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INTRODUCTION

The rabbit is an ideal animal to study the problems
of transplantation for a number of reasons: (1) Skin
grafting experiments in the rabbit (18) have revealed that
the rabbit, like man, is unique in that the major
histocompatibility locus is not a blood group'iocus. In
all other experimental animals so far tested, only the.rabbit
and the dog have this feature in common with man (30);

(2) The rabbit is large enough so that sufficient serum

and cells may be obtained for studies of individual animals,
whereas much of the data obtained from mouse experiments

has required the use of pooled cells and/or serum; (3) The
rabbit is suitable for surgery (16) and; (4) The genetic
control of rabbit serum proteins has‘been extensively
studied (43). Hence the relationship, if any, of the rabbit
lymphocyte allotypes to the allotypéé of rabbit IgG-immuno- |
globulin, IgA-immuncglobulin, Igk-immunoglobulin, 2M-macro-
globulin,” low density lipoproteins and transferrin molecules
can fgadily be determined.

The characterization and chemical isolation of
the lymphccyte antigens, especially the HL-A antigens, have
become an cctive field of investigation in the last ten
vears. (44). With the actual delineation of a number of

lymphocyte isoantigens, and with th: concurrent clinical



preoccupation with organ transplantation, interest has
_centered on fhe problem of preventing allograft rejection,
From the standpoint of making organ transplantation practical,
much of the research is directed téward obtaining purified
antigens which might be applicable for the induction of
tolerance. Studies on the immunochemical characterization

of the lymphocyte antigens are also important }rom the

" standpoint of providing information regardiné structural
concepts of the gendic region controlling the synthesis

of the lymphocyte antigens.

‘In this thesis a methbd is described for the isola-
tion and purification of circulating rabbit lxmphocytes
utilizing a combination and modification of a.number of
known“teehniques? The'techﬂ@quesginnlﬁder removal. of the vast
majority of erytgrocytes by an appropriate sedimentation
agent (88L; passage of the white cell-rich supernatant
through a glass bead column in ordeg to remove glass adhering
cells suéh as’platelets and granulocytes (64,78 ): and the
removgl b% remaining erythrocytes by a mild red blood cell
(rbe) lysiﬁg agent (1 ). This technique resulted in the
isolation of up to 52% of the circulating lymphocytes
from whole blood with little contamination with red blood
cells or other white cell types.

Studies were next performed to determine whether



the isolation procedure selected for a particular lymphocyte
“cell type. Vast evidence has accumulated indicating théb
existence of two lymphocyte types ;n peripheral blood, the
bone marrow-derived or B-cell and the thymus-derived or
T-cell (23). It appears that both cell types are required in
the immune response (56). Raff has detected surface
immunoglobulins on the B-cell population of ?irculating
lymphocytes in mice by means of indirect immunofluorescence
but not on T-cells (67). That the isolation technique

did not specifically select for B or T-derived lymphocytes
was indicated by utilization of the fluorescent labeled
anti-IgG immunoglobulin technique as described by Raff

(65). ‘

Isoantisera were then prepared by deliberate
immunization\with:purified allogeneic lymphocytes. The
igoantibedies were identified by a modified Terasaki
cytotoxicity test (86). Since lymphocytotoxic antisera
are oftep“multispecific, two methods were utilized to
determine.the degree of specificity of the most potent
isoantisera produced, These methods inéluded serological
typing against a large population of animals and cross-
adsorption s#tudies.. These studies indicated that the
cytotoxic ar.tisera in question were nonospecific or nearly

monospecific.



After the question of specificity of the antisera
‘was resolved, the phenotypic profiles of the defined
lymphocyte antigens were determined in 38 rabbits. The
results indicated the existence of'at least one major
lymphocyte alloantigen locus which controlled at least
three antigenic determinants. |

The relative concentration of one of these allo-
'antigens (Ly-1) was determined in various oréan systems,
The highest concentration of antigen was found in the spleen
followed in descending order by the lymph nodes, lung,
skin, kidneyi heart and liver., Erythrocytes and fat célls
contained little, if any, antigen. In addition, serological
typing studies suggested a possible relationship in the
genetic control pf antigenic determinants on immunoglobulin
molecules and lymphocyte alloantigens., However, the anti-
lymphocyte antiséra failed to form any precipitin arc when
tested against sera from rabhbits that possessed the respective
lymphocytg alloantigens in the Ouchterlony test. In addifion,
anti-immﬁﬂoglobulin allotype antisera when incubated with
leukocytes failed to destroy any cells as demonstrated
by the cytotoxicity test.

The purposes of this study are to immunologically
define the rabbit lymphocyte alloantigen system and to
determine whether it could be used as a model system for

the study of lymphocyte alloantigens in anan. A method was



developed to isolate lymphocytes from the blood of rabbits.
These lymphocytes were used to produce a number of cytotoxic

~ isoantisera. Subsequently, the isoantisera were utilized

to obtain the relative distribution of the lymphocyte
alloantigen(é) in a rabbit population as well as their

relative concentration in various organs., Fina}ly, the
relationship of these lymphocyte alloantigens fo immunoglobulin

P

allotypes was investigated.



LITERATURE REVIEW

'I Methods for Isolation of Lymphocytes
Numerous methods have been developed for the isolation
of human lymphocytes from peripheral blood. The vast majority
of these separation techniques rely on the physical character~-
istics of the cells such as adherence propertiés (31), size
(63), density sedimentation rate (78), phagoeytic acti&ity
(48), or the electrophoretic mobility (93).
The physical properties of the cells usually

deiermine the experimental design of choice. In addition,
one must consider the ultimate use to which the purified
cell population is to be put. In this study, purified
lymphocytes were required for isoimmunization betWeen
various rabbit strains. The techniques.used to provide
lymphocytes to be used for this burpqse should meet the
following criteria: 1) a éufficientrﬁumber of lymphocytes
must be obtained to insure a representative population;
2) little, if any, contamination by other cell‘types should
occur, and; 3) maximum viability of lymphocytes should be
retained.

| A combination of techniques were utilized to take
advantage of differerces'bpth in sedimentation properties

and adhesive propertiss of rabbit blcod cells. Rbec and



granulocytes removed by density sedimentation with an
_appropriate gelatin and by subsequent passage of the cell
preparations through glass bead columns. Rbc, which have a
specific gravity of 1.092 sediment more rapidly than
leukocytes which have a specific gravity of 1.065 (73).
After incubation of heparinized blood with an appropriate
sedimentation fluid, erythrocytes are found to:sediment

to the lower one-third of the test tube whilé.approximately
75% of the leukocytes are found in the top two-thirds

of the tube (64). More than 95% of the lymphocytes can

be shown.to be viable in all of the examined systems as
observed by exclusion of trypan blue dye (62).

In contrast to sedimentation, adherence depends on
the metabolic activity of the cell, and in addition requires
the presence of calcium and magngsium. This adherence
effect has been exploited by running’blood cells through
glass bead, glass wool or nylon coldmns, which retain
granulocytes and platelets but allow lymphocytes to pass
through (51). Following passage througﬁ glass bead columns,
approximately 70-80% of the lymphocytes originally placed
in the columns can bas recovered, while 80% of the recovered

lymphocytes remain viable (78).

II Methods for the Detection of Lymphocyte Icoantibodies

Once lymphocytes are prepared and used for isoimmun-



jzations a number of techniques are currently available
for detection of the anti-lymphocyte antibodies. The three
most commonly utilized techniques include platelet or
leukocyte complement fixation (80), leukoagglutination
(14), and cytotoxicity testing (8g).

Complement fixation tests have been primarily
applied to studies in which antisera against platelets
are tested and onlj rarely employed when the antisera
against lymphocytes are tested. Complement fixation is the
least sensitive albeit one of the most quantitative techni-
ques for measuring histocompatibility antibodies. The test
can detect high-titered antibodies whiéh, under these
conditions are apt to behave as if they are monospecific.

Although the reproducibility of positive leukoagg-
lutination test§ is 95%, the reproducibility of negative
tests is.only 66% ( 14). The major difficulty encountered
with the leukoagglutination test ig nonspecific clumping.
This odcurs as a result of a number of factors such as the
increased adhesiveness of the cells'dug to gelatin which
is uged in the isoiation procedure, adherence of the leuko-
cytes to microscopic debris and variation of leukocyte
étability in blood samples drawn at various times. Certain
physiologic states such as mild excercise cr overeating may

lead to reduction in leukocyte reactivity and to false



negatives, whereas excessive exercise leads to false positives
(93).

Cytotoxicity methods for detection of lymphocyte
antibodies were first applied by Terasaki and McClelland (86).
In this test, lymphocytes are obtained from heparinized |
or defibrinated blood. The cells are incubated in an excess
of immune sera. The cell-antisera mixtures aré centrifuged
in a tube or allowed to settle in the well uﬁder oil, The
cells attach to the glass bottom of the well and this
allows the cells to be brought from a volume to a plane
éurface so that the test can be read. In the cytotoxicity
test the percentage of damaged cells increases as the cell
concentration is decreased in the presence of a qonstant
amount of antibody and complement (12). For this reason
all tests, including negative controls, should be run in
triplicate. The tests are usually read by adding a dye
such as eosin-Y or trypan blue (8?); Viable cells remain
unstained while nonviable cells take up the dye which is
pfesumabi§'an indication that they have’been damaged
by antibody-complement reaction.

Although Terasaki's microcytotdxicity test is
currently the most accurate, reproducibility :s still no
greater than 90 or 95%. This is primarily due to the

time factor involved n the reading of the test. Since
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a number of factors cause lysis of cells when viewed under
.a microscope, insufficient time exists to perform complete
cell counts; instead, only partial cell counts (20-30 cells)

or subjective readings are made.

III The Major Histocompatibility Antigens in Various Species

Substantial evidence has accumulated in recent
years that the alloantigens found on circulating lymphocytes
are also histocompatibility antigens (77). Histocompatibility
‘antigens are responsible for the immunological response
against transplanted grafts. This rejection phenomenon
is due to the antigenic variation of these histocompatibility
antigens within individuals of a particular species which
results in an immunological response.

A comprehensive review of the major histcompatibility
antigens in different species would be much too lengthy to
discuss in this thesis., Instead, a brief review limiting
the discussion to pertinent aspecté of lymphocyte antigens
will be presented. The primary geal in:ﬁhis discussion
is to indicate the basic similarities and differences
in both the control and expression of lymphocyte antigens
in the various species which have been studied as a model
3ystem for man, Secondly. the significance of elucidating
whe histocompatibility system of the rabﬁit will be discussed

with respect to the use of the rabbit system as a model system
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to study man.

A The Humén Lymphocyte Antigen (HL-A) System

In man, the majority of established lymphocyte
alloantigens are known to form a single complex, designated
as HL-A. The HL-A specificities segregate as units in
family studies. The HL-A system, like the anihal systems
to be described later reveals extensive polymorphism,-
multiple allelism, cross-reacting antibodies and possible
gene interactions.

The HL-A system was first demonstrated by Payne
who detected the presence of leukocyte isoantibodies in
sera from pregnant women (59). These isoantibodies
identified an allelic pair of antigens which were designated
LA-1 and LA-2. Dausset demonstrated the existence of an
antigen on leukocytes which was’éubsequently designated Mac
(20). During the first Ealf of the'i960's, numerosus antigens
belonging to the same system were described (51). Among the
most ambitious investigators were van Rood who identified
over fourteen antigens ar.d Dausset who described ten
leukocyte antigens, characterized by a very high frequency
of positive and negative association with one another
(21,22,69). . |

In order to alleviate the dilemma which occurred

when identical antigens wz2re given more than one désignation,
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a group of the leading workers met and compared the reactions
.of their antisera against a defined cell panel (13). It
was at this international workshop that a uniform notation
and the term HL-A was adopted.

Data obtained as a result of this workshop and
from later studies which utilized operationally monospecific
entisera (13) revealed that the major leukocyte antigens
were determined by two closely linked loci a£ a single
chromosomallregion. The two genetic regions are referred to
as the LA and 4 subloci or more commonly the lst and 2nd
series. Preliminary evidence has indicated the existence
of a third subloci (85). |

The 1st and 2nd series have subsequently been found
to be responsible for a set of mutually exclusive alleles.
The evidence to suppori . this is as follows: first, each
individual tested contains only four{of the major antigenic
determinants, two from each parent}’secondly, the genetic
information for two of these antigenic determinants
segregatéfindependently from the corresponding haplotype.
There are 11 and 16 allelss in the 1st and 2nd series
respectively (51). It has been estimated that 2% of the genes
in the 1st series and 6% »f the genes in the 2nd series are
es yet unidentified (22). Taking these genes into account,
- it is possible to generate 127 different HL-A haplotypes in

the general population which, in various combinations,
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could be expressed as some 8,000 different geﬂotypes (4y).

Since the synthesis of human histocompatibility
antigens is under the control of a multiple allelic¢ systen,
it is essential that monospecific reagents be used to
determine the complexities of the system. It is, however,
very difficult to obtain such monospecific antiserum., Much
of the antisera is obtained from multiply tranéfused _
individuals and these antisera are usually véfy#polyspecific.
Somewhat more spepific,antisera can be obtained from multi-
parous women, in which case it is assumed that these women
were immunized by the leukocyfes of the fetus which express
the HL~A haplotype of the father. It is possible to produce
lymphnocytotoxic antisera of narrow specificity in man and
various animals by selective immunization ahd/or~skin grafts
followed by selective adsorption (89). Monospecificity for
the antiserum can then be established either by showing that
the antisera can be completely adsorged by all cells in a
test panel in cross adsorption studies or by showing that
the sera react in a similar way with a known cell pahel (93).
The ideal situation is, of course, to utilize both methods.

In general, it is very difficult to prove that two
antisera are completely identical and it is oftén necessary
to compare the results obtainéd by typing with individual

reagents, To demonstrate that the two antisera are, in fact,
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similar, the two antisera are usually first typed against
- the same panel of cells and coefficients of correlation are
determined (60). It should be apparent, therefore, that
present methods to describe the HL;A system are often
inadequate since they are based on studies which have utilized
antisera which may be neither monospecific nor, identical in
reactivity.

