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ABSTRACT

Specific antisera against sensitized lymphocytes were produced 

for study of the prolongation of skin homograft survival.

Rabbit antisera were produced against lymphocytes from blood, 

thymuses, and lymph nodes from normal and DNFB-sensitive guinea pigs. 

Rabbit anti-guinea pig brain sera were also prepared. Lymphocytotoxicity, 

lymphagglutination, and complement fixation tests were done on all sera 

using lymphocytes from blood, thymus, and lymph node as target cells. 

Antisera to thymus cells and to brain showed significant in vitro 

activity against thymus cells while other sera showed no appreciable 

effect towards all test lymphocytes, A transient lymphopenia occurred 

in all guinea pig recipients receiving an appropriate dose of each crude 

globulin fraction derived from each antiserum. All sera exhibited sig

nificant prolongation of skin homograft survival in guinea pigs when 

compared to control animals. Antiserum to thymus cells exerted the 

longest effect of skin homograft survival. Rabbit antiserum to guinea 

pig brain neither exerted significant lymphopenic effect nor prolong 

skin homdgraft survival in the recipients. Results of the jun vitro and 

in vivo studies of sera to DNFB-sensitive and to normal lymph node cells 

failed to demonstrate any significant difference in their activities.

' ■

viii



INTRODUCTION

Antilymphocytic serum (ALS), an antiserum prepared in one 

species against heterologous lymphocytes, was first introduced by 

Metchnikoff in 1899 (1). He hoped to produce a specific antilymphoid 

tissue antiserum by inoculating lymph node or spleen cells of rats or 

rabbits under the skin of guinea pigs. The resulting antisera aggluti

nated and killed both lymphocytes and polymorphonuclear leukocytes be

longing to the species serving as the original cell donor. Subsequently, 

the results of studies of the jLn vitro properties of similar antisera 

were reported during the first decade of the 20th century. All the in

vestigators attempted, with varying degrees of success, to produce 

heterologous antilymphocytic serum. Besredka (2) extended Metchnikoff*s 

observations on species specificity and showed that the cytotoxic effect 

of such antileukocytic serum was labile to heating at 56 C for 30 

minutes. Christian and Leen (3) observed that antisera produced in the 

rabbits against rat spleen and lymph node cells showed toxicity for rat 

leukocytes measured by cessation of their amoeboid movement. These game 

authors also reported the overlapping specificity between tissues 

(kidney, cardiac muscle, liver) and leukocyte antigens. In 1917, 

Pappenheimer (4) prepared antisera containing cytotoxic and leuko- 

agglutinating antibodies to donor lymphocytes by immunizing rabbits 

intravenously with suspensions of rat thymus cells and human tonsillar
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lymphocytes. He noted that the cytotoxic effect was removed by heating 

the antisera to 56 C for 30 minutes but the leuko-agglutinating property 

was not altered. Both properties were distinct from hemagglutinating 

factors since they were not affected by adsorption of sera to remove 

hemagglutinins.

The results of a number of studies on the in vivo properties of 

ALS have been reported. Flexner in 1902 (5) observed that rabbit anti

guinea pig and goose antirabbit mesenteric lymph node serum caused 

lymphoid hypoplasia and a slight degree of cell death in the germinal 

centers of lymph nodes of treated animals. Chew and Lawrence (6) pre

pared rabbit antiguinea pig lymph node serum which was adsorbed with 

guinea pig and sheep red blood cells. After a single injection of the 

serum, considerable lymphopenia was observed in the guinea pig recipi

ents within 11 minutes and remained for 40 hours or longer. Repeated 

injections could prolong this effect for at least ten days. However, 

lymphopenia failed to occur in response to ALS towards the end of the 

ten-day treatment. These findings were confirmed by Cruickshank (7) 

using rabbit antirat lymphocytic serum. He also showed the utilization 

of complement when such serum was incubated with rat lymphocytes.

These initial observations along with increasing recognition of 

the involvement of the lymphoid system with the immune responses have 

focused attention upon ALS as a possible immunosuppressive agent.

Various aspects of ALS have been studied including its preparation, 

purification, standardization, dosage, mode of action, and its effect on 

the immune responses (8, 9, 10, 11, 12, 13, 14, 15, 16). ALS and



antilymphocytic globulin (ALG) derived from ALS have been well docu

mented in many recent reviews (17, 18, 19, 20, 21, 22),

Although the exact nature of their mode of action is not yet 

fully understood, ALS and ALG have become the most promising immuno

suppressive agents in transplantation because of. their distinctive 

properties. Conventional immunosuppressive agents such as X-rays, 

alkylating agents, antifolics, DNA base analogs and substituents, and 

toxic antibiotics usually weaken the humoral protective immunity against 

bacteria and viruses, while ALS preferentially affects lymphocytes be

longing to the "long-lived, thymus-dependent, recirculating pool" 

generally considered to be responsible for homograft rejection and other 

"cell-mediated" immune responses (23). ALS treatment does not always 

inhibit humoral antibody responses but only to certain "thymus- 

dependent" antigens whose development of humoral response requires an 

interaction between both types of lymphocyte known as thymus-derived and 

bone-marrow derived lymphocyte. Suppression of the primary humoral anti

body production to such thymus-dependent antigen as sheep erythrocytes 

by ALS have been shown in a number of species (24, 25, 26). However, 

dosage, timing and route of ALS administration are important if suppres

sion is to be effected (26). In addition, ALS has little effect on the 

secondary, humoral response (24, 27).

