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SUMMARY
An attemnpt was made to prepare a specific heterchlogous rabbit anltimouse T (ell

antiserum tanti-MTLA) by absorbing rabbit antimouse thvmocvte globulin (ATG1
with spleen cells from BALB/c T"B, mice. Cvtotoxicity data showed that whereas
AT(; was cvtotoxic to both T and B cells. anti-MTLA was highly cytotoxic to only T
cells. Whereas spleen cells treated with ATG and complement (C) failed to respond in
all assays studied. spleen cells treated with anti-MTLA and C: (1) responded to the B
cell mitogens but failed to respond to the T cell mitogens: (2) were able to stimulate
allogeneic spleen cells but failed to respond to mixed lymphocyte culture (31 failed to
act as T killer cells in the CML reaction but retained their ability to kill
antibody-coated target cells: and (4) did not cause a graft-versus-host reaction when
injected in allogeneic mice and increased their survival significantly. Furthermore,
anti-MTLA was just as immunosuppressive in vivo as AT(; in its ability to suppress the
immune response to sheep red blood cells and prolong skin allograft survival.
Anti-MTLA was found to be different in specificities from anti-O serum by several
points: (1) it was cytotoxic for T cells from both 0-C3H and O-AKR mice: (2) it was
highly immunosuppressive in vivo when compared to anti-O serum; (3) absorption of
anti-MTLA with mouse brain did not decrease the immunosuppressive activity: and
(4) rabbit antimouse brain antiserum failed to show any immunosuppressive activity.
These data indicate that anti-MTLA is a specific antiserum against a unique marker
on T cells distinct from the 0 marker.

Several surface antigens have been described lymphocytes IT cells) and bone marrow-derived
as being present on the,,urface oftlymphoid cells lymphocytes (B cells) possess on their surface
of the mouse (.31. Both thymus-derived the major histocompatibility H-2 antigens and

Supported of y Ly antigens: however, certain antigens such as
Work bUnit N th BMF ura1.u24. I:I(MeIA(n()('. The opin- the TL and the theta (8) isoantigens are present

ions or assertions contained herein are the private only on T cells, and the newly described d
ones ot the authors and are not to be construed as isoantigen and mouse B lymphocyte antigen
ofticial or reflecting the views of the Navy Depart- IMBLA) are present only on B cells (18-20.
ment or the naval service at large. The animals used The isoantisera against these markers are used
in this study were handled in accordance with the in vitro to distinguish these subpopulat ions of
provisiin, of Publitic Law S9-54 as amended b Public lymphocytes and to further eliminate T and B
Law 91 579. the "Animal Welfare A(t of 1970** and cells by their cytotoxic potential 18, 19, 22).
the princitile, outlined in the "Guide for the Care and These in vitro treated cells demonstrate the
IUse of I,ahoratorv Animals." Inited S'ates Depart- I exp orse ted cells pd e imio tr cells

ment of HPRl1h Edu(atoitm. ,iil Wel Jr. Publicatio functional ruactili' 'i %oi

No. NIHi 7:3-2:3 or B cells depending on the reagent used.

'Postdi ictoral Research Associate of the National However, studies of' the in vivo reactivity of

Research (ouncil and the Bureau of Medicine and such specific antisera have been few and
SurgerN. On leave trom the Sec(nd D)elpartment of unsuccessful. There is some controversy as to
SurgerN. Scho'ol of Medicine, ('hiha UrniversitY. Ja the ability of murine anti-H serum to prolong
pan. skin graft survival. Whereas Gelfand and Paul
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(8) report successful prolongation of skin grall after thie last inject itn, the ra1)bit s were

survival, others have shown the inability of exsanguinated and the serum was collected.
anti -/ sermio to pr�,h� skin graft survival and The -y(; fraction was obtained by precipitation
to suppress the immune response to of the serum with 3T:f saturated ammonium
thymic-dependent antigens (15). sulfate. The precipitate was dissolved and

Various investigations have shown some dialyzed against several changes of O.15 Ni Na('l
degree of specificity of heterologous antisera and concentrated by the use of an Amicon
against T or B cells in the mouse (4. 16, 18, 24) tl M-2) membrane filter (Amicon ('orporation.
and in humans (2. 10. 26. 32). We have Bedford. Massachusetts) so as to contain 5 mg
previously shown that ant ihuman thymocyte of protein/nl. Normal rabbit -,t-globulin (N-y,(.
serum (A'I'S( al)sorhed with human 5 mg/ml. was prepared in a similar fashion.
l.vmnphocytoblast (B cellst is just as Beth AT(, and N-yG were stored in aliquots at
immunosuppressive as unabsorbed ATS (23). In 70 C until further use.
the same study, a high titer ant ieruni against Anti-si'rum. Mouse anti-11 ('H was prepared
lym phocytoblasts did not show anY significant by the imnmunization of AKR/.l mice with
immuntlsuppressive potency. Subsequently, it ('3H/He.J th.vrnm cYtes according, to the pri-
was described that such absorbed sera contain cedure of Reif and Allen 119) as modified by
an ant iboddy specific for human lT cells I HTLA, Strong et al. (28).
(26). These sera did not have any cytotoxic Rabbit antimouse brain -y-globulin (RAMBI.
reactivity against human lymphocytoblasts. RAMB antisera were prepared according to the
and the cytotoxic titer against human procedure outlined by G(olub t9. The yG
thvmocytes correlated with allograft fraction was prepared as described above and
prolongation (27). had a 50; cytotoxicitv titer of 1:4.0t00.

