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Abstract

Background: Ruxolitinib is a JAK2/JAK1 inhibitor which blocks inflammatory JAK-STAT
signaling pathway. Ruxolitinib has been demonstrated to be effective in the treatment of steroid-
resistant acute Graft vs Host Disease (GvHD). Ruxolitinib’s effect on inflammatory cells of
hematopoietic origin is known. However, its effect on non-hematopoietic cell types with immune
modulating and antigen presenting cell competency plausibly involved in pathogenesis of GvHD
has not been explored.

Objective(s): Mesenchymal Stromal Cells (MSCs) are CD45™ non-hematopoietic cells of the
bone marrow with immune modulatory functions /n vivo. MSC’s immunobiology largely depends
on their responsiveness to IFN-y. We aimed to define the effect of Ruxolitinib on the
immunobiology of MSCs that are modulated by IFN-y.

Study Design: Human bone marrow derived MSCs, peripheral blood mononuclear cells
(PBMCs) and primary bone marrow aspirates were analyzed for their sensitivity to Ruxolitinib
mediated blocking of IFN-y induced STAT-1 phosphorylation and downstream effector molecules,
utilizing western blot, flow cytometry, secretome analysis and phosflow techniques.

Results: IFNvy induced cytostatic effects on MSCs are reversed by Ruxolitinib. Ruxolitinib
inhibits IFN+y and secretome of activated peripheral PBMC induced STAT-1 phosphorylation on
human bone marrow derived MSCs. In addition, Ruxolitinib inhibits IFNy induced pro-GVHD
pathways on MSCs which includes HLAABC(MHCI), HLADR(MHCII), CX3CL1 and CCL2.
IFNy induced immunosuppressive molecules IDO and PDL-1 were also inhibited by Ruxolitinib
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on MSCs. Comparative analysis with PBMCs has demonstrated that MSCs are as equal as to
HLADR+ PBMCs populations in responding to Ruxolitinib mediated inhibition of IFN-y induced
STAT-1 phosphorylation. Ex vivo analysis of human marrow aspirates has demonstrated that
Ruxolitinib blocks IFN+y induced STAT-1 phosphorylation in CD45+/~HLADR+/- populations at
different levels which is depending on their sensitivity to IFN<y responsiveness.

Conclusion: These results inform the hypothesis that Ruxolitinib’s immune modulatory effects
in vivo may pharmacologically involve marrow and tissue resident MSCs. Ruxolitinib affect the
immunobiology of MSCs equivalent to professional HLADR+ APCs which collectively mitigate

GvHD.

Keywords

Mesenchymal Stomal/Stem Cells; Ruxolitinib; interferon-y; HLADR; Bone Marrow; STAT-1
Phosphorylation

Introduction

Ruxolitinib is a small molecule inhibitor of JAK2/JAK1 kinases®. Ruxolitinib was initially
approved for the treatment of ABL-negative myeloproliferative neoplasms, including
polycythemia vera, essential thrombocythemia and primary myelofibrosis that are caused by
the aberrant activation of the JAK-STAT pathway in hematopoietic cells? 3. Ruxolitinib is
also being clinically investigated for treatment of non-myeloproliferative disorders including
irritable bowel disease, rheumatoid arthritis, psoriatic skin lesions and Graft versus Host
Disease (GVHD)* °. These autoimmune diseases are characterized by imbalanced
regulation of T-cells with increased plasma levels of interleukins and IFNy 6 7. Although
ruxolitinib’s mode of action and impact on CD45* lymphoid and myeloid cells have been
studied, its effects on CD45" non-hematopoietic immune modulating cells with antigen
presenting cell (APC) competency are largely unexplored. Indeed, it has been suggested that
CD45™ non-hematopoietic host cells with APC functionalities may be contributors to the
onset and pathogenesis of GVHD8. Culture-adapted human mesenchymal stromal cells
(MSC) - non-hematopoietic, immunomodulatory cells with conditional APC competency
9.10 are present in many tissues including bone marrow and adipose tissue 1. Pro-
inflammatory cytokines such as IFNy activate JAK/STAT signaling pathways in MSCs
leading to the upregulation of immunosuppressive proteins such as Indoleamine 2, 3-
dioxygenase (IDO) and Programmed Death Ligand 1 (PDL-1) as well as upregulation of
MHC class I(HLAABC) and Class Il (HLADR). Our aim was to test the ability of
Ruxolitinib to inhibit IFNy induced immune licensing of MSCs and provide a biologically
plausible rational for non-hematopoietic cellular responders possibly involved in clinical
immune modulation and pathogenesis of GVHD.

