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Abstract

In long-term survivors of allogeneic hematopoietic cell transplantation (HCT), chronic graft-
versus-host disease (GVHD) is the major cause of morbidity and mortality and a major
determinant of quality of life. Chronic GVHD responds poorly to current immunosuppressive
drugs, and while T-cell depletion may be preventative, this gain is offset by increased relapse rates.
A significant impediment to progress in treating chronic GVHD has been the limitations of
existing animal models. The goal of this study was to develop a reproducible, comprehensive
model of chronic GVHD in the dog. Ten recipient dogs received 920 cGy total body irradiation,
infusion of marrow, and an infusion of buffy coat cells from a dog leukocyte antigen (DLA)
mismatched unrelated donor. Postgrafting immunosuppression consisted of methotrexate (days 1,
3, 6, 11) and cyclosporine. The duration of cyclosporine administration was limited to 80 days
instead of the clinically used 180 days. This was done in order to contain costs since chronic
GVHD was expected to develop at earlier time points. All recipients were given ursodiol for liver
protection. One dog had graft failure while 9 dogs showed stable engraftment. Eight of the 9
developed de novo chronic GVHD. Dogs progressed with clinical signs of chronic GVHD over a
period of 43 to 164 (median 88) days after discontinuation of cyclosporine. Target organs showed
the spectrum of chronic GVHD manifestations that are typically seen clinically. These included
lichenoid changes of the skin, fasciitis, ocular involvement (xerophthalmia), conjunctivitis,
bronchiolitis obliterans, salivary gland involvement, gingivitis, esophageal involvement, and
hepatic involvement. Peripheral blood lymphocyte surface antigen expression of CD28 and ICOS
was elevated in dogs with GHVD compared to normal dogs but not significantly so. Serum levels
of IL-8 and MCP-1 in GVVHD affected dogs at time of euthanasia were elevated, while levels of
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IL-15 were depressed compared to normal dogs. Results indicate that the canine model is well
suited for future studies aimed at preventing or treating chronic GVHD.
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chronic GVHD; canine model

Introduction

Chronic graft-vs-host disease (GVHD)), first reported in the 1970s for human patients
undergoing allogeneic hematopoietic cell transplantation (HCT) [1-4], has remained a major
determinant of morbidity and mortality. Its manifestations resemble those of autoimmune,
systemic collagen, and vascular diseases. Among patients undergoing transplantation for
hematologic malignancies, a beneficial graft-vs.-tumor (GVT) effect has been described that
has a significant association with chronic GVHD [5]. However, this benefit is offset by
recurrent, often fatal bacterial and fungal infections due to the impaired immune function
both from chronic GVHD itself and from the extended immunosuppressive treatment. The
reported cumulative incidences of chronic GVHD range from 25% to 50% in survivors of
allogeneic transplantation [6]. Chronic GVHD responds only slowly and often incompletely
to current immunosuppressive drugs, with the median duration of treatment among surviving
patients ranging from 2.5 to 3 years [7-9]. The mortality rate associated with chronic GVHD
is approximately 25%. One way of reducing the incidence of chronic GVHD has been
through T-cell depletion, which can either be accomplished /n vitro by removing T-cells
from the grafts or /n vivo by treating patients with anti-thymocyte globulin, an antibody to
CD52, or post-transplant cyclophosphamide [10-13]. However, the benefit from decreasing
the risk of chronic GVHD by T-cell depletion may be offset by an increased risk of relapse
[10]. So, the challenge is to retain the beneficial GVT effect of chronic GVHD, while
significantly shortening the current, lengthy immunosuppressive treatment and its associated
high risk of morbidity and mortality.