Studies of the relative distributign of alloantigens
on human organs have been hampered due to a limited supply
of operationally monospecific antisera., However, through
the combined studies of a number of investigators it has
been surmized that the HL-A antigens may bé present on all
tissues except erythrocytes. Operationally monospecific
antisera has been used in adscrption studies to demonstrate
the presence of HL-A antigens on platelets, placenta,
kidney and spleen (70). Berah has ;howh that the HL-A2
antigen is present on the spleen in highest concentration
followed }n order by lung, liver, intestine, kidney and |

heart, No HL-A2 antigen could be demonStrated in the brain

(7).~

3 Experimental Animals Which Have Been Used as a Nodel
System for the Study of Lymphocyte Antigens in Nan
1) B System of Chickens

The major histocompatibility system in chickens is



referred to as the B system and was originally found on
~chicken rbc (52), Through utilization of the lymphoagglut-
ination technique with anti-B antisera, the antigen
was also found to be present on circulating lymphocytes
(74). The B system is a highly polymorphic immunogenetic
system compoged of at least 12 alleles confrolled by one
genetic locus (52)., The system,is further coﬁplicated
by the fact that each allele produces a number of serological
specificities, presently referred to as antigens. That the
B system is highly polymorphic is evidenced by.the.fact
that no two distinct chicken breeds have been found which
possess the same antigen. Moreover, in non-inbred populations,
no two identical individuals have been found (38).
Alloantisera obtained by cross-inmunization witﬂ)leukocytes
or lymphocytes have been found to be extremely polyspecific.
Adsorption of the antisera with,randomly chosen cells
decreased the activity of the antié;ra but did not totally
remove all antibody activity (38).

2} H-1 of Rats ,

Cross-adsorption and typing'studies with anti-
allotype antisera have revealed the existence of a major
hisﬁo:ompatibility system in rats controlled by a single
locus. This system has been cesignated H-1 by Stark (83),
and Ag-B by Palm (58)., The H-1 locus has been found to
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consist of 9 alleles which produce a total of 21 different
~antigenic specificities. The number of antigenic
specificities produced by each individual allele ranges
between 4 and 10, Like the majority of histocompatibility
systems from other species, the antigens were detected on
erythrocytes. The histocompatibility antigens were later
demonsgtrated to be found on lymphocyteés by utiiization

~ of the lymphocyte cytotoxicity test (83).
3) Histocompatibility in the Dog

To demonstrate the occurrence of lymphocyte

alloantigens in dogs, an approach similar to that used
in humans has been utilized. Cytotoxic antisera were
produced by injection of allogeneic lymphocytes and two
alloantigens were subsequently identified (17), The
distribution of %hese two antigens in various dog popuiations
indicates the existence of one maJor lymphocyte antigen
system. Compatlblllty for the two antlgens correlated
with skin graft survival. However, as in humans, the blood
group locus in dogs is not part of the histocompatibility
locus;(30).

L) H-2 of Mice

The most widely studi.ed histcompatibility system
is the H-2 complex in mice. %he H-2 system was originally

discovered by Gorer (34) while working with four blood



group antigens in inbred stirains of mice. One of these
.erythrocyte antigens was found to be on numerous tissues

and was partially responsible for transplanted tumor
rejection (35). These widely distributed antigens were

later designated H-2 antigens and were found to be controlled
by a gene domplex located on the 9th linkage group ( 36).

This gene complex appears to consist of two loéi designated
'H-2D and H-2K (81). ‘

In inbred strains of mice it has been shown that
there are at least 21 distinct chromosomes. The H-2K
region has at least 10 alleles while the H-2D region has
at least 11 unique alleles.. In wild mice 30 chromosomes,
alleles of which.are not yet assigned to either the D
locus or K locus, have been determined (4?); These 30
chromosomes founa in wild mice are distinct from the 21
chromosomes found in inbred strains ;esulting in a total
of at least 51 distinct chromosomes; |

When tested with moncspecific antisera against
H=-2 antigghskof inbred strains, the wild mice were shown to
possess antigens which can be divided into two classes,
private and public (45). Private H-2 antigens occur
with very low frequency in the local populations of wild
mice. The public antigens, in contrast, occur with high

frequency both in wild mice and inbred strains. Prelirinary

[ A
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evidence indicates that typing for the private H-2 antigens
~will allow for the detection of at least an additional 20
chromosomes. Thus, studies of wild mice indicates a complex-
ity of the H-2 system which far exceeds the complexity of
other serolbgical systems.

It has been approximated that there are 500 genes
separating the H-2K locus from the H~2D locus’(47). Four
of these genes have already been determined and include
the Ss-Slp, Ir-IgdA, Ir-IgG and the Ir-1 genes. The Ss gene
is responsible for the concentration of a particular

-globulin in the serum, The Slp gene, which is functional
only in male mice, controls the levelé in sera of a closely
related serum protein (79). The Ss gene is important in the‘
study of the immunogenetics of the H-2 system because it
can be used as a marker to divide the K or left hand region
from the D or right hand region. )

In the mouse, as well as in other species, a
large number of immune response (Ir) genes exist which
play an'important role in the activation of immune responses
to various. antigens ( ¢3). Most of these Ir genes apbear
tg be linked to histocompatibility genes. The first of
the immune response genes discovered was the PPL gene in
guinea pigs, which is required for the immunological

response to poly-L-lysine (49). A large number of Ir genes
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have since been found in mice linked to the H-2 complex ( 6).
A locus_designated the Ir-IgA locus, controls the
immune response to allotypes on IgA-immuncglobulins while
a closely linked but separate locué, designated the Ir-IgG
locus, controls the immune response to allotypes present on
IgG~immunoglobulin molecules in mice (50). The Ir-IgA and
Ir-I1gG genes are associated only with the H-Zb and H-22
alleles, respectively. Reisfield has sugges%ed that the
genes controlling the synthesis of H-2 and IgA allotypic
determinants are linked (48). A third gene, designated
Ir-1, has been shown to control the immunological response
to various synthetic polypeptides (6 ). The Ir-IgA, Ir-IgG,
and Ir-1 genes are all lccated between the H-2K and H-2D
loci (6). ’
Histocompatibility ant;gens are important because
they play a primary role in the immgnological response
to organ transplantation., This immunological response
ig due to a combination of their allotypy and ubiquitous~
' distribdtzon in the body of an individual. It is, therefore,
important in regards to- transplantation studies to détermine
the relative distribution of these antigens on various
organs in representative individuals, Various qualitative
bioassay procedures have shown that the H~2 antigens are

present on most, if not all, of the tissues and organs
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of the mouse including erythrocytes (55). Subdsequent
studies have revealed large differneces in the amounts
of H-2 antigens in various tissues and organs ( 3Lﬁ9).ﬁ
These inVesp}gations, however, were not always
conducted using operationally monospecific antiserﬁh.against
kno&n alleles of both the H-29 and H-2K loci, nor were
the same methods of testing utilized. For example,
Pizarro tested various mouse organs for the presence of H-2
antigens by agglutination and was only able to place them
into three groups (61). The first group contained the
largest quantity of antigen’and included spleen and liver.
The second group contained an intermediate quantity of
histocompatibility antigen and included kidney and skin.
The third group, consisting of testes, muscle and brain,
contained little, if any, antigen. In a more recent
study in which 6£erationally monosgpecific antiserum were
utilized, Heberman has confirmed that all of the H-2 antigens
tested in various organs showed a similar pattern of |
distribution (39). The H-2 antigens were found.in the highest
concentration in spleen foilowed by liver, lymph nodes,
lung, kidney, and skeletal muscle in descending order.

No detectable amount of any H-2 antigen was found in the

brain or fat.
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5) Rhesus Morkeys

Balner and Dersjant {( 2 ) have utilized anti-allotype
antiserum produced by random immunization to identify. five
alloantigens in Rhesus monkeys. Mating studies have indicated
that these 5 alloanéégens are alleles at a single iécus. Skin
grafting experiments have indicated that these alloantigens
are responsible for tissue rejection and they have thus
been termed histocompatibility antigens.

Bogden (9,10,11 ) has produced a large spectrum of
"leukocyte typing" reagents in the Rhesus monkey by isoimmun-
ization with allogeneic leukocytes. Several of these
reagents appeared to-be monospecific as shown by extensive
cross-adsorption studies; however, the vast majority of
these reagents were polyspecific. Although 12 unigue
antisera were identified, a number of animals in the popula-
tion tested did not react with any of the leukocyte antisera.
Bogden and Gray have shown the presence of the antigens
determined by the anti-leukocyte antisera on lymphocyte
membranes and erythrocytes of the monkey. |

Like Balner, Rogentine (72) recently identified
fiveAalloantigens in Rhesus monkeys. However, Rogentine's
results indicate that the 5 alloantigens behave as a part
of a single genetic system that can be subdivided into two

closely linked segregated series.
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6) Other Mammalian Species

In addition to the animals previously discﬁssed,
limited studies have been undertaken of the histocompatib-
ility systems in the guinea pig, hamster, cattle and‘swine.
The major histOCOmpatibiiity system in these animal; has
been shown to be characterized by extensive genetic
polymorphism (40). Moreé;er, the major histocompatibility
antigens in each of these spécies have been shown to be
part of the major blood groﬁp_system (,5490): The elucida-
tion of histocompatibility systems in both guinea pigs
‘and hamsters have been hampered due to the inability to
evoke a strong immunological response when attempting
to produce cytotoxic antisera against the lymphocyte
alloantigens (40).

7) Histocompatibility in the Rabbit

Only recently has the interest initiated by

Medawar (s54) cancerning the immunogenetics of transplantation
in the rabbit been renewed. Demant (24) has ﬁsed random

skin allografts on rabbits to produce a number of alloimmune
sera as shown by cytotoxic tests on a panel of rabbit cells.
Sera which reacted similarly were grouped and séven antigens
were thus determined. The distribution pattern in the panel
of cells tested indicated the existence of a major histocom-

patibility locus. In addition, Demant (25) found longer
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survival time or maternal versus paternal skin grafts
in newbbrn rabbits. Compatibility for the defined specificit-
ies correlated vith prolonged survival of maternal skin
grafts, while accelerated rejection was observed in ;ncompat—
able donors. | i

Black ¢ 8) has prepared a panel of isoantisera
by injecting allogeneio';abbit spleen cellsain adjavant
into rabbits, Most of the antisera were of narrow specificity
and appeared to demonstrate antigens at onejgenetic locus.
There were at least three alleles which could occupy
this locus. Skin gfaft survival appeared to be correlated
with compatibility for the described specificities.

A partially inbred colony of rabbits was uséd by

Tissot and Cohen (88) to produce a large number of cytotoxic
antisera. Mult%ple skin allografts were performed between
allogeneic rabbits. The antisera produced detected
antigens contfolled by a single genetic locus. This locus,
which controls a complex series of antigens, has been
designated the RL-A locus and is probably the same locus
described by Black ( 8).

Although the RL~A locus appears to be the major
histocompatibility locus in the rabbit, data presented
by Tissot and Cohen (88) indicates that other minor loci

are also involved in skin graft rejection. Since their
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attempts to produce monospecific antisera by specific
adsorption were not successful and since a large number

of identical antisera exist, they suggested that these
antisera may be already monospecific. No attempis were
made to quantitate the number of alleles controlled by the
RL~A locus since the rabb;ts used in Tissot's colony

were inbred and did not represent a true random population.

IV Concluding Remarks

It is appareﬁt then, in all of the histocome
patibility systems studied, the number of histocompatibility
loci and the corresponding number of alleles which can be
detected are determined and limited by the experimental
approach and general definitions utilized by the particular
investigator(s). For example, not only do the methods
for producing ané defining cytotoxic antisera vary but there
are also numerous methods used to determine positive and
negative reactors once the antiserum has been produced.
For as yet undetermined reasons, the methods used to test
isoantisera against positive and negative reacting cells
(e.g., lymphoagglutination and cytotoxicity tests) seldom
'reéult in identical patterns. In addition, terms such as
alleles, antigens and specificities have never been well

defined. Fven with these obstacles, however, several
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generalities can be observed. First, in 211 animals studied
to date, there aopears to exist more than one histocompatibil-
ity system; however, only one of these evokes a strong _
immunological response @s a result of isoimmurntization. This
particular systen has'been designated the "major hiétbcom-
patibility system"” (MHS). Secondly, in all MHS so far studied,
the system was found to be highly complex and polymorphic.

The final point that deserves mentioning is the fact that,

in most species, the major histocompatibilify locus is

found to be a blood group locus. Only in the rabbit, dog

and human is the primary blood group system distinct from

the MHS.
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MATERTALS AND METHODS

Rabbits:

Rabbits used in these studies ware obtained
from several sources. Fifteen of the rabbits were obtained
from Dr. Sheldor. Dray at the Uniiversity of Illincis in
Chicago. These rabbits were progeny‘irom‘cnosses.Qf,clqsed
colonies of Flemish giants and New Zealand Whites KFG/NZW),
originally obtained from the National Institgte of Health.
Five ACEP and 4 C Race rabbits obtained from Bar Harbor,
Maine, were also utilized. In addition, 22 rabbits were
purchased from breeders in the Chicago aréa. These were
all New Zealand Whites (NZW). All of the rabbits used

were female.

Barbital Buffer:

The barbital buffer (pH 7.3) utilized in the
igsolation procédure was a general physiological buffer
of the following composition: 8.5 g NaCl; 0,028 g CaClo;
0.185 g sodium'barbital; 0.575 g diethyl barbituate and
0.668 g MgClp, in 1 liter af distilled water.

" Pris-NHLC1 (TAC) Buffer:

The TAC buffer was made by mixing 9 parts NHyC1
(8.3 g/1) with 1 part Tris (hydroxymethyl) aminomethane
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(Tris) (20.6 g/1). The Tris was adjusted to pH 7.2-7.4 with
1N HC1l prior to the addition of the NHyC1.

Trypan Blue:

Trypan blue (Allied Chemical) was utilized-as an
indicator dye in the cytotoxicity test. Four ml of a
0.4% aqueous solution of trypan blue was mixed -before use
with 1 ml of a fivefold concentrated Hank's Balanced Salt

Solution (Grand Island Biological Company).

Columng:

The columns used in the purification of lymphocytes
were 10 ml disposable serological glass pipets (Kimble
Products) that measured 30 cm in length by 1 cm in diameter.
A column of this size was found to be satisfactory for the
application and ﬁetention of up to 5 ml of cell suspension.

The columns were packed about 75% full with
siliconized glass beads (Type 100-5005, 3M Co.). A thin
layer of commercially siliconized glass wool (Analabs)
was used for the bottom layer to prevent logs of glass
beads. A piece of rubber*tubing‘with a clamp was fitted
, tightly over the bottom of the pipet and used as a means

of controlling flow rate.

