents the activa-

tion of the complement system by Ëhe antigen-antibody complexes formed

during absorbtion. After the agarose had been centrÍfuged out, the cation

content was restored by adding CaCI2, so that the complement system could

be activated vrhen the serum qras used in the cytotoxicity test.

The resuLts of the cytotoxicity tests with the absorbed and unab-

sorbed samples of rabbit serum are shovm i4 Fig.L. The sera of rabbits

3 and 4 had, practically no cytotoxÍcity when diluted to L/5 and their
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cytotoxic activity was easily absorbed out with agarose. Having shornm

that it was possible to obtain from rabbits 3 and 4 sera without signi-

ficant cytotoxic acËivity, it r¿as necessary to examine these sera

for their complemenU activity. This r¡¡as done by additing seríal dilu-

tions of the rabbit sera to 51at 1"b.11ed 810.4 cells treated \^¡ith

c57-anti-(Csz x A)F, serum ín a coficefitraËion of 1/20 which had previously

been shown to índuce l0O% lysis. The results are shown in Fig' 2'

Maximal cyËotoxici¡y was obtained, although the values did not reach

100% 1ysis. !ühile Ëhe absorbed samples did not shovl any cytotoxicity

at a dilution of 1:5, theír complement activiËies at this concentration

were good.

Rabbits 3 and 4 were bled out by heart puncture under nembutal

anaesthesia, and all the serum from rabbit 3 and a sample of serum from

rabbit 4 were absorbed. Two steP cytotoxicity tests I¡Iere calríed out
5 51

with Ëhe use of these three sera as the source of complement ' LO" -'Cx

labelled 810.4 lymph node cell-s in 0.1 ml of HBSS r¡ere added to 0'l rnl

of a L/20 dilution of. c57 anti-B6AFl serun. The plates l{ere left at

room EemperaË.ure for 15 minuEes. To elíminate any nonsPecific antí-

complementary actívity of Ëhe mouse alloantiserum' most of the allo-

aritiserum \Àras removed by taking 0.16 m1 from each r¿ell after centrifuging'

0.2 ml of each of a series of rabbít serum dilutíons in HBSS were added'

The plates were incubated at 37"C for 40 minutes, centrifuged, and 0'1

ml was removed for counting. The resulËs shown in Fig. 3 indicate that

absorbed serum from rabbít 3 produces maxírnal lysis dol^m to a dilutíon

of. L/40, wírh a small anount of cytotoxicíËy due to the rabbit serum

itself, whereas.the complement activity of even unabsorbed serurn from

rabbit 4 was lower.
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Figure I

CytotoxicitY of rabbit serum for 5ICr labelled B1O.A lyrnphocytes

40'

rabbit 1 rabbit 2

----o"'

rabbit 3

51020
rabbit serum

rabbLt 4

10 20 40 B0 160 2'5 5 10 20

reciprocal of dilution of rabbit serum

r/)
'r{

930
.l
À.9-20

10

50

40
U).rl

åro
*20

10 20 40 B0 160 2'5

reciprocal of dilution of
160BO40

40 B0 160

€+ not absorbed

e-----@ absorbed with 50 mg of agarose per ml of serum

Each well contained 0.1 ml of HBSS containing 27. NMS, plus 195 51gt

labelled 810.4 lymphocytes in 0.1 rnl of HBSS containing 2% NMS, plus

0.05 ml of each diLution of rabbit serum'
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Figure 2

Titration of complement

rabbir 3

actÍvity in rabbit serum samples

rabbir 4

40
a)

.r{

åro
È..e

20

2.5

o.-_€
c------e
H

O-- - --<¡

2.5

not absorbed, with antíserum

absorbed, with antiserum

not absorbed, without antiserum

absorbed, without antiserum

Each well contained 0.1 ml of. a L/20 dilurion of C57 anri_
(c57 x A/J)FL in HBSS or 0.1 urr of HBSS containing 2% NMS,

plus 195 51çr r-aberred Blo.A lymphocyres in 0. r mr of HBSS

containing 2% NMS, plus 0.05 ml of each rabbit seruin dirution
in HBSS. A one step cytotoxicity test T¡/as used.
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Since to obtain reproducible cy¡otoxicity it was considered ad-

visable to provide complemenË in excess of that required f'ot LjO% cyto-

toxicity, 0.2 rnl of. a L/2O dilution of absorbed serum from rabbit 3

\¡ras used as a source of complement in all subsêquent cytotoxicity tests '

The absorbed serum still retained some cytotoxic activity' therefore, a

control wíth rabbit complement only was performed in all assays' The

number of counts produced by this control was subtracted from all values

t.o calculate the percentage of lysis of the target cells.

TiËratíon of the alloantisera.

The differenr alloantísera to be used in the experiments on GVH

reactions vrere títrated in the t$ro step cytotoxicity test' rr"ing 51Ct

labelled, donor strain lynph node cells as target cells. The cytotoxic

actívity of the antisera was considered to be an 
,adequate 

measure of the

cytotoxic an:i-H-z antibodies, since H-2 antigens are well expressed on

lymph node cells. The results of these cytotoxíc tests are reported in

Figs. 4-8. As an index of antibody cor,rcentÏatíon' the anËiserum dilu-

tion capable of inducing 50% lysis of the t,arget cel1s was determined

graphically. These indices are rePorted in Table 1:

TABLE Ï

Antiserum

810.D2 anti-BlO.BR
810.D2 anti-BlO.BR
B10.BR anti-810.D2
B10.BR anËí-810.D2
A/J anti-cs7BL/6
A/J anti-B6AF1.
C57BL/6 anti-A/J
C57BL/6 anti-B6AF1
Bl0.BR anti-P815

(1)
(2)
(1)
(2)

Reciprocal of highest antiserum

dilution which gives at least 50% lvsis

160
640

80
320 - 640

160
BO

320
160

80
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Figure 4

100

80

Figure 5

100

80

20 40

reciprocal

20 40

re ciprocal

Cytotoxícity of 810.D2 anti-B10.BR sera

e---ø B1O.D2

H 810.D2

160 320 g+0 L2BO

antiserum dilution

ant i-B I
anti-B I

O. BR

O.BR

(r)
(2)

ø60
U)
h

F+

ò* 40

BO

of
160 320 640 L2B0 2s60

antiserun dilution

Cytotoxicity of B10.BR anti-810.D2 sera

tH B10.BR anti-810. D2

H B10.BR anti-810.D2

(1)

(2)

(t 60
U)
>'

F.l

È{ 40

BO

of
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¡lgure o

. CytotoxicitY

100

BO

Figure 7

Cytotoxi city

20 40 B0 160

reciprocal of antiserum
320 640 1280 2s60

d i lut ion

of A/J anti-C57BL/6 and A/J antÍ-B6AF1 sera

o---ø AlJ

H A/J

arLti-Cs7BL/6

anti-B6AF1

,60
(¡
>.

