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Treatment of Severe Chronic Graft-Versus-Host Disease
with Decidual Stromal Cells and Tracing
with '"'Indium Radiolabeling

Tom Erkers,' Helen Kaipe,' Silvia Nava,' Pia Molldén,' Britt Gustafsson,?
Rimma Axelsson? and Olle Ringdén'

Decidual stromal cells (DSCs) isolated from fetal membranes of term placentas are easily expanded and are
highly immunosuppressive in vitro. These cells express high levels of integrins that are of importance in homing
to inflamed tissues. In this study, we investigated DSCs as a cellular therapy for chronic graft-versus-host
disease (cGvHD), a severe complication after allogeneic hematopoietic stem cell transplantation. Subsequent to
transplantation, three patients developed severe extensive cGvHD and were treated with DSCs (1-2.8x10°
cells/kg). One-third of the DSCs administered to two patients were labeled with '''Indium, and the in vivo
distribution was tracked for 48h. The '''In-labeled DSCs were initially located in the lungs, followed by dis-
semination to the liver and spleen. The DSCs induced a partial response in two of the patients. Blood samples
from the patients were extensively evaluated by flow cytometry, luminex, and enzyme-linked immunosorbent
assay. The nonresponder had the highest proportion of T-cells with Th17 and Th2 phenotypes and the highest
median plasma concentrations of IL-17 and IL-4. The same patient also had high frequencies of HLA-DR * T-cells
and regulatory T-cells. To conclude, DSCs are safe to infuse with no adverse effects. We determined how
stromal cells are distributed in vivo after infusion in a cGvHD setting. The methods established for analysis of
blood samples will be useful in determining the effect of DSCs in a study comprising a larger patient material.

This pilot study may provide a basis for further controlled investigations with DSCs in a clinical setting.

Introduction

C HRONIC GRAFT-VERSUS-HOST DISEASE (cGVHD) is a major
complication after allogeneic hematopoietic stem cell
transplantation (AHSCT) and is a cause of morbidity and mor-
tality. It resembles autoimmune disorders such as sicca, kerato-
conjunctivitis, scleroderma, primary biliary cirrhosis, wasting,
and bronchiolitis obliterans [1-3]. Severe ¢GvHD includes
malabsorption, esophageal and vaginal stricture, and pulmonary
insufficiency. First-line therapy includes steroids with or without
calcineurin inhibitors, with a response in about every second
patient [2]. The poor response rate is reflected by the large
number of second-line therapies. This includes azathioprine,
low-dose total body irradiation, thalidomide, mycophenolate
mofetil, sirolimus, anti-B-cell antibodies, extracorporeal photo-
pheresis, imatinib, and other immunosuppressive therapies
[1,4,5].

Mesenchymal stromal cells (MSCs) were successfully
used to reverse steroid-refractory acute GvHD in a proportion

of patients [6,7]. MSCs also showed efficacy in experimental
autoimmune models [8,9]. Since cGVHD resembles autoim-
mune disorders, MSCs were also used to treat cGvHD
[7,10,11]. Using MSCs for cGVHD, responses have been seen
in approximately two-thirds of patients [12].

As an alternative to bone marrow (BM)-derived MSCs,
we have investigated decidual stromal cells (DSCs) [13,14].
We have successfully used DSCs for treatment of severe
acute GvHD [15].

DSCs have several advantages, including a potent im-
munosuppressive effect in vitro [12], a great expansion
potential, and they express high levels of T-cell inhibitory
markers and integrins that are of importance in homing to
inflamed tissues [14,15]. DSCs also differ from MSCs in
several other aspects, including a reduced differentiation
capacity [13], a contact-dependent suppression of allo-
activated immune cells, and a constitutive production of
indoleamine-2,3-dioxygenase and they do not seem to up-
regulate HLA-II when stimulated with IFN-y [14]. Due to its
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expansion potential, DSC is the only cell type that our group
produces for clinical use.

A large number of studies have been performed in order
to find relevant biological markers to predict the risk of, and/
or improve diagnosis of cGvHD. The two major approaches
are to correlate expression of soluble factors [16-21] or the
frequency different cell subsets [22-27] to the occurrence of
cGvHD.

In this pilot study, we treated three steroid-refractory
c¢GVHD patients with DSCs. Apart from clinical evaluation,
we surveyed the lymphocyte subpopulations, determined the
plasma concentrations of various cytokines, and studied
homing using '''In-labeled DSCs.

