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WE: [BR] BRI ZHE X PRaE= ML HKESEH (ubiquitously transcribed tetratricopeptide repeat on chromosome
X, UTX) K& 45 B 86 6] 78 5% T 400 (bone marrow mesenchyml stem cells, BMSCs) BIfE] . [FiE] A €57 /N4> B 3
BMSCs, 1PERSHAANME R mPUR S E . Bk FER L Ys, #57 UTX-down 40, UTX-NC ZH#1 UTX-up 4. 17 QRT-
PCR Kl UTXmRNA 2635, Rl S ies Asc s B o, 1 BRI #RGA. (R ] FTRBmss =414 BMSCs (3R
DFEAFREPUFRAE . QRT-PCR £ UTX 9 mRNA AHX3R3A 7 AL 2 SRR : UTX-down 41< UTX-NC Zi< UTX-up 41,
ZRHGEIFE X (P<0.05). FHFMERERERAYE CAHME. 555 IR 2 e 20 Mg K 1 BRI G e o¢
JGHLa, OD (B AR ZE B R IR IR . UTX=down 4< UTX-NC 4H< UTX-up 4, ZFIHEGIT¥E X (P<0.05), [£i] BMSCs i
Fik UTX AR e 5 BB I A, (R0 10 BB A6 . A vl Be TR ME ] B2 4EA Bt 1B &

EER: X Pak=MENKESEA (UTX), B8ERER T4 (BMSCs), I BURR, mof, s

FESES: R318 XHEREL: A MEHS: 1005-8478 (2022) 03-0254-06

Effect of UTX transfection on bone marrow mesenchymal stem cells in vitro / XU Xiang', WU Yi—min', LI Shu~wen', ZHAO Jian',
SUN Tao', YU Ying—nan', ZHANG De—bao', ZHANG Yuan’, YIN He—ping'. 1. The Second Affiliated Hospital, Inner Mongolia Medical Universi-
ty, Hohhot 010030, China; 2. Depatment of Surgical Anesthesiology, Inner Mongolia International Mongolian Hospital, Hohhot 010030, China

Abstract: [Objective| To explore the effect of ubiquitously transcribe tetropeptide repeat on chromosome X (UTX) genes transfection
on bone marrow mesenchymal stem cells (BMSCs) in vitro. [Methods] BMSCs were isolated from C57 mice and identified by morphology
and flow cytometry. Lentivirus transfection was used to establish UTX-down group, UTX-NC group and UTX~up group of cells. RT-PCR
was performed to detect UTX mRNA expression. In addition, osteogenesis, chondrogenesis and type Il collagen expression were assayed
and compared. [Results] The third—generation cells obtained in this study proved consistent with the typical morphological characteristics
and surface antigen characteristics of BMSCs. The relative expression levels of UTX mRNA detected by QRT-PCR were ranked down—up
as follows: UTX—down group < UTX-NC group < UTX-up group, with statistically significant differences among the 3 groups (P<0.05) .
Furthermore, the number of alizarin red staining cells in osteogenic culture, the number of Alcian blue staining cells after chondrogenic cul-
ture, and the OD values of type Il collagen immunofluorescence staining all were ranked from low to high as follows: UTX-down group <
UTX-NC group < UTX-up group, which all were statistically significantly different (P<0.05) . [Conclusion] BMSCs overexpression of UTX
do promote the occurrence of osteogenesis and chondrogenesis, and production of type II collagen. It may be used to promote the repair of
annulus fibrosus defect of intervertebral disc.

Key words: ubiquitously transcribe tetropeptide repeat on chromosome X (UTX) , bone marrow mesenchymal stem cells (BMSCs) ,

type 1l collagen, osteogenesis, chondrogenesis
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PR, W BT T ARG T Ry TR
r BEAZ I ER AR B P Ak, REIRIE R R, B
UG 52 £ AE PR At O 28 WK 24 A B AR AR R BAUR
e,

Pt 15 24 )8 75 (epigenetic regulation) J&3T JL
AEMT SRR, S U T I P SRR Y E T
YoeF-Br. IR, RMEL AR TE o 3
] 75 )5 + 41 ffd  (bone marrow mesenchyml stem cells,
BMSCs) HISGFHM ML . R 5 MUECE B e b &k
PR AR o MR A2 4R R B 1) [ TR 2 a2
P A 4 B N T A PP LA RIS R . iz i %
X Je o ik = )E UK E Z & 11 (ubiquitously tran-
scribed tetratricopeptide repeat on chromosome X,
UTX), AR 3 #i2i% 27 (H3K27) 2 LR
FEIH (KDM6A) , X — R4l H & LR, %
FREHEE 1 H3K27 bRy LA =P BL, R E 3k
LB (L T o BFSE s, 2H 2R 1 B0 Sk KDMA4B
F1 KDM6B il i 2% f& H3K9me3 FI H3K27me3 7
MSCs HYRCH RN o T ELAB 7S 1T BB 1R] 58
JO T 200 2 e ek e O DR e 4 Al O 1 B0 Tl
JO R T ORI, R R E] T AR P A UTX
FEW, X TE S ECE R R IR T 23 1 Y
PERIBLAD, 1 A I SCHRARIE -

