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Abstract. - BACKGROUND: Mesenchymal stem
cells (MSCs) are multipotent stromal cells that can
differentiate into a variety of cell types. The MSCs
can be activated and mobilized if needed.

AIM: This study aimed to investigate the re-
sponse mechanism of MSCs under Dexametha-
sone (Dex) treatment by combining MSCs mi-
croarray and bioinformatics methods.

MATERIALS AND METHODS: We downloaded
the gene expression profile of rat’'s MSCs chal-
lenge with or without Dex (GSE3339) from Gene
Expression Omnibus database, including 2 Dex
treated samples and 3 untreated samples. The dif-
ferentially expressed genes (DEGs) were identi-
fied by packages in R language. Then, Gestalt
(Genomic Sequence Total Analysis and Lookup
Tool) and EASE (Expression Analysis Systematic
Explorer) to were employed to obtain the molecu-
lar events of MSCs under Dex treatment.

RESULTS: A total of 17 genes were identified as
DEGs between untreated and treated samples,
and they were significant enriched in immune re-
sponse and cell differentiation. The C3 gene was
the common candidate gene selected from two
different algorithms, and 24 conserved sites were
identified in the 3’'UTR of C3 gene.

CONCLUSIONS: Genes associated with im-
mune response and cell differentiation were dys-
regulated in MSCs under Dex.
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Instruction

Mesenchymal stem cells (MSCs), are multipo-
tent stromal cells that can differentiate into con-
nective and hematopoietic cells, such as chondro-
cytes (cartilage cells), osteoblasts (bone cells) and
adipocytes (fat cells)!?. The mesenchymal stem
cells can be activated and mobilized if needed.
Therefore, they are widely applied in clinical,

such as repair of impairment of bone, cartilage,
tendons and other tissues®. Research on the MSCs
culture, proliferation and differentiation under
regulation was critical.

Dexamethasone (Dex) is a potent synthetic
member of the glucocorticoid class of steroid drugs
that has immunosuppressant and anti-inflammato-
ry properties*. It has been widely used as anti-in-
flammatory and chemotherapeutic agents®; howev-
er, prolonged use of Dex enhances direct respon-
siveness of osteoblasts and ultimately impairs bone
formation, leading to changes in cell number and
function®. Dex is reported to promote osteogenesis
in vitro, and induce the expression of osteogenic
markers in MSCs”?. Although Dex have been
shown to have various actions in bone cells, the
molecular mechanism of Dex involved in apoptosis
of osteoblasts is poorly understood.

In this study, we analyzed the MSCs microarray
data under Dex treatment, and identified the differ-
entially expressed genes (DEGs) by comparing with
MSCs un-treated with Dex. Further, the molecular
changes of biological process were explored and the
differentiation of the MSCs was analyzed. In addi-
tion, the conserved sites on 3’ untranslated region of
a critical DEG was analyzed.

Materials and Methods

Affymetrix Microarray Data

The transcriptional profile of GSE3339!° was
downloaded from Gene Expression Omnibus
database, which was deposited by Akavia et al.
Briefly, MSCs derived from rats were cultured
and challenged with 10®* M Dex (n= 2). The
MSCs untreated with Dex were used as control
(n=3). On day 14, cells were harvested for RNA
extraction and gene expression analysis. The
platform was Affymetrix Rat Expression 230A
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Array (Affymetrix, Santa Clara, CA, USA), con-
taining 15,766 probe sets and comprising 14,280
unigene clusters. We downloaded the original
data and platform annotation information for fur-
ther analysis.

Data Preprocessing and DEG Analysis

The original data were first preprocessed by us-
ing Affy package in R language :'2. Then LIMMA
package'® was applied to compute the probability of
genes being differentially expressed between MSCs
challenge with or without Dex. To reduce false pos-
itive results, the BH method'* was used to adjust the
raw p-values into false discovery rate (FDR). The
genes with FDR < 0.01 and llogFCI>1 were select-
ed as DEGs.

Function Enrichment Analysis Based
on Hypergeometric Algorithm and
Fisher Exact Test

WebGestalt (http://genereg.ornl.gov/webgestalt/)!s
organizes and visualizes gene sets in various biologi-
cal contexts, including Gene Ontology (GO), tissue
expression pattern, chromosome distribution, meta-
bolic and signaling pathways, protein domain infor-
mation and publications by using the hypergeometric
test. EASE (Expressing Analysis Systematic Explor-
er) is a customizable software application for rapid bi-
ological interpretation of gene lists result from high-
throughput genomic data based on Fisher exact test'S.

To obtain more reliable enrichment results, we
performed GO enrichment analyses used these two
softwares at FDR < 0.05, respectively and screened
the overlapping GO terms as final results.
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Figure 1. The standardized expression data.