The purpose of this investigation was to Preparation of rabbit antimouse T
determine the cell surface antigen requirement cell-specific -y-globulin. Fifty milliliters of ATG
for producing a similar heterologous rabbit (5 mg/ml) were absorbed with I g of mouse liver
ant imiuse IT cell-specific antiserum by powder (I)ifco) at 4 C for 1 hr with gcntle
absorption of heterologous antithymocyte rotation. The suspension was centrifuged at 7 50
globulin fATG) with murine B cells. g for :30 min and the ATG was removed by
Furthermore. the purpose was to define the aspiration. This ATG was absorbed with "B'
various in vitro and in vivo functions oft and B cells. Spleen cells from BALB/c mice which
cells after treatment with such antisera in the were thymectomized, irradiated, and bone
presence of complement. marrow (anti- - C treatedt-reconstituted

(TxB,) were used as a source of 'B' cells. ATG

MATEIRIALS AND METHODS (1 ml) was incubated with 10 . 10' B cells
either once (designated absorbed ATG-I) or

Animals. Mice of the inbred strains AKR/,J, twice (designated absorbed ATG-IIb at 22 C for
BALB/c, ('57BL/6.1. and C3H/HeI (3-6 weeks :30 min followed 1b an additional incubati,,n at
old) were obtained from The ,Jackson 4 C for 30 min. After incubation, the suspension
Laboratoryv. Bar Harbor. Maine. New Zealand was centrifuged at 450 g for 15 min and the
White rabbits (3 kg) were obtained from absorbed ATG was removed and used in the
Rowmar Rabbitory, Mt. Airy. Maryland. various assay systems.
Nu/Nu and Nu/ littermates (Swiss strain) Preparations of "']Bv spleen cells used as B
were a generous donation of Dr. A. I). Steinberg cells were checked for purity by the ability of
and I)r. E. Gershwin of the National Institutes these cells to respond to the nonspecific T cell
of Health. Bethesda. Maryland. mitogen., phytohemagglutinin (PHA-PI and

Preparation c ,,ubbil anitiou.se thvmocyte concanavalin A (Con A) (28( and the B cell
globulin (ATG). ATG was prepared by the mitc-,ens bacterial lipopolysaccharide (ILPS)
methhod described previously (I-I). BAlB/c and polvinosinic-plolycytidylic acid ipoly I.C.)
thymocytes (1 10') incorporated in Freund's (22). These cells were also identified and
complete adjuvant (Difcio Laboratories, Det roit. enumerated by stainini for surface
Michigan) were injected in the footpads of immunoglobulin. Results of these experiments
rabbits, followed 2 weeks later with a similar indicated comnplete lack of response of these
booster injection by the i.m. route. Two weeks cells to the T cell mitogens and that -. 90"; of
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the cells used for AT(G absorpt ion showed B cell rabbit C. The mixture was incubated at 37 C for
surface immunoglobulin characteristics. 45 min. The suspension was washed and

A.-',rption of A T'G tith mouse brain. ATG resuspended in 2.5 ml of media so as to give 8
was absorbed with BALB/c brain according to 101 spleen cells/nil and used for the mitogen
the method of Reit and Allen (19). stimulation test. The mitogen stimulation test

C½totoxicity' assay. The cytotoxic activity of was performed by methods previously described
the various antisera used during these studies (22, 28). PHA-P and Con A were used as T cell
was assayed by the trypan blue dye exclusion mitogens and LPS and poly I:C were used as B
method and the "'Cr release method in the cell mitogens. Optimum concentrations of
presence of rabbit complement (C). The dye mitogen and spleen cells and culture conditions
exclusion test was performed according to the were determined by baseline experiments.
method of Takahashi et al. 030). Essentially. PHA-P (Difco) was used at a final
0.05 ml of cells (5 . 10" ml) was incubated for 45 concentration of 0. I ̀,ý; Con A (Calbiochem, San
min at 37 C with 0.0)5 ml of antiserum (serially Diego, California) at a concentration of 0.25
diluted) in the presence of 0.05 ml of rabbit ug/culture; LPS (Difco 0111:14) at a
complement (C) (preabsorbed with mouse liver concentration of 20 ug/culture; and poly L:C
powder) diluted 1:3. After the incubation (P-L Biochemicals, Milwaukee, Wisconsin) at a
period. 0.1 ml of 0.9"' trypan blue was added concentration of 50 M(g/culture. Cultures were
and the percentage of viability was detemined. performed in triplicate at 37 C in a 57, CO:

