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Graft-versus-host disease (GVHD) 
occurs after allogeneic bone marrow 
transplantation (BMT) and is primarily 
thought to be the response of donor 
lymphocytes to foreign histocompati
bility antigens of the recipient (1). 
However, the recent description of 
GVHD after autologous and/or syngeneic 
BMT has raised critical questions with 
regard to our understanding of the 
immunobiology of GVHD, the antigens 
which induce this reaction and the 
mechanisms accounting for the develop
ment of donor to host tolerance in the 
lymphohematopoietic chimera (2,3). 
The occurrence of syngeneic GVHD 
implicates that histocompatibility 
differences are not an absolute 
requirement for GVHD as once postu
lated by Billingham (4) but may 
include a dysregulation of self:non
self discrimination. (1) 

An animal model of syngeneic GVHD 
has recently been described which may 
allow some insight into the complex 
immunological mechanisms associated 
with GVHD and autoaggression (5,6). 
Severe autoimmunity occurs after syn
geneic and/or autologous BMT in rats 
and treatment with cyclosporine (esA). 
This autoaggression syndrome results 
after cessation of CsA therapy and has 
been termed syngeneic GVHD because of 
its similarity to GVHD (acute and 
chronic) occurring after allogeneic 
BMT with respect to the histological 
damage and target organs (6). This 
disease can be adoptively transferred 
with splenic T lymphocytes into naive 
rats that have been irradiated and 
reconstituted with normal marrow. 
Associated with syngeneic GVHD is the 
development of cytotoxic cells (CD8+) 
reactive to public class II major his
tocompatibility determinants (7). 
Similar class II recognition by (CD4+) 
helper T cells has been reported in a 

more chronic form of this autoimmune 
syndrome (8). The relationship of the 
effector cells in syngeneic GVHD and 
in the chronic form of this autoimmune 
syndrome remains unclear. 

The mechanisms accounting for 
syngeneic GVHD remain unknown but the 
thymus appears to play a central role 
since thymic shielding during irradia
tion prevents the development of this 
syndrome. Similarly, the failure to 
adoptively transfer this syndrome into 
non-irradiated animals has implicated 
the presence of an autoregulatory cell 
controlling the development of syn
geneic GVHD. (6) The present studies 
were undertaken to sequentially char
acterize syngeneic GVHD histologically 
and identify the infiltrating lympho
cytes phenotypically. Furthermore, 
the role of autoregulatory cells in 
controlling the development of this 
syndrome were assessed in adoptive 
transfer experiments. 

.MATERIALS AND METHODS 
Animals. Lew (RTII) female rats 

(Corona virus-free), 6-8 weeks old 
were purchased from Harlan Sprague 
Dawley, Inc., Indianapolis, IN. 

Radiation. Lewis rats were irra
diated (1050 rad) at 120 rads/min from 
a dual-source 137Cs small animal irra
diator (Atomic Energy of Canada Ltd., 
Kanata, Ontario, Canada). 

Marrow TransQlantation. Donor 
animals were killed by C02 asphyxia
tion. Marrow from femurs, tibias, and 
humeri was collected in Hank's solu
tion supplemented with 50 U/ml peni
cillin and 50 ug/ml streptomycin. The 
marrow cells were ad1usted to a con
centration of 6 x 10 nucleated 
cells/ml and 1 ml was infused into 
recipient animals by intravenous 
injection through the tail vein 1 day 
after irradiation. 
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Antibiotics Rats received medi
cated drinking water supplemented with 
bactrim, neomycin, and polymixin B, 
and were given 1 mg/d gentamycin sub
cutaneously for 10 days as previously 
described (7). 

Cyclosporine. CsA was the gener
ous gift of Sandoz, Ltd., Basel, 
Switzerland. The powdered CsA was 
dissolved in 95% ethanol and added to 
a 4% Tween-20 solution in deionized 
H20. Rats were weighed daily and 
received 1 ml/IOO g/d subcutaneously 
from the day of marrow infusion for 40 
consecutive days. The total dose of 
CsA per day per rat was 15 mg/kg. 
Control animals received the identical 
quantities of the drug diluent 
(ethanol, 4% Tween-20, H20) without 
CsA. 

