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ABSTRACT

A potent and specific antiserum was raised in rabbits by injecting a
single cell suspension of thymocytes of the lizard, Calotes versicolor.
Rabbit anti-Calotes thymocyte serum (ATS) was characterized in vitro
by using cytotoxicity assay and quantitative absorption analysis. The
cytolytic activity of ATS was always higher towards thymocytes than
towards lymphoid cells of spleen, Bone-marrow and peripheral bBlood.
Various absorption experiments indicate the existence of two antigens
among thymocytes—one distinct for thymocytes and thymus derived cells
and another, common to lymphocytes. Further, thymus-brain, antigenic
correlation has Been demonstrated in this reptilian species. The Calotes
complement is less efficient than that of guinea pig in mediating the
cytolysis of target cells by ATS. Further, ATS did not have cytotoxic
effect on antibody producing cells. The significance of these findings has
been discussed with reference to the dichotomy of lymphoid systems at
this phylogenetic level.

1. INTRODUCTION

HEeTEROLOGOUS anti-thymocyte serum (ATS) and anti-lymphocyte serum
(ALS) bave been widely used in mammals and birds as powerful tools for
immunosuppression, for understanding the function of a specific population
of lymphocytes and for tracing the origin and differentiation of the parti.
cular type of lymphocytes.** Hitherto, no attempt has been made in lower
vertebrates to use heterologous ALS as a tool to investigate such immuno-
logical problems. It is felt that reptilian system would form a more appro-
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priate model because of its greater potential in providing information con-
cerning the origin of cellular and functional dichotomy of vertebrate immune
systems.%!® Such a comprehensive approach has already been initiated in
a species of squamate reptile the garden lizard, Calotes versicolor in our labo-
ratory.1-2% 1In order to delineate the role of thymus in immune functions
and to trace the origin and distribution of lymphocytes of thymic lineage,
it was proposed to raise a potent antiserum in rabbits against thymocytes
of the lizard C. versicolor. The present paper deals with the in vitro
characterization of rabbit anti-lizard thymocyte serum (ATS) using cyto-
toxicity assay and quantitative absorption analysis.

2. MATERIALS AND METHODS

EXPERIMENTAL ANIMAL

The garden lizard, C.versicolor, a squamate reptile belonging to the
family Agamidae, found in common among hedges and vegetations wa$
obtained from local animal suppliers and maintained in the laboratory as
described earlier.'? Lizards weighing 20-30 g were used in the present experi-
ments. The thymus in such animals consists of a well defined cortex and
medulla and contains about 2-4 million thymocytes.1®

ANTI-THYMOCYTE SERUM

The method of Gozzo ef al* with minor modifications was followed
to raise the antiserum. Thymuses were removed from ten lizards and a
single cell suspension was prepared in phosphate buffered saline (PBS)
Thymocytes were washed thrice in ice cold PBS (4°C) by centrifugation,
Ten to thirty million thymocytes, suspended in 0-2 ml of saline were mixed
with an equal volume of complete Freund adjuvent (Difco, Detroit,
Michigan). The mixture was emulsified and injected subcutaneously at two
sites in nuchal region of a rabbit, weighing 1-5 kg. A month later the
rabbit was given a booster series intravenously. The same number of
thymocytes was injected on each day for three consecutive days and after a
week, the rabbit was bled by cardiac puncture. The anti-serum was separated
by centrifugation, distributed in aliquotes of 3 ml and stored at —20° C
until used. Normal rabbit serum (NRS) was obtained from healthy rabbits
in a similar fashion,

Antisera and NRS were heat inactivated at 57°C for 30 min and absorbed
with Calotes red blood cells (CRBC) until no further agglutination was
evident,
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- CYTOTOXICITY ASSAY

Saijo’s® method with suitable modifications was adopted for cytotoxicity
assay. Target cell suspension was prepared from adult lizard thymus and
spleen in ice cold Tris-HCI buffer (pH 7-2) and after washing, white cell
concentration was adjusted to five million per ml. For bone-marrow cells
the humerus and femur were flushed through by the buffer using a hypo=

“dermic needle. Blood leucocytes were obtained by differential spinning of

the buffy coat to remove CRBC,

One tenth ml of cell suspension was incubated with one twentieth-ml of
ATS dilutions at 37°C. Controls were maintained by replacing ATS
with NRS and 15 min later, the reaction mixture was supplemented with
0-05 ml of either fresh guinea pig or Calotes complement. After incubatin g
for a further 15 min, the tubes were transferred to an ice cold water bath
and 0-05 ml of 17 trypan blue was added. After 2 min, the percentage of
dead cells was determined by counting a minimum of two hundred cells.
Non-specific staining of lymphocytes was avoided by keeping the treated
cells at 4°C.2¢

ABSORPTION ANALYSIS

For absorption of ATS with thymus, blood, spleen and bone-marrow
cells, 0-5 ml of antisera diluted 1 : 100 was incubated with different numbers
of cells for 30 min at 25°C with occasional shaking. For absorption with
brain, liver and kidney, homogenized tissues of known wet weight were
incubated with aliquotes of antiserum as described above. The absorbed
antisera were recovered by centrifugation and tested for their residual
cytotoxicity on lizard thymocytes.