Materials and Methods

Human Bone marrow MSCs Isolation, Culture and stimulation

Bone marrow mononuclear cells (MNCs) were obtained from the bone marrow aspirates of
donors in accordance to the Institutional Review Board of Memorial Health Medical Center,
Savannah. Harvested bone marrow was separated by Ficoll density gradient to obtain MNCs.
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MNCs were either cryopreserved or plated at 200,000 cell/cm? density on a-MEM culture
medium containing 20% FCS and 100 IU/ml penicillin/streptomycin. Non-adherent cells
were removed from culture after 3 days and MSCs were allowed to expand for an additional
7 days. All assays were performed using MSCs between passage 3 and 7. MSC identity was
confirmed as described earlier (CD45-CD105+CD44+CD90+CD73+) and their
responsiveness to IFNg and STAT-1 phosphorylation was also described earlier2.
Recombinant human IFN-y (PeProtech, cat. 300-02) was used at 10-20ng/ml concentration.
Cells were co-treated with Ruxolitinib (TargetMol, cat. T1829) at concentrations ranging
from 1nM-10uM for 48hrs. In the case of phosflow analysis, short term stimulation was
performed. For MTT assays, MSCs were seeded on to 96-well plates at a density of 3000
cells per well. Cells were cultured with either medium containing human platelet lysate or
fetal calf serum and stimulated with IFNy 20 ng/ml. MTT assays were performed at the
indicated time points by incubating Thiazolyl Blue Tetrazolium Bromide (Sigma, USA) for
5 hours. After 5 hours, formazan crystals were dissolved in DMSO and optical density was
measured at 550 nm with 620 nm as reference.

Western Blot Protein Analysis and flow cytometry

Western blots were performed using standard reducing 10% SDS-PAGE protocol with
following antibodies from Cell Signaling Technology- pY701STAT1, STAT1, IDO and -
actin. BD FACS Avria flow cytometer was used to analyze the expression of MHCI, MHC,
IDO and PDL1 using standard surface staining protocol. Results were analyzed in Flow Jo
software.

Phosflow analysis

Culture expanded MSCs or bone marrow mononuclear cells (MNCs) or Peripheral blood
Mononuclear Cells (PBMCs) were subjected to phosflow analysis using stimulus either
IFNy or activated PBMC supernatants. Supernatants from Staphylococcal enterotoxin B
(SEB) or anti-CD3, anti-CD28 antibodies (Biolegend, USA) activated PBMCs were
collected after 4 days and stored at —80°C. Stored supernatants were thawed and centrifuged
at 500xg for 3 min to eliminate cell debris and equilibrated at 37°C for an hour. These
supernatants or /FNy (20ng/ml) were used for the stimulation of the MSCs or MNCs for 15
minutes. Prior to stimulation, cells were treated with the appropriate concentrations of
Ruxolitinib for 10 minutes. Subsequently cells were fixed with BD cytofix buffer for 10
minutes and were permeabilized with BD Phosflow Perm Buffer for 30 minutes and then
were subjected to flow cytometry with antibodies Alexa Fluor® 647 Anti-Statl (pY701),
PE-HLADR and FITC-CD45 (BD Biosciences, San Jose, CA). Stained cells were acquired
in BD FACS Aria. Results were analyzed in Flow Jo software to obtain Mean Fluorescent
Intensity (MFI).

Luminex analysis

Supernatants from human MSCs cultured with /FNy and Ruxolitinib was collected after 4
days and stored at —80°C. Stored supernatants were thawed and centrifuged at 500xg for 3
min to eliminate cell debris and analyzed by magnetic bead based multiplex Luminex assays
for CCL2, VEGF and CX3CL1 (R&D Biosystems) according to the manufacturer’s
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instructions using Luminex® XMAP® (multi-analyte profiling) technology. Results were
plotted as picogram/milliliter.

