
 

 

Introduction 
 
Hematopoietic stem cell transplantation (HSCT) 
is the treatment of choice for malignant and 
non-malignant diseases. Although HSCT has a 
high curative potential for otherwise incurable 
diseases, transplantation related morbidity de-
teriorates clinical outcome and life quality of the 
patients [1]. Graft-versus-host disease (GVHD) 
remains one of the most serious transplantation
-related complications despite intensive re-
search on this issue. Factors such as disparity 
in major and/or minor histocompatibility anti-
gens between donor and recipient, sex mis-
match, stem cell source and conditioning regi-
men contribute to GVHD development [2]. Con-
ditioning regimen is an important part of HSCT 

and exerts an immunosuppressive, myelosup-
pressive/ myeloablative and anti-tumor effects. 
Conditioning regimens consist of cytostatics 
with or without irradiation and with or without 
antithymocyte globuline (ATG). Type and inten-
sity of the conditioning regimen is determined 
with regards to several factors such as the diag-
nosis, patient’s age, co-morbidity, type of donor 
and HLA-disparity, and risk for transplantation-
related complications.  
 
Conditioning regimen is implicated in GVHD 
pathophysiology through inducing damage in 
host tissues [3]. Tissue damage results in the 
secretion of inflammatory molecules, elevation 
of adhesion molecules and expression of histo-
compatibility antigens that attract donor T cells 
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planted with 2x107 bone marrow and 3x107 spleen cells from male C57BL/6 (allogeneic group) or female Balb/c 
(syngeneic/control group) mice. The allogeneic, but not syngeneic transplanted mice developed GVHD. Histopathol-
ogy of the major internal organs (liver, pancreas, spleen, lungs, heart and kidney) was examined before conditioning 
start, after conditioning’s end and 5, 7 and 21 days after transplantation using hematoxylin-eosin staining. De-
creased spleen cellularity and diminished glycogen content in the liver were observed after conditioning regimen. 
Histopathological changes such as vasculitis, inflammation and apoptotic cell forms in liver, spleen, pancreas, lungs 
and heart were observed in allogeneic transplanted mice, however, only hypocellular spleen and extramedullar hema-
topoiesis were detected in syngeneic transplanted animals. No morphological changes were observed in kidney in 
either HSCT setting. This is the first study describing early histopathological changes after conditioning regimen with 
busulphan/cyclophosphamide and dynamics of GVHD development in several major internal organs. 
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to the site of the inflammation. Further, the in-
teraction between the antigen presenting cells 
(APC) with the donor T cell leads to T cells acti-
vation, proliferation and differentiation. Subse-
quently, activated donor T cells migrate to target 
tissues through expressing chemokine recep-
tors and other chemotaxes signals [4]. Phago-
cytic and cytotoxic cells are recruited and 
worsen the tissue damage [5-6]. GVHD may be 
divided according to its onset in two types, 
acute (aGVHD) and chronic (cGVHD). Both types 
are T cell mediated but differ in symptoms and 
involved organs.  
 
Animal models were developed to investigate 
the mechanism underlying GVHD, since patho-
physiological studies in humans are limited due 
to ethical and practical reasons. The vast major-
ity of the models on GVHD pathophysiology are 
based on total body irradiation-based condition-
ing despite the fact that about one half of the 
transplanted patients are conditioned with cy-
tostatics without irradiation. Alkylating agents 
busulphan (Bu) and cyclophosphamide (Cy) are 
used as conditioning regimen before transplan-
tation for acute and chronic myeloid leukemia, 
inherited metabolic diseases and chronic granu-
lomatous disease since the 1970’s [7]. Condi-
tioning regimen with Bu/Cy has an intensive 
immunosuppressive and myeloablative effect, 
but it is also involved in several transplantation-
related complications such as mucositis, liver 
toxicity and hemorrhagic cystitis [8]. Tissue 
damage induced by Bu/Cy has been also impli-
cated in development of GVHD. We have devel-
oped and characterized a mouse model of 
GVHD after conditioning regimen with Bu/Cy [9-
10]. Conditioning regimen, together with dispar-
ity in the major and minor MHC antigens be-
tween recipient Balb/c and donor C57BL/6 
mice, results in acute GVHD that is mediated by 
CD8+ T cells. In this investigation we present 
the dynamics of the early histopathological 
changes that occur after conditioning regimen 
with Bu/Cy and during subsequent development 
of acute GVHD. 
 
