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ABSTRACT

Various murine tissues were tested for the presence of the

erythrocyte-2.1 antigen. The antigen is known to be present on erythrocytes

of B10. RIII(R) mice. A more complete description of tissue distribution
was desired. By using absorption and cytotoxic assays it was determined

that the erythrocyte-2.1 (Ea-2.1) antigen is located on splenocytes of B10.

RIII(R) mice. The antigen is also located on the T and B lymphocytes of this
strain. Liver and brain cells from B10. RIII(R) mice tested negatively for

the presence of the antigen.
Along with studies on tissue distribution of the Ea-2.1 antigen, the
cross reactivity of a monoclonal antibody that is specific for Ea-2.1 was

investigated. The monoclonal antibody used in these tests was MA 204. The
antibody was found to cross react with lymphocyes from B10. SM mice.

These mice do not carry the Ea-2.1 antigen. B10 and B10. SM mice are

congenic except for their H-2 haplotype. B10 mice will not immunologically

respond to the Ea-2.1 antigen. B10. SM has an H-2V haplotype with which

the antibody will cross react. A recombinant of B10.SM, B10. SM (22R), was
tested against MA 204. B10. SM (22R) has an H-2azl haplotype. This strain

did not cross react with the antibody. From this it was inferred that the
monoclonal antibody specific for the Ea-2.1 antigen was cross reacting with

an antigen encoded by neither the D nor £ subregion of the LL2V gene
complex.
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INTRODUCTION AND LITERATURE REVIEW

The study of the Ea-2.1 antigen began in 1959 when Gustavo Hoecker
discovered two antigens on red blood cells of mice which were denoted as

antigens R and Z (1). Anti-R was identified using C3H/DiSn anti-RIII

antiserum. The R antigen was found to be present on the erythrocytes of no
mouse strains tested, except strain Rill. Along with the discovery of the R
antigen another antigen was uncovered. A reciprocal antiserum of that used
in detecting the R antigen led to the discovery of the Z antigen. The Z

antigen was found with the use of RlIl-anti C3H antiserum and was found to

•

be present on the red blood cell of all mouse strains tested, except strain
Rill. Research was directed at gaining an understanding of the
immunogenetic properties these two new antigens.

The study of mouse isoantigens by Hoecker and his collegues was
mainly concerned with the H-2 major histocompatibility complex. The R and
Z antigens were studied to determine if they were encoded by the H-2 locus

or by a different gene locus. The R and Z antigens were initially thought to

be associated with the H-2 complex and were studied to determine their
role in the histocompatibility system.
Hoecker and Pizarro provided some evidence to show that R and Z are

not determined by the H-2 complex, although they did suggest that Z was
linked to H-2 (1). Snell, Hoecker, and Stimpfling presented evidence that

the R and Z antigens are regulated by a single locus and that this locus
segregates independently of the H-2 complex (4).

Snell, Hoecker, and Stimpfling proposed that R and Z antigens are
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alleles regulated by a single gene locus (4). The antigens have an
antithetical relationship. If one of the antigens is present the other is
absent. The antithetical relationship was demonstrated by testing a number
of strains against both anti-R and anti-Z antisera. Anti-R was reactive

with RF/J and Rill mice and nonreactive with 23 other strains tested. The

anti-Z antisera reacted with cells from all the tested strains except RF and
Rill. Therefore strains had either the R or Z antigen. No strain was found to

contain both antigens. This type of relationship is characteristic of alleles.
A series of backcrosses were carried out to introduce the R encoding

gene into the B10 genome (4). B10 strain mice are homozygous for Ea-2*3

and H-2*3. The Ea-2*3 allele encodes for the Z antigen. The Ea-2a allele
encodes the R antigen. If R and Z are encoded at separate loci, the

successive generations backcrossed to B10 should be able to maintain their

homozygous Z allele and be undisturbed by any selection for R. If the two
antigens are allelic, the selection of R will result in R and Z heterozygosity.

Rill (H-2r and Ea-2a) strain mice were backcrossed to B10 mice to
produce the congenic strain B10.RIII(R). Mice from the sixth and seventh
generations of the backcross were mated with RF mice. From this cross ten
mice were tested with anti-Z sera. Of these mice six reacted positively and

four reacted negatively. Additional offspring of the backcrossed mice were

tested with anti-Z sera. Each had two or more negative offspring and

therefore the adults were not homozygous for Z. If R and Z were

independent, statistically one out of eight mice should be homozygous for Z.
None of the backcrossed mice were Z homozygotes. Allelism of R and Z is
therefore concluded (4).

Finally, these researchers used the previously mentioned backcrosses

to determine the R-Z locus independent of H-2. Ninety-five mice were
2

serotyped from the sixth and seventh generations of the backcrossed mice.
From these there was 48.4% recombination between H-2 and R. It was
concluded that H-2 and the R-Z locus are not linked.

