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INTRODUCTION 

Acute graft-versus-host disease (GVHD) is both a complex expression of cell- 
mediated immunity against host antigens and a clinically challenging complication 
of bone marrow transplantation. The pathology in radiation chimeras has been 
described for man (l-6), the monkey (7, 8), the dog (9), and the Syrian hamster 
(10). The most commonly studied models have been in rodents: rats (11- 15), mice 
(16-20) and rabbits (21). GVHD is readily induced by injecting bone marrow or 
bone marrow and lymphoid cells into newborn or thymectomized semiallogeneic 
recipients or into lethally immunosuppressed (total body irradiation or high-dose 
cyclophosphamide) allogeneic recipients. Within days of the transplant, 
splenomegaly and lymph node enlargement is observed in most semiallogeneic 
models and some allogeneic systems. Later the host becomes emaciated with 
variable degrees of weight loss, dermatitis, and diarrhea. GVHD has been moni- 
tored through mortality (22), splenomegaly (1 l), popliteal lymph node enlarge- 
ment (23-26), and through histopathology of the target tissues including skin, 
liver, and intestines. 

An increasingly important although poorly understood complication in long- 
term chimeras is the development of chronic graft-versus-host disease. The his- 
tology in man (27-30) and rats (31) appears distinct from acute GVHD in that it is 
associated with scleroderma-like cutaneous changes, injury to salivary glands and 
lacrimal glands leading to a sicca syndrome, and chronic active hepatitis. 

The following sequential description addresses and attempts to clarify several 
points. The kinetics of lymphoid proliferation as well as lymphoid depletion in 
recipients of allogeneic marrow are distinguished from the effects of total body 
irradiation and reconstitution of the recipient by syngeneic marrow. The kinetics 
of injury to nonlymphoid tissues and to cellular components of tissues such as 
liver and intestines are characterized in the allogeneic host. The frequency and 
pattern of GVHD-associated injury to additional organs are presented. Finally, 
the patterns of lymphoid proliferation and tissue injury in recipients of additional 
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allogeneic spleen cells are compared to the patterns in recipients of allogeneic 
bone marrow only. 

MATERIALS AND METHODS 

Ten- to twelve-week-old female Lewis rats (Rt-I’, 150.-200 g, Microbiological 
Associates) were lethally irradiated with 960 rad and from a cesium-137 small- 
animal irradiator 1 day prior to transplant. At Day 0, the rats received either (Al 
no transplant (radiation control): (BJ 6 x LO7 nucleated bone marrow cells from 
pooled lo- to 12-week-old Lewis rats; (Cl 6 x 10’ nucleated bone marrow cells 
from pooled 24- to 30-week-old female AC1 (Rt-1”) rat donors: or CD) 6 x 10’ 
nucleated marrow and 3 x lo7 spleen mononuclear cells from the same pool of 
AC1 donors. Bone marrow and spleen cells were prepared as decribed previously 
(32). All rats were injected with intraperitoneal Bactrim (generously supplied by 
Hoffman-La Roche) (33) and subcutaneous gentamicin for 10 days as well as 
drinking acidified water supplemented with nonabsorbable polymyxin and 
neomycin ( - 2 days to + 8 days) followed by acidified water for the duration of the 
experiment. 

The animals were examined and weighed three times per week. Three animals 
from each transplant group were sacrificed at Days 2, 5, 8, 14, 17, 21, and 28. 
Sections of the following tissues were removed and fixed in IO?% neutral-buffered 
formalin: thymus, cervical lymph node, mesenteric lymph node, spleen, tibia, 
skin, tongue, upper and lower esophagus, liver, intestines, lungs, mainstem bron- 
chi, serous and mutinous salivary glands, lacrimal gland, harderian gland, eye, 
kidney, adrenal gland, pancreas, ovary, uterus, urinary bladder, heart, brain cor- 
tex and cerebellum, skeletal muscle, thyroid gland, and synovium from the knee. 
Five-micron sections were cut from paraffin-embedded tissues and stained with 
hematoxylin and eosin and in some tissues, with Masson trichrome stains. 

RESULTS 

The lethally irradiated rats which did not reaceive a bone marrow transplant 
showed persistence of scattered neutrophils at 2 and 5 days post-transplant and 
megakaryocytes at 2 days post-transplant. There was no evidence of repopulation 
at 8 days. 

The rats which received syngeneic bone marrow after lethal irradiation had 
persistence of neutrophils, basophils, and megakaryocytes at 2 days post- 
transplant. By 5 days there were multiple small colonies of erythroid precursors, 
myeloid precursors, and immature megakaryocytes. By Day 14, there was 60 to 
80% cellularity of the bone marrow with maturation of all three hematopoietic 
elements. Rats who received either allogeneic bone marrow or marrow and spleen 
cells did not have any delay in repopulation compared to rats receiving syngeneic 
bone marrow. 