The first report on treatment of patients with chronic GVHD using combinations of steroids
and other immunosuppressive agents was published in 1981 [14]. Since then, treatment
efforts of chronic GVHD have been characterized by a lack of progress despite intense
clinical investigations in the form of Phase I/1l and randomized, controlled Phase 111 clinical
trials [15-18]. This lack of progress against chronic GVHD has been disappointing and has
not been helped by the limitations of existing animal (mostly murine) models of chronic
GVHD [19]. The existing models do not replicate the full spectrum of the clinical disease
and, to date, have not produced clinical advances comparable to those achieved in acute
GVHD. We described a chronic GVHD maodel in allografted dogs in 1982 [20] but did not
pursue these observations because of competing priorities and the belief that the chronic
GVHD problem would be resolved in humans before canine studies could get underway,
which was clearly an incorrect assessment. In light of the lack of success of human trials
described above, we redeveloped a canine model of chronic GVHD which we describe in
this report. A reproducible model of chronic GVHD in a clinically, highly relevant large
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animal will set the stage for a systematic evaluation of specific biological reagents directed
at T-cell checkpoints for more effective and definitive treatment of chronic GVHD.

Materials and Methods

Experimental animals

HCT

Random-bred litters of beagles and mini-mongrel cross-breeds were raised at the Fred
Hutchinson Cancer Research Center (Fred Hutch), Seattle WA. The dogs weighed from 8.3
to 15.3 (median 10.6) kg and were 6.5 to 15 (median 9.3) months old. They were observed
for disease at least 20 days before study. The Institutional Care and Use Committee of the
Fred Hutch approved the research protocols and the American Association for the
Accreditation of Laboratory Animal Care certified the facility. Ten donors and ten recipients
were unrelated for at least 5 generations and were mismatched for highly polymorphic major
histocompatibility complex (dog leukocyte antigen [DLA]) class | and class Il associated
microsatellite markers [21, 22]. DLA mismatching was confirmed by direct sequencing for
DLA-DRBL1 alleles [23].

On day 0, HCT recipients were conditioned with a single dose of 920 cGy total body
irradiation (TBI) delivered at a rate of 7 cGy/minute from a high-energy linear accelerator
(Varian Clinac 6, Palo Alto, CA) (Figure 1). Within 4 hours after TBI, the recipients were
given an intravenous (i.v.) infusion of 2.0 to 5.2 x 108 (median 4.2) nucleated donor marrow
cells/kg. Twenty-four hours later the recipients were given an IV infusion of 0.2 to 3.5 x 108
(median 1.4) peripheral blood mononuclear cells/kg obtained by COBE apheresis from the
marrow donor. Postgrafting immunosuppression consisted of i.v. methotrexate (MTX), 0.4
mg/kg/day on days 1, 3, 6, and 11, and cyclosporine (CSP), given twice daily starting on day
-1 through 80 at a dose of 7.5-15 mg/kg, adjusted to maintain a blood CSP level between
100 to 300 ng/ml. Marrow recipients were given ursodiol (0.75 mg/kg, twice daily, days -1
to 80) for protection of the liver. All dogs were given standard postgrafting care including
constant rate infusion of lactated Ringers solution while receiving MTX. Fevers were treated
as sepsis and dogs were given antibiotics. Hematopoietic engraftment was assessed by
chimerism studies using microsatellite markers [24, 25].

Evaluation of GVHD

A diagnosis of GVHD was based on clinical findings which included generalized skin
ulcerations or scleroderma, facial edema, dry eye syndrome, erythema of the sclera, nasal
occlusion, gingivitis, elevated liver enzymes, anorexia, vomiting and/or diarrhea. The dogs
were monitored at a minimum twice daily and the progression of GVHD was recorded in a
digital program DVMax (Veterinary Health Management Software, Westbrook, ME). Once
GVHD had progressed to the point of diminished activity level, weight loss greater than
30%, failure to eat, signs of distress, or a requirement of critical care procedures were noted,
the decision was made to euthanize the animal following establishing consensus of the
principle investigator, clinical veterinarian, and animal technicians currently on hand.
Following euthanasia, a complete necropsy was performed and representative tissues fixed
in 10% buffered formalin, embedded in paraffin, cut, and stained with hematoxylin and
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eosin for evaluation by a pathologist (GS). Chronic GVHD was graded from mild to severe
based on the degree of lymphocyte infiltration, and the degree of tissue damage (apoptosis,
fibrosis, lichenoid formation and sclerodermatous foci).