Statistical Analysis

Results

All statistically analyzed data is represented as mean + SD. Differences between groups
were analyzed by Two-Way ANOVA multiple comparison tests and unpaired t tests using
GraphPad Prism 7. Statistically significant differences were represented as *P <0.05, ** P
<0.01, *** P<0.001, ****P<0.0001. Correlation between Ruxolitinib inhibition and IFNy
responsiveness were determined by linear regression analyses to obtain R? and p values
using GraphPad Prism 7.0 software.

Ruxolitinib inhibits JAK/STAT1 pathway mediated IDO expression in IFNy stimulated MSCs

IFNy activates STAT1 phosphorylation (pSTAT1) at Tyr’%1 on MSCs 13, MSCs are known
to upregulate the production of immunosuppressive enzyme Indoleamine 2, 3-dioxygenase
(IDO) by IFNy 4. We treated human bone marrow MSCs with IFNy and varying
concentrations of Ruxolitinib. MSCs treated with IFN+y induced STAT1 phosphorylation
within 30 minutes and IDO is detectable within 48hrs post treatment, pointing towards a
transcriptional regulation (Fig 1A, B). We also observed that 10nM Ruxaolitinib blunted
pSTAT1 and IDO upregulation over time and that 10000nM abolished pSTAT1 and IDO
activation at all time points (Fig 1A, B).

Ruxolitinib blocks the upregulation of HLA-ABC, HLA-DR, PDL-1 and IDO on MSCs at
comparable levels.

Our published results have demonstrated that IFN+y upregulates HLAABC (MHC-I),
HLADR (MHC-I1), B7-H1 (PD-L1), and IDO molecules on MSCs 4. Evaluation of IFNy
mediated regulation of these effector molecules serve as the surrogate assay measure of
MSC’s functionality. Since all of these effector molecules are at the downstream of IFNy
mediated JAK-STAT signaling, we investigated the effect of Ruxolitinib on their regulation.
Our results with MSC populations from independent donors have demonstrated that
Ruxolitinib blocks the upregulation of HLA-ABC (Fig. 2A, B), HLA-DR (Fig. 2A, C), IDO
(Fig. 2A, D) and PD-L1 (Fig. 2A, E).

Cytostatic effects of IFNy on MSCs are reversed by Ruxolitinib treatment

IFN-y regulates the proliferation and differentiation of MSCs via activation of IDO and thus
causes cytostatic effect®. Using cell replication as physiological endpoint, we examined
effect of Ruxolitinib on IFN-y mediated cytostatic effect on MSCs. We performed MTT
assays longitudinally (days 1,3, 4 and 5) on MSCs treated in the presence and absence of
IFNy and varying concentrations of Ruxolitinib (Fig. 3A). We observed that IFNy causes
cytostatic effect on MSC proliferation (Fig. 3A). Ruxolitinib reverses IFNy mediated
cytostatic effect on MSCs (Fig. 3A, B). Statistical significance in reversing IFNy mediated
cytostatic effect was observed with the concentrations of 1nM, 10nM and 100nM of
Ruxolitinib (Fig. 3A, B).
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Ruxolitinib inhibits PBMC secretome induced STAT-1 phosphorylation on MSCs

Activated T cells not only secrete IFNy but also other inflammatory cytokines and
chemokines which collectively amplify inflammatory cascade loop at the target visceral
tissue and marrow microenvironment. Effect of Ruxolitinib on this process of inflammatory
T cell mediated activation of MSCs is unknown. To define these, we have utilized an /n vitro
model of MSC and PBMC interaction. /n this model, PBMCs were stimulated with either
Staphylococcus Enterotoxin B (SEB) or anti-CD3, anti-CD28 antibodies. Three aays later,
total secretome was collected. Total secretome of activated PBMCs was then used for the
stimulation of MSCs in the presence of various concentrations of Ruxolitinib (Fig. 4A).
Phosflow analysis was performed to determine the phosphorylation levels of STAT-1 on
MSCs (Fig 4B). Our results with independent MSC donors have demonstrated that
Ruxolitinib blocks the phosphorylation of STAT-1 on MSCs that are induced with the
secretome of activated PBMCs (Fig. 4C, D).