The work of Monaco et al. (10) introduced another property of 

ALS later described as "erasure of immunological memory" in relation to 

the survival of second set homograft. As confirmed by Lance (28), ALS 

treatment weakens the second set response which usually is demonstrated



by a rapid and violent rejection of a second homograft placed on an 

animal having prior experience against homograft antigens. Intensive 

ALS treatment in sensitized CBA mice that had previously rejected 

A-strain skin homografts could completely abolish the memory of that 

sensitization, and restore the animals to a state of "virgin" reactivity. 

This ability may provide a beneficial effect of ALS in treatment of 

autoimmune disease (29).

In homograft prolongation, ALS is relatively insensitive to 

antigenic differences between the donor and recipient (30). Using ALS 

prepared against rat thoracic duct lymphocytes alone or in combination 

with thoracic duct drainage. Woodruff and Anderson (31) were able to 

show a significant prolongation of skin homograft survival in rats for 

28 and 35 days respectively. Lymphopenia of approximately 80-90 percent 

below the original lymphocyte count during the period of treatment was 

also noted. The lymphocyte count, however, gradually increased and was 

almost normal three weeks after grafting. Several valuable studies have 

been contributed by various investigators using mice (10) and guinea, pig 

(32). These experimental models consisted of skin grafting. In 1966, 

Monaco, Abbot and Otherson (33) first demonstrated successful renal 

transplants in dogs treated with horse ALS in which the grafts survived 

beyond 350 days with normal function.

The clinical application of heterologous ALS or ALG has increased 

rapidly since 1967, when Starzl and associates (34) pioneered its use in 

human renal transplantation. Monaco, Wood and Russell (35) noted a 

slight prolongation of skin allograft survival in human volunteers after



administration of very small doses of purified rabbit anti-human lymph 

node IgG, Despite its widespread clinical use, there are some drawbacks 

involved in ALS usage. It has been shown to cause side effects in re-̂  

cipients. These include anemia, thrombocytopenia, fever, serum sickness 

and anaphylaxis, all complications of foreign protein therapy including 

pain developing at the site of intramuscular injection in human recipi

ents (19). In addition, no completely satisfactory in vitro assay of 

ALS is available to evaluate its in vivo efficacy. Furthermore, there
t

is great variability in the effectiveness of ALS or ALG used as an 

immunosuppressive agent in transplantation. This may be due to many 

variables encountered during preparation, purification, and administra

tion of ALS or. ALG. Thus, there have been many efforts to improve these 

conditions.

The purpose of this study is to consider the production as well 

as in vitro and in vivo activities of rabbit antiguinea pig lymphocytic 

sera. Both normal lymphoid cells and lymphoid cells from DNFB-sensitive 

animals were used to obtain a better antiserum with specificity directed 

towards target cells responsible for graft rejection.



MATERIALS AND METHODS

Experimental Animals

Guinea Pigs

Outbred albino male and female guinea pigs of the Amana, 

Rockefeller and Hartley strains were employed. Their weight ranged from 

500-800 grams. They were obtained from the colonies of the Department 

of Microbiology and Medical Technology, The University of Arizona. The 

animals were individually housed in stainless steel cages. They all 

received a diet of Purina guinea pig chow and drinking tap water con=- 

taining 0.3 percent ascorbic acid, ad libitum. In addition, fresh 

cabbage was also provided.

Rabbits

Male, white New Zealand rabbits weighing between 2.5 to 3.4 Kgs 

were used to produce the antiserum. They were housed individually, and 

their diets included Purina rabbit chow, cabbage and tap water.

Chemical

One-fluo.ro-2,4 dinitrobenzene (DNFB, Eastman Organic Chemicals) 

was recrystallized with 95 percent ethyl alcohol three times at -20 C 

and stored in a dark bottle at room temperature.
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DNFB Sensitization of Guinea Pigs 

According to the method of Seebohm, Tremaine and Jeter (36), 

guinea pigs of Amana strain were painted by daily topical application 

of five drops (0.15 ml) of two percent DNFB in absolute ethyl alcohol 

to a shaved area at the nape of the neck for six days. The chemical was

gently rubbed in with the round end of a test tube in about one inch

area. On day 10, they were skin tested for sensitivity with one drop 

(0.03 ml) of 0.1 percent DNFB in olive oil, and read 24 hours later.

Grading System for Skin Test

0 no detectable reaction 

+ questionable erythema 

1-f patchy erythema 

2+ homogeneous erythema 

3+ homogeneous erythema, edema

4f erythema, edema, induration, center area sometimes blanched

and edges marked by red rim.

Only guinea pigs showing at least 2+ reaction were used as sensi

tized cell donors.

Skin Grafting Procedure 

The technique of Bonfiglio, Jeter and Ostrander (37) was used. 

Skin donor (Rockefeller and Hartley strain) and recipient guinea pigs 

(Amana strain, 500-570 grams) were anesthetized with sodium pentobarbital 

(30 mg/ml/kg body weight) by the intraperitoneal route. Ether was used 

when necessary. The whole operation was done with sterile technique.
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For both graft donor and recipient, the skin area to be used was 

clipped free of hair and cleaned with two percent amphyl followed by 70 

percent alcohol. All skin.grafts removed were full thickness, and the 

final graft size was about one cm square.

