
Roles of transfer factor in allograft
transplantation in guinea pigs

Item Type text; Thesis-Reproduction (electronic)

Authors Murray, Henry Edward, 1946-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:00:53

Link to Item http://hdl.handle.net/10150/348027

http://hdl.handle.net/10150/348027


ROLES OF TRANSFER FACTOR. IN ALLOGRAFT 
TRANSPLANTATION IN GUINEA PIGS

by
Henry Edward Murray

A Thesis Submitted to the Faculty of the
DEPARTMENT OF MICROBIOLOGY AND MEDICAL TECHNOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of
MASTER OF SCIENCE 

.WITH A MAJOR IN MICROBIOLOGY
1 In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  7 6



STATEMENT- BY AUTHOR

This thesis has been submitted in partial fulfillment 
of requirements for an advanced degree at The University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library =

Brief quotations from this thesis are allowable with
out special permission, provided that accurate acknowledgment 
of source is made. Requests for permission for extended quo
tation from or reproduction of this manuscript in whole or 
in part may be granted by the head of the major department 
or the Dean of the Graduate College when in his judgment the 
proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be 
obtained from the author.

SIGNED;

APPROVAL BY THESIS DIRECTOR 
This thesis has been approved on the date shown below:

WAYBURN/S. JETER 
Professor Vfr^Microbiology and 

Medical Technology
‘Date



ACKNOWLEDGMENTS

I would like to express appreciation to my wife, 
Marjorie, for her patience and understanding throughout this 
study. In addition, I thank my major professor. Dr. Wayburn 
S., Jeter, for his timely assistance in the planning of this 
work. Gratitude is expressed to Dr. George B . Olson and Dr. 
Robert N. Ferebee for their encouragement and advice.
Finally, I thank Dorothy Lewis, who gave of her time to assist 
in all experiments.



TABLE OF CONTENTS

Page
LIST OF TABLES a o * * * @ ® © © © © © ©. © © © © v
LIST OF ILLUSTRATIONS © . . . . © . . « .  vi
ABSTRACT vii

INTRODUCTION © © © © © © © ©■ © © © © © © © © © © © © © 1
Concepts of Transplantation « . © . © . . © © © © © 1
In vitro Model for Allograft Rejection . . . . .  . 5

MATERIALS AND METHODS . . . © . © © . © . © . . . . . 9
Animals 9
Sensitization ©     . © . 9
Collection of Peritoneal Exudative Cells . . . . .  11
Collection of Lymph Node and Spleen Cells . . . . .  11
White Cell Enumeration . . © . . . . . © © . . . . 12
Preparation of Transfer Factor from Whole Cells and

Cellular Incubation Fluids 12
Preparation of Transfer Factor from Cell Lysates . 13
Passive Transfer Recipients . © .  ........ .. © . 13
Preparation of Cell Culture M e d i u m ..........  14
Preparation of Ficoll-Hypaque Solution 14
Technique for Lymphocyte Separation......... © - . . 15
Treatment with Mitomycin C ..............   15
Culture Technique 16
Use of Transfer Factor in Culture . . . . . . . . .  17
RNA and Protein Determinations . . . . . , . . . ©  17
Statistical Analysis of Data . . . . . . . . » © *  18

EXPERIMENTAL RESULTS . . . . . . . . . . . . . . . . .  19
In Vivo Passive Transfer  ............   19

. Mixed Leucocyte Culture . . . . . . . . . . . . . .  24
DISCUSSION . . . . . . .    . . . . . . . . . .  29
CONCLUSION . . . . . . . . . . . . . . . . . . . . . .  36
LITERATURE CITED  ..........  37

iv



LIST OF TABLES

Table
1.

2.

3.

Skin allograft sensitivity of outbred guinea 
pigs with Wright Strain 2 and Strain 13

S  a e o e e o o o - e e e 0 0 o o' o . 0 o 0 o

Passive transfer of skin allograft sensitivity 
in guinea pigs with peritoneal exudative cells 
and cellular incubation fluids . . . . . . .  .
Passive transfer of skin graft sensitivity in 
guinea pigs with dialyzed lysate from incubated 
peritoneal exudative and lymph node cells, 
spleen cells and dialyzed cellular incubation 
fluids with concentrations of protein and RNA 
determined for each injection . . . . . .  . . .
Mixed leucocyte cultures using various stimu
lator leucocytes from graft donors and transfer 
factors produced in allograft sensitized 
recipients . . . . . . . . . . . . . . . . . .

Page

20

22

23

27

v



LIST OF ILLUSTRATIONS

Figure
1. Tritiated thymidine uptake in skin allografted 

guinea pig responder lymphocytes cultured in 
the presence of mitomycin-blocked Strain 2



ABSTRACT

Groups of outbred guinea pigs received skin allo
grafts from a single donor. These recipients received a 
second—set graft On Day 20. When the second-set grafts were 
rejected, these animals were sacrificed and peritoneal ex
udative cells, regional lymph node cells, and spleen cells 
were collected. Cellular incubation fluids were obtained by 
incubating cells in Hanks' balanced salt solution. In some 
experiments, passive transfer of skin allograft sensitivity 
was accomplished with viable peritoneal exudative cells and 
lymph node cells, as well as with cellular incubation fluids. 
Passive transfer could also be effected by dialyzed peri
toneal exudative and lymph node lysates, spleen cell lysates, 
and dialyzed incubation fluids.

Protein and RNA concentrations were determined on the 
materials collected. Correlation of these substances with 
active transfer factors was not shown. However, this does 
not negate the possibility, as indicated by other research- • 
ers, that transfer factor is polypeptide-polynucleotide in 
nature.

The mixed leucocyte culture was evaluated as a useful 
tool in measuring the graft recipients' response to sensiti
zation. The addition of transfer factor to the mixed

vii
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leucocyte culture was done to determine specificity and the 
ability for transfer factor to accelerate naive lymphocytes 
into blastogenesis in vitro. Transfer factors used in these 
experiments were shown to lack the ability to accelerate a 
specific response when tested in vitro.



