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Allogeneic mesenchymal stem cell therapy for refractory
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BACKGROUND: Posttransplant cytopenias are a
severe complication after allogeneic stem cell transplan-
tation (allo-SCT) and their origin is often multifactorial or
unknown. They are frequently refractory to standard
therapy, which may include steroids and/or immunoglo-
bulins. Mesenchymal stem cells (MSCs) are an attrac-
tive therapeutic tool in the allo-SCT setting for the
ability to enhance engraftment as well as acting as
immunosuppressants for graft-versus-host disease.
There is no prior experience in the literature of the use
of MSCs to treat cytopenias after allo-SCT.

CASE REPORTS: In this work we report for the first
time four cases of refractory posttransplant cytopenias
(three patients with thrombocytopenia and one with
neutropenia) that were treated with MSCs from a third-
party donor. MSCs were expanded from 100 mL of
marrow obtained under standard good manufacturing
practice conditions. Most patients received more than
one cell dose, and median dose of MSCs administered
was 1 x 10%kg.

RESULTS: All patients recovered normal blood counts,
with a mean follow-up of 12.5 months. There were no
adverse events related to MSC administration.
CONCLUSION: MSC therapy may contribute to the
recovery of refractory posttransplant peripheral cytope-
nias in patients undergoing allo-SCT.

eripheral blood (PB) cytopenias after allogeneic

hematopoietic stem cell (HSC) transplantation

have been attributed to several factors, includ-

ing graft failure, relapse of underlying disease,
stromal damage, cytomegalovirus (CMV) infection or
therapy, hemolysis, anemia of chronic disease, or auto-
immune diseases, including graft-versus-host disease
(GVHD)."?* Autoimmune cytopenias after HSC transplan-
tation are generally expressed by monolineage or bilin-
eage cytopenias rather than a generalized pancytopenia,?
and the ultimate mechanism of action is not well estab-
lished, although cellular immunity may play a role. In
addition, marrow assessment may not show a reactive
hypercellular response as occurs in the nontransplant
setting, since the hematopoietic niche could be also a
target of GVHD.* Some authors have recently shown that
autoimmune cytopenias are more frequent in young
patients undergoing umbilical cord blood transplanta-
tion, although it can be observed in adult patients receiv-
ing either marrow or PB HSCs.* Regarding treatment,
steroids are generally the first choice.! Nevertheless, for
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transplantation; AML = acute myeloid leukemia; CR = complete
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refractory patients, several options have been assessed,
including immunoglobulins®? and rituximab.®® However,
there is a number of cases where responses to the above-
mentioned therapies are not maintained, or even not
achieved at all, and in this situation further therapeutic
tools are needed.?

Mesenchymal stem cells (MSCs) are nonhematopoi-
etic precursors that are present in a small proportion of
marrow mononuclear cells (MNCs; between 0.01 and
0.001%), although they have a high expansion ability “in
vitro.” In addition, they have multidifferentiation capacity
into cells of the stromal lineage (mainly osteoblasts, adi-
pocytes, and chondrocytes) under appropriate culture
conditions.'” On top of this, and maybe most importantly,
they have immunomodulatory properties and are able
to inhibit lymphocyte activation and are themselves
immune privileged."! For all these reasons they are an
attractive therapeutic tool not only in regenerative medi-
cine but also in immune-based diseases. Thus, in the
transplant setting, they have a potential therapeutic role
in graft failure, GVHD, and other complications (e.g., hem-
orrhagic cystitis).'? Nevertheless, their therapeutic use for
posttransplant cytopenias has not been reported yet. In
this article we report for the first time the outcome of four
patients who developed PB cytopenias after allo-SCT and
were successfully treated with marrow-derived MSC.

MSC ISOLATION AND EXPANSION

MSCs were obtained from marrow of healthy donors, after
informed consent was obtained. Only in Case 1 was the
donor related (patient’s father). In the remaining three
cases MSCs were from an unrelated third-party subject
different from the HSC donor. MSCs were isolated and
expanded in the good manufacturing practice facility of
the Hospital Universitario de Salamanca as previously
described.”® Briefly, 100 mL of marrow from the donors
was obtained under propofol sedation in the surgical
room under strict sterile conditions. Then, in our good
manufacturing practice facility, MNCs from marrow were
isolated by a density-gradient centrifugation (Ficoll-
Paque, GE Healthcare Bio-Sciences, AB, Uppsala, Sweden)
and were resuspended and plated in noncoated 175-cm?
polystyrene culture flasks (Corning Costar, Celbio, Milan,
Italy) in modified Eagle’s medium-o with 1% penicillin-
streptomycin (Gibco, Paisley, UK) at a concentration of
160,000 cells/cm?. The medium was supplemented with
5% of PLT lysate." The latter was obtained from pooled
PLTs frozen at —80°C and then thawed at 37°C. They were
further centrifuged and the supernatant (PLT lysate) was
used for MSC expansion. Cells were incubated at 37°C in
an atmosphere with 90% humidity and 5% CO.. The
medium was completely replaced twice a week. The first
passage was performed when cells reached a confluence
of 80% (Days 10-15). MSCs were then replated at a con-
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centration of 1000 to 5000 cells/cm? and passaged when
80% confluence was reached."