~do~tive transf1r experiments. 
Spleen cells (3 x 10 ) from animals 
with active syngeneic GVHD were har
vested and 1nfused together with mar
row (6 x 10 ) from normal Lewis rats 
into recipients prepared with irradia
tion, busulfan (30 mg/kg, suspended in 
3% methylcellulose injected intraperi
toneally) or cyclophosphamide (100 
mg/kg:suspended in saline injected 
intraperitoneally) as previously 
described (9). 

Assessment of _GVHD. Rats were 
examined daily for signs of clinical 
GVHD, such as red ears, dermatitis, or 
diarrhea. Skin biopsies were taken at 
frequent intervals. Previously 
described criteria were used for the 
histological documentation of GVHD 
(10) . 

Immunoperoxidase. The relative 
number and location of lymphocytes 
expressing various membrane antigens 
was determined with the avidin-biotin 
complex method of immunoperoxidase. 
(11) Primary antibodies included OX8 
(cytotoxic/suppressor cells), and/or 
W3/25 (helper/inducer cells), (Sera 
Laboratories, distributed by Accurate 
Chemical and Scientific Corp., West
bury, NY). 

Sections of skin and tongue were 
frozen in cold isopentane (-105 C). 
Five-micron sections were cut, air
dried, and fixed in cold acetone, 
Endogenous avidin and biotin receptors 
were blocked, and endogenous peroxi
dase was inactivated with methanol and 
hydrogen peroxide. The slides were 
incubated with optimal dilutions of 
primary mouse monoclonal antibodies 
(1:200 to 1:800) for 30 minutes at 
room temperature and washed with 
phosphate-buffered saline (PBS) with 
0.2% bovine serum albumin (BSA). This 
was followed by affinity-purified goat 
anti-mouse IgG (heavy and light chain, 
1:800) absorbed to remove cross-reac
tivity with rat immunoglobulins. 
After washing, the slides were then 
incubated with biotinylated horse 
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anti-goat IgG (1:800, Vector Laborato
ries, Burlingame, California). The 
bound antibodies were revealed with a 
complex of avidin and biotinylated 
horseradish peroxidase (Vector Labora
tories) and a substrate containing 
diaminobenzidine (0.06%) in hydrogen 
peroxide (0.01%). The color was 
enhanced with 0.5% copper sulfate. 
The slides were counter-stained with 
Giemsa stain, dehydrated, and cover
slipped. 

RESULTS 
Sequential Histological Charac

terization of Syngeneic GVHD. Initial 
studies were undertaken to histologi
cally characterize syngeneic GVHD 
sequentially following the initial 
onset of this syndrome. Tongue, skin, 
liver and gastrointestinal tract were 
evaluated for the presence of acute 
and/or chronic GVHD. The criteria 
used for acute GVHD included lympho
cytic infiltration, dyskeratosis, vac
uolar degeneration and epidermolysis 
(severe): the histological criteria 
for chronic GVHD were collagen deposi
tion hyperkeratosis and fibrosis as 
previously described (10). Results 
shown in Table 1 revealed that at the 
onset of clinical syngeneic GVHD 
(erythema and dermatitis), 4 of 6 ani
mals had histological evidence of 
acute GVHD while 2 where primarily 
diagnosed as chronic GVHD. There
after, the majority of animals exhib
ited histological evidence of chronic 
GVHD after the initial onset of this 
autoaggression syndrome suggesting a 
maturation from an acute disorder into 
a more chronic form of this autoimmune 
disease. 