Material and methods 
 
Materials 
 
Materials were purchased as follows: busul-
phan, cyclophosphamide and ethylenediamine-
tetraacetic acid (EDTA) from Sigma-Aldrich, 
Stockholm, Sweden; phosphate buffer saline 

(PBS) and fetal bovine serum (FBS) from Invitro-
gen AB, Stockholm, Sweden; 4% formaldehyde 
from Solveco AB, Rosersberg, Sweden. 
 
Animals 
 
Female Balb/c mice (H-2Kd) 10 to 12 weeks old 
and C57BL/6 (H-2Kb) mice 10 to 14 weeks old 
were purchased from Charles River, Germany. 
The experiments were approved by Stockholm 
south ethics committee for animal research in 
compliance with Swedish animal welfare law. 
The mice had access to food and water ad libi-
tum and were kept in pathogen free HEPA fil-
tered individually ventilated cages (IVCs) under 
controlled conditions with 12 hours light/dark 
cycle, humidity 55% ± 5% and temperature 
21ºC ± 2ºC. Upon delivery, the mice were al-
lowed to acclimatize for one to two weeks be-
fore the start of experiment.  
 
Conditioning and HSCT 
 
Conditioning regimen and HSCT were performed 
as described previously [9]. Briefly, female 
Balb/c mice were treated with busulphan at 
dose of 20 mg/kg/day for 4 days (day -7 - day -
4) and cyclophosphamide at dose of 100 mg/
kg/day for two days (day -3 and day -2). Then 
mice were allowed to rest for one day. Day of 
stem cell injection is assigned as day 0, days 
before stem cell injection are numbered back-
wards with “-“ sign and days after stem cell in-
jection forward with “+” sign. Conditioned recipi-
ent mice were transplanted with 2 x 107 bone 
marrow and 3 x 107 spleen cells from male 
C57BL/6 (allogeneic group) or female Balb/c 
(syngeneic group) on day 0. Cells were adminis-
tered intravenously through the tail vein. The 
health status of the mice was regularly moni-
tored and the weight was recorded from the 
start of treatment until the day of sampling. Af-
ter transplantation, the animals were assessed 
for GVHD signs i.e. weight loss, posture, activity, 
fur texture, and skin integrity [11]. 
 
Four to seven animals were examined per time 
point in each group. Untreated controls were 
sampled before conditioning start (day -7). The 
treated animals were sampled at day 0 (before 
stem cell administration) and at day +5, +7 and 
+21. Since the intensity of Bu/Cy conditioning 
does not allow for autorecovery of hematopoi-
esis and thus, inevitably results in early death, 
syngeneic transplanted mice served as controls 
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for chemotherapy induced tissue damage.  
 
Tissue processing and staining 
 
At the appropriate time point, mice were given 
general anesthesia and killed by cervical dislo-
cation. Immediately the whole vascular system 
was perfused with solution of phosphate buffer 
saline/ 10 mM ethylenediaminetetraacetic acid 
(EDTA)/ 2% fetal bovine serum through the left 
ventricle while the inferior vena cava was cut. 
Heart, liver, spleen, kidney and pancreas were 
harvested and placed in a sealed container with 
4% para-formaldehyde. After harvesting, lungs 
were perfused with 4% para-formaldehyde 
through the trachea, then transferred to the 
sealed container. The tissues were dehydrated 
in increasing concentration of ethanol, cleared 
with xylene and embedded in paraffin. Tissues 
sections were cut 5 µm thick and deparafinized 
in Tissue Clear, rehydrated in series of ethanol 
in decreased concentrations. Then the sections 
were stained with hematoxylin & eosin and de-
hydrated in ethanol. The Tisse Tek Prisma 
(Sakura FinetekInc, Torrance, CA, USA) auto-
mated slide stainer was used for staining proce-
dure according to manufacturer’s recommenda-
tions. Then the slides were cleared using xylene 
and mounted with coverslips. 

