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Integrated mRNA and miRNA profiling revealed deregulation of cellular
stress response in bone marrow mesenchymal stem cells derived
from patients with immune thrombocytopenia
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Abstract
Our understanding of the pathogenesis of immune thrombocytopenia (ITP) remains limited due to the complexity and hetero-
geneity of the disease. Recently, we observed that bone marrow mesenchymal stem cells (MSCs) derived from ITP patients
exhibited growth defects and functional abnormalities that might be involved in the breakdown of self-tolerance. However, the
underlying mechanism remains unclear. In this study, we profiled the expression of both mRNAs and miRNAs by utilizing the
microarray technique and deciphered the mechanism underlying the impairment of MSCs derived from ITP patients (MSC-ITP).
In total, we identified 740 genes and 32 miRNAs that were differentially expressed between ITP patients and controls. A
compromised unfolded protein response (UPR) and decreased DNA transcription were shown to be significantly related to
MSC-ITP. The interaction of miRNAwith mRNA suggested that the cellular stress response, the UPR, and DNA transcription
may be involved in the defects observed inMSC-ITP. Key differentially expressed genes were further validated by RT-PCR. Our
results highlight that defects in the cellular stress response, as shown by a compromised UPR and differential DNA transcription,
play key roles in causing the abnormalities observed in MSC-ITP. These data might contribute to a better understanding of the
abnormal bone marrow niche and provide new insights into the pathogenesis of ITP.
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Introduction

Immune thrombocytopenia (ITP) is an autoimmune disorder
characterized by accelerated platelet destruction and de-
creased platelet production due to the breakdown of self-

tolerance (Cines et al. 2014). Platelet and megakaryocyte dys-
function orchestrated by abnormalities of the adaptive im-
mune system plays a crucial role in ITP pathogenesis
(Semple et al. 2010).

Immune-mediated acceleration of platelet destruction and
decrease in platelet production can be ameliorated by immu-
nosuppressants or agents that prevent reticulo-endothelial sys-
tem phagocytosis, such as IVIgG, corticosteroids, or
calmodulin-dependent protein kinase antagonists.
Splenectomy was thought to permanently resolve the issue
(Provan et al. 2010). However, these standard therapeutics
targeting the mainstream pathogenesis are not effective for
every patient, and a proportion of patients suffer refractory
or relapse course (Gernsheimer et al. 1989; Louwes et al.
2001). The differing outcomes indicate that ITP is a heteroge-
neous disease and that, in addition to peripheral antibody- or T
cell-mediated platelet and megakaryocyte abnormalities, ad-
ditional pathogeneses might be involved (Riviere et al. 2015).
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Mesenchymal stem cells (MSCs) are multipotent cells that
play an important role in immune tolerance (Trento and Dazzi
2010). Despite these cells’ direct immunosuppressive effects
on adaptive immune system (Li and Hua 2017), they are ca-
pable of modulating T cell responses by promoting the
tolerogenic properties of dendritic cells (DCs) (Ma et al.
2013).

Nevertheless,MSCs have been observed to function abnor-
mally in patients with ITP. Several studies have shown that
proliferation is impaired and the immunosuppressive capacity
is compromised in MSCs derived from ITP patients (Perez-
Simon et al. 2009; Zhang et al. 2014). In addition, the ability
to induce tolerogencity in mature DCs was impaired in MSCs
from ITP patients (Ma et al. 2013). In our previous study, we
observed that MSCs from ITP patients displayed enhanced
senescence and apoptosis along with an impaired ability to
inhibit T cell proliferation, induce Tregs, and suppress anti-
GPIIb-IIIa antibody production (Zhang et al. 2016). However,
treatment with growth factors, which improve proliferation
and ameliorate excess senescence and apoptosis, restored the
immunosuppressive capacity of MSCs from ITP patients
(Zhang et al. 2016). Taken together, these data suggested that
impa i rmen t o f MSCs cou ld resu l t in de fec t ive
immunoregulative abilities, which might be involved in ITP
pathogenesis by aggravating the breakdown of self-tolerance
in ITP patients. Although the manifestation of senescence and
apoptosis was observed in MSCs from ITP patients, the un-
derlying molecular mechanism is not fully understood.