PRl e AR S v A UTTX N 2 AR 1 T i ) 7
BT aip, WEEH R . UK DL T B TR AL
AL, BESEHIE BIBLE], it — 28 UTX UL
P [0 0 O T 240 S 5 A SR A R A T 3 S
B A 2 S B A U SRy A R I DR A S e ] 4
EFHERR A B LA

I HEESR®

L1 2hi5 G

L3 Annexin V-FITC 41 g 8 T- A 3050) & (21
BLEY)), JHEEE Trypsin CHTVLAR B AE D) RHE A BR 2
A, HAERIOCH KA (DA EAY)), DAPI
(RIEFEAEY), BSA (RLEFEAY), i
iz (PH6.0) Hilieidm (AP AMFEAY), R
rygey (ROCEAFEEAYD) , ILFEHTRBTA (Thermo-
Fisher Scientific), PERHEE ([E 24548 AL A BR A
Hl) L BTFRDE R (RIUE AT EEAEY) . TRLzol
(Invitrogen, Waltham, MA, USA), W% 53 F & (Ta-
KaRa Bio, Otsu, Japan) . C57 /NI F N5 ERK
L o M

1.2 BMSCs 708, Hige M IEsE

C57 /INECR I BG L Z A RR I, OB 4510 T
AL R MR . ESAERS R (100 Uml) ik
FHE (100 g/ml) 9 PBS FP ik 3 W, VIWrE AP
vig, FH oa—MEM 35 3880 B B B v gk i ok o FEE 4
B ek (a-MEM+10% Jif 4 1L + 100 U/ml 7 5 &K |
100 pg/ml R R ) HEFR, B A CO.HFHAM 1 d.
55 2d, FH PBS BRZEAENGEEANAL, 5 2 4lifb i) B B8
(i) 7 5T 1 4 Jf o 41 R R T 5 JoT 4 S A 3 S L AR
W, PBS BRI 1 IR, A 1 ml 0.25% B i £k 240
JL, AR 20 B A (B ELAT A AR TR, B AR SRS
Lk, BRRATHIM, AR, I TR
A4, 1500 r/min B0 Smin, F EH. A 3 ml
ACTI Y PBS 582 F E 400, 1 500 v/min &0 5
min, F B3, UUVEM 200 wl B9 PBS & ., A —
YU, FEI FEOLEE 60 min, B.0%E L, PBS U
W1 200 wl PBS HEZHML, MAZHL, T
HEEIER 50 ming B0E B, PBS PR 1K, 5
JA 100~200 ! PBS =240l . AR5 — 0 ¥ & I
K, ®mEEAEAEE, AR S, T
T S
1.3 UTX 125RaERIA LA K BMSCs 43455 4

BMSCs 434 UTX _#ZH (UTX-up). UTX T
20 (UTX-down) £ UTX Z¥#4l (UTX-NC). KH
FOLA R AR, B Je il A i g 8 e B Ak
SRR A, Sl ik 46 5 A5 2 T R g
JRFEVRARM . SRS 96 FLAR BAL Hh 43 Sl 3x10° 4~
BMSCs, HEALATA 100 pwl 58255383, Y404
F| 60%~85% 5, MRHEASIE A9 MOT R A5 — 4~ v B2 4
FE, MOI {5} 10, 20, 50, 100 PU4, 435 # P&
MOL {EA[RIHEAT UTX MR 8 4y, 40 Ak [T % 5%
POk, 120 25, fEEE DS T st
MRS, A SR 20 FROIR S AGR R Ge 4H — AR ERAR 4F, i
HH 99 5 0 G L R A MO0 A e, ARG AR B A4S
RS R, R 1 d S A IR, R 24~
48 h )5, WEEEAN A A% LA B 40 14 56 ' 32 15 B I o
i 1 B A MOL{E R 60, Al b MOT B #4743 41
L4 THSKER
1.4.1 QRT-PCR % EHYACR

UTX-up b ¥ 51 % 5~ AGCATTTGTGAAGTG-
GAGGTT-3, Fii#514 3' ~-CAAGATGAGG- CGGAT-
GGTAA-5; GAPDH LJi#514) 5'- CATGAGAAGTAT-
GACAACAGCCT-3", #5149 3'~AGTCC-TTCCAC-