Results 
 
Weight loss was observed in both groups start-
ing already during the treatment with cytostat-
ics. Weight loss reached nadir at day +3 in syn-
geneic mice and at day +7 in allogeneic mice. 
While the mice in the syngeneic group recov-
ered their weights by 21 days post-transplant, 
the allogeneic transplanted animals remained 
underweight. The weight loss was well related to 
GVHD signs expressed as hunched posture, 
ruffled fur and hair loss observed only in alloge-
neic transplanted animals. No signs of GVHD 
were observed in the syngeneic group. 
 
Pancreas 
 
Conditioning regimen did not affect the micro-
scopic morphology of the pancreas (Figure 1). 
However, in the allogeneic group, smaller size of 
acinis together with progressive loss of apical 
secretion granules between day +5 and day +7 
was observed. Apoptotic cell morphology in both 
exocrine and endocrine part of pancreas was 
observed at day +7. Signs of recovery in pancre-
atic tissue were observed at day +21, however, 
high inter-individual variability among animals 
was also detected. The findings varied from al-
most normal structure of exocrine pancreas to 

Figure 1. Histology of pancreas from conditioning start until day +21 post HSCT. Conditioning regimen (Bu/Cy) did not 
affect the microscopic structure of the pancreas (D 0) compared to that observed in untreated controls (D -7). In the 
allogeneic group, smaller size of acins and progressive loss of apical secretion granules between day +5 (A +5) and 
day +7 (A +7) was observed. Apoptotic cell morphology in both exocrine and endocrine part of pancreas was ob-
served at day +7 (A +7). Fragmentation among acini with fibrotic reaction and edema with influx of predominantly 
granulocytes and signs of vasculitis was observed at day +21 (A +21). No apparent structural changes in exocrine or 
endocrine part of pancreas were observed in syngeneic group at day +5, +7 and +21 (S +5, S +7, S +21). Day of 
stem cell injection is assigned as day 0 (D 0), days before and after stem cell injection are numbered with “-“ and  “+” 
sign, respectively. Hematoxylin and eosin staining, magnification x20. 
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fragmentation among acini with fibrotic reaction 
and edema with influx of predominantly granulo-
cytes. At day +21, the allogeneic transplanted 
animals exhibited vasculitis, in some cases ex-
tensively. No apparent structural changes in 
exocrine or endocrine part of pancreas were 
observed in the syngeneic group throughout the 
study period. 
 
Liver 
 
After conditioning regimen, the hepatocytes 
became smaller in size, rather eosinophilic and 
showed a homogenously stained cytoplasm 
lacking the cytoplasmic vacuolization typical of 
glycogen accumulation (Figure 2). In the alloge-
neic group, extramedullar hematopoiesis, par-
ticularly myelopoiesis, was detected already at 
day +5. Some accumulation of inflammatory 
cells adjacent to particularly central veins with-
out apparent changes in the endothelium or 
vascular integrity was observed. The vascular 
involvement was more apparent at day +7, 
when granulocytes adhering to endothelium and 
apoptotic cell forms probably of endothelial ori-
gin were observed. However, 21 days after stem 
cell transplantation vascular injury was appar-
ently localized in the porta triad in some ani-

mals. The microscopic structure of the liver was 
relatively well preserved in syngeneic group at 
day +5, +7 and +21. Extramedullar hematopoi-
esis was presented in the liver of syngeneic 
mice as in allogeneic group, but no signs of vas-
cular injury were observed. 
 
