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[(WZE] B WKWK EREEBE (TUT4) i #m miR132/212 #09 RELVE T
R LA (HEEC) MIBCGHSUSME, Ak AWFE PCR K0, 2, 4, 6 A8 Gy
X BRI 0, 6. 18, 24 148 h HEEC ' TUT4 By 5, K404 M BHPEXT BEZH . R i TUT4
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Gy 4HIbE:, 6Gy+shTUT4 LHANfEEFE /> (1=7.12, 13.63, P<0.05) . SHIZufusEim (¢1=11.98,
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[ Abstract ] Objective  To validate the effect of TUT4 on the radiosensitivity of esophageal
epithelial cells (HEEC) by regulating the uridylation of miR132/212 clusters. Methods The expression
of TUT4 in HEEC at 0, 6, 18, 24 and 48 h after 0, 2, 4, 6 and 8 Gy X-ray irradiation was detected by
PCR. The HEEC cells were divided into four groups: NC group, shTUT4 group, 6 Gy group, and 6 Gy+
shTUT4 group. The effects of TUT4 on cell radiosensitivity, cell proliferation, cell cycle, mitochondrial
damage, and oxygen free radical production were detected respectively. The effect of down-regulated TUT4
expression on miR132/212 uridylation was detected by RT-PCR, and the radiosensitivity of HEEC with
overexpression of miR132/212 ormiR132/212 + UUUwas detected by clone formation and proliferation
assay, respectively. Proliferation assay was performed to detect the proliferation of HEEC when TUT4
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expression was down-regulated and miR132/212 or miR132/212+UUU was overexpressed. Results TUT4
expression increased after different doses of X-ray irradiation (:=12.84, 62.06, 27.86, 32.43, P<
0.05). Downregulation of TUT4 expression increased the radiosensitivity of HEEC (¢=13.2, 5.85, 7.31,
P<0.05) with aSER,,jof 1.41. Compared with 6 Gy group, cell proliferation in 6Gy+ shTUT4 group was
decreased (¢ =7.12, 13.63, P<0.05), cells in S phase were increased (¢=11.98, P<0.05),
mitochondrial damage was increased (1=11.98), and ROS level was increased (z=15.65, P<0.05).
Down-regulation of TUT4 expression increased miR132/212 expression and decreased miR132/212+UUU
expression (£=27.90, 60.99, P<0.05). Overexpression of miR132/212 increased the radiosensitivity of
HEEC, and overexpression of miR132/212+UUU decreased the radiosensitivity of HEEC, with SER), of
1.20 and 0.71, respectively. Cell proliferation of shTUT4 + miR132/212 group waslowerthan that of
shTUT4 group (t=4.76, 7.65, P<0.05), andcell proliferation of shTUT4 +miR132/212+UUU group
was higherthan that of shTUT4 (:=7.22, P<0.05). Conclusions X-ray irradiation increased the
expression of TUT4 in HEEC, and the down regulation of TUT4 reduced HEEC radiosensitivity and

radiation damage, where the uridylation of miR132/212 was involved in.
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A T 2 B MR v 9T O N —, HEUT
ARSI R EERERNR RN, L EER
JIREXGT L 5 A A ) A M S T A IS A 1
Ehl, HHFM S A 8RB IR Y R
JE—FhE B SR B T X, 7E B AR
Jirb 3 3 AEAE, A0 RNA B9 3, B4 5 Al
B AR R BRI (TUTases) JEIRFTF
TR B R 5y, X LERFH AR poly U R A&
i, JET DNA B4 p (Pol B) FERE T ILEE Rl
MR, Mot RNA FHESED RNA 3735 bR
HRYAEEAR ZS I, Horp TUT4 (ZCCHC11) Wl
PRAFACAFE miRNA AT 6] miRNA 92E9) &
A, MU AR, e AR A R A, 2
FENW(ES0 . MiR132 Hl miR212 JE A A
HHIRI A2, 76 BURN ARG JE R 88 b ER BEHE ST, HL
A R P S FAR R A < Fp X3, PR
PEFRAM miR132/212 JEPH %, Hool il R uh a1
~3 AN REBESEA A, i R A AR B B[R] ]
S HO R AR L R g g O AR BF SRR T
TUT4 3 33 9845 miR132/212 9 JR 1 10 1 F % 45
- B A A i S SR R e, Ry D A e S e R
B U AR AL T B AR

M 5E

Lo 4ifE % 5. H A4 b 41 & HEEC
(TEPUEEY AT, HATEA 10% M4 i
H119% 5 48 Z TR DMEM £5373% (3£ GIBCO
oNH) KA SR, BT 5%C0, 1Y 37°C H5
FAEPEE SR, FRAN M AE K B 70% ~ 80% B A& AR 1%

F%, B2 KHBREEZ WK (PBS) whykIfE il
FRIEDLORRRAN M R A

2. RRSFSEAT. BULA BEIAF] 70% ~ 80% Y Xf
BoE KW, AT 6 fLtk, REE]T
Primus-H BB F MM ES 6 MV X HF2R a5 R
HUEE (SSD) 100 em, 43lfR4T 2. 4. 6 18 Gy,
WSR2 % 1 Gy/min,,