Patients and Methods
Isolation and expansion of decidual stromal cells

This procedure was described in detail in a previous pub-
lication by Ringdén et al. [15]. Briefly, human term placentas
were obtained after cesarean section from healthy mothers
after obtaining their written informed consent. All donors
were seronegative for syphilis, hepatitis A and B, and HIV.
The fetal membranes were removed from the chorionic plate,
then cut into smaller pieces, washed in phosphate-buffered
saline (PBS; Thermo Fisher Scientific, Waltham, MA), and
trypsinated twice (Trypsin/EDTA; Thermo Fisher Scientific).
The trypsin digests and the pieces of the fetal membranes were
then placed separately in several T185 flasks with Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with peni-
cillin (100 U/mL) and streptomycin (100 pg/mL) (both from
Thermo Fisher Scientific) (PEST), and 10% fetal calf serum
(Thermo Fisher Scientific) (Hereon referred to as complete
DMEM) and incubated in 37°C, 5% CO,. When the culture
flasks were 90%—-95% confluent, the cells were harvested with
Trypsin/EDTA, washed in complete DMEM, re-seeded in new
cultivation flasks at 2.9 x 10> cells/cmz, and cultured to pas-
sage 2—4. The cells were then frozen in aliquots with supple-
mented DMEM containing 10% dimethyl sulfoxide (DMSO;
WAK-Chemie Medical GmbH, Steinbach, Germany). The
DSC product was produced under good manufacturing prac-
tice conditions, including a room with reversed isolation, a
sterile class-II biosafety flow-cabinet, and separate incubators
for each DSC donor.

Characterization of decidual stromal cells

We have previously described how the DSCs from each
donor are characterized with regard to surface marker ex-
pression, immunomodulatory properties, multipotent differ-
entiation capabilities, karyotype at different passages, and
whether the source of the cells is maternal or fetal [15]. The
expansion potential of the DSCs has also been described in
greater detail elsewhere [15]. To isolate and expand DSCs to
passage 4 takes 5—7 weeks. The number of cells obtained from
one donor is usually > 10° in passage 3, even though not all
cells obtained in lower passages are used for further expansion.

The surface expression of DSCs for various markers was
examined by flow cytometry. The cells were positive for
CD29, CD44, CD49d, CD54, CD73, CD90, CD105, CD273,
CD274, and HLA-I. The DSCs were negative for other
markers such as CD14, CD31, CD34, CD45, CD86, CD326,
and HLA-IL.
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The multipotent differentiation capabilities of the DSCs
were also investigated. They showed poor differentiation to
osteocytes, adipocytes, and chondrocytes.

The DSCs were also able to suppress mixed lymphocyte
reactions (MLRs) with every DSC donor. DSCs were added
to the MLRs in a ratio of 1:10.

Karyotype analysis was performed with CTG banding,
and standard cytogenetic procedures showed a normal fe-
male karyotype. The maternal origin of the DSCs was
confirmed by investigating microsatellite polymorphism.
Using a primer specific for the mother and the child allowed
us to determine from whom the DSCs originated.

Infusion of decidual stromal cells

The DSCs were thawed and diluted in CliniMACS PBS/
EDTA buffer (AMCell Miltenyi Biotec GmbH, Gladbach,
Germany) supplemented with 5% human AB-plasma. The
cells were washed thrice, counted, filtered through a 70-pum
cell strainer (BD Biosciences, Franklin Lakes, NJ), sus-
pended in an infusion solution containing NaCl (B. Braun
Melsungen AG, Melsungen, Germany) supplemented with
10% AB-plasma, and transferred to a heparinized syringe
(BD Biosciences) at a count of 2 X 10° cells/mL. The solu-
tion was infused intravenously for 5-10min via a central
venous line catheter. The infusion solution and the cell
preparations were tested for bacterial contamination. The
well-being of the patients was monitored closely for 2 h after
infusion with DSCs. All three patients received DSCs from
the same donor and passage (passage 3) for the first infusion.
For the second treatment for two of the patients, a second
donor source of DSCs was used. One patient (UPN 1265)
received cells in passage 3, and one patient (UPN 1101)
received cells from passage 4.

Collection of blood samples

Blood samples were collected from all three patients. For
patient 1, samples were collected before, 3 days after, and
10 weeks after infusion of DSCs. Samples from patient 2
were obtained before, 1 week after, and 10 weeks after in-
fusion. From patient 3, samples were acquired before and
after 1, 2, and 4 weeks. Plasma was obtained after centri-
fugation, and peripheral blood mononuclear cells (PBMCs)
were isolated using Lymphoprep™ (Axis-Shield, Dundee,
Scotland) according to the manufacturer’s instructions. The
PBMCs were frozen in aliquots in RPMI 1640 (Invitrogen,
Carlsbad, CA) supplemented with 5% AB-serum (in-house),
penicillin (100 U/mL) and streptomycin (100 pg/mL), 2 mM
L-glutamine (Invitrogen), and 10% DMSO until use.