In this study, we used microarray analysis to report the
mRNA and miRNA expression profiles of MSCs derived
from newly diagnosed ITP patients and to identify the biolog-
ical processes associated with the differentially expressed
genes. These analyses might contribute to elucidating the

underlying molecular mechanisms associated with the impair-
ment of MSCs in ITP patients and provide new insights into
the pathogenesis of ITP.

Results

Characterization of MSCs

MSCs were successfully derived from ITP patients (MSC-
ITP) or healthy individuals (MSC-control) as previously de-
scribed. Prior to their application in the microarray, the cul-
tured MSCs underwent characterization of surface markers
and differentiation capacity according to the criteria of the
International Society for Cellular Therapy. MSC-control ex-
panded and acquired the typical spindle morphology during
culture. In contrast, MSC-ITP expanded slower and appeared
larger and flattened. Surface marker analysis showed that both
MSC-control and MSC-ITP expressed CD105, CD73, and
CD90 but not CD14, CD19, CD34, CD45, or HLA-DR
(Fig. 1a). After induction, the MSCs could differentiate
in vitro into osteoblasts, adipocytes, and chondroblasts, as
shown in Fig. 1b.

Overview of the gene expression profile
and the function and disease analysis of MSC-ITP

To uncover the molecular mechanisms involved in the defects
observed in MSC-ITP, we first compared the overall genomic
profiles of MSC-ITP and MSC-control. Bioinformatic analy-
sis revealed that the expression of 740 genes was significantly
changed between MSC-ITP and MSC-control (Fig. 2a). Two-
dimensional hierarchical clustering of the 740 genes showed

Fig. 1 Characterization of MSCs. a Surface antigens characterized by
flow cytometry showed that MSC-control and MSC-ITP express CD73,
CD90, and CD105 but not CD14, CD19, CD34, CD45, or HLA-DR. b

MSC-control and MSC-ITP presented similar differentiation capacities
toward osteoblast, adipocyte, and chondroblast lineages. Scale bar
represents 100 μm
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the degree of separation between the two groups (Fig. 2b).
Next, we performed function and disease analysis.
Differentially expressed genes were associated with 57 classes
of biological processes. The top 20 enriched pathways are
shown in Fig. 2c. Interestingly, the enrichment analysis re-
vealed that the differentially expressed genes are most signif-
icantly involved in the processes of cell death and survival,
cellular development, cell growth and proliferation and cell
cycle (Fig. 2c). This finding is in agreement with findings
from our previous study, which demonstrated excessive apo-
ptosis and senescence in MSCs from ITP patients.

Compromised unfolded protein response (UPR)
in MSC-ITP

To evaluate the pathways underlying cell signaling defects in
MSC-ITP, we performed a canonical pathway analysis.
Canonical pathway annotation enabled us to classify differen-
tially expressed genes into 57 pathways. The top 8 enriched

pathways included the UPR,mitotic roles of Polo-Like kinase,
ERK5 signaling, cell cycle, G2/M DNA damage checkpoint
regulation, cyclins and cell cycle regulation, endoplasmic re-
ticulum (ER) stress pathway, PI3K/AKT signaling, and ATM
signaling. These enriched pathways have been shown to
be involved in cell proliferation, cell cycle, and cell ap-
optosis, which might underlie the differences between
MSC-ITP and MSC-control. The top 20 enriched path-
ways are shown in Fig. 3a. Notably, the UPR, which is a
defense response to protect cells from ER stress-induced
damage (Carreras-Sureda et al. 2017; Yang et al. 2016),
was identified as the most significantly changed pathway
(−log(p value) = 8.32). Next, rigorous gene set enrich-
ment analysis (GSEA) was performed to detect the cor-
relation. GSEA identified subsets of 103 UPR-specific
genes that were negatively correlated with MSC-ITP
(Fig. 3b; p = 0.033, FDR q = 0.038). Taken together,
these data suggested that a deficient UPR might play a
key role in MSC-ITP.