While Snell et al. were carrying out their work, Popp had reported a

new non H-2 erythrocyte alloantigen (2). She designated it rho. It was
isolated with a C3H anti-RFM serum. Upon examination of the rho antigen it

seemed possible that it could be identical to the R antigen.

Popp tested the similarities of the tissue distribution of rho and R.

Strains F, Rill, and RF were the only strains known to carry the R antigen.
Strains RFM and RF are closely related. This lead Popp to test the
concordance of reactivity versus nonreactivity against these two similar

antigens. Twenty-three mice from a backcross were tested with anti-R and

anti-rho serum. Every animal that tested positive for the presence of R also
would test positive for the presence of rho. The two antigens were found to

be absent or present in the same animals. These tests lead to the
conclusion that R and rho are the same antigen (2).
Before the complete identity of the rho antigen was known, Popp

determined that rho was not H-2 associated. She determined this by typing
three populations of mice for their H-2 and rho determinants. She proved

that rho was a non H-2 agglutinogen. An agglutinogen is an antigenic
substance which stimulates the formation of agglutinin. This new factor
had the ability to produce a moderately strong hemaggulinating antibody.

Although no evidence of transplant rejection due to rho had been observed, it
was considered to be a possible histocompatibility factor (2).

Popp knew that further characteristics of the new antigen should be

studied so they could be used for comparisons to other known
immunogenetic systems. Perhaps rho could be correlated with a known
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H-factor. Therefore, she began a study of the types of antibody that are

produced against the rho antigen. She did this by using white blood cells
from three mouse strains.

Popp's studies concluded that RFM peritoneal white blood cells possess

the antigen and will aggregate in the presence of the R specific antibody.
Serum containing R antibodies will agglutinate peritoneal fluid cells and

cytolyze lymph node cells. Also, data acquired from absorption assays
indicate that the lymph node cells and red blood cells will absorb

hemagglutinating and cytolyzing antibodies, respectively. It is not known
whether these activities are a result of a single multifunctional antibody,

with the ability to cytolyze and hemagglutinate, or several unifunctional
antibodies. The typing of the R specific antibody was elusive.
In 1967 it was unknown whether the R-Z locus was a blood group locus

(Ea-2) or a histocompatibility locus. In a later study by Popp (3) the effects
of the R-Z locus were described on foreign tissue responses. She relabeled

the locus H-14 and referred to the R and Z locus as H-14a and H-14^.
respectively.

Tissue absorbtions were done by Popp using anti-R and anti-Z serum on

several strains (3). Anti-R serum was absorbed on tissues from strain C3H.
This strain persumably does not carry the R antigen. Therefore, the antigen

should not be absorbed out of the serum. This serum still maintained its
agglutinating activity against red blood cells from RFM and Rill after

absorption. The amount of activity was equal to the unabsorbed serum.
Therefore, the C3H tissues do not carry the antigen. When the serum was
absorbed on RBC, liver, or testes from RFM or Rill mice the activity was

completely removed. In addition, the agglutinating activity of the antibody

serum was significantly reduced when it was absorbed against spleen,
4

brain, kidney, lung, and thymus tissues of RFM and Rill mice.

When anti-Z serum was absorbed against tissues from RFM mice it
retained its agglutinating capacity. This was expected because RFM mice
are negative in specificity for the Z antigen and therefore should not remove

the antibody activity from the serum. The agglutinating activity of the
anti-Z serum was completely removed when the serum was absorbed by

RBC's, spleen, and liver tissues of the A.CA and C3H mice. The activity of

the serum was significantly reduced when it was absorbed against testes,
lung, brain, and thymus of these same strains (3).
Anti-Z serum was absorbed in vivo in A.CA and C3H mice and tested on

RBC's from twenty strains. The recovered serum was inactive in all twenty
strains. This serum was also absorbed in vivo in RFM and C57/BR and tested

•

on RBC's from ten strains. The serum recovered from C57/BR mice was

inactive in all ten strains tested. But the serum from the RFM strain tested

positive in nine out of the ten strains tested. This would indicate that the Z
antigen is present in A.CA, C3H, and C57/BR mice but not RFM mice (3).

The genes for antigens R and Z could encode serologically

distinguishable products on erythrocytes and several other tissues as
described above. Yet, the function of the antigen system was not completely
understood. The confusion in regards to function lead to a variety of

denotations for the allele. Naming of the locus should also be an expression
of its function.