Flow cytometry

Three panels were used to analyze PBMCs from the pa-
tients. The cells were stained with the following antibodies:
aCD3-V450 (clone UCHT1), aCD4-Alexa Fluor 700 (RPA-
T4), aCD8-APC (SK1), aCD8-Pe-Cy7 (SK1), aCD45RA-
Pe-Cy7 (HI100), aCCR7-Pe-CF594 (150503), aCCR4-Pe
(1G1), aCXCR3-Alexa Fluor 700 (1C6/CXCR3), 7AAD,
aCD25-Pe (M-A251), aHLA-DR-V500 (G46-6) (BD Bio-
sciences), aCD4-Chrome orange (13B8.2), aCD127-APC-
Alexa Fluor 700 (R34.34) (Beckman Coulter, Pasadena,
CA), aCCR6-Fitc (R6H1), aB-7-Fitc (FIB504) (both from
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Biolegend, San Diego, CA), and aCD49d-APC (44H6)
(Bio-Rad, Hercules, CA). Data were collected with an
FACSAria (BD Biosciences) using FACSDiva software. All
samples from the same patient were run simultaneously.
The cytometer settings were the same for all three patients.
The data were analyzed with FlowJo software (Treestar,
Ashland, OR) and Graphpad Prism software (Graphpad, San
Diego, CA). Fluorescence minus one controls were used
for gating.

Luminex

A 27-parameter milliplex panel (Merck Millipore, Bill-
erica, MA) was used according to the manufacturer’s in-
structions to determine the concentrations of cytokines and
chemokines in plasma samples from the three patients.
Before analysis, the plasma samples were diluted 1:3.

Enzyme-linked immunosorbent assay

An enzyme-linked immunosorbent assay (ELISA; R&D
systems, Minneapolis, MN) was performed on all samples to
detect concentrations of B-cell activating factor (BAFF). The
test was run according to the manufacturer’s instructions.

""TIn-oxine labeling of the decidual stromal cells

For each patient, the solution containing DSCs was di-
vided into two portions. One portion, containing one-third of
the cells, was used for radiolabeling. The other portion was
used for infusion of the patient without radiolabeling.

Before labeling the DSCs, 1 mL of '''In-oxinate solution
(DRN 4908; Mallinckrodt, Petten, The Netherlands) was
adjusted to pH 7.4. Labeling was then carried out by incu-
bating the cells, suspended in 5 mL complete DMEM, with
""In-oxine for 15 min at room temperature. The cells were
centrifuged at 200 g for 7 min, washed twice with PBS/
EDTA supplemented with 5% AB-plasma, and then re-
suspended in infusion solution. After washing and before
infusion, the radiolabeling efficiency, cell viability, and cell
counts were determined. Mean labeling efficiency was
74% = 11%. The activity administered was 8—15MBq, de-
pending on the weight of the patient.

In order to ensure long-term survival and sufficient in-
corporation of the isotope into the labeled DSCs, cells from
one DSC donor were labeled in different media (supple-
mented DMEM, PBS, or NaCl), seeded in equal numbers in
culture flasks, and cultured for at least 72 h. The prolifera-
tive capacity of the labeled DSCs was followed by mi-
croscopy. Unlabeled controls were incubated under the same
conditions but without the '''In-oxinate solution. Initial
experiments indicated that DSCs radiolabeled in supple-
mented DMEM were viable and could proliferate for at least
7 days in vitro.

Investigation of isotope distribution

Whole-body scans were done with the patient in supine
osition, starting at 1, 2, 4, 24, and 48 h after an injection of
"In. The images were acquired with a dual-head gamma

camera E-cam (Siemens, Erlangen, Germany). Medium-
energy low-penetration collimators were used. The energy
peaks were set to 172 and 242keV with a 15% energy
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window centered over the photo peaks. An anterior and
posterior view was acquired at a scan speed of 10 cm/min.
Images were evaluated visually and quantitatively. A region
of interest (ROI) was drawn over the liver, spleen, BM,
lungs, brain, and kidney for each time point.

Whole-body images were acquired on a matrix of size
256 x 1,024 with pixels of size 2.40mm at a speed of
1.7 mm/s. Five sets of anterior and posterior images were
acquired at T1 (0.6h), T2 (2h), T3 (4h), T4 (24h), and T5
(48h) postinjection using medium-energy collimators. An
energy window over the 245.4 keV photopeak ranging from
224 to 260keV was used.