At 2 days following irradiation, the thymus was similar in all groups. The cortex 
was replaced with large histiocytes. The medulla contained scattered small lym- 
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FIG. 1. Thymus, radiation control rat, Day 2. The cortex contains histiocytic cells. The medulla has 
scattered small lymphocytes, epithelium and Hassall’s corpuscles (inset). C, Cortex; M, medulla. (H + 
E, 200x, inset, 600x .) 

phocytes and prominent epithelial cells with elongated bland appearing nuclei. 
Hassall’s corpuscles, normally not readily identified in the rat, were prominent at 
this stage (Fig. 1). 

The rats which did not receive a transplant showed limited repopulation of the 
cortex and medulla by Day 8 with small lymphocytes. 

With syngeneic bone marrow, lymphoblasts were evident by Day 5 in both the 
cortex and medulla. These were replaced with small lymphocytes in the cortex by 
Day 8. By Day 14 there were nearly normal numbers of small lymphocytes in the 
cortex and medulla with sharp demarcation (Fig. 2). 

The thymus in rats receiving allogeneic bone marrow transiently contained 
medium-sized lymphocytes in the cortex at Day 8. From Days 14 through 28, 
however, the cortex contained only large foamy histiocytes, while the medulla 
showed increased perivascular fibrosis (Fig. 3). The epithelial cells and Hassall’s 
corpuscles seen at Day 2 were no longer evident. 

With allogeneic bone marrow and spleen, the thymus had a more prolonged 
repopulation of the cortex and medulla with medium sized lymphocytes (Days 8 to 
21). Throughout this period, both regions were hypocellular compared to the 
normal thymus and rats with syngeneic transplants. By Day 28, the thymus glands 
in these rats also were markedly hypocellular with fibrosis and depletion of 
medullary epithelial cells. 
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the 
QG. 2. Thymus, syngeneic marrow recipient. Day 14. Numerous small lymphocytes are present 
cortex and medulla. C. Cortex: M, medulla. (H i- E. 200x .j 

in 

- -- _- .-_ 
FIG. 3. Thymus. allogeneic marrow recipient with GVHD, Day 14. The cortex contains predomi- 

nantly histiocytic cells. The medulla has only vessels and increased fibrosis. Previously evident epi- 
thelium is no longer evident. C, Cortex: M, medulla. (H + E. 200x .) 
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Spleen 

The developing morphology of the spleen after irradiation and marrow trans- 
plantation is detailed in Table 1. 

Two days after irradiation, the white pulp was quite hypocellular, with a mix- 
ture of small lymphocytes and large histiocytic cells. Mitoses were not present. 
Occasionally, pyknotic cells and karyorrhexis were observed. No follicles were 
evident. The red pulp contained many histiocytes (some with hemosiderin), 
stromal cells, and red cells. The endothelial cells of the arterioles were vacuo- 
lated, appreciably decreasing the diameter of the lumen. 

By Day 8 the spleen of rats which received no transplant was nearly acellular. 
The stroma of the red pulp extended up to the arteriolar adventitia. Scattered 
histiocytes were present in the red pulp. 

In contrast, recipients of syngeneic bone marrow had increased numbers of 
blasts and medium-sized lymphocytes in the white pulp as early as Day 5. Many 
cells had a single prominent nucleolus and basophilic cytoplasm. By Day 14, these 
were replaced with predominantly small lymphocytes. Well-defined follicles were 
present with small lymphocytes, but were still hypocellular and without germinal 
centers. Germinal centers were evident by Day 21 and appeared quite distinct at 
Day 28. Extramedullary hematopoiesis was evident in the Day 5 spleens and was 
prominent with marked erythropoiesis from Days 14 through 21. 

The recipients of allogeneic bone marrow with major Rt-1 discrepancy also 
demonstrated an immunoblast response in the periarteriolar region by Day 5. The 
morphologic characteristics and intensity at this time did not differ from syngeneic 
rats. Instead of maturing, however, the periarteriolar blasts persisted through Day 
21, and eccentric follicles did not develop. By Day 28, the white pulp was quite 
hypocellular. In the red pulp, extramedullary hematopoiesis persisted through 
Day 28 with prominent erythropoiesis. 

With allogeneic bone marrow plus spleen cells, the spleen was qualitatively 
similar to that seen with bone marrow alone. The intensity of blast response was 
greater at 5 through 17 days. At 28 days however, the periarteriolar region was 
markedly hypocellular and eccentric follicles failed to develop. 

Lymph Nodes 

The lymph node morphology is described in detail in Table 2. 
Two days following radiation, the lymph nodes were similar in all four groups of 

animals. The nodes were hypocellular but not acellular. Primary follicles (recog- 
nized here as large deep cortical follicles) contained small lymphocytes while the 
secondary follicles (recognized as smaller superficial cortical follicles) contained 
predominantly concentrically arranged histiocytes. Numerous plasma cells were 
present in the medullary cords. The interfollicular region had numerous prominent 
postcapillary venules and increased fibrosis but only scattered histiocytes. The 
endothelial cells of capillaries were swollen and vacuolated in the venules. In the 
rats which did not receive a transplant, the small lymphocytes in the primary 
follicles and the plasma cells persisted through Day 8 when the last of these 
animals were sacrificed. 
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With syngeneic bone marrow, the lymph nodes had evidence of repopulation 
within five days with increased immunoblasts and medium lymphocytes in the 
primary follicles and repopulation of secondary follicles with small lymphocytes. 
Plasma cells were prominent throughout the post-transplant period. By 21 days, 
the primary follicles were filled with small and medium lymphocytes. Around the 
periphery was a cuff of histiocytic cells. The secondary follicles had a densely 
cellular mantle of small lymphocytes around a distinct germinal center containing 
round immunoblasts and mitotic figures. In contrast to the follicles, the interfol- 
licular regions remained hypocellular until 17 days post-transplant when they 
became moderately populated with immunoblasts including occasional blasts with 
hyperchromatic polygonal nuclei. By Day 28 these regions contained mostly small 
lymphocytes with scattered immunoblasts. 