The chromium release assay was performed humidified atmosphere. The cultures were
according to the methods of Sanderson (21) and pulsed with 1 juc of 3H-thvmidine (3H-TdR)
Wigzell (35) with some modifications. Spleen (specific activity 1.9 c/m mole. Schwarz-Mann.
cells were incubated with NHCI to remove red Orangeburg, New York) in 20 ul of media 18 hr
blood cells and the resulting lvmphoid cells before harvest. The mean uptake of 3H-TdR
were labeled with 30() Ac of 51Cr sodium was determined at 66 hr.
chromate (Amersham Searle, Arlington Mixed lymphocyte culture (MLC) assay. The
Heights, Illinois). Labeled spleen cells were one-way micro-MLC assay was performed as
resuspended in media such that 50 ul contained previously described (31). Spleen cells were
I - 10' cells. These were dispensed in micro- treated with antisera and C as described for the
titer plates and 50 ml of serially diluted anti- mitogen study. Spleen cells from BALB/c and
sera were added to triplicate cultures. These C3H/He.J mice were used both as resp)onder
cultures were incubated at 4 C for 30 min. and and stimulator cells. The stimulator cells were
then 50 pl of "C diluted 1:4 were added to each treated with 50 ug/ml of mitomycin C (Cal-
well and the microtiter plate was shaken on a biochem) before culture. The cultures con-
micromixer and incubated at 37 C for 30 min. tained 100 pI (5 . 1() cells) of responder cells

Controls included NyG(. C. and media control, and 100 pl (5 - 10si of stimulator cells. They

After the incubation period, the plates were were labeled with I uC of :IH-TdR in 20 Ul of
centrifuged and 100 ul were removed and media 18 hr before harvest. They were bar-
counted in a -' counter for 5'Cr. One hundred vested at 5 days and the mean cpni uptake of
per cent release of 'Cr was determined by the 'H-TdR was calculated.
freeze-thaw lysis of I - 106, spleen cells. The LYmphocyte-mediated c(tot-tricity assay
percentage of "'Cr release was calculated as (('MIL. C57BL/6J mice were sensitized in
previously described (1). vivo by the administration o' 24) . 106 BALB/c

In citro stimulation assay. RPM llR(O (Grand slplecn cel!k i.p 1 -1210) rnollst as(ifes tumor

Island Biological Company, Grand Island. New cells were carried in DBA/2 mice and used as
York) containing 100 units/ml penicillin. 100 target cells. Target cells were labeled with
ug/ml streptomycin, 2 mM i.-glutamine, 25 mM "'Cr as described above. The CML assay was
Hepes, and 10"; heat-inactivated fetal calf' performed in microtiter plates by the addition
serum (Grand Island) was used as media of 100 Ml of effector cells (which were either
throughout these studies. One milliliter of untreated or treated with ATG or absorbed
murine spleen cells, 20 , 101/ml, was treated ATG-I1 and C as described above) to 10'
with 0.2 ml of either ATG, absorbed ATG, or target cells in the ratio of IX):1. Red cells were
N-yG in the presence of 0.1 ml of undiluted removed by the addition of NHCI. The cul-
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tures were mixed on a microtiter plate mixer days after sensitization and indirect PFC
'ooke Engineering. Bethesda. Maryland) and (I-PFC) Wvas developed by the addition of a

the amount of '"Cr release was determined 1:100 dilution of rabbit antimouse IgG (a gift
after 16 hr of incubation as described above, from Dr. M. Kern, National Institutes of

Antihody-dependent lvmphocvtotoxicitv Health) at day 7. The number of l-PFC was
assay (ADL). Normal C57BI,/6J spleen cells determined by subtracting the number of
(untreated. ATG-. or absorbed ATA-Il-treated) D-PFC from the total PFC developed with
were depleted of red cells by the addition of anti-IgG.
NH,('I and used as effector cells in the AI)L Skin grafting. BALB/c mice were grafted with
assay. -'Cr-labeled 1-1210 cells (5 . 106/ml) whole split-thickness skin from C57BL/6J mice
were incubated with 0.A ml of anti-H--2" anti- according to the technique described previously
sera (obtained through the courtesy of the (13). Groups of BALB/c recipient mice received
Transplantation Immunology Branch, National four s.c. injections of either NyG, ATG,
Institute of Allergy and Infectous Diseases absorbed ATG-I, or anti-! C3H sera I day before
Maryland) for 1 hr at 4 C and used as target and on days 1. 3, and 5 after skin grafting. The
cells. The effector to target cell ratio was 50:1 casts were removed after 7 days and the skin
and consisted of 6 - 101 target cells and 6 - 106 grafts were examined daily for signs of rejection.
effector cells. The amount of 5'Cr released was The data were collected on the time required for
determined after 4 hr of incubation, as complete rejection and statistical analysis of' the
described above, and the net percentage of 5 ' Cr data was analyzed using the Mann-Whitney 'U'
release was calculated. ranking test (25).

Graft-versus-host (GVH) reaction assay.
GVH reaction is an example of a cell-mediated RESULTS
immune response (T cells). It is further shown The cytotoxic activity of the various antisera
that two types of' thymus-derived lymphocytes. against T and B cells used in these studies was
T, and T2, cooperate to produce GVH (5). In our determined by the trypan blue dye exclusion
assay, mixtures of 50 ý 106 spleen cells and 5 x technique. BALB/c thymocytes were used as a
106 bone marrow cells from C57BL/6J mice were source of T cells and TxBM spleen cells from
treated with 0.5 ml of either NyG, ATG, or BALB/c mice were used as a source of B cells.
absorbed ATG-Il in the presence of rabbit C. As seen in Figure 1, unabsorbed ATG was
Subsequently, these cells were washed and cytotoxic for both T and B cells. When this ATG
injected i.v. into lethally irradiated (750 R) was absorbed with 10 x 108 TxBm spleen cells
BALB/c mice. Groups of four mice each were (ATG-I), the 50% cytotpxic titer against T cells
used for the in vitro GVH assay by the method essentially remained the same, but the titer
of Strong et al. (29), measuring spontaneous against B cells was reduced from 1:512 to 1:2.
uptake of' 3 H-TdR in vitro by the recipient On a second absorption of ATG-I with 10 • 108
BALB/c spleen cells on day 4 after injection of TxBM spleen cells (ATG-I1), there was a
allogeneic cells. Groups of 10 mice each were reduction in titer against T cells decreasing
used for the GVH survival assay. The survival from 1:4,000 to 1:1,000 and a further decrease in
rate of these irradiated, allogeneic cell-injected the titer against B cells. This decrease in titer
mice was followed for a period of 12 weeks. against T cells could be attributable to the few

