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ANTI·RED CELL ACTIVITY OF LYMPHOCYTOTOXIC ANTIBODIES: AN IN VITRO AND
IN ViVO EVALUATION*
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SUMMARY

The need to obTain non-toxic anTilymphocyre sera (ALS)
led to rhe in vitro and in vivo evaluarion of its crossreactivity for red cells. The findings showed thar the antibodies coaring rhe erythrocytes in vitro are idenrical wirh
rhe antibodies rhat sensitize Iymphocyres by the cytotoxicity
res!. It would appear that rhe observed similarities are
related to sharing of antigenic determinants by borh the
Iymphocytes and red cells. High concenTrarions of Iymphocytotoxic antibodies can be anticipated to sensitize and
affecr rhe biolog:cal function of many other tissues besides
the red cells.
InTensive immunizarion schedules were found to produce
immune complexes (lymphocyre-antilymphocyte facrors)
which in turn induced Iymphocyrosis in place of the anricipated lymphopenia.
A bsorption of the immune complex as well as the red
cell antibody significantly reduced rhe toxic properries of
A LS but did not improve its immunosuppressive acriviry.
The shorr-term exposure of baboons to toxic preparations of baboon ALG was observed to lower their serum
complement value. The mosr likely explanarion for rhis
associared activity appears to be complement utilization by
avid in vivo aY/tigen-antibody inreracrion.
Ir is believed rhat the synrhesis of anTibodies to intact
lymphoid rissue represents a srimulus ro multiple antigen
determinants. The need to invesrigate the effectiveness of
antibody production to subcellular componenrs of the
lymphocyte is indicated before the biological approach to
immunosuppressive therapy can be accepred as a safe
procedure for man.

In the production of horse antihuman Iymphocyte serum
.(ALS) it is not unusual to find red cell antibodies in combination with antibodies to Iymphocytes. This association
is in accord with reported observations that red cells and
lymphocytes contain common antigenic components.' A
similar condition of antigen sharing has also been established in studies of the HL-A system where it has been
shown that red cell antibodies could almost always be
found in preparations of cytotoxic HL-A antisera.'
We have noted that horse antihuman Iymphocyte pre*Date received:
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parations often conrain extremely high titres of red cell
antibodies which, in contrast to any other form of heteroimmune anribody, can be very difficult to remove by repeated absorption with human red cells. More disappointing than the failure to remove the red cell antibody is the
observation that repeated absorptions also significantly
reduce the antihuman Iymphocyte activity. These findings
reaffirm that sharing of antigen determinants between the
Iymphocyte and red cell can be accepted as a normal
characteristic. From the studies of Levey and Medawar'··
it can be concluded that the Iymphocytes also share antigens with thymocytes, spleen cells, kidney cells or lung
tissue. The shared antigen configuration may of course not
necessarily be expressed to the same degree in different
cell lines.
Although it is apparent that antilymphocyte serum has
the capacity to exert a direct reaction against tissues other
than lymphocytes, several questions seem to be fundamental. Firstly, how does the diversity of antibody reaction
arise? Secondly, how does it affect the functional activity
of the tissues other than the lymphocytes? This investigation was designed to investigate the in vitro and in I'ivo
serological and haematological effect of the red cell anribody found in antisera produced against lymphoid cells.
MATERIALS AND METHODS

Prepararion of Anrilymphocyte Serum
Peripheral human blood Iymphocytes were obtained
using the method described by Eijsvoogel et af.' Suspensions of lymphoid cells were injected into horses by the
subcutaneous route of administration without adjuvant.
The antigen dose varied considerably for the 5 horses used.
These details are summarized in Table I and discussed
under 'Results'. Baboon (Papio ursinus) lymphocytes were
obtained by a thoracic duct drainage procedure recently
described by Wessels." The total amount of Iymphocytes
(8·7 x 10") obtained and injected by subcutaneous route
into horse TT (Table 1) represents a pooling of lymphoid
cells from 6 baboons.
All samples of horse serum were subjected to DEAE
Sephadex batch wise separation procedures in order that
only the gamma-globulin fractions could be used. To
facilitate a reaEstic serological comparison between the

TABLE l. IMMUNIZATION SCHEDULE AND RESULTS

Horse

se

BA
PR

VG
IT

No. of
subcutaneous
injections

No. of donors required
for toral lymphocyTes
injecTed

given

Donors

8
5
5
3

320
200
200
120

6

6*

*B~boon lymphocytes obtained by thoracic duct drainage.