SUSCEPTIBILITY OF HAEMOLYTIC PLAQUE FORMING CELLS TO ATS

Lizards were injected intraperitoneally with 0-1 ml of 25% sheep red
blood cells (SRBC).® Spleen cells of immunized lizards were treated with
various dilutions of ATS and the number of plaque forming cell (PFC) was
determined following the techniques of Cunningham and Szenberg?? as
modified for lizards.1®

3. RESULTS

Each experiment was repeated at least thrice with different batches of
ATS. The trends of the graphs were consistently similar, except the varia-
tions in the titer value for different batches of antisera. Hence, only results
of the representative experiments are depicted here. Heat inactivated NRS
was found to have no cytotoxic activity with any of the lymphoid cells tested.




4 RM. PITCHAPPAN AND VR. MUTHUKKARUPPAN

CYTOTOXIC ACTIVITY OF ATS ON LYMPHOID CELLS

The cytotoxic activity of ATS was higher with respect to thymus cells than
to cells of other lymphoid organs tested (figure 1). ATS killed 95-1007;
thymocytes up to a dilution of 1:100 and thereafter the cytotoxic activity
declined gradually. The cytotoxic activity of ATS against spleen cells was
comparatively low killing as much as 92 at higher concentrations (1:10
followed by a very drastic decline at higher dilutions. The activity was
more on blood cells than on bone-marrow cells at different dilutons of ATS
tested. Thus among different lymphoid populations marrow cells were
least sensitive to the cytotoxic activity of ATS.

At 1:2 dilution of ATS 1009 of thymocytes, 907, of spleen and blood
cells and 70% of bone-marrow cells were killed. At a dilution of 1:100,
where ATS killed still 100% of thymocytes, only about 629 of spleen cells
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Figure 1. In vitro cytotoxic activicy of ATS on lymphoid cells of thymus, spleen, bone-
marrow and blood of Calotes. Half a million cells were incubated with different dilutions of
ATS/NRS at 37° C for 15 min. The mixture was supplemented with guinea pig complement and
incubated for another 15 min. Percentage of dead cells was' determined by trypan blue dye
‘exclusion and cytotoxic index was calculated using the formula (4 — BY/(100 — B) X 100 where
A is the percentage of dead cells in ATS and B is the percentage of dead cellsin NRS.
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were killed. Further, the dilution of ATS capable of effecting 909/ lysis of
thymus cells was 80-100 times higher than that required to effect similar
degree of lysis of spleen cells.

ABSORPTION OF ATS WITH LYMPHOID TISSUES

Among different sources, thymocytes absorbed cytotoxic activity of
ATS completely at lower cell concentration (figure 2). After an initial thre-
shold level, an increasing number of thymocytes was found to absorb the
cytotoxic activity in a linear fashion. Next to thymocytes, spleen cells were
effective in absorbing ATS. However, while the first five million cells de-
creased the cytotoxic index by 75%, addition of another five million cells
reduced it only by 10%. The cytotoxic activity of ATS was also significantly
diminished up to about 50% by five million bone-marrow cells and there-
after only less efficient absorption of activity was observed. Blood cells
were least capable of absorbing the cytotoxic activity of ATS.

100
80 [
>
[N}
o
N 1] o
v
>
o
—
2
. ~~ ., BONE MARROW
(%) 40
e
20 | treee, SPLEE
...-.......-.....
0 i L . y THYMUS
o 1 T8 ’ ) 10

NUMBER OF CELLS 10%

Figure 2. The cytotoxic activity of ATS following absorption with cells of various lymphoid
sources. 0-5 ml aliquotes of ATS (diluted hundred-fold) were absorbed with varied numbers
of lymphoid cells (abscissa) for 30'min. at 25°C. The residual cytotoxic activity of the absorbed
sera was assessed against thymocytes.
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ABSORPTION OF ATS WITH NON-LYMPHOID TISSUE

Among the non-lymphoid tissues brain was more efficient than kidney
and liver in absorbing the cytotoxic activity (figure 3). 'This much absorp-
tion was achieved by 125mg of brain tissue, whereas addition of another
375 mg did not significantly remove any more thymocytolytic activity and the
curve became asymptotic. On this abscissa, even 1-5 mg (wet weight) of
thymocytes (7-5 million cells) were sufficient to completely absorb the cyto-
toxic activity of ATS.