Peripheral blood cell surface antigen expression

Peripheral blood was collected from dogs in 10% heparin, and centrifuged over Ficoll-
Paque™-Plus (adjusted to 1.074 density with water) using standard methods. After washing
in PBS +2% horse serum, the cells were resuspended in the same buffer and labeled with the
following flurochrome conjugated mouse anti-canine specific antibodies: anti-CD3 (17.6F9),
CD28 (1C6), and anti-1ICOS (3F12) using standard labeling techniques. Commercial rat anti-
canine CD4 and CD8-labeled antibodies were used for single and double staining
(eBiosciences Inc., San Diego, CA). The cells were stained and analyzed for positive
expression using BD Canto-2 flow cytometer (BD Biosciences, San Jose, CA). The
percentage of positive cells was determined using FlowJo software (Ashland, OR).

MAP cytokine expression

Results

Interleukin (IL)-2, IL-6, IL-8, IL-10, IL-15, tumor necrosis factor (TNF)-a and monocyte
chemotactic protein (MCP)-1 levels were measured using CY TOMAG-90K Milliplex MAP
kit (Millipore, Billerica, MA). Sera were collected from normal dogs and dogs with GVHD
prior to euthanasia and were tested according to manufacturer's specifications. Levels of
cytokines and chemokines were expressed in picograms/ml (pg/ml).

Hematopoietic Cell Engraftment

All 10 dogs had hematopoietic cell engraftment after HCT. Mononuclear cell and
granulocyte counts recovered rapidly following nadirs on days 5 through 10; however, full
granulocyte count recoveries for dogs H694 and H720 were delayed and platelet recoveries
were also delayed to approximately day 50 (Figure 2). Donor cell chimerism (Figure 3) was
apparent after one week and was sustained for both mononuclear cells and granulocytes. We
assume the apparent loss in mononuclear chimerism for H633 after day 20 was likely due to
the dilution effect of preceding multiple transfusions that were given due to
thrombocytopenia. H633 died on day 30 due to a hemorrhagic cerebellar stroke and was
excluded from further analysis. All dogs with the exception of H694 became febrile for a
brief period of time (temperature > 39.2°C) between days 14 to 17 (median 15) but
otherwise tolerated the protocol well. The transient temperature elevation was thought to be
due to an engraftment syndrome [26].

Chronic GVHD

Clinical course—Table 1 summarizes the outcome of nine evaluable dogs with sustained
engraftment followed by development of GVHD. One dog, H701, developed acute GVHD
and was euthanized on day 29. The remaining 8 dogs all developed de novo chronic GVHD
without previous indications of acute GVHD. They progressed with clinical signs of chronic
GVHD over a period of 43 to 164 (median 88) days. The time to euthanasia ranged from day
55 to 189 (median 103) days. Of note, the dogs were afebrile despite extensive skin GVHD.
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Organ involvement

Skin—The data in Table 1 show the extent of chronic GVHD for each dog based on the
affected tissues. The most common clinical diagnostic sign of chronic GVHD was skin
involvement. This included erythema with progression to dry, scabbed lesions especially on
the trunk and abdomen. Lichenoid formation occurred in 6 dogs in the skin from the nose,
H709 (Figure 4A), ear, H708 (Figure 4B), paw, H708 (Figure 4C), and trunk, H709 (Figure
4D) all found to be positive for lymphocytic infiltration, epidermal atrophy, and fibrous
remodeling. Additionally, hair follicles and sebaceous glands were common targets. In two
dogs, H634 and H720, infiltration was less intense and localized to hair follicles of the ear.
In addition, we observed lymphocytic infiltration and apoptosis of a nerve trunk in dog H709
(Figure 4A). The conjunctiva of the eye lids from several dogs was also pathognomonic for
chronic GVHD. Conjunctivitis was observed in necropsy samples from H708, H698, H678,
and H634. Lichenoid formation and destruction of goblet cells was seen in H678 and H720,
respectively. In the case of H708, the hair follicles and sebaceous glands also showed
lymphocytic infiltration and tissue destruction. The conjunctiva from H694 revealed chronic
GVHD with involvement of sebaceous glands and parafollicular bulges with dense
lymphocyte involvement. Additional evidence for chronic GVHD affecting tear production
by the lacrimal gland and duct was provided by the Schirmer test strip method. The mean
amount of tear production in healthy dogs (according to product insert) was 19 + 5.33
millimeters. Mean tear production for the right and left eyes of four dogs with chronic
GVHD, tested at time of euthanasia, was 9.1 + 4.1and 9.1 + 1.4 mm/min, respectively
(Figure 5).