Fig. 2 Overview of gene expression profiling. a Scheme of the differentially expressed genes in MSC-ITP compared to MSC-control. b Two-
dimensional hierarchical clustering maps of differentially expressed genes. c Disease and functional analysis of the differentially expressed genes
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Decreased DNA transcription and upstream
regulators in MSC-ITP

Upstream analysis of the identified genes revealed significant-
ly decreased transcription of DNA (Fig. 4a), which might
account for the attenuated proliferation and cell cycle arrest
of MSCs derived from ITP patients shown in our previous
study. Further enrichment analysis identified a stress response
gene, nuclear protein transcriptional regulator 1 (Nupr1).
Nupr1 is a chromatin-binding protein that converts stress sig-
nals into a gene expression program and plays a central role in
the pro-survival process of the ER stress pathway (Emma et al.
2016; Galichon et al. 2017). As shown in Fig. 4b, most Nupr1
target genes were negatively regulated, indicating that Nupr1
signaling was strongly inhibited in MSC-ITP. In addition,
TGFβ-1 signaling was shown to be down-regulated

(Fig. 4c). Previous studies have shown that both Nupr1 and
TGFβ-1 signaling plays roles in ER stress and transcription,
which corroborates our findings (Ozkaya et al. 2017; Tang
et al. 2015). Therefore, our results indicate that decreased
overall DNA transcription and a deficient UPR may play vital
roles in the regulation of MSC-ITP and that these combined
effects probably result in the observed defects in MSC-ITP.

Potential cross talk between the UPR and the p53
pathway

We utilized gene network analysis to target the key “cross-
road” regulator in MSC-ITP (Fig. 5). Network analysis
illustrated that JUN and CDKN1A are two key cross reg-
ulators with multiple roles in the biological process of
MSC-ITP (score = 36). JUN is a critical downstream

Fig. 3 The unfolded protein response (UPR) is negatively associated with
MSC-ITP. a Canonical pathway analysis identified the UPR as the most
significantly changed pathway in MSC-ITP. b Gene set enrichment

analysis (GSEA) revealed a negative correlation between genes
involved in the UPR and MSC-ITP
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regulator that is activated upon initiation of the UPR and
subsequently mediates a series of biological processes
(Yang et al. 2016). CDKN1A is involved in the p53-

mediated inhibition of cellular proliferation in response to
DNA damage (Galluzzi et al. 2016). This network suggests
potential cross talk between the UPR and the p53 pathway,

Fig. 4 Decreased DNA transcription and upstream regulators identified by upstream analysis. aGlobal DNA transcription is decreased inMSC-ITP. The
identified down-regulated pathways include the Nupr1 (b) and TGF-β1 (c) pathways
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with the latter having been verified in MSC-ITP in our
previous study (Zhang et al. 2016).

miRNA-mRNA interactions are involved in the cellular
stress response

miRNAs are small noncoding RNA molecules that regulate
gene expression. To investigate the role of miRNAs in MSC-
ITP, we detected 62 miRNAs that differed significantly be-
tween ITP patients and controls. The TargetScan and
Miranda algorithms were used and Kolmogorov-Smirnov sta-
tistics were applied to evaluate if these were associated with
changes in the mRNA expression of the target genes. This
analysis identified 34 miRNAs that were significantly associ-
ated with mRNA expression in the database. To better

understand the role of the regulated miRNAs, bioinformatics
analysis was performed with predicted target genes. Reactome
enrichment analysis indicated that the cellular response to
stress, TGF-β receptor complex signaling, and genetic tran-
scriptional pathways were significantly dysregulated in MSC-
ITP (Fig. 6), which was in agreement with the implications of
the mRNA microarray results.