The symbols of R and Z were used to a lesser extent. Due to the allele's

possible role in histocompatibility, it gained the notation H-14. In addition,

the alleles regulate erythrocyte antigens thus, the Erythrocyte-2 (Ea-2)
antigen notation. At the present time, the Ea-2 nomenclature is used even

though it may be a misnomer because of the antigen's tissue distribution.
5

The alleles are denoted as Ea-2a which will encode the Ea-2.1 (previously R)
antigen and Ea-2b which encode the Ea-2.2 (previously Z) antigen. Ea-2
implies a nonhistocompatibility gene locus which may be incorrect. Under
genetically appropriate circumstances, the Ea-2 locus may determine an

effective histocompatibility system.
The chromosome location and strain distribution of the Ea-2 antigen
were investigated. Pizarro and Vergara concluded that the Ea-2 locus was

found on chromosome 17 (8). This locus was found to have a crossover

frequency of 14.8 % with the H-2 locus (6). While these results provided
additional support of the conclusion that H-2 and Ea-2 are distinct genes,

the linkage of H-2 and Ea-2 was not confirmed (Stimpfling, unpublished
data). The strain distribution of the Ea-2.1 antigen is restricted to four
strains: F/St, RF/J, RFM/Un, and Rlll/Wy. The Ea-2a allele has been

introduced into several congenic lines of C57BLZ10 and C57BL/6. The
Ea-2.2 antigen is found in all of the strains that do not possess the Ea-2.1

antigen.
The humoral antibody response to the Ea-2.1 antigen is contingent upon
the presence of the H-2r haplotype in the recipient. The haplotype of an

organism is the group of alleles of linked genes contributed by either parent.
B10 and B10. RIII(R) possess the Ea-2b and Ea-2a alleles, respectively. Both
strains possess the H-2b haplotype. Despite the Ea-2 difference reciprocal

skin grafts are not rejected. There is no antibody production to either the
Ea-2.1 or Ea-2.2 antigens. However, when a hybrid of (LP x B10. RIII)F-| was

immunized against B10.RIII(R) tissues there was a vigorous anti-Ea-2.1
response. If the hybrid is grafted with B10. RIII(R) tissue, the graft is

rejected. But if a hybrid (LP x B10)F1 was immunized against B10. RIII(R)
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tissue there was no humoral antibody response of skin graft rejection. The

genotypes of these strains are:

Strain

H-2 haplotype

Ea-2 genotype

C57BL/10

H-2b/H-2b

Ea-2b/Ea-2b

LP

H-2b/H-2b

Ea-2b/Ea-2b

B10. Rill

H-2r/H-2r

Ea-2b/Ea-2b

B10. RIII(R)

H-2b/H-2b

Ea-2a/Ea-2a

(LPxBIO. Rill)

H-2r/H-2b

Ea-2b/Ea-2b

(LPxBIO)

H-2b/H-2b

Ea-2b/Ea-2b

The only difference between the two hybrids, (LP x B10.RIII) and (LP x
•

B10), is that the former is an H-2r/H-2b heterozygote while the latter is an
H-213 homozygote. It appears that the Ea-2.1 response is regulated by or is

dependent upon the presence of the H-2r haplotype (7).
H-2b and H-2r are nonresponder and responder haplotypes, respectively.

Other H-2 haplotypes have been shown to influence the anti-Ea-2.1 antibody
response. Stimpfling reported that H-2d is a responder haplotype for the

Ea-2 alloantigen similar to H-2r (5). Strain B10. RIII(20R) has a H-2aw'
recombinant haplotype. It represents an H-2 composition of: Ks l-As l-Es

£s Dr. This strain can be used to form hybrids (B10. RIII(20R) x B10) and
(B10.RIII(20R) x LP) which are both nonresponders. The lack of response in

these hybrids suggest that the regulation of the Ea-2.1 antibody response
lies at some point other than the D region of the H-2 complex.

The response area is further isolated by the use of recombinant strain

D2.GD. This strain has an H-292 haplotype (Kd l-Ad l-Eb £b Db). The

organism is a responder to the antigen. This indicates that the Ea-2.1
7

e
regulatory gene may be within the l-A subregion of the H-2 gene complex
(5). The l-A subregion is known to regulate immune responses to many other
antigens.

B10.SM mice have the H-2V haplotype (Kv l-Av l-Ev £v Dv) and a Ea-2^
genotype. Lymphocytes from this strain bind the Ea-2.1 specific MA 204
monoclonal antibody. The antibody will kill 90% of B10.SM lymphocytes. A

recombinant of B10.SM, B10.SM (22R), has the H-2^ haplotype (Kk l-Ak
l-Ek £v Dv). This paper will demonstrate that MA 204 cross reacts with an

H-2V associated antigen and the cross reactive antigen is not encoded by the
D or £ subregions of the H-2V gene complex.
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METHODS AND MATERIALS

Mice

The inbred mouse strains used were produced and reared in the animal
colony at the McLaughlin Research Institute.

Table 1. Genotypes of Test Animals

H-2 Haplotype Ea-2 Genotype.;
Strain
BIO
b
b
BIO.A
a
b
d
b
B.D.
b
D2.G
........... 92...........
B10.M
f
b
b
B1O.BR
k
B10. AKM
m
b
b
B10.F
n
B1O.P
b
........... P............
b
B10.0
q
B10.RIII
b
r
B10.RIIKR)
b
a
s
b
B10.S
b
B10.BSVS
t5
b
u
B10.PL
b
B10.SM
Y
b
A
a
B10.RIII(Rr)
r
a
BIO.RFM(R)
a
b
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Monoclonal Antibodies

Strain A mice were primed by skin grafting with B10. RIII(Rr) tail skin.