ñ40

of. C57BL/6 anti-A/J and C57BL/6 anti-B6AFl sera'

100

80

H c57BL/6 anti-
o----_-o c57BL/6 anti-

160 320 640 1280 2560

antiserum dilution

AlJ
B6AF1

,60
U)

È{ 40

20 40 80

reciprocal of
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Figure B

Cytotoxicity of B10.BR anti-P815 serum

100

BO

ø60
ct)

.?
õ.{ 40

20

0

o€ P815 target cells
e+ 810.D2 lyrph node target cells

2.5 51020
reciprocal of

40 80 160

antiserum dilution
640 L280
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Absorbtion of the B10.BR anti-810.D2 (2) serúm-

Antisera produced against lymphocytes are known to contain anti-

bodÍes to both Ia antigens and antigens determined by the D and K loci-

To study the effect on the GVII reaction of anti-Ia antibodies, it was

necessary Ëo remove the latter type of antibodies, using for absorbtion,

cells which carry ll-2d antigens other than Ia antígens. For this pur-

pose a 810.D2 methylcholanthrene induced sarcoma was chosen, because it

arose from connective tissue cells from which Ia antigens are believed

to be absent, (personal conununication by D.C. Shreffler to Dr E.

Sabbadini). The tumour cell-s were cultured for several weeks in order to

obtain a sufficiently Large supply of tumour cells not contaminated by

lymphocytes or any other type of ce|l which might carry Ia antigens.

These tumour cells adhere to the culture flask as a monolayer, therefore

their numbers are LÍmited by the area of the flask. The first two

absorbtions \^rere carried out by rocking the antiserum over Ëhe monolayer

of cells in the flask, in order to avoid the use.of trypsin which may

remove surface antigens or damage the cells. However, this method became

impractical- when it'became evident that many fl-asks of cel-ls r¡7ere required.

It was found that the ceLls coul-d be removed from Ëhe flasks using Madin

and Darbyts solution alone. Therefore, the final absorbtion r¡las carried

out in a test tube with ,a susPensidn of tumour cells.

The results of the absorbtions with Ëumour cells are shovm in figure

g. After using 58 flasks of tumour cells, the titre was L/40 and a 1/10

dil-ution of the antiserum was able to kill 727. of. t]ne Ëarget cells. The

end poínt had not been reached, therefore, tumour cel-l- absorbtion was

abandoned in favour of red bl-ood cel-l absorbtion (31) becagse of the
i:' '

time taken to grow the many fl-asks of cells required. :
.,X e:i'!::!.-:-,-.-...-.

t"ç5,t*¡^ t¡t¡,i ¡i'{rÈìil¡¡..;.,.,rrr 
-_..,,
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810.D2 red blood cells were used to absorb the antiserum because

Ia antigens are believed to be absent from Ehem (25), and anti-Ia sera

have previously been prepared by this method (31). RBC's are also easily

available in large m¡nbers. The results are shown in Fig. 10. The ob-

servation of Ëwo consecutive absorbtions with no decrease in the titre vras

taken as evidence that the absorption T¡ras complete. The tit.er of the

antiserum absorbed with RBC's r^ras I/40 and, a L/LO dilution was able to

kill aboux B1i¿ of the lymph node Earget cells.

Thymoeytes T¡rere also used to absorb the ant.iserum. Early evidence

indicated Ëhat Ia antigens are either absent frorn (29,39) or Present.

in very low concentration (53164) on thymocytes. There ís novr more eví-

dence that at least a subpopulation of thymocytes do carry Ia antigens,

many of which are probably common to both B and T cel1s (65149,53),

while oËher may be specific for T cel1s (29,65' 39) . Because of the

early faílures to detect Ia antigens on thymocytes, Ia antÍ-gens on T

cel-ls are considered Ëo be in such low conceritrations compared to D or

K antigens, that absorption with thyurocytes has previously been used to

produce an anti-Ia serum from an arLtL-H-z serum (31) . I^Ihen absorbed

with thymocytes, using an antiserum to packed cell volume ratío of 1:3'

Ehe antiserum had no cytotoxic actívity at a dílution of 1/10 in a

cytoroxic rest .with lymph node target cells (Fig. 11) . This observatÍon

indícates that probably anti-Ia antibodies had been removed duríng ab-

Sorpt.ion and is in agreement v¡ith the presence of Ia antigens on thy-

mocytes.

As a control, the antiserum was absorbed with 810.D2 lynph node

and spleen cells,'agaínst whích the antíserum l^ras produced. The first
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Figure 9

100

BO
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40 80

reciprocal

Absorbtion of 1 ml of B10.BR anti-BL}.D2 (2) serum vrith

810.D2 tumour cells
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Figure 10

Absorbtion of B10.BR anti-Bl0.D2 (2) with 810.D2 red blood cells

100

80

40 80 160
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sample h/as absorbed at a dilution of 1/10, using an antiserum to

packed cell volume of 1:L.75. No cytotoxicity was detectable after

this absorption, however, some augment activity on the GVH reaction_

remained in the antiserum. It could not be known whether any cytotox-

icity would have been detectable at a higher concentration of antiserum

because it was dilutéd at the time of absorption. A second sample was

absorbed at a dilution of L/2.5, using an antiserum to packed ce1l

volume ratio of I/4. The second sample was only diluted to L/2.5 so

that any residual cytotoxicity would be more likely to be detected.

The cytotoxicíty tests on both these samples are shovm in figure 11.

Figure 11 shows the result of a cytotoxicity test carried out on the

unabsorbed and all absorbed samples on the same occasion.

Experiments on the graft-vers.us-host reaction.