Preparation of Glasswares

Glass beads were washed with concentrated nitric
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acid followed by exhaustive tap and -distilled water rinses,
All glassware including columns and glass beads were
siliconizéd with siliclad (Clay-Adams Inc.) (64).
Siliconizing prevent?d non-specific adherence of the c¢ells

-

to the glass.,

Collezxtion of Blood:

o

When attempting to producé purified lymphocytes,
a totai of 30 ml of blood was collected from the marginal
ear vein of;a rabbit info three 15 nl test tubes, each
containing 150 units of heparin in 0.15 ml physiological
salinz (Sigma Chemical Co.). The tubes were then mixed

for 10 min, to disperse the anticoagulant,

Cell Counts:

Prior to use of purification methods, the total
cell counts wefé determined. All cell counts were performed
on a Coulter Counter "Model S" (Coulter Electronics Inec.).
In addition, smears of the cell preparations obtained
following each step in the purification procedure were

stained with Wright's stain and checked for cell types

present under oil immersion.

Methods for Rbc Sedimentation:

I Pig Skin Gelatin:

A modification of the method described by Tigsot
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and Cohen (88) was utilized. In this technique, 30 ml

of heparinized blood was warmed to 37 C and mixed with

12 ml o 3% pig skin gelatin in physiological saline. The
tubes were then placed in a 37 C waterbath at a 45 degree
angle. After 20 to 30 min. of settling, the white ééil-
rich supernatant was harvested with a Pasteur pipet, pooled
and centrifuged at 2000 RPM for 10 min. (Sorvall, GLC-1)

and the supernatant discarded.

II Plasmagel:

The blood was mixed with one-third volume of
plasmagel and allowed to stand at room temperature for 30
to 45 min. as described by Amos (1 ). The plasmagel solution
(Labatoire Roger Bellon, Neuilly, France) was composed of
3.0 g of modified gelatin fluid, 0.7 g NaCl and 0.2 g CaCl,
in 100 ml of distilled water. Following sedimentation of the
erythrocytes, the supernatant and buffy coat were removed

and centrifuged to obtain a cell button as in Method I,

III‘pextran:

Dextrans (Pharmacia) possessing molecular weights of
7150,000, 250,000, and 500,000 were tested as sedimentation
agents (64)., The technique employed was similar to that
described for pig skin gelatin. Sedimentation of cells

was allowed to continue until the erythrocytes had settled
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to the lower one-third of the test tube and the leukocytes
were then harvested by a}Pasteur pipet.

| Each of the sedimentation agents (pig skin gelatin,
plasmagel and dextraq) were tested at a concentration
of 1.4, 3.0, and 5.0%. Three percent pig skin gelé%in

was eventually chosen for use in the isolation procedure.

The Columns:

The leukocyte~rich button obtained following the
sedimentation précedure was resuspended in 0.5 ml of
barbital buffer and passed through a 'dry' glass bead column.
The suspension was forced into the column by means of an
air pump and the column was sealed at the bottom end with a
clamped rubber tube, The column was incubated at 37 C for 30
min. and the cells were eluted with 5 ml of barbital
buffer warmed to,37 C. The barbital buffer was forced through
the coiumn at a flow rate of 1 ml per 30 seconds. The

/

eluant was collected and centrifuged for 5 min. at 1,000

RPM, (GLC-1, Sorvall) to obtain a cell button.

Methods for the Removal of’Contaminating Rbe s

I Distilled Water

In this method (94), the lymphocyte-rich cell button
obtained following column passage was resuspended in 2 ml

of isotonic saline at 4 C. In order to lvse the contaminating
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erytrrocytes, 5 ml of cold distilled water was added

rapidly. This hypotonic suspension was agitated for 20 sec.

and isotonicity was restored by the addition of 1.5 ml:
of cold; L C, fivefold concentrated Hank's Balanced Salt
Solution. The cells were cenirifuged at a low speé&
(1,000 RPM, GLC-1, Sorvall) to remove cell ghosts and the

cells were resuspended iﬁ 1 ml of barbital buffer.

II TAC Buffer:

As previously described by Amos et al., (1), 6 ml.
of TAC buffer, previously warmed to 37 C, was added to
the cell bugton obtained following column passage and the
tube was shaken vigorously in a 37 C water bath for 4
minutes. The lymphocyte suspension was centrifuged at low
speed at room temperature to remove’erythrocyte stroma
(1,000 RPM, GLC-1, Sorvall). The procedure was repeated
using 4 ml of TAC buffer or until no rbec remained as
observed microscopically. After the rbc were removed, the

lymphocytes were resuspended in 1 ml of barbital buffer.

1I1 0.1 N HC1

The cell button was Tresuspended in 3 ml of barbital -
buffer. Seven ml of 0.1 N HCl was added to the suspension
and the tube was shaken gently for 30 seconds. Then

1.1 ml of a ten~fold concentrated Hank's Balanced 3alt
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Solution was added drcp wise while the tube was shaken
constantly. The solution was centrifuged at a low speed
(1,000 RPM, GLC-1, Sorval.) to remove stroma and the lymphocyte

button was resuspended in 1 ml of barbital buffer.

Iamunofluorescent Staining of Lymphocyte Population:

Fluorescein labeled goat anti-rabbit antiserum

.

waé obtained from Dr. C. F, Lange at Loyola University
Medical Center, Maywood, Illinois. The antiéerum was tested
for specificity by immunoelectophoresis (IEP) with normal
rabbit serum as antigen and goat anti-rabbit whole antiserum
as the control. IEP plates consisted of 1.5% Noble agar
in 0.05 M barbital buffer at pH 8.6. The running buffer
was 0.05 M barbital buffer pH 8.6. vamunoelectrophoresis
revealed a strong band in the IgG region and a weak band
in the IgM region. N

Cell fractions were prepared froh Lo ml of
heparinized blood prior to and following passage through
a glass column (as described under the section entitied
"Columns" in Materials and -Methods). Aliquots of each
fraction were smeared on two glass slides and both of the
"slides were stained by the Wright's method. The remainder
of thé aliquot from the fractions were treated with TAC
buffer in order to lyse the contaminating erythrocytes

and washed twice in oxoid barbital buffer. To the washed
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cell suspensions, each of which contained approximnately

3.0 x 10% lymphocytes in 0.025 ml, was added 0.025 ml of
fluorescein labeled goat anti-rabbit IgG/IgM antiserum: The
cell mixture was inc%bated for 30 min. at 37 C, washed

three times with 1 ml of barbital buffer and resu;ﬁehded

in 0,05 ml of the same buffer. A drop of the cell suspension
was placed on a glass slide, covered with a cover glass, and
then the cover glass was sealed to the slide with paraffin

( 65). The slides were examined immediately with an A. O,
Spencer Fluorescent microscope equipped with an Osram HBO
200 high-pressure mercury iamp and a dark-field condenser

for immersion oil.

Immunization with Allogenic Lymvhocvtes:

Although the immunization schedule varied slightly,
all animals required multiple injections of lymphocytes
before an antibody response was detected as determined by
the cytotoxicity test. Each injection congisted of approx-
imately 4.0 x 107 lymphocytes. In the primary injection,
the lymphocytes were incorporated into Freund's complete
adjuvant and injected intradermally into the back of the
necks of the recipients. A second or booster injection
was glven two weeks after the initial injection. For the
second injecfion, the lymphocytes were again incorporated

into Freund's complete adjuvant and injected intramuscularly
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into each thigh. Additional booster injections, which
consisted of lymphocytes incorporated into barbitzl buffer,
wa2re given intradermaliy into the ear. Each animal was
tested for antibody pfoduction two weeks following each of
the booster injection; by the cytotoxicity test and-then
reimmunized when required. ‘Generally at least 3 to-8
additional boogter injections were required before antibody

production could be detected., 1In the text, antisera are

designated by the recipient rabbit number.

Serat

Blood was obtained from normal and immunized rabbits
by ear venipuncture. After allowing the blood to stand for
24 hours at 5 C, the retracted clot was removed, the remain-
der of the blood was centrifuged and the serum was separated.

Complement was ipactivated by heating the sera at 56 C

for 30 minutes, Serum was then stored at -20 C until use.

Preparation of Lymphocytes for Cvtotoxicity Testing:

Since it has been shown that granulocytes do not

interfere with lymphocyte cytotoxicity testing (93)

passage of cell preparations through columns were not

performed in the preparation of leukocytes for cytotoxicity
testing. In this procedure, 10 ml of blood were collected

into a 25 ml Erlenmeyer flask which contained 10—12‘glass
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teads of'approximately 1 ¢m diameter. The flask was gently
shaken and the clear clot which resulted was removed.
The defibrinated blood was allowed to incubate with 5 ml

of 3% pig skin gelatin (Eastman Organic Chem.) in saline

at a 45 degree angle in a 37 C waterbath., After 15-30

min. of settling, the lymphocyte-rich supernatant was

E' harvested. The cell—ricﬁ'supernatant was centrifuged to

g» obtain a cell button and the supernatant discarded. Five
mt of Tris-NH4Cl maintained at 37 C was added to the button

and the tube was mixed with a Vortex mixer and shaken

vigorously for 4 min, in a 37 C waterbath. The suspension
was lightly centrifuged to remove erythrocyte.ghosts from

the supernatant and the cells were resuspended in 1.0 ml
barbital buffer. The Tris-NH4Cl treatment can be repeated
two or three tim?s depending upon the extent of rbe
contamination iﬁ the suspension. An almost pure leukocyte
suspension can;thus be obtained. The Suspénsion was adjusted

to contain approximately 10,000 cells per drop with barbital

buffer.

Cytotoxicity Testing:

Cytotoxicity tests, including controls, were
performed in triplicate or quadruplicate (87). To each
well in the Microtest Tissue Culture Plate (3034: Falcon

Plastics, Oxford, California) a drop of mineral oil was
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first added to prevent evaporation. To the appropriate
wells were then added either 1 or 2 1 of antisera followed
by 1 -1 of leukocyte suspension ( 250 cells). The antisera
or cells were dispensed with a 50 1 Hamilton syringe. The
plate was left standing at room temperature for 5 min.
after which 5 1 of complement were added. The soufce of
complement was fresh rabgit donor serum. The plate was
gently shaken and then reincﬁbated for 40 mi?. ina 37 C
waterbath. Following incubation, one drop;of barbital
buffer was ddded t0o each well and left to stand fdr 10

min. The buffer was removed with a Pasteur pipet. This
barbital buffer wash was used to remove accumulated dearis
as well as mineral oil from the well, One drop of trypan
blue dye was then added to each well and left to stand

for 10 min., The dye was flicked off with a fapid hand
motion. The wells were refilled with barbital buffer and

were read under a Nikon inverted phase microscope at 1000X

power.

Lvmphocyte Typing Studies:’

The cytotoxicity test, as previously described,
| wés utilized for serological typing of the rabbit population.
Cytotoxicity tests for each animal were performed in triplic=

ate or quadruplicate. Controls, which consisted of wells

lacking in either complement or antiserum, were also
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performed in triplicate or quadruplicate. Since wshe time

factor involved in reading the cytotoxicity test is limited,
total cell counts were not performed. An overall impression
of the percent cell death in each well was obtained by

subjective readings or by randomly counting stainéd‘and

) unstained cells., Cytotoxic values were then determined

by averaging percent cell death over the negative control

é in all tests. This procedure provides a method for obtain-
ihg a measure of the relative degree of the cytotoxic

reaction and the values are not intended to represent . an
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absolute “quantitative" value. Wells which contained appro-
ximately 0-13% dead cells above that of the negative
control, as determined by uptake of trypan blue dye, were:
considered negative (-~), while 13-15% stained cells above
the negative control were considered borderline (+-).
Cytotoxicity tests in which there were appfoximately 15%

or more stained cells above the negaitve control were

considered positive (+).

Statistical Analysisi

- The number of similar and dissimilar reactions
‘in every possible pair of functional antisera were counted
by comparing the incidence of positive and negative reactions
from the lymphocyte typing studies. Fisher's 2x2 test was

used to calculate the degree of assoclation between the
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antiserum pairs (60). The 2x2 tables are rejresented in the

following:

1st Antiserum -

4 + - e
+ a b
2nd Antiserum - ¢ 4

a, b, ¢, and d represent the number of observations of
the four possible types of reactions. Coefficients of
correlation were determined as follows:
(1) If b=c=0, the antisera are identical
(2) If b=0, serum 2 is contained within serum 1,
and vice versa if c¢=0
(3) If ad-bc> 0, then the antisera are positively
associated, while if ad-bec <0, then the antisera
ar? negatively associated |
The Chi-square (with the Yate's correction) was

used to determine the significance of the ctefficients

of correlation values and was calculated as follows:

(Observed - Expected) -~ 0,5 2
Expected

x2

|

- Adsorption Studies:

For adsorption studies, the five mest reactive
antisera were diluted with saline to a point where a

residual titer of 1:4 remained. .Diluticn has been found

N
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essential for adsorption in leukocyte alloantigen systéms
(93). This was the last dilution that resulted in an easily
readable positive cytotoxicity test when tested agains§
cells of the respective immunizing donor.

Approximatle& 0.4 ml of 1:4 diluted antise%é A
was incubated with 5.8 x 107 leukocytes obtained from
the original doror animal. The cell antiserum mixtures were
incubated at 37 C for 1 hour followed by inc?bation at
4 C for 2 hours. The cell suspensions were centrifuged
at 4 C for 10 min. at 1085 g. The serum was removed and
tested by the cytotoxicity test for remaining antibody
activity against the respective homologous cells. In all
cases, the adsorption procedure had to be repeated before
all antibody activity was eliminated. <Controls consisting
of cells which did not react with the particuiar antiserum

as demonstrated By.the cytotoxicity test were also included.

Cross-Adsorptibn Studies:

| Since only strongly reactive antisera can be tested
for relative specificity, for the reasons that will be
described later, anti-2 antiéerum was selected for further
_»study. The specificity of the reactivity of anti-2
antiserum was determined by means of adsorption of the
“antiserum with selected allogeneic leukocytes. The donors

of these allogeneic leukocytes, referred to as the test
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panel, were selected on the basis that their cells revealed
.a high cytotoxicity index when tested against anti-2
antiserum. In addition, negative controls, which consisted
of cells that did not react with the anti<2 antiserum, were
utilized. These adso;ption studies were performed %ﬁ a

mannen‘identical to that described for the homologous

adsorption studies. -

Complement Fixation Tests on Rabbit Ervthrocytes:

Donor rabbits whose lymphocytes induced a potent
cytotoxic anéisera when injected into a recipient animal
were tested for the presence of the homologous lymphocyte
antigen(s) on their erythrocytes. Ten ml of heparinized
blood collected from each of these original donor animals
were centrifuged at 1,000 RPM (GILC-1, Sorvall) for 5 minutes.
The remaining rabbit erythrocytes were washed 3-4 times
in isotbnic saline. The top layer of red blood cells
was removed afgér each_centrifugation. A é% solution
of erythrocytes in saliné was prepared for use in the test
(93).

