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Abstract

This study was undertaken to clarify the role and mechanism of pyruvate
chondrogenic differentiation of mesenchymal stem cells (MSCs). MSCs were is d from femurs and tibias of Sprague-
Dawley rats, weighing 300—400 g (5 females and 5 males). Overexpres own of PDK2 were transfected into
MSCs and then cell viability, adhesion and migration were assessed. Additi
markers SRY-related high mobility group-box 6 (Sox6), type Il procollagen OL2A1), cartilage oligomeric matrix protein
(COMP), aggrecan (AGC1), type IX procollagen gene (COL9A2) and collag
quantitative reverse-transcription polymerase chain reaction (QR@RGR). The $xpressions of c-Jun N-terminal kinase (JNK),
p38 mitogen-activated protein kinase (MAPK) and extracellulag orotein kinase (ERK) were measured. Overexpressing
PDK2 promoted cell viability, adhesion and inhibited cell
increase in the mRNA expressions of all chondrogenesi
PDK2 overexpression also induced a significant accu iongi and protein expressions of JNK, p38MAPK and ERK in
MSCs compared to the control (P <0.01 or P<0.05).
shows a preliminary positive role and potential me
groundwork for uncovering the functions of PD!

in chondrogenic differentiation of MSCs. It lays the theoretical
promising basis for repairing cartilage lesions in osteoarthritis.

Key words: Pyruvate dehydrogenase kin isoform
mobility group-box 6; c-Jun N-terminal (JNK)

ondrogenic differentiation; Mesenchymal stem cell; SRY-related high

Introduction

Osteoarthritis (OA) is a
acterized by multifactorial de
hyperostosis of the arti
growth, obesity, strai

disorder char-  the differentiation from MSCs to chondrocytes in depth is an
of and secondary  important contribution for cartilage injury repair in OA.
e, resulting from age Pyruvate dehydrogenase kinase (PDK) enhances
. Currently, OA, most  phosphorylation and inactivation of the pyruvate dehy-
oeen the leading causes  drogenase complex, which occupies a strategic role in
|cularly in the elderly suffer- various substrate and hormonal processes (10). PDK
ing from pai ot limitation (4,5). For clinical  isoform 2 (PDK2) is one of the four PDK isoenzymes
treatment, sis is known to be significant in  identified in mammalian tissues (11). Available evidence
skeletal A, which is mainly inducted by  showed that PDK2 had considerable regulatory implica-
(MSC) condensation and differen-  tions for hormonal and nutritional conditions in response to
ytes (6-8). Bone marrow MSCs exert  starvation, diabetes and in human muscle cells (12—14).
ti-differentiation, such as chondrocytes, = However, there are few reports about the effects of PDK2-
adipocytes, and have been the common  meditated chondrogenic differentiation.
or clinical research and therapy in orthopedics In the current study, to determine the role of PDK2 in
¢ . As chondrogenic differentiation hardly occurs  directed chondrogenic differentiation from MSCs to chon-
spontavieously, unveiling regulatory mechanisms regulating  drocytes, we focused on the characterization of aberrant
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PDK2, its effects on MSCs functions and on the potential
regulatory genes and pathways.

Material and Methods

Cell culture

Adult male Sprague-Dawley rats (Shanghai Sipper-BK
Lab Animal Co. Ltd., China), weighing 300400 g (5 females
and 5 males), were enrolled in the study. MSCs were isolated
from femurs and tibias of rats according to standard proce-
dures (15,16). All animal work followed the Ethical Guidelines
and was approved by the Institutional Animal Control and
Utilization Committee. MSCs were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco-BRL, USA) contain-
ing 10% fetal bovine serum (FBS; Gibco, USA), and incu-
bated in a humidified atmosphere with 5% CO, at 37°C.

Lentivirus vectors construction

pBABE-puro, pBABE-puro-PDK2 (pBABE-PDK2;
Addgene, USA) and lentivirus-encoded short hairpin RNA
(shRNA)-PDK2, shRNA-negative control (shNC) (Open
Biosystems, Inc., USA) were constructed with BLOCK-IT
U6 RNAI entry vector kit (Invitrogen, USA). MSCs were
transfected with lentivirus in serum-free DMEM at 37°
for 4 h. Then, 10% DMEM was added to culture MSCs_fo
the further studies.

Cell viability assay
After pBABEs and shRNAs transfection f
cell viability of MSCs (10° cells/well) was
analysis was performed by adding 10 mg/m
thiazol-2-yl)-2, 5-diphenyltetrazolium br
Aldrich, USA) to cultured medium for
dimethyl sulfoxide (DMSO; Lonza, U
dissolve the blue formazan (Si , U
The percentage of living MS
secutive days at 590 nm usin
Electron Corporation, U,

rded for 9 con-
an EX (Thermo

Adhesion assay
-puro, pBABE-PDK2, shNC
ssed with the Cell Adhesion

as well as 5 ng/mL transforming
1 (TGF-B1; Sino Biologicals, China) for
uently, attached MSCs were mounted in
cwnaldehyde with 4,6-diamidino-2-phenylindole
SouthemnBiotech, USA) for 10 min. Inoculated MSCs
sserved by absorbance at 560 nm under the DigiScan
microplate reader (ASYS Hitech, Austria).

