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ABSTRACT Objective: Mesenchymal stem cells (MSCs) has wide prospect of clinical application, but its proliferation and direc-
tional differentiation in vitro restrict its further application. In the study, we explored the effects of 1950 MHz radiofrequency electromag-
netic fields (RF-EMF) on the proliferation and osteogenic differentiation of human umbilical cord mesenchymal stem cells (hUC-MSCs),
in order to provide a new way for the proliferation and differentiation of MSCs in vitro. Methods: The hUC-MSCs were cultured by ex-
plant method of Wharton's jelly and the specific markers of mesenchymal stem cells were detected by flow cytometry (FCM). The
hUC-MSCs of passage 3 to 6 were assigned and intermittent exposed or sham-exposed to 1950 MHz RF-EMF at specific absorption rates
(SARs) of 0.5, 1.0 or 2.0 W/kg for 7 consecutive days (1 h/d), 5 min on and 10 min off. After exposure, cell viability was detected by
CCK-8, cell cycle was measured by flow cytometry, and Ki67 protein expression was tested by immunofluorescence. In the study of os-
teogenic differentiation, the hUC-MSCs of passage 3 were divided into sham group, RF group, induction medium (OM) group and
OM+RF group. After the same exposure above, except the SAR is 2.0 W/kg, the alkaline phosphatase (ALP) activity was measured im-
mediately. Results: The cells cultured by explant method showed typical appearance of MSCs, and expressed MSCs specific surface anti-
gen positively. Compared with sham-exposed cells, the proliferation capacity of hUC-MSCs did not change significantly after RF-EMF
exposure at different SAR values, and the percentage of cells in S phase and the level of Ki67 protein expression also did not change ob-
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viously.After exposure, the activity of ALP between sham group and RF group, as well as OM and OM+RF group, had no significant dif-
ferences. Conclusions: The hUC-MSCs cells could be cultured by the method of Wharton's jelly explant with high purity. 1950 MHz
RF-EMF in the experiment had no significant effects on the proliferation and osteogenic differentiation of hUC-MSCs in vitro.
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RF-EMF ) 24545 %7E 100 kHz~300 GHz Ay L% , 42 i FRBs v
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. BURmmR (SEE Sigma AF]), YL E (Amerso AH] ),
CCK-8 HA il & (LW A R , B i MR Bl (ALP ) 16k
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PEANMLRIAE 96% A I o 13 = R I e i) 725 M e S
FHCES, UE B IR 5 4 B R AR R hUC-MSCs( 5]
ID-F).

D E F
< 8 <
| S . 96.2% 1 96.1%
PR "W o "'ﬂ)i‘ o L oapiah, 3
v APy 1 ,"w ‘."m & '1w 1 ”"m
CD105-PE CD166-PE CD90-FITC

(F3)[A] WT-160925 00007215 2989.LMD : F
Region Number %Gated X-Mean HP
E 8693 9659 6.8 32

F 7375

(F4)[A] WT-160925 00007216 2990.LMD : F
Region Number %Gated X-Mean HP. D
9624 75 55

(F2)[A] WT-160925 00007214 2988.LMD : f
Region Number %Gated X-Mean HP
9072 96.09 27.2 39

1 hUC-MSCs HysEF-fEE R A RIS 7 d BRTZEAE (x 40);B:P1 RAMMI(x 40);C: K #Lk;D:CDI0S RmXERE;
E:CDD166 it 4R B, F: CD0 i 45 R E
Fig.1 Culture and identification of hUC-MSCs A: 7 d of primary culture, B: Passage 1, C: Growth curve, D: CD105 of FCM, E: CD166 of FCM,
F: CD90 of FCM
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17), LR 7d, 85005 , 5 B 40 ORI S 5 e o €
S U 2 01 R G B 11 Ki6T ik, SR ELRE 8 2
CCK-8 12 6 d Kl /R[] SAR {241 4103% J1, LAWL%E ;* o
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CCK-8 :45 - 575 (18 2), 5 sham 204 L, A7) SAR {8 = 5 . e et @
?ﬂé@éﬂiﬂﬂ{ﬁj}{&ﬁﬁ%ﬁﬁo . & 3 A[E SAR {& 1950 MHZ.RF-EMF E.?EE S Hj hL.TC-MSCS éﬂiﬂg@,ﬁﬁ
220 A 40 it R ST AG I 4 2R B (1] 3), 55 sham 4] LE 5 1