To 10 x 1 cm glass test tubes were added 0.5 ml
of the 2% erythrocyte suspension, 2 ml of a 1:4 @dilution
of the appropriate lymphocytotoxig antisera or sheep
hemolysin‘(Difco) and 0.3 ml of 1:30 diluted guinea pig

complement (Kalstead Laboratories). Controls which
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consisted of tubes lacking either cdmplement or antisera
were run with each test. The mixtures were incubated a
total of 40 min. at 37 C, and were gently agitated at 10
min. intervals. The .tubes were then centrifuged at 1085 g

at 4 C and the degree of hemolysis deteruined.

‘Detection of a Lymphocyte Alloantigen in Organ Homogenateé:

Vafious organs were obtained from two animals
whose lymphocytes had previously demonstrated a strong
positive cytotoxic reaction when tested against anti-~-2
antiserum. After the animals were sacfificed by intravenous
injection of 7 ml of Nebutol, the following organs were
removed and placed on ice: heart, kidney, liver, spleen,
lung, lymph nodes, and sections of skin and fat. The organs
were immediately taken to the laboratory, placed in vials
and frozen by immersion in an acetone-dry ice mixture.

The samples were stored at -45 C.

Prior to homogenation, the organs were thawed,
freed of extraneous material, rinsed in saline and weighed.
Homogenates were prepared by grinding 1-5 g of organ with a
volume of saline equivalent to 5 Fimes the organ weight.

' The organs were homogenized in a commercial blendor (Waring)
ét high speed until a homogenous suspension was obtained
(generally 0.5-1.5 min.). For preparation of skin homogenates,

the hair was first removed and the skin sections were placed



on top of dry ice. When the skin tissue was completely
frozen (brittle) it was cut into thin sections and homog-
enized at high speed.

The homogenates were cent£ifuged at 3020 g for 10
min. . The supernatnant was removed and the cell pellet
was resuspended in sterile saline. The cell pellet was
recentrifuged ane the saline wash was repeated'until the
~ supernatant became clear. Wet weights were then determined
for each organ. The entire homogenation procedure was
performed in the cold room at 4 C.

'Operationally menospecific anti-2 antiserun,
as determined by serological studies was diluted 1:4
with saline, ahd was utilized throughout these experiments.
Four-tenths ml of the diluted antiserum was adsorbed
with various caneentrations of crude antigen suspension
ranging bgtween L and 500 mg. Incubetion of the mixture
was carried out at 37 C for 1 hour with periodic agitation
of the tubes. The tubes were next incubated at 4 C in the
cold roohffor two hours, followed by centrifugation at
1,085 g for 5 min, at 4 C,. The serum supernatants were
collected and tested for remaining antibody activity

against a positive leukocyte cell donor by the cytotoxicity

test.
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Immunoglobulin Typing:

The Ouchterlony technique (32) was utilized for
the determination of the immunoglobulin allotypes in rabbit
sera. Double diffusion experimenté were performed in 1.5%
(W/V) Noble agar in 0.2 M borate, 0.15 M NaCl, pH 8.1 buffer.
Monospecific anti-allotype antisera, previous}y produced
in our laboratory, were uéed for typing ( 92).‘ All rabbits
in the population were tested for.the preseﬁce of the al,
a2, and a3 allotypic specificities of the heavy chain
and the b4, b5, b6, b9, c7 and c21 allotypic specificities
of rabbif IgG light chains. Rabbit sera possessing
known allotypic determinants were used for reference
controls. »Coalescence of the precipitin band ofﬁan
unknown serum with a known reference serum was the criterion
for assigning sﬁecificallotypes to unknown animals.

In addition, the Ouchterlony techniqﬁe was used to
compare anti-lymphocyte antisera aﬁd anti-Igi allotypic
antisera., In these studies, serum obtained from an animal
positivét}or both the lymphocyte and immunoglobulin allotypes
was reacted against the respective anti-allolype antisera
inragar gel plates.

To determine whether the observed cytotoxic
reactions might be cue to antibodies directed against IgG.

allotypes which are found on some lymphocytes, experiments
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were also performed in which anti-IgG allotypic antisera
- was substituted for lymphocytotoxic antisera in the

cytotoxicity test.
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RESULTS

. I Lymphocyte Isolation

Rbc Sedimentation:

The 3% pig skin gelatin and the dextrans with
molecular weights ranging from 1.5 x 105 to 5.0 x 105
were found to be satisfactory sedimentation agents for
erythrocytes since these agents sediemtned approximately
97% of the rbc. In contrast, the erythrocytes did not
sediment to any appreciable extent in the plasmagel, and
the yield of leukocytes in the supernatant when the plasmagel
was utilized was less than 2%. As shown in Table 1, 3%
pig skin gelatin was the most efficient sedimentation agent
since up to 76% of the leukocytes could be recovered
in the supernatnant, while a maximum of 18% of the leukocytes

were recovered after sedimentation with dextran.

Pagsage of Leukocyte--Rich Preparatibns Through the Columns:

Following sedimentation of the erythrocytes with 3%
pig skin éelatin, the leukocyte-rich fractions were
resuspended in 3-4% m. of barbital buffer and were passed
through a column packed with glass beads. The lymphocytés and
contaminating erythrocytes were eluted from the column
first with 4 ml of eluting barbital buffer (Fig. 1). In

contrast, granulocytes adhered strongly to ths beads in



Table 1. Leukocyte yiz2lds at various concentrations

of sedimentation agents1

Sedimentation _ Leukocyte Yield? _
Fluid Percent Sedimentation Fluid
- ‘ 1.5% 3.0% 5.0%
Dextran poox10®  1.4x107 8. 0x108

MW 150,000

Dextran 4.0X106 9;0X106 4.OXIO6
MW 250,000

Dextran ND> 1.0x107  1.2x107
MW 500,000

Pig Skin 3.9x107  6.0x107  2,4x107
Gelatin |
Plasmagel l.OXlO6 l.OxlO6 l.OXlO6

1

Values are given as the number:of leuko-
cytes recovered in the supernatant from_10 ml
of heparinized blood (average of 7.8x107 leu-~
kocytes) after incubation with sedimentation

. fluid.,

2 Each value represents an' average from

- three determinations.

3 None detectable.

L6
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Figure 1. Elution of cells from glass bead columns
(30cm x icm ID). Leukocyte-rich preparations were
obtained from 30 ml of rabbit peripheral blood fol-
lowed by sedimentation with rig skin gelatin. Cell
types were determined on prepared slides, stained with
Wright's stain and examined under oil immersion. Cell
counts were determined by the "Model S" coulter counter.

% S
Values are represented as the percent of a
given cell type at the peak output of that
particular cell type.
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the column. Platelets did not adhere firmly to the glass

beads but wére retarded sufficiently during passage

through the columns to allow complete separation from the

lymphocytes. The vast majority of platelets were eluted

with the passage of approximately 6-15 ml of eluant (Fig. 1).
After the lymphocytes and platelets were eluted,

the columns could be completely freed of resiéual lymphocytes

and contaminating erythrocytes by continued*Washiﬁg with

harbital buffer; hbwever, the granulocytes continued to

adhere., The first 5 ml of eluant which contained the most

lymphocyte-rich fractions weré collected and centrifuged

to obtain a cell button and the supernatant was discarded.

Only these purified fractions were used for isoimmunizations.

Comparison of Methods for Lysis of Contaminating Rbec:

The lymphocyte~rich cell buttons obtained following
passage through glass bead columns, were resuspended
in various agents in an attempt to remove the remaining
erythrocytes. The distilled water technique was unéatisfac-
tory for ﬁse since 1t lysed not only tﬁé erythrocytes
but also caused lysis of the lymphocytes. Although HCl
‘ysed the contaminating erythrocytes with only minimal loss
of lymphocytes, the 0.1 N HCl was also unsatisfactery
3ince it caused gross observable denaturation and discolor-

ation of the lymphocytes. The TAC buffer, as desaribed
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previously, was selected as the appropriate agent since it
lysed essentially all of the contaminating erythrocytes and
did not cause any observable damage to, or loss of, the

lymphocytes.

Examination of Lymphocyte Preparations for Purity:

Smears were bprepared of the purified lymphocyte prep-
arations, étained with Wright's stain and then examined
for purity. In a field of 100 lymphocytes, ;enerally
fewer than 2 granulocytes ahd 1 erythrocyte were observed
(Fig. 2). The Model S Coﬁlter Counter and Wright's stain
were used to determine the yield of purified lymphocytes.

The yield was found, on the average, to be approximately

48% (Table 2). The percentage of cells recovered ranged
from 42% to 52%. A yield of 48% is equivalent to approx-
imately 1.6x107 lymphocytes in 10 ml of whole blood.

Determination of Lymphocyte Cell Types

Cell preparations obtained prior to and following
passage -through glass bead columns were reacted with
fluorgscein labeled goat anti-rabbit anfiserum that possessed
entibodies against both IzG and Igk, Three cell types
douid be detected due to variations in flubrescent staining.
These cell types-includeds 1) nonstained cells probably
consisting of granulocytes and thymocytes; 2) Partialiy

stained cells probably conposed of bone marrow-derived



Figure 2A. Photograph of whole blood preparation from

rabbit K343-6 stained by the Wright's method. The clear

("halo") cells represent erythrocytes while stained cells
represent: various white blood cell type§. Magnifications

Loox.

N
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Figure 2B. Photograph of purified lymphocyte preparation

from rabbit K343-6 stained byvthe Wright's method (20-fold

concentration). Only‘iymphocyﬁes are observed in this cell

preparation. Magnification: LOOX,
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Table 2. Percentage of lymphocytes recovered irom

10 ml of blood®

Animal DNumber of Number of Percent
Number Lymphocytes Lymphocytes Recovery

in 10 ml Recovered

Sample
A 3.1x107 1.3x107 42,7
13 3.8x107 2.0%107 51,9
G203-4 2.5X10? l.leO? 4,5
J120  2.1x107 1.1x107 52,4

1

three determinzstions.

Fach value represents an average from
Values were determined by

cell counts under the microscope and use of the

coulter counter.
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1ymphocytes with IgM-immunoglobulin cell surface réceptors:

f}-and 3) fully stained cells consisting of bone marrow-derived

'lymphocytes with IgG-immunoglobulin cell surface receptors
(Fig. 3 and &).

Table 3 indicates the percentage of fluorescent
stained cells in addition to the percentage of , lymphocytes
and granulocytes in cell preparations tested prior to and
following passage through glass bead columns: From these
results it is possible to calculate the ratio of B to T
cells prior to and following passage through the glass
bead columns, For example, in rabbit K343-6 the total
number of lymphocytes prior to coiumn passage was 42%
of the total leukocyte population as revealed by the Wright's
smear. The percentage of B cells as indicated by percentage
of fluorescent stained cells was approximately 18%.
Subtiraction of these two values gave. the total percent
of T cells in the white cell preparation (24%). Following
Passage t&rough the column, the total number of lymphocytes
in the pféparation was found to be 97%, of which 42% were
B cells. The remainder, 55%,‘constitutés the percent of T
cells in the leukocyte populatien. in summary, then,
the ratio of B to T cells prior to column passage was 18

 to 24 or 1 to 1.32 and following passage was 42 to 55 or
1 to 1.31, thus indicating that the liklihood for selection
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Figure 3. Photograph of cell preparations prepared prior

The cell preparation was reacted with fluorescein labeled
goat anti-rabbit antiserum_confaining antibodies directed
against both rabbit IgG and Ig¥ immunoglobulins. Unstained
cells probably‘represent‘thymus-derived}lymphocytes and
granulocytes while parfially»ér fully stained cells
probably represent.bone marrow-derived lymphocytes.

Magnification: 400X.
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4
£

. Figure 4&: Photograph of cell prgparation§.prep§ggd after
passage through glass bead columns (rabbit K343-6). The

cell preparation was reacted with fluorescein labeled

goat anti-rabbit éntiserumvcontaining antiBOdies’directed
against. both rabbit IgG and Igh immunoglobulins. Unstained
cells probably répresent thjmus-derived lymphocytes while
partially or fully stained éells prbbably‘represeht bbne

marrow-derived lﬁmphocytes. Magnification: 400X, .

L)
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Table 3. Determination of the percentage of B and T lymphocytes prior to and foll-"

owing passage through a glass bead column

Rabbit Cell
Number Preparation

Fluorescent Staining Reaction
(Per cent)

2

Wright's Stain Reaction
(Per cent)

Negétive Partially Fully Lymphocytes Granulocytes
Stained Stained
1R Pre-column 78 18 4 L7 - 53
Post-column 49 Ll 7 99 1
K343-6 Pre-column 82 15 3 42 58
Post-column 57 36 6 97 3

1

" directed against both IgG and IgM

2 Approximately 3x107 lymphocytes (erythrocytes were not included in the
count) were reacted with fluorescein labeled goat anti=rabbit antiserum contain- -
~ing antibodies directed against both rabbit IgG and IgM immunoglobulins. Un-
stained cells probably represent thymus-derived lymphoc¢ytes while partially or
fully stained cells probably represnt bone marrow-derived lymphocytes.

-

Cells were reacted Wluh fluorescein labled goat anti-rabbit antiserum

09
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of B or T cells by glass bead columns is remote. The results

_ from animal 1R were similar. In this animal, the ratio

of B to T cells was 22 to 25 or 1 to 1.14 prior to column
passage as compared to 51 to 48 or 1 to 0.94 following

column passage.

II Immunological Studies

Isoimmunization with Allogeneic Lymphocytessa

Table 4 indicates the donor-recipient pairs used
for isoimmunization with purified allogeneic lymphocytes.
Although all animals required multiple injections before
an antibody regsponse was detected by the cytotoxiclity tests,
the number of boostertinjections required for an antibody
response varied from one animal to another. For exanmple,
both animal 2 and animal 12 required six injections before
an antibedy resﬁonse could be detected against donor
lymphocytés; however, animal 5 required ten injections.
Seven of the thirteen recipients (54%) injected with
allogeneic lymphocytes produced at leas} a weakly detectable
response as demonstrated by the lymphocyte cytotoxicity
tests: These animéls included: 2, 4, 5, 7, 12, 18 and
90791. However, two of these cytotoxic antisera, anti-?7
and anti-18, wece so weak that it made serological typing
against cell panels difficult to interpret.

