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55 A8 % 69 Runx-2. Bmp-2. Col-1. Osx #9%& & AL F A A6 R L. B A RNA Fikikdr
%) ROBs W PC2 ¥R L5, AmEEH A X AR REFR, £RLI, PC2#E/LT ROBs ¢
Sif £ L, PEMFs 33T PC2 &G &k 8. PC2 4 AMI [l &, PEMFs A& 8485 PC2 &
B R IAKF B ALP F M, PEMFs *F s B A8 X & & Ao 2 B AR 90845 B S ARAKTE . A28 RNA F
Wik PC2 49Kk /e, PEMFs . R B R S FH A X AR e9 Rk, 4 REAY: BAETRF @
fom B £k By PC2 B FH4EiE PEMFs X b 693455 F 078 & AT 3469 A &, PEMFs
124t ROBs A AR H T PC2 69 A48, AATR A 8 PRI NK ¥ g R B U A6 97 B R

Received: May 13, 2021; Accepted: August 23, 2021

Supported by: National Natural Science Foundation of China (81770879); Youth Science and Technology Fund Project of
Gansu Province, China (20JRSRAS589)

Corresponding author: CHEN Keming. Tel: +86-931-2994582; E-mail: chenkm@lut.cn

HEEFH: BREARB%ES (81770879); Hilk B HERH AR E (20JR5RA589)



1160 ISSN 1000-3061 CN 11-1998/Q 4=# T #2244k  Chin J Biotech

FAN GG WU B R T A,
X SEEG 2 KFARYTREY, REEb: HEFEEH; RNA F#

Effect of polycystin2 on differentiation and maturation of
osteoblasts promoted by low-frequency pulsed electromagnetic
fields

HE Yueying'?, YANG Mingjun', CHEN Zhuo®, WEI Peng’, QIN Kun?, XIE Gaogqian®,
CHEN Keming2’3

1 College of Life Science and Engineering, Lanzhou University of Tenchnology, Lanzhou 730050, Gansu, China

2 Basic Medical Laboratory of the 940th Hospital of Joint Logistics Support Force of Chinese People’s Liberation
Army, Lanzhou 730050, Gansu, China

3 Key Laboratory of Stem Cells and Gene Drugs of Gansu Province, Lanzhou 730050, Gansu, China

Abstract: It is known that low-frequency pulsed electromagnetic fields (PEMFs) can promote the
differentiation and maturation of rat calvarial osteoblasts (ROBs) cultured in vitro. However, the
mechanism that how ROBs perceive the physical signals of PEMFs and initiate osteogenic
differentiation remains unknown. In this study, we investigated the relationship between the promotion
of osteogenic differentiation of ROBs by 0.6 mT 50 Hz PEMFs and the presence of polycystin2 (PC2)
located on the primary cilia on the surface of ROBs. First, immunofluorescence staining was used to
study whether PC2 is located in the primary cilia of ROBs, and then the changes of PC2 protein
expression in ROBs upon treatment with PEMFs for different time were detected by Western blotting.
Subsequently, we detected the expression of PC2 protein by Western blotting and the effect of PEMFs
on the activity of alkaline phosphatase (ALP), as well as the expression of Runx-2, Bmp-2, Col-1 and
Osx proteins and genes related to bone formation after pretreating ROBs with amiloride HCI (AMI), a
PC2 blocker. Moreover, we detected the expression of genes related to bone formation after inhibiting
the expression of PC2 in ROBs using RNA interference. The results showed that PC2 was localized on
the primary cilia of ROBs, and PEMFs treatment increased the expression of PC2 protein. When PC2
was blocked by AMI, PEMFs could no longer increase PC2 protein expression and ALP activity, and the
promotion effect of PEMFs on osteogenic related protein and gene expression was also offset. After
inhibiting the expression of PC2 using RNA interference, PEMFs can no longer increase the expression
of genes related to bone formation. The results showed that PC2, located on the surface of primary cilia
of osteoblasts, plays an indispensable role in perceiving and transmitting the physical signals from
PEMFs, and the promotion of osteogenic differentiation of ROBs by PEMFs depends on the existence of
PC2. This study may help to elucidate the mechanism underlying the promotion of bone formation and
osteoporosis treatment in low-frequency PEMFs.