From guinea pig donors, the skin dorso-lateral aspect of the . 

lower trunk was removed and trimmed of excessive fat and connective 

tissues. Each skin graft was put in a sterile petri dish containing 

Hanks1 balanced salt solution-soaked filter paper.

Each guinea pig recipient received two grafts from the test 

donor on each side of the homologous area with the donor. The graft 

beds were prepared by removing the same size of full thickness square 

of skin keeping panniculus dorsum intact. The first immediate dressing 

applied over the graft was 3M Blenderm surgical tape in order to protect 

the graft from dehydration, to hold it down with slight pressure and to 

prevent slippage. The next step was to cover the tape with gauze pads 

followed by adhesive plaster.

The first graft inspection (and change of dressings, if necessary) 

was done on the fifth day after operation. Inspections were then made 

daily thereafter. Macroscopic examination was made and graft rejection 

was noted when it lost the ability to bleed when scraped with a scalpel 

blade. The changes of color, the integrity of epidermis and dermal 

layers was also observed.

Collection of Lymphocytes

Thymuses >and lymph nodes of freshly killed Amana strain guinea 

pigs were aseptically excised and placed into Hanks' balanced salt



solution. In chemically sensitized animals, only suprascapular, 

axillary, and deep cervical nodes were used. After trimming of fatty 

tissue, the organs were cut and gently minced on a sterile wire screen 

held over a sterile mortar. The cells were rinsed through the screen 

with Hanks1 balanced salt solution. The resulting cell suspensions were 

washed twice and collected in Hanks’ balanced salt solution by centrifuga

tion at 750 x g,10 min. Viable counts of such cell suspensions by trypan 

blue exclusion technique (38) were in the range of 90-98 percent. Total 

cell counts were done by using Wright stain and Janus Green-Neutral Red 

supravital staining (39).

Blood was obtained by cardiac puncture of Amana strain guinea 

pigs. Sodium heparin was added (10 units/ml of blood) and mixed 

thoroughly. The blood was then centrifuged to obtain buffy coat which 

in turn was overlayed on a mixture of methylcellulose (Methocell-Dow 

Chemical Co.) and sodium diatrizoate (Winthrop Laboratories, Park 

Avenue, New York) employing the method of Hulliger and Blazkovec (40),

The white top layer was carefully removed and washed twice with Hanks’ 

balanced salt solution. Total, differential and viable cell counts 

were made as above. In few instances, when low purity of lymphocytes 

was obtained, the cell suspension was passed through a siliconized glass 

column containing siliconized glass wool and #100 superbrite glass beads.

Production of Antisera

Rabbit Anti-guinea Pig Lymphocyte Sera

Rabbits were immunized subcutaneously along the back with 2,0 ml 

containing 40-500 million lymphocytes. No more than 0.2 ml was injected
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in each site. Ten days later, they were immunized intravenously with 

2.0 ml containing 30-100 million lymphocytes. The animals were test 

bled one week later. Lymphocytotoxicity studies against homologous 

sources of lymphoid cells were carried out. However, animals showing 

a titer of less than 128 were reimmunized again once or twice intra

venously with 35-100 million cells and test bled seven days later.

In all cases, the animals were exsanguinated by cardiac puncture. 

The sera were collected and stored at -20 C.

Sources of lymphoid cells for production of AJ-.S included thymus, 

lymph node, blood from untreated guinea pigs and lymph node from DNFB- 

sensitive guinea pigs.

Rabbit Anti-guinea Pig Brain Sera

The method employed was outlined by Golub (41). Rabbits were 

.injected subcutaneously with 2.0 ml of Amana guinea pig brain suspension 

in Hanks1 balanced salt solution (no more than 0.2 ml/site). Ten days 

later, they were injected subcutaneously using the same dose and test 

bled one week later. In all three rabbits immunized, the lymphocyto- 

toxicity titer against thymus cells was 32 and required two more boosts 

with 3.0 ml of brain suspension in incomplete Freund1s adjuvant.

The animals were sacrificed and the sera were collected and 

stored at -20 G as above.

Adsorption of Antisera 

All antisera produced and their pooled pre-bleeding normal 

rabbit sera were adsorbed one or more times if necessary with sterile.
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freshly washed, packed guinea pig erythrocytes in a ratio of 20:1 (V/V), 

followed by adsorption with sterile, freshly washed packed sheep 

erythrocytes in a ratio of 10:1 (V/V), The adsorptions were carried out 

at 4 C for 30 min.

Hemagglutination 

The direct hemagglutination test was employed (42) using a 

microtiter technique. To 0.025 ml of heat inactivated (56 C, 30 min) 

twofold dilutions of antiserum, equal volumes of a two percent guinea 

pig red cell suspension was added. After gently mixing, the mixtures 

were incubated at 37 C for 30 min. The reactions were observed and read 

after incubation and the following day as follows:

+ compact granular agglutination of diffuse film of agglutinated 

cells covering the bottom of the tube; edges of film either 

folded or somewhat ragged.

+ narrow ring of cells surrounding a diffuse film of agglutinated 

cells.

- heavy ring of cells or discrete smooth button of cells in 

center of well.

Titer was expressed as the reciprocal of the highest dilution of 

antisera showing positive hemagglutination.