In addition, Table 4 indicates the particular
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Table 4. Production of lymphocytotoxic antisera by
isoimmunizetion of ravitits from various strains

Immunized 1 Donor _ Number of© Antibody3
Rabbit Strain— Rabbit Strain Challenge Production
Number Number Injections
2 NZW 3  NZW/FG t 6 Positivey
L . NZwW 15420 C Race 10 Positive
5 NZW/FG 91113 ACEP 10 Positive
7 NZW 0 NZW/FG 11 Weak
8  Nzw 1 NZW 8 None
12 NZW/FG 6 N7W 6 Positive
13 NZW/FG A NZW 11 None
17 _NzZW 18 NZW 9 None
18 NZW 17  NzwW 11 Weak
15420 C Race &4 NZw 10 None .
90791 ACEP G194-5 NZW/FG 10 Positive’
F170-2 NZW/FG T30 NZW/FG X0 - None
2G18-2 NZW/FG 15570 C Race 10 None

1 Nzw- represents New Zealand White; NZW/FG- pro-
geny of crosses between New Zealand Whites and Flemish
‘Giants; ACEP- from Bar Harbor, Maine; C Race~ from NIH

2 Each injection consisted of purified lymphocytes

isolgted from 30 ml of periphereal blood{approx. 4.0x107),
- 7 Antibody production was determined by the cytotoxic-

ity test as follows: 0-13% lysed cells above the negative
control was considered negative; 13-15% was borderline;
while 15-100% was considered positive.

b In the text antisera are designated by recipient
number;.e.g., antiserum obtained from this animal-was‘
designated anti-2,

-t
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rabbit strains used for isoimmunization., Rabbits 17 and

.18 were unique since these were the only pair to evoke

a response, although.weak, by isoimmunization with lymphocytes
of the same'straiﬁ. ‘All other cytbtoxié antisera were
produced by isoimmunization of lymphocytes between different
strains. - This included the use of a NZW/FG, C Race, ACEP,

NZW and a NZW/FG as recipient and a NZW, NZW, hzw/FG,

NZW/FG and an ACEP as the respective immuniiﬁng donor

rabbit.

Serological Typings

The pattern of serologic response obtained by
preliminary typing with seven cytotoxic antisera against
leukocytes from 38 rabbits is shown in Table‘5. ‘The lympho-
cytotoxic reactions against cells from the immunizing
donor animal have been encircled for identification., The
reaction'patternrxfthe lymphocytetoxic antisera against
heteroleogous cells and especially~égaiﬁst cells from the
immunizing donor can be used as an indi?ation of the relative
potency of these antisera., Animals 1,4.5,12,13 and 90791
were ﬂot typed since they died prior to this particular
sfudy.

The pctency of the antisera was determined by the
relative-percent of dead éells above that of the negative

control: 0~13% (~), 13~15% (-+) and 15~100% (+). The cyto-

i
4



‘Table 5. Preliminary typlﬂﬁ of a random ponulatlon of rabblfs
with cytotoxic antisera produced by isoimmunization of purif-

ied lymphocytesl

Rabbit Strain Lvmphocviotoxic Antisera
Number 2 4 5 7o 12 18 90701
0 NZW/FG + + ® - - +
2 NZW/ é - - - 4 + -
3 NZW/FG
6 NZW - - -
7 NZW - - - - = - -
8 NZW - - - - = 4 -
17 NZW - + - + + 3@ +
18 NZW + - T - - +-
20 NZW - - - - - - -
13528 C Race + - + + do - +
13622 C Race - - - - - - -
15420 C Race + @ + - -
22093 ACEP - - - - - - -
22833 ACEP + - + - - - +
91113 ACEP - ®  +- - +
92072 ACEP - - T 4. - _ -
A NZW - - - - - + +
B NZW - - - -+ + -
BPP NZW - e - -
c NZW - - - - - - -
DSBNS NZW - - - + o+ + -
DSCLL NZW - - - - = 4 -
DSCTL NZW - - - - 4 4= =
G194-5 NZW/FG + - + -+ + ®
G203~k NZW/FG + - - S, -
2G18-2 NZW/FG + - + - - + +
H322-3 NZW/FG + - + - - - +
H325 NZW/FG - - - - - - - i
J120 NZW/FG + - - 4= - - +
J222-2 NZW/FG + - 4= - - - +
K343-6 NZW/FG + - + - - 4= +
MN ' NZW - + - -+ - -
1R NZW - - - - - - +
2R NZW - - - - - - -
T30 NZW/FG + - - - - - +
5X NZW + - + - - - +
12X NZW - - - - - - -
14X NZW - - - - - -
1

Results are given as percent
by uptake of trypan blue dye) over that of the negative con-
0-13% (=)3 13-15% (+-)}; and 15-100% (+).

trol (no antiserum).’
All tests were run in quadruplicate.
Circled results indicate lymphocytotox1c reactlon
against cells from the immunizing donor animals.

dead cells (observed
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toxic antisera, anti-7 and anti-18 antisera, were not studied
. further because they reacted with too few animals to give
meaningful correlations or consistent results. Anti-2
antiserum, in contrast, appeared to be a potent antiserum
and wags thus utilized in further studies. Other cytotoxic
antisera which appeared to be of sufficient potency to
perform serological studies included: anti-@,'anti-S,
anti-12 and anti-90791 antisera. ‘
Certain of the cytotoxic antisera appeared

t0 have similar reaction patterns against the cell panel:
e.g.,anti-z, anti-5, and anti~-90791 antisera reacted with
the same group of rabbits (0,3,18,13528,15420,22833,
91113, G19#—5,G203-4,2G18—2,H322-3,J120,J222~2,K343—6,
T30 and 5X).Anti-k and anti-12 antisera reacted with a
second group, (6,17, B, BPP,DSBNS,DSCTL, and MN). In
addition. a large number of animals do not react with either
group of antisera (2,7,8,20,13622,é2073,92072,A, c,DSC11,
H325,1R,2R,12X and 14X). ‘

'TThe relationship of these cytotoxic antisera
were analyzed by Fisher's 2x2 comparison (60). In this
statistical evaluation, the number of similar and dissimilar
reactions in every possible pair of the strong lymphocytotoxic
antisera were counted (Table 6). It was ebserved that there

existed at least one reaction pair for each of the four
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Table 6. 2x2 comparison of lymphocytotoxic antisera

Antiéerum 5
+ -
+11 3
-110 |22

Antiserum 90791

+ | -
+ 11 2
- 115 1}17

+ | -
+ 11111
-15 (19

Antiserum 4

+ | -
+ 11 |14
- {3 |18

Antiserum 12

+ -
+ |1 |14
-1 8 {14

> Antiseum 12

V\Antiserum 12

Antiserum

Antiserﬁm 12

Antiserum 2 -

Antiserum

+ | -
(301
- )15 127

1+ |-
+ 11 |10
- |8 |18
Antiserum 90791
+ | -
+ 1216
- (13|

Antiserum 5

+ - -
+ |11 | &4
« Antiserum 90791
el [+ -
£
®
ol + j1311
S
51 - |4 |18
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possible events in each antiserum analyzed. This suggested

that no two of the lymphocytotoxic antisera were identical.

The number of double positive antisera reactions ranged
from 1 to 13 while the number of double negative reactions
ranged from 14 to 2%,

Once it was determined that no two cyﬁotoxic
antisera were identical, Fisher's 2x2 test was:used to
calculate the asgociation between the antisefﬁm pairs
(Table 7). The results suggest that many antisera detect
gsimilar antigens. It was found that the reactions of antimz,
anti-=5 and anti-90791 were positively correlated with one
another indicating one group. The anti-4 and anti-12
antisera were positively correlated with one another
indicating a second group. These 2x2 values, revealing
positive correlation, ranged from +76 to +238, In addition,
a negative correlation was consistently obtained between
the reaction of the antisera in one group and those in the
other group. These correlation values ranged from -8
to -98. - g

Chi-square values for each correlation test are
shown in Table 8, A chi-square value of 3.84% (P=0.05)
or greater was considered significant. Thus, the antisera
were shown to detect alloantigens that fell into two distinct

cetegories. Anti-2, anti-5 and anti-90791 antisera (Group I
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Table 7. The coefficient of correlation, r~, ©of 5

cylotoxic antisera

Coefficient o;fcbrrelation

Antisera
- ' Animals Tested
90791 12 5 L
. — .+ -
2 230 98 239 24
- + Rad -
L 13 76 8
+ - v
5 204 61 -
12 B <;O -
1

r represnts coefficient of correlation
derived from the equation r=ad~bc.

68
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Table 8. The chi-square1 values for the coefficient
of correlation of § cytotoxic antisera

Chi~8Square Values

Antisera Animals Tested - -
90791 - 12 5 4
19,62 2.65 17.01 0.02
I 0.013 5.03 0.12 -
5 13.65 0.84 - -
12 0. 54 -
-1 A chi-squaré value of 3.84 (p=0.05) or

greater was considered significant.

69
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antisera) detected one alloantigen (Ly-1) while anti-4

- and anti-12 antisera (Group II antisera) detected a second
lymphocyte alloantigen (Ly-2). The chi-square values
obtained when the antisera from Gfoups I and II were

compared did not appear to be significant.

Homologous Adsorption Analysis:

Table 9 summarizes the results of the adéorpfion
studies with five of the cytotoxic antisera: anti-2, anti-4,
anti-5, anti-12 and anti-90791. Following two adsorptions
of the antisera with 5.8 x 107 cells from‘the correspdnding
immuniziﬁg;donor animals, the antisera were tested by. the
cytotoxicity test against immunizing donor lymphocytes.‘
The percent cell death was determined as the number of
dead cells in each well (observed by.uptake of trypan
blue dye) compared to total number of cells. NegativeAcontrolS'
represented wells which contained cells and complement
but no antibody. A value of 0-13% was considered negative
thle 13-15% was considered borderline., Values of 15%
or greater were considered positive. Prior to adsorption,
the cytotoxic indexes for the posgsitive controls ranged
bétwéen 23% and 30%. Following =zdsorption, the values
decreased to betweeen 3 and 7%. These results indicated
that adsorption with homologous cells eliminated the
cytotaxic reaction of all five antisera.

\

\
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Table 9. Cytotoxic activity remaining after two ad-

sorptions of lymphocytotoxic antisera with 5.E&x10%

leukocytes from the corresponding original inzuniz-
ing donor!

Antiserum C&totoxic Adsorbing Positive Adsorbed

Group ﬁntiserum Homologous Control Antiserum
umber g:gig Percent

1 2 3 - 25 4

I | 5 91113 23 L

I 90791  G194-5 26 7

II 4 15420 30 3

II \ 12 6 27 6

1

Results are given as percent dead cells (up=-
take of trypan blue dye) above the negative con-
trol: 0-13%-negative; 13-15%~-intermediate; 15-
100%~positive.
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Crogs-Adsorption Analysis:

Although the serological patterns observed in the
typing studies (Table 5) aided in revealing the nature of
the cytotoxic antisera, additional‘studies were required to
determine the number of specificities for a particular
cytotoxic antiserum. In addition, since only potent anti-
sera can be tested for relative specificity (for reasons
that will be discussed later), only anti-2 antiserum was sel-
ected for further study. The specificity of the reactions
of anti-2 antiserum was determined by means of adsorption
with selected allogeneic leukocytes. The donor rabbits
for these allogeneic leukocytes were selected from cells
of animals that revealed a high cytotoxicity index (15%
or greater) when tested against anti-2 antiserum (Table 5).
The cells of these animals were retested by the cytotoxicity
test against anti-2 antiserum to insure that their reactivity
was sufficiently potent so that fal;e negatives would rot
resul% {Table 10), The cytotoxic indexes of the lymphocyte
cells cﬁééen for use ranged between 15 and 20% above
the negative control when tested against a 1:4 dilution
of anti-2 antiserum. The cells obtained from the following
rabbits were strongly reactive with anti-2 antiserum and,
thus, were chosen to make up the cell panel: 0, 3 {(immunizing

donor), 13528, G194-5, G203-4, Ji20, J222-2, K343-6, and T30,



Table 10. Lymphocytotoxic reactions of anti-2 antiserum with the panel of cells
chosen for use in the adsorption tests

. . 1
Antiserum Cytotoxic Reactions
Test Cells \
0 18 13528 G194~5 G203-4 H322-3 J120 J222-2 K343-6 T30 202 H3252
Anti-2
Antiserum 18 16 19 19 18 15 20 17 20 18 3 0
Undiluted : .
Anti-27 B
Antiserum 20 14 17 16 18 15 21 17 20 i6 1 0
Diluted ‘ )
1

Results were determined by percent of dead cells (uptake of trypan blue dye)
over that of the negative control (no antiserum)s 0-13% represents a negative
test; 13~15%~borderline; 15-100% represents a positive reaction. All tests were
run in quadruplicate and results were averaged.

2 Animals 20 and H325 were negative controls for the test.
3 The anti-2 antiserum was diluted 1:4 with saline prior to adsorption tests.

o
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Animals 18 and H322-3 were not included in the test panel
-although they reacted with anti-2 antiserum because of the
weak cytotoxicity reaction their cells evoked when reacted
against the antiserum. Several animals that had reacted
with anti-2 antiserum in Table 10 had expired prior to the
time adsorption tests were conducted. Cells from animals
20 and H325 were utilized as negative controls in the
adsorption panel. In addition, the results Rn Table 10
indicate that diluticon of the anti-2 antiserum with saline
(1:4) did not significantly decrease the cytotoxic reactions.
Prior to dilution, the cytotoxic values of the positive
cells from the test panel ranged from 15% to 20% above the
negative control. Following dilution of the anti-2
antiserum, the cytotoxic values ranged from 14% to 21%.