255



5530 45 55 3 )
202242 H

T LSRR S
Orthopedic Journal of China

Vol.30,No.3
Feb.2022

GATACCAAAGT- 5" ; UTX- down L JiF 51 ¥ 5'-
GGAGGGCAGAATCA -TCACGA-3', TFiF5|#¥) 3'-
GCTCATCTCTCCTATGTGCTGG-5"; UTX-NC 75l
¥ 5, TTCTCCGAACGTGTCACGT-3,, Fifgl¥) 3, -
ACGTGACACGTTCGGAGAA- 5. BMSCs # 4% 72 h
Je . A TRLzol 3R FEHC RNA, | FH 0 &% s iR &
AT S, FIFH SYBR qPCR IES IR FIEHL FiEFT
QRT-PCR il , )i FH 2-DDCt J5 8434 H B9 3 R Y
#ik.
142 FEFWE

BMSCs #%4% 72 h J&, 7E 6 FLAR R 4n i,
fLARNAEECH 2.5%10°4, INAEFRCE G FRR, B3 d
FHe—K. BB RE 7d)5, F PBS MR 4ni 3
W, RIGH 4% R B VY 30 min, H PBS PEV 3
Wa, MAPERLEW, T 37CHAA 5~10 min, 2R
Jo A B & i B AT A . AR A Image—pro
plus 6.0 HATHMITENGE TS 50Hr .
143 FEFREHE

BMSCs % %% 72 h Ji7, 7E 6 fLARCh#EFh 4
FLANMIEC R 2.5%10° 4, INAE R 55 TR0,
3d e —K, HRMECERSR 745, H PBS BE%
YR 3 Ik, ARJEH 4% 2 R WEEE Y 30 min, ] PBS
VRV 3 WKJE, INABTRDE W, 37°CYL A 10~15
min. K5 FH B E W BE AT 04 . AR Tm-
age—pro plus 6.0 AT ST S 0T .
1.4.4 11 AU JEAS I

BMSCs #6472 h 5, FIBEIRER 2% vh kK P4
L3 . BRI, ZUMTE 4% % B W EE TP EE 15 min.
TEZR T, @i AE PBS 1] 5% FCS. 1% TritonX 100
i 30 min HATIEMFIE G, 4 col IR TLREDTIA

(1:100) 7E PBS H Y 5% 1L3E HE H T 4CHEF
B, ARG 12500 MURRRSRGEEAT FITC FRic Ll F4L
PR E . TCH F PBS (PH7.4) 18 Rahikik 3
W, BIR 1 min, J€R T T 5 7E R % N DAPT 4
W, BOLEEME 10 min, JEA R TR HPTOLEE
KERRE R PR T8 B R N ML RER
1% o R HBAE Tmage—pro plus 6.0 T15 632 5¢ i B
J6% B 10D, AWK Y A Lk E = 3 A
200 f5ALEF . W FH Image—Pro Plus 6.0 ZR{FR & (0258
e R R o R I R, SRS U R R A E R
FIWT T A B BAPE B S —Amife, X BRI 7 264753
Br, 75t FEPER BEDCEEE.
1.5 Giteehk

K HI SPSS 17.0 A AT 43 o3 br . TR BORH
X 45 T, GORMTA IESSTRT, 2] AR
Rl LM, PIPIHECR A LSD %5 WRARSF A IR
Bt RIABEMKLK . P<0.05 N2 A G+
2 %
2.1 BMSCs Hy%E
{5 S P B /N LSS — A BMSCs. 21 Jf it
AR, HSIR—E T, ARETHS, ARt s
BEBRHES], 454 BMSCs Y HIIE ZS451E

it =X 4 R T 40 M 3R TE BT R CD29. CD34,
CD44 255 ULIE 1, Z5RFW: CD29 BHIE i35 %
H 87.43% (& 1b), CD34 N 11.12% (& 1¢), CD44
$995.11% (& 1d), FF7 BMSCs R HIPUFFFIE .

e 0. 12%

| — 200

87.43%

2001 150

100
100

50

0 T T T 0
0 10% 10° 104 10° @ 0 10% 10° 10¢

(31 W = o1 B0 1 o= 1 9 = B RO 4

22 HAr mRNA A4t 5
Qe nl WE S OO6, WK 2a~2¢, 5
UTX~-down F UTX-NC 40X} Eb, UTX-up 41 5 (40 fifg
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J9: UTX—down ZH<UTX-NC ZH<UTX-up 2H, Aik%
S 5P R E R A g L (P<0.05) .
23 FERNE

B NE R R Y g LK 2d~2F, PERL
Y& 0 M S 5 B PR 2 S KR . UTX—down
ZH <UTX-NC ZH<UTX-up 2H, BHESH A %0ss 3= 0
T, ARV K FLA Y 25 S Ge it eF g X
(P<0.05)
24 FHERMEE