The lymphoid cells infiltrating 
the epidermis and submucosa of the 
tongue were also phenotypically evalu
ated by immunoperoxidase in this 
sequential analysis. The results 
shown in Table 2 demonstrate the pres
ence of equal numbers of cells bearing 
the CD4 (W3/25; helper T cell subset) 
and/or the CD8 (OX8; cytotoxic/sup
pressor subset) determinants at the 
initial onset of syngeneic GVHD. At 
present we cannot exclude cells 
expressing both determinants espe
cially in the epidermis. As the 
autoaggression syndrome develops (days 
3-4 and 6-8 after the initial onset of 
syngeneic GVHD) mononuclear cells 
bearing the CD4 determinant appear to 
dominate the epidermal and submucosal 
infiltrate with a CD4/CD8 ratio of 
3.6. 

Demonstration of Autoregulatory 
Cell Controlling Syngeneic GVHD. 
Recent studies have demonstrated that 
syngeneic GVHD can be adoptively 
transferred into irradiated recipients 
but not into unmodified animals (6) 
suggesting the presence of autoregula-



tory cells controlling the development 
of syngeneic GVHD. To test this 
hypothesis, spleen cells (3x10 ) from 
animals with active syngeneic GVHD 
(early onset) were adoptively trans
ferred along with fresh Lewis marrow 
cells into secondary Lewis recipients. 
In order to perturb an autoregulatory 
system, the recipients were treated 
with total or hemibody irradiation 
(IOOOR), low dose irradiation (500R) 
busulfan (30 mg/kg) or cyclophos
phamide (100 mg/kg). The results are 
summarized in Table 3. Successful 
transfer of syngeneic GVHD only 
occurred if the secondary Lewis recip
ients were total and upper body irra
diated with 1000R, or treated with 
cyclophosphamide. Secondary syngeneic 
GVHD routinely was observed 10-20 days 
after adoptive transfer. In contrast 
syngeneic GVHD could not be trans
ferred into secondary recipients 
either left untreated or prepared with 
low dose total body irradiation 
(500R), lower body irradiation with 
lOOOR or treatment with busulfan. 
These results suggest that an autoreg
ulatory system can be detected 
and is sensitive to irradiation 
(lOOOR) and cyclophosphamide but 
resistant to lower doses of irradia
tion (500R) and busulfan. The finding 
that upper body irradiation but not 
lower body irradiation allowed for 
successful transfer of syngeneic GVHD 
suggests that this autoregulatory sys
tem may be thymic dependent. 

Another approach to demonstrate 
an autoregulatory system ,as utilized. 
Normal spleen cells (6x10 ) were adop
tivel¥ transferred with spleen cells 
(3xlO ) from animals with active syn
geneic GVHD (and normal Lewis marrow 
cells) into secondary Lewis recipients 
prepared with total body irradiation 
(IOOOR). The results in Table 4 show 
that normal spleen cells successfully 
prevented the adoptive transfer of 
syngeneic GVHD. 

In contrast, animals only receiv
ing spleen cells from rats with syn
geneic GVHD but not normal spleen 
cells developed this autoaggression 
syndrome. The identity of the 
autoregulatory of the cell remains 
unknown but appears to be thymic 
dependent. 

DISCUSSION 
Tolerance to self major histocom

patibility (MHC) antigens is one of 
the fundamental tenets of immunology 
(12). Implicit in this concept of 
tolerance is the ability of the immune 
system to discern and discriminate 
between self and non-self. To account 
for tolerance to self MHC antigens, 
Burnet put forth the concept of clonal 
selection whereby self reactive clones 
are deleted during the ontogeny of the 
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immune system in the neonate (12). 
However, autoregulatory T cells in the 
control of self tolerance has received 
strong experimental support (13, 14). 
Acquisition of tolerance to self MHC 
antigens is not limited to the devel
oping immune system in the neonate, 
but must also occur after autologous, 
and/or syngeneic BMT (1). Reconstitu
tion of the immune system after autol
ogous and/or syngeneic BMT with effec
tive self:non-self discrimination 
occurs quite rapidly with apparent 
normal T cell function. Perturbation 
of the developing immune system could 
lead to severe autoaggression. Recent 
studies have shown that treatment of 
animals with CsA following syngeneic 
and/or autologous BMT leads to severe 
autoaggression resembling allogeneic 
GVHD with the development of CD4+ and 
GD8+ effector cells recognizing class 
II MHG antigens including self 
(5,6,7,8); the immunologic homeostasis 
accounting for self:non-self discrimi
nation was perturbed by GsA treatment 
during immunologic recovery. 