LymphoCYTes
x /0"
95'3
41·6
64·6
26·8
8·7

tTnres are expressed as reciprocals of highest dilution giving positive results.

Species of
lymphoid
cells lIsed
Human
Human
Human
Human
Baboon

CyTOTOxicity
TiTre of ALS
1024t
512
1024
2048
512

Imlllllllosllppressil'e
aCTiviT_"
Absent
Present
Absent
Absent
Absent
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various samples of horse globulin it was important that the
final Sephadex preparations were calibrated to contain
approximately the same amount of protein.
Serological Methods
For the determination of red cell antigen-antibody reactions translucent glass tiles were used which could be
placed in moist chambers at either 2ZOC or 37°C, depending
on the nature of the test. For comparison of degree of
discrimination between positive and negative results,
simultaneous standard tests were performed using known
positive and negative controls. The sensitization of human
or baboon red cells by horse globulin was carried out by
incubating equal volumes of a 5-% suspension of saline
washed cells or enzymated cells (0,5% ficin) with horse
globulin at 22°C for I hour.
Monospecific rabbit antihuman IgG or rabbit antihorse
IgG sera were used for the evaluation of the direct and
indirect antiglobulin tests. The antiglobulin sera were absorbed with washed human or baboon red cells to remove
species hetero-agglutinating antibodies.
Procedure for the Absorption of Red Cell Antibodies
The absorption of human red cell antibodies from the
various horse globulin preparations was always performed
on the same day, using the same red cells, to ensure that
identical conditions were applied to all samples. Pooled
human red cells obtained from four donors (group A"
group B, group A,B and group 0) were subjected to at
least six thorough washings with normal saline. The red
cells from each donor were washed separately and pooled
at the completion of the saline washings. All horse sera
were absorbed with an equal volume of packed washed
cells. Unless otherwise stated under 'Results', each specimen
of horse globulin was subjected to four absorptions in the
following order: two absorptions at +4°C for 1 hour;
one absorption at 22°C for I hour and one absorption at
37"C for I hour. If more than four absorptions were
necessary they were carried out at 37"C. In view of the
observation that A and B blood group similarities exist
between man and baboon it was feasible to use human
red cells for the initial absorption of horse antibaboon
serum. To ensure absolute removal of antibody activity it
was necessary that the final absorption was always performed using pooled baboon red cells.
Lymphocyte Cytotoxicity Test
Cytotoxic titres of ALS were determined by the micromethod recommended by the National Inst!tutes of Health.'
Test for Immunosuppressive Activity of ALS
Antilymphocyte serum was tested in vivo in vervet
monkeys (Cercopithecus aethiops) using the procedure of
Grobbelaar, et al. s In brief, full-thickness allografts and
control autografts 2 cm in dial1'eter were applied. In untreated monkeys most allografts were rejected in 8 - 10
days and none survived longer than 12 days. ALS was
tested by regional administration in order to obtain greater
sensitivity, a method introduced by Malek et at: The grafts
were applied to the inner aspect of the thigh and the ALS
given subcutaneously into the leg bearing the graft in a
dose of I ml serum/kg body-weight/day, starting two days
before the graft was applied.
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Other Investigations
Quantitative levels of IgG immunoglobulin and serum
complement (C'3) were determined by means of radial gel
diffusion of the patient's serum in agar gel containing
monospecific antibody. Routine haematologica1 studies of
packed cell volume, platelet counts and total lymphocyte
counts were performed by standard methods as described
by Dacie and Lewis.'o
RESULTS AND DISCUSSION