Pooled pre-immunization normal rabbit serum and saline were run 

as controls.



Heterophile Antibody Test 

The test was performed according to the technique of Burrell and 

Mascoli (42) with minor modifications for use in the microtiter tech

nique. In short, the basic procedure and recording of the reaction were 

similar to the hemagglutination test described earlier. However, a 

three percent sheep red cell suspension was used in place of two percent 

guinea pig red cells.

Gamma Globulin Separation by 
Salt Fractionation

Gamma globulin fractions of each antiserum produced and pooled

normal rabbit serum were obtained by three precipitations of sera (4 C)

with saturated ammonium sulfate solution at 50 percent, 33 percent and

33 percent saturation respectively with final resuspension to one-third

of the original volume, and dialyzed exhaustively against 0.01 M

phosphate buffered-saline, pH 7.4. The protein fractions were kept in

small aliquots in sterile sealed ampoules at -20 C. The purity and

identification of the fractions were determined by immunoelectrpphoresis

against goat anti-rabbit whole serum (Hyland).

Lymphocytotoxicity 

The cytotoxic activity of the antiserum (or its gamma globulin 

fraction) was determined by a microtiter technique as a modification of 

the method of Woodruff, Anderson and Abaza (43). The test was performed 

by adding 0.025 ml of two-fold dilutions of heat inactivated (56 C, 30 

min) antiserum to a 0.2 ml suspension of test lymphocytes containing 

0.025 x 10^ cells in a siliconized microtiter plate. Undiluted guinea
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pig serum (0.025 ml) was then added to the mixture. The final incuba

tion was one hour with intermittent mixing. After incubation, the re

actions were stopped by placing the plate on an ice bath. Using the dye 

exclusion technique by adding 0.4 percent trypan blue in Hanks1 balanced 

salt solution, a microscopic count in a hemocytometer of viable (un

stained) and dead (stained) cells from each sample was made. Based on 

the total number of viable cells in the normal rabbit serum control, the 

titer was taken as the reciprocal of the highest ALS dilution showing at 

least 20 percent cytotoxicity.

In addition, control tubes containing cells plus complement and 

cell suspension alone were always included. None of the control tubes 

showed significant cytotoxicity.

Lymphagglutination

The test was performed as outlined by Greaves et al. (44). One- 

tenth ml of two-fold dilutions of heat inactivated. (56 C, 30 min) anti

serum was added to each ml of test lymphocyte suspension (1 x 10^ cells 

in Hanks1 balanced salt solution) in siliconized tubes. The mixtures 

were incubated at 37 C in a water bath for one hour. The tubes were 

then placed in ice and samples were counted in a hemocytometer. The 

number of free unaggregated cells was determined. The percentage of 

agglutination was calculated using the following formula:

% Lymphagglutination =

Total number of cells counted - number of free cells
Total number of cells counted X
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1 Titer was expressed as the reciprocal of the highest dilution 

of antiserum giving more than 20 percent agglutination.

The two control tubes consisted of (a) cell control (test 

lymphocytes in Hanks1 balanced salt solution) and (b) normal rabbit 

serum control (NRS) plus test lymphocyte suspension were included with 

each experiment, Neither tube exhibited more than seven percent - 

agglutination.

Complement Fixation Test 

The method of McKee and Jeter (45) was used to determine the 

complement-fixing activity of each antiserum. In a microtiter plate, 

0.025 ml of test lymphocyte suspension was added to 0.025 ml of heat 

inactivated (56 C, 30 min), two-fold dilutions of each antiserum. 

Complement (guinea pig serum) was then added in 0.025 ml containing two 

full units and the mixtures were incubated at 37 C for 30 min. After 

incubation, 0.05 ml of sensitized sheep red cells was added to each well 

acting as the indicator system, The complement fixation titer was ex

pressed as the highest dilution of antiserum showing no hemolysis of the 

sensitized sheep red cells.

In addition to the conventional titrations of hemolysin and 

complement used in the complement fixation test, the antigen titration 

were also done for different sources of test lymphocytes against homolo

gous antisera in order to determine the optimal number of lymphocytes 

that give the maximum fixation. The standardized concentrations of test 

lymphocyte used in the experiment were found to contain no anticomple- 

mentary activity.
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Normal rabbit serum was tested as a control in each experiment 

and showed no anticomplementary activity.

Lymphopenia Study 

Groups of Amana strain guinea pigs receiving both ALG and skin 

allografts, pre-immunization normal rabbit globulin (NRG) and untreated 

controls according to the schedule to be mentioned under "prolongation 

of first set skin allografts by ALG" were bled by nicking the ear vein 

using a sterile lancet at various time intervals. Total and differential 

white counts were done as described earlier.

Prolongation of First Set Skin 
Allografts by ALG

Amana strain guinea pigs (500-570 grams) were injected intra- 

peritoneally with one ml of a 1:2 dilution of ALG every day from day -2 

to day +3 and then every other day until grafts were rejected. Grafting 

was done on day 0 with skin from Rockefeller and Hartley strain guinea 

pigs. The same donor was used throughout the whole experiment. Un

treated guinea pigs and one guinea pig treated with pre-immunization NRG 

were used as controls.



RESULTS

Antibody Determinations

Hemagglutination

Hemagglutination titrations were used to determine the amount of 

rabbit antiguinea pig erythrocyte antibodies in each antiserum prepared. 