INTRODUCTION

Concepts of Transplantation 
Transplantation of tissues or organs has been a sub

ject of interest for centuries. It was elevated to a true 
scientific status only in the present century, however. In , 
1930, Loeb (1) studied the different aspects of grafting, and 
stated that transplantation had.become an instrument for the 
analysis of individuality. Medawar (2, 3) offered the first 
systematic approach to the study of skin allograft rejection. 
He described the host's response to the initial graft and 
observed that rejection takes place on the 10th to 12th day 
after skin transplantation. When a second graft was applied 
to the same host, he observed an accelerated rejection 
process. The graft was rejected on the 6th. to 7th day. As 
a result of this "second-set response," Medawar suggested 
that graft rejection was immunological in nature.

The role of the immune response associated with the 
rejection phenomenon became an area of much experimental 
work. Bonfiglio, Jeter and Smith (4) performed bone trans
plantation studies and reported findings similar to Medawar's 
observation of secondary skin grafts. They noted that the 
histological response to the foreign tissue was similar to 
that seen in delayed hypersensitive reactions, but they were

1



also able to demonstrate the presence of humoral antibodies 
to bone extracts as a result of immunization with bone ex
tracts. Other investigators have also shown the presence of 
antibodies as a result of skin transplantation. Gorer and 
Mikulska (5) and Gorer and O'Gorman (6) detected antibody 
responses by the hemagglutination procedure, and by hemolysis. 
Amos (7) demonstrated antibody formation by red cell aggluti
nation. Reif and Norris (8) and Terasaki et al. (9) used 
the cytotoxicity reaction to demonstrate the presence of 
antibodies. With sufficient evidence that antibodies are 
in fact formed as a result of transplanatation, several in
vestigators have attempted passive transfer of immunity 
against skin allografts with serum from hyperimmunized donors 
(10, 11, 12, 13, 14, 15, 16). However, all these investi
gators were unable to transfer transplantation immunity.

The first real evidence that the rejection process 
is cell-mediated rather than humoral was demonstrated by 
Algire, Weaver and Prehn (17) . They were able to show that 
implants in contact with host cells and tissues were de
stroyed within three days. The necessity for cell contact 
was substantiated by in vivo introduction of the graft into 
a Millipore chamber. The grafts separated from host cells 
by a Millipore filter survived for the duration of the " • 
experiments (11 to 21 days). Other investigators (16, 18,
19, 20) have lent support to the findings of Algire.



To strengthen the thesis that graft rejection is due 
to a cell mediated phenomenon rather than humoral, investi
gators have shown that lymphocyte involvement is necessary 
for rejection to occur. Algire, Weaver and Prehn (17) showed 
by histologic evidence that lymphocytes were responsible for 
destruction of the implant. Billingham, Silvers and Wilson
(18) found that an increased number of small lymphocytes 
appear both in the regional nodes and in the blood stream of 
skin allograft recipients at about the same time. These 
cells represented a sensitized population of cells formed as 
a result of the allograft. They were present in the circula
tion a day or two before the onset of the rejection process. 
Their persistence for upwards of 200 days after rejection 
suggested that these cells are the reason for the long dura
tion of the "second-set" phenomenon. Bonfiglio, Jeter and 
Smith (4) observed an infiltration of grafted bone tissue by 
lymphocytes, monocytes, and macrophages. They also observed 
that cellular inflammatory reaction was greatly increased 
with the secondary graft reaction.

Medawar (21, 22) reported that leucocytes share anti
gens in common with the antigens of skin and that leucocytes 
create immunity to skin when grafted intradermally.

Passive transfer of immunity with whole cells and 
cell extracts have provided additional information for the 
mechanism of the cell mediated phenomenon involving both



transplantation and the delayed type hypersensitivities. 
Mitchison (12, 14) .and Mitchison and Duhe (15) were success
ful in transferring transplantation immunity with lymphoid 
cells. Siebeling (23) was successful in passively sensitis
ing guinea pigs to skin allografts utilizing lymph node and 
peritoneal cells. Dillingham, Brent and Medawar (11) demon
strated the transfer of transplantation immunity with Spleen 
cells and. lymph node cells. Dillingham, Silvers and Wilson
(19) were successful in transferring sensitivity with whole 
blood, peritoneal exudative cells, and regional node cells 
from animals that had rejected skin allografts. Jeter', 
Tremaine and Seebohm (24) first demonstrated passive transfer 
of delayed hypersensitivity in guinea pigs with sonically 
disrupted leucocytes. Lawrence (25, 26) provided the first 
description of transfer of cellular immunity with lysates from 
human leucocytes. Cummings, Patnode and Hudgins (27) 
demonstrated passive tuberculin hypersensitivity to normal 
recipient guinea pigs with sonicated cells of peritoneal 
exudates and spleen homogenates obtained from sensitized 
donors. Najarian and Feldman (16, 20) demonstrated passive 
transfer of sensitivity by implanting sensitized cells en
closed in Millipore chambers. They suggested that some factor 
was released from the enclosed cells and passed through the 
Millipore filter. Najarian and Feldman (28) passively trans
ferred allograft immunity by injection of the supernatant



fluid obtained from sonically disrupted tissue-sensitized 
lymphoid cells. Powell et al. (29) induced rejection of 
guinea pig allografts with a subcellular fraction obtained 
from lymphocytes. Lowke (30) was able to. demonstrate passive 
transfer of transplantation immunity with incubation fluid 
from sensitized peritoneal exudate and lymph node cells.