Cells were characterized by flow cytometry and differ-
entiation assays. For flow cytometric analysis, 200,000
MSCs were incubated with the following antibodies:
CD34-allophycocyanin, CD44-fluorescein isothiocyanate
(FITC), CD45-peridinin chlorophyll protein, CD73-
phycoerythrin, and CD90-FITC (Becton Dickinson, San
Diego, CA). A flow cytometer was used (FACSCalibur, BD),
and data were analyzed using a computer program (Paint-
A-Gate, BD), as previously reported.'® In addition, osteo-
genic, adipogenic, and chondrogenic differentiation was
demonstrated following standard procedures described
elsewhere."”

PATIENTS’ CHARACTERISTICS AND
OUTCOME AFTER MSC THERAPY

A summary of patients’ characteristics is shown in Table 1,
whereas results are outlined in Table 2. In addition,
responses to prior therapies as well as to MSCs are
depicted in Fig. 1. A synopsis of each case is indicated
below. In all four cases MSCs were administered as com-
passionate use after informed consent was obtained.

Case 1

The first patient was a 34-year-old male who received a PB
allo-SCT from a matched unrelated donor after myeloab-
lative conditioning with cyclophosphamide and total body
irradiation in October 2007 as treatment for a refractory
acute myeloid leukemia (AML) in second complete
remission (CR). Tacrolimus and methotrexate were used
for GVHD prophylaxis. The patient was admitted on Day
+146 for posttransplant peripheral thrombocytopenia
(marrow was megakaryocytic, and PLT antibodies were not
detected) with a PLT count of 16 x 10°/L, that responded
transiently to endovenous immunoglobulins (IVIG). Ten
days later (Day +156) PLTs again had dropped from more
than 120 x 10°/L to 18 x 10°/L, and prednisone (1 mg/kg)
was started, again with a good initial response (>150 x 10°
PLTs/L), that lasted to Day +221 posttransplant, when a
new episode occurred. He was subsequently treated
with rituximab (375 mg/m?) weekly for 4 weeks, without
response. He then received MSC therapy on Day +271, with
progressive full recovery of PLT counts from Day +290 to
normal values, maintained after 34 months of follow-up.

Case 2

The second patient was a 23-year-old male who received a
marrow allo-SCT from a matched unrelated donor after
cyclophosphamide plus total body irradiation condition-
ing in January 2009 as treatment for refractory AML in first
CR. GVHD prophylaxis was performed with tacrolimus,
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Patient 1

IVIG Steroids Rituximab (x4)
MSC

132 139 146 153 156 202 210 271 300 307 314

Days posttransplant

250
225
200 -
175
% 150
X125 -
2100 -
T 75-
50
25 -

Patient 3

MSC

Steroids IVIG

674 685 692 705

659 661
Days posttransplant

628 649

Fig. 1. Summary of patients’ sequential therapies and responses.

methotrexate, and thymoglobulin. PLT engraftment was
slightly delayed (see Table 1), but recovered normal PB
counts after transplantation. He developed Grade 2 acute
GVHD with skin involvement on Day +65 and extensive
chronic GVHD on Day +163, with gastrointestinal,
mucosal, and skin involvement, treated with steroids
and budesonide achieving CR of the disease by 1 year
posttransplant.

Thirteen months posttransplant he developed the
first episode of neutropenia (with less than 0.1 x 10°
neutrophils/L) that was treated with filgrastim (5 pg/kg/
day) until normalization of neutrophil counts. He had sub-
sequent episodes of neutropenia (<0.5x 10°/L) for the
following 3 months, treated again with granulocyte—colony-
stimulating factor (G-CSF). Anti-neutrophil antibodies
were then demonstrated. Marrow examination showed
normal cellularity and granulocyte maturation. Thus, IVIG
therapy was started, without sustained response, so MSC
therapy was initiated (18 months after transplant), with a
first dose of 1.45 x 10° MSCs/kg, with normalization of neu-
trophil counts after 1 week. Three additional weekly doses
of MSC were administered for the following 3 weeks. The
patient has maintained normal neutrophil counts in the
past 8 months, with the exception of a single episode of
neutropenia (<0.5 x 10°/L), 2 months after the last dose of
MSCs, that responded to a single dose of G-CSE
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PLTs (x109/L)