Ruxolitinib inhibits MSC driven pro-GvHD chemokines CX3CL1 and CCL2

Previous studies have shown that CX3CL 1(Fractalkine) levels correlate with the incidence
of grade 11-1V acute GvHD and could serve as a biomarker for GvHD®. Similarly, CCR2-
CCL2 axis play an important role in the onset of GVHD’. In addition, recent studies shed
lights on the pro-GvHD role of VEGF (Vascular Endothelial Growth Factor) and
angiogenesis on GvHD onset and inflammation 18- 19, In order to define the regulation of
these secretory molecules on MSCs and Ruxolitinib interference, we performed a Luminex
XMAP technology based 3-plex (CCL2, CX3CL1 and VEGF) analysis of the secretome of
MSCs stimulated with and without IFN-y and varying concentrations of Ruxolitinib. Our
results have demonstrated that Ruxolitinib blocks IFNy mediated upregulation of CCL2 and
CX3CL1 on MSCs (Fig 5A, B). Although, VEGF is constitutively secreted on MSCs, it is
not modulated by IFN+y while Ruxolitinib moderately inhibits its secretion (Fig. 5C).

Ruxolitinib blocks STAT-1 phosphorylation on MSCs equivalent to HLADR+ populations of
the peripheral blood

Previous studies have demonstrated that MHC Class 11+ (HLADR+) antigen presenting cells
of recipient origin in allogeneic bone marrow transplant individuals initiate and perpetuate
GVHD 8 20-23 Hence, we aim to compare total HLADR+ and HLADR- populations of
PBMCs which include both lymphoid and myeloid lineages. This informs the relative effect
of Ruxolitinib on PBMC populations based on HLADR expression. In addition, MSCs share
antigen presenting cell functionalities by upregulating MHC-Class 1l (HLADR) molecules
upon sensing IFNy 210, Hence, we compared the effect of Ruxolitinib on HLADR+/-
populations with bone marrow MSCs. Utilizing a phosflow method, we analyzed IFNy
induced STAT1 phosphorylation levels in HLADR+/- populations of peripheral blood and
marrow MSCs in the presence of varying concentrations of Ruxolitinib (Fig. 6A, B). IFNy
efficiently induced STAT-1 phosphorylation on HLADR+ than HLADR- populations (Fig.
6C, D). This reflects Ruxolitinib’s efficient blocking of STAT-1 phosphorylation on HLADR
+ cells than HLADR- cells (Fig. 6C, 6D, F). Importantly, these experimental analyses were
done in parallel with bone marrow derived MSCs and our results demonstrated that bone
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marrow MSCs were comparable to HLADR+ PBMC populations in responding to
Ruxolitinib in blocking IFN-y induced STAT-1 phosphorylation (Fig. 6E, F).

Ruxolitinib’s ex vivo effect on primary bone marrow CD45+/- and HLADR+/- populations
of various hematological conditions

MSCs are non-hematopoietic progenitors of the marrow microenvironment and thus are the
descent lineage of CD45- population and can upregulate HLADR. To define the direct effect
of Ruxolitinib on CD45+/- and HLADR+/- ancestry populations at large, we investigated
marrow aspirates from 5 independent donors (Fig. 7A). Bone marrow mononuclear cells
were stimulated with IFNy in the presence of varying concentrations of Ruxolitinib.
Phosflow analysis was performed to determine STAT-1 phosphorylation in CD45+/- and
HLADR+/- populations (Fig. 7B). Basal pSTAT-1 expression was also analyzed with
appropriate isotype controls. CD45+/- and HLADR+/- bone marrow populations do not
express basal pSTAT-1 expression and are not different to isotype controls (Fig. S1). Our
results show that CD45+/- and HLADR+/- populations display differential sensitivity to
Ruxolitinib mediated inhibition of IFN+y induced STAT-1 phosphorylation (Fig. 7C). Area
Under Curve (AUC) analysis (Low and high AUC values represent high and low sensitivity
to Ruxolitinib respectively) has demonstrated that Ruxolitinib significantly block STAT-1
phosphorylation on CD45+HLADR+ populations compared to CD45+HLADR- and CD45-
HLADR- populations (Fig. 7D). Other comparisons did not yield statistical significance
(Fig. 7D). Next, we investigated if sensitivity of CD45+/- and HLADR+/- populations to
Ruxolitinib mediated inhibition correlate with their IFN-y responsiveness status. Our results
have demonstrated that IFN+y induced STAT-1 phosphorylation levels directly correlates with
sensitivity to Ruxolitinib mediated inhibition (Fig. 7E).