Lung—Abnormal histopathology of the lung is also found in chronic GVHD. Lung tissues
were examined from all 10 dogs. Findings in 9 dogs ranged from normal (H701) to
bronchopenia (H720), to chronic lymphocytic infiltration with fibrosis (H708, H709, H698),
and bronchiolar infiltration (H642, H634). Clear indications of early to mild bronchiolitis
obliterans, a useful diagnostic feature of chronic GVHD, were observed in two dogs, H678
and H694 (Figure 4E). Of note, lung samples from H701, diagnosed with acute GVHD,
revealed no signs of pathology within the lung.

Liver—The liver is a common target of GVHD. Because ursodiol is commonly
administered in human patients to mitigate chemo-radiation therapy damage and GVHD of
the liver, we chose to add this reagent to the treatment protocol. Nonetheless,
histopathological evidence of chronic liver GVHD was apparent upon necropsy with triaditis
and small bile duct damage in 5 of the 8 dogs. Liver enzymes were elevated in dog H720 a
week before euthanasia and in H694 two days before euthanasia (data not shown).

Gastrointestinal tract—In general, the small and large bowel autopsy specimens
collected from dogs diagnosed with chronic GVHD showed either minor lymphocytic
infiltrate or were unremarkable. In two of the dogs, there were signs of chronic GVHD in the
stomach evidenced by gastric atrophy (H720, H708). However, in the small bowel of the dog
diagnosed with acute GVHD (H701), we observed a complete replacement of the mucosal
surface of the small bowel by a thick layer of granulation tissue consistent with grade I11-1V
damage. Autopsy samples of the esophagus from dogs with chronic GVHD revealed a
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significant amount of inflammatory activity [27]. In every dog diagnosed for which necropsy
samples of the esophagus were available (dogs H698, H642, H709, H708), tissue damage
was extensive and included severe esophagitis with involvement of esophageal glands and
ducts (H709, Figure 4F), and lichenoid involvement with ulceration of the squamous
epithelium. The oral mucosal tissue frequently showed signs of chronic GVHD ranging from
focal evidence in the basal layers of the epithelium (H634) to lichenoid changes in the basal
layers of the epithelium and the epidermal mucosal junction (H678, H709, H698, H708
(Figure 4G).

Salivary glands—In human patients, sialadenitis is a common feature of chronic GVHD
[28]. In 6 of the 9 dogs, evidence of salivary gland inflammation ranged from unremarkable
or minimal (H720, H708) to ductal damage (H634) with chronic inflammation and
obliterated gland lobules due to interstitial fibrosis (H709, H698, H694 (Figure 4H).

Overall comparison of findings in current and historical dogs

The overall clinical and histopathological findings in current MTX/CSP/ursodiol-treated
dogs are compared in Table 2 to previously reported findings of long-term survivors among
dogs given a 102-day course of monotherapy with MTX [25]. In the current study, dogs
developed chronic GVHD without prior development of acute GVHD. In the study by
Atkinson et al. [29], 10 of 80 transplanted dogs with hematopoietic grafts from DLA-
nonidentical littermates showed sustained engraftment and developed chronic GVHD.
Among the 10 dogs, 6 had recovered from acute GVHD, 2 dogs progressed to chronic
GVHD from acute GVHD and 2 dogs developed de novo chronic GVHD. The median days
to onset, the length of survival, and the target organs for chronic GVHD were similar in the
two studies. In the present study, we observed an even distribution of pathology between
skin, liver, and gastrointestinal tract when taking into account the esophagus as a target of
chronic GVHD. In the historical study, the esophagus was not examined, possibly resulting
in a lower reported incidence of GVHD of the intestinal tract. The notable difference
between the two studies is the incidence of multi-organ involvement was the norm in the
current study while in the historical study chronic GVHD was primarily observed only in the
skin or liver. This finding is likely due to the addition of cyclosporine and ursodiol in the
current study to a short course of MTX.