The geometrical-mean images were calculated on a pixel-
by-pixel basis for each time point as

Loy (i, ) =/ 1a (@, J) X Ip(Q, ),

where I, (i, j) and Ip (i, j) are the anterior and the posterior
images, respectively. The I5;, images for time points T2,
T3, T4, and TS5 were manually aligned with the /), image
for time point T1. A summed image of all time points was
created for drawing ROIs. The ROIs were drawn manually
over the brain, lung, liver, kidney, spleen, BM, and muscle.
The mean number of counts per pixel in the regions was
calculated and corrected for physical decay. The counts in
each region were normalized to those at time point T1 and
plotted as a function of time.

Patients

Three patients were treated for cGvHD with DSCs (Table
1) in accordance to the declaration of Helsinki. Follow up was
2 years after infusion: December 16, 2013. The study was
approved by the Ethics Committee of Karolinska University
Hospital Huddinge (2009/418-31/4, 2011/15/11). Patients
and donors of DSCs gave written informed consent. Con-
ditioning, immunosuppression, and supportive care has been
previously described in detail [28]. Acute GVHD was graded
from O to IV according to the grading by Glucksberg et al. in
the Seattle team [29]. cGVHD was graded according to the
guidelines of the National Institutes of Health (NIH) [2].

Results
Patient outcomes

Patient 1 (UPN 1011). At 1 year after the first AHSCT,
the patient had recurrent leukemia and after reinduction, he
underwent retransplantation (Table 1). He developed se-
vere gastrointestinal acute GvHD grade III, which slowly
responded to treatment with steroids and MSCs [7]. He
developed bronchiolitis obliterans, the therapy of which
included cyclosporine, corticosteroids, mycophenalate
mofetil, and fluticasone for inhalation. Forced expiratory
volume (FEV1) was 29%. After infusion of DSCs, he was
subjectively better and he did not require oxygen when he
flew back home. Before infusion, he had required oxygen
sometimes at night and when flying. Prednisolone could
also be tapered. Due to previous sinusoidal obstructive
syndrome, he had portal hypertension and varices that
needed frequent ligations. After infusion of DSCs, varices
have been minimal and no ligations have been required.
After the two infusions of DSCs, liver enzymes normalized
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g g . g (Table 2). He received In~'"'-labeled DSCs. At 2 years,
b5 B 4,2 8 &  his main problem is still bronchiolitis obliterans and he
5 o) 5 O § o 2 g'E — < ,g cannot climb stairs. He no longer attends school. FEV1 is
25 SE4Z S5 .5_TES Z £ 21%. Prednisolone is given at 1.4 mg/kg/day. He has been
S = 0> 20 ) 'ﬁ o= g E % 72} = » .
gz 20 2.2 T a E= 0% P referre?d for lung transplantation [30]. .
S| = 22205 g A dé 22 § a @23 Patient 2 (UPN 1265). The patient developed extensive
% ks §E 5S35 5.9 2 mg jg and severe cGvHD affecting the eyes with sicca, severe
= %ﬁ czX %5 g §§ % SH g “gﬂg mucositis, malabsorption, extensive skin disease with Ii-
¢ QA A ) dg chenoid changes all over the skin, and contracture of the
o = '3 right axilla with 10% extension deficit. Previously failed
= O 2 therapy included rapamycine, extracorporal psoralene and
803 . 0o . z “ ultraviolet light (PUVA), mycophenalate mofetil, in-
lc/-)) é al— —— — B fliximab, rituximab, imatinib, and corticosteroids. He was
A Qg Tés : given two doses of DSCs 2 months apart (Table 1). Before
an) = S 3 infusion, liver enzymes were ALAT 3.65 pkat/L and ASAT
& o2 2 z é 1.16 pkat/L. After DSC infusions, liver enzymes normal-
Q S5 SE ] 8 ized. Serum albumin was 29 g/L before infusion and 32 g/L
Z § b 5 g 5 g %—8 after infusion, and stabilized on a higher level. Weight was
& ‘i(ﬁ ES EZ 2 ’{% unchanged at 52 kg. After the first DSC infusion, he had
O 5 © > = 2= transient response in skin, and erythema disappeared over
& QQ) S § § § § g Q E the trunk, face, and legs. He had complete liver response and
= i o o g S+ transient skin responses (Table 2). At 2 years, he still suffers
A = AR - e g from moderate-to-severe cGVHD of several organs, but his
§ £q o o o BY  liver enzymes are normal. o
S % | S S S 2 a Patient 3 (UPN 1475). '.I‘hls.17-year-01.d girl with CML
150 2 2 2 0¥ developed cGvHD of the skin with lichenoid changes and er-
a g= ythema all over the body, elevated liver enzymes, and
= § 2 % bronchiolitis obliterans (FEV 1 43%). She had been t_reated w.ith
= IS _g § steroids, cyclosporine and prograf, PUVA, and fluticasone in-
a 2 ©.0 halation with limited effect. She was, therefore, treated with
; § " Sz  DSCs, 1.8x 10°kg in one infusion, with no effect. '''In
i S 8 s -labeled DSCs were also infused. She had an upper respiratory
&= £z tract infection before infusion of DSCs and till day +12. Her
£ S £E° skin has improved with lichenoid changes affecting two-thirds
é m> o 5 of the body, but no erythema and no blisters. She feels better,
210 = — — 2 & but spirometry shows an FEV1 of 26%.
Alem|l T T 2 g
RS :
2 < E% Clinical response to DSCs
g = 3 &) Q E% Patients 1 and 2 had normalization of elevated liver en-
= S § = = 4 4 % 5 zymes after DSC infusion, and these remained normal at the
3 2| A A A A 273 2-year follow up (Table 2). In patient 1, esophageal varices
= 50 B0 0 E g did not reappear and there was no need for banding. Patient
= § TERE 22 A ER= 2 had transient improvement in the skin, a subjective feeling
© S) ﬂ @ ﬁ @ f] @ ) =la) of improvement in the mouth, and improvement in serum
— & T T ani = 2 E albumin levels. Patient 3 had no improvement. Global
E 0 g g scoring was NIH grade 3 and severe extensive G\fHD ip all
= 2 j Q o § = patients and .remained so at the 2-year follow up in patients
§ n é 6 <§ 2 and 3. Patient 1 worsened and became NIH grade 3.
e m J J =
Q< E <EC LE) g g Radiolabeling
= =
N g 8 The /), images for patient 3 are shown in Figure 1A. Most
S . i 0 2 E of the isotope could be detected in the lungs at 0.6 h. The count
E E E E E 3 o then rapidly decreased in the lungs and increased in the liver
“ 235 and spleen. The summed images with the ROIs can be seen in
z | = - 9 0 _‘E,'g_ Figure 1B for patient 3 and in Figure 1C for patient 1. Thf? plots
% S o g = g3 of the normalized decay-corrected mean pixel counts in the
3 § regions as a function of time are given in Figure 1D for patient
§ de 3 and in Figure 1E for patient 1. In patient 1, the mean counts at
S sl < m j Q 4h were higher in the liver and spleen than in the lungs. In
S R N I30) T patient 3, this was observed at 24 h.
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TABLE 2. PATIENTS WITH CHRONIC GVHD IN VARIOUS ORGANS; SCORING BEFORE
AND AFTER TREATMENT WITH DSCs AND AT 2-YEAR FoLLow UpP WAS AccoRrRDING TO NIH GUIDELINES