Then, the predicted target genes of the regulated miRNAs
were cross-referenced against mRNAs that were significantly
different between MSC-ITP and MSC-control, resulting in
163 overlapped genes. Mapping all the overlapped genes to
the GO term database enabled annotation of the 163 genes
into cellular component, molecular function, and biological
process categories (Fig. 7a). The UPR was again identified
by reactome enrichment analysis as the process most affected

Fig. 5 Gene network analysis. We targeted the key “cross-road” regulator in MSC-ITP using gene network analysis, which illustrated the key regulators
with multiple roles in MSC-ITP (score = 36)
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by the differentially expressed genes between MSC-ITP and
MSC-control (Fig. 7b), which further demonstrated the asso-
ciation between UPR and the defects observed in MSC-ITP.

Validation of differentially expressed mRNAs

To establish the validity of gene expression levels determined
by microarray analysis, we performed RT-PCR to measure the
expression levels of differentially expressed genes. This anal-
ysis included UPR-associated genes (GRP78, PERK, ATF6,
and DDIT3), the upstream regulators Nupr1 and TGF-β1, and
the cross regulators identified by network analysis (JUN,
CDKN1A, DKK1, and CHEK1) (Fig. 8). Three key regula-
tors of UPR, GRP78, PERK, and ATF6 were significantly
down-regulated, which was consistent with the trend revealed
by microarray. Similarly, the mRNA expression levels of
DDIT3 and JUN, two crucial downstream molecules in the
UPR, were significantly decreased. The mRNA expression
levels of TGFβ-1 and Nupr1 were down-regulated according
to RT-PCR. The network cross regulators JUN, CDKN1A,
and DKK1 were also down-regulated while CHEK1 was up-
regulated in MSC-ITP compared with MSC-control; this

further validated the accuracy and the implications of the mi-
croarray results.

Discussion

In the present study, we performed genome-wide expression
analyses of mRNA and miRNA in MSCs from ITP patients
and healthy individuals. We identified cellular stress response
defects in MSCs from ITP patients, as indicated by deficien-
cies in the UPR and DNA transcription in MSC-ITP. This
finding revealed potential molecular mechanisms underlying
the impairments observed in MSC-ITP and might explain the
abnormalities in the bone marrow niche and the breakdown of
self-tolerance in ITP patients.

ITP is an autoimmune disorder characterized by platelet
destruction and impaired platelet production due to the break-
down of self-tolerance (Cines et al. 2014). Abnormal polari-
zation between T helper (Th)1 cells and Th2 cells in the pe-
ripheral blood has been thought to play an important role in
the pathogenesis of ITP (Semple et al. 2010). In addition,

Fig. 6 Reactome enrichment analysis with the predicted target genes of the differentially expressed miRNAs

Funct Integr Genomics (2018) 18:287–299 293



Fig. 7 Gene Ontology (GO) analysis (a) and reactome enrichment (b) analysis of the overlapped genes
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decreased levels and functional defects of Tregs are involved
in the breakdown of self-tolerance in ITP (Liu et al. 2007).

Although several pathological mechanisms underlying the
development of ITP have been well established and targeted
treatments have been developed (Provan et al. 2010), numer-
ous patients suffer relapse or refractory courses of ITP
(Neunert et al. 2011), which lead to the question of whether
there are alternative pathogeneses. However, due to the com-
plexity of the immune system and heterogeneity of the dis-
ease, our understanding of ITP pathogenesis remains limited.

In our previous study, bone marrow MSCs, which are po-
tent immunoregulators and are responsible for the mainte-
nance of self-tolerance in the bone marrow niche, were found
to be functionally abnormal in ITP patients (Zhang et al.
2016). MSCs have long been documented as important
immunoregulators due to their robust immunosuppressive
properties and their roles in regulating both adaptive and in-
nate immune responses (Li and Hua 2017). MSCs from
healthy individuals may exert immunosuppressive effects by
either directly inhibiting the conversion of Th2 to Th1 and
inducing the generation of Tregs (Li and Hua 2017) or indi-
rectly modulating the T cell response by promoting the
tolerogenic properties of DCs (Li et al. 2008; Spaggiari et al.
2009), thus contributing to the maintenance of self-tolerance.