Discussion

Allogeneic bone marrow transplantation is the major treatment option for patients with
advanced hematological malignancies. However, the major complication of allogeneic bone
marrow transplantation is Graft vs Host Disease (GvHD). Allo immune response is initiated
in GvHD through presentation of recipient tissue antigens by Antigen presenting Cells
(APCs) to donor T cells. Although both donor and recipient APCs present tissue antigens to
donor T cells, recipient non-hematopoietic APCs are substantially more potent than donor
APCs in inducing severe GvHD 20-22, |n addition, presentation of alloantigen by recipient
APC is more significant in initiating GvHD than non-APC target tissues such as epithelium
23 All these studies suggested that MHC class 11+ fibroblast and/or pericyte like cells of
mesenchymal origin initiate GvHD. We hypothesized that recipient tissue/marrow resident
MSCs drive GvVHD based on two rationale: (1) MSCs are non-hematopoietic antigen
presenting cells and up regulate MHC Class | and 1l by IFN-y, and thus can present tissue
antigens to donor T cells 9 10. 14, 24,25 (9) MSCs derived from the bone marrow aspirates of
GVHD patients are exclusively recipient origin. MSCs in donor bone marrow never engraft
or replace recipient MSCs and lack chimerism 26-29, Thus, recipient MSCs could be a fuel
for inflammation in GvHD and our results supports the hypothesis that anti-inflammatory
drug Ruxolitinib affect the immunobiology of MSCs equivalent to professional HLADR+
APCs which collectively mitigate GVHD.
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Ruxolitinib is shown to be beneficial to the patients with GVHD by blocking the
inflammatory responses 30-32. Our finding appends to its mechanism of action by
demonstrating that the cellular targets of Ruxolitinib are both HLADR+ lympho-myeloid
populations and non-hematopoietic MSCs. Ruxolitinib’s comparability in blocking IFNy
mediated STAT-1 phosphorylation on both HLADR+ professional APCs and MSCs further
suggests that MSCs are non-canonical cellular targets of Ruxolitinib and are as significant as
HLADR+ populations in containing inflammation. Our results show that HLADR-
populations of bone marrow and peripheral blood are less responsive to IFNy mediated
STAT-1 phosphorylation compared to HLADR+ populations. This is in contrast to marrow
MSCs since they are HLADR- in their resting stage while IFN-y activates STAT-1
phosphorylation and downstream HLADR expression 13 33, Thus, Ruxolitinib blocks IFNy
induced STAT-1 phosphorylation on HLADR negative MSCs. Based on these premises we
propose that MSCs are the robust HLADR- immune responders of Ruxolitinib.

Our results have shown that Ruxolitinib blocks IFNy mediated upregulation of both MHC
Class | (HLA-ABC) and MHC Class Il (HLADR) on MSCs which supports the hypothesis
that Ruxolitinib interferes with MSC and T cell interaction. In fact, MSC and T cell
coculture experiments to demonstrate the function of Ruxolitinib on MSCs are challenging
as this drug affects T cell proliferation on its own [Data not shown]. Hence, we utilized a
loop approach where we have demonstrated that the secretome of activated PBMCs induces
STAT1 phosphorylation while Ruxolitinib blocks this effect. This mechanistic data provides
two distinct insights. 1. Ruxolitinib blocks PBMC mediated activation of MSC thereby
interfering with the loop interaction of MSCs and PBMCs. 2. Ruxolitinib blocks STAT-1
phosphorylation on MSCs that are either stimulated with IFN-y or total secretome of
activated PBMCs which suggests that Ruxolitinib prevents pan STAT1 phosphorylation on
MSCs irrespective of the stimuli.

Chemokines play an important role in perpetuating GvHD and it has been suggested that
targeting of chemokine pathways reduce the disease severity 34. Our results demonstrated
that Ruxolitinib blocks the production of pro-GvHD chemokines CX3CL1 and CCL2 on
MSCs. The receptor for CX3CL1 is CX3CR1 and its expression has been well reported on T
cells with high perforin and granzyme B activities 3°. CX3CL1-CX3CR1 axis has been
suggested as target for inflammatory disorders and GvHD 36 37_ Similarly, CCL2-CCR2
axis play a significant role in GvHD induction 17. Our results add to the existing data that
targeting of chemokines CX3CL1 and CCL2 by Ruxolitinib is a strategy in mitigating
GVHD. We observed differences in the dose sensitivity between Ruxolitinib’s rescue effect
on IFNy induced cytostatic effect and IFNy induced effector molecules. This could be due
to the differences in the biological enapoints, variations in the sensitivity and duration of the
assay systems. It is also possible that Ruxolitinib activates other cell regulating pathways in
the presence of IFNy which warrants future investigations.