Patient no.  UPN Time Skin ~ Mouth  Eyes  Gl-tract  Liver Lung  Joint, fascia  Global scoring
1 1011 Before 0 0 0 2 1 3 0 3
After 0 0 0 1 0 2-3 0 3
2 years 0 0 0 1 0 3 0 3
2 1265  Before 3 2 1 2 2 1 1 3
After 3 2 1 1 0 0 1 3
2 years 3 2 1 1 0 1 1 3
3 1475  Before 2 1 0 0 2 2 0 3
After 2 1 0 0 2 2 0 3
2 years 1 1 0 0 2 3 0 3

All patients had severe extensive chronic GvHD.
GI, gastrointestinal; NIH, National Institutes of Health.

T-cell characterization

Except from using clinical parameters to evaluate re-
sponse of the DSCs and progression of the GvHD, we have
established a protocol for extensive immunosurveillence of
patient peripheral blood. T-cells play a key role in the graft-
versus-host reaction. We, therefore, characterized helper-
and cytotoxic T-cell subsets with regard to maturation and
activation.

T-cells were identified as CD3"CD4* helper T-cells (Th-
cells) and CD3"CD8" cytotoxic T-cells (Tc-cells). The T-
cells were further characterized as naive (CD45RA"CCR7™"),
central memory (CD45RA™CCR77), effector memory
(CD45RA~CCR77), and terminally differentiated (CD45RA ™
CCR77) T-cells.

Furthermore, we determined the frequencies of specific
central and effector memory Th subsets such as Thl
(CXCR3*CCR4~CCR67), Th2 (CXCR3~CCR4"CCR67),
Th17 (CXCR3“CCR4*CCR6"), and Th1/Th17 (CXCR3™"
CCR4™CCR6") [31], and regulatory T-cells (CD4*
CD25M#"CD127°% 7). The activation of T-cell subsets was
detected by staining for HLA-DR and CD25.

No uniform effects in all three patients could be seen
between the samples taken before and after infusion. No
trends that differentiated the responders (patients 1 and 2)
from the nonresponder (patient 3) were observed when we
compared the samples taken before and after infusion with
DSCs. However, when taking all time points into consid-
eration, differences could be seen between the three patients.
A complete summary of all parameters measured by flow
cytometry data is presented in Table 3 (median frequency of
the data from all time points for each patient).

