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Abstract

Mesenchymal stromal cells (MSCs) have been reported to have immunomodulatory ef-
fects and ameliorate severe graft-versus-host disease (GVHD) after allogeneic stem cell
transplantation (SCT). We have conducted a pilot study using human MSCs for the treat-
ment of steroid-resistant GVHD. Between January 2006 and December 2010, 10 patients

(7 males and 3 females) with a median age of 37.9 years (range: 23-65 years) who had
steroid-resistant GVHD were enrolled in this study. MSCs were isolated from bone mar-
row of the patient’s relatives. Among these 10 patients, three were treated with MSCs.
The other seven did not receive MSC treatment because of an improvement in GVHD
due to the addition of immunosuppressants including methylprednisolone, spontaneous
GVHD regression, or early death. Of the three patients treated with MSCs, one showed
an improvement in his intestinal GVHD, another showed no change in his intestinal GVHD
and third had his dose of prednisolone successfully decreased without progression of his
intestinal GVHD. No immediate adverse reactions associated with MSC infusions were
observed. Since the present study was limited to a small number of patients, it is difficult
to evaluate the efficacy of MSCs for steroid-resistant GVHD. Further investigations are
needed to establish the clinical application of MSCs for steroid-resistant GVHD.
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Introduction

Allogeneic stem cell transplantation (SCT) is a potentially curative therapy for a variety of malig-
nant or non-malignant hematological diseases. Recently, the use of allogeneic SCT for elderly patients
with a poor general status has been expanding because of the development of reduced-intensity (non-
myeloablative) conditioning regimens, pre-treatment immune suppression protocols (graft-versus-host
disease prophylaxis) and the prevention and treatment of severe infections”. These dramatic advance-
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ments have allowed allogeneic SCT to be carried out with less toxicity and complications in patients who
were not considered to be candidates for a conventional transplant. However, graft-versus-host disease

(GVHD) can still cause life-threatening complications'™. The widespread use of peripheral blood stem
cell transplantation, which is known to achieve a more rapid engraftment than other stem cell sources,
has resulted in a higher incidence of GVHD”. Reduced-intensity conditioning SCT may be associated
with a decreased incidence of GVHD compared with conventional transplantation, although the relapse
rate is significantly higher in the former setting. T-cell-depleted allogeneic SCT or the prophylactic use
of strong immunosuppressive agents reduces the risk of GVHD but also increases the relapse rate.

Mesenchymal stromal cells (MSCs) have been found to suppress the proliferation of activated T-cells
in vitro, suggesting that they represent a novel cell therapy for severe GVHD®”. In a multicenter phase
II study by the European Group for Blood and Marrow Transplantation (EBMT), the response rate for
MSC therapy in case of steroid-resistant GVHD was over 70% and the response did not depend on HLA
compatibility between patients and MSC donors”. We report a pilot study of the treatment of patients
with steroid-resistant GVHD after allogeneic SCT with MSCs.

Patients and methods

Approval was obtained from the institutional review board at Jichi Medical University for the adminis-
tration of human MSCs to patients with steroid-resistant GVHD after allogeneic SCT (Jichi Medical Uni-
versity 05-63, approved on January 16, 2006). The purpose of this study was to clarify whether human
MSCs suppress steroid-resistant acute GVHD. The number of patients was not established. All partici-
pants provided written informed consent prior to the beginning of the study. Eligibility criteria were as
follows: patients must have steroid-resistant GVHD, not be in relapse after allogeneic SCT, and have nei-
ther consciousness disturbance nor severe infections. Primary hematological disease status, stem cell
donor (related or unrelated), stem cell source (bone marrow, peripheral blood stem cells or cord blood),
HLA compatibility and GVHD prophylaxis were not regulated. Steroid-resistant GVHD was defined as
the progression or persistence of GVHD 7 days after the administration of standard-dose (1-2mg/kg/
day) prednisolone (PSL)'” or GVHD recurrence during steroid tapering. All patients received standard
GVHD prophylaxis consisting of either cyclosporine or tacrolimus with short-term methotrexate (MTX)
treatment. GVHD severity was graded on the basis of the revised Glucksberg criteria'”. Eligible MSC
donors were healthy individuals of 20 to 60 years old who did not suffer from liver, renal, or heart dys-
function, or severe infections. A history of malignancy and allergic reactions to anesthetic agents were
excluded from the MSC donor criteria. MSC donors were limited to the patient’s relatives including the
person who donated his or her hemopoietic stem cells to the patient.