The lymph nodes in recipients of allogeneic marrow were strikingly different. 
Although a few small lymphocytes persisted in the primary follicles until Day 8, 
there were no immunoblasts evident, and secondary follicles and plasma cells 
were only rarely observed after Day 2. On the other hand, by Day 5, the interfol- 
licular regions contained many immunoblasts (some with dark angular nuclei), 
histiocytes, cellular debris, and additionally these regions showed prominent 
neovascularization. By Day 8 the lymph nodes were enlarged and the above- 
described proliferative process was diffuse throughout the cortex. The lym- 
phoid proliferation was more prominent in the mesenteric lymph nodes than in 
the cervical lymph nodes. By Day 14, the number of immunoblasts was consid- 
erably diminished although the increased vascularity persisted. By Day 28, the 
interfollicular regions as well as the follicles were very hypocellular with increased 
interstitial edema. 

When lethally irradiated rats received allogeneic spleen in addition to bone 
marrow, the primary follicles contained increased small lymphocytes at 2 days 
compared to recipients of marrow alone. Scattered immunoblasts were present 
at Days 5 and 8 in the primary follicles. Groups of small lymphocytes were present 
in the secondary follicles. From Days 14 through 28 the primary follicles remained 
hypocellular and did not develop a peripheral cuff. Secondary follicles were not 
observed in any of the Day 21 or Day 28 lymph nodes. While not as intense as in 
rats receiving only allogeneic bone marrow, there was a m0derat.e degree of lym- 
phoid and vascular proliferation in the interfollicular regions at Days 5 and 8. By 
Day 28 these regions were quite hypocellular and edematous. 

Injury to Nonlymphoid Tissues 

The target tissues which had significant injury in recipients of Rt-1 mismatched 
allogeneic bone marrow at Days 8 to 28 but not in recipients of syngeneic bone 
marrow or in the radiation control group at Day 8 are listed in Table 3. In the early 
transplant period (Days 8 and 14), most animals had lymphocyte associated injury 
of the tongue, intestines, conjunctivas and corneas. By 17 days most animals had 
evidence of injury to the skin, lobular hepatocytes, and pancreas. By 28 days, 
injury was also evident in the lacrimal and serous salivary glands, bronchial mu- 
cosa, urinary bladder, renal pelvis, and esophagus. 

Rats receiving both marrow and spleen cells in this particular study did not have 
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a more severe GVHD as judged by mortality (6 of 27 vs 10 of 27 initial recipients) 
or weight loss (18 2 8% vs 30 ? 9%). The GVHD was, however, different with an 
altered morphology of skin GVHD from the onset at 8 days. Furthermore there 
was injury to the hepatic bile ducts, salivary and lacrimal glands, and bronchial 
mucosa from the onset at 8 days. 

At 2 days the papillary capillaries in all groups had prominent swollen en- 
dothelium. These changes were resolved by Day 5. In radiation controls and 
syngeneic recipients, there were no other histologic changes. 

At 8 days, with allogeneic marrow transplantation, a lymphocytic infiltrate was 
present in the submucosa with focal exocytosis. In these regions, vacuoles were 
present within the epidermal mucosa containing celiuiar debris and one or more 
lymphocytic cells. By 17 days, the necrotizing process was diffuse. The submu- 
cosa had many small lymphocytic cells, histiocytes, and capillaries and was 
edematous. There was a moderate to marked lymphocytic exocytosis with vac- 
uolization of some basal and epidermal cells and scattered large eosinophillic 
necrotic cells. Many of the epidermal cells contained vesicular nuclei with a single 
prominent nucleolus and mitotic figures were evident, With increased histologic 
severity, there were infrabasallar bullae, ulceration with bacterial overgrowth, 
and edema of the muscularis. There was no consistent difference of the mucosa 
between those receiving bone marrow alone and those receiving bone marrow and 
spleen. With additional spleen cells, however, there was greater perivascular 
infiltration and muscular atrophy. 