Migration assays

The two-chamber Transwell system with an 8-um size
pore (Costar, USA) was applied to evaluate cell migration
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of MSCs with PDK2 overexpression or knockdown. For

trypsin; Sigma) and suspended, they were
the 24-well upper chamber with 200 mL ©
medium. The 600 mL of DMEM containing 10%
added to the bottom chamber as ch
lowing incubations in 5% CO, at 37°C
MSCs on the bottom surface of

4% methanol (Sigma), stained f7ith 0.5%
(Nanjing Sunshine Biotechno Ltd)
counted under a light micri e
Biotech, USA).

China), and
m Pharmacia

Quantitative reversé€iira
reaction (qRT-P

iption polymerase chain

s with PDK2 overexpression or
respectively using Trizol

inus First strand Cdna Synthesis Kit
er Scientific Inc., USA). QRT-PCR reac-

type Il procollagen gene (COL2A1), cartilage
ic matrix protein (COMP), aggrecan (AGC1), type
ollagen gene (COL9A2), collagen type 1 alpha 1
1A1), c-Jun N-terminal kinase (JNK), p38 mitogen-
tivated protein kinase (MAPK) and extracellular regu-
ated protein kinase (ERK) were performed with RiboMAX
Large Scale RNA Production System T7 (Promega,
Germany). The specific primer sequences of PDK2 were
forward, 5’ATGGCAGTCCTCCTCTCTGA’3 and reverse
5'CACCCACCCTCTTCCTAACA'3 (17). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH; Abcam, UK) was
used as an internal control.

Western blot analysis

The protein used for western blotting was extracted
from MSCs with pBABE-puro, pBABE-PDK2, shNC and
shPDK2 using RIPA lysis buffer (Beyotime Institute of
Biotechnology, China). After that, protein content was
measured with the bicinchoninic acid Protein Assay Kit
(Pierce, USA). The Bio-Rad (China) Bis-Tris Gel sys-
tem was established, in which primary antibodies PDK2
(ab68164), JNK (ab124956), p38 (ab31828), ERK (ab54
230) and the internal control GAPDH were obtained
from Abcam. The indicated primary antibodies were
resolved by 5% blocking buffer (1:1000) and were
cultured at 4°C overnight. The blots were revealed using
secondary antibodies with horseradish peroxidase
(1:2000) at 37°C for 1 h. Thereafter, reaction products
and antibodies were transferred onto the polyvinylidene
fluoride (PVDF; Millipore Co., USA) membrane by the
semi-dry transfer method. Signals were visualized from
the stained gel with gel documentation system (Gel Doc
2000; Bio-Rad).
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Statistical analysis

Experiments were carried out three times. Data are
reported as means + SD. Multiple comparisons were per-
formed by one-way ANOVA with SPSS 19.0 software
(USA). Differences were considered to be statistically signi-
ficant at P <0.05.

Results

Transfection efficiency of PDK2 overexpression and
knockdown in MSCs

The pBABE-puro and pBABE-PDK2 were transfected
to construct PDK2 overexpression and shRNA-PDK2,
shNC were transfected to construct PDK2 knockdown
with lentivirus in MSCs, respectively. The gqRT-PCR was
used to validate the overexpression and knockdown effi-
ciency at PDK2 mRNA and protein levels (Figure 1). The
results showed that after transfection with the pBABE-
PDK2, the mRNA and protein expression of PDK2 had a
remarkable increase compared to the control (Figure 1A
and C, P<0.01). Concurrently, shRNA-PDK2 significantly
reduced the mRNA and protein expression of PDK2
compared to shNC (Figure 1B and C, P<0.01). Thus,
overexpression and knockdown of PDK2 were effective
and these transferred MSCs could be used in furthe
studies.
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PDK2 promoted cell viability, adhesion and inhibited
cell migration in MSCs

Functionally, to investigate the role of PD
cell viability, adhesion and migration were a

shPDK2 compared to shNC at 9

Strong accumulation of cell
response to overexpressing PD
trol, whereas silencing P

<0.05, Figure 2B).
s significantly down-
DK2 and was upregulated

The number of mi
regulated by overex|
by shPDK2 co
Accordingly, it
viability, adh
(Figure 2C).