Plaque-forming assaay. BALB/c mice received contaminating T cells in TxBM spleen cells.
a s.c. injection of various doses of either ATG, Anti-O C3H was used as an index of purity "f the
absorbed ATG-I. RAMB, ATG absorbed with B target cells and, as seen in Figure 1, anti-O
mouse brain, or anti-O C3H sera. One day later C3H shows about 10% cytotoxicity against
they received 2 • 108 sheep red blood cells TxBm spleen cells when used undiluted,
(SRBC) (Microbiological Associates) via the indicating few contaminating T cells.
i.p. route. Four days after sensitization, their When a similar cytotoxicity assay was carried
spleens were removed and the number of out using 51Cr-labeled Nii/+ and Nu/Nu spleen
anti-SRBC antibody-forming cells was cells, it was determined again that after
estimated by the hemolytic plaque method of absorption of ATG with TXBN spleen cells
Cunningham and Szenberg (7). Direct (ATG-I) there is no reduction in the cytotoxic
plaque-forming cells (D-PFC) were measured 4 titer against Nu/+, but a considerable decrease
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in the cytotoxic titer against Nu/Nu spleen one more absorption of ATG-l with TxBM spleen
cells (Fig. 2). cells (ATG-II). This data, therefore, zhows that

In order to test the functional capacity of ATG-I and II retain their activity against T
lymphoid cells treated with ATG. ATG-I. or cells, whereas they have little or no action on
ATG-Il. spleen cells treated with these antisera the ability oftreated spleen cells to respond to B
and C were incubated with the T cell mitogens cell mitogens. To determine whether ATG-II
PHA-P and Con A or the B cell mitogens LPS was reactive against markers other than 0 and
and poly I:C. As seen in Figure 3, ATG H-2, similar mitogen assays were carried out
completely abolished the response to both the T using cells from AKR/J. C3H/He-J. and
cell mitogens and the B cell mitogens. However, C57BL/6J mice. As seen in Figure 4. spleen cells
ATG-I. while retaining its cytotoxic activity from all of' these strains of mice which were
against T cells, had a slight effect on the treated with ATG-II and C, while showing
response to B cell mitogens. This effect on B cell adequate response to the B cell mitogens LPS
mitogen response was completely removed by and poly I:C, failed to respond to the T cell

BALB/C TxBm SPLEEN CELLS BALB/C THYMOCYTES

-K- K-I-K-K-K-K-K z90%

I-" x
50 50

I-

S~ATG
ABSORBED ATG- I t(O%*)
ABSORBED ATG - 11(20 X IOP)

X ANTI - et:3

2 8 32 128 512 2048 2 32 128 512 2048 8000 32;00
RECIPROCAL OF ANTISERUM DILUTION

Fin. I. Cytotoxic titer of ATG, absorbed ATG-I, and ATG-II as determined by the dye exclusion method
using BALB/c thymocytes and BALB/c TxBv spleen cells as targets for T and B cells.

,01 10-

Nu/+ SPLEEN CELL Nu/Nu SPLEEN CELL

08 6 08

0
Z06ý 06

P 004 04
I'-

02 02

1 4 16 64 256 1024 4096 16000 I 4 16 64 256 1024 4096 16000
RECIPROCAL OF ANTISERUM DILUTION

Fi;. 2. ('ytotoxic titer of AT(; and absorbed ATG-l as determined by the chromium release assay using
spleen cells from Nu/Nu (B cells) and Nu/. (both T and B cells) as target cells. ATG, A-A; ATG-I,
0-0.

U'ytotoxic index Mean net cpm of experimental values
Mean net cpm of freeze-thaw control
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Fi. :3. Response of spleen cells treated with NyG. ATG, absorbed AT(-I, and absorbed ATG-II to the
nonspecific T cell mitogens PHA-P and ('on A and the B cell mitogens LPS and poly I:C.

mitogens PHA and Con A. Experiments with that whereas ATG completely inhibited the
ATG-1I and C-treated spleen cells from C3H ability of BALB/c spleen cells to act as
mice were repeated five times and essentially stimulator cells, both anti-B and ATG-II did not
gave similar results. Absorption of ATG-11 with affect the ability of these BALB/c spleen cells to
mouse brain while decreasing the titer against stimulate allogeneic C3H/HeJ spleen cells.
mouse thymocytes still retained its ability to Another parameter of T cell function is the
eliminate the response of spleen cells to both ability of sensitized T cells to kill allogeneic
PHA and Con A, but not to LPS and poly I:C. target cells. Spleen cells from C57BL/6J mice
This pointed to the fact that antibodies in which were sensitized in vivo by the injection of
ATG-I1 were directed against surface antigens allogeneic BALB/c spleen cells were used in a
other than 0 or H-2. direct lymphocytotoxicity assay using