TABLE 3 
PEKIPHERAL TISSUES INJURED WITH GVHD 

Recipients of Allogeneic bone marrow Allogeneic marrow and spleen 
~___ 

Early Later Early Later 
(Days 8. 14) (Days 17-28) (DdyS 8, 14) (Days 17-28) 

Tissue 
Tongue 
Skin 
Esophagus 
Liver 

Hepatocytes 
Bile ducts 

Intestines 
Karyolytic bodies 
Plasma cell depletion 
Villous atrophy 

Bronchial mucosa 
Serous salivary glands 
Lacrimal glands 
Conjunctivae 
Renal pelvis 
Urinary bladder 
Pancreas 
Heart 

s/s 515 bib 8;X 
II5 515 56 8/X 
O/5 35 2/h 7/x 
715 415 hi6 7:x 

l/5 415 ?/h 488 
O/5 715 6i’h 7/X 

5/s .x5 5:s nix 
31s 415 1.5 h;t( 
515 S/5 5,‘j Xl8 
25 315 3 5 8/X 

O/S 114 516 718 
O/5 215 416 818 
014 2i4 4i6 317 
315 ?I5 116 J/X 
015 215 216 418 
O/5 314 316 6i7 

215 515 716 7/x 

O/5 315 316 5:X 
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Skin 

At Day 2 post-transplant rats from all four groups had mild edema of the super- 
ficial dermis and prominent capillary endothelium. These mild changes were no 
longer evident by Day 5. 

Recipients of allogeneic bone marrow at 14 days had vacuolization of basal 
epidermal cells and scattered eosinophilic necrotic cells in the epidermis, some 
containing pyknotic nuclei. There was a mild lymphocytic infi!trate in the dermis 
with exocytosis into the epidermis. The necrotic epidermal cells only occasionally 
had a satellite lymphocyte. Later there was greater liquifaction of epidermis as- 
sociated with lymphocytes (Fig. 4). Similar Liquifaction was evident in the hair 
follicles, particularly at the junction with epidermis. The sebaceous glands and 
hair bulbs were generally spared. In more severe cases, there was suprabasalar 
epidermolysis, dermal edema, and perivascular infiltrates of lymphocytes and 
histiocytes about the superficial arterioles. 

Recipients of marrow and spleen cells had from the onset of GVHD at 8 days 
patchy acanthosis and often keratosis of the epidermis (Fig. 5). There was less 
exocytosis of lymphocytes and less liquifactive degeneration than recipients of 
marrow alone. The dermis was relatively thicker with collagen extending to the 
basal cell layer. There was greater infiltration of the dermis with lymphocytes, 
histiocytes and fibroblasts. The arterioles and arteries in the deep dermis had 
greater perivascular infiltration with lymphocytes and histiocytes. 

FIG. 4. Graft-versus-host disease, skin, recipient of allogeneic bone marrow, Day 21. Note lympho- 
cyte exocytosis of epidermis with associated vacuolization. (H + E, 200~ .) 
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FIG. 5. Graft-versus-host disease, skin, recipient of allogeneic hone marrow and spleen. Da! 71. 
Compared to Fig. 4. note decreased infiltration and vacuolization of epidermis. hand-like infiltrate of 
superficial dermis (arrow). and thickened collagen in the superficial dermis. (H 1 E. 300~ .I 

Eye 

No significant histologic changes were evident in radiation controls or 
syngeneic marrow recipients. The majority of chimeric rats had injury to the 
scleral limbus adjacent to the cornea. As early as Day 8, there was mild sub- 
mucosal lymphocytic infiltate, epidermal exocytosis. and associated vacuoles 
containing eosinophilic cells and cellular debris (Fig. 6). The submucosa was 
edematous and had prominent capillaries. 

Esophagus 

The esophagus in all groups of rats at Day 2 had vascular changes as described 
above. The radiation control group and syngeneic recipient groups had no addi- 
tional pathology, 

In contrast to the tongue, skin, and conjunctiva, the esophagus was involved 
relatively late in the course of GVHD, with injury first observed at Day 17 in the 
allogeneic marrow recipients and Day 14 of the allogeneic marrow and spleen 
recipients. There was a mild submucosal infiltrate of small lymphocytes with focal 
lymphocytic exocytosis and vacuolization of the basal cells. By Day 28, the sub- 
mucosal infiltrate was moderately dense and the associated epidermal changes 
were diffuse. Often small bullae were present. At this time, gram-positive cocci 
were numerous along the corium. There were no consistent pathologic differences 
between the upper and lower esophagus. 
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FIG. 6. Graft-versus-host disease, scleral limbus near the cornea, recipient of allogeneic bone mar- 
row, Day 2 1. There is a submucosal infiltrate of mononuclear cells with exocytosis of epidermis and 
associated vacuoles containing pyknotic cells and debris (arrows). (H + E, 300x .) 

Small Intestine 

At 2 days post-transplant, the Peyer’s patches were quite hypocellular. In the 
radiation control group and syngeneic marrow recipients, the remaining cells con- 
sisted of small lymphocytes. In recipients of allogeneic marrow or marrow and 
spleen cells, there were, in addition, occasional immunoblasts present. The small 
lymphocytes persisted in the radiation control rats. With syngeneic marrow trans- 
plantation there were increased numbers small lymphocytes and immunoblasts 
containing a prominent nucleolus by Day 5. Around the periphery there was focal 
cellular debris but no overall organization. By Day 21, follicles were evident 
containing densely packed small lymphocytes but no germinal centers. 