RNA expressions of chondrogenic differ-
ers were determined via qRT-PCR after
nsfected with pBABE-PDK2, shRNA-PDK2
ir controls, to explore whether PDK2 exerted an
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Figure 2. Effects of aberrant PDK2 on cell viability (A), cell adhesion (B) and cell migration (C) in MSCs. PDK2: pyruvate dehydrogenase
kinase isoform 2; sh: short hairpin; NC: negative control; MSC: mesenchymal stem cell. Data are reported as means + SD. *P <0.05

(ANOVA).
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Figure 3. Effects of aberrant PDK2 on mRNA expressions of
chondrogenesis markers in mesenchymal stem cell. PDK2:
pyruvate dehydrogenase kinase isoform 2; sh: short hairpin;
NC: negative control; Sox6: SRY-related high mobility group-box
6; COL2A1: type Il procollagen gene; COMP: cartilage oligomeric
matrix protein; AGC1: aggrecan; COL9A2: type IX procollagen
gene; COL1A1: collagen type 1 alpha 1; GAPDH: glyceraldehyde-
3-phosphate dehydrogenase. Data are reported as means = SD.
*P<0.05; **P<0.01 compared with pBABE or shNC group
(ANOVA).

expression levels of chondrogenesis markers including
Sox6, COL2A1, COMP, AGC1, COL9A2 and COL1A1 in
response to overexpressing PDK2 (P <0.01 or P<0.05,
Figure 3). Besides, the observable arrest in the mRNA
expressions of all markers was withessed by silenci
PDK?2 (all P <0.05). The above findings revealed that P2
promoted early chondrogenic differentiation of MSC,

PDK2 upregulated JNK/MAPK/ERK pathw
promote chondrogenic differentiation of

To further understand the mechanisf¥ o 2 in
chondrogenic differentiation of MSCs evaluate{ pthe
impact of PDK2 on expression of
MAPK/ERK signaling pathway. Fi

in mMRNA expressions of JNK,
compared with the control (P
expressions of these ma

<0.05). mRNA
significantly lower with
shNC (all P<0.05).
Similar outcomes western blot results

(Figure 4B). The

ilencing PDK2. Collectively, it
oted chondrogenic differentiation
K/MAPK/ERK signaling pathway.

revealed
of MS

lated chondrogenic differentiation of MSCs, and if so, what
the molecular mechanism might be. The present study
showed that PDK2 overexpression promoted MSC viabil-
ity and adhesion, inhibited cell migration and promoted
chondrogenic differentiation of MSCs by activating the
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4. PDK2 upregulation of JNK/MAPK/ERK signaling

y in mesenchymal stem cell. PDK2: pyruvate dehydro-

enase kinase isoform 2; sh: short hairpin; NC: negative control;

K: c¢c-Jun N-terminal kinase; ERK: extracellular regulated

protein kinase; GAPDH: glyceraldehyde-3-phosphate dehydro-

genase. *P<0.05; **P<0.01 compared with pBABE or shNC
group (ANOVA).

JNK/MAPK/ERK signaling pathway. Meanwhile the PDK2
knockdown exerted the opposite effects. Hence, our study
proposed that PDK2 possesses a landmark effect on
chondrogenic differentiation of MSCs laying the groundwork
for repairing cartilage injury in OA with MSCs.

MSCs are a population of cells with the potent ability to
differentiate into osteogenic, chondrogenic or adipogenic
lineages (18). Thereby, this property qualifies MSCs as
breakthrough in the study of therapeutic mechanisms for
lesions in mesenchymal tissues in OA patients (19). Con-
tractor et al. (20) linked PDK2 to key tumor factors such as
p53 and reinforced that PDK2 played a role in breast
cancer. In addition, there is a report corroborating that
the inhibition of PDK2 by small interfering RNA (siRNA)
induced apoptosis, decreased proliferation, and suppres-
sed tumor growth of non-small-cell lung cancer (21). Thus,
it is concluded that ectopic expression of PDK2 could
modulate many functions of MSCs, such as cell viability,
adhesion and migration, which might correlate with direc-
ted differentiation to chondrocytes.

Recently, the chondrogenic differentiation of MSCs
has been reported to be regulated by several transcription
and growth factors, mainly by the Sox family. Sox6 is known
as a primary marker of chondrogenesis and osteogenesis
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of human bone marrow MSCs by driving the mesenchymal
condensation and differentiation (22—25). In this study, our
results showed that mMRNA levels of Sox6 were upregulated
by overexpressing PDK2 and downregulated by silencing
PDK2 in rat MSCs.

To recapitulate the mechanism of PDK2-mediated
chondrogenic differentiation in MSCs, we evaluated the
impact of aberrant PDK2 on key proteins of MAPK
pathways. We observed that PDK2 promoted phosphor-
ylation of MAPKs in MSCs. It is well known that MAPKSs,
comprising JNK, p38, ERK and ERKS pathways, are
involved in various biological developments and pro-
cesses (26). Moreover, previous evidence has pointed
that JNK mediated the induction of autophagic cell death
in numerous types of tumors (27-29) and MAPKs might
activate the mitochondrial pathway (30). In this study, the
gRT-PCR and western blotting assay revealed that PDK2
could activate the JNK/MAPK/ERK pathway, which
explained the PDK2 promotion of MSC viability and cell
migration inhibition. Thereby, our data indicated that the
PDK2-mediated activation of chondrogenic differentiation
was via activation of JNK/MAPK/ERK signaling pathways.

Overexpression of endogenous PDK2 in MSCs by
transfection of pBABE-PDK2 resulted in enhancement g
chondrogenic differentiation as shown by a significan
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