Keywords: polycystin2; low-frequency pulsed electromagnetic field; osteoblasts; amiloride hydrochloride;
RNA interference
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ZHEH (polycystin) [ YL fa ik g £
HEWF i (autosomal dominant polycystic kidney
disease, ADPKD) i # #AI™Y, fEiF 24 A4
MR Iz ik, AR A R AR T AR
VERAEAE T AR —F IR E P 2k, 24
HARBEBOHERMZRE S . HET Z R
1) 23 1 F LR ZHRE M 1 (polycystinl, PCI1
g TRPP1) FIZ#EHET 2 (polycystin2, PC2 1§
TRPP2), PC1 i PKDI R %td, PC2 NI
PKD2 3 4ih55, PC2 4y —Ff Ca* 3l il , &
FWRI 2 AR A R 5L 22—, B R A iE
A AL SR AR A e . A AHOCHIESEIER]
PC1 Al PC2 fE U AN ik, FLRIE AL T AL
HAMIRTE b, MEERENE Y, &
B AL ER I AU AT 3 2o R
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& 6 ANy BIFEHITEAL . BB
INEGOR A . MR | e 1 A AL A% I
i o R T LA™ AR G 3 R 3 2 s ik v L 4 3
(PEMFs), HARTLEI N 5-100 Hz, kI 58 B
W 0.0-5.0 mT, SCEHTC 28 M E R B
A B SE PT EA T T R UE IR S R 3 A
R, DA REFSINHETY, &
KGR CO, 355748 LABUE LB 4r i .
RN K 27 em, HEHN 14 em, HA RIFHYY
S, HKFiR25<0.10%, FEEHi225<0.05%,
TR i A 240 1t 52 SR ) B4 PR T 6 30

A SEH BT FH ) CO, 8 il 35 37 46 o 55 I
Thermo Fisher Scientific 23w ;= s 5 &% E
ALK 15 [ Heraeus 23 7 77 & ; Epoch BEFR{ N
I BioTek 22 w] ;™ ih; HLIK{X 43 E Bio-Rad
N El = s ChemiDoc-It B i% A% 2 48k 3 5
UPV 2A#]7 8 VIIA™ 7 Dx SE 6 E & PCR
1SR 2 [E Applied Biosystems 23 Fl ;7 i o
1.2 iR

ARS8 BT Bl o-MEM K 3R 3
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F G0 T A TR T PR A
B-actin, Runx-2, Bmp-2. Col-1 FEH—Pr. B
Rt E ALY B AR IC 1 1eG Kl E B R 1eG
(Alexa Fluor® 488) A1l *E¥i/M i 1gG H&L
(Alexa Fluor® 594) ¥l T3 E Abcam A+l ;
PC2. Acetyl-o-Tubulin £5 F1—3T 40 F 3£ [F Santa
Cruz A w]; Osx fEF—¥i. ECL M R UL G
)+ 3% [E Affinity Biosciences A H]; PC2 fBH
T 751 58 1 BT A 3% W) T 56 ]l MCE 2~ ) 5 112U i
Rl R R AW (100x) . — HI LR
(dimethylsulfoxide, DMSO), %% RIPA 241 i
(ZL8V4H) . BCA & A Bk BN E R &, +
e TR B R TN M T e BE IS LUK (sodium
dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE) HEE ] 5 R & | 4xE 15T EAESR
W, FERRIR —. T8 (diethylpyrocarbonate, DEPC)
K PUPOCRERE R 4',6- BRI 2- R Akng
(diamidine phenyl indoles, DAPI) g Fdt 5t & 3K
FERECA PR AR S g (B AR T i
nREYHARABBR A3 Lipofectamine 2000
(Invitrogen) M F3&[E Thermo Fisher Scientific
/~H) 3 RNAiso plus IgF H 4 TaKaRa 23 A ; Evo
M-MLV 5255487 & . SYBR® Green Pro Tag
HS FHiE 1 qPCR 1857 3 W W g SO B A= 9 T
A RAF .
1.3 KRMEHEHMHENDERIESR
UnSCHRI131FTIA, BUiiZE 48 h LAY SPF 2%
SD REFLEL (A AL F} o7 g 22 5 = A
FERTERHE , 75 N B A T3 4 K 38 D B 3 A
FIMOERE R T e sLsp e M E, M
Z R tES ) 2021KYLL185) 4 H, 4bFE)E
BT 75%PORHEE 10-15 min; BOLSTRE, HIER
B 5 G B Ry &5 g 4 25 B TR £k 2% TR
(phosphate buffered saline, PBS) &k 3 i, BY
FEET 25 mL 5500, INAIE R 0.25%(1
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JEEE 1 37 C/KVRIEAL 15 min J5, FHIHALI,
WA BRERE 2 K SRIGIMAGE R 0.1%5 11 71
B 37 COKVRIHAL S K, BHR 12 min, 350
— R, WS 4 IEARIR T A id itk
FHk (o-MEM #5572 ¢ IR4RIIE=9 © 1) 925 mL
R, 200 H 405 uE , 1000 r/min &0
10 min; % B3, HFERCELF e i E
BANEYIE, AR = 1x10* N HE/mL,
FEFPF 100 mm B3 3= ML CE T 37 'C 5% CO,
RIS FRAA DGR B 3 d i — e et
A FrAMEAERKAG 2 80%LL BT, fZACH]
TS,
1.4 FEI4HEREE (ALP) BINE