Bone marrow (BM) aspirates (10 ml) were taken from the iliac crests of the healthy donors, and
resuspended in phosphate-buffered saline. Human BM MSCs were isolated as described previously'?.
Briefly, BM mononuclear cells were separated by centrifugation on Ficoll-Conray density gradients. Red
blood cells were removed by ammonium chloride lysis. Washed cells were then resuspended in opti-
mized human MSC culture medium and plated at a density of 1.0 X 10%ml in 175 cm’ flasks. The cultures
were maintained at 37C in a humidified atmosphere containing 5% CO, for up to 6 weeks. MSCs were
then harvested during or before the fourth passage. The targeted number of MSCs was 1x10° cells/
patient body weight (kg). Neither the frequency of MSC administration nor the interval between MSC
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administrations was defined. The purity of harvested MSCs as well as the quality of the cells such as
antigen expression profiles and T-cell-suppressing abilities was not determined. The MSC culture super-
natant was checked for bacteria, fungi, and endotoxin contamination. Tests for human herpes virus 6, Ep-
stein-Barr virus, and cytomegalovirus DNA were performed using the reverse transcription-polymerase
chain reaction. Obtained MSCs were cryopreserved in certain cases. Chemirism examinations to detect
infused MSCs after the infusion of the cells were not performed.

Results

Between January 2006 and December 2010, 10 patients (7 males and 3 females) with a median age of
37.9 (range: 23-65) who had steroid-resistant GVHD enrolled in this study. The characteristics of the
patients are listed in Table 1. Before allogeneic SCT, patients received either myeloablative (n=7) or re-
duced-intensity (n=3, cases 4, 6, and 10) conditioning. To obtain sufficient number of MSCs (1.0-2.0 X 10°
cells/kg), we required BM aspirates from 12 healthy donors because the initial number of mononuclear
cells was insufficient (n=1) and the expected required cell number was not acquired by the fourth pas-
sage (n=1). The characteristics of 10 MSC donors are shown in Table 2. Among the 10 patients, three

(cases 3, 9, and 10) were treated with MSCs. The other seven patients did not receive MSCs because
of an improvement in GVHD due to the addition of immunosuppressants including methylprednisolone

(mPSL), spontaneous GVHD regression, or early death. A short summary of the three patients who
received MSCs is described below.

Table 1 Characteristics of the patients with steroid-resistant acute GVHD after stem cell transplantation

: : Disease  Stem cell donor/ GVHD GVHD GVHD
Age/Gender Diagnosis statas Source prophylaxis grading treatment Outcome
1 3lyM CML cp Sibling/BM FK506+MTX 11 FK506, PSL, mPSL, Alive, 57TM
2 23yM ALL CR Matched urelated — FK506+MTX 1 FK506, PSL, MMF Death (relapse)
3 429M MDS NR A CyA+MTX 11 CyA, FK506, PSL, Death (sepsis)
leukemia Sibling/PB Y mPSL, MME, infliximab
4 60yM MDS NR HLA-mismatched CyA+MTX 11 FK506, PSL, MMF Death (pneumonia)
-leukemia Unrelated/BM
5 2lyM MDS NR Sibling/PB CyA+MTX il CyA, PSL, MMF Death (sepsis)
-leukemia
6 24ylF AML NR HLA-mismatched g 506+MTX it FK506, PSL Death (relapse)
Unrelated/CB
7 34y/F MDS NR Sibling/PB CyA+MTX I CyA, PSL Alive, 32M
8 1y/F AML Matched FK506, PSL Death (rel
3ly/ CR e M FK506+MTX 11 eath (relapse)
HLA-mismatched FK506, PSL, mPSL,
s M AML R unrelated/BM FR306+MTX V. MME ATG, infliximab ~ D¢ath (GVHD)
Matched FK506, PSL, mPSL, .
10 65y/M NHL PR By FK506+MTX 111 MME infliximab Alive, 12M