ARSORPTION OF ATS WITH BRAIN AND BONE-MARROW CELLS

Based on the data presented in figures 2 and 3, further experiments were
carried out to elucidate the nature of the remaining cytotoxic activity after
absorption with either brain or bone-marrow cells. The same aliquote of
ATS was absorbed in sequence with five million bone-marrow cells and
250 mg of brain tissue and the remaining cytotoxic activity against thymocyte
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Figure 3. Absorption of ATS with cells of various non-lymphoic tissues. Vurious amounts
of kidneybrain/liver tissues (abscissa; were used to absorb 0-5 m] aliquots of ATS (diluted
hundred-fold) for 30 min at 25°C. The residual cytotoxic activity of the absorbed sera was
assayed against thymocytes.
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was ascertained. As shown in table 1, combined absorption of ATS elimi-
nated the entire cytotoxic activity in contrast to the inability of either of these

tissues.

SUSCEPTIBILITY OF ANTIBODY PRODUCING CELL TO ATS

The splenic population containing antibody producers was treated with
ATS and complement and then the number of plaque forming cells (PFC)
were determined (figure 4). In NRS treated spleen cells, there was no change
in the proportion of PFC. On the other hand, there was an increase in the
number of PFC per million viable cells after ATS treatment. There was
a two fold enrichment of PFC at 1:100 dilution of ATS and at this dilution
only about 50% of the total number of cells were alive (figure 4). Whereas
at 1:10 dilution, PFC number shot up to 170 per million viable cells and
at this point only about 12% of the original number of cells were alive, thus
indicating that PFC was not affected by ATS.

ErrFIciENCY OF Calotes COMPLEMENT

Since the very purpose of raising ATS was to use it in expermments for
inducing lymphoid depletion, and since avian complement was unable to
mediate cytolysis by mammalian antibody?® it was necessary to verify whether
Calotes complement was efficient enough to mediate cytolysis of target cells
by the antibody of mammalian origin. As shown in figure 5, guinea pig
complement mediated 85, lysis of the target cells at the ATS dilution of
1: 1000, whereas Calotes complement required an antiserum dilution of 1: 10
to effect the same degree of lysis. Thus, lizard complement, although less
efficient mediated definite lysis of thymocytes in vifro by the antibody of

mammalian origin.

Table 1. Re:sidaal cytoroxic activity of ATS after absorption with brain and bone-marrow cells.

Absorption of ATS! (1 :100) % cytotoxic index?
Nil 97%
Brain 250 mg 589}
Bone-marrow cells (5 x 10%) 44%

Brain 250 mg -+ bone-marrow
cells (5 x 10%) 5%

1 absorbed with Calotes RBC.

2 49, of thymocytes were dead in NRS contro tube.
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Figure 4. susceptibility cf entibody producing cells (PFC) to ATS treatmert in vitro
Spleen cells were obtained from SRBC immunized lizards and were treated with various
dilutions of ATS/NRS and guinea pig complement, Percentage cytotexic index was determired
in one-third of the treated cells utilizing trypan blue dye exclusion methed (@). The reaction
in the remaining cell was stopped by abrupt dilution and the number of plaqgue forming cells were
determined and expressed as per million viable cells (b).'

4, DISCUSSION

From the in vitro cytotoxicity assay it is evident that the ATS under
investigation was specific towards thymocytes. At any given dilution of ATS,
the cytotoxic activity was more towards thymocytes than towards cells of
other lymphoid tissues (figure 1). This observation is well correlated with
the ability of thymocytes to absorb the cytotoxic activity of ATS exhaus-
tively (figure 2). Similar findings on the specificity of isologous or heteroe
logous ATS have already been reported for higher vertebrates,®-32

THYMOCYTE ANTIGENS

Based on the present observations, we postulate that the thymus in the
lizard, C. versicolor consists of a heterogenous population of lymphocytes
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Figure 5. Effiziency of Calotes and guiriéa p1g complements in medlaung cytolysm of lizard
thymocytes by ATS. In the cytotoxicity assay, either guinea pig complement o1 Calote.s
complement was added and their efﬁmency was. coxrelated , 4 -

carrying two antigenic determlnants one distinct for thymocytes and thymus
derived lymphocytes (comparable to T-cells of birds and ‘mammals) and
the other, common to all lymphocytes. We can tentatwely call the first
one as T-antigen and the second, L-antlgen