Patient 2

IVIG Msc

458 461 470 477 524 540 547 558 574 602

Days posttransplant
250
225 |
200 |
175 |
150 |
125 |
100 |
75 4
50 |
25

0 : ‘ :
85 90

Patient 4

Steroids

94 101 119 132 142

Days posttransplant

Case 3

The third patient was a 31-year-old male who received a
PB allo-SCT from a matched related donor in January 2009
to treat a Hodgkin’s lymphoma in partial response after
auto-SCT. He received a reduced intensity conditioning
regimen with fludarabine and melphalan and GVHD pro-
phylaxis with cyclosporine and methotrexate. He had no
confirmation of acute or chronic GVHD, although he
experienced mild liver function test abnormalities during
cyclosporine tapering, which was corrected by increasing
cyclosporine dose to therapeutic trough levels. One year 9
months after transplantation, he was admitted with severe
peripheral thrombocytopenia (1 x 10°/L). Marrow assess-
ment showed a megakaryocytic marrow with complete
donor chimerism. The patient had no evidence of PLT
antibodies and was treated with steroids without response
in a week, thus followed by IVIG therapy, with a transient
response (PLTs over 40 x 10°/L). One week later the PLT
count again dropped, and he received 40 mg/day dexam-
ethasone for 4 days, followed by MSC treatment (1 x 10°
cells/kg), without response to the first dose. He subse-
quently received another course of IVIG and three addi-
tional weekly doses of MSCs, and he progressively reached
normal PLT counts, that remain to date (5 months of
follow-up).



Case 4

The last patient was a 61-year-old male who received a
marrow allo-SCT in October 2010 from a matched
unrelated donor after a reduced intensity condition-
ing regimen (fludarabine plus busulfan) for a chronic
myeloid leukemia in chronic phase, refractory to imatinib,
dasatinib, and nilotinib therapy. For GVHD prophylaxis,
tacrolimus and rapamycin were used. In the first marrow
assessment (Day +28), he had mixed chimerism with 76%
cells from the recipient and 44% Ph+ chromosomes. Thus,
immunosuppression was promptly diminished and then
discontinued. On Day +45, the patient developed acute
gastrointestinal GVHD that responded initially to topical
treatment with oral beclomethasone, and rapamycin was
also added. In addition, the PLT count dropped to
22 x 10°/L on Day +51. Marrow was hypocellular but with
megakaryocytes. PLT antibodies were negative. Thus, sys-
temic steroids were initiated. With the onset of GVHD,
BCR-ABL ratio and marrow chimerism notably improved
until negative and 100% donor, respectively. Besides an
improvement of PLT count up to 85 x 10%/L (Day +72), on
Day +85 PLT counts dropped again to 13 x 10°/L. Thus, in
the context of GVHD and with the same features in
marrow, we decided to treat the patient with three doses of
MSCs, with full recovery of PLT counts to date (3 months).

DISCUSSION

To the best of our knowledge, this report is the first one
describing the outcome of patients with peripheral
cytopenias after allo-SCT treated with MSCs. Two of them
were in the context of GVHD, a setting where MSCs have
demonstrated their efficacy based on their immuno-
modulatory effects.’*'®* In Patient 3 hepatic chronic
GVHD was probably present, since it occurred during
cyclosporin tapering and responded to dose increase to
therapeutic trough levels. Nevertheless, thrombocytope-
nia developed 8 months later, with normal liver function
tests and cyclosporine levels in the therapeutic range. The
exact mechanism for the development of posttransplant
peripheral cytopenias is not well known, but an immune-
mediated component could be involved.* In addition,
poorly understood tolerance mechanisms impairment
after SCT could also be important in their development.?
Most patients with posttransplant peripheral cytopenias
respond to standard therapy (steroids and or IVIG).>*
Nevertheless, when those treatments fail the outcome is
poor, so alternative therapeutic approaches are needed.?
MSC administration is currently being explored in a
number of immune-based diseases, including Crohn’s
disease or multiple sclerosis.?** In addition, we have
shown that MSC function is abnormal in immune throm-
bocytopenic purpura,'®!®?* a clinical entity that shares
many aspect with posttransplant peripheral cytopenias.
Thus, it can be hypothesized that allogeneic MSCs may
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improve the situation. It should be emphasized that
patients had been refractory to several treatment lines
such as steroids, IVIG, or even rituximab, so a delayed
response to the former treatments cannot be excluded
and may have contributed to the beneficial effects
observed after MSC administration. Unfortunately, a
group of control patients with refractory cytopenias that
did not receive MSCs is not available and would have been
of great interest to compare their outcome. It is important
to note that in some cases several doses of MSCs were
needed to achieve a response and failure to MSC therapy
cannot be assumed until several doses have been
administered.

In summary, with the cautions indicated above, we
can conclude that MSC therapy may contribute to the
recovery of refractory posttransplant peripheral cytope-
nias in patients undergoing allo-SCT. This warrants a pro-
spective trial to confirm these preliminary results.
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