CML, chronic myeloid leukemia; ALL, acute lymphoid leukemia; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; MDS-
leukemia; AML developed from MDS; NHL, non-Hodgkin lymphoma; CP, chronic phase; CR, complete remission; PR, partial remission;
NR, no remission; BM, bone marrow; PB, peripheral blood stem cells; CB, cord blood; CyA, cyclosporine; FK506, tacrolimus; MTX,
methotrexate; PSL, prednisolone; mPSL, methylprednisolone; MME mycophenolate mofetil; ATG, anti-thymocyte globulin; y, years; M,
male; F, female; M, month.
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Table 2 Detailes of MSC donors and MSC infusion

Patient no. MSC donor MSC infusion (Y/N) The number of The number of infused MSCs
MSC infusions per patient body weight (Kg)
1 Cousin N ND ND
2 Sister N ND ND
3 Cousin Y Twice Ist, 0.06x10° cells/kg; 2nd, 0.91x10%kg
4 Son N ND ND
5 The same donor# N ND ND
6 Mother N ND ND
7 The same donor# N ND ND
8 Brother N ND ND
9 Sister Y Twice Ist, 1.1x10%kg; 2nd, 1.1x10%kg
10 nephew Y Once 0.83x10°/kg

MSC, mesenchymal stromal cell; Y, yes; N, no; ND, not done; #, The MSC donor is identical to the person who donated hemopoietic stem cells.

The detailed clinical course of case 3 (a 42-year-old male) including a figure was previously report-
ed". Briefly, the patient was diagnosed as having acute myeloid leukemia (AML) that progressed from
myelodysplastic syndrome. He received an allogenic PBSC transplant from his HLA-identical sister on
May 1, 2007, after a conventional conditioning regimen consisting of total body irradiation (TBI) and
cyclophosphamide (CY). GVHD prophylaxis was short-term MTX and cyclosporine. He developed di-
arrhea, abdominal pain, liver dysfunction (total bilirubin: 2.0 mg/dl), and skin eruptions on day 15. The
patient was diagnosed as having grade III GVHD and a dose of 1.0 mg/kg/day of PSL as the primary treat-
ment was given. By day 22, the patient developed severe intestinal GVHD despite the administration of
mycophenolate mofetil (MMF) in addition to an increased dose of PSL (2.0 mg/kg/day). He received a
further bolus of mPSL and tacrolimus instead of cyclosporine, however, his intestinal symptoms persist-
ed. A colonoscopy on day 48 showed edema, erosion and bleeding in the colon mucosa and villus atrophy
in the end portion of the ileum. The histological examination of the biopsy specimens obtained from the
colon showed a decrease in cryptic glands and interstitial edema but no massive cell infiltration in the in-
terstitial areas or marked apoptosis in the epithelial cells, indicating a state after chronic mucosal damage
caused by GVHD. He was treated with MSCs derived from his cousin on days 58 (0.06x10%kg/day) and
79 (0.91x10%kg/day), and then, his abdominal symptoms gradually improved. A colonoscopy performed
14 days after the first MSC infusion showed a slight improvement in the above abnormal findings in the
colon mucosa. Immediate adverse reactions associated with MSC infusions were not observed. He re-
ceived infliximab (10 mg/kg/day) on days 134 and 153 because of the persistent intestinal GVHD. The
patient was discharged on day 181, i.e., 10 weeks after the second MSC infusion, however, he was re-
admitted 8 days later because of sepsis caused by staphylococcus epidermidis. On re-admission, he had
been given tacrolimus (1 mg/day), PSL (0.6 mg/kg/day, i.e., 40 mg/kg) and MMF (1.5 g/day). Although
he received intensive treatment with antibiotics, he died 2 days later.