I¡Ihen the preparation of several antisera was completed, ít became

possible to study theír effects on GVH reactions, For this purpose it

hras necessary to.establish the conditíons f.or. a reproducible measurement

of GVH reactions. It had been demonstrated by several authors that there

is a linear relationship between the logarithur of .the.sp1-een cell dose

and the spleen index, up to a maximum spleen índex, after which, increas-

ing the spleen cell dose does not increase the spleen index (L7). Cell

dose response curves qrere studíed for all donor recipíent combinations,

so that a dose could be chosen which lay in the linear portion of the

graph and gave a significant spleen enlarg"*urri. The spleen cell doses.

chosen for use in the experiments with antisera are marked on the cell

dose response curves (figures L2 to 16). trühen (810.D2 x B10.BR)F1 míce

were used as recipients, spleen cell-s from both parental strains

-47-



produced linear dose response curves over a wide range of cell doses.

The activity of B10.BR cel1s appeared to be somev/hat higher and

produced a steeper dose response curve than 810.D2 cells. I"loreover,

when adult F, hybrids were used, higher cell doses were required than

for newborn animals, as would be expected.

tr^Ihen injecting C57BL/6 cells, into l0 week old B6AF, mice (Fig.15),

the maximum spleen index was reached at a very low spleen ce1l dose,

wíth only one point lying below the maximum spleen index. It was not

possible to obtain a staight line for the ascending part of the curve,

therefore, the experiment v/as repeated using lower nr¡rnbers of spleen

cel-ls. Both the donors and recipients used in the second experiment

r¡/ere Ëen weeks older than those used in the f írst experiment, and the

spleen indices v¡ere much higher than those produced by the same nunber

of cells when using the younger mice. This indicated that the ages of

the mice used may be an important factor in determining the degree of

spleen enlargement in GVH reactionb. Several- other- experiments with

B6AF1 recipients of differenË ages v/ere performed. All tlne C57BL/6

donor mice vrere aged between 8.5 and L0 weeks. B6AFI míce aged 6

r¿eeks or more were obtained from Jackson Laboratories and vrere all

female. B6AF1 mice from newborn to 4 weeks of .age were bred in the

Animal Care Centre of this Universíty and v¡ere of both sexes. A' cell

dose response curve \¡/as produced for each recipient age grouP and the

spleen indices were pl-otted against cell dose per gram of body weight

at the time of injection, since mice of different ages had very differ-

enË weights (fíg,L7). The spleen indices in newborn mice were larger

than those of older mice when the cell dose \^ras small, but newborn mice

could not develop large spleen indices even r¿hen large parental spleen
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cell doses \^/ere used. In fact the spleen indices in newborn mice were

slightly reduced urhen the cell dose was increased. The reason for this

might have been that the spleen cell doses in newborn mice T¡Iere too

high to show the ascending portion of the dose response curve, in which

case all the doses used would have been in the plateau region. At the

age of 2 weeks the recipients seemed to be able to develop larger

spleen indices. From 4 weeks of age up to 26 weeks, Ëhere is only a

slight increase in the spLeen indices for the same cell dose. There-

fore, the age of the recipients cannot account for the markedly differ-

ent curves shown ín figure 15 and the different spleen indices obtained

in figure 20(c). The fact Ëhat the inclusion of 27 week old donor cel1s

v¡ith some 12 v¡eek old donor cells produced a much higher spleen índex

than 13 week old donor cells alone in figure 20(c), suggests that the

age oL the donors may be important. Another possibil-ity is that both

o1d donor cells and old recipients may be required for the production

of high spleen indices. This demonstrates that conditions for experi-

ments v¡ith GVH reactíons have to be carefully controlled.

There r¡/ere smaller age differences between the different experiments

using B6AF1 recipíents with A/J donors. The results vlere reproducible

and higher spleen indices were produced (fígure 16).

The effect of antísera on the spleen índices.

The effects of the antisera on the spleen indices are shown

figures 18 to 28. Adult mice received intravenous injections of

of the antisera in several dilutions, followed by 0.3 ml of HBSS

containing parentaL spleen cells. Newborn mice receíved intraperitoneal

injections of 0.05 ml of several dilutions of anËiserun, followed by

in

0. 1 rnl
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Figure 2{r
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0.1 rnl of HBSS containing parental spleen cells. SÍnce the intravenous

route may increase the sensitivity of the test, an attempt was made to

inject the newborn mice intravenously, but most of them died; therefore,

intraperitoneal injections had to be used. tlith both adult and newborn

mice, ce11 injections followed the antiserum injections within four

hours

The only antiserum which aLtered any spleen index under the condit-

ions used in these experiments T¡Ias B10.BR anti-BlQ.DZ (2) (figure 25).

This antiserum increased the spleen index produced by 5 x 107 viable

B10.BR spleen cells in adult (810.D2 x B10.BR)F1 mice from 2.0 to 3.0.

This increase v/as obtained using from 100 ¡rl to L.25 pI, which is

approximately from 5 ¡r1 to 0.0625 pl per gram of body weight. No

significant effect of this antiserrm could be detected in newborn mice

using eÍther 1.5 x LO7 or 2 x 1106 viable B10.BR spleen cel-ls (figute 27).

The antiserum doses for newborn mice r¿ere from 33 pI- to 0.4 ¡tL, which is

from 2L.7 pL to 0.26 ¡fl per gram of body weight. To establish if Ëhe

effect of the B10.BR anti-810.D2 (2) serum in adult recípíents L'3c

reproducible, the experimenË v/as repeated with two dil-utions of antiserum,

one expected to be active and the other expected to be inactive. Figure

28 confírms that a L/LO dilution of this antiserum can increase the

spleen índex, but when diluted to L/zòO it is ineffective. IË is also

shor^m that this antiserum injected alone does not have any effect on the

spLeen síze at either diLution.

In figure zo(b) it appears that C57BL/6 anti-B6AFl may lower the

spleen index slightly, but figure 20(c) shor¿s that this could not be

repeated.
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The effect of absorbtions of B10.BR anti-810.D2 (2) on its activity.