The results obtained by the methodical adsorption
of antiserum anti-2 with the positiveareacting leukocytes
from ndividual donors of a test panel are illustrated in
Table 11. The positive control consisted of diluted (1:4)
unadsorﬁeé antiserum. The results are given as percent
of cell death above negative control, The negative éontrols
coﬁsisted of cells and complement but no antibody. A
cytotoxicity index of 0~13% waz considered negative (=)
while«13-15%_was considered borderline (+-). A cytotoxicity

value of 15-100% was considerei positive (+).
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Table 11. Cytotoxic activity remaining after the
adsorption of anti-2 antiserum with cells from
the cross-adsorption panell

Adsorbing Cells Used in Cytotoxic Cytotoxic
Cells Cytotoxicity Values Prior Values After
Test to Adsorption Adsorption

0 +-
3 .
13528
Gl9k-5
G203-4
J120
Ja222-2
K343-6
T30

20
H325

0
3
13528
G1l9k=-5
G203-4
Ji20
J222-2
K343-6
T30
20
H325

0
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13528 3
13528 13528
13528 G1l94-5
13528 G203-4
13528 J120
13528 J222-2
13528 K343-6
13528 T30
13528 20
13528 H325
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Table 11, (Continued)

Adsorbing Cells Used in Cytotoxic Cytotoxic
Cells Cytotoxicity Values Prior Values After
Test to Adsorption Adsorption

Gl94=-5 0 + -
G1l94-5 3 + -
Gl94-5 13528 + -
Gl94-5 Gl94=-5 + -
G1l94~5 G203-4 + -
Gl94=-5 J120 4 -
G1l94-5 J222-2 + 4 -
Gl94-5 K343-6 + -
G194=-5 T30 + -
G194-5 20 - -
G1l94-5 H325 - -
G203-4 0 + -
G203-4 3 + -
GR03-4 13528 + -
G203-4 Gl94-5 + -
G203 ~4 G203~4 + -
G203-4 J120 + -
G203-4 J222-2 + -
G203-4 K343-6 e -
G203~4 T30 + -
G203-4 20 - -
G203-4 H325 - -
J120 0 + -
J120 3 + -
J120 13528 o -
J120 G1l94-5 + -
J120 G203~ + -
J120 J120 + ’ -
J120 J222-2 + -
J120 K343-6 + -
J120 T30 + -
~J120 29 - -

-

J1z20 H325




Table 11. (Cotinued)

Adsorbing Cells Used in Cytotoxic Cytotoxic
Cells Cytotoxicity Values Prior Values After
Test to Adsorption Adsorption

J222~2 0 + -
J222-2 3 + -
J222-2 13528 + -
J222-2 G1l94-5 + -
J222~2 G203-4 + -
J222-2 J120 + -
J222-2 J222-2 + -
J222-2 K343-6 + -
J222-2 T30 + -
J222-2 20 - -
J222-2 H325 - -
K343-6 0 + -
K343-6 3 + -
K343-6 13528 + -
K343-6 Glo4=-5 + -
K343-6 G203~ + -
‘K343-6 J120 + -
K343-6 J222-2 + -
K343-6 K343-6 +- -
K343-6 T30 + -
K343-6 20 - -
K343-6 H325 - -
T30 0 + -
T30 3 + - -
T30 13528 + -
T30 Gl94~-= + -
T30 G203 -4 + -
T30 . J120 + -
T30 ° J222-2 + . -
T30 K343-6 + -
T30 T30 + -
T30 20 - -

730 H325
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Table 11. (Continued)

Adsorbing Cells Used in Cytotoxic Cytotoxic

Cells Cytotoxicity Values Prior Values After
Testing to Adsorption  Adsorption

20 0 + +

20 3 + +

20 . 13528 + +

20 Glo4-5 + +~

20 G203-4 + +

20 J120 + +

20 J222-2 - +

20 K343-6 + R

20 T30 + +

20 20 - -

20 H325 - -

H325 0 + +

H325 3 + +

H325 - 13528 -+ +

H325 G1l94-5 + +

H325 G203-L4 + +

H325 J120 + +

H325 J222-2 + +

H325 ’ K343-6 + +

H325 T30 + +

H325 20 - -

H325 H325 - -

1 fesults were determined by percent of dead cells
(uptake of trypar. blue dye) over that of the negative
control (no antiserum)s: 0-=13%(-); 13-15%(+=); 15-100%
(+). All tests were run in either triplicate or qua~
druplicate and volues were averaged.

Y
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The cytotexic values for cells tested against the
adsorbed antisera ranged between O and 12%, the mean average
being 3.4%. In comtrast, the cytotéxic values of the positive
control, consisting of unadsorbed antisera tested against
~ the identical cells, ranged between 14 and 28% with the mean
being approximately 16.5%. Since anti-2 antiserum adsorbed
with each of the imdividual cells did not giﬁ? a positive
reaction when tested agairnst a primary panel of leukocyte
donors, it has been assumed that anti-2 antiserum is
operationally monospecific. In contrast, cytotoxic values
of antisera adsorbed with cells from animals 20 ahd H325
and tested against cells from the positive cell panel
ranged between 14 and 21%. This indicated that anti-2
antiserum did not lose any significant cytotoxic activity
when adsorbed with cells that were negative reactors
against the antiserum. It, therefore, appears that non-

specific adsorption of antibodies does not occur.

Complement Fixation Tests on Donor's Ervythrocytes:

Direct complement fixation tests were performed
w.th lymphocytotoxic antisera to detect the presence of
lymﬁhoéyte alloantigens on erythr0cyt§s (Table 12). The
five potent cytotoxic antisera, anti-2, anti-4,-anii=s, '
anti-lz and anti-90791 were tested against erythrocytes

ottained from the respective original immunizing dconor,



Table 12. Complement fixation tests to determine the presence of rabbit lympho-
cyte alloantigens on rabbit erythrocytes

Lymphocytotoxic Antiserum Barbital G. Pig1 RBC Obtained 2% Rabbit Hemolysis
Antisera %éi? Buffer Complement From Rabbit? Erythrocytes
. (ml) (ml) (ml)

2 0.2 0.3 3 0.5 -
2 0.5 - 3 0.5 -
- - 2.2 0.3 3 0.5 -
4 2 0.2 0.3 15420 0.5 -
4 2 - 0.5 - 15420 0.5 -
- - 2.2 0.3 15420 0.5 -
5 2 0.2 0.3 91113 0.5 -
5 2 0.5 - 91113 0.5 -
- - 2.2 0.3 91113 0.5 -
7 2 0.2 0.3 0 0.5 -
7 2 0.5 - 0 0.5 -
- - 2.2 0.3 0 0.5 -
12 2 0.2 0.3 6 0.5 -
12 2 0.5 0.3 6 0.5 -
- - 2,2 0.3 6 0.5 -
18 2 0.2 0.3 17 0.5 -

——
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Table 12. (Continued) ' . ¢

Lymphocytotoxic Antiserum Barbital G. Pig1 RBC Obtained 2% Rabbit Hemolysis
Antisera %éi? Buffer Complement From Rabbit /Erythrocytes
‘ (ml) (ml) (ml)
18 2 0.5 - 17 0.5 -
- - 2.2 0.3 17 0.5 -
90791 2 0.2 0.3 G1l94-5 0.5 -
90791 2 0.5 - G1l94-5 0.5 -
- ' - 2.2 0.3 G194-5 0.5 -
Hemolysin 2 0.2 0.3 3 0.5 +
Hemolysin 2 0.5 - 3 0.5 -
- - 2.2 0.3 3 0.5 -
T .

Guinea pig serum diluted 1:30
Original immunizing lymphocyte donors

/

18

~—
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No hemolysis could be observed when cytotoxic antisera

-were reacted against immunizing donor erythrocytes. In
contrast, the control which consisted of sheep hemolysin
lysed essentially all of the red biood cells. These results
indicated that no lymphocyte alloantigéns exist on rabbit

erythrocytes as detected by complement fixation.

- Detection of g Lvmphocyte Alloantigen in Organ Homogenates:

The relative distribution of the Ly-1 alloantigen(s)
on various organ homogenates in two representative individuals
were determined by adsorbing anti-2 antiserum with various
gquantities of organ suspensiong (Table 13). The various
organs and tissues were obtained from rabbit 3, the original
immunizing donor, and rabbit 13528, The cells from both
of these animals had previously been shown to give a
strong cytotoxicﬁreaction when tested against anti-2
antiserﬂm.in the cytotoxizity test. Results are given
as percént dead cells (as determinéd by uptake of trypan
blue dye)-above negative control; 0-13%;was considered
negative (-)3 13-15% borderline (+-); while 15-100% was
considéred positive (+). Negative controls consisted
of complement and cells with no antibody. Although the
relative distribution of the Ly-1 alloantigen(s) was observed
independently in each animal, a more accurate determination

\

vvas obtained by averaging the results of the two animals.



83

Table 13; Cytotoxic activity remaining aftér the adsorption of anti-2 antiserum
with various concentrations of argan homogenates from two positive reacting

rabbits
Rabbit Quanity of Dead_Cells (%) Above Negative GControll
Tested Adsorbing Antiserum Adsorbed With Homogenates Of
Homogenate ' o Lymph

(mg) Spleen Node Lung Skin Kidney Liver Heart Fat
32 500.0 Np?  ND ND ND - . ND ND
3 250.0 ND ND ND - - - = +
3 125.0 - - - - +- +- - +
3 62.5 - +~ +- - - + +e -
3 31.3 - - - t- + + +~ +
3 15.6 - + + + + + + +
3 8.0 o + + + + + + +
3 b.o + + + + + + + +
13528 500.0 ND ND - ND - - - ND
13528 250.0 ND - - - - - - ND
13528  125.,0 - - - - - - - +
13528 31.3 - - - + +- + + +
13528 15.6 - + + + + + + +
13528 8.0 - + + + + + + +
13528 4.0 + + + + + + + +

: ,

) Results were determined by percent of dye uptékelby cells over that
‘of the negative control (no antiserum). 0-13% (-); 13~15% (+=-); and 15-100,
(+). All tests were run in quadruplicate.

2 Rabbit number three was the original immunizing donor used in the
production of anti-2 antiserum,

3 Not Done

g
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In this case, it appears that the highest concentration of
. antigen exist in the spleen (7.0) followed in descending

order by the lymph nodes (5.0), lung (5.0), skin (4.5),

kidney (4.0), heart (4.0) and finally liver (3.5). Fat
contained little, if any, lymphocyte antigens. No substantial

differerces in alloantigen concentration between the lymph

node and the lung, and between the kidney and the heart
were observed. "

In contrast, if total average weight of.normal
organs is considered, the order then becomes skin (463),
liver (225), lung (90), kidney (53), heart (46), spleen (24),
and lymph hodes (18) (Table 14). The total weight of fat
was not determined due to difficulty in obtaining total
body fat. The relative units of activity for each organ

was determined directly by their cytotoxicity indexes

(Table 13) as follows:

Minimum concentration (mg) Designated unit
of antigen capable of value
eliminating a positive
cytotoxic reaction Y
. g.o 8
.0 7
15.6 6
31.3 5
62.5 L
125.0 3
250.0 2
500,0 1
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- Table 14. Relative distribution of lymphocyte allo-
gntigens in rabvit or-zanz arnd tissues with censider-
ation of total organ weizni

Organ Tota_.ll Units of2 Total3
Organ Activity Activity
Weight
_(=m)
Skin 103. 16 4,5 463, 5
Liver 64,20 3.5 224.,7
Lung 17.94 5.0 - 89.7
Kidney 13.21 4.0 52.8
Heart 11.55 4.0 46,2
Spleen 3.49 7.0 23.8
Lymph 3.60 5.0 18.0
Nodes
1 Weights were determined by weighing the organ

~before homogenation

2 Units of activity for each organ were determi-
ned directly by their cytotoxicity tests as follows:

- Min, conc. of antigen Designated
(mg) capable of elim- Unit '
inating the cytotoxic Values

reaction

l’#‘oo
8.0
15.6
31.3
62.5
125.0
250.0
500.0

3 ‘The total activity was determined by multiply-.
ing organ weight by the designated unit of activity

= NW H ROV
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The total activity was subsequently determined
.by multiplying the total organ weight by the designated
unit value.

. Thus, for example, 31.3 mg ofAlymph node was the
minimum concentration of antigen required to remove antibody
activity as determined by the cytotoxicity teS?.- This value
represents a unit of activity of five, Total ;ctivity
could then be determined by multiplying the bfgan'weight
by the unit of activity for the specific organ. Injthe case
of the lymph‘ﬁbde this value would bé 5 (unit activity) x 3.6

(ofgan ﬁeight) or a net activity of 18.0.

im@gnog;obulin Typings

Preliminary studies to determine the relationship

of the genetic control of immunoglobulin antigenic deter-

minants and lymphocjte alldantigens are summarized in Table:

15. Rabbits are classified as either reacting with Group I
lymphocyte alloantisera (I), Group II lymphocyte alloantisera
(II) or neither (0). in‘additionf the;gr b and ¢ loci
immunoglobulin determinants are given f;r each animal.

" Animals possessing the Ly-1 lymphocyte alloantigen(s)
(réacting with antisera from Group I) were found torpossess
the following immunoglobilin allotypes; 1, 2, 3, 5, 7, andfor

21, 'Animalskpossessing the Ly-2 lymphocyte alloantigeh(s)

‘{reacting with antisera rrom Group II) were found to possess



Table 15. | Relatlonshlp of 1mmunoglobu11n alloantlgens to the lymphocyte allo-"
antigens in the rabblt

' Rabbit Immunoglobulin Lymphocyte Rabbit  Immunoglobulin Lymphocyte

Number Allotype Alloantigen Number Allotype Alloanti sera
: Group Group -
0 11,557 Iy c 11,447 0
2 11,447 0% . DSBNS 11,447 11
3 11,557 I, DSCLL 11,447 0
6 11,447 11 DSCTL , 11,447 II
7 11,447 0 G194~-5 11,557 I
8 11,447 0 G203-4 13,557 I
17 11,447 II 2G18-2 22,447 I
18 11,447 I H322-3 22,447 I
20 11,447 0 H325 22,447 0
13528 11, 447 I J120 BB,QH !
13622 11,447 0 J222-2 11,557 I
15420 11, 447 I K343-6 23,557 I
22093 11,4421 0 MN 11,#47 11
22833 22,4421 I 1R 11.447 0
91113 33,4421 I 2R 11,447 4]
- 92072 33,4421 0 - T30 11,447 I
A 11,447 0 5X 11,447 I
B 11,447 II 12X 11,447 0
BPP 11,447 II ; 14X o 11,847 0
1

roup I animals reacted w1th lymphocytotoxic antlsera 2, 5 and 90791
(Ly~-1 al%fantlgen(s)) ,

Group 0 animals did not react with elther lymnhocytotoxlc antisera group

: Group II anlmals reacted w1th lymphocxtotoxl antlsera kL and 12 (Ly-2
alloantlgen(s)) ' _

L8

-
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the following immunoglobulin allotypes: 1, 4, and 7.
- Animals which did not possess either lymphocyte alloantigens
Ly-1 or Ly-2 were found to possess the 1, 2, 3, 4, 7 and/or
21 immunoglobulin allotype determihants.

The Ouchterlony technique was also used to compare
anti-lymphocyte antisera and anti—IgG allotypic antisera.
In this study, serum obtained from an animal ﬁositive for
both thé lymphocyte and immunoglobulin allofypes was reacted
against the respeétive anti-allotype antisera in agar gel
plates to—determiﬁe reaction behavior. Only preliminary
studies were completed since all. lymphocytotoxic antisera
tested failed to form a ?feéipitin.band sgainst sera in
agar gel plates'(results not shown),

The‘resplts‘of“stdies”to demonstrate whether
the observed cyﬁotoxicity reactions might be due to antibodies
directed agalnst IgG allotypes whlch are found on some
01rculat1ng lymphaocytes are shown in Table 16. ' Cells
from four animals (H322-3, 0, 92072, MN) were chosen
because they possessed the entire spectrum of allotyplc
determinants as well as tae lymphocyte alloantigen groups
(See Table 15). In all cases, anti-immunoglobulin antisera

Tailed to produce a cytotoxic reaction.