Because T cells are necessary in the responder "'Cr-labeled L-1210 mouse ascites tumor cells
population during MLC and B cells can act as as target cells. The L-1210 cells carry the same
stimulator cells in the MLC reaction, spleen serologically defined H-2 specificities as the
cells from C3H/HeJ mice were treated with BALB/c spleen cells. The effector cells were
ATG, absorbed ATG-Il, or conventional anti-B either treated with ATG, ATG-I., or anti-O
serum in the presence of C and subsequently serum. Controls consisted of untreated, N yG,
used as responder cells against BALB/c or normal mouse serum (NMS)-treated effector
stimulator cells. As seen in Table 1, both ATG cells. As seen in Table 3, ATG-, ATG-Il. and
and ATG-11 completely inhibited the ability of anti-0-treated spleen cells reduced the capacity
C3H/HeJ cells to respond to BALB/c spleen of the effector cells to kill target cells, whereas
cells. On the other hand, when BALB/c NyG, NMS-treated, and untreated spleen cells
stimulator cells were treated with ATG or showed a net percentage of ,Cr release of about
ATG-I or anti-B C3H and C, it is seen (Table 2) 30%.

• _ . • _ • ,.• m~ m• mm k • m mmmlm m mm m m m,• -
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Fic.. 4. Response of spleen cells from AKR/J. C57BL/6.J. and C3H/HeJ mice treated with N-yG or absorbed
ATC-Il to the nonspecific T cell mitogens PHA-P and Con A and the B cell mitogens LPS and poly [:C.

TABLE 1. Abilityv ofC3H/He-J spleen cells to respond Normal lymphoid cells other than T cells
to allogeneic cells in the MIC reaction after possess the capacity of killing target cells when
treatment with ATG or absorbed AT( and C the target cells are coated with antisera directed

C:IH/He.J against the target cells (the antibody-depen-
Stimulator" respponder Mean uptake ofH-'dR dent lvmphocvtotoxicitv assay). To determine

pretreated lcpm SE.
with' the specificity of ATG-Il. experiments were

carried out where normal C57BI,/6J spleen

- Normal rabbit 1.822.0. 37.2 cells were either treated with ATG or ATG-Il
".YG or anti-O serum and C. Again, controls con-

- Normal mouse 1r440. , :2.: sisted of untreated C57BL/6J spleen cells or
serum

- ATG 522.0 22.1 N7yG or NMS and C-treated C57BL/6.J spleen
- Absorbed 1.294.:) 2S.1 cells. As seen in Table 4, spleen cells treated

ATG(-I
- Anti-O 889.6, 22.4 with unabsorbed AT(, showed no reactivity
BAI,B/c - 15.167.3 199.1 against antibody-coated L-1210 cells. How-BAB/(" Normal rabbit 18,9371.3 ,3015.7-f G ever, when spleen cells were treated with anti-0

HALB/c Normal mouse 12,299.3 160.6 serum or ATG-ll. there was little effect on the
serum cytotoxic ability of' these cells (56 to 31 and

BALB/ AT; 6789: 10.9
BAIH/c Absorbed 1.237.0, 60.4 38(/";, respectively). NMS- and N-yG-treated

ATG-H spleen cells also showed a decrease from 56 to
BALB/c Anti-O 863(0 21.: about 46";. These data and the CML data in-
HALH/c control - 2t A..) M -.4t

dicate that whereas ATO-Il destroys the 1
'Stimulator HALB/c spleen cells were treated with 50 cytotoxic cells, it has very little effect on B

ug/ml of mitomycin C at :17 (' or 45 min. cells (or non-T cells), which are necessary for
'Spleen (ells, 5 - 10'/culture, were used as stimulator or

responder (cells. antibody-dependent B cell cytotoxicity.

msIpI
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"l',I ý: 2. Abil ity ,o HAL.B/' spleen cells to stimulate' determined by the method of Strong et al. (29).
allogenvic cells, i the N1IC react ion after t reat Ilent As seen in Table 5, soleen cells treated with

with A''(; or albsorbcd AT and C ATG or ATG-lI gave no significant GVH

,AL.B, reactivity (ratios of 1.43 and 4.28, respectively).
't reateh Respoder, Mean uptake ot 'H A-Rd

Stemllator tRs * -i hit the NyG-treated and untreated C57BL/6.J
with-, spleen cells gave activation ratios of 52.45 and

2M- .) S+ 90.37. respectively.
Normal rabbit - 21SO IS.:, The survival rate of these recipient BALB/c

)G; mice was followed and, as seen in Figure 5.Normial mouset -- 1-44.6; 27 Atsoelrum X-irradiated animals (group 1) all died between

AT; - 23•5.6, t10.7 2 and 3 weeks. Mice receiving cells treated
Absorbed - 166.1; 9.7 with N-y( (group I) died within 2 weeks post-

AT(,.II
Anti- - 25S1. reconstitution, which was earlier than the non-
-- (':1,/itl 15,167: . 199.1 treated group 1. Group Ill received cells treated