The hemagglutination titers ranged from 4 to 256. Peripheral blood 

lymphocytes proved to be the most contaminated source, since two antisera 

prepared against them (#5, #7) exhibited the highest titer of 256.

Pooled normal rabbit serum contained no detectable antibodies to guinea 

pig erythrocytes, Adsorption of each antiserum with washed, packed 

normal guinea pig erythrocytes removed this hemagglutinating activity 

(Table 1).

Heterophile Antibody

Heterophile-hemagglutinin titrations were done to determine the 

amount of heterophile antibody in each antiserum. The titers ranged from 

0-128 (Table 1). Antisera prepared against lymph node cells (#1, #15) 

showed the highest titer of 128. One antiserum prepared against thymus 

cells showed no titer. Pooled normal rabbit serum contained no demon

strable heterophile antibody. Adsorption with washed, packed sheep 

erythrocytes completely removed this type of antibody from all sera 

(Table 1).

16
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Table 1. Hemagglutination and Heterophile Titers3 of ALS Before and 
After Red Cell Adsorptions.

Antisera
Number

Hemagglutination Heterophile 
Before After Before After

4 As(thy)k 128 4 16 0

9 As(thy) 128 0 0 0

11 As(thy) 16 2 < 4 0

5 As(bl)C 256 0 32 0

7 As(bl) 256 0 16 0

12 As(bl) 32 8 ' 4 0

10 As(br)d \ 4 0 8 0

13 As(br) 64 0 4 9

17 As(br) 8 4 8 0

1 As(node)6 64 0 128 O'

8 As(node) 128 0 32 0

14 As(node) 16 0 16 0

2 As(DNFB)f 32 2 16 0

3 As(DNFB) 16 2 32 0

15 As(DNFB) 16 2 128 0

Pooled norma1- 
rabbit serum 0 0 0 0

aTiter is reciprocal of final dilution causing agglutination.
^Antiserum against normal thymus cells.
CAntiserum against normal blood lymphocytes. 
dAntiserum against brain suspension from untreated guinea pigs. 
eAntiserum against normal lymph node cells.
f -Antiserum against DNFB-sensitized lymph node cells.
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In order to test whether the gdsorptions of the red cell anti

bodies described above would interfere or contribute to the lymphocyto- 

toxic property of the antisera, the lymphocytotoxicity titer of each 

antiserum was determined with the homologous lymphoid cells before and 

after red cell adsorptions. The results shown in Table 2 indicated that 

these antibodies to antigenic components of guinea pig tissues and 

erythrocytes could be selectively adsorbed without interfering signifi

cantly with the lymphocytotoxic property of the antisera.

Lymphocytotoxicity studies were carried out on all crude globulin 

fractions and their corresponding whole antisera to determine whether 

their cytotoxic properties were altered due to the gamma globulin frac

tionation process. Each globulin fraction and its corresponding 

antiserum was titrated at the same time using the same lymphocyte 

population with homologous source as that employed for the production 

of antiserum. Antisera to brain suspension and their globulin fractions 

were tested against thymus cells. The results presented in Table 3 

indicated the loss of antibody protein in some globulin preparations.

This lymphocytotoxicity study also served as a baseline for in vitro and 

in vivo characterizations of the antisera and their crude globulin 

fractions,

In Vitro Characterization of Antisera

The jln vitro activities of individual sera are listed in Table 4. 

Lymphocytotoxicity, lymphagglutination, and complement fixation test 

were the three in vitro testa employed to assay the potency of each 

antiserum. The lymphocytes used for all test assays were from normal



Table 2. Lymphocytotoxicity Titers3 of ALS Before and After Red Cell 
Adsorptions.

Antisera
Number Before After

4 As(thy)k 64 64
9 As(thy) 256 256

11 As(thy) 256 128
5 As(bl)C 64 32
7 As(bl) 16 16
12 As(bl) < 32 16
10 As(br)d 64 64
13 As(br) 256 128
17 As(br) 32 16
1 As(node)6 512 256
8 As(node) 128 64

14 As(node) 256 64
2 As(DNFB)f 32 32
3 As(DNFB) 64 32

15 As(DNFB) 128 128

^Titers determined with homologous lymphoid cells. Titer is reciprocal 
of highest dilution causing 20 percent cytotoxicity,

^Antiserum against normal thymus cells.
CAntiserum against normal blood lymphocytes,
^Antiserum against brain suspension from untreated guinea pigs. 
Antiserum against normal lymph node cells.
fAntiserum against DNFB-sensitised lymph node cells.
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Table 3» Lymphocytotoxicity Titers3 of ALS and Its Corresponding ALG»

Antisera 
Number ALS ALG

4 As(thy)k 64 64
9 As(thy) 256 256

11 As(thy) 128 512
5 As(bl)C 32 64
7 As(bl) 16 16
12 As(bl) 16 . 16
10 As(br)d 64 64
13 As(br) 128 128
17 As(br) 16 16
1 As(node)6 256 512
8 As(node) 64 256

14 As(node) 64 512

^Titers determined with homologous lymphoid cells. Titer is reciprocal 
of highest dilution causing 20 percent cytotoxicity.

^Antiserum against normal thymus cells.
CAntiserum against normal blood lymphocytes.
^Antiserum against brain suspension from untreated guinea pigs, 
eAntiserum against normal lymph node cells.