¥ ROBs 4251 T 35 mm B3R MLrp, FEHLS:
42, il has X ERZH . PEMFs 41, AMI 4]
Fl AMI+PEMFs 41, FrAiffiA Kl e 2 60%—70%
it A PC2 FHIT 7] AMI (AMI ] DMSO % i,
LU N 107° mol/LU™y, Xif B 4H F1l PEMFs 20l
AZH 1) DMSO, £ 12 hJ5 ] 0.6 mT 50 Hz
PEMFs %5 RACFHE 90 min, JEZALFE3 dF15 d
J&, FREEFRIE, PBS VR 3 i, Fe MR S
B - fdi ] Epoch Biotek 4= K B AR {3 H: ALP
WM, MRPEARITE ALP JEMEE.
1.5 Western blotting 53 #f

# ROBs 5+ 60 mm B 7ML, FEHL
B4 4L, AR ZS X RRZL . PEMFs 41, AMI
21 Fl AMI+PEMFs 4l .PEMFs 41 Fll AMI+PEMFs
ZH % F PEMFs 1, 90 min/d #Z24bF 3 d J5 B
ZIRBUE . FREEFEAE, PBS YL 3 i, AL
A 1% PMSF (& IR F) 5% RIPA
Z4fRWE 200 pL, VK EZE# 15 min, HLUHE S
WAL A 24 , 4 °C L 12 000 r/min 25.0> 20 min,
WA BB, B 20 pL i BCA ¥EEA7E A R
WP A2 o FIAHFE S I 1/3 FRFREY 4x3E 1 i
FREZE v, 98 CARYE 15 min, FFRHIE, 4%
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ZHHL 20 ug #E4T SDS-PAGE, #X )5 Hi ¥ & PVDF
B, S%BAR WK A 2 h, —PL 4 CHEE T
Wo WHRFAERIKEREZE 1 h 5, TBST
Wk S, AR 8 min. SRJF U E R IR
H 2 h, TBST{HUE S #, 4 8 min, A
ECL # R & Y J5 i ] ChemiDoc-It #¢ %
AR R G AT HEG . 45 1 Imaged 114 iF
fra b sr#r.