To study the nature of the antibodies in the B10.BR anti-BlO.D2 (2)

serum responsíble for the enhanced spleen index reported in the previous

section, this antiserum r¿as absorbed with several types of cells. For

each experiment a I/L0 dilution of each antiserum sample was prepared,

and each mouse was injected intravenously wiËh 0.1 nl of one of the

diluted anËisera. The use of this amount of antisera allowed the

limited volunes of some of the antiserum samples to be used for many

mice, while being well within the range in which the unabsorbed anti-

serum was effective. IuurediaËely after Ëhe injection of the antisera,

a preparation of B10.BR spLeen cells vras made and 5 x 107 viable ce1ls

were injected intravenously into each mouse. Since a large number of

experimental groups \¡rere used, at least in the initial experiments, a

series of experiments were performed, each with one mouse per group.

The following problems were encountered. The F1 recipients r¡/ere

not avâilable Ín Large numbers of the same age because Ëhey had Ëo be

bred in the Aninnal Care Centre of this University, therefore, there

r¡¡ere age dífferences between Ëhe'míce used in different experiments.

Moreover, the age range in each experíment was al-so too large. This

was partly due to the range of ages of the availabLe mice, but was made

vrorse by using mice of the same sex in each experiment, and by using

four dil-utions of each antiserum on several occasions, which produced

large experiments. The use of the three higher antÍserum dilutions

vras stopped after three experiments when it rrras found that too many

mice were required. Since Ëhe results of only three experiments vrere

not conclusive, they are not reported here. Although the spleen cell
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suspensions for each experiment were prepared in exactly the same way,

there may have been some variations in the activity of the cerl

preparations from experiment to experiment.

There tras a large variation in the spleen indices obtained in
the different experiments and the resulting standard errors were very

large (table 2 and figure 29). This hígh variability in rhe resulrs

was probably due tol th" lack of homogeneity in the animals. Therefore,

the results may apPear to be statistically insignÍficant if analysed

by conventional methods. However, it was possible to take into

account the differences between the experiments with the use of the

appropriate statistical methods. A two way analysis of variance test

vzas done as shov¡n in the statistics section (tables 3,4 and 5). only

five experiments were used for this analysis because onl-y complete and

ídentical experiments can be used in this test (table 3). The results

show Ëhat there were significant differences between both exDerÍmental

groups and different experiments.

This conclusíon was not sufficient since the objective of these

experiments \,ras to examine the effect of the absorbtion procedures on

the capacity of the antiserum to increase the sp]-een index. To find

out what group(s) were significantly different frorn the controls,

paired t tests v/ere used to compare the spleen indices treated with

each absorbed antiserum sample to those produced using cells alone,

and to those produced using the unabsorbed antÍserum. In order to use

a paired t tesË to compare two experimental groups, their variances

must be equal. These comparisons were made using an F test.
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The spleen indices are listed in table 2, and figure 29 shows the

means of each experimental group with two standard errors either side

of the mean. The results indicate that onlv the unabsorbed antiserum

produced an increased GVH reaction.

One sample of the B10.BR antí-810.D2 (2) serum was absorbed with

810.D2 spleen and lymph node cells. Since these are the cells against

r¿hich the antiserum \¡ras produced, they would be expected to renove all

the activity. Although no cytotoxic activity was detected in the

sample absorbed with lymphocytes using a serum to packed cell volume

ratio of 1:L.75, some in vivo activity remained although it was signif-

icantly reduced. This suggests that absorbtion v¡as not cqmplete, so a

further sample was absorbed with spleen and lymph node cells using a

serum to packed cell volume ratio of Lz4. As expected, this sample

showed neither in vitro cytotoxicity nor an in vivo effect on the spleen

index sígnificantly different from the controls.

Red blood cells carry 'D and K histocornpatibility antígens, but Ia

antigens are believed to be absent (25), therefore, one sample was

absorbed with red blood cells to find the effect of the anti-Ia

component of the anËiserum. trIhen red blood cell absorbtion was complete,

the cytotoxic activity which remained was presumably due to anti-Ia

antibodies. [Iowever, the effect on the spleen index was completely

removed, so that the spleen indices vrere not significantly different

from those produced by cells injected alone. From this result it

appears that the anËi-D and anti-K antibodies and not the anti-Ia anti-

bodies erere responsible for the increase in the spleen index. trIhen the

possibil-ity of contanination of the red blood cells is considered, it
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can be calculated from the ratios of sert¡m voltnnes to packed cell

volumes used, that as much as 157. by volume of lymphocytes contam-

inating the red blood cells would not have been sufficient to remove

completely the effect on Ëhe spleen index. secondly, the lymphocytes

removed all detectable cytotoxic acËivity before the effect on the

spleen index was completely removed, whereas the antiserum absorbed

by red blood cells retained considerable cytotoxic activity even when

the effect on the GVH reacËion had been removed'

Absorbtion vrith thymocyËes \¡Ias used because Ia antigens on thym-

ocytes are difficult to detect and were Ëhought to be present in such

low concentrations that anti-D and anti-K antibodies could probably

be removed without affectíng very much the anti-Ia antibodies (31)'

However, the results contradicted this expectatíon, ín that the

cytotoxic activity was completely removed, which suggests that thynno-

cytes do carry Ia antigens. If anti-D and anti;K antibodies only, had

been removed from the antiserum, it would be expected that some

cytotoxic activity due to anti-Ia antibodies could remain' as vlas the

case with the red blood cell- absorbed sample. The spleen indices

produced using this thymocyte absorbed sample were significantly

lovrer than those produced by the unabsorbed sample, but remained

significantly higher than those produced by ce1ls alone. This result

is similar to that obtained from the antisertun when absorbed lzL'75

v/ith lymphocytes, therefore the failure to remove completely all the

activíty is probably due to íncomplete absorbtion. Further absorbtion

\,/as not attempted. since the thyrnocytes aPpear to have absorbed out

all knov¡n specificities of antibody, no information can be obtained
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about the specificity of the antibody vrhich produces the increase in

the spleen index.

A norur,al B10.BR mouse serum control hras used to rule out any

possibility of a non-specific effect of B10.BR serum. Figure 28

shows that normal mouse serum produces no effect on the spleen index.

BlO.BR anti-?81-5 was used as an anti-H-2d antiserum, which should

not contain anti-Ia antibodies. because PB15 is believed not to carry

Ia antigens. This antiserum did not have any significant effect on

the spleen indices. NothÍng can be learned from this result because,

of the eight other antisera raised agaÍnst H-2 complex determinants,

seven did not affect the GVÍI reaction.