Table I. The up-regulated genes (log FC > 1) and down-reg-
ulated (log FC < -1) in Dex treated cells at FDR of 0.01.

Gene p value FDR logFC

PTPRC 4.94E-06 0.00928 -6.97267
PTPRJ 4.71E-06 0.00928 -6.88779
RTI-BA 7.15E-06 0.00928 -6.40783
RTI-DBI 2.93E-06 0.00928 -6.16392
MMP7 2.07E-06 0.00928 -5.97016
CXCL13 8.97E-06 0.00928 -5.20663
SLCI7A3 7.55E-06 0.00928 -4.25691
CTSC 1.05E-05 0.00928 -4.21801
IGSF6 9.5E-06 0.00928 -3.91022
ARHGAP4 6.84E-06 0.00928 -3.77312
PIP4K2B 7.13E-06 0.00928 3.644385
ATP6VIC2 1.03E-05 0.00928 3.893746
C3 7.46E-06 0.00928 3.980625
SECTMIB 8.82E-06 0.00928 4.86468

LOC686432  1.29E-05 0.00997 4.920804
METRN 1.69E-06 0.00928 5.242093
RRAD 7.71E-06 0.00928 6.370492

Selection of 3'UTR Conserved Sites

3’-Untranslated regions (UTRs) are known to
play crucial roles in the post-transcriptional regu-
lation of gene expression, including modulation of
the transport of mRNAs out of the nucleus and of
translation efficiency'’, subcellular localization'®
and stability". The sequences of UTR are usually
conserved and similar with each other among dif-
ferent species. In this work, we searched the con-
served sites on 3° UTR of selected DEG. The se-
quence information of the selected gene in 23
species were downloaded from NCBI (National
Center for Biotechnology Information) public
database (http://www.ncbi.nlm.nih.gov/) and the
34bp length 3’UTRs among 23 species were com-
pared by using Clustal W?° (http://bips.u-
strasbg.fr/fr/Documentation/ClustalW/). Finally,
the conserved sites of the gene in 23 species were
obtained.

Results

Screening of DEGs

After data preprocessing, the quality of gene
expression was significantly increased (Figure 1).
At a FDR of 0.01 and llogFCl > 1, a total of 17
genes were differentially expressed between Dex
treated cells and Dex untreated cells. Among
them, 10 genes were down-regulated in Dex treat-
ed cells and the remaining 7 genes were up-regu-
lated (Table I).
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Table II. Gene Ontology enrichment analysis using WebGestalt (FDR < 0.05).

GO ID Function

FDR Gene

GO:0006955
G0:0002376
GO:0045595
GO:0050793

immune response

immune system process

regulation of cell differentiation
regulation of developmental process

0.0002
0.0014
0.0126
0.0290

CXCLI3,RTI-BA, C3, RT1-DBI
PTPRC,CXCLI3, SECTM1B, RT1-BA,C3
PTPRC, METRN, RT1-BA, ARHGAP4
PTPRC, METRN, RT1-BA, ARHGAP4

Function Enrichment Analysis

To identify the function of DEGs in Dex treat-
ed cells, GO enrichment analysis was performed
by using WebGestalt and EASE, respectively.
Based on the hypergeometric algorithm in We-
bGestalt, 4 GO categories were significantly en-
riched, including immune response, regulation of
cell differentiation and regulation of developmen-
tal process (Table II). EASE based on Fisher exact
test obtained 6 GO categories, including immune
response, MHC class II protein complex and posi-
tive regulation of B cell mediated immunity (Table
IIT). By combining Table II and Table III, we could
find that the GO category of “immune response”
was significantly enriched by both WebGestalt and
EASE. By comparing the DEGs enriched in “im-
mune response”’, we found that C3 (Complement
component 3) appeared in both terms and there-
fore, we selected C3 for further analysis.

3UTR Conserved Site Screening

The gene sequences of C3 in 23 species were
downloaded and compared (Figure 3). From Figure
3, we could find that 24 sites were highly conserved
in the 23 species (Capital letters marked in green).

Discussion
Dex is a potent synthetic member of the gluco-

corticoid class of steroid drugs which acts as an
anti-inflammatory and immunosuppressant. It has
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Figure 2. C3 gene expression values in different samples.
Blue region is the samples with no Dexamethasone treat-
ment, and the pink region is the samples after Dexametha-
sone treatment. The horizontal ordinate is the group, and the
vertical coordinate is expression value. The red columns are
the expression value.

been widely used to treat inflammatory and au-
toimmune conditions, such as rheumatoid arthritis
and acute asthma %!, In this study, we selected a
set of the specific DEGs under Dex treatment.
Function enrichment analyses suggest these genes
were significantly associated with immune re-
sponse. By comparing the results of different al-

Table Ill. Gene Ontology enrichment analysis using EASE (FDR < 0.01).