Table 4. In Vitro Titrations of Antisera Against Lymphoid Cells.a
1   - f

Antisera
Number

Lymphocytoxicity Titer Lymphagglutination TiterC Complement . ; d Fixation Titer
Thymus Blood Lymph 

Node .
Thymus Blood Lymph

Node
Thymus Blood Lymph . 

Node

4 As(thy)^ 64 8 16 16 8 4 16 8 8
9 As(thy) 256 16 32 1024 16 64 16 8 16

11 As(thy) . 128 64 32 64 32 8 16 8 i s
5 As(bl)£ 8 32 16 256 256 16 I 16 64 32
7 As(bl) 8 16 16 256 256 16 8 16 8

12 As(bl) 64 16 16 64 32 128 16 64 32
10 As(br)8 64 8 16 256 64 8 64 8 . .16
13 As(br) 128 64 64 512 16 8 128 16 64
17 As(br) 16 32 8 32 256 8 16 8 .16
1 As(node)h 64 64 256 32 16 32 I 8 8 32
8 As(node) 128 64 64 32 8 64 ! 16 4 32

14 As(node) 32 32 64 16 16 8 8 4 16
2 As(DNFB)1 64 32 16 ; 512 4 8 j 16 16 32
3 As(DNFB) 16 8 64 . 128 16 * ■ 8 8 32

15 As(DNFB) 16 32 128 128 64 16 16
8 16

T

aThe titers presented represent the mean of two separate assays; titers! 
determined with lymphocytes from untreated animals.

^Titer is reciprocal of highest dilution causing 20 percent cyto- j
toxicity. j

CTiter is reciprocal of highest dilution causing more than 20 percent |
agglutination,

^Titer is Reciprocal of highest dilution showing no hemolysis of 
sensitized sheep red cells. ,

6Antiserum against normal thymus cells.
£ iAntiserum against normal blood lymphocytes.
gAntiserum against brain suspension from untreated guinea pigs. 

^Antiserum against normal lymph node cells.

^Antiserum against DNFB-sensitized lymph node cells.
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Amana strain guinea pigs collected from three sources, namely, thymus, 

blood and lymph node.

Figure 1 summarizes the in vitro titrations of the individual 

sera. All test systems showed a considerable range of activity depend

ing upon the type of the in vitro test, type of antisera and type of 

test antigen or target cell.

For all three antisera, investigated, antisera against normal 

thymus cells exhibited a significantly higher cytotoxic property against 

thymus cells, blood lymphocytes and lymph node cells than did the comple

ment fixation test (p < 0.05, Figure 1A). These antisera also demon

strated specificity towards homologous sources of test lymphocytes as 

used to prepare the antisera (p < 0.05, Figure IB).

All three antisera prepared against DNFB-sensitized lymph node 

cells demonstrated little difference in their cytotoxic, agglutinating 

and complement fixing activities against all three test lymphocyte 

suspensions. These antisera demonstrated the same degree qf in vitro 

activities as antisera prepared against normal lymph node cells 

(Figure IB). In addition, no significant difference in lymphocytotoxic 

titer could be detected when testing the antisera against lymph node 

cells from normal guinea pigs as compared to against lymph node cells 

from DNFB-sensitive guinea pigs.

Antisera prepared against normal lymph node cells showed a 

similar picture as with antisera to thymus cells and antisera to DNFB- 

sensitive lymph node cells using jLn vitro tests (Figure 1A) .
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Figure 1(A)
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Figure 1. In Vitro Characterization of Antisera. -- (a) Anti- 
serum against normal thymus cells; (b) Antiserum 
against DNFB-sensitized lymph node cells; (c) 
Antiserum against normal lymph node cells; (d) 
Antiserum against normal blood lymphocytes;
(e) Antiserum against brain from untreated guinea 
pigs.
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Antisera prepared against blood lymphocytes showed an appreciably 

higher titer of lymphagglutination against all sources of target cells 

than the other two tests employed (p < 0.05, Figure 1A). However, all 

antisera showed no significant difference in titers when" tested against 

different target cells. This was true in all test systems (Figure IB).

Antisera prepared against brain suspension exhibited a signifi

cant specificity towards thymus cells in comparison to blood lymphocytes 

and lymph node cells (p <0.05, Figure IB) regardless of the type of 

in vitro test.

In these experiments, the complement fixation test appeared to 

be a less sensitive test for measuring ALS activity with titers much 

less than those of lymphocytotoxicity and lymphagglutination against 

thymus cells and blood lymphocytes as target antigens (p < 0.05). The 

lymphocytotoxicity and lymphagglutination titers obtained against thymus 

cells ranged from 8-256 and 16-1024 respectively, while complement fixa

tion titers were in the range of 8-16 with two exceptions. Antisera 

against brain displayed titers of 64 and 128. When using blood lympho

cytes as test antigen, lymphocytotoxicity titers showed a titer range of 

8-64; lymphagglutination titers of 8-256; and the majority of complement 

fixation titers of 4-16 with two exceptions of antisera against blood 

lymphocytes exhibited titer of 64 (Table 4). In contrast, lymph node 

cells employed as target cells did not influence any of the in vitro 

tests employed.
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In Vivo Characterization of Antisera

Lymphopenia Study -

This experiment was carried out to determine the in vivo effect 

of each antiserum produced upon circulating lymphocytes in the peripheral 

blood. After receiving a single one ml injection of 1:2 dil of gamma 

globulin fraction, normal rabbit globulin-treated guinea pig demonstrated 

a 28 percent decrease of lymphocytes at eight hours after treatment.