Previous studies have shown the role of immunosuppressive pathways IDO and PD-L1 in
suppressing GvHD 3841 Our results demonstrated that Ruxolitinib also blocks DO and
PD-L1 on MSCs. Thus, although Ruxolitinib blocks immunostimulatory molecules on
MSCs which is beneficial to mitigate GVHD, it also defuses MSC driven anti-GvHD
molecules IDO and PD-L1. Although, future studies are required to define the relative
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significance of immunostimulatory vs inhibitory pathways in endogenous recipient MSCs in
modulating GVHD, it is entirely possible that immunostimulatory pathways dominate and
neutralize anti-GvHD effectors in MSCs.

The limitation of the present study is the lack of demonstration of the effect of Ruxolitinib
on non-culture expanded MSC progenitors in primary bone marrow aspirates.
Methodologies to perform phosflow technologies on low frequency endogenous MSC
progenitors using multicolor flowcytometry panel is limited. Future studies are warranted to
define the identity and characteristics of endogenous MSC progenitors. Notwithstanding, our
ex vivo analysis of marrow aspirates from healthy individuals and patients with
hematological conditions demonstrated that CD45+/- and HLADR+/- bone marrow
populations show sensitivity to Ruxolitinib depending on their responsiveness to IFNy
induced STAT-1 phosphorylation. This is significant since MSCs respond to IFN+y and hence
are sensitive to Ruxolitinib. In addition, MSCs are the descent of CD45- bone marrow
population and upregulate HLADR upon IFN+y activation. Thus, endogenous MSC
progenitors could be either CD45-HLADR+ or CD45-HLADR-. Altogether, combination of
our data using culture expanded MSCs and primary bone marrow aspirates provided insights
that marrow MSCs are the targets of Ruxolitinib. The present study investigates bone
marrow from control and hematological conditions and future investigations are warranted
with bone marrow of GvHD patients.

Recent clinical evidences have demonstrated that infusion of random donor MSCs as cell
therapy showed efficacy in mitigating pediatric steroid-refractory acute GvHD and thus are
considered as an attractive cell therapy agent to mitigate GVHD*2 43, IFN+y prelicensed
MSCs can be tested as an augmented MSC therapy since IFN-y prelicensing enhances
MSC’s immunosuppressive properties 44 45, Importantly, the mechanism of action of MSCs
based cell therapy in mitigating GVHD needs to be understood in human clinical trials prior
to moving forward with IFN-y prelicensed MSC therapy. It has been shown that MSC
viability is dispensable for anti-GVHD effect in the animal model studies 1146, Infused
MSCs undergo apoptosis which execute immunomodulation and mitigate GvHD. Thus, the
relative significance of immunomodulatory factors (which can be improved by IFNy
prelicensing) on viable MSCs in mitigating GVHD irrespective of apoptosis yet to be
understood. There are also challenges in translating MSC studies from GvHD animal models
into human outcome. Infusion of human MSCs in the GvHD animal models do not provide
insights on the mechanism of action of MSCs due to their xenogenecity. In contrary, infusion
of mouse MSCs in the GVHD animal models also do not provide insights since mouse MSCs
are not equal to human counter parts in executing immune suppression 4. Despite this
conundrum on MSC based cell therapy for GVHD, the role of endogenous MSCs in
modulating GvHD is also yet to be understood in future studies. The significant challenge in
analyzing endogenous MSCs prior to culture expansion/adaptation and by direct ex vivo
analysis is their rare frequency in marrow aspirates. However, analyzing culture expanded
MSC:s still provide part of insights on endogenous MSCs as they share mesenchymal lineage
characteristics. Our results provided indications that recipient endogenous MSCs could be a
target for therapeutic interventions for the management of GvHD.
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Highlights

. Ruxolitinib blocks IFNy and PBMC secretome induced STAT-1
phosphorylation on MSCs

. Ruxolitinib blocks IFN+y induced downstream effector molecules on MSCs
. MSCs are as equal as to HLADR+ PBMCs in responding to Ruxolitinib