Mórtality Assav

A small mortality assay was carried out Ëo investigate the possi-

bílity that an aritiserum vrhich had no detectable effect on the spleen

index might have an effect on the mortality. Ideally, the Bl-0.8R to

(810.D2 x B10.BR)FI strain combination should have been used to shor¡

whether the effect of B10.BR anti-810.D2(2) on the spleen index was

paralleled by an effect on mortality, but insufficient numbers of

(810.D2 x B10.BR)F1 mice were available. The C57BL/6 to B6AF1 strain

combination was used because some of these mice were left over from

previous experiments.

Three groups of 10 B6AF1

was injected with 0.1- ml of a

serum. Group 2 was given 5 x

given both antiserum and cells

mice were injected as follows. Group I

1/10 dilution of C57BL/6 anti-B6AFl

tO7 cslsx/6 spleen cell-s. Group 3 r¡as

. All the mice in group I survived
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1-50 days. Of group 2, five survived, and the median survival time

of those which died was 63 days. Of group 3, two survived, and the

median survival time of those which died r,ras 47 days (figure 30) .

C57BL/6 anti-B6AF1 serum appeared to increase mortality in

B6Af'l mice injected srith C57BL/6 spleen cells, but had no effect on

the spleen index under the condítions used in these experiments,

This mortality assay should be repeated using more mice before

concluding that the observed effect is genuine and reproducible.

If it r^/as established that this antiserun can definiteLy alter the

mortality but not the spleen index, then it might be concluded that

the two effects may be mediated by different antisertm conPonenËs.

-70-



STATISTICS

Anal_vsis of variance

Analysis of variance is a statistical test used to compare the

means of several experimental groups. In this case it was necessary

to test for significant differences between the experimental groups,

but it v¡as also suspected that there might be differences between the

experiments carríed out on different days. Therefore, two way

analysis of variance v/as used to test for significant differences

between the experiments and between the experimental groups. This'

test has the advantage that, while examining either one of these

variables, the effect of the other is eliminated. Only complete

experiments can be used in this test, therefore, only the five

experiments shovrn in table 3 could be used.

ïhis test makes use of the fact that, if the means of the

experÍmental groups are different, the variance of the combined groups

will be larger than the variances of the separate groups. TÍ, on the

other hand, all the experimental groups have the same mean (i.e.

belong Lo the same population), the variance of the cornbined groups

should be similar to the variances of the separate groups, since both

are estimates of the variance of the same population. Table 4 shows

the procedure for the calcul-ation, and page 75 shor¡s the results of

these calculations using the spleen indices in tabLe 3.
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Table 4. Formulae for calculaLion of two-way analysis of variance.

Ti+'s = totals of columns (experimental groups)

T+j t s = totals of rows (experiments)

T¡¡ = sum of all observations

c = number of coluums (number of experímental groups)

t = number of to*" (number of experiments)

Sum of squares Degrees of
freedom

Mean square

Column
means

rT,'-r-2 T¿-+2\ -rr -Tr = 53¿- r rc c-1
sc

c-l

Row
means

Ì* - s:
Lcrc

r-1 sr
r- I

Remaínder STScST=SR (c - r)(r - 1) SR

( c- 1) (r- r)

Total î, ,2
-am- UI rc-1
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F ratio to test for difference betv¡een experiments

=sc:sRc-1 (c-1)(r-1)

If this value is larger rhan rhe value f or F¡.95 ß"- 1) , (c- f ) (r_ f )]

given by the F distribution table it can be concLuded that there

is a difference between experiments.

F ratio to test for difference between experimental groups

=sr-:sRr-1 (c-1)(r-r)

If this value is larger rhan rhe value for Fg.9.5 ßr-l) , (c-f) (r-f )]
given by the F distribution table ít can be concluded that Ehere

is a difference between experimental groups.
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Sum of squares Degrees of freedom Mean square

Column
means 4.96rL 6 0.8269

Row means o,)+t I 4 L.6362

Remainder 6.6024 24 0.275r

TotaI tB.1082 34

Calculation of tr¡/o \Áray analysis of variance for
Table 5.

the data in table 3.

Test for a significant difference between experiments done on

different occasions.

F = !'6.39? s.s477- 0 .275L
FO. gg (4 ,24) = 4.22

There is a significant difference betnreen experiments done on

different occasions. ?

Test for a sígnificant difference between dífferent experimental

grouPs.

F = 9'g-?9? = 3.oos8 Eo.ss(6,24) = 2'5L
- 0.275L

Fo 
. gg (6 ,24) = 3 .67

There is a significant difference between the different

experimental groups. P
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L tests

The object of the experiment was to show whether any of the

absorbed B10.BR anti-B10.D2 (2) antiserum samples retained the

ability to produce an increase in the spleen index, and also

wherher B1O.BR NMS or B10.BR anti-P815 had any such effect.

Therefore, it was necessary to compare each experimental group

given cells plus an arltiserum sample to the grouP given cells only.

The effect of each of the absorbed B10.BR anLí-BlQ.DZ (2) antiserum

samples lras also compared to that of the unabsorbed sample, to show

whether the absorbtion had significantly reduced the spleen index

augmenting effect

Having established that there are significant differences

between different exPeriments, a Palred t test \^Ias chosen to make

these comparisons, This Cest uses the difference between a given

spleen index and the control in the same exPeriment, so that the

difference betv/een experíments is not involved. All available

pairs of spleen indices vrere used for each comParison (table 4)

The paíred t test requires that the variances of the grouPs

being compared are equal-

Variance = s2 = E(*-l)2
N-1

Wherex=spleenindex
* = mean spleen index

N = number of míce in
Ëhe grouP

To

is

COmpare EI¡IO

known as F.

variances, Ëheir ratío is calculated. This ratio

s12tr' = ---- 
"22

value for F , f.or the existing number of degrees ofA theoretical
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freedom and the chosen probability value, can be obtained from I

distribution tables. It was decided to accePt that sL2 = t22 if
n')

F = slT/st¿ lay between Fg.g25 and Fo.gzs' This gives a 57" level

of signifi""r,"". F0.025(N1-1) (N2-f) and Fg.gZS(Nr-r) (NZ-l) were

read from the F distribution tabl-e for each pair of grouPs beíng

compared. Table 6 gives the probability values betv¡een which the

calculated F values 1ie.