Antihuman and anti baboon Iymphocyte sera were prepared
by the subcutaneous administration of lymphocytes into
mature horses. The number of injections and amount of
lymphocytes given varied for each animal. Table I shows
the cytotoxicity titres of the unabsorbed serum samples
against peripheral lymphocytes. Horses given high dosage
of lymphoid cells did not necessarily produce more potent
cytotoxic antibodies than those receiving a low dose.
The ability to lyse lymphoid cells in vitro could not be
correlated with its in vivo immunosuppress-ive activity.
This was evident from the observation that only one of the
6 horses studied showed the capacity to prolong skin-graft
survival. The curious fact that the injection of various.
amounts of lymphoid cells can produce intense cytotoxic
antibodies, yet seem to lack the power to prolong graft
survival, indicates that the immunosuppressive activity
does not seem to reside solely in the capacity of the horse
to make cytotoxic antibodies. ALG made against intact
lymphocytes inevitably represents a complex mixture of
antibodies directed against nuclear and cell-wall material
as well as mitochondria and microsomal substances. Moreover, sharing of certain antigen determinants between the
lymphoid cell and other tissues can be expected to have
obvious disadvantages when antibodies to lympho:d cells
are used as immunosuppressive agents. They can, for
example, react in vivo against tissues other than the
lymphoid cell and thereby diminish their selectivity.
Follow-up studies of horses before and after immunization with intact lymphocytes clearly established that the
formation of intense anti-red cell activity cou'd always be
expected (Table Il). Their presence can be observed by a
variety of serological procedures including the use of
rabbit antihuman globulin serum. The ability of antihuman globulin serum to react with red cells sensitized with
horse antihuman ALG is thought to be due to interspecies
antigenic similarities between horse and human Fc and
Fab fragments, as reported by AIlen et al."
A comparative evaluation of the red cell antibody
observed before and after immunization with lymphocytes
showed some remarkab!e differences with respect to their
capacity to be absorbed (Table Ill). The naturally occurring
'species-specific' horse antihuman red cell factor was
always removed by one absorption with packed human
red cells but this was seldom observed for the red cell
antibody formed by lymphoid cell immunization. Another
feature of the lymphocyte-induced red cell antibody is its
repeated ability to sensitize the same red cell in spite of
many absorptions.
Repeated absorption of preparations of ALG with
leucocyte and platelet-free suspension of packed red cells
was always observed to alter the lymphocyte cytotoxicity
results. Complete absorption of the red cell antibody in
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CELL ACTIvln' OBSERVED IN VARIOUS HORSE SERUM BEFORE AND AFTER IMMUNIZATIO:-' WITH HUM.-\N
LYMPHOCYTES

AlIlihuman red cell aClivily
before imll1unization

se

Procedures

Saline agglutination test
Agglutination test with enzymetrea ted red cells
Indirect rabbit antihorse globulin
test
Indirect rabbit antihuman globulin
test

AlIlilll/mall red cell activily
after immunizalion

32'"

BA
32

PR
16

VD
64

SC
2048

BA
256

PR
1024

2048

64

32

32

128

4096

512

2048

4096

32

16

32

64

2048

512

1024

2048

16

16

16

32

2048

512

1024

2048

VD

TABLE III. CO~IPARATIVE EVALUATION OF 'UMBER OF ABSORPTION S REQUIRED TO REMOVE ANTIHUMAN RED CELL ACTIVITY FROM
HORSE 'vo' BEFORE AND AFTER IMMUNIZATION WTI1I HUMAN LYM.'HOCYTES

Antihuman red cell activity determined by:
No. of
absorplions

Horse VO before immunization

o
I

2

HorSe VO after immunization

o
1
4

8
12

Saline agglutinalioll lest
64*

o

o

Enzyme-lreared
red cells
128
8

2048
2048
512
64
16

Indirect antihorse globulin
lest
64
4

o

o

4096
2048
1024
256
32

2048
2048
1024
256
16

IndireCT alllihuman globulill
lest
32
4

o

2048
2048
1024
128
32

*Titres are expressed as reciprocals of highest dilution gi\-ing definite positive results.