. Bone marrow populations display differential sensitivity to IFNy and
Ruxolitinib
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Figure 1. Ruxolitinib inhibits IFN y mediated expression of IDO protein via JAK-STAT1
pathway
MSCs were treated with IFN-y (20ng/mL) and/or Ruxolitinib (at concentrations shown) (A)

Cells were collected post 48 hrs. of treatment to perform western blot. Cells were probed
with antibodies against pSTATL, total STAT1 and IDO. Beta Actin was used as a loading
control. (B) Cells were treated with IFNy (20ng/mL) with two representative concentrations
of Ruxolitinib (10nM and 10 uM). Lysates were collected at various time points to
determine the ruxolitinib’s kinetics on JAK/STAT inhibition. Similar results were obtained
in a repeat experiment.
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Figure 2. IFNvy induced HLA-ABC, HLA-DR, PDL-1 and DO expression in MSCs are
suppressed by Ruxolitinib

MSCs were treated with contemporaneous Ruxolitinib and IFN-y (20ng/mL) for 48 hours.
Cells were stained for flow cytometry analysis using antibodies against MHC | (HLA ABC),
MHC Il (HLA-DR), IDO and PDL1. (A) Representative histograms are shown. Grey and
white histograms represent — and + Ruxolitinib in the presence of IFNvy. Black histogram
represents unstimulated control. Dose dependent effect of Ruxolitinib on the mean
fluorescent intensity (MFI) of (B) MHC | (HLA ABC), (C) MHC Il (HLA-DR), (D) IDO
and (E) PDL1 is shown on two independent MSC donors. Similar results were obtained in a
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repeat experiment. 7wo-Way ANOVA multiple comparison test was performed between 0
nM and other Ruxolitinib concentrations. **, ***, **** represents P < 0.01, P < 0.001 and P
< 0.0001 respectively. Cumulative statistical significance with both MSC donors is shown.
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Figure 3. Cytostatic effects of IFNy on MSCs are reversed by Ruxolitinib treatment
MSCs (3000 cells/ well) were seeded in 96 well plate and treated with IFNy (20 ng/mL)

and/or different concentrations of Ruxolitinib for up to 5 days. MTT dye was added 5 hours
prior to measuring optical density at 550 nm with 620 nm as reference in a plate reader.
Observations were made at the same time each day for 5 days. (A) The effect of different
concentrations of Ruxolitinib over 5-day period is shown. (B) Day 5 data is shown in a bar
graph format to specific impact of different Ruxolitinib concentration. Data shown are
means +SD of three independent experiments. 7Two-Way ANOVA multiple comparison test
was performed between |\FNy and \FNy +Ruxolitinib. **, *** **** represents P< 0.01, P
< 0.001 and P< 0.0001 respectively.
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Figure 4. Ruxolitinib blocks PBMC secretome induced STAT-1 phosphorylation on MSCs.
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(A) PBMCs were activated with SEB or anti-CD3, anti-CD28 antibodies and four days later
supernatants were collected. Collected supernatants were used for the stimulation of MSCs
in the presence of varying concentrations of Ruxolitinib. Phosflow analysis was performed
on MSC populations for pSTAT1 expression. (B) Representative histogram is shown for

pSTAT1 expression. Grey and white histograms represent — and + Ruxolitinib in the

presence of IFNy. Black histogram represents unstimulated control. Dose dependent effect
of Ruxolitinib on the mean fluorescent intensity (MFI) of pSTAT1 is shown on two
independent MSC donors stimulated with the secretome of (C) SEB and (D) anti-CD3, ant-
CD28 activated PBMCs. Percentage MFI change is calculated based on pSTAT1 expression
in the conditions of absence and presence of Ruxolitinib and PBMC secretome, respectively.