In recipients of allogeneic bone marrow, or marrow and spleen, there were 
numerous immunoblasts by Day 5 with only scattered small lymphocytes. By Day 
17, the patches were again hypocellular with scattered small lymphocytes and rare 
immunoblasts. By Day 28, they were very hypocellular with fibrosis and an occa- 
sional small lymphocyte. 

The mucosa and lamina propria were similar for all groups of animals 2 days 
after irradiation. The villi were moderately flattened and the crypts were quite 
abnormal with atypical columnar cells having large vesicular nuclei, absence of 
mitotic figures and occasional vacuoles (karyolytic bodies) containing pyknotic 
cells and cellular debris. The lamina propria contained numerous plasma cells, a 
few small lymphocytes and occasional neutrophils and mast cells. At Day 5, there 
was resolution of the nuclear atypia, increased numbers of crypt mitotic figures 
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and villi of normal height. Karyolytic bodies were still present focally. In the 
radiation control group and syngeneic marrow recipients, the karyolytic bodies 
were no longer evident subsequent to Day 8. The mucosa was histologically 
normal and the lamina propria contained slightly decreased to normal numbers of 
plasma cells and small lymphocytes. 

Recipients of allogeneic bone marrow or bone marrow and spleen had mild to 
moderately flattened villi, numerous crypt mitoses, and rare or focal karyolytic 
bodies on Days 8 and 14. The lamina propria contained only rare plasma cells and 
scattered small and medium lymphocytes and histiocytes. On Days 21 and 28, 
there was variably flattened villi, numerous crypt mitoses, and moderate numbers 
of karyolytic bodies. Some sections appeared to have increased numbers of in- 
traepithelial lymphocytes in the crypts. The lamina propria still was depleted of 
plasma cells, but had increased numbers of small lymphocytes and histiocytes as 
well as neutrophils. 

At Day 2, the liver demonstrated moderate centrilobular congestion which had 
resolved by Day 5. In the radiation control group at Days 5 and 8, there were no 
histologic abnormalities. From Days 8 through 28, syngeneic recipients occasion- 
ally had a few small lymphocytes in the portal triads. There was not, however, any 
associated hepatocellular or bile duct injury. 

The liver at Day 8 in recipients of mismatched bone marrow or bone marrow 
and spleen had numerous foci of lobular necrosis consisting of vacuoles containing 
one or more eosinophilic cells with pyknotic nuclei and several small or medium 
hyperchromatic lymphocytes. By Day 28 of the marrow allogeneic recipients and 
Day 8 of the allogeneic marrow and spleen recipients, there was evidence of bile 
duct injury with periductal lymphocytes, nuclear pleomorphism, and cytoplasmic 
vacuolization of the columnar cells. Occasionally cellular debris was evident in 
the lumen. Periportal bile stasis was seen in some sections but was never promi- 
nent. Piecemeal necrosis of the periportal hepatocytes was not prominent in either 
group until 21 days. Sections of liver taken late in the course also had increased 
numbers of hepatocytes with mitoses or multiple nuclei. At this time the Kupfer 
cells appeared prominent. 

Trucheu md Mainstern Bronchi 

Sections of the upper trachea and mainstem bronchi had moderate nuclear 
atypia with large vesicular nuclei and rare round eosinophillic cells with pyknotic 
nuclei at 2 days. These changes were no longer evident by Day 5. Thereafter, the 
radiation control rats and syngeneic recipients had no histologic changes. 

From Days 8 through 28, lymphocyte associated injury was more evident 
among recipients of allogeneic bone marrow and spleen cells than recipients of 
allogeneic bone marrow alone (12 of 14 vs 2 of 9, P < 0.003. This consisted of a 
moderate submucosal infiltrate of small and occasional medium lymphocytes, 
prominent capillaries, and edema, with exocytosis into the mucosa and associated 
round necrotic cells and focal hyperplasia. A similar infiltrate was present in the 
submucosal glands and ducts. 
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Salivary Glands 

Sections of serous salivary glands examined at Day 2 showed extensive injury 
to the acini with decreased secretions, scattered cellular debris, and interstitial 
edema. No inflammatory cells were present. These changes were no longer 
evident by Day 5. Radiation control rats and syngeneic marrow recipients had no 
other changes. 

Like the bronchi, the serous salivary glands were injured more frequently in 
recipients of Rt-1 mismatched bone marrow and spleen than in recipients of 
mismatched bone marrow alone (12 of 14 vs 2 of 10, P < 0.005). This consisted of 
mild or moderate periductal infiltrate of small lymphocytes with migration within 
the duct basement membrane. The mucosal cells were vacuolated and the nuclei 
disoriented. The acini also had an infiltrate of small lymphocytes. The columnar 
cells were variable in size with many being vacuolated. Later, the glands appeared 
atrophic and increased amounts of interstitial edema was present. The mutinous 
salivary glands had minimal changes, consisting of occasional ducts with 
lymphocytic infiltrates. 

Lacrimal Glands and Harderian Glands 

Sections of intraorbital lacrimal glands and Harderian glands from radiation 
control rats and syngeneic marrow recipients were histologically unremarkable. 