Mechanistic studies

Lymphocyte surface antigen expression—Cell surface antigen expression may
uncover novel targets for therapy and provide information regarding the pathogenesis of
chronic GVHD [30]. During the course of our investigation, peripheral blood samples were
collected and mononuclear cells were purified from 21 normal untreated dogs and a
minimum of 8 dogs transplanted for the generation of chronic GVHD. For the latter, blood
was collected at time of euthanasia and flow cytometry was used to delineate cell surface
antigen expression in both populations. As shown in Figure 6, there was a tendency towards
increased expression of CD28, and ICOS (particularly on CD4+ lymphocytes). In addition,
CD8+ cell numbers from dogs with GVHD showed a trend towards increased numbers over
normal untreated dogs. Significant differences in these comparisons were not attainable due
to low sample size.
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Cytokine and chemokine expression—Serum levels of select cytokines and
chemokines were analyzed from normal dogs and dogs transplanted for GVHD at the time
of euthanasia (Figure 7). Using a MAP cytokine assay, we analyzed serum levels of IFN-g,
IL-2, IL-6, IL-8, IL-15, IL-10, MCP-1, and TNF-a. Of these, serum levels of IL-8 were
significantly increased and MCP-1 levels were elevated, while levels of IL-15 were
significantly decreased in dogs with chronic GVHD compared to normal untreated dogs.

Discussion

Chronic GVHD has remained a serious complication after human HCT. Progress towards
effective treatment of chronic GVHD has been hampered by poorly understood
pathophysiology, complexity of disease manifestations, and the early lack of standardized
diagnostics, a problem which has since been addressed by the establishment of NIH
consensus criteria in 2005 [31]. Another major impediment has been the lack of research
progress in existing animal models, as reviews have highlighted [19, 32]. This particular
concern suggests new animal models should be explored.

The canine GVHD model has as its foundation DLA-mismatched unrelated HCT which has
been used to identify multiple immunosuppressive drug combinations for the purpose of
controlling GVHD, which are now in clinical use [20, 29, 33-35]. Here, we administered a
clinically used MTX/CSP regimen for GVH control, kept CSP blood levels at 100-300
ng/mL, but modified the regimen by shortening the time of CSP administration from 180
days to 80 days. Extending CSP administration to the customary 180 days was deemed cost
prohibitive in this canine model. We anticipated de novo chronic GVHD manifestations to
develop between 90 and 200 days following HCT, an expectation that was met in the
majority of current dogs. Preliminary studies indicated the length of treatment with MTX
was critical for the development of chronic GVHD. Eliminating the day 11 dose of MTX
routinely resulted in acute GVHD. Importantly, clinical and histopathological manifestations
of chronic GVHD, which are commonly seen in the clinical setting, were captured in the
current canine study. These include lichenoid changes of the skin, along with fasciitis, ocular
involvement (xerophthalmia), along with abnormal Schirmer test, conjunctivitis,
bronchiolitis obliterans, salivary gland involvement, gingivitis, esophageal involvement, and
hepatic involvement. No correlation could be found between dose of buffy coat cells and the
occurrence of acute or chronic GVHD or the extent of organ involvement. Limited
mechanistic studies identified cell surface expression of several antigens including the
previously identified increased expression of ICOS in dogs with chronic GVHD [36].
However, ongoing, as yet unpublished longitudinal studies have shown that ICOS expression
can be variable and at times highly significantly upregulated. ICOS expression has been
associated with chronic GVHD in human patients but in mice was only seen on lymphocytes
during acute GVHD [37, 38].

Of value was our limited MAP cytokine assay. We observed increased levels of I1L-8 and
MCP-1 and decreased levels of 1L-15 compared to serum samples collected from dogs
without GVHD. A review by Pidala et al. [39] stated that most studies on cytokine levels in
chronic GVHD reported inflammatory and immunomodulatory markers such as IL-8 to be
elevated. Similarly, IL-8 levels are increased in tear production by patients with chronic
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GVHD [40]. Cytokine mapping up to 100 days after HCT was performed on children and
showed MCP-1 increased dramatically on weeks 2 to 4 [41]. Also, low levels of IL-15 in the
dog may correlate with the human clinical setting. In a cohort of 153 HCT recipients those
patients who presented with low levels of IL-15 on day 7 after transplantation had a 2.7-fold
greater likelihood of developing significant chronic GVHD [40].