After 21 days, the secondary immunization of the animals was done with an

i.v. injection of 2 x 10? live B10. RIII(R) spleen cells.
Three days after the secondary immunization the spleen and thymus of

the strain A mice were removed and prepared for fusing. After the spleen
and thymus are removed from the animal they were placed in sterile petri
dishes containing 2 ml of sterile RPM11640 medium (RPMI). The tissue was

teased apart into single cell suspensions and then transferred to test tubes
to allow the settling out of any tissue clumps. The cell suspensions were
•

transferred to centrifuge tubes and centrifuged at 1500 rpm for 8 min. The

cells were then resuspended in fresh RPMI.

The spleen cells and P3.X63. Ag 8.653 myloma cells were separately
washed three times with chilled serum-free RPMI and resuspended in 10 ml

of the same medium. One hundred million immunized spleen cells were
mixed with 5 x 107 myeloma cells and pelleted in a 50 pi plastic centrifuge

tube.
Three ml of 35% polyethylene glycol (PEG) diluted in RPMI was added to

the pellet. The cells were resuspended by gently swirling the tubes. This
was followed by centrifugation at 400x g for 4 min. Only 8 min could elapse
between the addition of the PEG and the addition of the dilution medium.

Eight minutes after the addition of PEG, 50 ml of serum-free medium was

added to the cells as a dilution agent. The cells were pelleted again by

centrifuging at 1000 rpm for 5 min and resuspended in 40 ml of
hypoxanthine, aminopterin, and thymidine (HAT) supplemented medium

♦
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(15% fetal calf serum (FCS) and 2% HAT).
The feeder thymus cells were washed once in 10 ml of RPMI. After

washing the feeders were added to the RPMI/HAT medium. Two hundred pj
of the HAT prepared cell suspension were then pipetted in to each well of
two 96-well tissue culture plates along with the syngeneic thymus cells at

5 x 106 cells per ml of feeders.

The plates were incubated at 37°C in 5% CO2 and >95% humidity. After
5 days, 100 pi of the medium were removed and replaced with fresh
medium. After 10-13 days, the supernatants were tested for antibody

production by cytotoxic tests against appropriate target cells. Hybridomas
from wells which tested positive for the presence of antibody were cloned

*

by the limiting dilution method.
The hybridomas which displayed cytotoxic activity against B10.RIII(R)
spleen cells were cloned by the limiting dilution method to obtain an
antibody producing line. Cells from antibody positive wells were

resuspended in 2 ml of HT with 8x10® thymocytes as feeder. The cells
were counted under a microscope and diluted so that 1 ml contained 500

cells.

Two hundred pi of cell suspension were placed in the first well of each
row of a 96-well culture plate. The suspension was then diluted across the

plate until a single cell remained.

Seven days after cloning, the supernatants were screened for cytotoxic
activity against B10.RIII(R) cells and examined under a microscope to make
sure they had arisen from a single cell.

Two active clones were established and labelled MA 204 and MA 208.
These were resuspended in 2 ml of HT and grown to confluency in a 24-well

♦
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tissue culture plate. The cells were then passed into a 25 ml flask and
grown to log phase.

When the cells reached the log phase they were prepared for freezing.

The cells were transferred from the flask to a centrifuge tube and
centrifuged at 1500 rpm for 5 min. They were then resuspended in 4 ml of
RPMI and 2 ml of FCS. To prevent crystallization 0.8 ml of dimethyl

sulfoxide (DMSO) was added to the cell suspension. The cells were loaded

into 1.8 ml vials and placed in -80° C freezer for 2 days. The cells were

then transferred to a liquid nitrogen freezer for long term storage.

Cytotoxic Assay

The monoclonal antibody activity was tested in a dye exclusion assay
for cytotoxic activity against the B10 and B10. RIII(R) mice. This assay was

used in conjunction with the absorption assay in order to detect the
presence of the Ea-2.1 antigen.
Throughout the experiment the cytotoxic assay was used to test

different types of cells: splenic lymphocytes, peripheral lymphocytes, and

cells from the absorption assays. The collection of each of these cells for
use in cytotoxic assays will be explained.

If splenocytes were to be used in an assay, the spleen was removed and
teased apart in a petri dish containing 2 ml of RPMI. The medium with the

cells was transferred to a test tube to allow for the settling of the clumps
of tissue. The suspended cells were then transferred to a clean test tube

and centrifuged at 1500 rpm for 8-10 min. The cells were resuspended in 2
ml of RPMI and then prepared for layering on Ficoll.
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If peripheral lymphocytes were going to be used in the cytotoxic assay,
it was necessary to bleed the animal. Bleeding was done through the tail
vein. The blood was collected into a test tube containing 2 ml of RPMI and

0.2 ml of heparin. Blood could then be layered directly on Ficoll.