. Table 16, Cytotoxic r;aéticns of various allofypid
-antisera against vurilied lynvhooyie cells~
Aliotypic Test Cells From Raobits

Antisera  H322-3 0 92072 . NN
anti-al , - - - -
anti-a2 - - - -
anti-a3 - - - -
anti-bl - - - -
anti~b5 - - - -
anti-b6 - - - -
anti-b9 - C - - -
anti-c? - - - -
anti~-c21 - - - -
~anti-2 - + - -
anti-4 - - - +
anti~5 - + - -
anti-12 - - - +
~anti-90791 - + - -

.

1 Results are given as percent dead cells
(observed by uptake of trypan blue dye) over that
of the negative control (no antiserum). 0-13% (-=);
13-15% (+~); and 15-100% (+). All tests were run
in quadruplicate
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DISCUSSION

In this thesis a method is describedtforctﬁe
isolation and purification'of circulating lymphocyteewusing.
a combination and modification of a number of technlques‘
These technlques include: 1) removal of the vast maJorlty
of erythrocytes by the use of pig skin gelatin as a

sedimentation agent (88), 2) passage of the whlte cell-rlch

fraction through a glass bead column to remove glass“‘f
adhering cells such as platelets and granulocytes (78,64)

and; 3) the removal of remalnlng erythrocytes by TAC buffer,

a mild rbc lysing agent ( 1). Utilization of these technlques
resulted in the isolation of up to 52% of the clrculatlnﬂ
lymphocytes. Little contamination with red blood cells | _ éii:;
or other white cell types was observed. = T
An early difficulty encountered in the 1sol;tlon

.

of rabbit lymphocytes was due to the”low sedimentation rate

e
¥

of rabbit erythrocytes. Human erythrocytes, for example, -
are not extremely difficult to isolate SinCe they sediﬁent
- at a rate approachlng L 6 mm/hr.y In contrast, rabblt
erythrocytes sediment at a much slower rate of 2-4 mm/hr
(72).- It was not unt;l an appropriate sedlmemtatlon L |
agent (pig skin gelatin) was obtained that tﬂe red ceil§;~

could separate from the leukocytes with satlsfactory

‘1‘,1\ L

efficiency to insure obtaining a representatlve populatlon -
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of leukocyfes.

An additional difficulty encountered during
attempted isolations was due to the extreme fragility of
rabbit lymphocytes. Fortunately, TAC buffer was found to be
satisfactpry since it completely lysed erythrocytes and
had no visible effect oh the lymphocytes. However, one
disadvantage of TAC buffer is that it caused occasional
" clumping of the lymphocytes. This could,usuélly be
circumvented by insuring that the buffer and cell suspension
were incubated at a constant témparatunewof»BY C,

‘Since glass bead columns were utilized in the
isolation of lymphocytes in this study, the possibility
that a particular cell type was selected by this‘procedure
was .considered. Vast evidence has already accumulated
that tw0vlymphoc§te types,,the bone marrow-derived or
B-cell and the thymus-derived or T-cell, exist in peripheral
blood (23). Karniely (42), while éékempting to study the
response to dinitrophenyl hapten attached to positively ahd_
negativel§ charged synthetic‘depeptide'carriers, indicatéd
that iﬁ isvpossible to distinguish T and B cells on the
basis of their capacity to react with glass bead columns;
It was observed that thymocytes will adhere to slightly

acid or basic surfaces due to their net electrical charge.

In conirast, bone marrow-derivecd lymphocytes passed throagh

PR
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the columns unhindered. To test for this possibility, thé
lymphocyte cell type was determined prior to and following
passage of the cell preparations through glass bead columns.
Cell types were distinguished by théir ability to react with
fluorescent labeled antiserum containing antibodies directed
against rabbit IgG énd IgM. | S p

Although there_is some controversy with regards
to methods for distinguishing bone marrow-de£i§ed and
thymus-derived lymphocytes in rabbit peripheral blood (76),
it appears from various studies (66) that at least three
cell types can be distinguished by utilization of this |
techhique:%l) non-stéined‘cells which probably represent
granulocytes and T-cells; 2) partially stained cells
probably representing the B-cell population with IgM-immuno-
globulin surface receptors and ; 3) fully stained cells
which probably repreéent‘B-cells witg,IgG~immunoglobulin
surface receptors. It was subsequently demonstrated
that the lymphocyte isolétion teqhniqge‘employed in this
study q;dvﬁpt select for any particular cell type since the
ratios ‘of B to T cells in these preparations prior to
and following column passage were néarly identical. The
reésoh~that the glass beads did not select for a éarticular
cell-tjpe may be due to the fact that.all glassware,

including glass beads used as the column filler were
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siliconiied. Siliconization would tend to neutralize the
~charge on the glass surface. In any case, even if these
fluorescent studies do not distinguish B and T cell types
in the rabbit, they do provide strong evidence that
whatever the cell type, no one type of stained cell was
selected for by the isolation technique. It should be
noted, however, that it is still possible that isoantisera
produced in our later studi;s may have been directed |
against an alleantigen unique %op one of the two lymphocyte
cell types.

| Once a method for purification of circulating
lymphocytes was found, the lymphocytes were utilized for
isoimmunizations.in an attempt to produce cytotoxic
isoantisera. This is in contrast to previous work in which
antisera were prepared by skin allografts (24,88) or by
‘injection of spleen cells into allogeneic animals (8).

In previous tranéplantatipﬁnstudies, either

partiélly inbred,br4highly inbred'colonies of rabbits
were utilized f8;25,88). The»various lines of‘r;bbits
involfgd in this study représent a new approach to the
study of histocompatibility genetics in the rabbit. The
raﬁbit population chosen congisted of a number of distinct
inbrec strains of rabbité. Iniividual strains were partially

inbred to provide-a.limitiéd amount of homogeneity, but
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were distiﬁct enough to provide for a fair amount .of
heterogeneity between differeat strains. Isoimmunizations
were performed both between and within each of the various
rabbit lines for several reasons. First, this method

of isoimmunization selected for the maximum number of
alleles in the various strains. Secondly, th%s method
most closely simulates the situation that is found in the
human population. The human population is,'in a manner of
speaking, a relatively large number of partially closed
colonies with occasional crossbreeding (27).

Once antisera are prepared against purified
lymphocytes, the lymphocytotoxic antisera can be tested
against a large animal population in order to detect the
number of positive and negative reactors. As a»result
much information can be gained with respect to the
distribution of the antigen(s) in the population and to the
questions of allelism and linkage,ih the genetic control
of the lymphocyte antigen(s) (21). As a more practical
applicatfon, lymphocyte typing can be used to help to
determine«the.success of an organ transplant (37). in
a more experimentally orientated approach, typing data
can be used to indicate identity or non-identity betﬁéen
two’antisera. For example, the degree of similiaritonf
fwo antisera has been determined by Cepellini (15),

who statistically analyzed typing data. In contrast,
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Black (8 ) has analyzed gerological patterns of reactivify

- and then calculated coefficients of correlation to determine
similarity of antisera. All of the above approaches were
utilized in this study. .

The leukocytes from 38 rabbits from a variety of
strains were tested against seven cytétoxic aqtisera. All
animals were classified as either positive or negative
reactofsw The results obtained by sérologiéﬁl typing were
used to calculate the degree of agsociation between the
five most potent cytotoxic antisera by Fisher's 2x2 test.
The results suggested thatimany‘of the antisera detected
similar~antigens; Onefgroupfof‘antiséra, (aﬁti-2, anti—S,
and anti-90791), reacted with a similar group of animals
and were shown to be positively correlated with one another.
A second group of antisera (anti-4 and anti-12) reacted
similiarly with another distinct grgup.af rabbits and were
also positively cdrrelated with one another. The iymphocyte
alloantigfn(s)_identified’by tﬁeéefantisera have been h
temporafiiy designated Ly-t and;Ly—Z reépeCtivgly.~ In
addition, o large number of animals“did not react with
either group of antisera indicating that there are, as yet,
additional unidentified antigens. 3everal other cytotoxic
antisera (znti-7 and anti-18) which were also producéd‘ |

by isoimmuniization were not studied further since they
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reacted too werkly in the cytotoxicity test to give
“consistent results,

Since all histocompatibility systems so far studied
have revealed extensive polymorphiém, it becomes necessary
to obtain mohospecific or operationally monospecific
reagents. A number ofzworkers'are currently attempting
to produce lymphocytotoxic antisera of narrowed specificity
by selective immunization (89) and compatibiiity typing
(33) followed by seIectiVé adsorption. However, these
procedures require a minimum prior knowledge of thev
histocompatibility system of the éxperiméntal animal,
Monospecificify for an antisera produced by an animal
in which knowledge of the genetic makeup is limited;‘such
as the rabbit, can be established by cross-adsorption
studies or by showing that the serum reacts in a pafticular/
manner with a known cell panel. The_ideal test. for mono-
“specificity is, of course, to utilize both methods.

?he first indication of the degree of speeificif& '
of the c&ﬁotoxie»qntisera resﬁlted from'the serologica1 z
typing studies (Table 5). Each of the five cytotoxic
antisera, which: were subsequently élassified into one
of two gfoups (Group I consisting of antisera'anti-Z,
anti-5 and anti-90791 and Group II consistihg of antisera.

anti-~4 and anti-12), appeared to detect & relatively
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small number of antigenic specificities. This was revealed

© by the fagt that cytotoxic antisera within each group

reacted similarly with the cell panel. There are two
possibilities to explain the production of similarly reacting
antisera within these two groups: 1) although the antisera
were producéd independently, they may already be monospecific
since they reacted similatly with cells from élmost every -
animal of'theipopulation. This is suppofted by the fact
that the probability of producing antisera that detect
the same antigens in two random immunizations increases
as the number of antigens that can be detected by any one
antiserum decreases. 2) There may be only a minimalr
number of alleles or antigensfsegregating within the colony
that can react Withfé~partieu&ar-antiserum; theréby
effecting a false correlation, because two apparently
independent antigens occur only‘as-the product of the
same alleles. g

To distinguishwbetween‘the'two alternatives, -~
the cytoﬁbxic antisera produced against the two lymphocyte
alloa@tigen groups ware examined with respect to the
particular strains of rabbits used for donor-recipient
pairs in the immunizations(Table 4), If rabbits from

different strains have many antigens that are not in common,

then antisera produced by injection between different
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strains‘Shbuld be multispecific. This would indicate the
_ existence of a few alleles each presumably with many strong
antigens. The antisera would be directed to each of the
antigens present in the donor but ‘absent in the host,
However, if the antisera produced by isoimmunization
between various strainsvare monospecific or nearly
monospecific, then only a few strong antigensfare presumed
to be active in inducing antibody formation:

| In these studies the individual cytotoxic antisera
produced against lymphocyte antigens Ly-l and Ly-2 were
produced by recepiént-dpnor pairs of diverse lines (Table 4);
Inuaddition;'similar antisera were produced by isoimmuniza-
tion of lymphocytes into recepients fromvdifferent strains.
For examplé, cytotoxic anti-2 antiserum in Grou§ I‘was
preparedvby,iso%mmunizatiqn of‘lymphocytes from a NZW/FG
into a“NZ?,'while"anti-S antisefum, also in Group I; was
prepared by isoimmunization of lympﬁocytes from an ACEP
into a NZW/PG. Similarly,cytotoxic anti~4 antiserum of
Group 11 ‘was produced by isoimmunization of lymphocytes
from é C Race into a NZW, while anti-12 antiserum, also from
Group II, was produced by isoimmunization between a NZW |
and a NZW/FG. In fact, no cytotoxic antisera were pioduced
when donor-recepient pairs were utilized from the same -

strain, excluding the rabbit pair which produced tae

/
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anti-18 aﬁtiserum which was a weak cytotoxic antiserum.

- These facts would tend to support the first hypothesis,
that is, each cytotoxic antiserum is already monospecific
or nearly monospecific. )

Although the serological patterns as observed in the
typing studies tended to indicate that the cytptoxic'antisera
were monospecific or nearly monospecific, additional
studies were performed to further investigaf;'the number 6f
specificities for a particular antiéerum. These additional
experiments Were in the form of CTOSS%adsofption studies
utilizing the-most réacti#e‘antisérummfanti-z.. |

Cross~adsorption studies are complicated by the
rare occurrence of cross-reacting antibodiest For example,
in the HL-A system, cells pGSSessing:the~Ba(+); HL-A2(-)
detefminants will be'adsorbed by anti-HL-A2 antiserum
(84). Thus, it is possible that two distinct antibodies
might be present in a serum and both may be adsorbed
by either of two distinct antigens. An additional problem
which eii;ts concerning adsorption‘anal&sis is that, in
some cases,ktwo weak antibodies act synergistically and
result in a positive cytotoxic reaction (41). Adsorption
‘of either one of fhe antibodies would result in 1liss
of énough activity to corsider theAtést negative. Thus,

a. dispecific antiserum may appear monospecific. For this.



reason, as well as the problem of nonspecific adsorption,
weak cytotoxic antisera cannot be properly analyzed with -
édsorption methods. Due to these difficulties in cross--
adsorption studies, it was decided that only anti-2
antiserum appeared potent enough that cross-adsorption
analysis would be reliable.

Anti-2 antiserum appears to be»a monosﬁecific
antiserum, since adsorption with any of the cells from the

positive panel resulted in loss of antiserum cytotoxicity.

100

This conclusion is based upon the theory that the original

immunizing donor must possess all the antigenic factors
to which the recipient has been sensitized ( &4). Hence,
any third party individual whose cells adsorb out all
antibodies reactive with the original donor must also
possess the full spectrum of factors~feactive with the
antiserum. The probability.that=an antiserum is
monospecific, therefore, increases as the number of cells
included in the test panel is i@ereﬁsed;

- It is never possible~to completgly substantiate
mohospecificity by cross-adsorption studies since a number
of irreéularities can be found in a lymphocyte allcantigen
systém; For example, in the HL-A system, various
specificities are found which are often highly associatéa.