Spleen 
 
Conditioning regimen resulted in drastically re-
duced spleen cellularity, both in white and red 
pulps (Figure 3). In the allogeneic group, the 
spleen’s architecture was altered and progres-
sive hypocellularity was observed within the first 
week after transplantation. The white pulp be-
came hardly identifiable with sparse areas of 
lymphocyte accumulation. Only remnants of 
follicles and marginal zone indicated the original 
location of the white pulp. Apoptotic forms were 
observed from day +5. Uneven distribution of 
hematopoiesis, predominantly myelopoiesis, 
was observed in red pulp. Three weeks after 
transplantation, the spleens of allogeneic trans-
planted animal showed signs of partial recovery 
in cellularity with varying amounts of lympho-
cytes. The grade of recovery was highly variable 
among animals, ranging from missing white 
pulp with predominance of stromal cells and 

Figure 2. Histology of liver from conditioning start until day +21 post HSCT. After conditioning regimen (D 0), the 
hepatocytes became smaller in size, rather eosinophilic and the glycogen content diminished compared to untreated 
controls (D -7). In allogeneic transplanted group, some accumulation of inflammatory cells adjacent to particularly 
central veins without apparent changes in the endothelium or vascular integrity was observed 5 days after transplan-
tation (A +5). The vascular involvement was more apparent at day +7, when granulocytes adhering to endothelium 
and apoptotic forms probably of endothelial origin were observed (A +7). The vascular injury was apparently localized 
in porta triad at day +21 (A +21). The microscopic structure of the liver was relatively well preserved and no signs of 
vascular injury were observed in syngeneic group at day +5, +7 and +21 (S +5, S +7, S +21). Day of stem cell injec-
tion is assigned as day 0 (D 0), days before and after stem cell injection are numbered with “-“ and “+” sign, respec-
tively. Hematoxylin and eosin staining, magnification x20. 
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scattered apoptotic forms to somewhat recov-
ered architecture. Red pulp also showed varying 
grade of hematopoiesis from almost non-
existant to highly active consisting of both myelo
- and erythropoiesis. 
 
In syngeneic group, the white pulp was severely 
hypocellular one week post-transplant, but red 
pulp showed extensive extramedullar hemato-
poiesis. Three weeks post- transplant, the white 
pulp was almost re-established, only slightly 
hypocellular, while moderate hematopoiesis 
was observed in red pulp. 
 
Lung 
 
No morphological changes in lungs were ob-
served at the end of the conditioning regimen 
(Figure 4). In the allogeneic transplanted mice, 
inflammatory changes with adherence of granu-
locytic cells in small veins were observed at day 
+5. These changes were more pronounced at 
day +7, while variation in inflammation grade 
from none to granulocytic infiltrates with nu-
clear dust, foamy macrophages and subpleural 
fibrotic changes with accumulation of granulo-
cytes were observed at day +21. In the synge-

neic mice, alveolar macrophages of foam type 
were detected at day +5, +7 and +21 without 
any other abnormity. 
 
Heart 
 
Conditioning regimen did not result in morpho-
logical changes in heart histology as assessed 
at day 0 (Figure 5). At day +5 no changes were 
observed in the allogeneic group, however, at 
day +7 occasional apoptotic cells, some loss of 
cardiomyocytes and subendocardial accumula-
tion of neutrophils were observed. The inflam-
matory changes, apoptotic cells, vascular wall 
with loss of endothelial cells and granulocyte 
accumulation were observed at day +21. No 
such changes were observed in the syngeneic 
transplanted mice throughout the study. 
 
Kidney 
 
No apparent abnormity in renal structure was 
observed after conditioning regimen (Figure 6). 
Neither allogeneic, nor syngeneic transplanted 
mice developed any apparent changes detect-
able with histopathological examination until 
day +21. 