A 33-year-old male (case 9), who was diagnosed with AML-MO according to the French-American-
British classification in complete remission, received an allogeneic BM transplant from an HLA two-allele
mismatched unrelated donor on March 6, 2009. The conditioning was a conventional regimen of TBI
and CY. GVHD prophylaxis was short-term MTX and tacrolimus. The patient developed a skin eruption
on day 16 and was treated with a dose of 1.3 mg/kg/day (80 mg/day) of mPSL (Figure 1). However, he
developed acute pancreatitis and the steroid therapy was ceased. Thereafter, he complained of severe
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Figure 1 The clinical course of case 9.

MSCs, mesenchymal stromal cells; mPSL, methylprednisolone; ATG, anti-
thymocyte globulin; MME mycophenolate mofetil; GVHD, graft-versus-host
disease. The colonoscopic image indicates colon mucosa.

abdominal pain with bloody diarrhea. On day 42, a colonoscopy showed diffuse mucosal edema with
cobblestone-like changes consistent with gastrointestinal GVHD. Intestinal GVHD was confirmed by
the histological examination of biopsy specimens obtained from the colon. Overall GVHD grade was esti-
mated as IV. To suppress intestinal GVHD, MME ATG and a bolus of mPSL were given, however, theses
treatments did not resolve the intestinal GVHD and liver GVHD appeared. MSCs were prepared from
his sister. He received a dose of 1.1x10° MSCs/kg/day on days 69 and 74, followed by a dose of 5 mg/kg/
day of infilixmab twice'”. No immediate adverse reactions associated with the MSC infusions were ob-
served. Unfortunately, none of these treatments neither resolved the intestinal GVHD or liver GVHD.
The patient died of GVHD and multiple organ failure on day 88.

A 65-year-old male (case 10) with stage IV mantle cell lymphoma relapsed after autologous PBSC
transplantation. The patient underwent allogeneic BM transplantation from a HLA-identical unrelated
donor on March 17, 2010, after reduced intensity conditioning consisting of fludarabine, busulfan and
low-dose TBI. GVHD prophylaxis was short-term MTX and tacrolimus. On day 14, watery diarrhea ap-
peared. On day 22, a colonoscopy showed redness in the rectum mucosa. Histological findings of biopsy
specimens obtained from the colon showed apoptotic bodies in the crypt glands and interstitial lympho-
cyte infiltration in the colon mucosa, consistent with GVHD. He received a dose of 2 mg/kg/day of PSL
in addition to tacrolimus. Then, his watery diarrhea gradually disappeared. He discharged on day 83, at
which time he received a dose of 0.3 mg/kg/day (15 mg/day) of PSL and 2.4 mg/day of tacrolimus. On
day 100, he was re-admitted because of severe watery diarrhea and appetite loss (Figure 2). A colonos-
copy on day 105 showed edema, redness and white mucus in the colon mucosa and villous atrophy in the
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Figure 2 The clinical course of case 10.

MSCs, mesenchymal stromal cells; mPSL, methylprednisolone; PSL, predniso-
lone; GVHD, graft-versus-host disease. The two colonoscopic images indicate

colon mucosa.