Table 6 Results of the F tests for the comParison of variances

Group

Compared to:

Cells only Cells * unabsorbed
antiserum

Cells only 0.25 - 0.75

Cells * unabsorbed antiserum 0.25 - 0.75

Cells * lymphocyte absorbed
antiserum (1:4) 0.025 - 0.975 0.0005 - 0.9995

Cel-ls + RBC absorbed
antiserum 0.25 - 0.75 0.10 - 0.90

Cel-ls + thynocyte absorbed
antiserum 0.10 - 0.90 0.05 - 0.95

Cells + NMS 0.10 - 0.90 0.05 - 0.95

Cells + Bl0.BR anti-P815 0.10 - 0.90 0. 1_0 - 0.90

The only pair of groups whích were shoqm by this test to have unequal

variances, tzere the group injected with cells plus unabsorbed antíserum,

and the group ínjected with ceLls Plus antiserum absorbed 1:4 with

lymphocytes.
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:
The t value was calculated as fol-lows: ! = d

s¿/ñ'

where d - difference between a pair of spleen indices

ã = rnean difference between pairs of readings

"d = standard deviation of drs

N = number of pairs

These values Ìrere compared to the values of t0.95(N-f) or t0.975(N-1)

taken from a t distribution table. Table 7 shows the significance of

the differences between the groups.

Table 7 Results of the t tests

Group

Compared to:

Ce1ls only Cells * unabsorbed
antiserum

Cells only 0.05

Cells * unabsorbed antiserum 0.0s

Cells * lymphocyte absorbed
antiserum (1:4) NS

Cells + RBC absorbed
antiserum NS 0.05

Cells * thymocyte absorbed
antiserum 0.05 0.0s

Cells + NMS NS 0.025

Cel-Is + B10.BR anti-P815 NS 0.025

t'c Not caLculated because variances were different. See table 6.
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The group given antiserum absorbed 1^rith LymPhocytes could not be

compared to the group given unabsorbed antiserum, because of the

differences between their variances. Tn this case a paired t test

indicated no significant difference, although it can be seen from

figure 29 and table 3 that the absorbtion completely removed all

the activity from the antiserum.
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DISCUSSION

The objectives of these experiments viere, firstly, to reproduce

the work of several authors who have reported an inhibition and/or

stimulation of the GVH reaction by alloantísera (33,34,35,36,37) and,

secondly to investigate the role (if any) of anti-Ia antibodies in

producing these effects only authors who have previously used

antibodies of restricted specificity were Jose et al. (37) who

obtained a reduction in the spl-een index by injecting antiserum

against the whole sPectrum of lI-2 antigens.

Antisera against Ia antigens can be obtained by inrnunízing one

congenic-recombinant strain of mouse v/ith lymPhocytes from another

strain which differs only in the H-2I region. Suítable strains for

the production of such antisera vlere not available and therefore anti-

Ia sera could not be made directly. The two congenic straíns,810'D2

(ri-2d¡ and B10.BR (H-2k) were chosen because they differed only in

the H-2 region and therefore it was possible to produce an antiserum

containing antibodies only against II-2 specifícities- It was intended

Ëhat, after investígating the activity of Ëhese anti-H-2 seta, the

antí-D and anti-K antibodies should be removed by absorption with

tumour cells or red blood cells (31,58,60), making it possible to

separate the effects of the anti-D plus anti-K antibodies and the anti-

Ia antibodies contained in the same antiserum. The data in the

literature indicates that antísera produced in different strain

combinations may have compLetely opposite results (33,34 ,35,36,37.)

even if the same irmnunízation procedure is used (34) , therefore r no
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valid comparison can be made between two antisera produced in two

different strains. Ìrlhen the fÍrst two antisera produced in the BlO.BR

and 810.D2 strain combination failed to have anv effect on the GvH

reaction, the C57BL/6 and A/J strain combination was used in the hooe

that these strains rnight produce an effective antiserum.

Of the eight antisera made and tested in four different parent to

F1 GVII reactions, seven had no effect on the spleen index under Ehe

condÍtions used in these experiments, in spite of the fact that a wide

range of antiserum doses and in some cases more than one parental

spreen cell dose r¿ere used. only the B10.BR anti-Blo.D2 (2) serum

had any effect on the spleen index. volumes of 0.1 ml to 0.00125 rnl

of this antiserrm vzere capable of raising the spleen index produced

by 5 x 10/ B10.BR spleen cel-ls in adult (810.D2 x Blo.BR)F1 mice from

2.0 to 3.0, and this effect r.ras reproducible (figures 25 and zg).

The same effect could not be reproduced in newborn mice with this

same antiserum (tígwe 27). The c57BL/6 antí-B6AF1 antiserum, which

had no effect on the spleen index, did appear to have some effect on

Èhe morrality in B6AF1 mice injecËed \,rith 5 x 107 CSTBL/6 spleen cells.

It is difficult to explain why one antiserum should have such a

marked effect on the spleen index, while seven others had no effect

under similar experimental conditions. The same iurnunization proc-

edure was used for both the B10.BR anti-BLo.Dz (2) and the Bl0.D2

anti-Bl0.BR (2) sera and yet rhe 810.D2 anri-BlO.BR (2) serum r{ras

ineffective. Therefore, the iuununization procedure alone cannot be

responsible for the difference.. The Bl0.BR anri-810.D2 (1) serum

was produced by a slighËly different iuununizatíon procedure, but did
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noL, have any effect. qn the spleen index. Thj-s observation,

if taken in isolation, would suggest that the inmnunization procedure

ís Ímportant. The procedure used by Jose et al. (37) to produce

Ëheir CBA anti-DBA/2 spleen index reducing antisera, was followed

exactly in Ëhe production of antisera in A/J, C57BL/6 ar.d 86AI' míce,

buË none of Ëhese four anËísera had any effect on Ëhe spleen index.

IË is possíble that the irnmunoglobulin class of an anËibody may

ínfluence iËs effecËÍveness in altering the GVII reactíon. Jose et

al. (ll¡ found that only the IgG, and IgG, fractions of their

antiserum were effective, but Lhey were the only auËhors to investigate

the Ig class. If the effecË of alloantísera on the GVII reaction

are related Ëo the enhancenenË of allografts, it may be relevanË

to noËe thaË enhancing actívity has been found consistenËly in the

IBG, sub-class (52,47,62,46). However, all these examples

ínvolve the ínhibj.tíon of an immune response and not an

augrentaËion as Ìiras seen r+iËh the B10.BR anti-810.D2 (2) serum.