GO ID Function FDR Genes

GO0:0006955 immune response 7.12E-05 PTPRC, C3, SECTMI1B
GO0:0002252 immune effector process 0.008354 PTPRC, C3,RT1-BA
GO0:0050778 positive regulation of immune response 0.011208 PTPRC, C3,RT1-BA
GO0:0042613 ~ MHC class II protein complex 0.012004 RT1-DB1,RT1-BA
GO0:0002891 positive regulation of immunoglobulin mediated immune response ~ 0.014955 PTPRC, C3
GO0:0002714 positive regulation of B cell mediated immunity 0.014955 PTPRC, C3
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Figure 3. The 3’UTR regions of C3 gene in different species The bottom green capital font represents the high matching sites,

and the lower case letter represents the low matching sites.

gorithms, we finally identified C3 gene as the
most associated gene with immune response.
From Table I, we could find that C3 was signifi-
cantly up-regulated under Dex treatment (FDR =
0.00928, log FC = 3.98).

C3 is a protein of the immune system. It plays a
central role in the activation of complement sys-
tem?? and contributes to innate immunity. Recent
works has suggested that monocyte-derived C3 is
critical in the reticuloendothelial system in the lo-
cal immune response?. This constitutes “local”
complement synthesis in turn. The in vivo role of
monocyte-derived complement, specifically C3,
has been studied much less. Similar to those we
have employed, researches of C3KOIR/WT
chimeras have suggested a role for local (presum-
ably monocyte/macrophage-derived) C3 in the
reticuloendothelial system in the immune response
to viruses®. As is the case in ours, this study also
showed evidence of some low-level C3 present in
plasma. Other reports have conversely suggested a
role in the differentiation of monocytes into den-
dritic cells for C3 gene*.

In earlier studies, glucocorticoids were report-
ed to stimulate synthesis of the second component
of complement (C2), factor B and C1 in-
hibitor*>?¢. Coulpier et al*’ examined the com-
bined effect of IL-1a and glucocorticoids on C3
and factor B expression by the endothelial cells
and observed significant potentialization of IL-1a

induced stimulation of C3 and factor B produc-
tion. Besides, Zach et al®® suggested Dex en-
hances the expression of C3 mRNA and increase
the production of functionally active C3 by A549
cells by a mechanism that is mediated by the in-
tracellular glucocorticoid receptor. In line with
previous researches, our study suggests Dex up-
regulated the expression of C3 in MSCs. Com-
bined with all these evidences, it is safe for us to
infer that the regulation of C3 expression reflect
the directly differentiation of MSCs.

In addition, we identified 24 conserved sites on
3’UTR of C3 from the view of gene sequence of 23
specifies. These conserved non-coding sequences
are sufficient for subcellular localization of mR-
NAs*. It is promising to direct MSCs differentia-
tion by drug or chemical reagent stimulation on
these non-coding region sites.

Conclusions

We herein show that treatment of dexametha-
sone on MSCs induces immune responses behav-
ior and immune system alterations. Additional
studies suggest that a set of differentially ex-
pressed genes such as C3 gene are the precise me-
diators of such interplay. In addition, a total of 24
highly conserved sites on 3°’'UTR of C3 were se-
lected out from the view of 23 specifies.



J.-m. Chen, X.-p. Cui, X.-d. Yao, L.-h. Huang, H. Xu

Conflict of Interest

The Authors declare that they have no conflict of interests.

10)

11)

12)

13)

14)

References

BrigHTON CT, HUNT RM. Early histological and ultra-
structural changes in medullary fracture callus. J
Bone Joint Surg Am 1991; 73: 832-847.

BrigHTON CT, HUNT RM. Early histologic and ultra-
structural changes in microvessels of periosteal
callus. J Orthop Trauma 1997; 11: 244-253.

HAN YE Tao R, SuN TJ, CHal JK, Xu G, Liu J. Ad-
vances and opportunities for stem cell research in
skin tissue engineering. Eur Rev Med Pharmacol
Sci 2012; 16: 1873-1877.

CHUA CC, CHUA BH, CHeN Z, Lanpy C, Havby RC.
Dexamethasone induces caspase activation in
murine osteoblastic MC3T3-E1 cells. Biochim Bio-
phys Acta 2003; 1642: 79-85.

PAVONE P LONGO MR, TABI R, NUNNARI G, RomANO C,
PAssANITI E, FALSAPERLA R. Acute asthma in children:
Treatment in emergency. Eur Rev Med Pharmacol
Sci 2011; 15: 711-716.

CanaLs E. Clinical review 83: Mechanisms of glu-
cocorticoid action in bone: implications to gluco-
corticoid-induced osteoporosis. J Clin Endocrinol
Metab 1996; 81: 3441-3447.