The mechanism by which GsA leads 
to syngeneic GVHD and allows for the 
development of class II MHC-reactive T 
cells after syngeneic and/or autolo
gous BMT remains unknown. Two cri
teria appear to be essential for the 
induction of syngeneic GVHD: 1) thymic 
and/or total-body irradiation and 2) 
GsA treatment. (5,6,15) Studies by 
Glazier et al have shown that thymic 
shielding during irradiation prevents 
the development of syngeneic GVHD. (6) 
On the other hand, Cheney and Sprent 
have demonstrated that the transfer of 
spleen cells from a GsA-treated , non
irradiated host into an irradiated 
recipient resulted in the development 
of syngeneic GVHD. (15) These data 
indicate that thymic irradiation is 
not essential to generate the autore
active cell but suggest that irradia
tion may abrogate a host regulatory 
mechanism. 

The present studies provide 
strong experimental support for the 
existence of such an autoregulatory 
system in unmodified animals which 
controls the development of syngeneic 
GVHD. This autoregulatory system is 
sensitive to irradiation (IOOOR) and 
cyclophosphamide treatment but resis
tant to busulfan, and to low dose 
irradiation. This regulatory system 
appears to be thymic dependent. These 
findings are remarkably similar to the 
regulatory system controlling donor to 
host tolerance after allogeneic BMT. 
(9) Further support of such an 
autoregulatory system is the ability 
of normal spleen cells to suppress the 
adoptive transfer of syngeneic GVHD. 
However, the ratio of normal spleen 
cells to syngeneic GVHD effector cells 
appears to be important in suppression 



of this syndrome. (8) It will be of 
interest to fully characterize and 
phenotype this autoregulatory cell and 
compare it with the regulatory cells 
controlling the development of donor 
to host tolerance after allogeneic 
BMT. 

Although the abrogation of the 
autoregulatory system is essential for 
induction of syngeneic GVHD, the role 
of CsA therapy appears to be important 
for the generation of the effector 
mechanisms leading to altered self 
recognition. This effect seems to be 
related to the affect of CsA on thymic 
function. Previous studies have shown 
that CsA treatment leads to a rapid 
depletion of medullary thymocytes (6), 
altered T cell differentiation with an 
apparent release of immature thymo
cytes into the peripheral blood (16) 
and a reduction of class II MHC 
expression in the thymic medulla (15). 
This pronounced effect on the thymic 
medulla and on class II MHC antigen 
expression appears to play a central 
role in the generation of the effector 
cells of syngeneic GVHD. One possible 
explanation to account for the genera
tion of anti-MHC class II specific 
effector cells is that the maturation 
of T lymphocytes in a thymic environ
ment lacking class II determinants 
results in a failure to recognize 
these antigens as self. On the other 
hand, we cannot exclude that these 
antigens provide a differentiation 
signal so that during CsA treatment, 
these cells are immaturely released 
into the peripheral circulation with
out appropriate selection or differen
tiation. Experimental evidence sug
gests that CsA therapy does result in 
the early release of immature (CD4+ 
CD8+ Thy 1.1+) T cells (15). It is 
possible that these immature T cells 
differentiate extrathymically without 
the exquisite thymic control in the 
elimination of autoreactive cells. 
Such an organ to allow extra thymic 
differentiation may be the skin asso· 
ciated lymphoid tissue as proposed by 
Streilein (17). The data presented in 
the current studies implicate a dif
ferentiation process which is charac
terized by predominantly acute GVHD 
early, followed by the development of 
a more chronic type GVHD. This is 
also reflected by a change in the pre
dominant phenotype of the cells infil
trating the tissue site (CD8+, CD4+ to 
CD4+). It is unknown if the cells 
underwent maturation at the tissue 
site or if the change in the pheno
typic pattern is due to purely a dif
ferent cell population infiltrating 
the tissue. If differentiation does 
occur at the tissue site, it will be 
of interest to assess the role of 
class II MHC antigens in this setting. 
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At present many problems remain 
unresolved regarding syngeneic GVHD. 
In any case, this model at least, will 
allow us to probe into the mechanisms 
accounting for self:non-self discrimi
nation. It may also change our con
cepts of the immunobiology of GVHD 
occurring after allogeneic BMT. 
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Table 1: Histological Characterization of Syngeneic GVHD 
Following Syngeneic Marrow Transplantation and CsA 
Therapya 