Lawrence and Pappenheimer (31) and Lawrence (32) 
first used the term "transfer factor" to designate the spe
cific factor or factors in leucocytes responsible for the 
transfer of delayed hypersensitivity. Baram. Yuan and Mosko 
(33) reported two substances found in human peripheral 
leucocytes capable of transferring tuberculin delayed hyper
sensitivity. One was dialyzable and the other was non- 
dialyzable. Burger and Jeter (34) were able to transfer 
sensitivity to chemicals in the guinea pigs with cell-free 
transfer material. They described this material as dialyzable 
of small molecular size and stable to 56 C for 30 minutes.
It gave a 260/280 ratio of 0.71. Other work (32) has shown 
that transfer factor is dialyzable and of small molecular 
weight as determined by dialysis.

In Vitro Model for Allograft Rejection
Brent and Medawaf (35) first described an in vitro 

method for forecasting the intensity of the reaction which 
an allograft will elicit after transplantation to the



recipient. They found, using guinea pigs, that an intra- 
dermal injection of normal blood lymphocytes from the 
intended allograft recipient into each member of a panel of 
possible donors causes inflammatory reactions of delayed 
onset and unequal intensity. Bain, Vas and Lowenstein (36) 
found when leucocytes from W o  normal, unrelated subjects 
are mixed together and cultured, some of them transform to 
large basophilic cells that synthesize DNA and undergo 
mitosis. Bach and HirsChhorn (37) reported that lymphocytes 
from two unrelated individuals, when cultured together, 
undergo morphological transformation to large cells and 
divide. They state that both of these observations may be 
quantified. With the growing interest in transplantation 
and the search for better methods to evaluate the allograft 
response, Bach and Voynow (38) described an improved method 
for the mixed leucocyte culture test. They designed a one- 
way stimulation test by treating the cells of one individual 
with mitomycin C. It was found that mytomycin treated cells 
are unable to incorporate thymidine, but can stimulate 
heterologous untreated cells to do so.

The basis for stimulation in the mixed leucocyte 
culture (MLC) is the major histocompatibility complex (MHC). 
This has been substantiated by the work of Bach and Amos 
(39), (HL-A) in man; Dutton (40) , (H-2) in the mouse;
Silvers, Wilson and Palm (41), (Ag-B) in the rat.
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In vitro techniques that would explain in vivo cellu

lar response during the graft rejection process have received 
considerable investigation (37, 38, 42, 43, 44)„ All these 
investigators used the mixed leucocyte culture to correlate 
the in vivo graft rejection process. Investigators have used 
other in vitro techniques to effectively demonstrate the use 
Of transfer factor in culture. Baram and Condoulis (45) 
performed the first in vitro demonstration of transfer 
factor (TF) from primate leucocytes. They reported that 
naive lymphocytes cultured in the presence of TF and specific 
antigen undergo transformation. Paque et al. (46) reported 
that macrophage migration-inhibitory factor (MIF) was re
leased in vitro demonstrating that nonsensitive cells are 
converted to sensitive cells by TF. They reported that the 
nondialyzable fraction of leucocyte lysates would transfer 
sensitivity to nonsensitive cells. The same work indicated 
that the dialyzable fraction from whole cell lysates was 
not effective in converting nonsensitive cells to produce 
MIF in the presence of the specific antigen. Bice et al.
(47) working With hypersensitivity to Candida antigen, 
reported a significant correlation between the size of the 
skin reaction and the level of in vitro lymphocyte stimulation. 
Jeter et al. (4 8) reported that naive guinea pig lymphocytes
cultured in the presence of guinea pig TF and specific 
antigen undergo transformation.
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The purposes of this study were to demonstrate . 

passive transfer of skin allograft sensitivity in the guinea, 
pig with dialyzable transfer factor from guinea pig leucocyte 
extracts, compare in Vitro response using the mixed leucocyte 
culture with the time of skin allograft rejection, and cor
relate in vivo specificity with in vitro specificity of 
dialyzable transfer factor.



MATERIALS AND METHODS
/

Animals
Outbred albino guinea pigs and inbred guinea pigs of 

both sexes, obtained from departmental colonies (Amana, 
Hartley, Rockefeller, Wright Strain 2 and Strain 13) were 
used throughout the study. The skin donors weighed 800-1000 
grams and the skin and passive transfer recipients weighed 
500-800 grams.

Animals were housed in separate cages and fed Purina 
guinea pig chow and tap water ad libitum. Fresh cabbage was 
given daily. The environment was controlled: temperature 
(25 C) and relative humidity (50 percent).

Sensitization
The skin grafting essentially followed the technique 

described by Lowke (30). Skin donor and recipient guinea 
pigs were weighed and then anesthetized with Sodium Nembutal 
(30 mg/Kg) (Abbott Laboratories, Chicago, Illinois) injected 
intraperitoneally. Ether was used as a supplement when 
necessary. The abdominal area of the skin donor and the right 
or left dorso-lateral chest walls of the skin recipients were 
clipped free of hair. The surgical areas were cleansed with

9



10
two percent amphyl, two percent tincture of iodine followed 
by. 70 percent ethyl alcohol.

Sufficient abdominal skin was removed from the donor 
to apply a one cm square full-thickness piece of skin to the 
recipients. The abdominal area of the donor was closed with 
4-0000 surgical silk. The subdermal adipose tissue of the 
donor skin was trimmed. The strip of skin was then cut into 
individual grafts and placed, raw surface down, on filter 
paper pads soaked with Hanks' balanced salt solution.

In all experiments, recipients received two grafts 
(one allograft and one autograft). Recipient graft beds were 
prepared by removing a full thickness of skin,, one cm square, 
from the dorso-lateral aspect of the rib cage just posterior 
to the scapulae. Donor grafts were placed orthotopically 
into the prepared graft bed. The graft was held in place 
With a telfa sterile pad (The Kendall Company, Chicago, 
Illinois) and a strip of non-allergic blenderm tape (3M Co., 
St. Paul, Minnesota). Elastic gauze bandage was then applied 
over the taped transplant and around the animal. The 
bandaged area was then wrapped with tape to Secure and pro
tect the graft site.