Figure 3. Histology of spleen from conditioning start until day +21 post HSCT. Conditioning regimen resulted in de-
creased spleen cellularity, both in white and red pulps (D 0) compared to untreated controls (D -7). In allogeneic 
group, the spleen’s architecture was altered and progressive hypocellularity was observed at day +5 and +7. White 
pulp became hardly identifiable with sparse areas of lymphocyte accumulation (A +5, A +7). Apoptotic forms were 
observed starting from day +5 (A+5, A +7, A +21).  Uneven distribution of hematopoiesis, predominantly myelopoi-
esis, was observed in red pulp (A +5, A +7).  Signs of partial recovery in cellularity with varying amount of lymphocytes 
and variable grade of hematopoiesis in red pulp was observed at day +21 (A +21). In syngeneic group, the white pulp 
was severely hypocellular, but red pulp showed extensive extramedullar hematopoiesis at day +5 and +7 (S +5, S 
+7). At day +21, the white pulp was almost re-established, only slightly hypocellular, with moderate hematopoiesis in 
red pulp (S +21). Day of stem cell injection is assigned as day 0 (D 0), days before and after stem cell injection are 
numbered with “-“ and  “+” sign, respectively. Hematoxylin and eosin staining, magnification x10. 
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Discussion 
 
GHVD remains a major complication to HSCT 
and its pathophysiology is not fully elucidated 
despite intensive research on this issue. Animal 

models are used for pathophysiological and 
histopathological studies on GVHD. In our previ-
ous study, we developed a mouse model of 
GVHD following conditioning regimen with Bu/
Cy [9]. Recipient Balb/c and donor C57BL/6 

Figure 4. Histology of lung from conditioning start until day +21 post HSCT. No morphological changes in lungs were 
observed at the end of the conditioning regimen (D 0) compared to untreated mice (D -7). In allogeneic transplanted 
mice, inflammatory changes with adherence of granulocytic cells in small veins were observed at day +5 (A +5) and 
these changes were more pronounced at day +7 (A +7). Some granulocytic infiltrates with nuclear dust and foamy 
macrophages were observed at day +21 (A +21). In syngeneic mice, alveolar macrophages of foam type were de-
tected at day +5, +7 and +21 without any other abnormity (S +5, S +7, S +21). Day of stem cell injection is assigned 
as day 0 (D 0), days before and after stem cell injection are numbered with “-“ and “+” sign, respectively. Hematoxylin 
and eosin staining, magnification x20. 

Figure 5. Histology of heart from conditioning start until day +21 post HSCT. Conditioning regimen did not affect mi-
croscopic morphology (D 0) compared to untreated animals (D -7). In allogeneic group, no changes were observed at 
day +5 (A +5), while occasional apoptotic cells, some loss of cardiomyocytes and subendocardial accumulation of 
neutrophils were observed at day +7 (A +7). The inflammatory changes, apoptotic cells, vascular wall with loss of 
endothelial cells and granulocytes accumulation were observed at day +21 (A +21). None of these changes were 
observed in syngeneic transplanted group at day +5, +7 and +21 (S +5, S +7, S +21). Day of stem cell injection is 
assigned as day 0 (D 0), days before and after stem cell injection are numbered with “-“ and “+” sign, respectively.  
Hematoxylin and eosin staining, magnification x20. 
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mice are mismatched in MHC class I, which al-
lows the full spectrum of clinically relevant 
GVHD and magnifies the pathophysiological 
events. GVHD following Bu/Cy was confirmed by 
histopathologic changes in skin, intestine and 
liver and was found to be CD8+ dependent. In 
the present study, we assessed the dynamics of 
morphological changes occuring in the major 
internal organs after conditioning regimen with 
Bu/Cy and during subsequent development of 
GVHD.  
 
Pancreatic ductal changes found in autopsy 
material were related to acute GVHD in humans
[12]. In another study on autopsy material, loss 
of granules and presence of inflammatory cells 
together with exocrine ducts epithelial cellular 
atypia were almost pathognomonic for acute 
GVHD, while no morphological changes were 
observed in Langerhans islets [13]. In our 
model, progressive loss of apical granules was 
observed in the allogeneic group within the first 
week after transplantation together with apop-
totic cell forms in both exocrine and endocrine 
part of pancreas. Three weeks after transplanta-
tion the findings varied from almost complete 
recovery to extensive inflammation, fibrotic 
changes and signs of vasculitis. However, no 
changes in ductal epithelia were found. Since 
morphological changes were found neither after 
the end of conditioning nor after transplantation 

in syngeneic transplanted animals, we suggest 
that Bu/Cy does not affect the pancreatic endo-
crine or exocrine tissue and the observed 
changes in the present investigation are associ-
ated mainly with acute GVHD and/or alloreactiv-
ity. 
 