For decades, mice have been studied as animal model of GVHD [42]. Mice are genetically
well-defined, inbred animals, which allow evaluating cell trafficking with in vivo imaging
techniques, and dissection of mechanistic pathways with gene knock-in and knock-out
methods. Table 3 shows three well-established chronic GVHD mouse models, the
sclerodermatous [42-46], the autoantibody-mediated or lupus like model, and the murine
obliterans model [47-51]. Several differences between the murine studies and the clinical
and canine settings are immediately obvious. Generally, murine reports described H-2-
mismatched, parent — F1 hybrid transplantations using spleen cells. F1 hybrids received no
conditioning therapy, and none received postgrafting immunosuppression. The non-H-2-
mismatched spleen grafts involved only one donor recipient strain combination, B10.D2 —
BALB/c. While these recipients received TBI conditioning, on the order of 6-10 Gy, they
also did not receive postgrafting immunosuppression. In all studies, the time to development
of chronic GVHD after spleen grafting was short, ranging from 14 to 49 days after
transplantation. Importantly, the chronic GVHD manifestations were restricted and narrower
than those seen in the random-bred human or canine settings. For example, the B10.D2 —
BALB/c grafts resulted in fibrosis/scleroderma in either skin/lung, skin, or parotid gland.
The parent — F1 grafts resulted in lupus-like symptoms, manifested as either
lymphadenopathy, auto-antibodies, or hyperglobulinemia. One study involving C57/BL/6 —
B10.BR grafts showed bronchiolitis obliterans [52]. Another study also involving C57/BL/6
— B10.BR grafts showed bronchiolitis obliterans which manifested Itself by decreased
pulmonary function as early as day 28 after transplantation along with pulmonary and
hepatic 1gG2c deposition and fibrosis [51].

Taken together, the murine manifestations of chronic GVHD are in part dependent on the
mouse strain combinations used, they occur very early after transplantation at times when
acute GVHD is seen in humans or in the canine model, and they present in a more restricted
and narrower form than those encountered clinically in humans and preclinically in random
bred dogs. As shown in the current and in preceding studies, dogs experiencing chronic
GVHD present the entire spectrum of the disease that is seen clinically. Thus, the canine
model is ideally positioned for the conduct of studies aimed at preventing or treating this
serious immunologic complication after allogeneic HCT.
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Highlights
. We have developed a protocol that consistently produces de novo chronic
GVHD in the clinically relevant hematopoietic cell transplantation canine
model.
. We have shown that the esophagus is targeted in the canine chronic GVHD in

a manner similar to that of the human.

. We have shown that the outbred canine model possesses a broad spectrum of
manifestations of chronic GVHD that are typically seen clinically.

. Initial mechanistic studies revealed that levels of select chemokines and
cytokines are similarly affected in the canine as in the clinical setting.
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Figure 1. Treatment schema for induction of chronic GVHD in DLA-mismatched unrelated HCT
recipients
Recipients were given 920 cGy TBI and donor marrow on day 0. On day 1 recipients were

injected with buffy coat cells from a COBE apheresis from their respective donor.
Immunosuppression consisted of methotrexate (MTX) administered on days 1, 3, 6, 11 and
cyclosporine (CSP) administered on days -1 through 80 at a dose to maintain serum levels
between 100 and 300 ng/mL. The average CSP serum level for the 10 dogs on study is
shown graphically in the top right portion of the figure. Ursodiol was given on days -1
through 80 to reduce the incidence of liver GVHD.
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Figure 2. Lymphocyte, granulocyte, and platelet recovery in dogs given DLA-mismatched,

unrelated HCT

Lymphocyte Counts

Cells/ul

0 10 20 30 40 50 60 70 80 90 100
Day

Granulocyte Counts

Cells/ul

0 10 20 30 40 50 60 70 80 90 100
Day

Platelet Counts
10000

1000

Cells x 10° /ul

0 10 20 30 40 50 60 70 80 90 100
Day

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 March 01.