When animals were treated with ALG against blood lymphocytes or ALG 

against brain, 50 percent lymphopenia observed at three hours and eight 

hours respectively. The untreated control animal demonstrated 28 percent 

lymphopenia at eight hours. Administration of ALG against thymus cells 

resulted in a significant peripheral lymphopenia of 70 percent below the 

pre-injection level at eight hours after treatment (p < 0.05). Antiserum 

against DNFB-sensitized lymph node cells caused a similar but more pro

found effect of 92 percent lymphopenia at 8-12 hours. ALG against normal 

lymph node cells also caused a significant 60 percent reduction of 

peripheral lymphocytes at three hours after injection. In all cases, 

the number of lymphocytes began to rise towards their pre-injection 

levels at 24 hours after treatment, and their declines were associated 

with polymorphonuclear leukocytosis.

Figure 2 summarizes the effect of multiple administrations of 

ALG upon peripheral lymphocytes in homografted animals. Through the 

whole course of the experiment, normal rabbit globulin-treated animal 

yielded peripheral blood lymphocyte counts in a similar pattern to the
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Figure 2. Blood Leukocyte Counts of Guinea Pigs Receiving Multiple Injections of ALG. —  
(a) Untreated control; (b) normal rabbit globulin; (c) ALG against normal thymu 
cells; (d) antiserum against DNFB-sensitized lymph node cells; (e) ALG against 
normal lymph node cells; (f) ALG against normal blood lymphocytes; (g) ALG 
against brain suspension from untreated guinea pigs.



untreated control. In addition, the animals treated with ALG against 

blood lymphocytes and ALG against brain suspension did not show any 

appreciable reduction of peripheral lymphocytes. Animals treated with 

ALG against thymus cells showed a significant lymphopenia at eight hours 

after the first injection and retained some of its activity until the 

last day of skin graft survival showing 26 percent lymphocyte reduction. 

Antiserum to DNFB"sensitive lymph node cells showed a similar pattern 

but more profound and more prolonged effect through the first 24 hours 

observation during which the count remained about 79 percent below the 

pre-injection level. Upon prolonged treatment, however, antiserum to 

DNFB-sensitive lymph node cells exerted the same effect as ALG against 

thymus cells retaining 26 percent lymphopenia on the last day of skin 

graft survival. In comparison to ALG against normal lymph node cells, 

antiserum to DNFB-sensitive lymph node cells appeared to cause a more 

profound and more prolonged lymphopenia than ALG against normal lymph 

node cells during the first 24 hours. The latter showed a significant 

60 percent lymphopenic effect at three hours after the first injection 

and then the count rapidly rose towards its original value in eight hours 

However, upon prolonged treatment, both types of antisera did not demon

strate any significant difference of their in vivo effect on peripheral 

lymphocytes (p > 0.05).

Prolongation of First 
Set Skin Homografts

Table 5 shows the average and net survival time of Rockefeller 

and Hartley skin grafts "on Ainana strain guinea pigs repeatedly treated
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Table 5. The Effect of Heterologous ALG on Skin Graft Prolongation,

Treatment Day of Rejection of Skin Graft 
Rockefeller Graft Hartley Graft

Mean Graft Survival 
Time (days)

Untreated 10 9 9.5

Normal
rabbit
globulin 12

.

10 11.0

ALG (thy)3 15, 19, 20 16, 18, 18 17.7

As (DNFB)b 15, 17 16, 19 16.8

ALG (node)C 13, 17 14, 16 15.0

ALG (bl)d 13, 14, 14 12, 14, 15 13.7

ALG (br)e 11 11 11,0

3ALG against norma 1 thymus cells.

bAntiserum against DNFB-sensitized lymph node cells.

CALG against normal lymph node cells.

dALG against normal blood lymphocytes,

3ALG against brain suspension from untreated guinea Pigs,
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with ALG, as compared to the untreated animal and animal treated with 

normal rabbit globulin. The mean graft survival times of the untreated 

animal and the animal treated with normal rabbit globulin were 9 «,5 and 

11 days respectively, as expected, since the normal rejection time of 

this strain is in the range of 9-14 days (46).

Antiserum prepared against lymph node cells from DNFB-sensitive 

guinea pigs significantly prolonged the survival of Rockfeller and 

Hartley strain skin grafts on Amana recipients as compared to the two 

control systems. However, it did not differ appreciably in activity 

from antiserum produced against normal lymph node cells and thymus cells 

(p > 0.05). ALG against normal thymus cells exerted the longest average 

graft survival time of 17.7 days in both species on guinea pig recipients 

as compared to 16.8 and 15 days obtained when antiserum against DNFB- 

sensitive lymph node cells and ALG against normal rabbit lymph node cells 

were used.

Antiserum prepared against blood lymphocytes exerted the least 

effect on skin graft survival in this experiment with a net range sur

vival of 12-15 days.

Anfiserum prepared against brain suspension showed no in vivo 

immunosuppressive activity in regard of the homograft survival system.

The mean survival time of skin homografts tested was 11 days, a value 

not significantly different from the control.