Normal rabbit G'3Hihe. 17.25W() t .. with ATG. and 90() of these animals died within

Normal mouse ('3H/Ih,] 1is.1t85.)0 tS LS 4 weeks of' reconstitution, however. 60¼( of
seru:mil group IV animals receiving cells treated withAT(; ('t-1/ eJ 710.0) 26. 7

Absorbed (':H/He.J 12,180) fi52.S ATG-II lived . 12 weeks postreconstitut ion.
AT(G-II To test the in vivo immunosuppressiveAnt i-0 ('3H/He.J 9..191t ,) 210.1I

('3H/HeJ control 210 1 potency of ATG or absorbed ATG-I, mice were
immunized with an i.v. injection of 2 - 10'

"Stimulator BAILB/c spleen cells were treated with 50 SRBC. Twenty-tour hours before immuniza-
ig/ml tl mitom)m cin (" at 17 C tor 45 min.

Spleen cells. -• o t/culture, were used as stimulator or ton. groups of mice received either N ,G. ATG.
reslmnder cells. Oi ATG-I. D-PFC were determined on day 4 at-

ter immunization and I-PFC were determined on
day 7 after immunization by subtracting the

TABLE :1. CML reactivity offsensitized ('57BL/6J number of direct PFC from the total PFC. As

spleen cells' seen in Figures 6 and 7, ATG suppressed both
the direct and indirect PFC response of BALB/cTreat ment Net chromium releas.e'

ofeffector cells' ; mice against SRBC and the degree of suppres-
sion correlated with doses of ATG injected. It

Normal mouse serum :12.87 is also clearly shown that absorbed AT(G-I re-
Anti -0C3H 4.64

Normal rabHit Y; :34.82 vealed the same degree of' immunosuppressive

ATG 2.99 potency as ATG in both responses.

Absorbed ATG-Ii 1.90 To determine whether anti-O C3H and RAMB
. .. ... . had similar immunosuppressive activity,

"('57B1L-,1J mice were sensitized with BALM/c experiments were carried out where groups of
spleen cells and "Cr-laheled L-1121(0 ascites tumor
cells were used as target cells.

SSpleen cells (20 . 10') were treated with 0.1 ml of AmE 4. ADL of (57HL/6J spleen cells
antiserum and C. treated with A'(G and C

Per cent chromium release was determined as Net chromium release
described in the text. Treatment' (tL-12t10 target cells)'

55.98

The ability to cause a GVH reaction is Normal mouse serum 45.80)

thought to be a function of T cells. To determine Ant i-O C'3H 30.92

if cells treated with whole ATG or absorbed Normal rabbit "YG 46.22

ATG-11 were able to induce a GVH reaction. AT( 0.74
Abs()red AT;-l:17.48

spleen cells from C57BL/6GJ mice were either Absorbed AT(-:1

treated with N-yG or ATG or absorbed AT;G-II Normal C57BL/6J spleen cells 120 , 10') were
in the presence of' C. Subsequently. these cells treated with 0.1 ml of antiserum and C.
were injected into lethally irradiated BALB/c 'Anti-H-2d-coated 'Cr-labeled l-,1210 mouse as-
recipients and the degree of a GVH reaction was cites cells were used as target cells.

S._
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''-m.F, -). (,VH reactki itv It C- 7H I ./.1l spleen cell, treated with ATl( and (C in recipient BAlB/c mice

Simm I alit -HElS'it, acil at wnl otStr lt n
D)o lnor t rain Treat i n ent I" retl 'lp ei lt spleevn cells in d ex

mnealn q n) - SEJ Index

-: 2 1 t 1 5 7 -

IAI., I -- 1.677 t 136 5.22
('.7 I,6.1 - 29,.0Nt 2.306i 90.37

('C57, HNormal rabhhit -( 16,8:15 , 1827 52.15

( R7 L"..J AT(; 458 79 1.1:3
('57HI. 6.1 Ahst rrhed AT'(- A 1.373 652 4.2S

" VH react iv it v was measured as described in the text. Spleen tells 1.5 10'1 and hione marroiw cells 5

10t rm t H.I. . mice were pretreated with 0.5 ml ot antisertim and U.
"No tells were injected into X-irradiated BALB/c mice.

100 'L
L- I

I 3 4 6r

_J

gWEE

W 5o0

1 2 3 4 5 6 7
WEEK

Ft(;. 5. Survival rate of lethally irradiated BALB/c mice reconstituted with C57BL/6.J spleen and bone mar-
row cells pretreated either with NyG, (group 1I1) ATG (group I11) or absorbed ATG-11 (group IV). Group I re-
ceived no cells after irradiation.

mice received 0.5 ml each of either anti-6 C3H. Materials and Methods. Twenty-four hours
N-yG, or RAMB 24 hr before sensitization with later they were grafted with skin from
SRBC. As seen in Table 6, anti-f C3H and C57BL/6J mice and the rejection time was
RAMB did not show any immunosuppressive determined. As seen in Table 7. the mean skin

activity when compared to the effect of N-yG. graft survival time of the mouse injected with

On the other hand, ATG, AT(-l. and ATG N-yG was 10.1 days. ATG administration
absorbed with mouse brain decreased both the prolonged the survival from 10.1 to 24.8 days tP