Incidence 
Da::£s Post Onset of S::£ngeneic GVHD Acute GVHD Chronic GVHD 

I (n-6) 4 2 

3-4 (n=4) I 3 

6-8 (n-2) 0 2 

Animals were sacrificed at various intervals after the onset of clinical 
symptoms of syngeneic GVHD and evaluated histologically for acute and/or 
chronic GVHD. 

Table 2: Phenotypic Characterization of Mononuclear Cell Infil~rates 
In Epidermis and Submucosa of Tongue (Syngeneic GVHD) 

Epidermis Submucosa 
Days Post Onset of Phenotrpe Phenotype 

a 

Syngeneic GVHD '.13/25 (CD4) OX8 (CD8) '.13/25 (CD4) OX8 (CD8) 

1 62 + 5 65 + 4 50 + 5 48 + 3 
(n~5) (n~5) (n~5) (n~5) 

3-4 54 + 17 30 + 20 50 + 4 28 + 5 
(n~4) (n~4) (n~4) (n~4) 

6-8 70 20 75 + 15 17 + 20 
(n=l) (n=l) (n~2) (n~2) 

Animals were sacrificed at various intervals after the onset of clinical syngeneic GVHD. Frozen 
sections of tongue were analyzed for phenotypic characterization of the mononuclear cell 
infiltrates by immunoperoxidase. Assessment of T cells by expression of Ox19 revealed that 
>90-95% of the infiltrating cells expressed this T cell marker. 
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Table 3: Drug and Radiosensitivity of Autoregulatory 
Suppressor Cells in Normal Lewis Ratsa 

Treatment of Secondary 
Recipients 

Untreated 

Irradiation 
Total Body 

SOOR 
1000R 

Upper Body (lOOOR) 

Lower Body (lOOOR) 

Busulfan (30 mg/kg) 

Cyclophosphamide (100 mg/kg) 

Incidence of Syngeneic GVHD 
In Secondary Recipients 

0/8 

0/4 
8/8 

6/8 

0/8 

1/7b 

4/4 

Secondary Lewis rats were either untreated, irradiated or treated with 
busulfan or cyclophosphamide prior to infusion of 3X19i spleen cells from 
animals with active syngeneic GVHD together with 6xlO marrow cells from 
normal Lewis rats. 

Syngeneic GVHD developed late - 4 weeks post therapy in one animal 

Table 4: Adoptive Transfer of Autoregulatory 
Suppressor Cells a 

Normal Spleen Cells Adoptively 
Transferred with Syngeneic GVHD 
Effector Cells 

Incidence of Syngeneic GVHD in 
Secondary Recipients 

No Normal Spleen Cells 8/8 

Unfractionated Normal Spleen Cells (6xl07) 0/8 

a 
Spleen cells (3xl07) from animals with active syngeneic GVHD and/or normal 
spleen cells were adoptively transferred along with fresh normal Lewis marrow 
into irradiated (lOOOR) Lewis rats. 