HLA-DR was used as a marker to investigate the acti-
vation of lymphocytes in peripheral blood. Patient 3 had
consistently high proportions of HLA-DR ™" cells in the Th-
and the Tc populations. This contrasts with patients 1 and 2,
both of whom had lower proportions of HLA-DR™ cells
(Fig. 2A, B).

The percentage of Th-cells with a naive phenotype was
higher in patients 1 and 2 than in patient 3 (Fig. 2C). There
were no differences in the proportions of central memory
Th-cells between the three patients (Table 3). However, the
frequency of terminally differentiated Th-cells was higher in
patient 3 than in the other two patients (Fig. 2D). In the Tc
compartment, patient 2 had a lower frequency of naive

Tc-cells than patients 1 and 3, whereas patient 3 had a low
proportion of effector memory cells (Table 3). Patient 1 had
the lowest percentage of terminally differentiated Tc-cells
(Table 3).

The frequency of Tregs was elevated in patient 3 after
infusion, whereas it was lower in the other two patients (Fig.
2E). A representative FACS plot can be seen in Figure 2G.

Patient 3 also had a larger proportion of Th-cells with a
Th17, Th1/Th17, Th2, and Treg phenotype than the two
responders (Figs. 2 and 3). Patient 3 also had the highest
median plasma concentrations of cytokines that are associ-
ated with these T-cell subsets [IL-17 (Th17), IFN-y (Thl),
and IL-4 (Th2)] (Fig. 3). In contrast, patient 1 had an ele-
vated frequency of Thl-cells and a high concentration of the
Thl-inducing cytokine IL-12p70.

Parameters that showed no differences between the patients
were the frequency of CD25 and the intensity of CD25 ex-
pression in both the Th and Tc compartment (Table 3). In
addition, Th-cells with an effector memory phenotype and
central memory cells within the Tc-compartment only showed
small differences between the three patients (Table 3).

Concentrations of soluble factors

Expression of several proinflammatory cytokines and
other molecules may be elevated during cGvHD. Using
Luminex and ELISA, we determined the concentrations of
some of these molecules in patient plasma.

Levels of the soluble alpha chain of the IL-2 receptor
(sIL-2ra) increased after infusion of DSCs in patient 3 (Fig.
2F). In contrast, the concentration of sIL-2ra in patients 1
and 2 was reduced after treatment with DSCs.

Another factor implicated in cGvHD is BAFF. No dif-
ference could be seen between the responders and the
nonresponder after treatment with DSCs. However, patient 3
had the highest median concentration of BAFF when we
compared the data from all time points [0.8 ng/mL (range
0.6-1.3ng/mL) as compared with 0.2ng/mL (0.2-0.3 ng/
mL) and 0.5ng/mL (0.4-0.7ng/mL) in patients 1 and 2,
respectively]. Patient 3 also had the highest median plasma
concentrations of sIL-1ra [0.3ng/mL (0.1-1.1ng/mL) vs.
5.7pg/mL (5.3-8.8 pg/mL) (patient 1) and 29 pg/mL (13—
60 pg/mL) (patient 2)] and IL-8 [13 pg/mL (9.2-16 pg/mL)
vs. 9.7pg/mL (6.4-11pg/mL) (patient 1) and 10pg/mL
(7.4-21 pg/mL) (patient 2)].
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(A) Shows the geometric mean of images for all five time points [T1 (0.6 h), T2 (2h), T3 (4h), T4 (24 h), and T5

(48 h)] for patient 3. (B, C) Show the summed image of all time points for patient 3 (B) and patient 1 (C), with the regions of
interest (ROIs). The image has been windowed to improve visualization of the organs. The plots in (D, E) illustrate the
normalized decay-corrected mean pixel count in the ROIs for patient 3 and patient 1, respectively. Color images available
online at www.liebertpub.com/scd