Cells collected from an absorption assay were simply plated into the
culture plates as discussed below.
This suspension of blood or splenocytes was layered onto 2 ml of

Ficoll-Hypaque and centrifuged at 1800 rpm for 20 min to provide a
separation of the cells into fractional layers. The lymphocytes were
removed by pipetting them out of the Ficoll medium. The cells were then
washed by resuspending them in RPMI and centrifuging again at 1500 rpm

for 10 min. After the centrifugation the cells were resuspended in fresh
RPMI.

Cells were then transferred to a tissue culture plate for incubation.

To prepare the culture plates for the cells 50 pi of the monoclonal antibody

supernatant was placed in each well of a tissue culture plate. Fifty pi of

the cell suspension was also placed in each well. The plate was then
incubated for 30 min at 37° C. During this time antibody binding took place.
After incubating, the plate was centrifuged for a few seconds at 1500

rpm and the supernatant was removed by inverting the plate and shaking it
strongly. Fifty pi of rabbit complement were added to each well. Again the

plate was incubated for 30 min at 37° C. This gave the complement an

opportunity to bind.
After the second incubation the plate was again centrifuged for a few
seconds at 1500 rpm and the supernatant was removed as before. The cells

were ready for staining. Fifty pi of 0.2% Nigrosin in RPMI was added to each
well. Only the cells killed by the antibody accept the stain.
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ft
The cells were washed twice in RPMI to remove the excess stain.

Finally, the cells were resuspended in fifty pi of RPMI and centrifuged
momentarily at 800 rpm. The percent cell kill was then determined by

examining the cells under a microscope.

Antibody Titer

Two monoclonal antibodies were used in the absorption assay, MA 204

and MA 208. Titration was conducted using the cytotoxic assay. A serial

dilution was carried out with these two antibody supernatants in order to

determine their proper assay concentration. It was necessary to do this
because a high concentration of supernatant will provide an excess of

ft

antibodies which are not absorbed by the target cells in the tissue
absorbtion assay, thus leading to a false reading.

Both MA 204 and MA 208 were titered against spleen cells from strains

B10 and B10. RFM(R) to determine which monoclonal antibody had a greater

cytotoxic effect on the cells. Strain B10. RFM mice were used because it
had already been shown to possess the Ea-2.1 antigen on its lymphocytes.

Neither antibody reacted with B10 spleen cells due to the absence of the
Ea-2.1 antigen on their cell surface. B10 was used as a negative control.

ft
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Tissue Absorption Assay

A. Brain, Liver, and Spleen

In the first tissue absorption assay brain, liver and spleen tissues from
strains B10 and B10. RIII(R) were used. The tissues were removed and
placed in separate petri dishes containing 5 ml of RPMI. The tissues were

then gently teased apart to form a cell suspension. This suspension was
transferred into a centrifuge tube and placed on ice. An additional 5 ml of

RPMI was added to the tubes and they were centrifuged at 1500 rpm for 6-8

min. After centrifugation the supernatant was aspirated off. The cells
were washed in 10 ml of RPMI, centrifuged, and the supernatant aspirated

•

off. This process of washing was repeated six times.

After the cell supernatant was aspirated off the final time, a volume of
MA 204 was added to the cells which was equal to twice the volume of the

packed cells resulting in a 2:1 ratio of supernatant to cells. The monoclonal

antibody, MA 204, was used at a 1/20 dilution. The cells and antibody were

mixed and then incubated on ice for 30 min, stirring them every 10 min.
After the cells had incubated , they were centrifuged at 1500 rpm for 8 min.
The supernatant was pipetted off and stored in a vial at -4° C.

B, Erythrocytes

For tissue absorption using erythrocytes, the blood was collected from B10

and B10. RFM(R) mice. The mice were bled from the tail vein into a test tube
containing 2 ml of RPMI and 0.2 ml of heparin. The erythrocytes were
separated out by layering the blood onto 2 ml of Hypaque-Ficoll and

e
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centrifuging it at 1800 rpm for 20 min. After the blood was centrifuged,

everything was aspirated out of the test tube except the erythrocytes.

These were washed in the same manner as described for the liver and brain
tissues. The erythrocytes were incubated using two different procedures.

The antibody absorption can be completed by two different techniques, a
regular absorption or a serial absorption.

In the regular absorption 1 ml of erythrocytes was placed in a test

tube. Two ml of diluted MA 204 was also added to the test tube. The tubes
were placed in an ice bath for 30 min and stirred every 10 min.
The serial dilution consisted of adding 0.5 ml of erythrocytes to two

test tubes. Two ml of diluted MA 204 was added to the first test tube. This
tube was placed in an ice bath for 30 min and stirred every 10 min. After
•

the tube was removed from the ice bath, the cells were centrifuged at 1500
rpm for 8 min. The supernatant was pipetted off and transferred to the

second test tube. The incubation process was repeated again with the
second tube.
After the cells had completed their incubation in the ice bath, the tubes

were centrifuged at 1500 rpm for 8 min. The antibody supernatants were

pipetted off and transferred into 1.8 ml vials. These vials were labeled and
stored at -4°C.