T-ANTIGEN

The p1esent analys1s on ATS absorptlon usmg the varlous tlssues such"f_;
as brain, liver, and kidney shows that the- brain matter is more efficient in...
absorbing the cytotoxw actmty of ATS (ﬁgure.. 3), theereby suggestmg a greater
ant1gen1c correlauon (T—anugen) bctwee; - raln and thymus In the hght“f )
of the findings in mammalian' system .30, 23-35" whxch descrlbed the presence
of thymic theta antigen on nervous, brain and ep1derma1 tissues, it:may be
anticipated that thymus-brain antigenic reiationship exists even ‘at this lower.

phylo gen etlc level

'm‘ltlally pa:rallel

causm g com espondm@ 1edut:t1011 0 th;gmacymlytw a.cuvity Of ATS, even:
a large amount of brain miattér 'was unablé to. comipletely-absorb th1s actmty,

B2—Jan, 77
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as shown by the specific flexion of the brain absorption curve. This obser-
vation suggests that the brain matter is capable of absorbing only certain
antibodies present in the ATS, presumably anti-T, but not anti-L. These
findings in the lizard are identical with absorption curves for anti-Thy-1-2
iso-antiserum and the defined divalent antiserum.?¢ Thus there are adequate
reasons to suggest thet the ATS in question contains antibodies of two
specificities : one directed against thymus-brain determinants and another
having no complementary structure on brain tissue.

L—~ANTIGEN

The cytotoxic index on spleen cells and spleen absorption curve
indicate the presence of both T-ond L-antigens in this organ (figure 1):
While the first five million splecn cells absorbed 75% of the cytotoxic activity,
the remaining activity could not be efficiently absorved by the cddition of
another five million cells. Therefore, on the basis of our hypothe.is, it may
be predicted that the remaining cytotoxic activity at the point of flexion of

spleen absorption curve might very well be due to anti-T antibodies. The

slow absorption thereafter by spleen cells was due to the lower amount of
T-antigen present among spleen cells, as in the case of mouse § antigens.®”
On the basis of these findings, it may be predicted that the deviating course
of brain absorption curve is due to the anti-L antibodies left unabsorbed
in ATS and that of bone-marrow absorption curve, anti-T antibodies. This
prediction has been subsequently confirmed by the observation that the
absorption of ATS with both brain matter and bone-marrow cells eliminated
the entire thymocytolytic activity (table 1). Therefore, it could be inferred
that in the lizard L-antigen is present on bone-marrow cells as well.

It has been established in higher vertebrates that antibody producing
cells were of bone-marrow origin.®® 3° In birds the incubation of immunized
spleen cells in thymus specific antiserum had no significant effect on their
plaque-forming capacity; but incubation in anti-bursa serum abolished this
capacity.? The present finding, that anti-SRBC antibody producers were
not affected by ATS (figure 4), suggests that in reptiles too, the antibody
producers are not T-cells. It seems that they bear entirely diffe.ent antigens

and belong to the B-cell lineage.

SpPECIFICITY OF ATS

The cytotoxic activity could not be absorbed by liver or kidney, and
this suggests that the responsible antibodies in ATS were directed against
tissue specific rather _than spgcies specific or transplantation. antigens.3? It
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is quite possible that the absorption of ATS with Calotes erythrocytes
(nucleated) eliminated all antibodies except those directed against tissue
specific antigenic determinants (¢f. 8). Double diffusion and immuno-
electrophoretic analysis of ATS with Calotes serum did not show any
precipitin bands (unpublished) suggesting the absence of antibody to
~ lizard immunoglobulin in ATS.

ACTION OF ATS

Regarding the mode of action of ATS in vivo, a number of
mechanisms have been proposed (¢f'8). Complement dependent immuno-
cytolysis was shown not to be mandatory for ALS activity.®,4 On the other
hand, Wick et al.?® attributed the absence of ALS activity in chicken to the
inability of mammalian antibody to utilize avain complement. Nevertheless,
Calotes complement was capable of mediating definite cytolysis with the ATS
of mammalian origin, although with less efficiency. Thus, the in vitro
properties of ATS are well correlated with our in-vivo studies, demonstrating
the modulation of humoral immuno response to SRBC by ATS treatment
in the lizard.!. 2 However, it remains to be seen whether such a modulation
of anti-SRBC response is related to the selective depletion of the population
of thymus-derived small lymphocytes. Further, the importance of raising
specific antisera for T- or B-cells, especially for the purpose of delineating the
ontogeny of lymphoid cells in various lymphoid organs is well indicated.

The heterogeneous nature of thymic cells and their membrane antigens
have been demonstrated in rat,3! rabbit,3? and mouse3 In chicken too,
the existence of two kinds of antigens (T and L) among thymocytes has been
reported.”® Our present observation demonstratin g the heterogeneous nature
of thymic antigens, thymus-brain antigenic relationship and an antibody
producer, insensitive to the ATS, suggests that during the phylogeny of
immunity, dichotomy of lymphoid system into T- and B-cells has already
evolved at the reptelian level.
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