Grafts were inspected daily after the fourth post- 
surgical day to insure that the normal rejection process was 
occurring. Evaluation of the' grafts was based on color 
(ranging from blanched to hemorrhagic or cyanotic),
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consistency or integrity (ranging from firm and dry to 
edematous and puffy and finally to escharotic), and adherence 
to the bed (29) . The animals were rebandaged each day after 
observation of the grafts„

Collection of Peritoneal 
Exudative Cells

Each graft recipient received 20 ml of sterile light 
mineral oil (American Drug and Chemical Co., Culver City, 
California) injected intra-abdominally 48 hours before col
lection of peritoneal exudative cellsi The injection site 
was cauterized to prevent leakage. For cell collection, 
animals were anesthetized with ether and exsanguinated by 
cardiac puncture. The peritoneal cavity of each animal was 
opened aseptically and the cells were collected in two wash
ings with sterile Hanks' balanced salt solution (HBSS) to 
which ten units per ml of heparin and 20 percent normal 
guinea pig serum had been added (SHBSS). The washings were 
pooled and centrifuged at 500 xg for 20 minutes at room 
temperature. The cells were washed twice in SHBSS to remove 
all traces of oil and were then resuspended in either SHBSS 
or in HBSS.

Collection of Lymph Node 
and Spleen Cells

The lymph nodes which drained the graft site (supra
scapular, axillary, and cervical lymph nodes) were carefully
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dissected from each animal and trimmed of fat. The nodes 
were then minced on a sterilized, stainless steel (20 gauge, 
60 mesh) screen, and the cells were expressed into a sterile 
petti dish. The cells were suspended in SHBSS and were 
washed twice by centrifuging at 500 xg for 20 minutes at room 
temperature. Spleens were also removed from the animals and 
treated in the same manner as the lymph nodes.

White Cell Enumeration 
Total and viable white cell counts were performed on 

the Spencer Bright-Line hemocytometer. Viability was de
termined by the trypan blue dye-exclusion technique (49).

Preparation of Transfer Factor from 
Whole Cells and Cellular 

Incubation F1 uids
r Passive transfer using peritoneal exudative and lymph
node cells combined was performed by injecting 7.5 ml BBSS 

9containing 10 cells intraperitoneally into each recipient. 
For the release of transfer factor from intact cells, cell

9populations containing 10 sensitized leucocytes were incu
bated in 7.5 ml BBSS for four hours at 37 C . Frequent and 
gentle agitation was used to keep cells suspended. After 
this incubation period, the cells were sedimented at 500 xg 
for 20 minutes at room temperature. A portion of the incuba
tion fluids was saved for vacuum dialysis. The remainder was 

9injected as 10 cell equivalents contained in 7.5 ml BBSS.
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Preparation of Transfer Factor 

from Cell Lysates
Spleen cell suspensions were resuspended in 20 ml of 

cell balanced salt solution (CBSS) (50). The cells were then 
frozen in a dry-ice-acetone bath and allowed to freeze solid 
before the first thawing in a 37 C water bath„ The leuco- . 
cytes were then alternately rapidly frozen for five to ten 
minutes and thawed in the 37 C water bath for 10 to 15 min
utes , for a total of ten cycles. After completion of the 
freeze-thawing, the lysate was centrifuged at 17,300 xg for 
20 minutes. The supernatant fluid was placed into dialysis 
tubing (Van Waters and Rogers, average pore radius permea
bility of 24 angstroms, which had been soaked in distilled 
water) and vacuum dialyzed for 24 hours at 4 C .

The same technique was used to obtain a cell lysate 
from the peritoneal exudative cells and lymph node cells re
maining after preparation of transfer factor from the cellu
lar incubation fluid. Biological activity of dialysates was 
determined by in vivo and in vitro tests. Protein and RNA 
concentrations were also determined.

Passive Transfer Recipients
Cell, incubation fluid, and dialysate recipients were 

of the same strain as the cell donors. Forty-eight hours 
after passive transfer, the recipients were challenged by 
the following procedure. The grafting techniques outlined
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in the sensitization procedure were used except that three 
grafts were placed one cm apart along the dorso-lateral 
aspect of the rib cage just posterior to the scapulae.
These grafts consisted of a Challenge graft from the original 
donor, a control autograft, and a control allograft from an 
animal of different parentage than the original skin donor. 
The grafts were inspected daily following placement to de
termine whether an accelerated rejection had occurred.

Preparation of Cell 
Culture Medium

Roswell Park Memorial institute Medium 1640 (RPMI 
1640) containing 200 mM L-Glutamine (Grand Island Biological 
Company, Grand Island, New York) was used throughout the 
study. The medium was supplemented with penicillin (50 
units/ml), streptomycin (50 yg/ml), N-2-hydroxyethyl- 
piperazine-N-2-ethane-sulfonic acid (HEPES) (25 mM), and 
sodium bicarbonate 2 g/1„ The medium was then filter 
sterilized (Gelman, pore size 0.20 .p, dia 47 nun) and stored 
at 4 C . The medium was adjusted to pH 7.4 prior to dispens
ing for culture.

Preparation of Ficoll- 
Hypaque Solution

Nine grams of Ficoll (Pharmacia Fine Chemicals, 
Uppsala, Sweden) was imbibed into 115 ml of redistilled 
water. Then, 30 ml of Hypaque (Winthrop Laboratories, ,
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New York, New York) was added and mixed. The Ficoll-Hypaque 
solution was dispensed in five ml portions and distributed 
into 40 ml Pyrex centrifuge tubes (Corning, No. 8400). The 
solution was then sterilized by autoclaving for 15 minutes. 
The tubes were then rubber stoppered and stored at 4 C.

Technique for Lymphocyte 
Separation

Cardiac blood was obtained with a heparinized (Lipo- 
Hepin, 3M Co.) (10 units/ml) syringe. The whole heparinized 
blood was mixed 50 percent V/V with CBSS. The Ficoll-Hypaque 
solution was then overlayed with ten ml of the diluted blood 
and centrifuged at 400 xg for 40 minutes at 4 C . After 
centrifugation the band of lymphocytes was aspirated with a 
capillary pipette and placed into a 25 x 150 mm, 50 ml screw 
cap culture tube. The cells were washed three times with 
CBSS, by centrifugation at 500 xg for ten minutes at 4 C . 
Total and viable white cell counts were then done. The

6cells were then resuspended to a concentration of 1 x 10 
viable cells/ml of RPMI 1640.