TABLE 3. FREQUENCIES OF DIFFERENT T-CELL SUBSETS

Patient 1 Patient 2 Patient 3
CD3"CD4™" lymphocytes

Naive 24.4 (24.3-24.4) 25.1 (11.2-26.3) 4.8 (3.6-6.3)
Central memory 4.1 (2.5-5.7) 2.5 (1.7-3.3) 3.9 (2.0-4.53)
Effector memory 38.9 (38.6-40.1) 37.8 (30.8-47.0) 31.9 (23.5-38.8)
Terminally differentiated 2.3 (2.1-2.6) 7.4 (2.4-8.7) 12.7 (10.9-23.2)
Thl 6.4 (6.6-7.5) 11.2 (6.7-20.7) 5.88 (5.6-7.0)
Th2 7.3 (6.5-8.6) 12.2 (10.8-19.6) 15.4 (11.5-17.2)
Th17 0.8 (0.5-1.7) 4.7 (1.6-7.4) 8.2 (4.7-11.0)
Th1/Th17 0.5 (0.5-2.9) 1.2 (0.4-1.3) 3.3 (1.3-2.6)
Treg 6.4 (4.8-6.5) 3.3 (2.54.8) 11.5 (8.63-15.9)
HLA™ 21.5 (17.6-21.9) 36.5 (25.8-50.8), 72.9 (72.7-73.3)
CD25" 20.6 (19.2-21.5) 13.9 (10.6-24.1) 21.6 (16.1-26.3)

CD25 intensity

CD3*CD8" lymphocytes

Naive

Central memory
Effector memory
Terminally differentiated
HLA*

CD25*

CD25 intensity

33.5 (31.8-36.5)
4.1 (3.4-5.4)
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6.7 (5.4-10.3)
588 (581-595)

1,069 (1,006-1,231)

1,175 (881-1,249)

14.7 (8.4-15.9)
2.5 (1.8-3.3)
19.1 (18.5-20.5)
63.1 (63.0-69.4)
60.5 (56.7-68.1)
3.2 (1.3-3.7)
1,059 (996-1,445)

989.5 (814-1,206)

25.9 (25.3-35.5)
3.9 (2.0-4.5)
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These are presented as the median frequency and range, with data from all time points of measurement. The specific surface marker
expression of all subsets is presented in the Results section.

G . Before
11.8% infusion

i 15.9%

One week
after
~infusion

Immunocharacterization of peripheral blood from patient 1, patient 2, and patient 3. Samples were obtained before

and till 10 weeks after infusion with decidual stromal cells. The figure shows the frequencies of cells that were positive for
(A) HLA-DR in the CD3*CD4 ™" (Th) and (B) the CD3*CD8™ (Tc) lymphocyte populations. The graphs in (C, D) show the
frequency of CD45RA*CCR7" cells (naive) and CD45RA*CCR7~ cells (terminally differentiated) in the Th population,
respectively. The proportion of Th-regulatory cells (Treg) is shown in (E) and the concentration in plasma of soluble
interleukin-2 receptor alpha (sIL-2Ra) in (F). (G) Shows representative FACS data for all Th-cells from patient 3 at two
time points. Gating shows the identification of Tregs. Color images available online at www.liebertpub.com/scd
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Immunocharacterization of peripheral blood (PB) from patients 1, 2, and 3. Samples were obtained before and

several times after infusion with decidual stromal cells. (A) Shows a representative patient sample (patient 2 at 1 week after
infusion) and the gating strategy for identification of the maturation of T-cells. Effector cells are then gated further for
identification of Th2, Th17, Thl, and Th1/17 cell subsets. (B-E) Show the frequency of cells in the CD3*"CD4" (Th)
lymphocyte population with a Th1, Th1/Th17, Th17, or Th2 phenotype, respectively, according to specific surface markers
(see Results section). In (F-I), the plasma concentrations of IL-12p70, IFN-vy, IL-17, and IL-4, respectively, are presented
for all three patients. Color images available online at www.liebertpub.com/scd

Discussion

In this study, we introduced decidual stromal cells as a
new cellular therapy for severe cGvHD. Two patients had a
partial response and one patient did not respond. The DSCs

were also traced in vivo for 48h after infusion, using an
" isotope. The DSCs were initially located in the lungs,
followed by dissemination to the liver and spleen. Flow
cytometry data also show that the nonresponder (patient 3)
had high proportions of activated cells and differentiated
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T-cells throughout the whole time of measurement. Lumi-
nex data also indicated that patient 3 had a high concen-
tration of several cytokines associated with cGvHD.

The major limitations of this study are the small number
of patients, the short time that the isotope was tracked
in vivo, and the fact that samples were obtained at different
time points after infusion of DSCs. Due to the small number
of patients in the study, no conclusion can be drawn re-
garding the immunological parameters that were measured
and a potential connection to cGvHD severity or response to
the treatment with DSCs. We can, however, see that the
treatments do not induce acute toxicity, the isotope distri-
bution pattern is the same in both cases, and we have es-
tablished analysis methods which can be implemented in a
study comprising a larger patient material.