Consistent with the manifestations observed in many other
autoimmune diseases, MSCs from ITP patients exhibited loss
of their conventional proliferative capacity and were defective
in immunoregulation (Zhang et al. 2016). In contrast, in either
animal models or ITP patients, transplantation of MSCs de-
rived from healthy individuals partly restored megakaryocytic
function and platelet production by reversing the shift in the
Th1/Th2 cytokine balance (Fang et al. 2012; Ma et al. 2012;

Xiao et al. 2012). These data suggested that MSC impairment
might contribute to the breakdown of self-tolerance and be
involved in the pathogenesis of ITP.

Although we demonstrated excessive apoptosis and senes-
cence along with compromised immunosuppressive proper-
ties of MSCs derived from ITP patients (Zhang et al. 2016),
the underlying molecular mechanism remains unclear.

Genome-wide measurement of disease-specific alterations
is widely used to characterize the underlying molecular mech-
anisms, and this technique may help obtain a more compre-
hensive understanding of the disease. In the present study, we
used microarrays to identify both the mRNA and miRNA
expression profile changes in MSC-ITP and to unveil the in-
tracellular mechanisms leading to defects. Differentially
expressed genes were detected and analyzed in the subsequent
bioinformatic analysis.

First, function and disease analysis was carried out to iden-
tify the global biological processes that differed between the
two groups. The most significantly enriched biological pro-
cesses were related to cell proliferation, death, and survival,
which are in line with our previous experimental data demon-
strating increased apoptosis, cell cycle arrest, and attenuated
proliferation in MSC-ITP (Zhang et al. 2016). Additionally,
microarray studies of MSCs derived from SLE patients
showed a similar trend, with genes involved in cell cycle con-
trol presenting significant differences in their gene expression
profiles (Tang et al. 2012). This finding suggested that the
defect in cell cycle progression and proliferation of bone mar-
row MSCs might be a common manifestation in autoimmune
disease.

Next, pathway and upstream analysis was utilized to fur-
ther elucidate the intracellular mechanism underlying the

Fig. 8 mRNA expression level of
differentially expressed genes as
detected by RT-PCR, *p < 0.05
compared withMSC-control (n =
5 in each group)
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defects. In these analyses, inhibition of the UPR and DNA
transcription was shown to be significantly associated with
MSC-ITP.

The UPR is a highly conserved defense system that pro-
tects cells from ER stress resulting from genetic or environ-
mental insults (Grootjans et al. 2016). The UPR is critical for
maintaining cell homeostasis under physiological and patho-
logical conditions (Yang et al. 2016). To escape adverse cel-
lular stress, the ER activates the stress sensor pathway, name-
ly, the UPR, through a complex signaling network of PERK-
eIF2a, IRE1-XBP1, and ATF6-CREBH transducers (Yang
et al. 2016). This signaling network initiates changes in the
expression of hundreds of genes to alleviate stress-induced
deregulation and damage and to restore cellular homeostasis
(Carreras-Sureda et al. 2017). Inability to respond to cellular
stress would result in the accumulation of cell damage and in
irreversible consequences (Galluzzi et al. 2016). Given these
indications, our data highlighted that a deficient UPR might
lead to an inability to initiate defenses against ER stress and
thus contribute to cell impairment.