In the allogeneic chimeras, these glands had a mild lymphocytic infiltrate of the 
ducts with vacuolization of the columnar cells. This was present in 7 of 13 recipi- 
ents of allogeneic bone marrow and spleen compared to 2 of 8 recipients of bone 
marrow alone (P < 0.2) but was evident much earlier. Focal injury to the acini 
was evident in only 3 rats. 

Kidney 

In all rats sacrificed at Day 2 there were vascular changes of the small arterioles 
as described previously. The radiation control rats had no histologic changes at 
Days 5 and 8. 

In the syngeneic marrow recipients as well as both groups of allogeneic 
chimeras there was a mild interstitial infiltrate of lymphocytes in the perivascular 
region. The glomeruli in all groups were not significantly changes by light micros- 
copy. Thus we cannot identify any lesions in the renal parenchyma definitely 
associated with GVHD. 

In the renal pelvis, however, 6 of 13 allogeneic recipients had lymphocytic 
infiltration and injury to the renal pelvis at Days 17 through 28, which was not 
evident in the syngeneic recipients. The transitional epithelium was mildly 
hyperplastic with vacuolization of the basal cells and occasional eosinophillic 
necrotic cells. 

Urinary Bladder 

The bladder at Day 2 showed the previously described vascular changes and 
vacuolization of individual transitional cells. These changes were resolved by Day 
5. There were no other changes in the radiation control rats or syngeneic marrow 
recipients. 
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In allogeneic recipients with GVHD, there was patchy infiltration of the mucosa 
with small lymphocytes and associated liquifaction producing small bullae. This 
process was more prevalent at 17 to 28 days. 

Puncrens 

The pancreas from rats of the radiation control group and from syngeneic mar- 
row recipients had no histologic changes. Sections of pancreas from rats with 
allogeneic marrow or marrow spleen cells showed focal infiltrates of lymphocytes 
and histiocytes in the periductal regions extending to the islets of Langerhans (Fig. 
7). Around the periphery of these lesions were vacuoles containing necrotic cells 
and cellular debris and acini with vacuolated cytoplasm. These lesions were more 
frequently seen 17 to 28 days post-transplant (P < 0.01). 

Heart 

At Day 2, the heart in all groups of animals had vascular changes as previously 
detailed. Thereafter, the radiation control group and syngeneic recipients had no 
cardiac changes. 

Half of the rats with acute GVHD had increased lymphocytes and edema in the 
interstitium. However, there was not any associated necrosis of the myofibers 
evident. 

FIG. 7. Graft-versus-host disease, pancreas, recipient of allogeneic bone marrow, Day 17. A 
perivascular infiltrate of mononuclear cells extends into the interstitial areas of the excocrine pancreas 
with lose of acini. Around the periphery note the vacuoles containing pyknotic cells and debris 
(arrows). (H + E, 300x.) 
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Other Tissues 

Tissues not noticeably or consistently altered in allogeneic recipients included 
brain, adrenal glands, thyroid, ovaries, uterus, skeletal muscle, synovium, and 
articular cartilage. 

DISCUSSION 

Acute graft-versus-host disease has been studied extensively in the mouse radi- 
ation chimera and in several reports of rat radiation chimeras. Rats offer a number 
of advantages as a model of acute GVHD in humans, including its size, a similar 
high mortality rate, similar organ involvement, and independence from strain 
variability among various Rt-1 mismatched, mixed-lymphocyte reactive strain 
combinations (14, 34). The present systematic study of rats sacrificed periodically 
extends previous descriptions and raises additional issues. 

Although the thymus, spleen, and lymph nodes all had marked lymphoid atro- 
phy and histiocytosis immediately after irradiation, these tissues varied greatly in 
the subsequent early course with respect to the other lymphoid tissues and 
whether their hosts received no transplant, syngeneic, or allogeneic bone marrow. 

As observed in other systems, there was marked depletion of thymic lympho- 
cytes and relative sparing of medullary epithelium immediately after irradiation 
(34, 36). In contrast to syngeneic recipients with rapid subsequent repopulation 
and even with the radiation control rats with partial repopulation by thymic lym- 
phocytes, recipients of allogeneic marrow had severe lymphoid atrophy and ap- 
parent loss of epithelium. Thymic involution has been observed with GVHD in 
man, mice, rats, and rabbits (13, 17, 19, 35). Observations with adrenalectomized 
mice indicate that the involution, particularly in the medulla, is not the result of 
endogenous glucocorticoteroids (37). The radiation control rats, which should 
have had greater stress-related involution, actually had better repopulation than 
the allogeneic marrow recipients. When GVHD is prevented in Rt-1 mismatched 
chimeras, there is good reconstitution with donor lymphocytes, indicating that the 
atrophy is not caused by a failure of alloantigen recognition by donor cells (38). 
Possible causes of prolonged atrophy would include destruction or inhibition of 
radioresistant lymphocytes (39), and alterations of the microenvironment deter- 
mined by the epithelium. 