D-PFC and the I-PFC significantly. < 0.0l) and ATG-I prolonged the survival
ATG is also known to prolong skin graft time from 10.1 to 23.6 days (P < 0.001). Anti-

survival by its in vivo immunosuppressive 0 C3H showed very little in vivo immunosup-

potency. Groups of BALB/c mice were injected pressive potency (mean survival time 11.7 ±

either with NyG, ATG, ATG-l, anti-O C3H, or 0.8) and, similarly. RAMB was not immuno-
RAMB according to the protocol described in suppressive (10.3 1 0.7 and 11.1 t 0.9). On

P
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,CO . monospecific antisera against these markers

provides for a unique biological means for the
,,, study of the role of'T and B cells in the immune

bo - system. ATS is a well known potent

so - immunosuppressive agent because of it, efeet

0- on T cells (I), but the site against which the
ir,.n.-¶nosuppressive antihodv is directed

remains unclear. The data presented here show
that a "heterologous" rabbit antimouse
thymocvte serum is cytotoxic for both r cells

20 ~and R cells, whereas after ahsorption wi: h

O spleen cells from TXB., mice these absorbed
2 Iantisera IATG-ll) retain all their properties,

against T cells but do not appear to have any
S'0 ~ effect on B cells.

Whereas spleen cells when treated with ATG
T C failed to respond to both the T cell

r • •.mitogens (PHA-P and Con Ai and the B cell

° 70 -S60

40 -

30

11 J0~5 0' 025 05 iml OF ATG OR ABSORBSED ATG'I 20

FI(.. 6. EtTect f' AT(; or absorbed ATG-I on the r
direct P(C response against SRIB' in the BALB/c
mice. AT(; or absorbed ATG-I was injected I day z
hefore sensitization and the PFC response was mea- J I0 T
sured .4 days after sensitization. x. AT:; o. absorbed 9 .

A'i'(;-I: A, no injection. 7

Lr 6
the other hand, ATG absorbed vith mouse a I
brain prolonged skin graft survival time (22.3 , - T
0.9). There was no statistical difference between 4

the immunosuppressive potency of ATG or

ATG-I. 3 t
D)ISCU(SSION 2 -•

T and B cells are distinguished either

functionally or by the presence of unique
surface antigens and receptors on their cell
surface (12, 17). Some of the well characterized 0 005 01 025 05

ml OF ATG OR ABSORBED ATG-I
surface antigens include the histocompatibility F'o. 7. Effect of AI( or absorbed Al(-! on the

antigens HL-A in man and H-2 in mice, the indirect PF( response against SRb(" in the HALH/c

minor H antigens, the thymus-le-ikemia mice. ATG or absorbed ATG-l was injected I day

antigens TI., Ly, MSLA, 9, and MBLA in the before sensitization and the PFC response was mea-
mouse, and HTLA in the human (2-4, 10, sured 7 days after sensitization. x. ATG: 0, absorbed
18-21), 24, 26, :32). The preparation of AT(-I A, no injection.
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mitogens IA'S aind polv I:0J. absorbed ATlG - the abiityf these cells to kill ant ihosY-coated
C-treated spleen cells failed to respond only to target cells: this, again. (Iemonst rates, its T
the T cell mitogens. TIhese dat a indicate that cell-specific cvtotoxic act ivit .v
the cvtotoxicity in absorbed VT(G-l and 11 is The in vitro treatmnent of lvmphoid cells with
specific tor T cells. MLCA studies with cells absorbed ATG reduced the capac it v of
treated with such absorbed sera andi ( ;howed immunoconiponent cells to cause atGV
that although such cells f'ailed to respond in at react ion. When let'iall~v irradiated l3ALB/,C
ML(' against allogeneic cells. they were able to mice were reconstituted with normal spleen
st imulate just as wE 11 as NMS-t reated cellIs. On (cells from) (57B13.hJ in ice, these antmals (lied
the other hand. ATG -C-Ir,,ated spieen cell., withbin 2 3 weeks. Ninety per cent of the rr Ce
were unable to stimulate or respo(nd fin the receiving AT( -treated spleen cells (lied wit hin I
MI.C. Because it has been ;hown that TI cells weeks. However, 6i"'~ (If absorbed ATGi-treated
are required f'or responder cells but not f'or spleen cells Survived up to 12 weeks. The data
stimulator cells 31)3f. this clearl 'y denionsi iated indicate that whereas ATG hats some protective
that the absorbed ATl' is onlY cYtotoxic for role. absorbed AT(; is certainly far superior in)
T cells. Ainother f~unction of TF cells is to kilt the prolongation of life of let hallv irradiated
target cells to which it has been lprevittusl ' reconst itutedi mice. Th is is probablyi
sensitized (6). B cells. macrophagt ;. or null attributable to its ability to specifically kill
cells, onl the other hand, kill target cells only GVII-causing cells without a notable eff'ect on B
if the targ~et cells are coated with antibody cells. Results with the in vivo studies showed
directed against themselves (.33). When spleen that administration of' this absorbed antisera
cells from sensitized mice were treated with (ATIG-l) was just as immunosuppressive as
absorbed ATG and C. these cells fail to kill ATG in its ability to reduce both direct and
allogeneic target (ells, but there was no effect on indirect PFC. prolonging, skin graft survival just

as effect ively as ATG.
TABLE 6i. Effect 4of varimus antisera on the pri niary The data in this paper indicate that when
immune response of BAI.1/c mnice against SRI3C mouse thymocytes are used Ps a source of'