Liver GVHD has not been well characterized by 
histopathological changes. Serum bilirubin lev-
els are used as a clinical correlate to liver 
GVHD. In human liver material, bile duct dam-
age characterized by cytoplasmic vacuolation 
and lymphocyte infiltration of ductal epithelium 
has been associated with acute and chronic 
GVHD. Lobular hepatitis, inflammation, lympho-
cyte infiltration and mild endothelial fibrosis as 
well as portal inflammation have also been re-
ported in chronic GVHD [14]. In a mouse model 
of acute GVHD following irradiation, the changes 
in bile ducts were observed together with vascu-
litis, hepatocellular damage and infiltration of 
portal tract one month after transplantation 
[15]. These data are only partially in agreement 
with our observation. No bile duct damage was 
observed and the vascular involvement with 
accumulation of inflammatory cells adjacent to 
central veins was found within the first week 
after allogeneic HSCT together with apoptotic 
cell forms. However, three weeks after trans-
plantation, signs of vasculitis were observed at 
the portat triads. The difference in mice strains 

Figure 6. Histology of kidney from conditioning start until day +21 post HSCT. No apparent abnormity in renal struc-
ture was observed after conditioning regimen (D 0) compared to untreated animals (D -7). Neither allogeneic, nor 
syngeneic transplanted mice developed any apparent changes detectable with histological examination at day +5, +7 
and +21 (allogenenic group: A +5, A +7, A +21; syngeneic group: S +5, S +7, S +21). Day of stem cell injection is 
assigned as day 0 (D 0), days before and after stem cell injection are numbered with “-“ and  “+” sign, respectively. 
Hematoxylin and eosin staining, magnification x20. 
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used in these models and/or difference in con-
ditioning regimens might explain differences in 
alloreactive response.  
 
During foetal development, the liver is a major 
site of hematopoiesis. Postnatally, hematopoi-
esis may be activated in liver under increased 
demand. Extramedular hematopoiesis was de-
tected from day +5 in both syngeneic and al-
logeneic transplanted animals, however, more 
extensively in the allogeneic transplated mice. 
Three weeks after transplantation, extrame-
dullar hematopoiesis persisted in both groups, 
but was higher in allogeneic compared synge-
neic transplanted mice. This might be explained 
by poor recovery of hematopoiesis in bone mar-
row of mice suffering from GVHD [10].  
 
Conditioning regimen per se had little effect on 
morphology in the studied organs except for a 
decrease in liver glycogen accumulation and 
decreased spleen cellularity. Decrease in intra-
cellular glycogen may be explained by weight 
loss and lower food intake due to high emeto-
genic potential of high dose cyclophosphamide. 
However, we did not determine food intake and 
thus, we can only speculate on this matter, al-
though the reduced weight is highly suggestive. 
In the spleen, further decrease in cellularity of 
white pulp was observed in both syngeneic and 
allogeneic groups within the first post-transplant 
week. At three weeks post transplant, the syn-
geneic transplanted animal showed recovery in 
spleen architecture and cellularity, while only 
partial recovery with high inter-individual vari-
ability was observed in allogeneic transplanted 
animals. These findings are in agreement with 
the findings of Rappaport et al in mouse model 
of acute GVHD following irradiation conditioning 
[16]. 
 