Treatment with Mitomycin C 
Mitomycin C (38, 51) was utilized to permit one-way 

stimulation in the mixed lymphocyte culture (MLC). Cells 
used as stimulating cells were suspended in five ml of CBSS 
containing mitomycin C at 25 ^g/ml, and incubated in a 37 C 
water bath for 30 minutes. After incubation, the cells were
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washed three times with CBSS by centrifugation at 500 xg 
for ten minutes at 4 C. Total and viable white cell counts 
were then performed- The cells were then resuspended to a 
concentration of 2 x 10® viable cells/ml of RPMI 1640.

Culture Technique 
The culture techniques employed in this study were 

essentially those of Bach and Voynow (38), and Pauly, Sokal 
and Han (52)» Mixed lymphocyte cultures were prepared with 
lymphocytes separated from whole guinea pig blood as previ
ously described. Mitomycin treated stimulator cells and un
treated responder cells were placed into culture in a 2:1

6ratio (stimulator cells at 2 x 10 cells/ml and responder 
cells at 1 x 10® cells/ml). Cultures were dispensed in two 
ml volumes into 17 x 100 mm polypropylene culture tubes 
(Falcon, No. 2059) With closures. The RPMI 1640 medium was 
also supplemented with ten percent fetal calf serum (PCS). 
Cultures were incubated at 37 C in a humidified, five per
cent COg-SS percent air for five days, then pulsed with one

3uci'of tritiated thymidine ( H-TdR, specific activity five
Ci/mMol; New England Nuclear) for 24 hours.

3Cell cultures containing H-TdR-labeled DNA were 
prepared for analysis by scintillation counting in the 
following manner. The cells were collected on glass fiber 
filters contained in a Millipore sampling manifold (No.
1225, Bedford, Massachusetts). The method employing saline.
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three percent acetic acid and absolute methanol washes was 
utilized. The filters were placed in a toluene base scintil? 
lation cocktail and counts were recorded on the Packard- 
Tri-Carb Liquid Scintillation Spectrometer (Model 3320,
La Grange, Illinois).

Use of Transfer Factor 
in Culture

Transfer factor was used in the mixed leucocyte cul
ture employing the method of Ascher and Andron (53) and 
Ascher et al. (54). The concentration of transfer factor
used in the MLC was expressed as a ratio: number of cells 
incubated to obtain transfer factor per number of responder 
cells in culture. A ratio of 10:1 (transfer factor to
responder cells) was used.

r ,

RNA and Protein Determinations 
RNA was determined by the method of Umbreit and Burris 

(55). The optical density (Q.D.) of the color developed by 
the orcinol reaction for pentose was read on the Spectronic 
70 Spectrophotometer (Bausch and Lomb, Rochester, New York) 
at 660 nm. D-xylose (15 ug/ml) was used as the standard. 
Protein was determined by the method of Lowry et al. (56)> 
and determined at a wavelength of 500 nm on the Spectronic 70.



Statistical Analysis of Data
3Counts per minute (CPM) of H-TdR determined on the 

liquid scintillation counter were recorded as log^g. Ratio 
of stimulation indices was defined as Log test CPM minus Log 
control CPM j- confidence limits as determined by standard 
analysis of variance.



EXPERIMENTAL RESULTS

In Vivo Passive Transfer 
In all experiments, the rate of graft rejection was 

observed daily after the fourth post-surgical day= In con
trol studies, by the fifth day? first-set allografts were 
pink in color and healing into the graft bed. By the ninth 
to tenth day after operation, the appearance of the graft 
was brick-red to purple in color. By the tenth to twelfth 
day, the tissue was escharotic and could easily be removed 
from its bed. The mean time of first-set rejection was 
observed to be approximately ten days. Second-set grafts 
were placed about Day 20. The graft was considered to be a 
White Graft if it remained pale and never became intact with 
the graft bed. . Allografts that rejected by day six were 
considered to show a normal second-set response. These 
grafts became intact and were able to maintain blood supply 
for only a short period of time.

. The first series of experiments was designed to show 
allograft sensitivity of outbred guinea pigs with inbred 
Wright Strain 13 and Strain 2 animals. The results of the 
experiments presented in Table 1 allowed the use of multiple 
inbred donors of the same strain in subsequent experiments.

19



Table 1. Skin allograft sensitivity of outbred guinea pigs with Wright Strain 2 
and Strain 13 donors,a

Experiment Donor ,__________ Recipient______ Fate of Challenge
Number Strain Strain No. Used Graft

1 13 Hartley 5 5 White Grafts0
2 13 Rock 6 6 White Grafts
3 13 Hartley 4 2 White Grafts 

ld1 Rejected Day 6°
4 13 Rock 4 2 White Grafts 

2 Rejected Day 6
5 13 Amana 4 4 White Grafts
6 13 Amana 4 4 White Grafts
7 13 Hartley 4 4 White Grafts
8 13 Rock 4 4 White Grafts
9 13 Amana 15 9 White Grafts 

6 Rejected Day 6
10 2 Hartley 15 2d

3 White Grafts 
10 Rejected Day 6

11 2 . . . . Amana....... . . . 15. . . .. 15 White Grafts
2(a) One cm full thickness skin allografts were used^ Second-set grafts were 

placed 20 days after first set. (b) A different donor was used for first and 
second set challenge grafts. Skin grafts were exchanged between donors in each 
experiment. (c) White grafts remained pale and were never accepted by the graft 
recipient. Allografts rejected by Day 6 were considered to show normal second- 
set response. (d) Recipient died before observations were completed.
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To confirm previous passive transfer experiments with 

whole cells and cellular incubation fluids (30) , experiments 
were performed to demonstrate passive transfer of skin allo
graft sensitivity (Table 2). The passive transfer experi
ments (Table 2) confirmed that graft rejection time was 
shortened and that a dose of 10  ̂viable whole cells and

Qcellular incubation fluids containing 10 cell equivalents
effectively caused this response. A dose of viable cells
was designated as 10^ cells contained in 7.5 ml HBSS. A

9dose of cellular incubation fluid was designated as 10
cell equivalents contained in 7.5 ml HBSS.