When Le¢-10 is present, Lec-11 is also present over 85'
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percent of the time. Likewise, HL-Al and HL-A8 are oftenv
associated with one another. A limited number of adsorption
tésts may not chance upon an individual who is Lc-10(+),
Le-11(-) or HL-A1(+), HL-A8(-) (?1); No evidence exists,
at present, as to whether rabbit histocompatibility
antigens are associated. As the anti-2 antiserum is
adsorbed with more positive reacting cells and it is
4demonstrated that these cells completely reméve cytotoxic
activity from the antiserum, then the liklihood that the
antigserum possesses antibody activity against associétéd
antigens' (ie, is' multispecific) will decrease.

| 'Analysis of data on serological typing (Tables 5-8)
"has revealed that at least’one major locus gxists,controlling
the syntheéis ofAlymphoCyte alléantigens in rabbits. The
determiﬁation of‘the,number’of alleles controlied by the
locus is beyond ghe scope of this thesis. However, a |
minimum of three major determinants has been found to be
expressed on the lymphocyte. This has been determined .
by tthfééf that éytotoxic antisera ha#é beeh produced
againstbtwo of these alloantigen(s).’designated.Ly-i ani
Ly-2. The additional alloantigen(s) are represented’by
thé féct_that a large segment of the population did not

react withvthe antisera of either Groups I or II. This

would indicate the existence pf a minimum of at least
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one as yet unidentified alloantigen. The results presented
‘here'cannot,confirm whether the defined lymphocyte
alloantigens are alleles but»their mutual exclusiveness
as indicated by Fisher's 2x2 analysis wduld indicate that
allelism is probable. The question of allelism for‘these
alloantigensvcan be determined by extensive mating studies,
If the cytotoxic antisera truely deteéted antigens

controlled by a single locus, which prgliminary evidence
would indicate, theti the locus is probably the same locus
as the RL-A locus described by Tissot (88) and the RLC
locus described by Black ( 8). Black's antisera Qéré all
producediby~injec$ingwspleen~cellsrintﬁaunrelated~noninbred
recipients and Tissot produced cytotoxic antisera by skin
grafts between inbred recepients. Our results aﬁpear
similar to those of Black ( 8 ) whe was also able to
distinguish two distinct groupé’bf cytotoxic antisera,
In addition, a large number of animgis did not %ype with
either of’BlacszMgrOups‘of'anﬁisera.' Thus, this adds .
weight ththe'theory-thax«all_cytotoxic,antISera detect
antigéns controlled by a single "strong"” genetic locus
in the rabbit. 7'

| Fisher's 2x2 test wasg next applied to determine
the coefficient of correlation between the five cytotoxic

antisera (Table 6). Although correlation values between
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cytotoxic aﬁtisera within a populationvgroup werevhighiy
significant, nonsignificant correlation values were
obtained when comparing antisera between Groups I and II.
However, in determining the association of antisera in this
present contéxt, Fisher's 2x2 tests may be misleading.
These values are misleading when negative reactions occur
in both the compared cytotoxic antisera, since;they tend
to increase the positive associations and to ‘decrease the
significance of the negative associations ( 8). This
accounts for some of the extremely high X2 values in
Table 8 for positively assbciated antisera and the lack
of significance for the negatively correlated antisera.
In these correlations reduced significance should be
attached to the-occurencé,pfbdouble negétivés, egfecially
where the number of alleles at any locus is unknown,
Analysis of the serological‘patterns ip the
typing experiments indicated that tﬁ; lymphocytotoxic
antisera were not directed against d relatively large

number dfTantigens”QTable 5<8). This is evidenced by the

fact ihat only two distinct groups of antisera were obtained

and these two groups of cytotoxic antisera appear to be of
relatively high specificity._ If the system was composed
of multiple antigens one would expect a large number of

cytotoxic antisera which would be of relatively low
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specificity. In any case, additional studies would be
required before this hypothesis is proven since there are
obviously other antigenic determinants that have not yet
been detected. This is evidenced by the large number
of animals whose lymphocytes did not react with the Group
I or Group’II antisera. ‘Since'the number of lymphocyte
alloantigens appears to be limited, it is assuged that
'the randomly produced reagents in. these studies recognize
primarily the strong antigens. However, if our antiséra
are- later found to be- polyspecific, the term antigen
would then refer to a frequently occurring combination
of antigenic factors. For this reason lymphocytotoxic
antisera that appear monospecific are usually referred
to aswoperafionally,manospecific (93). In‘ény céée, the
highly selective%quality of these reagents has permitted
the detérminatioﬁs of a rglativepantigenic profile of a
rabbit pdpulation so thatvit is posé;ble to gain a general
impression of both the number of factors involved in the ~
expreSSibﬁ;Qiklymghﬂayte alloantigens and their relative
distribution in the population. |
Medawar (55) has theorized that histocompatibility
antigens are distributed more or less uniformly throughout
all tissues except erythrocytes. To our knowledge no

systematic and comparative study has been reported regarding
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the presencé and distribution of histocompatibility antigens
-within various organ systems of the rabbit. It is important,
with respect to transplantation studies to determine the
existence of and relative quantity.of these antigens on
various organs in representative individuals.

No lymphocyte alloantigens could be dgtected on
rabbit erythrocytes by the complement fixation’test. This
would further substantiate Cohen's proposal 218) that the
blood group system and Major Histocompatibility System are
distinct. Although it appeared that alloantigens were
present in most if not all of the tissues, excluding
' grythrocytes,'distinct differences were observed in the
concentration of antigens in these various organs. The
highest concentration of antigen was found to exist in the
spleen followed in descending ér#er by the lymph nodes,
lung, skin, kidney, heart, and fina%;y liver. Fat contained
little if any lymphocyte alloantigen(s), No substantial
differences in alloantigen ceoncentration Wa3~observed -
between igmph node and lung and between’kidney and the
heart.. In contrast, if total average weight of normal
organs is considered, the order then becomes skin, liver,
lung, kidney, heart, spleen and lymph nodes. The total
body fat could not be obtained. It should be noted thzst

the results obtained in this ssudy are not accurate tissue
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antigen estimations. i.e., quantitative measurements for
a partiéular'organ, but are an approximate and comparative .
study of the in-toto content of antigen in a number of
organs. | |

Thé results obtained in the rabbit are in fairly
good agreement with those obtained in man ( 7). The human
lymphocyte alloantigen; HL-A2, also appears tS be distributed
* in an analogous manner in the various organs' of the human:
a large amount in the spleeﬁw lung and lymph nodes, less
in the skin and kidney, a little in heart and liver and
practically none in fat., The only variation in antigeh
distribution of  any consequence between man and the
rabbit was the increased concentration‘in the liver that
can befobsérvedwinvthewﬂﬁuwtsystem. '

The fin%l section of this study entailed the
study of ghe,relationshipwbetweep thé control of
lymphocyte alloantigen(s) and rabbigfimmunoglobulin
detenminaﬁts. This study was undertaken on the basis of -
evidence that such a relationship does exist in the genetic
control of alloantigens in other species. For example,
following the elucidation of the Ss-slp gene (46) and the
Ir-1 region (53) in the mouse, eacﬁ of which maps within
the H-2 segment, a simplifying concept has been proposed |

for the genetic structure of H-2., It appears possible’
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to map each of the H-2 antigenic specificities in one or
the other of two closely linked genes called the H-2K and
H~2D. Between these two genes on the chromosome are the
Ss~Slp loci which control the presence of a serum protein
and the Ir.région or immune response region. An analogous
situation may exist in the rabbit and the discovery of
an associated or linked gene(s) would greatly f;cilitate
‘the elucidation o£~the,genetic control of rabbit
histecomp&tibiliﬁy'anmigens. Since both transplantation
antigens and:immunoglebulin determinants may have similar
evolutionary“ériginS'(19,26),a.likely candidate for such
a generwould'bé,the'leci&con%rolling allotypic determinants.
The rabbit is:an ideal animal for these studies
since~thevgén&t&cfcﬂnmraiwax rabbit immunogiobuligvallotypes
has already been<;ell;established.- In 1960, Oudin (57)
reported the presence of six anti-allotype antisera in
rabbits. Genetic analysis indicatedf%hat the six allotypes
are controlled by two series of three allelic genes at two
unlinked loci. The allelic genes of the-a locus, designated
al, gfg and aJ, control the allotypic specificities al, a2
and a3 of fabbit IgG-immunoglobulin heavyvchains. The allelic
genes of the b locus, designated gﬁ, 22 and gé control the
allotypic specificities b4, b5 and b6 of rabbit light chains.

The b5 and:bé allotypes have determinants in common, but
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the two alldtypes are distinct (43). Later, Dubiski
_identifiéd an allotype which was designated b9, controlled
by the gﬁ gene, which was found to segregate as an allele
at the b locus (29). Immunoglobulin light chains lacking
the b locus specificity were foﬁnd to have allotypic
specificities c¢7 and/or c21 of the ¢ locus (91). The

¢ locus is not linked to the a or b loeci, nor tB the sex
chromosome (32). Antisera against each of the above
described immunoglobulin allotypes were used in this
study. | |
' The relationship between the immunoglobulin and
lymphocyte alloantigens: was first studied by comparison
of the reactivity of the lymphocytotoxic antisera and
anti-immunoglobulin: antisera in immunodiffusion a;d
cytotoxicity tests. In agar gel experiments, anti=-

immunoglobulin antisera formed a precipitin band whilé

-

lymphocytotoxic antisera failed to form a precipitin band
when tested;againstfnenmaltsexa.fram{animals.possessing
both determinants. This would tend to indicate that the two
allotyéic antisera are not detecting the same antigens.

It should be kept in mind, however, that the anti-lymphocyte
antibodies could be present in a quantity insufficient

to produce a. definite precipitin band. |

In the cytotoxicity tests, only the lymphocytotoxic.
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antisera résulted in cell death when tested against cells
ffom animals possessing both the immunoglobulin and lympho-
cyte alloantigen determinants. Anti-immunoglobulin antisera
produced no cytotoxic reaction. Again..this would indi-
cate that énti-immunoglobulin antisera and lymphocytotoxic
antisera are detecting different antigens, ‘

Some rabbit peripheral lymphocytes h;ve. in fact,
been shown to possess immunoglobulin allotybic determinants
presumably on immunoglobulin molecules associated with the
cellrmembrane'(VS). Moreover, these same lymphocytes
could presumably react with anti-lymphocyte antisera in a
cytotoxic reaction (66). Erumfour studies, however, it
appears that the two phenomena are not related.i

The results: obtained from serologicaI typing of
the rabbit populationffor.both';ymphocyte and immunoglobf
ulin allotypes indicated the existgpce of a possiblé rela-
tionship between the b5 allotypiec éeterminanf on rabbit
immunoglobulin light chains and the Ly-i‘lymphocyte allo-
antigen(s). This was evidenced by the’fact that all
énimals possessing the b5 determinant also possessed the
Ly-1 lymphocyte élloantigen(s). However, the reverse
rEactibn did not hold; all animals possessing the Ly-1
allbantigén(s) did not possess the b5 determinant. These

- results are only preliminary and in no way indicate an
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absolute genetic association between the various immuno-

" globulin and'lymphocyte allotypic determinants. However,

if found to be true, the results cpuld be explained by

a previous genetic cross-over event involving the Ly-1
alloantigen(s) followed by segregation. This would

indicate that only b5 animals at one time possessed the

Ly~-1 alloantigen(s) and at some period‘duriqg the evolution=-
ary process, rabbits poséessing b~light chain determinants
other than the b5 determinant captured the Ly-1 lymphocyte
alloantigen(s).

Further”studiés*ccuid;n6W“bETunﬁertaken to
determine the possibility that rabbit lymphocyte alloantigens
are associated with aiparticular rabbit strain., - For example,
10 of 16 animals that possessed the Ly-1 alloantigeh(s)
in the population are from the NZW/FGistrain. In addition,
two of the three original,immunizingfdonors used in the -
production, of antisera«againSt the Ly-1 alloantigen(s)
are of the NZW/FG strain. The’thirﬁ imhunizing donor was
an ACEP. aIn contrast, the seven rabbité in the population
thaf possessed the Ly-2 alloantigen{s) Qere all from the
NZW strain. The two original immunizing donors used to
prbduce antisera4against the Ly-2 ailoantigen(s) were from °
the NZW and C race strains. In the large group of rabbits

“that did not possess either lymphocyte alloantigen, the vast
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majority (11 of 15) were of the NZW race while two were
"ACEP and one each were from the C race and NZW/FG strains.
It must be taken into consideratiop in these studies that
the various strains are only partially inbred (less than
15 cross matings). Thus a relative amount of heterogeneity
still remains in each population. This would explain the
relative inconsistencies that can be noted m?gn trying.
to associate an alloantigen group with a particular strain
of rabbit. It would also explain the instances in which
animals react with some antisera from both groups, in which
casé they would refledt a hetérozygous animal. In any
case, additional sérological studies would be réquired
to elucidate this poiﬁt.'

In summary, by understanding the gene%ic control
of the lymphocyte alloantigen locus and its corresponding
alloantigens in the rabbit, it should be possible to use-
this System as a model in understanding the histocompatibility
loci and its corresponding alloantigens in man, The rabbit
has now”h;en shown to possess a lymphoc&te alloantigen system
" that is apparentiy similar in complexity to that found in |
the‘ﬁumanfsystem but should be esasier to study. In addition,
| the.concentration and relative distribution of the lymphocyte
alloantigens in various organs of rabbit and man appear

similar. "he rabbit is a laboratory animal which is easy
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to work with and the genetic control of a number of other
,allotypic systems in rabbit has already been well documented.
Furthermore, the rabbit is a large enough animal to be used
for organ transplant studies. Thus, it seems reasonable
that the rabbit could be used in the future as a model

system for man.
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SUMMARY

A method is described for the iéolation and
purification of rabbit lymphoéytesrr The isolation technique
did not specifically select for bone marrow-derived or
thymus~derived‘iymphocytes as indicated by the fluorescent
labeled anti-IgG immunoglobulin technique. ‘

Isoantisera prepared by deliberate immunization
with allogeneic lymphocytes were used to determine the
phenotypic brofile of the defined lymphocyte alloantigen(s)
in 38 rabbits. The existence of at least one major lymph-
ocyte alloantigen locusgwhign,cont;plla@;aﬁ»least'ﬁhree
ahtigenic determinants is suggested.

Since lymphocytotoxic antisera are often multispec-
ific, two methods were utilized to determine the degree of
specificity of the most potent isocantisera produced. These
methods inCludéd“serdlogidal typing agairist a lérge populatioh
of animals and crngs~adgorption'stﬁdies; The cytotoxic -
antisera. in question were fdund to'be'mqﬁcspecific‘or
nearliy monospecific.

’ 7 ‘ The relative distribution of one of the alloantigens
(Ly-1) was determined in various organ homogenates. The

" highest concentration in mg wet weight of antigen was found
in the spleen followed in déscending order by the lymph

‘nodes, lung, skina, kidney, heart and liver. Rbe and fat
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homogenatés contain little, if any, antigen. In additioh,

. typing studies suggested a possible relationship in the
genetic control of antigenic determinants on immunoglobulin
molecules and lymphocyte alloantigens. However, attempts
to demonstrate identity between anti-allotype antisera

-and anti-lymphocyte antisera by Ouchterlony tgsts and iox

cytotoxicity tests were not successful.
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