Inflammatory changes with adherence of granu-
locytic cells in small lung veins were observed 
within one week after transplantation in alloge-
neic group. Three weeks after transplantation 
the histological findings in the allogeneic group 
varied from almost normal to inflammation with 
granulocytic infiltrates, nuclear dust and foamy 
macrophages, and subpleural fibrotic changes 
with accumulation of granulocytes. In the 
mouse model of idiopathic pneumonia syn-
drome following irradiation conditioning only 
minor histopathological changes in the form of 
slight edema in interstitial tissue with little or no 
infiltration of inflammatory cells were found 3 

weeks after transplantation [17]. Twelve weeks 
after transplantation mice suffering from GVHD 
displayed prominent perivascular and peribron-
chiolar inflammation, diffuse infiltrates of mono-
nuclear cells throughout the alveolar inter-
stitium and focal organizing inflammatory le-
sions. Radiation intensity has been shown to 
play a significant role in the development of 
lung disease in this model [18]. Busulphan has 
also been implicated in the development of in-
terstitial pneumonitis (busulphan lung) after 
long treatment with low doses [19]. Increased 
risk for idiopathic pneumonia syndrome has 
also been associated with acute and hyper 
acute GVHD in children [20]. Our results show 
early inflammatory changes in the lung following 
allogeneic transplantation. 
 
The heart is generally accepted as a non-target 
organ for acute GVHD. In a mouse model of 
acute GVHD reported by New et al, infiltrating 
lymphocytes were only rarely detected in the 
heart [4]. However, in our study, allogeneic 
transplanted animals displayed varied changes 
in heart histology. Apoptotic cell forms, some 
loss of cardiomyocytes and subendocardial ac-
cumulation of neutrophils were found at day +7 
and progressed until day +21. Conditioning con-
taining cyclophosphamide might be a possible 
explanation, since cyclophosphamide has been 
reported to induce cardiotoxicity in humans 
within 2 – 3 weeks after high-dose treatment 
[21]. Histological changes related to cyclophos-
phamide cardiotoxicity include interstitial, myo-
cardial, and vascular changes [22]. In a rat 
model on cyclophosphamide-induced cardiotox-
icity histopathological changes include edema, 
leukocytic infiltration, muscle necrosis, chronic 
inflammation, and fibrosis [23]. Acute GVHD 
has been also implicated in myocardium dam-
age in autopsy material [24].  
 
No inflammatory infiltrates were found in kid-
neys from of allogeneic transplated animals 
suffering from GVHD until the end of the study. 
This is opposite to finding in mouse model of 
acute GVHD with disparity in MHC class I [25]. 
In that model, focal mononuclear interstitial 
infiltrates were usually found in the perivascular 
areas but occasionally in the peritubular and 
periglomerular areas accompanied by increased 
expression of Ia antigens. In another model with 
disparity in MHC class I the renal changes were 
of mild character at two weeks after transplan-
tation, but progressed until 3 and 6 months 
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[26]. However, in this model, no conditioning 
regimen has been used and thus, tissue dam-
age and cytokine storm triggering immunologi-
cal cascade resulting in acute GVHD has been 
omitted. This certainly affects the kinetics of 
GVHD. Moreover, the major changes presented 
at 3-6 months would be defined as chronic 
GVHD. 
 
In summary, we report histopathological 
changes in several major internal organs during 
the early stages of GVHD development. Vascu-
litis and inflammatory infiltrates were found in 
pancreas, liver, lung and heart, i.e. target and 
non-target organs for GVHD. Surprisingly, no 
morphologically detectable changes were found 
in the kidney. Although many animal models of 
GVHD have been reported, histopathological 
criteria defining acute GVHD in specific organs 
are not completely defined. GVHD models differ 
in mouse strains used, intensity of radiation, 
amount and source of transplanted cells. These 
different conditions may affect the subtype of T 
cells mediating alloreactivity and dynamics of 
changes. Moreover, intensity of radiation in con-
ditioning regimen affects the occurrence of idio-
pathic pneumonia syndrome [18] confirming the 
role of conditioning regimen in induction of tis-
sue damage. Our mouse model is the first one 
reporting dynamics of histopathological changes 
during development of GVHD following condi-
tioning regimen with Bu/Cy.  
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