Dialysates were prepared from cells collected from
graft recipients and injected into normal recipients
(Table 3). The normal recipients were the same strain as
the cell donors. Groups of animals were sham-grafted with
an autograft to control surgical procedures and to observe
acceptance of the graft. These animals were treated exactly
as sensitized animals after the sham-graft was performed.
Cells collected from the sham-grafted recipients served as

gcontrols for passive transfer. Approximately 10 cell 
equivalents were used for passive transfer. Forty-eight 
hours following injection the recipients were challenged with 
an allograft from the original skin donor. Data in Table 3 
show that each of the dialysate preparations was similarly 
effective in accelerating graft rejection. In each case.



Table 2„ Passive transfer of skin allograft sensitivity in guinea pigs with 
peritoneal exudative cells and cellular incubation fluids.

Exp. Graft 
No. Donora

1 Amana Rock .95 db
Amana Rock .95 White Graft0

2 Strain 13 Amana 1.20 White Graft AStrain 13 Amana ND ND
3 Strain 2 Amana 1.00 White Graft

Strain 2 Amana ND ND
4 Strain 2 Amana 1.00 White Graft

Strain 2 Amana 10.00 White Graft

(a) Graft donor provided graft for the initial sensitization of graft recipients 
and for the passively sensitized recipients. (b) Recipient died before observa
tions completed. (c) White grafts remained pale and were never accepted by the 
graft recipients. (d) Not done.

Graft
Recipient

No. of 
Cells

Fate of 
Cell

xl O' Graft

No. of 
Cells 
Incubated 9xlO

Fate of 
Incubation 
Fluid Re
cipient 
Graft



Table 3. Passive transfer of skin graft sensitivity in guinea pigs with dialyzed 
lysate from incubated peritoneal exudative and lymph node cells, spleen 
cells and dialyzed cellular incubation fluids with concentrations of 
protein and RNA determined for each injection.

Experiment
Number

No. of 
Cells
xlO9

Protein 
(mg/ml)

RNA
(mg/ml)

Graft
Donor

Fate of Graft on 
Pass. Sens. Ref 
cipient

Incubated Cell Lysate 
1 9.70 4.80 NDb Strain 13 White Graft0
2 9.00 2.00 5 . 00 Strain 2 White Graft
3 2.40 1.80 6.00 Strain 13 White Graft
4 2.40 10.20 7.50 Hartley Rejected Day 10
5d 1.54 3.60 6.00 Amana Rejected Day 10

Spleen Cell Lysate; 
1 3.29 ND ND Strain 13 White Graft
2 1.20 15.00 7.24 Strain 2 Rejected Day 103 0.93 8.20 5.50 Strain 13 Rejected Day 6C
4 0.77 11.00 7.05 Hartley White Graft
5d 2.30 18.70 8.10 Amana Rejected Day 10

Cellular Incubation Fluid;
1 3.00 2.90 ND Strain 13 White Graft
2 9.00 3.15 1.87 Strain 2 White Graft
3 2.40 0.49 0.92 Strain 13 White Graft
4 2.40 2.40 3.75 Hartley Rejected Day 10
5d 1.54 0.70 1.31 . . Amana . Rej ected Day 10
(a) Graft donor provided graft for the initial sensitization of graft recipients
and for the passively sensitized recipients. Amanas were used as recipients in
all experiments, (b) ]Not done. (c) White grafts remained pale and were never
accepted by the graft recipient. Allografts rejected by Day 6 were considered to 
show normal second-set response, (d) Cell donors were sham-grafted with an auto
graft to provide controls.
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the control passive transfer experiments were observed as
first-set graft rejections.

Protein and RNA concentrations of the dialyzed
material were determined. The concentrations of these
materials injected for passive transfer are presented in
Table 3, These figures represent the concentrations (mg/ml)

9found in 10 cell equivalents. RNA concentrations show much 
less variation than the protein concentrations in each 
preparation. The sham-grafted animals yielded protein and 
RNA Concentrations similar to the sensitized animals.

Mixed Leucocyte Culture 
Responses of graft recipient animals were evaluated 

over the course of sensitization using the MLC. Figure 1 
demonstrates the responses of responder cells when mixed with 
mitomycin-blocked stimulating leucocytes. Cells from Strain 
2 grafted Amana animals exhibited a reduction in their 
ability to incorporate ^H-TdR through Day 10. This decrease 
was consistent in all groups except in the Amana animals 
which were graft recipients of skin from a Strain 13 donor.
In all trials, including autograft controls, cell cultures 
set at Day 15 gave an increased stimulation index. At 
Day 25, five days following second-set graft, responses in 
all groups were decreased.

Transfer factor collected from sensitized graft 
recipients was first tested for in vivo activity (Table 3,
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Experiment Numbers 2, 3, 4, 5). Transfer factor was added 
to responder cells in a 10:1 ratio (TF cell equivalents to

3responder cells) causing variability in H-TdR incorporation 
(Table 4). Amana cells were the responder cells in all 
MLCs. Addition of transfer factor from Amanas that had re
ceived an allograft from a Strain 2 donor (TF^) showed sig
nificant suppression of DNA synthesis as.compared to the 
Stimulation observed when Strain 2 cells ( S t ^ ) were added 
to responder leucocytes ( A ^  + st2 (m) ̂ ° This stimulatory 
effect of Strain 2 cells remained evident when any of the 
transfer factors (TF^g, TFH / TF^ ) were added. Addition of 
transfer factor from Amanas grafted with Strain 13 skin 
(TF ) had no effect on responder cells as compared to Amana 
stimulator cells ( A ^  ) or transfer factor from Amanas that 
had been sham-grafted (TF^) . The addition of Strain 13 
cells gave evidence of a suppressive effect; these
were the only cells that showed such an effect. Hartley 
cells ( H ) caused no change in stimulation index, but 
transfer factor from Amanas grafted with Hartley skin (TF^) 
caused suppression. Both Amana cells and Amana transfer 
factor (TFAu) alone caused a slight increase in stimulation 
index, but when added together in MLC, suppression of great
est significance was found.