Antisera" l).I'/spleen I-PVC/spleen antigen for the prok. dctiotn of' ATG in rabbit-, i it
- - -- I ___ ~-heterologous species). the antisera oai

Ni. treat ment V1.4: :i.'.2ý2 78,65:1 12.631 activity against both T and B cells. which
Norml railit)G .4.1 Ni -181 4.831 -. indicates some -shared antigens between T' and

Absorbedl AT. 1( 1.1201 20 :1,225 1,: 1I B cells which the rabbit can recognize and
AT( ah-irbedf with 2:15 V) I S1 .1,.S: ; -5)29 produce antibodies against. After absorpt ion of'

braint
Rabbit anti nmouse 89,9.79 7.26i 54.3s1 8.976 this ATG with B cells with a short incubation

brain )G( period, this antisera showed specificity for T
Anti t(1H- 3- (is. 7 .5. 2: 11 .572 6.7,30 cells demonstrating a specific T cell antigen

Antiser 1 ui.5 Ynt was injeciet; I (laN before sensitizati..n. which the rabbit can recognize. This antibody
tDirect 'F('/spleen was mneasured 4 daYs atter sensitiza- shows activity in vitro which is very similar tot

tion.
Indirect l'F(,pleen was Ieemndo d. that of conventional anti-O serum. However, it is

tracting the number of I)T'FU front the total Pj'(' functionally different f'rom ant i-fe in that: ( I) it

TABLEF 7. Effect of' in vivo administration of' ATG on skin graft survival time (C.S7L/6.l BAL.Bc)

rre at DltInI-it t No. of Mean sur% i%-aI timneRae
animials (davs SE Range

Normal rabbit -y(; 151.t 0.: t 9 1t
Rabbit -y( ant itnouse brain (hbatch Il 12 10..; 0.7 9 12
Rabhit -y( antimouse brain (batch lb II1 11.1 01.9 9 ]3
ATG ItI 24.8 01.5 21 28
Absorbed AT-I 5 ~ 23.6 0.8 21 25
AIX; absorbed with mouse brain 5 22.3 t 11.9 19 27
Anti-O (':11-4 11.7 t(0.8 7 1:3

Recipient BAI.H/c mice were injected with 0.5 ml of* ant iserun, on (laYs 1. I . :1, and 5.

01 .
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was5 cvt I itoxic f* ir T cells fromt bot h 0i-( 31 anti 1). then our dat a suggest that the antigen against
O-AKHin ice tFig. 0-, and (2) whereas absorbedi which the absorbed Ai'( is dlirected is riot H -2.

AGwas just as initnutiosupjpressive ats ATG, in 'is niot present on B cells, is sJpecil ic for TF cells.
its ability- to suppress the humioral itfl mune and (a;n be recognizedi b)'y another species.. IDe-
res~po nse and proilong al logeneic graft' survival, velojpment ofI suichi antisera against specific
ant i-O serumi had heen sho)wn to hIle subpopuIa taions of T1 cells, which c-ause,( allb)
non)Iimmiiunosupp~iressive in vo.grafi reject ion. miay lead toi pcfc ntuo

This abhsorbied ATC, is also (lifferent fromt the suppression wit hout efftects ()on ot her cells.
RAM B in that the latter 'is not Acknowledgments. The authors would like to thank
iinrmunosuplpressive even though its cytotoxic H atnL. Nagl or technical assistance and
titer is just ats high as ant i-O or ATG. These Miss la'nie P'. King for excellent editorial assistance.
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An attempt was made to prepare a specific heterologous rabbit antimouse T cell
antiserum (anti-MTLA) by 4J~rbing rabbit antimouse thymocyte globulin (ATG) with
spleen cells from BALB/cT B mice. Cytotoxicity data showed that whereas ATG was

ocytotoxic to both T and B"eVls, anti-MTLA was highly cytotoxic to only T cells.
Whereas spleen cells treated with ATG and complement (C) failed to respond in all
assays studied, spleen cells treated with anti-MTLA and C: (1) responded to the B
cell mitogens but failed to respond to the T cell mitogens; (2) were able to stimu-
late allogeneic spleen cells but failed to respond in mixed lymphocyte culture; (3)
failed to act as T killer cells in the CML reaction but retained their ability to
kill antibody-coated target cells; and (4) did not cause graft-versus-host reaction
when injected in allogeneic mice and increased their survival significantly. Further-
more, anti-MTLA was just as immunosuppressive in vivo as ATG in its ability to sup-
press the immune response to sheep red blood ceTls and prolong skin allograft survival
Anti-MTLA was found to be different in specificities from anti-6'serum by several , /t

pointsr' (1) it was cytotoxic for T cells from both e-C3H and e-AKR mice; (2) it was
highly )immunosuppressive in vivo when compared to anti-e serum; (3) absorption of anti-
MTLA with-mouse brain did not decrease the immunosuppressive activity; and (4) rabbit
antimouse brain antiserum failed to show any immunosuppressive activity. >These data

l indicate that anti-MTLA is a specific antiserum against a unique marker on T cells
distinct from the emarker.-./.
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