V5 R J5 BT =2 e B 25 SR LA 2g~21, Bl

FH i A0 i S 5 IR =Rkl . UTX-
down 2 <UTX-NC ZH<UTX-up ZH . PFHP:Z0 BT 5004
T, =LA K P A 22 S A Ga o F
B (P<0.05).
2.5 11 R fie S G

el U2 P 10 A D S g O et 25 B WL K] 24~
21, T1 705 52 4 28 2 o G o 5 3 PR 1K 28 s AR h
UTX-down ZH<UTX-NC Z<UTX-up 41, 5
BRI OD (HE5 RIS 1, =4 a]H Ak K W LA iy
SRR GRS (P<0.05),

R ZHMAPKWNER (n=30, r=s) SHE

Tt UTX~down 2H UTX-NC 21 UTX-up 4 P
QRT-PCR K&l UTX mRNA %}k 0.40+0.10 1.00+0.0 10.10+0.26 <0.001
B PE R ALY A S A (A) 19.67+3.06 72.00+2.65 115.3025.51 <0.001
SRR BRI (B PR AR R () 72.83+6.43 90.83+6.91 158.30+13.92 <0.001
11 B S A5G 0D fH 480.2+52.39 1 265+357.60 2 322+334.60 <0.001
BMSCs J2HA TREMFN T 400, BA 2 m il
303 i MIREST, AT LAZEAT Wl . s ok, i al LUE

BEE SR B AW ER , TEME ] 852 A A6 9T
wE AR, eI FARRAR L. FhE
e AT AE o ARG AE ] SRR AR, K i
FUME ] A BT . AMEMEIALEE . UBE HR 20, (HA R
FAREA - ILFE R BT, BIAES k. gt
RERMER ARG 2L HEN 10%k5 4, TEUFRAZ
Wo MITAFRATG SRR, MM ST 4E R0 A 58
@G, AREEM YRR, RO R R A%
H—RK R MBI Z, B AR, Tk —
WYY, EEHTEE TR ™ XEERIRSE T
IR . R R A i A . O TR
G RIERUNY 42 S R o S DV A R AN TS PSS
2o REMAYEINB R T i A e s &
HATREZ RS aE S, B S BA PR, Hik
ZHEYEE . — BAMERZ R, i e S
GNWT o T X TR LT HER B, 2T HEFRSE G4 0
hath, NSRRI ARk AT B A AT
TR, PSS IBET 2 2 BRI 511 PR L mT 4
MR RV S 5852 HE R £L27 ¢
W, BULTLLSSE R, (HEEAT 1Sk,
IRHERI EE 2 01, SRUEE R W B AR #E47
AW S AT AR X — B

S oMU, IR a3 D A ] R 2T A A )
WSy Wi H BMSCs HAT WA AE, HARBOT .
TEH AT AR PR f o0 W TR R T2 = T2 0lie
e F I AR A JUAE DT S TR, AT 1Y e A K
JRARPEREE TR, T AR L e kS 2
HhZz— o UTX FERTERRIGE s 91 2 227 A
EMREE AR TR, A
WFFE B, UTX Al LA 519 R AR SN T
FIECE ARG, (HEARLEARE] = ik, UTX
o] BERA TR a4 AT RE ST, AR1MT BM-
SCs 5 RME L AP AN S & HEA T B S AE W] £E2TF 4E 30
BB ol I E A G, AR T
e R HOM AR A, EO A A P A R R
{45 BMSCs FOE PERE =, BEAT R TFHE ] BE 2T 4R 30
BE.

Zi b ik, AR SCE A UTX 18 3 4004, Xf
BMSCs ¥ 3¢, WIFeded)n, H#ATASME . 5%
SR, 1B R e e, 45 RN, BMSCs
(4 UTX A 38 m] DU R . Bd i & 2
QR DGR 1T BRI AT 4R 0 e 577 1 o $oR, X
T 5 1 v RESE IR T BMSCs 7ET4EIME & h 1R,
NN S i A T B E A
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UTX—-down 4

UTX-NC 2

UTX-up 2H

Bl 2 UTX & Yesr 8800 7o i T 4 A g g0 fe 27 0is8 (x200)

ke,

UTX-up 0 W EANMIEH T 2, i B 0 AR T4

2a~2¢: UTX mRNA %3856 5t, 5 UTX-down A1 UTX-NC 24 %}
2d~2f: A PERA Y, PERLYE CAMMEGE 50 hIRE S

R K. UTX—down ZH<UTX-NC H<UTX-up 0 2g~2i: WA B BIA G, BAlH s ge (5 (A i S SR i ik =
A . UTX—down ZH<UTX-NC ZH<UTX-up £ 2j~21: 11 B SRR pe ot ge (o, 11 AU T o8 5 e e (o i B 1% 2= i 4k
YH: UTX=down ZH<UTX-NC ZH<UTX-up 21
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