DISCUSSION

o
With the exceptions of antisera to thymus cells and to brain, 

which demonstrated strong reactivity towards thymus cells, the various 

in vitro data suggest that there is no significant effect of heterologous 

ALS upon the three sources of target lymphocytes employed in any in vitro 

test assay. This may reflect the heterogeneity of the test lymphocyte 

population, especially in regard to the number of thymus-dependent (T) 

and bone-marrow dependent (B) lymphocytes, and a higher degree of purity 

of thymus cells as a stimulating antigen for production of antisera.

It is likely that in all cases a degree of lymphopenia occurred 

in its recipient during 3-8 hours after ALS treatment. However, this 

effect was only transient upon prolonged administration suggesting a 

relatively rapid rate of recovery of lymphocytes in the peripheral blood 

of guinea pigs in which large number of,new lymphocytes are consistently 

being introduced into the circulation. Since the number o.f blood lympho

cytes returns to normal or near normal level before the last day of skin 

homograft survival, this experiment supports the concept that small, 

long-lived lymphocytes responsible for cell-mediated graft rejection are 

eliminated by ALS and probably are replaced by the short-lived peripheral 

blood small lymphocytes (47).

The effect on skin homograft prolongation of the various ALG and 

ALS preparations does not favor any superiority of one source of .

30 /
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lymphocyte as an antigen over the others. As for the choice of antigen 

for the production of ALS, however, thymus and lymph node cells would 

rank in a preferential order over blood in regard to ease of processing.

Antilymphocyte serum has been a very useful investigative re

agent. We hoped that it might be possible to produce an antiserum that 

would be selectively directed against a fraction or clone of immunologi

cally competent cells that have become sensitized to the antigens in the 

transplanted tissue or will become sensitized to them among the total 

population of lymphocytic cells. This would be an approach to suppress 

the response to a single antigen or constellation of antigens, and leave 

other immune responses intact. In this experiment, DNFB-sensitive lymph 

node cells were used as source of sensitized lymphocyte because of a 

property of DNFB being a chemically defined hapten and a potent chemical 

sensitizer. In regard to the homograft system, very few works have been 

reported and the results are contradictory. Miller, Tanner and Cohen 

(48) prepared ALS against mouse lymph node cells draining third-set skin 

homograft which showed a stronger effect on first-set skin homograft 

survival (17-27 days) when compared to ALS against normal mouse lymph 

node cells (14-17 days). The latter, however, demonstrated a stronger 

lymphopenic effect. Both types of antisera showed an equal degree of 

in vitro lymphagglutination (48). This work had also been supported in 

guinea pig system (49). In contrast, Lawson and co-workers (50) could 

not demonstrate a significant difference in the kidney homograft sur

vivals in dogs upon treatment with two types of antisera which were ALS 

specific for "sensitized" thoracic duct lymphocytes taken 3-4 days after
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transplantation from dogs that were actively rejecting a kidney homograft 

versus ALS against thoracic duct lymphocytes from normal or "nonsensi

tized" dogs. Both types of antisera also showed a similar degree of 

in vivo lymphopenia and in vitro lymphagglutination (50). The results 

obtained in this experiment indicated that antiserum produced against 

lymph node cells from DNFB-sensitized guinea pigs was no more effective 

than ALS against lymph node cells from normal animals in the skin homo- 

graft survival, in vitro activities and Ln vivo lymphopenia. After 

appropriate adsorption with normal homologous lymphoid cells, antiserum 

to DNFB-sensitive lymph node cells had been shown to lack biological 

activity in the homograft system (51). This may be explained by the 

specificity of the antiserum directed only against the population of 

lymphocytes that had become specifically sensitized to DNFB.

The present study included tests of heterologous antisera to 

guinea pig brain because of recent findings in other species. keif and 

Allen (52) showed that the 9 alloantigen appears only on cells of the 

thymus and in the brain of the mouse. Therefore, a rabbit antiserum 

prepared against mouse brain might contain some antibody which is sper. 

cific for thymus cells namely cells bearing the 9 antigen. Golub (41) 

then demonstrated the in vitro cytotoxic property of this rabbit anti

mouse brain sera which was most effective against thymus cells, about 

30 percent killing of spleen cells and no cytotoxicity against pone 

marrow cells. The preliminary data obtained in this paper also indi

cated significantly strong reactivity against thymus cells and a con

siderable degree of reactivity against blood lymphocytes and lymph node
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cells in all three jLn vitro test systems. These data suggest a possible 

shared reactivity between the brain and lymphoid cells possibly due to a 

shared antigen. The In vivo characterizations were then carried out on 

the same antiserum in order to determine its immunosuppressive effect, 

if there is any. Rabbit anti-guinea pig brain serum exhibited no 

significant lymphophenia and failed to prolong skin homografts. These 

results suggest a lack of immunosuppressive, ALS-like effect of the 

anti-brain serum as far as this system is concerned. The in vivo 

results also support the lack of relationship between each in vitro test 

employed and the immunosuppressive potency of antisera. In addition, 

we agree with other workers whose rabbit antimouse brain sera failed 

to prolong tail skin homograft survival (53). Thus, the immuno

suppressive effect of heterologous ALS may rely on its antibody(s) 

directed against lymphoid cell surface antigen(s) not shared by brain.

Finally, this preliminary attempt to produce an ALS that was 

directed against specific target cells responsible for graft rejection 

was not successful.
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