B, ANTA) SAR {HALRY S IR Le il 4 Joi] AR 1k
Ki67 s eai R iR (8 4), 5 sham 4] [L#H, A
SAR {41 Ki67 HHFRIBBITLRE %R

151
-~ sham
-+ SARO0S5
1.0- -+ SAR1.0
a - SAR20
(]
0.5
0.0 T T T T

1. 2 3 4 5 6 (d
& 2 A[E SAR {& 1950 MHz RF-EMF & 58 j5 hUC-MSCs 358 #h £k
Fig. 2 Proliferation cuves of hUC-MSCs after exposed to 1950 MHz
RF-EMF at different SAR values

E
- - - | —I_

5 sham AHLLE:, R[E SAR {EZHK) S BIRALL BIFTBA R T
n=5, P>0.05 vs sham( ANOVA )
Fig.3 The percentage of cells in S phase after exposed to 1950 MHz
RF-EMF at different SAR values
The percentage of cells in S phase did not change obviously compared with
sham group. n=5, P>0.05 vs sham( ANOVA )

2.3 1950 MHz RF-EMF % hUC-MSCs B & 514 B84 1

ALP Bl - AR, 7E MSCs FFa6 s 4 ALt
3R, WA 5 R, B R R S R S T 0 4, 7d S R
Ry ALP 35, 7EHES2% K 1 h, 4L 7 d RF-EMF # 5%
(SAR 2.0 W/kg, 5 min ¥, 10 min 3¢ )5, 5 sham ZHAH 1, RF 24
ALP 15 B EAL, #2755 RE-EMF %f hUC-MSCs 547 |7
BT R SN, [EEE, 5 OM A H, OM+RF 41
ALP JEPE A B35 255 7R RF-EMF XA E7 SR 7% S
YN TG S B S

o

[=3

<@
)

o

(=3

(=2
1

o

(=]

&
1

=

o

R
L

Relative Ki67 expression

o

o

o
1

sham  SAR05 SAR1.0 SAR20 (Wikg)

& 4 A[E SAR {& 1950MHz RF-EMF £ J§ hUC-MSCs Ki67 & B 3&i&(x 200)
A:sham £H;B:SAR {H 0.5 4H;C:SAR {& 1.0 48;D: SAR 1§ 2.0 £4H;E:Ki67 EHMEIIFRIXE, 5 sham ALk, T[E SAR HAR Ki6c7 EHFRIEY
TRBEESR, n=10, P>0.05 vs sham( ANOVA ),
Fig. 4 The Ki67 protein expression of hUC-MSCs after exposed to 1950MHz RF-EMF at different SAR values. (x 200)
A: sham; B: SAR value 0.5; C: SAR value 1.0; D: SAR value 2.0; E:Relative Ki67 expression. The level of Ki67 protein expression did not change

significantly compared with sham group. n=10, P>0.05 vs sham( ANOVA ).

3 ¥ig
MSCs J&- BAT [ 3 5 R £ ) AL RE O 40 Sk U8 T %

RSN AR o
AR BS 1 ) BMSCsP™ T

1987 4F , Friedenstein %5 1 4 B &6
WA, BWAENRIG Bl A RS2

R B & B MSCs BFAAE, I FLRINAE S RSN 3Rk A
WRAMEFREAE T R ER IR MSCs 45 25 AH B RRPE, 3 0
BEAR R, ROBETHERE e RHED ], IR HE S VPR, FEdr E 4%
PET AT A 2R A o 2 2R A LR B 25 T 1)
oAl JBEAE R TR MSCs i T HUR 28 5 i i) 32 i U,
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40+

ALP activity (U/g pro)

201

0-

sham RF OM OM+RF
& 5 1950 MHz RF-EMF 4888 hUC-MSCs 7 d JFEREZHH ALP i&1E

RF 85 sham Z848 (L, P>0.05(N=6,t #1 ); OM+RF 4.5 OM H48Lt,
P>0.05(n=6,t ¥35 )