Additional evidence of deficient cellular stress re-
sponses in MSC-ITP was the decreased level of overall
DNA transcription identified by upstream analysis. Cells
are exposed to diverse stresses. Cells react to potential
perturbations of the intracellular or extracellular microen-
vironment by activating rapid mechanisms or delayed and
robust adaptive systems to cope with stress and to attempt
to restore homeostasis; alternatively, cells may actively
engage in cellular suicide (Galluzzi et al. 2016). Among
the defense systems, transcription factors involved in the
reprogramming of gene expression are highlighted as an
essential mechanism for cellular stress responses
(Ljungman 2007). Numerous lines of evidence show that
transcription factors allow cells to coordinate unified re-
sponses to transmitted signals (Staby et al. 2017). These
responses modulate pathway-specific gene expression and
organize transcriptomic responses to stresses to maintain
homeostasis (Alasiri et al. 2017; Sykiotis and Bohmann
2010). MSC-ITP exhibited attenuated global transcription
levels, and the expression levels of many stress response-
related transcriptional regulators, such as Nupr1 and
TGF-β1, were down-regulated. This finding also indicat-
ed that MSC-ITP exhibited an inability to respond to cel-
lular stress and restore cellular homeostasis, which may
contribute to cellular impairment or death. Overall, the
compromised UPR and decreased DNA transcription
identified by mRNA profile changes in MSC-ITP implied
a defective defense response to cellular stress.

For further validation of our mRNA findings, we simulta-
neously detected the expression profiles of miRNAs. miRNAs
are small noncoding RNA molecules that regulate gene ex-
pression. The effect of miRNA onmRNA is mediated through
the binding of the miRNA to the ribonucleoprotein complex

RNA-induced silencing complex that also binds to the 3’ un-
translated region of complementary mRNAs (Schwarz et al.
2003). The double-stranded complex between the miRNA
and mRNA is later degraded, which leads to decreased protein
translation (Meister and Tuschl 2004). We then identified the
potential target genes of the differentially expressed miRNAs
by reactome enrichment analysis. Consistent with the results
of the mRNA expression analysis, the cellular response to
stress and transcriptional pathways were among the most dif-
ferentially regulated pathways, thus confirming the implica-
tions of the mRNA profiles. Analysis with the cross-
referenced genes further validated the association between a
dysregulated UPR and MSC-ITP. Suppression of the UPR
was also detected by RT-PCR, which confirmed the accuracy
of the microarray results.

Taken together, by integrating the mRNA and miRNA pro-
files, we demonstrated a defective cellular stress response in
MSC-ITP. These observations may help elucidate the mecha-
nism underlying the defects observed in MSC-ITP and might
provide new insights in the pathogenesis of ITP.

Materials and methods

Patients

BM samples were obtained from four patients with newly
diagnosed ITP who met the previously reported criteria
(Provan et al. 2010), and four age- and sex-matched healthy
donors were included as normal controls. The body mass in-
dex distribution was similar between the ITP patients and the
healthy donors (control). All the patients and controls provid-
ed consent to participate in the study, which was approved by
the Ethics Committee of the Peking University People’s
Hospital and conducted in accordance with the Declaration
of Helsinki.

Isolation, expansion, and characterization of MSCs

Bone marrow mononuclear cells from the patients and normal
controls were isolated by Ficoll gradient and cultured in
Dulbecco’s modified Eagle’s medium (Thermo Fisher
Scientific Life Sciences, Waltham, MA, http://www.
thermofisher.com), with 10% defined fetal bovine serum
(Thermo Fisher Scientific Life Sciences) and 100 U/ml peni-
cillin/streptomycin. The cultures weremaintained at 37 °C in a
5% CO2 incubator, and the medium containing nonadherent
cells was replaced every 3–4 days of the culture period. When
the cultures reached 80% confluence, the cells were detached
using 0.25% trypsin-EDTA. The cells were seeded in flasks at
1 × 106 cells per 25 cm2 and cultured for another 4–5 days to
obtain the next passage of MSCs.
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To confirm the human MSCs phenotype, plastic adherent
cells were analyzed for the expression of surface-specific an-
tigens using flow cytometry. The cells were stained with the
following fluorescein isothiocyanate (FITC)-conjugated,
allophycocyanin (APC)-conjugated, peridinin chlorophyll
protein (PerCP)-conjugated, or phycoerythrin (PE)-conjugat-
ed monoclonal antibodies: CD14, CD19, CD34, CD45,
CD105, CD90, CD73, and human leukocyte antigen (HLA)-
DR. The FITC-, PE-, APC-, and PerCP-conjugated isotypes
were used as negative controls. The capacity of the MSCs to
differentiate along osteogenic, chondrogenic, and adipogenic
lineages was assessed, as described previously (Dominici
et al. 2006), using commercially available kits (osteogenesis
differentiation kit, chondrogenesis differentiation kit, and ad-
ipogenesis differentiation kit (Thermo Fisher Scientific Life
Sciences)), according to the manufacturer’s instructions.