Whereas the spleen in syngeneic marrow recipients had a transient immunoblast 
phase followed by apparent maturation by 21 days, the spleen in recipients of 
allogeneic marrow had a prolonged immunoblast response in the periarteriolar 
region through Day 17, followed by a dramatic lymphoid depletion. While the 
periarteriolar region in the normal spleen contains predominantly T lymphocytes 
(40,41), we cannot necessarily extrapolate this organization to the early chimeric 
spleen. The marked depletion which followed shortly thereafter suggests that 
these immunoblasts were not immediate precursors of normal spleen T lympho- 
cytes. Could the subsequent atrophy of the white pulp be due to failure of the 
thymus or to a type of allogeneic restriction ? These spleens were much more 
atrophic, particularly in the eccentric regions, than in patients $with DiGeorge’s 
syndrome or thymectomized rats reconstituted with syngeneic marrow, suggest- 
ing that thymic atrophy alone was not responsible. The good reconstitution ob- 
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served in allogeneic recipients when GVHD was prevented also suggests that 
GVHD-associated atrophy was not just a failure of alloantigen distinct lympho- 
cytes to recognize the appropriate splenic regions. The severe atrophy in the 
radiation control group indicates that most of the host’s spleen lymphocytes were 
radiosensitive and that the atrophy in allogeneic recipients was due to suppression 
or failure of reconstitution rather than a cytotoxic effect of donor lymphocytes 
against necessary host cells. 

As was the case with the thymus, the lymph nodes had a number of lymphoid 
cells which were radioresistant at this level of therapy. All radiation controls 
(Days 2-8) had small lymphocytes in the primary follicles and many plasma cells 
about the medullary cords. Populations of resistant lymphoid cells have been 
observed in other rat systems receiving lethal irradiation (42) or high-dose cy- 
clophosphamide (43). These cells could be important in stimulating allogeneic 
cells or in providing residual immune protection to radiation controls and 
syngeneic recipients. Allogeneic typing in rats recovering from GVHD and in 
allogeneic chimeras in whom GVHD is prevented indicate that these cells are 
eliminated in the chimera (32, 38). Following syngeneic marrow transplantation, 
there was an early immunoblast response in the region of the primary follicles with 
increasing numbers of small lymphocytes in the superficial secondary follicles. 
The paracortical regions (putative T lymphocyte region) (40, 41. 44, 45), which 
were distinguished from the deep primary follicles by the presence of numerous 
venules, was hypocellular until 17 days post-transplant when it underwent a blast 
phase. By 21 days the primary and secondary follicles had a nearly normal ap- 
pearance. 

The early response in allogeneic recipient lymph nodes was strikingly different 
with an early immunoblast response accompanied by small vessel proliferation in 
the paracortical region. On the other hand, there was no blast response in the 
primary follicles. Later the lymphoid proliferation became diffuse, obliterating the 
discernable architecture. If in fact the paracortical blast response does represent a 
T-lymphoblast response, then the early lymph nodes in allogeneic marrow recipi- 
ents would be characterized not only by a T-cell proliferation, but also by absent 
or suppressed B-cell proliferation. This would distinguish the radiation chimera 
from newborn semiallogeneic models in which there is a host B-cell proliferation 
(46, 47). 

As in other models and studies, the target organ injury clearly followed the 
lymphoid proliferation. While all rats sacrificed at Day 5 had an established im- 
munoblastic process in the lymph nodes and spleen, target tissues showed mild 
changes at Day 8 and well established injury at Day 14. The tongue had the earliest 
injury and was the most sensitive nonlymphoid tissue for monitoring GVHD. 
Along with the tongue, there was in some rats injury to lobular hepatocytes, 
intestinal crypt epithelium, conjuctivae epithelium, and exocrine pancreas. Addi- 
tional tissues consistently injured later than 14 days included skin epithelium and 
hair follicles, esophagus, urinary bladder, and less frequently, hepatic bile ducts, 
the bronchial mucosa, salivary and lacrimal gland duct epithelium, and renal 
pelvis. One cannot exclude a role for infection, such as coronavirus, rat hepatitis 
virus, or mycoplasma pulmonis contributing to injury of various target tissues 
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(48-50). We believe, however, that these tissues are injured by the same mecha- 
nism for the following reasons. The lesions were absent in syngeneic recipients, 
Day 8 radiation controls, and (excluding the intestine) allogeneic recipients before 
Day 8. The histologic pattern was similar with lymphocytic infiltration, intersitial 
edema, and vacuolization and necrosis of target cells. Finally, the presence and 
severity of injury was proportional to the degree of inflammation and injury in the 
tongue. 

Tissues which were lined with squamous epithelium were not all injured in the 
same manner or at the same time. While the tongue was most consistently and 
severely effected, injury was less frequent and severe in the skin and conjunctivas 
and least evident in the esophagus. This could reflect either differences in antigen 
density such as the number of Langerhans cells bearing Ia like or organ specific 
antigens (51,52), differences in vascularity, differences in antigen accessability, or 
even differences in susceptability of epithelial cells to injury. 

The liver in allogeneic marrow recipients had predominantly lobular foci of 
hepatocellular necrosis in the early injury phase and bile duct injury and periportal 
piecemeal necrosis by Day 28. In this respect, the rat more closely parallels liver 
GVHD in the human (53) than in the dog (54) which had early bile duct injury. In 
human recipients of HLA mismatched marrow there is an earlier onset of GVHD 
with predominantly hepatocellular injury as compared to a later onset of GVHD 
and predominantly bile duct injury in recipients of marrow from HLA identical 
siblings. 