1.6 KB JEEE PCR

¥ P1 48 ROBs 4%F1 T 60 mm 3557 L4,

BEAL A 4 4, 2002 X R4 . PEMFs
40 . AMI ZHHl AMI+PEMFs 4., PEMFs 41 #il
AMI+PEMFs 41 & T PEMFs #', 90 min/d, 4t
S d BRI ZIEH RNA, $RBOFEIT . 3785
Fedk, PBS WEUE 3 i, T, BMAIA 1 mL
) RNAiso plus, #K_F24f# 10 min, WAL
fEWT 1.5 mL B0 BEA 400 uL &
f5, B B T EENE A 5§ E 10-15 min, 4 C |
12 000 r/min £5.0> 15 min; BRI N 3 )2,
AN U EJZOKAR S A 200 uL SEE,
fi bR R AT )5 # B 20 min YLHE RNA,4 C |
12 000 r/min Z.[> 20 min; # E3F, BEIMA
1 mL 75%Z. 1% (DEPC /KELECEL ) R, &iF
PLUE, 4 °C | 12 000 r/min 5.0 15 min, X 2 IK;

x1 KARERARSY
Table 1  Primers used in this study

B, BB A TIRA L, TR AR
BT BUE R DEPC /KIBMRUTHE, ANy
JEOGEETHINE RNA MREEFZERE . AR4E RNA ¥
JEMHE ] Evo M-MLV Sz % s i & dE 47 i e 5k
KA cDNA, W Z&AF4NF : 37 °C 15 min,
85 C 5 s, S 57 #) cDNA {ii il SYBR" Green
Pro Tuq HS TiiRE& qPCR X7 & 7E ABI Biosystems
7300 bR, ROV SRR 95 CHIAEYE 30 s;
95 ‘CAEME 55, 60 CiRk 31's, ZEMH, 40 1§
o BIFPHIaNEE 1 iR . SEaeah JLf ] 274
S ti MR [
1.7 PC2 BJ RNA Fif

B0 pkd2 KN siRNA ERAR (5'-TC
AGGACCTGAGAGATGAAAT-3") Fi AH 1 ) B
PN B siRNA 75 pLKO. 1-Puro Fik A&,
IS X phd2 JEFI B ShRNA JFiki, sShRNA Jikr
ZAEM A A A RHC A BR A W5 . ¥ ROBs
FFF 60 mm FEFRMLA, BEVLI NS FAXTREL |
PEMFs 41 .siRNA [ . siRNA+PEMFs 4, ff ROBs
RS 2 70%HE, {#iH Lipofectamine 2000 ¥4
T2 TR L BB A, 25 10 BRZH AT PEMFs
ELYL B PE XTI siRNA , siRNA 4l siRNA+PEMFs
Y EE YR phd2 JEIHY) siRNA, %Y 8 h 5
G St ce e e

Primers name GenBank accession No.

Primer sequences (5'—3")

Forword: GGCACAGTCAAGGCTGAGAATG

Reverse: ATGGTGGTGAAGACGCCAGTA

Forword: CATGGCCGGGAATGATGAG

Reverse: TGTGAAGACCGTTATGGTCAAAGTG

Forword: ACCGTGCTCAGCTTCCATCAC

Reverse: TGTGAAGACCGTTATGGTCAAAGTG

Forword: CATCCATGCAGGCATCTCA

Reverse: CTGCCCACCACCTAACCAA

Forword: TTCCCGGTGAATTCGGTCTC

Reverse: ACCTCGGATTCCAATAGGACCAG

gapdh NM_017008.4
runx-2 NM _001278483.1
bmp-2 NM_017178.1
08X NM_001037632.1
col-1 NM_053356

pkd2 NM_001191934.1

Forword: GAGAATCCTGGGCTTAGTGCTGTC

Reverse: AGCAGTTAGCTGGAGGTTTGCTATG

&: 010-64807509
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1.8 HERAEE

¥ ROBs %80 T P2 i & Jo T o 3% A7 1
35 mm FEFEILH, FRRAMIA KBS 2 70%-80%
Jo, FEREFRAE, PBS IHVE 3 i i8R ZH 2 [
EWEE 10 min, FFEEWR, PBS Wik 3 i ;
0.1% Triton-100 %% 3 min, PBS 5L 3 i ;
BB P CE A 15 min, FETBE A LI PC2 Ml
Acetyl-a-Tubulin —4T (—¥rLLf 1 800), 4 C
WHEHNK. KH, F—hi, PBS #IKIEE—HT
3K, FHR 5 min; WVETEREEMADOECERIRCH
IET%R IgG AILESTNR(CHUEE] 1 2 1 000),
4 CHENK. KH, Fht, PBS #EIKIGE
TP 3k, BRIR S min; FHETEEEJE A DAPI,
A M 5 SR 4 HPOREDEEE 15 min, 37 DAPI, PBS
PEIRTSUE 3 Wk, FUR 5 min, P e R
BEEH R, B R B AGE BT E s S B
T, 2 AR
1.9 FHiItESH