Results of in vivo and in vitro experiments- have 
shown trends of correlation. In Figure 1, the increase in
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Table 4. Mixed leucocyte cultures using various stimulator 

leucocytes from graft donors and transfer factors 
produced in allograft sensitized recipients„

Treatment
3H-TdR Uptake 
■(mean CPM)a

Mean
Stimulation
Ratios

Mean Ldg, n 
Ratios0 10

0.31018 
-0.20450 
0.07314 
0.05206

-0.08305 
0.06324 

-0.16406 
0.09410

0.26722 
-0.18003 
-0.16169 
-0.2 8276

0.26722 
0.15396 
0.42323 
0.19 784

(a) Mean uptake of responder cells (A(n )) in' response to PH A 
was 14,370 "CPM. Mean uptake, of control cells (A/n )+Mediuin) 
was 3798 CPM. (b) Determined by test CPM divided by the con
trol CPM. (c) Log test CPM minus Log control CPM + confidence 
limits (+0.19 852) were determined by standard analysis of 
variance p - 0.05. (d) A(n ) + (St2, Stig, H, A)m = Normal
Amana responding leucocytes plus mitomycin^b1oeked Strain 2, 
Strain 13/ Hartley, or Amana stimulating leucocytes. (e)
A(n ) + TF(2, 13, H, Au) = Normal Amana responding -leucocytes 
plus transfer factor produced in Amanas against Strain 2, 
Strain 1.3, Hartley, or Autograft. The concentration of 
transfer factor used in the MLC was expressed as a ratio: 
number of cells incubated to obtain transfer factor "per 
number of. responder cells in culture. A ratio of 10:1 
(transfer factor to responder cells) was used.

I.
A (n) St d 2 (m) 6875 2.0426
A (n) + St13(m) 2834 0.6245
A (n) H (m) 4101 1.1834
A (n) + A (m) 3800 1.1274

II.
A, x + TFoe 2873 0.8259(n)
A (n) +

2
TF13 4217 1.1568

A (n) + t f h 2338 0.6854
A (n) + TFA u 4291 1.2419

i n .
A (n) + St2 (m) '+ t f 2 7190 1.8502
A (n) + St13(m) + t f 13 2188 0.6606
A (n) H (m) * TFh 2301 0.6891
A (n) A (m) + ^ A U 2007 0.5215

IV.
A (n) St2 (m) TF2 7190 1.8502
A (n) St2 (m) TFi3 5651 1.4 255
A (n) St2 (m) ^ H 10458 2.6499
A (n) St2 (m) ^ A U 6150 1.5770



stimulation after Day 10 can be compared to total rejection 
seen in the first-set graft response.



DISCUSSION

The actual process of allograft rejection remains 
unclear. The mechanism of delayed hypersensitivity has been 
studied extensively in this regard, but there still remain 
many questions unanswered. However, it is known that sensi
tized cells mediate the rejection. The first reported 
passive transfer of delayed type hypersensitivity with whole 
peritoneal exudative cells was by Landsteiner and Chase (57,
58) to simple chemical substances and to tuberculin (59, 60).
It was believed for several years afterwards that passive 
transfer could only be accomplished with whole viable leuco
cytes . It was not until 1954, that Jeter, Tremaine and 
Seebohm (24) were able to passively transfer sensitivity to 
chemicals with sonically disrupted leucocytes. Passive 
transfer of this sub-cellular material was Cause for much 
debate. However, confirmations of the findings were report
ed by several investigators (25, 26, 27, 61, 62, 63).

Passive transfer of skin allograft sensitivity has 
been shown with whole cells (23, 30) and with cellular incu
bation fluids (30). Lawrence et al. (64) and Rapaport et al.
(65) reported passive transfer of skin allograft sensitivity 
in humans with cellular extracts from freeze-thawed leucocytes. 
This study confirms these reports.

29
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To further define the size of the transfer factor 

molecule, several laboratories (32, 33, 34) have successfully 
passively transferred delayed hypersensitivities with dialyz- 
able cellular extracts using chemical and bacterial systems. 
This study shows successful transfer of allograft sensitivity 
in guinea pigs using dialyzed cellular incubation fluids, 
peritoneal cell lysates, and spleen cell lysates. This has. 
not been previously reported in experimental animals.

Lawrence (32) reported that transfer factor collected 
from human leucocytes was of low molecular weight, dialyzable, 
and non-protein in nature. . Data presented in this study have 
shown no difference in protein or ENA concentrations of 
either allograft sensitized or sham-grafted nonsensitized 
animals. These data do not negate the possibility, as indi
cated by other researchers (31, 32), that transfer factor is 
polypeptide-polynucleotide in nature, since the concentra
tion of active material may not always be increased in 
sensitized over nonsensitized animals.