Both patients who responded had normalization of liver
enzymes, which is in accordance with the results for the first
patient treated with MSCs for cGvHD [7]. Other stable
improvements included healing of esophageal varices in
patient 1 and elevated albumin in patient 2. Healing of tissue
toxicity—such as hemorrhagic cystitis, pneumomediasti-
num, and perforated colon—has been previously reported
for MSCs [32]. Improvements regarding oxygenation and
skin features were only transient. In the context of using
MSC:s to treat patients with cGvHD, only 61 patients have
been reported in the literature, with a complete response rate
of 26% and a partial response rate of 48% [33]. The largest
report—from Weng et al.—involved 19 patients; these had a
similar response rate to that reported overall [10]. Since
stromal cells give almost no side effects (in contrast to
immunosuppressive drugs), they are an attractive treatment
modality. However, after these initial pilot studies, pro-
spective randomized studies are now required to establish
this therapy. Since some patients do not respond at all, there
is certainly room for improvement.

Patient 3 did not appear to be affected by the treatment.
Noticeably, she differed in immunophenotypic status from
the other two patients with regard to numerous parameters.
These differences included enhanced expression of HLA-
DR; increased frequencies of TH1/17, Th17, Th2, terminally
differentiated Th-cells, and Tregs. She also had high plasma
concentrations of several proinflammatory cytokines and a
low frequency of naive T-helper cells. The data suggest that
patient 3 had a highly activated and/or exhausted immune
system. However, it is important to note that the activated
immune system in patient 3 may have other causes except
different severity of the cGvHD. Patient 3 had an upper
respiratory tract infection during the first 2 weeks after
treatment with DSCs. This may have affected the immune
parameters. Another possibility is that she received DSCs
which were ineffective in her case. There is, however, no
difference in the donor or passage of DSCs given to patient
3 compared with the other two patients. She also received
extracorporeal PUVA treatment on the day of DSC infusion.
These suggestions are speculative. Other parameters such as
immune reconstitution, heterogeneity, graft composition,
and other chronical inflammations may also affect the ac-
tivation markers monitored in this study.

In this study, the dose ranged between 1.0 and 2.8 x 10°
cells/kg. Determination of the doses was based on previous
reports [15]. The doses do not appear to be important for
response, as a similar response was seen in patients 1 and 2

261

after the second treatment with DSCs. The second treat-
ments contained 1.1x10° and 0.8 x 10° fewer cells per kg
than in the first infusion in patient 1 and patient 2, respec-
tively. To our knowledge, there are no studies where the
therapeutic window of stromal cells has been investigated.
A high-dose regimen and/or repeated dosing with stromal
cells might prove beneficial.

Compared with BM-MSCs, DSCs have a higher expres-
sion of integrins that are important for homing to damaged
tissue [14]. Still, the DSCs do not appear to have increased
homing to other affected organs such as the intestine,
esophagus, or skin within the first 48 h after treatment with
DSCs. It has been shown in several studies that BM-MSCs
are capable of homing to damaged tissue in animal models
[34,35]. However, in vivo tracking of BM-MSCs in a human
GVHD setting is limited and there is little proof of homing to
inflamed tissues [7,36]. The viability of the cells cannot be
determined after infusion. Studies by both Li and Lin and
Moll et al. have shown that BM-MSCs are vulnerable to the
complement system [37,38]. This may also have compli-
cations for the survival of DSCs when infused to patients.

Cultured BM-MSCs have been tracked in patients with
liver cirrhosis, and the distribution pattern resembles our
findings [39]. A disadvantage of '''In-oxine labeling is the
short half life of the isotope, which limits the time for
monitoring. Long-term engraftment of DSCs should, there-
fore, be monitored by different methods. One study using
autopsy materials showed little proof of homing to inflamed
tissue and limited long-term engraftment [36].

In this study, we have established a protocol for exam-
ining how cytokines and different types of T-cells are af-
fected by treatment with DSCs in a cGVHD setting. This
analysis includes many of the factors shown to be of im-
portance in cGvHD [16-27]. An extensive evaluation pro-
tocol as the one presented will be useful in prospective,
more comprehensive studies to investigate how DSCs might
modulate GVHD progression. The reliability of the methods
is convincing; luminex and flow cytometry data seem to
correlate in all three patients regarding plasma concentra-
tions of cytokines and the presence of specific T-cell subsets
associated with those cytokines. For instance, Patient 2 has a
high frequency of cells with a Thl phenotype and a high
concentration of the Thl-inducing cytokine IL-12p70 (Fig.
3). In addition, Patient 3 has a high frequency of T-cells
with a Th1/Th17 and Th17 phenotype, as well as the highest
median concentration of IL-17 (Fig. 3).

To summarize, this initial pilot study using DSCs as
treatment for cGVHD shows that the treatment is safe, and a
partial response could be seen in two out of three patients.
There was no difference in distribution of labeled DSCs
between the two patients examined. The results also indicate
that there was a distinct disparity in cytokine concentrations
and T-cell populations between the nonresponder and the
two partial responders.
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