A notable clinical distinction between the rat and human GVHD has been the 
relatively mild extent of intestinal involvement. While our rats with GVHD did 
have diarrhea or loose stools, we, as have others, did not observe the same extent 
of mucosal and crypt destruction often present in man (l-4, 14,55). One possible 
explanation is a greater capacity for repair in the rat. Whereas the human intestine 
can require as much as 3 weeks to repair from radiation injury (56) the irradiated 
rats had nearly complete repair with tall villi and numerous crypt mitoses by Day 5 
and the syngeneic recipients and radiation controls had no evidence of mucosal 
injury by Day 8. 

It has been proposed that the crypt karyolytic bodies in GVHD are due to an 
impaired regeneration from radiation damage (57). Indeed, they are morphologi- 
cally very similar and in this study there were no rats which demonstrated com- 
plete intestinal repair prior to the onset of tongue and intestinal GVHD. 

The significance of these karyolytic bodies in the rat model must be questioned, 
however, because they were very sparse (one to two per 10 high power fields) 
compared to the numerous crypt mitoses and moderate to severe villous atrophy 
and crypt hyperplasia. A second contributing factor to mucosal damage would be 
an associated deficiency of local intestinal immunity in the conventionally raised 
rat. In contrast to the syngeneic recipients and even radiation controls, there was 
marked plasma cell depletion by Day 5 and absence after Day 8 in the allogeneic 
marrow recipients. GVHD has been observed to prevent the normal development 
of intestinal immunity in newborn mice (58) and to deplete intestinal plasma cells 
in man (55). The significance of eliminating host plasma cells from the intestine is 
suggested by studies which observe karyolytic bodies but minimal diarrhea or 
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mortality in germ-free chimeras (59, 60) and increased mortality with defined 
bacterial contamination (61). While the infectious agents were not identified in 
the present model, superinfection was suggested by increased neutrophillic infil- 
trate and villous flattening in the later periods. 

Additional tissues which had injury consistently associated with GVHD in the 
allogeneic marrow recipient included exocrine pancreas, urinary bladder, renal 
pelvis, and by Day 28, the bronchi, serous salivary glands, and lacrimal glands. 
Involvement of the pancreas and urinary bladder has been described in mouse 
chimeras (20, 62), the bronchi, pancreas, and urinary bladder in canine chimeras 
(63), and the bronchi, salivary glands, and lacrimal glands in human chimeras (27, 
28, 64). 

In a dose-response manner, transplantation of allogeneic spleen lymphocytes 
added to marrow leads to a more severe GVHD as indicated by earlier onset and 
higher mortality (22). In this study, the added spleen cells did not produce an 
earlier onset, greater weight loss, or higher mortality. It is thus likely that the cell 
dose was insufficient for a clinically more severe GVHD. Compared to recipients 
of allogeneic marrow alone, however, the lymphoid and target tissues were altered 
in some unexpected ways. 

The thymus had a more prolonged partial repopulation of the cortex and 
medulla and lymphocytic atrophy was delayed until Day 28. The spleen qualita- 
tively resembled that of allogeneic marrow recipients although the immunoblast 
response appeared more intense. The lymph nodes had an early mild immunoblast 
response in the primary follicles and persistence of primary and secondary fol- 
licular lymphocytes. Lymph nodes of allogeneic marrow recipients, on the other 
hand, contained only small lymphocytes in the primary follicles early and no 
follicular immunoblasts until Day 28. 

Added spleen cells altered the tissue injury both by histologic pattern and ki- 
netics. From the onset of GVHD at 8 days the skin had more acanthosis, dermal 
and perivascular infiltrates, and thickened dermal collagen resembling early 
chronic GVHD. Also glandular tissues, including salivary glands, lacrimal glands, 
bronchial mucosa, and glands and hepatic bile ducts, which otherwise were not 
involved until Day 28, were effected from the onset of GVHD at Day 8. 

The resemblance of these changes in the skin, salivary glands, and lacrimal 
glands to chronic GVHD as described in the long-term rat (31) and human (27-30) 
chimeras was striking. Chronic GVHD, with associated nonspecific suppressor 
cells, “autoantibodies,” and organ manifestations resembling autoimmune disor- 
ders such as progressive systemic sclerosis and keratoconjunctivitis sicca is usu- 
ally considered to be an expression of immune dysregulation (28, 30. 65). In 
contrast, acute GVHD is thought to result from a cytotoxic immune response to 
alloantigens (46). The cellular makeup of the donors’ spleens was not defined in 
our study. They did, however, contain either effector or regulator cells capable of 
modulating the marrow lymphocytes to produce a chronic-type GVHD in the 
short-term chimera. 

The goal of this description of GVHD in the rat radiation chimera was to 
illustrate the value of histology in delineating the kinetics of lymphoid changes and 
tissue injury with GVHD, in dissecting the cellular components of tissue injury, in 
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recognizing injury in tissues not classically associated or clinically apparent, and 
in distinguishing patterns of GVHD under different transplantation conditions. 
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