Fig.5 The ALP activity of hUC-MSCs belong to different group after
exposed to 1950 MHz RF-EMF for 7 d The RF group compared with the
sham group, P>0.05 (N=6, t test); The OM+RF group compared with the

OM group, P>0.05 (n=6, t test)

hUC-MSCs [)/43 B 1577 B il 22 R AR [ 2H e, AR [
JBE S R 25 NI 85 19 2% Sl JUk AN — 2% i I L 4 RSB Aty B BEIE
RYIT, B B AT A A, A ECRE s 7 At , 22 JLaR A%
R MSCs Zifg i 95%LL I AHFTER AIARE R H A ik
WIREFR T hUC-MSCs, f£ 255 3 ARAF, MSCs Hyei: 2R i
Pt CD90.CD105 il CD166 FHMEZHRIA H] 96%LA I, WA
SCHARAET , AR HR AT & SR BOR 19 hUC-MSCs,

FLBE AR S0 MSCs F3SHH 52 5 o B S B VIFH G, 2
BORIR], W IR 25 5% . Liu %418, 1 mT, 10~50 Hz (1E 5%
13% (Sinusoidal electromagnetic field, SEMFs ) %% &% , ] LI ik
BMSCs 345, %455 5 Song S5 45 R —20, H12,
WAL BMSCs %5 T° 380 MHz (1 = S ik b e G 7, 458 W
7N, HLBERR ST AU RE AR 2 20 MO 14 5, 5 S S5 2 M0 T B d
Bt &4, B 900 MHz RF-EMF 27 ADSCs, th A Ml &G
SHRLTE T U5 , I Z BRI, ABFSESE R B, hUC-MSCs
% 1950 MHz RF-EMF 4 K28 1 h, 882 & 7d )5, Lt 2
AEHE A £ AN B 03T, I AR FHAE OCHE 1 K67 Rk
5XFIRAAH L TE I B, 3R, AR I R S
hUC-MSCs H4 5 G fil. 3 5

PLAESE , MSCs FELRIRIRYT 7 TH 1 I IV 7 B 2245 BT
W] R SCHRARGE , MSCs TEVRYT MU A2 BT 48 B BB
S 5 T ELAT B T AL A H ARSI E [ 43k ) R i
AT B R e TR ] 7 HHE 250 o R R —Fioi
AR T A LR S 1 o3 A T BEP 26 2 BT 6 . Kang 4§
BV 338, 1 mT,7.5 Hz #8437 2% 6 nT G 7R 6 8] 785+
21 i1 ( Adipose-derived stem cells, ADSC ) Z& &% T[] ilB 7 1] 43
b, T 1 mT,30/45 Hz H 37 W o] 42 3 3 1) B 5 1w 34k
Ongaro ZZP% 3, 1.5 mT, 75 Hz fik e 5% 3% n] 42 £ L BMSCs
Fi1 ADSCs [ 8 75 ) 434k A IR B e 45 R kB, 50
Hz, 1.8 mT 1E 5% H 37 vl 2 i hUC-MSCs [a] i 77 1] 434k, B
FRER AT ARG ORI i . R BIFIR R B R 3 T BT
MSCs (ARSI 3 B A BF 5 800 . A SER BT 45 3R

B/~ ,hUC-MSCs %% 4K 1 h, %%t 7 d RF-EMF 7% (SAR

2.0 W/kg,5 min FF,10 min 5¢) )5 , 55 sham ZH#H [t ,RF 241 ALP

VR e, PR SIS 25 T i) RE-EMF A RET &

hUC-MSCs [u] i 1577 0] 734K , oAk RE-EMF X iR i75 50 9175

ROV TC S . BUE H AT ORI G MSCs 1 5

SN R SEED, HE A 1R B BMSCs 25 T 380

MHz W) | & 38 BMSCs (1B sk TC i ARk, 54

WHFEL R —2, 3R , e AL R 3% vl REXT MSCs #YJSUH 7 17 73

TC BT , 4 S T I 0 S BT B Y FR RE SR 5
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