The cytotoxiciËy Ëítre of Èhe 810/BR anti-810.D2 (2) serum

$ras one of the two highest of the eÍghË produced, but this

antlserum was effective in volumes from 0.1 m1 down to 0.00125 ml,

whíle the others had no effect when usíng 0.1 nl, therefore, Ëhe

actívíty cannot be related to the EiÈre of antíbodíes cyËoLoxic for

lymph node cells.

It seems thaË factors such as straín combination, innunizatíon

procedure, Ig class and perhaps other unknown factors may be important

in determíning what effect an anÈiserum r,¡ill- have on the GVII reacËion.

It j-s not ímpossible Lhat the antisera which had no effecË on the

spleen index may have had an effecË if Ëhe cell dose, serum dose,
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rouËe or ËiBing of Èhe injection, or method of evaluating the

GVII reacËion had been different. For instance, Ëhe c57BL/6

anti-B6Aï1 serum decreased Ëhe survival rate of B6AF, rnice

undergoing a GVII reaction, although iÈ did not affect Ëhe

spleen index. The only previous sËudy whích exam:ined the effects

of one anËiserum on both spleen index and mortality, found

that both were increased (36). The mechanism of an increase

in morËality due to anÈiserum is not knor¿n. IÈ is unlikely

that the anËiserum would persist for a sufficient tíme and be

of sufficient quanÈity (0.01 n1) to have a cytot,oxic effect on

Ëhe host cells. Therefore, it may have the effecL of nodifying

Èhe response of the donor cells.

The effecË of B10.BR anËi-810.D2 (2) serum could noL be

reproduced in newborn mice. There are Ëhree possíble explanations

for this: (i) The right spleen cell and antiseruu dose were not

found. This is unl1kel-y to be the correcË explanation because

two spleen cell- doses and a wide range of anLiserum doses were

used. (ii¡ The rouËe of ínjections for Ëhe newborn mice r¡as

íntraperiËoneal, r¿hereas in the adulf it was intravenous. Ïlowever,

ín previous reports, injecËions of anÈíserun (34,36,37) and cells

(36,37) have been made inËraperitoneally without losing Ëhe

effectiveness of the anËisera. (iii) It may be necessary Í.ot

the recípient to be inrnunologically maËure for Ëhe antiserum to have

any effect. However, this cannoL be the case with every antiserum

because spleen enlargemenË has been obtaíned ín (A/He x CBA)F,

newborn mice afËer injection wíth A/He ce11s and A/He anti-CBA

serum (36).
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Having obtained an antiserr:m (n10.BR anti-810.D2) which

increased Ëhe spleen index, Ëhis vras then absorbed with Bl0-D2

lymphocytes, red blood cells and thymocytes. All these absorþtions

removed or lowered the acËivity of the antiserr¡m'

complete absorption by lyurphocytes vrould be expected because

the antiserum \¡ras raised against lymphocytes and lyrnphocytes exPress

all H-2 antigens (2S). The first absorption, using an antiserum to

packed ce11 volume ratio of 1:L.75, removed all cytotoxicity from

the antiserum at a dilution of 1/10, but the GVH effect v/as not

compleËely removed. The second sample was absorbed at a ratio of

1:4, which removed both the cytotoxic activity and the effect on the

spleen index. Therefore iË was concluded that the first sample was

incompletely absorbed, and that the comPonent responsíble for the

GVH effect v/as either not cytotoxic antibody, or T/'Tas active in vivo

in srnall amounts which were not detectable in the cytotoxícity test.

Since the unabsorbed antíserun v/as active in vivo in very small

amounts, it is not surprising that a partial absorption, even if

sufficient to remove all- antibody detectable in the cytotoxicity

test, may have left enough of such anËibody for the retention of

some in vivo activitY.

Absorption with red bl-ood cells was carried out Ëo remove anti-

D and anti-K antibodies, leaving an anti-Ia serum (25,58). Since

an I region difference alone vTas suffícient to produce spleno-

megaly in the GVII reaction, but D and K region differences

alone Ì¡rere not able to induce a GVII reaction (f3), Ia antigens

were thought to stimulate the GVH response. Therefore, the
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antirla antibodíes vrere expected to alter the GVII reactíon.

The results of the cytotoxicity test supported the belief that

absorption wíth red blood cells had produced an anti-Ia serum.

trIhen absorption was complete (as judged by no furËher reductíon

ín the cytotoxicity títre being possible after repeaÈed absorptíons),

there \,¡as still a population of cyËotoxic antibodies whÍ-ch gave

B0Z lysis at a diluËion of 1/10 and 502 lysis aË a diluËion of

L/40. Such cytotoxicíty remaíning afÈer red blood ce1l absorption

has previously been shorsn to be due Ëo anti-Ia anËíbodies (58).

0n this basís the red blood cell absorbed antÍserun was beli-eved

to have stil-l strong antí-Ia acËivity, while the anti-D and anËi-K

activiËÍes appeared to be suffj-ciently reduced Ëo obtain indírect

ínformaËion abouË Èhe respective role of Ëhese Ewo groups of

antíbody in the auguentatíon of the GVII reaction. This antíserum

had no effect on the spleen index. The paired. t tests showed

that the spleen indices in mice injected wÍLh ce1ls plus red

blood ce1l absorbed antiserum r,rere not signifícantly dÍfferent

from the spleen indices in mice ínjected wíth cel-ls alone, but

were significantly dífferent from the spleen índíces in rníce

injected r¡ith cell plus unabsorbed antíserum. Since anti-D

and anti-K antibodíes are believed to be the only ones which

are removed by red blood cel1 absorptíon (25), ËhÍs observatíon

suggests Ëhat these anËÍbodíes are the ones whích produced the

spleen ind.ex augmenting effecË, and not the anti-Ia antÍbodies.