RNA extraction and microarray

MSCs were placed in Trizol (Invitrogen, USA) and processed
for RNA extraction using the RNeasy kit according to the
manufacturer’s instructions (Qiagen, Valencia, CA). The in-
tegrity of the RNAwas assessed using denaturing RNA aga-
rose gel electrophoresis. The quantity of the RNA samples
was assessed by absorbance spectrometry using a NanoDrop
2000 (Thermo, Waltham, MA). For the miRNA microarray
experiment, total RNA was purified using the mirVana™
miRNA Isolation Kit (CapitalBio Corp, Beijing, China) and
labeled with polyA tailing and biotin. The labeled RNAwas
hybridized with Affymetrix miRNA microarray (CapitalBio
Corp, Beijing, China). For mRNA microarray experiments,
total RNA was purified and subjected to first-strand cDNA
and second-strand cDNA synthesis. cDNA was generated
and labeled with biotin and then fragmented to a suitable size.
Hybridization was performed with Affymetrix mRNA micro-
array (CapitalBio Corp, Beijing, China) according to the man-
ufacturer’s instructions. After washing and staining, arrays
were scanned and the imaging data were extracted with
Affymetrix GeneChip Command Console Software
(CapitalBio Corp, Beijing, China). The significantly changed
genes were selected based on p value < 0.05 and > 2-fold as
criteria.

Ingenuity pathway analysis (IPA)

To assess biological relationships among genes, we used the
Ingenuity Pathway Analysis software (IPA, Ingenuity System,
Redwood City, CA, USA; http://www.ingenuity. com). The
pathway, upstream, and network analysis was performed
using IPA. The canonical pathways generated by IPA are the
most significant for the uploaded data set. Fischer’s exact test
with FDR option was used to calculate the significance of the
canonical pathway. IPA computes a score for each network

according to the fit of the set of supplied focus genes. These
scores indicate the likelihood of focus genes to belong to a
network versus those obtained by chance. A score > 2
indicates a ≤ 99% confidence that a focus gene network was
not generated by chance alone.

Gene set enrichment analysis (GSEA)

Normalized RNA-seq expression data were preranked based
on the fold change between the two groups. The Hallmark
curated Gene sets in MSigDB database 5.0 were used for
GSEA analysis. GSEA3.0 was used to perform the analysis.
Gene sets were tested for enrichment in rank ordered lists via
GSEA using a classic statistics and compared to enrichment
results from 1000 random permutations of the gene set to
obtain p values. A corrected p value was obtained from the
analysis using the FDR q value correction. On the basis of this
correction, the cutoff for significance was established at a p
value < 0.05.

MiRNA analysis

The mirBase (http://www.mirbase.org) was used to identify
miRNA functions and miRNA target mRNA using
TargetScan and Miranda algorithms. Target genes from the
miRNAwere then cross-referenced against the list of signifi-
cantly regulated mRNA between ITP patients and controls.

Quantitative RT-PCR analysis

Total RNA isolated from MSCs derived five ITP patients and
five healthy individuals were reverse transcribed to cDNA.
Gene expressions were examined in triplicate by real-time
RT-PCR performed by ABI 7500 real-time PCR detection
system (Applied Biosystems, USA) using SYBR Green de-
tection mix (TaKaRa, Japan). The expressions of GRP78,
PERK, ATF6, DDIT3, NUPR1, TGF-β1, JUN, CDKN1A,
DKK1, and CHEK1 were analyzed. The 2-ΔΔCt method was
used to analyze the relative quantification data. GAPDH was
used as the internal control gene. Differences between two
groups were estimated by Student’s t test and p < 0.05 was
considered significant.
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