C. Lymphocytes

Lymphocytes were also collected from B10 and B10. RIII(R) mice. Four
spleens were removed from each strain of mouse and were teased apart in
petri dishes containing 5 ml of RPMI. The spleen cell suspensions were

*
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layered onto 2 ml of Hypaque-Ficoll and centrifuged at 1800 rpm for 20 min.
After centrifugation the layer of lymphocytes was removed with a pipette

and transferred to a test tube containing 8 ml of RPMI. The cells were
washed twice in RPMI.

After the cells had been washed, the lymphocytes were divided equally

amoung four test tubes. To each test tube was added a different monoclonal
antibody. The amount added was dependent upon the volume of cells. The
volume of antibody added was to be equal to the volume of cells present.

The four antibodies used were:

MA 225 - This is an anti-lAb antibody. It will bind to and

•

cause the lysis of B cells.
MA 70 - This is an anti-Qa 2 antibody. It will bind to and

cause the lysis of T cells.
MA 260 - This is an anti-D01 antibody. Neither of the strains

that is being used is of this genotype. Therefore

this antibody should cause no reaction. This is the
control antibody.

MA 204 - This is an anti-Ea-2 antibody. If any of the cells

contain this antigen, the antibody will bind to that

cell and lyse it.

After the appropriate amount of antibody was added to each of

the test tubes the tubes were incubated in a water bath at 37°C for

30 min. The suspensions were stirred every 10 min to allow for all
the cells to be exposed to the antibody and avoid tissue clumping. The
17

cells were then taken from the water bath and centrifuged at 1500

rpm for 8 min. The supernatant was decanted and the cells were
resuspended in 1 ml of a 1:10 dilution of complement Again the cells
were incubated for 30 min at 37° C. The cells were stirred every 10

min. This gave the complement an opportunity to bind to the antibody.

After the second incubation the cells were layered onto 2 ml of

Hypaque-Ficoll and centrifuged for 20 min at 1800 rpm. The cells
were removed from the Ficoll and washed one time. After washing,

the cells were resuspended in RPMI and a cytotoxic assay was run.
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RESULTS

Antibody Titer

The antibody titer compared the cytotoxic effect of the two Ea-2.1
specific monoclonal antibodies, MA 204 and MA 208. Neither antibody

reacted with the B10 lymphocytes. Both antibodies reacted with the
B10.RIII(R) cells. These results also indicated that the MA 204 had a greater

cytotoxic effect. The best dilution of MA 204 to use in further testing is

1:20. The numbers in the tables indicate the percentage of cell kill. The

complement heading indicates that the cells in this column were exposed

only to complement. No monoclonal antibody supernatant was added to the

cells in this column.

Table 2, Antibody Titer of MA 204 and MA 208

iMA 204

B10
B10.RFM

ineat
5
i 90

1/5
5
80

1/10
5
90

1/20
5
80

1/40
5
60

1/80
5
30

1/160 Complement;
5
5 i
30
10

1/10
5
5

1/20
5
5

1/40
5
5

1/80
5
5

i /i60

i

iMA 2013

BIO
B10.RFM

ineat
5
i 40

1/5
5
10
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5
5

Complement;
5
5 i

i

Erythrocyte Absorption

The results of the erythrocyte absorption assay indicate that the
B10.RIII(R) erythrocytes will absorb the antibody out of MA 204. The B10
erythrocytes will not absorb the MA 204. In addition these results indicate

that the serial absorptions do not absorb any more of the antibody than the
single absorptions do.

Table 3, Erythrocyte Absorption

BIO. RIII(R) peripheral lymphocytes
Absorption
1/20 1/40 1/80 1/160 1 /320 Complement:
10 1
1 X with BIO RBC
50
50
30
10
10
2 X with BIO RBC
50
50
50
10
40
10 i
1 X with BIO. RIII(R) RBC
5
5
10
10
10
10 i
2X with B1O. Rlll(R) RBC
5
5 1
5
5
10
5
Unabsorbed
50
50
50
30
5
5 i

B10 peripheral lymphocytes
Absorption
1 /20 1/40 1 /80 1 /160 1/320 Complement
5 1
1 X with B1O RBC
5
5
10
5
5
2 X with BIO RBC
10
5
5
5
5
5 i
1 X with B10. RIII(R) RBC
5
5
5
5
5
5 1
2 X with BIO. RIII(R) RBC
10
5
5
5
5
5 i
Unabsorbed
10
10
10
10
10
10 I
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Tissue Absorption

The tissue absorption results demonstrate that the B10. RIII(R) spleen

cells will absorb the antibody from the MA 204. The B10. RIII(R) liver and

brain cells did not show the capacity to absorb the antibody. None of the
B10 cells absorbed the antibody. Peripheral lymphocytes were used as

target cells.