B A S B mfdi F SPSS 20.0 BAF k474>
B, LR LSRR (X +s) Fon.
S B 2 SR N R Ty 20 ik, &dEZ
IR LSD Ak FIWHE A 22 57 W &
M P<0.05 BN A ZRASRIFHE XL, Y

Acetylated o-tublin

PC2

P<0.01 BHHOAA 22504 B & T A

2 ZREM

2.1 PC2#ENMTF ROBs ¥1RAFERA

WRIgea £ pC2 T E M e ta, 251
KB PC2 A EN TEMVIHBAE L (K 1),
2.2 PEMFs 83 A [E Kt E f§ ROBs A PC2
EHRIEFER

FH 0.6 mT 50 Hz PEMFs 43 |4t ROBs 0,
5. 15, 30, 60, 90, 120 min, #EZLLLFH 3 d,
55 3 RACFESE I Bl 242 BUE 11, Western blotting
il PC2 #E IRk it . Ml 2 AT W, PEMFs 4t
B 5 min PC2 MRFMEEHTF 0 min
(P<0.01), ZJSHFZeFE, & 30 min K FIE(E,
60 min J5H 7 ZE 5 0 min ALK, 90 min J5
Y E8#F EFH (P<0.01), 120 min J5 X EIVE, {H
11552 % T 0 min (P<0.01). XFh4 PEMFs Ab
ST S G RAR, 25 B AR TRk AR Ak
53AT 22 i A R T8 A — 3
2.3 FAET PC2 & PEMFs X} ALP &THARY
A

ALP EuH Wby EE s bR, AU
AR AR P E 4 KB 0.6 mT 50 Hz

10 pm

10 ym |-

Merge

1 PQQEXRBMBREBAMVREFEPINRELEBEN

Figure 1

Immunostaining localization of PC2 in primary cilia of rat calvarial osteoblasts (ROBs). PC2 (B),

acetylated a-tubulin (A) and nuclei (C) are stained in green, red and blue (with DAPI), respectively.
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Figure 2 Effect of PEMFs on the protein expression
of PC2 in rat calvarial osteoblast cells after treatment
for different time. (A) ROBs were treated with
PEMFs for 0, 5, 15, 30, 60, 90 and 120 minutes
every day. After 3 days of treatment, PC2 levels were
analyzed by Western blotting. (B) Band intensities
were analyzed by densitometry scanning using Image
J. The data represent x s (n=3). **: P<0.01 vs.
the 0 minute control group.

PEMFs fE @ #HE ALP W 1E M B8 UM 6 &
FRyFRikE, HTE 0.6 mT 50 Hz PEMFs 4b3
90 min J&7, ‘BB OC N U RUE N Rk i
it 2 o [ 2 AT IE Y, 0.6 mT
50 Hz PEMFs 4t 3 ROBs 30 min £ 90 min )5,
PC2 Rk mH B ETHRE, 456 ARG AT s
By gk U0 TR 17364 90 min 5 £ES2 5 PEMFs
A AL FERFA] . FH 107° mol/mL ) AMI (PC2 BH I
#) Wikb¥ ROBs, 12 h i, 0.6 mT 50 Hz
PEMFs 43 ROBs, 4K 90 min, 3%%:3 d il
5d kil ALP i%4E. il 3 frzn, PEMFs
FHRWE T ROBs 1) ALP i51%:, {HF AMI #ikk
ME, #REEHBHINE (AMI+PEMFs),
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3k

&&
0 II

Control PEMFs AMI AMI+PEMFs
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AMI AMI+PEMFs