Absorption of antÍ-Ia antibodies by contaminating lymphocytes

can be ruled ouÈ for the following reason. The absorptíon wiÈh

lyrnph node ce1ls showed Ëhat a number of lymphocytes sufficíent
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to remove the GVII reactÍon augmenting acËivity vlould have been

more Èhan sufficient to remove all cytoËoxíc act.ivity from the

antíserum, qrhereas the red blood ce11s absorPtion removed the GVII

activity wiÈhout removing all the cytotoxicity.

Thymocytes have previously been used to prePare an anËi-Ia

serurn from an anti-H-2 serrtttr (31), but recent evidence has shown

ËhaÈ certaÍn Ia specificitíes are probably present on at least

a sub-population of thyu,ocytes although in lov¡er concenËratíon

than on B cel1s (28,30,42153,65). The t Ëests shor¡ed that

absorpËíon v¡ith thymocytes significantly reduced the spleen indices

produced by anËiserum and cells, although these índices remained

significanËIy higher than those of míce given cells alone. Unlike

Èhe red blood cel1 absorbed sample, the thymocyte absorbed sample

showed no reEaining cytotoxicity at a dilution of L/L1, whích

would suggesË thaÈ all cytoLoxic antibodies had been reuoved,

including anËí-Ia cytoÈoxic anËibodíes. The comparison of Ëhe

cyËoËoxícity ËesËs for antiserum absorbed with red blood ce1ls

and that absorbed wiËh Ëhynocytes índj-cate Ëhat thymoc)zËes do in

fact express Ia anËigens. The absorptíon with red blood cells

has shown that the activiËy of the antiserum is removed when Èhe

antibodies against D and K specíficities are removed, therefore

iË would be expeeËed Ëhat thynocytes would also be able to remove

all the activity. Since Ëhe actívity was only partially removed,

Ëhe most probable explanatíon Ís that the absorptíon v/as noÈ compleËe.

The absorptíon wiËh lynph node celIs has already shown thaÊ it

is possible to remove all deËectable cytoËoxicity (at the 1/10

dílution used) while sËill leavíng some GVII reacÈion activity.
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The B10.BR normal serum and the B10.BR anÈi-P8ls did

not have any effecË on the spleen index. AlÈhough the B10.BR

anti-P815 r¡as exPected Ëo contaj.n antí-D and anti-K anËibodies '

no conclusíons can be drawn from the fact that iÈ had no effect,

because seven oÈher antisera expected to contain such antíbodies

also had no effect.

From the comparÍson of Ëhe effects of Ëhe absorbtion with

lymphocyËes, thynocytes and red blood cells, iË may be concluded

that the anËíbodies responsible for augmenting Èhe GVfl reaction

were dírected againsÈ antigens represenËed on al1 these cells.

Therefore, these have the same tissue disËríbuËion as the so called

rserologieally detectablet antigens. The term rserologically detectablet

r¡as origínally used to refer to D and K anËigens at a time when I

region genes were only knovm by their ability Ëo induce rn-Lxed

leucocyÈe reactions, GW reactions and to control certain immune

responses. It is no longer accurate to desígnaËe D and K specificíties

as tserologically detecËabler since it is now knor¡lrÌ ËhaË antibodíes

can also be made agaÍnst Ia antlgens, therefore ín Ëhis díscussíon

D and K antígens and Ia antigens have been refered to specifically.

However, Ít can not be ruled ouÈ thaË there may be other antigen(s)

controlled by loci linked to the H-2 conplex, which have a símílar

Ëissue dístribution to D and K anËigens. There is no evídence

eíther for or against the possibility that antibody agaÍnst such

an H-2 línked anLigen might be responsible for the effect of the

antiserum on the GVII reaction. Antibody againsË non-H-z anti-gens

can be ruled ouË in Èhis case beeause Èhe straíns used to produce

the antiserun díffered only at the H-2 conplex.
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There aïe several other possíbílíËies which should also be

consídered. The Bl-0.D2 lyrnphoid ce1ls injected into B10.BR mice

to produce the antisen¡m rnight have carried, in addition to

H-2d antigens, recognition sites for the H-2k antigens of B10.BR

mice. The B10.BR mice could have made anti-ídíotypic antÍbody

against these recognition sites (44). These could have been

absorbed out by Bl0.D2 lymphoid cells, buÈ should not have

been removed by 810.D2 red blood cells. It is díffícult to

imagine hovr they could effect the GVII reaction sinee they should

only react againsÈ 810.D2 cells and not F, or BIO.BR cells.

Another imporËant posslbílity is the presence of specific

or non-specific factors other Ëhan antibody. One example of a

non-specific factor Ís the allogeneic effect factor previously

described (L6,62). This would act on BIO.BR or F, B cells, but

since it is not antígen specifíc, it ís unlikel-y that it could

be absorbed out by 810.D2 cells, especially red cell-s. The Presence

of other, unknown, non-specifíc factors cannoË be ruled ouË.

The helper factor descrj-bed by Munro and Taussig (32) would

co-operate wíth B10.BR or F, lymphocytes and have specificíty for

810.D2 antigens, thereforer iË should be absorbed out by an 810.D2

cell-s. This facÈor would be able to co-operaËe wiËh the donor

B10.BR cells ln the GVÍI reaction against Èhe 810.D2 antigens

of the host, and míght augment the reaction in Ëhis way. IË might

have been advantageous to have used as a control, an antiserum

sample absorbed wiÈh B10.BR lymphocytes, since B cel-ls co-operatíng

with helper factor are able Èo absorb it (32).
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trrlhatever comPonent of the antiserum is responsible for the

increased spleen índex, iË is very difficult to speculate about

the mechanism of its action, since the mechanism of the spleen

enlargement in GVH reactions is itself obscure. It is knovm Ëhat

initially the donor cells proliferate in response to host antigens

and take part in an iumune reaction which is dependent on donor T

cells. AË the time of maximum spleen enlargeuent most of the prolif-

erating ceLl-s'are thought to be host cells. Since the host carinot

react against the donor antigens, Ëhe proliferation of host cells

must be brought about by a non-specific stimulus, which presumably

originates from the donor cells and is of a totally unknovin nature '

It can be stated however', that since antiserum alone does not alter

the sp1-een size in the absence of B10.BR'cells, the effect is not

a sulnnation of separate effects of antiserum and B10.BR spleen ce1ls,

but an augmenËation_ of the effect of B10.BR ce1ls by the antiserum,
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