Table 4. B10 Tissue Absorption Assay
= ...........
B10 Tissues
. .......... i

ii/io
Unabsorbed
B10 Spleen
B10. RIII(R) Spleen
BIO Liver
BIO. RIII(R) Liver
B10 Brain
B10. RIII(R) Brain

1
I
1
i
I

10
10
10
10
15

I
i

10
10

1/20
10
10
10
15
15
10
10

1/40
10
10
10
20
15
10
10

1/80 1 1 /16(3 i Comp
10 1
10 i 10
10 i
10 I
10
,0 I
10 I
10
20 1 20 1 15
15 1 15
15 1
10 1 10
10 i
10 1 10
10

i
i

I
1
i
1

I
i

Table 5, B10. RIII(R) Tissue Absorption Assay
IB 16. Rlil(R) Tissues I

Unabsorbed
BI0 Spleen
B10. RIII(R) Spleen
B10 Liver
B10. RIII(R) Liver
B10 Brain
B10. RIII(R) Brain

IMA 204 dilutio ns
11/10 1/20 1/40
1 90
90
90
I 90
80
80
| 60
30
20
1 90
80
80
| 90
80
60
1 90
80
80
I 90
60
60
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I

1/80
80
60
20
70
50
60
30

1/160 Comp 1
10 1
70
40
10 I
15
10 I
10 1
60
20
20 I
50
10 I
20
10 i

Lymphocyte Absorption

The lymphocyte absorption data are an average of three absorption

assays. The monoclonal antibodies listed across the top are the antibodies

that were used in the absorption assay. The antibodies listed down the side
are useD in the second absorption or the cytotoxic assay. The antibodies
listed across the top of the columns in Tables 6 and 7 indicate which

antibody was absorbed by the target cells. The antibodies listed down the
rows of the tables were the antibodies used in the cytotoxic analysis.

Table 6, Absorption of B10 Lymphocytes

Column:

MA 70

MA 225
MA
MA
MA
MA

3

12

225
70
204
260

10
70
10
10

4
MA 260

MA 204

50 I
50 I
10 I

50
30
20
10

90
15
20
10

10 i

Table 7. Absorption of B10. RIII(R) Lymphocytes

Column:

12
MA 70

MA 225
MA
MA
MA
MA

225
70
204
260

50
60
90
20

4

3
MA 204

60
35
80
20

22

MA 260

90
80
20
10

70
60
70
10

I
i
I
1

*

Absorption of 22R and B10. SM

The results of previously gathered data show that MA 204 has a 90%

cytotoxic kill of B10. SM lymphocytes. The data gathered indicate that MA
204 has a low cytotoxic kill against the B10. SM (22R) lymphocytes.

Table 8. Unabsorbed MA 204 versus B10. SM (22R)

BIO. RIII(R) peripheral lymphocytes
1
T
MA 204 dilutions
1 /20 1/40 1/80 ’1/160 i/320 Comp
Unabsorbed vs. 22R
5
5
5
5
5
5
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DISCUSSION

The absorption assay can be divided into two stages. First, cells are

incubated in an antibody supernatant In this stage, if the cells possess the

proper antigen, the antibody will be removed from the supernatant by means
of absorbing to the cellular antigens. In the second stage, the antibody

supernatant is separated from the cells and is reused in cytotoxic assays.

The cytotoxic assay will indicate whether the antibodies were absorbed out
of the supernatant. This provides the basis for determining whether the

tested cells express the antigen.

Antibody titration utilizes the absorption assay technique. A titration
•

was carried out to determine the proper concentration of monoclonal
antibody supernatant to be use in aborption assays. The desired supernatant

dilution is one in which there is enough antibody in the supernatant to give a

positive reaction in a cytotoxic assay if none of the antibody is absorbed.

Yet the antibody cannot be so concentrated that the absorbing tissue is
unable to absorb all of it. If the antibody supernatant is diluted too much,

there will not be enough antibody present to lyse cells in the cytotoxic

assay even if none of the antibody is absorbed.
Two Ea-2.1 specific monoclonal antibodies were titered, MA 204 and

MA 208. B10 and B10.RFM lymphocytes were used as target cells. These

cells were used because it had been shown that B10 lymphocytes lack the

Ea-2.1 antigen and B10.RFM lymphocytes possess the antigen. The antibody

chosen to be used in the cytotoxic assays was MA 204. This antibody had
greater cytotoxic ability than MA 208. The dilution of MA 204 used

was 1/20.
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s
Having determined the proper concentration of MA 204 to use in
absorption assays, it could be used to test different tissue cells for the

presence of the antigen. The first tissues tested were B10.RIII(R) and B10

erythrocytes, with B10 cells serving as a control.
MA 204 was absorbed against B10 and B1O.RIII(R) erythrocytes. These

absorbed supernatants were then run in cytotoxic assays using B10.RIII(R)

and B10 peripheral lymphocytes as target cells. All of the cytotoxic tests
using B10 peripheral lymphocytes targets were negative. But when B10.
RIII(R) lymphocytes targets were used, the results were positive.
Supernatants which were absorbed with B10 erythrocytes gave positive

cytotoxic results. Unabsorbed MA 204 also gave positive results.
Supernatants absorbed with B10.RIII(R) erythrocytes gave negative results.