N
S
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(nmol/(15 min-mg protein))
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O O O O O O o O
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(nmol/(15 min-mg protein))

o

Control PEMFs

3 PC2 [HERFI X KR AE KB M ALP &1+
abA o)

Figure 3 Effect of PC2 inhibitor on ALP activity
in rat calvarial osteoblast cells. The ALP activities
of ROBs in different groups were measured by an
ALP assay kit after PEMFs treatment at 90 min/day
after 3 days (A) and 5 days (B). They are randomly
divided into four groups: control group, PEMFs
group (treated with 50 Hz 0.6 mT PEMFs), AMI
group (treated with AMI), and AMI+PEMFs group
(treated with AMI and 50 Hz 0.6 mT PEMFs). The
data represent x*s (n=3). **: P<0.01 vs. the
control group, &&. p<0.01 vs. the PEMFs group.

2.4 FEHT PC2 [ PEMFs % ROBs B 'S H
KEBMFNY

BESR AMI 1] LIHKTH PEMFs Xt ALP 3674 )
PEEER, IBAHREEBM W PC2 Ml EPEAM
KEAMRIEWE? HILFATH Western blotting
PRI T AMI Wi4h B ROBs 5 PEMFs X X 4
FEHRIEEN ., WK 4 FiR, 5 Control Z14H
It , PEMFs 41/ PC2., Runx-2, Bmp-2, Osx,
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Figure 4 Effect of PC2 inhibitor on PC2 and osteogenic related proteins in rat calvarial osteoblast cells after
PEMFs treatment. (A) Western blotting analysis of PC2, Runx-2, Bmp-2, Osx and Col-1 expression levels in
four groups after PEMFs treatment 3 days (90 min/d). (B—F) Band intensities were analyzed by densitometry
scanning using Image J. Data represent x £s (n=3). **: P<0.01 vs. the control group, &&. p<0.01 vs. the

PEMFs group.

Col-1 M F X m¥WBETE (P<0.01), M7E P ROBs i PC2 EAMZ R AAHELR (E 5),

AMI+PEMFs Z1MI#F R 2 TR (P<0.01), £B  FILIFE |, PEMFs 43 238 fin 1 138 iy PC2

AMI KK T PEMFs g2 PC2 &aly WM&, (H&d AMI Bib#)s, PC2 ik

PR 1B 98 HANE LG 2%, iX 55 Western blotting £ I £
FATE A RBETOCY AL MEE T AMITLE A2
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Figure 5 Effect of PC2 inhibitor on the spatial distribution of PC2 in rat calvarial osteoblast cells after
PEMFs treatment PEMFs-induced increase in PC2 expression is inhibited by PC2 inhibitor after 90 min of

Nuclei

PEMFs treatment. PC2 and nuclei are stained in green and blue (with DAPI), respectively.
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Figure 6 Effect of PC2 inhibitor on osteogenic gene transcription in rat calvarial osteoblast cells after
PEMFs treatment. (A-D) Real-time RT-PCR analysis of runx-2, bmp-2, osx and col-I mRNA expression
levels in four groups after PEMFs treatment 5 days (90 min/d). The GAPDH was used as an internal control.
Data were analyzed by 2T method. The data points represent x+s (n=3). **: P<0.01 vs. the control
group, &: P<0.05 or “%: P<0.01 vs. the PEMFs group.
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Figure 7 Effect of RNA interference with PC2 on osteogenic gene in rat calvarial osteoblast after PEMFs
treatment. The pkd2 expression was inhibited by transfection of pkd2 siRNA (siRNA), and scrambled control
siRNA was used as the negative control (control). (A-E) Real-time RT-PCR analysis of pkd2, runx-2, bmp-2,
osx and col-1 mRNA expression levels in four groups after PEMFs treatment 5 days (90 min/d). The GAPDH
was used as an internal control. Data were analyzed by 274" method. Data represent X t£s (n=3). *:
P<0.05 or **: P<0.01 vs. the control group, & P<0.05 or “*: P<0.01 vs. the PEMFs group.
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