Page 14



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Graves et al.

Mononuclear Cells

110~
100+ -B- H642
5 0¥ -+ H678
FR7
g el ﬁlé: -9 H633
~ 50+ - H701
S 40- . o H694
s ¥ 8 H708
2 ioA - H720
0 . . . . . . -9 H709
0 25 50 75 100 125 150 - HG98
Days
Granulocytes
105+

-8~ HB42

E 100+ W -+ H678

S o] /¥ -v- H634

£ % d -0 H633

S 909 ! -~ H701

2 g5q ! -~ H694

S a 8 H708

= 80y - H720

75 . . . . r .« -¥ H709

0 25 50 75 100 125 150 -o- HGOS

Days

Page 15

Figure 3. Percent donor cell chimerism of dogs transplanted with DLA-unmatched unrelated

marrow and PBMC following 920 cGy TBI
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Figure 4. Histopathology of dogs with chronic GVHD at necropsy
View from top left to bottom right, H709 nasal skin and cutaneous nerve trunk with arrow

showing inflammation and apoptosis of a nerve bundle (A). H708 ventral surface ear skin
showing dense lymphocytic infiltration around a hair follicle and along the surface
epithelium (B). H708 paw skin with arrow indicating inflammation with multiple apoptotic
basal keratinocytes from the shoulder of the rete ridge to the surface epithelium (C). H709
trunk skin biopsy with eosinophilic fasciitis resulting in sclerodermatous changes with
apparent early sclerosis at the right side of the image (D). H694 lung tissue with initial signs
of bronchiolitis obliterans (E). H709 esophagus with damaged epithelium, esophageal gland,
and duct (F). H694 salivary gland with sialadenitis as evidenced by lymphocytic destruction
and fibrosis of glandular tissues (G). H708 gingival tissue with severe gingivitis and
lichenoid formation (H).
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Figure 5. Evidence of chronic GVHD of the lacrimal glands

Page 17

H722
EE3H709
E=H689
IO H694

Dogs were evaluated for tear production at or within two days of euthanasia using the
Schirmer's Test. Strips were placed under the lower lid of each eye for 1 minute, the dye

front was measured immediately afterward.
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Figure 6. Cell surface expression of selected antigens in transplanted dogs at time of euthanasia
for GVHD and normal healthy dogs
Peripheral blood mononuclear cells were isolated over Ficoll-Paque using standard methods.

Cells were stained with fluorochrome labeled antibodies and analyzed by flow cytometery.
Data represents mean and standard deviation of cell surface antigen expression of 21 normal
dogs and 8-11 GVHD dogs sampled at time of euthanasia.
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Figure 7. MAP Canine Cytokine Assay of serum from normal (N=4) or dogs with chronic GVHD
(N=6)

Serum levels of IL-8 were greater in GVHD affected dogs while levels of 1L-15 were lower
compared to normal dogs (significance tested using the F test (** p< 0.0046, ****
P<0.0001). The levels of MCP-1 in the serum from dogs with chronic GVHD were
significantly greater than normal control dogs at p<0.0023 using an unpaired T test with

Welch's correction.
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Table 2
Clinical and histopathological characteristics of chronic GVHD in dogs given 920 cGy

TBI followed by unrelated DLA-mismatched HCT"

Study Current (n=8)  Historical (n=10) [29]

Median days of onset (range) 91 (29-199) 124 (59-150)
Median days of survival (range) 98 (38-224) 150 (69-275)

Organ involvement (no. of dogs)

Skin 7 6
Liver 6 6
Gastrointestinal tract 6

Multiple organ involvement (no. of dogs)
Skin, liver, gut 4
Skin, liver
Skin, gut
Liver, gut
Skin only (no. of dogs)

Liver only

o o ©o O r w
o W b B O B -

Gut only

*
Current dogs received a short course of MTX and 80 days of CSP while historical dogs were selected long-term survivors given a 102-day course
of MTX [29].
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