•

The results indicate that the B10 erythrocytes do not carry the Ea-2.1
antigen because they do not remove the antibody activity from the MA 204
supernatant. The B10.RIII(R) erythrocytes do carry the antigen. They

removed the cytotoxic activity during the absorption period. Therefore, it is
concluded that B10.RIII(R) erythrocytes carry the Ea-2.1 antigen.
These absorption assay results did not indicate any appreciable

advantage to the serial absorption over a single absorption. Both of the

methods provided very similar results. Theoretically, the serial absorption

should provide better absorption of the antibody because there will be a

greater amount of cell surface area exposed to the supernatant. Therefore,
more antibody binding could occur. Our results did not indicate any
appreciable advantage to serial absorptions.

The only other cells that tested positive for the presence of the Ea-2.1
antigen were B10. RIII(R) splenocytes. The B10.RIII(R) brain and liver tissue
assays indicated an absence of the antigen.
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a
Lymphocytes were also tested for the presence of the antigen.
Lymphocytes from B10 and B1O.RIII(R) mice were used for the absorption of
four different monoclonal antibodies: MA 225, MA 70, MA 204, and MA 260.
MA 204 antibody will be absorbed by any cell carrying the Ea-2.1 antigen.

And MA 225 antibody will be absorbed by B lymphocytes. MA 70 antibody

will be absorbed by T lymphocytes. And MA 260 was used as a control

because it would be unable to react with any of the cells tested.
Following the primary absorptions, the cells should have plated out into

96-well tissue culture plates for the cytotoxic assay as follows: (1)

column one should contain no B cells, (2) column two should contain no T
cells, (3) column three should not contain any cells which possess the

Ea-2.1 antigen, and (4) column four should contain all of the lymphocyte
•

cells.

Table 6 presents results indicating an absence of the Ea-2.1 antigen on
B10 lymphocytes. Since column one of the tissue culture plates had no B
cells, the cytotoxic effect of MA 225 with cells in this column should be
negative. MA 70 had a positive reaction with the cells in column one

because it lysed the T cells present. MA 204 and MA 260 were both negative
controls. The cytotoxic reaction of MA 225 with cells in column two was

high because it lysed all of the B cells present. MA 70 had a low cytotoxic
reaction because all of the T cells had already been removed during the

absorption incubation. The cytotoxic effect for MA 225 and MA 70 against

the cells in column three and four should be positive, because none of the T
or B cells were removed by the absorption of MA 204.

Table 7 demonstrated results which may indicate the presence of the
Ea-2.1 antigen of B10.RIII(R) lymphocytes. As seen in Table 6, the cells in

column one consisted of mainly T cells and the cells in column two
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a
contained mainly B cells. The MA 204 had a 90% cytotoxic kill against

lymphocytes absorbed against MA 225. This indicates that MA 204 is

cytotoxic against T cells. Therefore, T cells may carry the Ea-2.1 antigen.

MA 204 also had a high percentage of cytotoxic effect (80%) against
lymphocytes absorbed against MA 70. Thus, B cells may also carry the
Ea-2.1 antigen.
These results are not conclusive since the control values are suspect.

For example, lymphocytes which were initially absorbed against MA 225 are
not expected to react in a cytotoxic assays against MA 225. But the results
indicate a 50% cell kill. Similarly, lymphocytes initially absorbed against
MA 70 should not have reacted in a cytotoxic assay against MA 70. There

was a 35% cell kill. These results are difficult to explain. It may be that

•

the monoclonal antibody is not as strong as it was expected to be.
In addition, all cells which carry the Ea-2.1 antigen should have been

lysed during the absorption assay with MA 204. ,f the T and B cells carry

the antigen, MA 225 and MA 70 should produce negative reactions against all
targets cell absorbed against MA 204. Yet the tables indicate positive
results with both MA 225 and MA 70. Perhaps not all of the T and B cells

express the Ea-2.1 antigen.
The study provided contradictory indications of the presence of the

Ea-2.1 antigen on T and B cells. Thus, it is impossible to conclude whether

or not these cells possess the antigen. Further testing is necessary to
determine the presence the Ea-2.1 antigen in T and B cells.
The final set of results demonstrate that B10.SM (22R) does not cross
react with MA 204. This is illustrated by the negative reaction of B10.SM

(22R) peripheral lymphocytes target cells versus MA 204 in a cytotoxic

assay. As previously mentioned, B10.SM (22R) has a H-2azl haplotype (kk
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I-Ak l-Ek Sv Dv) and an Ea-2b genotype. But B10.SM lymphocytes do cross
react with MA 204. B10.SM mice have the H-2V haplotype (Kv l-Av l-Ev £v
£)v) and an Ea-2b genotype. B10.SM (22R) and B10.SM are congenic except for

the £ and D subunits of the H-2 complex. This indicates the regulation of
the Ea-2.1 antibody response does not lie in the & or D regions of the H-2
complex.

*

*
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