end portion of the ileum. A computed tomography scan on day 147 showed edematous change in the
colon. The histological examination of biopsy specimens obtained from the colon showed gland apoptosis
and interstitial lymphocytic infiltration, consistent with intestinal GVHD. Overall GVHD grade was III.
He received a bolus of mPSL (1000 mg/day) for 3 days, a dose of 5 mg/kg/day of inflixmab twice and a
dose of 300 ug/day of octreotide in addition to tacrolimus. Attempts were made to prepare MSCs from
his two daughters’ BM, however, the cells grew slowly and adequate numbers of MSCs to infuse were
not obtained. MSCs from his nephew were rapidly grown and were given (0.83x10%kg) on day 159.
No immediate adverse reactions associated with the MSC infusion were observed. These combination
therapies resolved his GVHD. The PSL dose was gradually decreased from 1.0 mg/kg/day (50 mg/day)
on the infusion of MSCs to 0.2 mg/kg/day (10 mg/day) without GVHD progression. He was discharged
on day 259. Thereafter, he was hospitalized because of infection. Now he attends to the Outpatient De-
partment of our hospital. Although he has no diarrhea, he receives intravenous rehydration three times a
week because of insufficient intake. The immunosuppresants which he receives are a dose of 0.5 mg/day
of tacrolimus, 2 mg/day of PSL and 500 mg/day of MME

Discussion
We experienced 10 patients with steroid-resistant GVHD who were treated with (n=3) or without
(n=7) MSCs for 5 years. Unfortunately, seven of the ten patients who showed steroid-resistant GVHD
(70%) died, due to relapse (n=3), severe infection (n=3) associated with GVHD treatment and un-
controllable GVHD (n=1), suggesting that the current strategy for treating steroid-resistant GVHD fol-
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lowing allogeneic SCT is not satisfactory. Initial treatment with corticosteroids remains the standard ap-
proach for acute GVHD, however, the outcome for patients who do not respond to corticosteroids is poor,

with a survival rate at 2 years of only about 10%'”

. There is no established standard therapeutic strategy
for steroid-resistant GVHD. Therefore, the development of a novel alternative therapy that is both spe-
cific and less toxic for steroid-resistant GVHD is essential.

In the study by the EBMT, no patients suffered from immediate or late adverse effects after MSC infu-
sions”. The response rates of MSC infusions to patients with GVHD are reported to not be correlated
with age, HLA-match status between the MSC donor and the recipient, GVHD severity (the response in
patients with grade II-III acute GVHD was similar to that in patients with grade IV GVHD) or the num-
ber of MSCs (median dose: 1.4 x 10°, range: 0.4 to 9.0 x 10° cells/kg)®. Interestingly, children responded
better than adults, although the statistical power of these findings was insufficient because of the low
number of patients6>. In order to decide an adequate cell dose, a prospective randomized trial was per-
formed: patients with grade II-IV GVHD had an equal probability of receiving either high-dose (8.0 x
10° cells/kg) or low-dose (2.0x 10° cells/kg) MSCs'?. There were no differences in safety or efficacy
between the high and low MSC doses. Interestingly, a higher response rate (89%) was observed in the
patients with gastrointestinal GVHD" .

We used MSCs at low passages (four passages or less) in this study. MSCs have been reported to be

17)

able to undergo many in vitro passages ', although they change their morphology from spindle-shaped

18,19)

fibroblastic cells to very large and flat cells during prolonged culture, as reported previously ~'. As mul-

tiple passages of MSCs may lead to chromosomal modification and loss of function of the cells, the con-
sensus is that MSCs should be used at lower passages for cell therapy**.

There are still some controversies regarding the clinical effectiveness of MSC treatment. In a study
by the EBMT, a single dose produced clinically beneficial effects in more than half of patients. Higher re-
sponse rates were obtained in smaller European studies (case reports or small-scale clinical trials) ¥ In
contrast, another group reported that only two of 13 patients (15%) responded to MSCs and that 11 pa-
tients required additional salvage immunosuppressive therapy concomitant with further MSC infusions®”.
Furthermore, in a mouse GVHD model, MSCs were able to suppress lymphocyte proliferation in vitro
but failed to prevent GVHD following allogeneic SCT under a variety of conditions™. We need more ac-
curate and detailed information from both in vitro and in vivo studies to establish safe and effective MSC

treatment methods before the widespread clinical application of MSCs.
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