The use of the mixed leucocyte culture (MLC) €or 
evaluating transplantation responses has been well estab
lished (37, 38, 39, 42, 43, 44, 66, 67, 68). Investigators 
have described the MLC as a useful tool in determining the 
outcome of skin and renal transplants, as well as a way to 
correlate with graft response over the course of sensitiza
tion (42, 43, 44, 69).
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Rationale for the addition of transfer factor to cul

tures to cause increased lymphocyte transformation can be 
supported by several investigators. Jeter et al. (4 8) re
ported that guinea pig transfer factor caused lymphocyte 
transformation in the presence of antigen. Ascher and Andron
(53) noted that transfer factor, obtained from sensitized 
human leucocytes, could enhance the proliferative response 
of lymphocytes to an appropriate antigen, two to ten-fold 
over the response seen with antigen alone. Ascher et al.
(54) have offered an explanation to the mechanism of action 
for transfer factor. They state that transfer factor acts 
operationally to uncover or cause the appearance of new 
receptor sites on the lymphocytes, resulting in the generation 
of a new clone of antigen-reactive cells; or that it acti
vates and increases a clone of cells already programmed to 
respond to a specific antigen.

The lack of specificity of allograft rejection was 
shown in the data of Figure 1. All animals, except those 
sensitized with Strain 13 skin, showed similar cyclic varia
tions. Of particular interest, waS the decrease in response 
ten days following graft placement; a sudden increase in 
response following Day 10; and a dramatic decrease in all 
animals five days following the second graft. Cyclic 
variations over the course of allograft sensitization have 
previously been reported in the human and canine Systems



(42, 43, 44, 69). Oppenheim, Wang and Frei (42) described 
the fluctuation over time, in man, as a measure of the recipi 
ent's response during the rejection process. They reported 
a decrease in the MLC response at about Day 10, followed by 
an increase in response. The increased response in the MLC 
correlated well with the time total graft rejection was ob
served.. When a second graft was applied, a decrease in the 
in vitro response was again observed. Other investigators 
(43, 44)., using the canine model for renal transplantation, 
have also noted cyclic variations in the MLC response over 
the course of sensitization.

Belehu and Olson (70) reported that tuberculin- 
sensitized guinea pigs gave a decreased lymphocyte transforma 
tion response following subsequent PPD skin tests. They 
speculated that this decrease was due to the removal of PPD- 
sensitized cells from the peripheral blood compartment or a 
change in the responsiveness to PPD. Similar explanations 
have been Offered for the cyclic variations observed in the 
allograft response. Gillespie and Barth (69) suggested that 
the cyclic pattern may be due to specific depletion and sub
sequent regeneration of cytotoxic lymphocytes in the lymph 
nodes of sensitized animals. Hattler, Miller and Johnson 
(44) observed cyclic variation in canine renal transplant 
recipients, and suggested that the loss Of cellular reactivi
ty in the recipient's peripheral blood may be due to
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entrapment of immunoreactive cells in the rejecting kidneys. 
Both the explanations could apply to the responses observed 
in Figure 1, making the evaluation of in vitro specificity 
non-detectable. Other explanations have been reported which 
provide further supportive evidence to the data. Hirano and 
Nordin (71) reported the development of cytotoxic lymphocytes 
and suppressor cells during MLC. These suppressor cells 
were reported as functioning non-specifically. Dimitriu 
et al. (72) reported total lack of specificity in cytotoxic
effects of armed macrophages.

The response observed in the Amana animals sensitized 
with Strain 13 skin (Figure 1) was not seen in the other 
animals. It is possible that by placing these cells into 
culture with Strain 2 cells, other factors mediated the 
response observed. This interaction suggests the sensitized 
cells were better able to cope with or overcome cytotoxic 
factors or suppressor cell activity. The work of Greineder 
and Rosenthal (73) provides a possible explanation for sup
port of this data. They reported the Strain 2 and Strain 13 
guinea pigs differ by the equivalent of an la antigen. They 
also suggested that these strains share a ‘major histocompati
bility antigen, B, which has characteristics similar to the 
D and/or K antigens of mice.

The data in Table 4 have shown lack of transfer 
specificity in in vitro sensitization, and suppression



associated with addition of transfer factors to MLC. The 
lack of specificity has been reported by other investigators„ 
Arala-Chaves et al. (74) reported non-specific stimulatory
activity in extracts obtained from sensitive (Candida and 
PPD) and non-sensitive donors. They were not able to offer 
an explanation for the non-specific effect observed. The 
question of specificity was also raised by Salaman (75) and 
Ascher et al. (54) . These investigators were working with 
systems other than transplantation. It would appear even 
more evident that transfer factors collected from allograft . 
sensitized animals would show this non-specificity. A 
possible explanation for this phenomenon would be minor 
histocompatibility differences among the guinea pigs, which 
becomes prominent in the MLC due to the long duration Of 
Cell to cell contact.

Ascher et al. (54) and Keirns et al. (76) have re
ported suppression of activity in culture with the addition 
of transfer factor. They were able to overcome most of this 
effect by diluting the transfer factor to an appropriate 
level. This technique did not cause any significant stimu
lation above controls as shown in Table 4. There is still 
reason to believe that cytotoxic or suppressor activity was 
taking place (71). This assumption is also supported by the 
report that cellular supernatant fluids have the ability to
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render normal macrophages highly and consistently cyto
toxic (72) „

The data in Table 4 also suggest that the Strain 2 
( S t g ^ ) stimulator cells are responsible for stimulation in 
all groups tested. It is possible that there were more 
activated macrophages in the Strain 2 leucocytes. This ex
planation can be supported by the work of Greineder and 
Rosenthal (73). They reported the macrophage to be the 
predominant stimulator of the mixed leucocyte culture in the 
guinea pig.



CONCLUSION

Confirmation for passive transfer of skin allograft 
sensitivity with whole cells and incubation fluids has been 
demonstrated. Transfer factor derived from dialyzed spleen 
lysates, dialyzed peritoneal and lymph node cell lysates, 
and dialyzed cellular incubation fluids has been Shown to be 
an effective method for transferring skin allograft sensi
tivity. The mixed leucocyte culture was evaluated as a use
ful tool in determining specificity of allograft rejection 
over the course of sensitization. The transfer factors used 
in these experiments were not specific as assayed by the MLC 
technique. The data obtained from the MLC suggest that more 
information is needed about suppressor and cytotoxic activity 
in cell cultures and in transfer factor preparations before 
accurate conclusions can be formulated.
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