SHUR |, Lokiec F, BLEIBERG I, BENAYAHU D. Differential
gene expression of cultured human osteoblasts. J
Cell Biochem 2001; 83: 547-553.

CHENG SL, YANG JW, RiFas L, ZHANG SE, Avioul LV. Dif-
ferentiation of human bone marrow osteogenic
stromal cells in vitro: induction of the osteoblast
phenotype by dexamethasone. Endocrinology
1994; 134: 277-286.

FrRiED A, BENAYAHU D. Dexamethasone regulation of
marrow stromal-derived osteoblastic cells. J Cell
Biochem 1996; 62: 476-483.

AKAVIA UD, SHUR I, RECHAVI G, BENAYAHU D. Tran-
scriptional profiling of mesenchymal stromal cells
from young and old rats in response to dexam-
ethasone. BMC Genomics 2006; 7: 95.

Team RDC. R: a language and environment for sta-
tistical computing. R Foundation for Statistical
Computing, 2011.

GAUTIER L, Core L, BoLstap BM, IRizARRY RA. Affy—
analysis of affymetrix genechip data at the probe
level. Bioinformatics 2004; 20: 307-315

SmytH GK. Linear models and empirical bayes
methods for assessing differential expression in
microarray experiments. Stat Appl Genet Mol Biol
2004; 3: Article3.

BenuamiNt'Y, HocHBERG Y. Controlling the false discovery

rate: a practical and powerful approach to multiple
testing. J Roy Statist Soc Ser B 1995; 57: 289-300.

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

ZHANG B, Kirov S, Snoppy J. Webgestalt: an inte-
grated system for exploring gene sets in various
biological contexts. Nucleic Acids Res 2005; 33:
W741-748.

Hosack DA, DENNIS G, JR, SHERMAN BT, LANE HC, LEm-
Picki RA. Identifying biological themes within lists of
genes with ease. Genome Biol 2003; 4: R70.

VAN DER VELDEN AW, THomAs AA. The role of the 5’
untranslated region of an MRNA in translation reg-
ulation during development. Int J Biochem Cell Bi-
ol 1999; 31: 87-106.

JanseN RP. MRNA localization: message on the
move. Nat Rev Mol Cell Biol 2001; 2: 247-256.

BASHIRULLAH A, CooPERsTOCK RL, LipsHITz HD. Spatial
and temporal control of RNA stability. Proc Natl
Acad Sci U S A 2001; 98: 7025-7028.

JoserH AR, SRINIVASAN N, DE BReverN AG. Progressive
structure-based alignment of homologous pro-
teins: adopting sequence comparison strategies.
Biochimie 2012; 94: 2025-2034.

TiLLer JW, BibbLe N, MAGUIRE KR DAvies BM. The
dexamethasone suppression test and plasma
dexamethasone in generalized anxiety disorder.
Biol Psychiatry 1988; 23: 261-270.

SAHU A, Lameris JD. Structure and biology of com-
plement protein C3, a connecting link between in-
nate and acquired immunity. Immunol Rev 2001;
180: 35-48.

VERSCHOOR A, BROCKMAN MA, KNiPE DM, CARROLL MC.
Cutting edge: myeloid complement C3 enhances
the humoral response to peripheral viral infection.
J Immunol 2001; 167: 2446-2451.

Reis ES, BArBuUTO JA, KOHL J, IsAac L. Impaired den-
dritic cell differentiation and maturation in the ab-
sence of ¢3. Mol Immunol 2008; 45: 1952-1962.

MCcPHADEN AR, LAPPIN D, WHALEY K. Biosynthesis of
complement components. J Clin Lab Immunol
1982;8: 1-8

LarrIN DF, BIRNIE GD, WHALEY K. Modulation by in-
terferons of the expression of monocyte comple-
ment genes. Biochem J 1990; 268: 387-392.

CouLpPiER M, ANDREEV S, LEMERCIER C, DAUCHEL H, LEES
O, FoNTAINE M, RipocHE J. Activation of the en-
dothelium by IL-1 alpha and glucocorticoids re-
sults in major increase of complement C3 and fac-
tor B production and generation of C3a. Clin Exp
Immunol 1995; 101: 142-149.

ZAcH TL, HiLL LD, HERRMAN VA, LEUSCHEN MP HOSTET-
TER MK. Effect of glucocorticoids on C3 gene ex-
pression by the A549 human pulmonary epithelial
cell line. J Immunol 1992; 148: 3964-3969.

VUPPALANCHI D, COLEMAN J, YOO S, MERIANDA TT, YAD-
HATI AG, HossAIN J, BLEscH A, WiLus DE, Twiss JL.
Conserved 3’-untranslated region sequences di-
rect subcellular localization of chaperone protein
mrnas in neurons. J Biol Chem 2010; 285: 18025-
18038.