TABLE IV. ABSORPTION STUDY OF ANTIHUMA!' RED CELL ACTIVITY OF HORSE 'se' BY FRESH AND LYSED PREPARATIONS OF HUMAN RED
CELLS "'''ID HUMAN L YMPHOCYTES

Horse globulin packed antigell
Type of allligen used for absorption
rario
of antilymphoc)'le activiTy present i n - - - - - - - - - - - - - - - - - - - horse SC
1:2
1:4
1:8 1:12
256*
128
16
64
Pooled human red cells
{ Intact preparation
Stored haemolysed preparaIion
256
128
32
16
64
16
2
0
Pooled human Iymphocytes
Intact preparation

Stored lysed preparation

4

o

o

0

.$-The indirect antihuman IgG titre has been expressed. as the reciprocal Log: of the titre.

fact abolished the cytotoxicity factor, indicating that both
the red cells and lymphocytes share antigens with similar
structural groupings. That the shared antigen configuration
need not necessarily be expressed to the same degree between cell lines was evident in the following study.
When an antilymphocyte serum with potent red cell
antibodies is absorbed with increased amounts of red cells
and lymphocytes in a comparative test system lTable IV)
there appears to be a far greater capacity for lysed lymphocytes to inhibit the red cell antibody than the use of intact
or lysed red cells. Similar studies applied to antibodies
specifically produced against red cells, in place of lymphocytes, revealed effective inhibition of the red cell antibody
with intact or lysed red cells but not with intact or lysed
lymphocytes. These findings confirm Brody and Beizer's'
observation that lymphocyte antibody has a greater avidity
for red cells than red cell antibody has for lymphocytes.
It was therefore of interest to evaluate the in vivo
haematological effect of the red antibody which normally
accompanies antilymphocyte activity. Using baboons as
the prototype to study the haematological consequence of
injected horse anti baboon lymphocyte globulin we observed
that unabsorbed anti baboon ALG administered subcutaneously for three consecutive days and again on the
sixth day (dosage 25 mg protein/kg) was highly toxic for
4