Assays were done in duplicates. Average and Standard deviation is shown. Two-Way

ANOVA multiple comparison test was performed between 0 nM and other Ruxolitinib
concentrations. ***, **** represents P < 0.001 and P < 0.0001 respectively. Cumulative
statistical significance with both MSC donors is shown.
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Figure 5. Ruxolitinib blocks IFNvy induced CX3CL1 and CCL2 on MSCs.
MSCs (10000 cells/ well) were seeded in 96 well plate and treated with +/= IFN+y (20

ng/mL) and different concentrations of Ruxolitinib for up to 3 days. The supernatants were
collected on day 3 and quantitative levels of CCL2, CX3CLI and VEGF were assayed
through Luminex xXMAP (multi-analyte profiling) technology. Dose dependent effect of
Ruxaolitinib on the concentrations of (A) CCL2, (B) CX3CLI and (C) VEGF is shown on two
independent MSC donors (Left: MSC Donor#1, Right: MSC Donor#2). Y axis represents
the concentration in Picogram/milliliter. Average concentration with standard deviation is
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plotted. Assays were done in duplicates and were run in the Luminex system independently.
Two-Way ANOVA multiple comparison test was performed between 0 nM and other
Ruxolitinib concentrations. **, *** **** represents P < 0.01, P < 0.001 and P < 0.0001
respectively.
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Figure 6. Relative inhibition STAT-1 phosphorylation on MSCs and HLADR+ populations of
PBMCs

PBMCs and MSCs were stimulated with IFNvy in the presence of varying concentrations of
Ruxolitinib. Phosflow analysis was performed on PBMCs and MSCs for pSTAT1
expression. PBMCs were additionally stained for phosflow compatible HLADR antibody.
(A) Gating strategy for PBMCs based on Side scatter and HLADR expression is shown.
Representative histogram is shown for pSTAT1 expression in (A) HLADR+ and HLADR-
populations and (B) bone marrow MSCs. Grey and white histograms represent — and +
Ruxolitinib in the presence of IFNy. Black histogram represents unstimulated control. Dose
dependent effect of Ruxolitinib on the mean fluorescent intensity (MFI) of pSTAT1 is shown
on two independent PBMC and MSC donors. (C) HLADR- PBMCs (D) HLADR+ PBMCs
(E) MSCs. Assays were done in duplicates. Average and Standard deviation is shown.
Percentage MFI change is calculated based on pSTAT1 expression in the conditions of
absence and presence of Ruxolitinib and IFNvy, respectively. 7Two-Way ANOVA multiple
comparison test was performed between 0 nM and other Ruxolitinib concentrations. *, **,
*AX AXEE ropresents P<0.05, P < 0.01, P < 0.001 and P < 0.0001 respectively. (F) Area
Under Curve (AUC) values of HLADR- PBMCs, HLADR+ PBMCs and MSCs were plotted
with average and standard deviation. Unpaired t test was perfored in Graphpad Prism to
obtain statistical significance. * represents P<0.05.
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Figure 7. Effect of Ruxolitinib on CD45+/- and HLADR+/- populations of primary human bone

marrow aspirates.

(A)Age, sex and disease status of primary bone marrow aspirates that are analyzed in this
study is shown in a table format. (B) Primary bone marrow mononuclear cells (MNCs) were
stimulated with IFN~y in the presence of varying concentrations of Ruxolitinib. Phosflow
analysis was performed for pSTAT1 expression. MNCs were additionally stained for
phosflow compatible HLADR and CD45 antibodies. (B) Representative histogram is shown
for pSTAT1 expression in CD45-HLADR+, CD45+HLADR+, CD45+HLADR-, CD45-
HLADR- populations of BM#5. Grey and white histograms represent — and + Ruxolitinib in
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the presence of IFN-y. Black histogram represents unstimulated control. (C) Dose dependent
effect of Ruxolitinib on the mean fluorescent intensity (MFI) of pSTAT1 is shown on CD45-
HLADR+, CD45+HLADR+, CD45+HLADR-, CD45-HLADR- populations of 5
independent primary bone marrow aspirates. Percentage MFI change is calculated based on
PSTAT1 expression in the conditions of absence and presence of Ruxolitinib and IFN-y,
respectively. (D) Area Under Curve (AUC) values of CD45-HLADR+, CD45+HLADR+,
CD45+HLADR-, CD45-HLADR- populations were plotted with average and standard
deviation. Unpaired t test was performed in GraphPad prism to obtain statistical
significance. * represents P<0.05. (E) Cumulative or independent Area Under Curve (AUC)
values of CD45-HLADR+, CD45+HLADR+, CD45+HLADR-, CD45-HLADR- populations
were subjected to linear regression analysis with the corresponding values of pSTAT-1
difference between + and -IFNy stimulation. Regression analysis was performed in
Graphpad Prism to obtain R2values and p values.
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