baboon Tl, while the same ALG after absorption With
human and baboon red cells appeared to have no effect
when given to baboon Tll (Figs. 1 and 2). When baboon
Tl received the unabsorbed horse antibaboon ALG with
a lymphocytotoxic titre of 1: 1 024 and anti-red cell titre of
I : 2 048 it became moribund shortly after the fourth injection as a result of generalized anaemia and a potentially
dangerous thrombopenia. This effect was not observed in
baboon Tll when the same ALG was extensively absorbed
with red cells to lower its lymphocytotoxic activity. As a
preparat;on of horse antibaboon ALG it was remarkable to
note that it failed to produce the anticipated lymphopenia.
The development of a lymphocytosis between the second
and tweIth day was in fact most obvious in both baboons.
Studies of serum IgG and C / 3 levels following the injection of horse antibaboon ALG showed that these parameters can be severely suppressed by the administration
of ALG with high red cell titres (Fig. 2). Low concentrations of red cell antibody had no effect on the C'3 value
although it was noted to reduce the IgG value slightly.
The association of a severely reduced C / 3 level with the
administration of toxic ALG can be interpreted to mean
that the activation of complement need not only be influenced by an allograft rejection mechanism," but that
this condition can also be influenced by the passive intro-
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duction of complement-fixing antibodies in the form of
ALG.
The presence of free antilymphocyte and anti-red cell
activity was evident in the serum of baboon Tl which
received the unabsorbed antibaboon ALG (Fig. 2), indi-
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eating that all the available antigen sites, e.g. Iyrnphocytes,
red cells and other tissues sharing Iyrnphocyte antigen
configurations must be fully sensitized in vivo. Although
excess baboon ALG should in this instance have severely
affected the survival of Iymphocytes, a definite lymphocytosis was observed (Fig. 1), sugUP*III
gesting that that ALG preparation
""00" 11
contained a factor with the ability
RECEIVED UHASSORIIED HORSE ANTI-BA800N ALG. RECEIVED ABSORIIED HORSE ANTI·8A800N AlG.
ANTI-AED CElL FACTOR
1:20"8
"tfTl·RED CEU FACTOR
1:32
to enhance rather than suppress
lymphoid red cell proliferation. It
is proposed that the observed lymphoid cell proliferation was induced
P.C.Y
by the presence of 'Iymphocyteantilymphocyte' complexes in the
MEAN NORMAL
.. jf
ALG. Similar responses can be observed in vitro when Iymphocytes
are subjected to preparations of
ALG containing antigen-antibody
complexes. In such studies it is
common to find that ALG-containing complexes can have a marked
mitogenic effect on Iymphocytes,
whereas those lacking immune complexes do not. la
lYMPHOCYTES
With the subcutaneous adminis)110 3
tration of horse anti baboon ALG
MEAN NORMAL
a firm in vivo binding of horse
globulin to the red cells of both
DAYS
baboons was confirmed by the dio 1 2 3 4 5 6 7 8 9 10 11 12
o 1 2 3 .. 5 6 7 8 9 10 11 12
rect
antiglobulin test using rabbit
Fig. 1. Haematological alterations seen in baboons following administration of
antihorse globulin serum (Fig. 2).
horse anti baboon lymphocyte globulin. Baboon TI received unabsorbed ALG:
The horse globulin is in this inantibaboon red cell activity 1/2048; anti baboon lymphocytotoxicity titre I {I 024.
Baboon Tll received absorbed ALG: antibaboon red cell activity 1/128; antibaboon
stance the antigenic component of
lymphocytotoxicity titre 1{32.
the immunoglobulin with antibaboon red cell specificity. When
MDQON 111
BAI!!OOtf If
present on the red cell it can be
RECEIVED UNABSORBEO HOftSE· AHTI-BABOON AlG
RECEIVED ABSORBED HORSE ANTI-BABOON ALG
anfcipated to act as an effective
ANTI-RED CEll FACTOR
1:2048
ANTI-REO CELL FACTOR
1:32
adjuvant for the stimulation of antibodies to horse globulin. Baboon
TIl produced circulating antibodies
to horse globulin after, but not before, the direct anti horse globulin
test of the red cells was found to
be negative. This sequence of events
did not occur in baboon Tl which
up to the time of death revealed
lOG
an excess of cytotoxic horse globuMO %
lin free in circulation.
The complete absence of lymphocytotoxic antibodies in the serum of baboon T 11 should not be
interpreted as a positive indication
NEGATIVE
that free horse globulin lacking cytotoxic antibodies cannot be found
DIRECT ANTI-GLOBUUN - - - - - - - - - - - - - - - - - - - - - - - - - - - - in the circulation. Until protein
+ ... ++
++++ ++++
.p++-+++++ - , - ++ _
RABBIT rEST
'&NTI-+f()QSE
+
purification procedures are absoO.&YS
lutely selective a high proportion of
o I 2 J .. • • 7 8 9 10 11 12
o I 2 3 .. • • 7 8 9 10 11 12
non-functional gamma-globulin ob/
Fig. 2. Serum complement (C 3) and immunoglobulin alteration seen in baboons
tained by group separation methods
following the administration of horse antibaboon lymphocyte globulin. Baboon TI
will inevitably be incorporated with
received unabsorbed ALG; antibaboon red cell activity 1{2048; antibaboon lymphocytotoxicity titre 1/1 024. Baboon Tll received absorbed ALG; antibaboon red cell
the required antibody. It is thereactivity 1 fI28; anti baboon Iymphocytotoxicity titre 1/32.
fore a matter of speculation wbe-

r.

:,::~
::~

~
~
L~~~~~_-_-_-_~_'~~ _

.~~~:; :~~ ~-I
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ther the non-functional horse gamma-globulin or the functional variety (the lymphocytotoxic antibody) should be
accepted as the actual stimuli for the synthesis of antihorse
globulin in the baboon. The effective separation and use
of ALG obtained by specific immuno-absorption procedures would be of interest to evaluate in future studies.
CONCLUSIONS

The need to produce effective, non-toxic antilymphocyte
serum is of particular importance in the treatment of organ
rejection or auto-immune disease. However, it has been
found extremely difficult to produce a highly specific and
safe immunosuppressive product. A serious side-effect of
antilymphocyte serum is not only its ability to induce
thrombocytopenia and anaemia but also its potential to
cross-react with many other tissues besides Iymphocytes.
ALS made against intact preparations of lymphoid cells
would therefore appear to contain a complex mixture of
antibodies. In the light of this observation it would not be
possible to conclude that the immunosuppressive activity
of ALG resides solely in its ability to induce lymphopenia.
ALG prepared against a heterogeneous pool of intact
Iymphocytes represents a mixture of soluble and insoluble
antigens in a particularly crude form. Antibodies to such
a mixture of antigens will inevitably cross-react with a wide
range of other tissues as shown by Levey and Medawar.'·4
In this condition the prime effect at ALG on lymphocytes
cannot be anticipated to be specific since the antibody
will also be attached to the surface of other tissues, which
in turn alters their functional activity.
Using the haemopoietic cell line as an accessible model
to test the sKie-effects of ALG, in place of inaccessible cell
lines (spleen, kidney, lung) we were able to draw the following conclusions from our experiments. When two different
potencies of cytotoxic ALG were compared, it was shown
that the subcutaneous injection of high-titred antibodies
consistently caused severe haemolytic anaemia and thrombocytopenia. This damaging effect on the haemopoietic
system could be reduced by repeated absorptions of the
toxic ALG with red cells. However, in vivo sensitization
of the red cells could not be eliminated unless repeated
absorptions achieved absolute removal of the red cell antibody. Only at this point did the ALG no longer sensitize
the red cells in vivo. The absence of red cell antibody
activity by repeated absorptions also effectively removed
the presence of lymphocyte antibodies. This is consistent
with the contention that red cells and lymphocytes share
common antigen determinants.
The in vivo application of ALG produced by massive
dosage of lymphocytes and intense immunization procedures often created a condition of lymphocytosis in
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place of the anticipated lymphopenia. Complete absorption of the cytotoxic antibody with red cells did not affect
the continu~d observation of lymphocytosis (Fig. 2. baboon
T 11). On the other hand, absorption of the cytotoxic
antibody with a combination of Iymphocytes sensitized
by antilymphocyte serum (antigen-antibody complexes)
consistently abolished the induction of lymphocytosis.
However, this in vitro manipulation was not found to
create a reduction of circulating Iymphocytes in vivo, which
makes it doubtful whether there was any specific immunosuppressive effect present in the first place. The presence
of immune complexes in the ALG can of course also play
a role in the development of nephrotoxic syndromes by
localizing in the renal glomeruli.
The deliberate use of toxic ALG also produced important information with respect to the behaviour of the
complement system. This factor was significantly reduced
in value as a result of the in vivo interaction of ALG with
various tissue components possessing shared antigen configuration.
Although antilymphocyte serum can be successfully
produced in some horses by repeated injections with heterologous intact Iymphocytes, it is still not certain that the
synthesized antibody will be specifically reactive for lymphoid tissue because it is known to cross-react with many
other tissues. This limitation affects our knowledge of its
in vivo activity when used as an immunosuppressive reagent.
Investigations are now in progress to isolate and assess
the immunological properties of substances obtained from
within the lymphocyte.
We wish to th1nk Drs J. A. M. White. M. A. Rogers and
Wess~ls for the'r vlluabie co-operation in the collection
of baboon thor~cic duct Iymphocytes. This work was sUP1J0rted
in Dlrt bv the South African Medical Research Council (Grant
B. C.

9/3/12-537).
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EVALUATION OF AN IMPROVED METHOD FOR DIRECT BASOPHIL COUNTS*
H. P. WASSERMANN, N. F. LAUBSCHER AND M. V. BOTHA, Pigment Metabolism Research UniT of The South
African Medical Research Council and the University of Slellenbosch, and the National Research Institute
for Mathemalical Sciences, Pretoria
SUMMARY

The improved method for direct basophil counts described by COJoper and Cruickshank was evaluated. Their
'Date recei"Od: 14 December 1970.

findings, indicating a small mriance and negligible chamber error, could be confirmed on a larger series of normal
individuals.