3. SEHAFROEE A PCR U XE TUT4 Y mRNA 2
ik. HEEC 4 6 LAk ds 77 5 1 L A B ik
F]70% ~80% T2, 4, 6 F18 Gy F & IaG;, Ffd
FHELDAERS RNA 280K & (P EE R A )
SR BORTE A B STS 0, 6, 18, 24 A48 h 4
MR RNA, RNA A9 ¥ B R0 4li B2 (8 R g s 43RS U
(FE[ BioTek 28#]) . #H8 PCR XA & (H E B U
AWsal) B AL BR R SR JE7E ABI ViiA7 R4
PCR ¥ (22 E ThermoFisher 2y &]) "y 14, 15 3|
CT {H/E A R &,

4. TUTA 2R RERE YL, KA LL 1x10° 4~/4L
3 RN T 6 FLARSE R, 26 2 KK etk
RIS Spg/ml B ER RN R B (h
EH AR JEHE S 5%C0, 1Y 37°C K346 4
kekbEFE ) 0 3 RIMZ YA AR BT, FrEe S
WS 2K A B R B 7R AR R RRUE T 1k, A7 TR A
JLRIA IR BHAE B 20 I, AR 28O0 WU LSRR
YLD, IR RT-PCR 7 B 56 0E B A9
FER IR TR, G e s T i Al S S S50 4o 4
2H. BAPEXTHEZH . B4l N R TUT4 A4l (shTUT4
). 4l 6Gy FBEFAH (6Gy 41) . Fill TUT4 ik
ML 6Gy FREFZH (6Gy+shTUT4 41)
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5. TLREIE RSN . BOWE A KA 40 i L A
L 500, 1000, 2000, 4000 F1 8 000 >4 g e J3 42
T 6 fLAR R LG 4 TRIEN 0, 2,
4. 618 Gy WIS, 4keEdi3% 12 d J5HH 4% 2%
FRERTSE . 0. 5% 4 S Je g, e &A 50 4>
DL 20 i) VR BOT R e IR R . TE Prism 4K
PF 1n s 2 B RU DL A AR AR 2, TR AR G
R R F2H8: D, CFYESERE) . D, (HE
B ) . SF, (42 Gy BEHE A7 1% %0 |
L ke D, # D, By 4 8 8l (SER),
SER,,. SER,, .

6. ANNLIETH SRS . A LASEFL 1 000 R T
96 fLARH, %52 K6 Gy AT H TS 0, 24,
48 172 h &ALANA 10 pLCCK-8 ( H 7 Dojindo 2
A RRIFE 37°C B FRFE I E 2 h, Z )5 S
A ZE 450 nm PEARALFIWOCEE (A) {H,

7. 20 JE A S . K 20 S R 2% 10°
A/ml (40, & BRI R & (HA
Dojindo A F]) FUERAEZ BRI A UL TR BE (P1) %%
JYWRL, RAETEEEOG A F T 37°C H5 5% 15 min,
I 5 U A A o3BT 25 S 240 B P L £

8. LA JEE R 7 G STy . ot A B H A A
M & ( HA Dojindo 24 7)) H JC-1 HiR i —H
FEVAR (DMSO) ¥ffJE , InARE 77 FE B E A T AR
W, AT 24 FLARAIAHMIINA 50 pL /L TAERIT
TE37°C KRR G 35 1 h, Yolh oo e bl v o7 7y 5%
SR R SR O SR N LT (B, THVEE A 200
pLBuffer ZZ iR, 7E9E M UL 245 2 40
ML G D E R B, Bbr AA RS H 6 9 Dl ik B
TSI 156 BH A s A 451 47 ™ B

9. WEMEE A ML (ROS) Kill=£H:. ROS J&
TELRLAR S B ATP B 7= AL B s iE PR AUR . AR SR
Fi H i R ARORE T MR R I & ( B R Dojindo 23
A UL AR, CRHER T 24 SR FE YL 4
MZE 6Gy FEST G I A B & 4 09 TAEW (150 pl/
fL) BTEFRMNEFE 30 min, 4 PBS Wk &
TP RAEE T, IC kA ALk o e
TR, DO B BLH] ROS AR Z

10. SEHFHEOEE & PCR U E miRNA &ik. 2
B 6Gy 411 6 Gy+shTUT4 ZH 40 Bl Y 5. RNA, %R
HiiE PCR J7 #0022 M 2 19 miR132/212 3R 35 fl
miR132/212+UUU ik, GitaiRHEE TR,

11. MiRNA M85 4. HEEC 40 i Yeat

23k miRNA132/212 Flid 3Rk miRNA132/212+UUU
PR EE, PRAE AR AR L Y i i AT, REE
3] R 5 YL 09 M5 41 HEEC 40 L, 4 3 A
miRNA132/212 4] ( |94 miRNA132/212 % ik4)
A miRNA132/212+UU0U 4 (% miRNA132/212+
UUU RIBH) . PN 0 IRET 0, 2, 4, 6 18
Gy, FERTHR It AT vd Y il S 56 I 1 F 53 e B Y
B, KL 6 Gy FBETAY 6 Gy+miRNA132/212 41f0
6 Gy+miRNA132/212+UUU 20 LA B4 X} HR 4 41 i
XFHR RIS T A T A L B S

12. BUEFE YA AT 525 . W shTUT4 ZH 40
i 43 ) % Yt ol 3R 35 miRNA132/212 il i 3% ik
miRNA132/212+UUU (1805 8, RV BEETASE Y
DIty , FRQL NI 6 Gy MRGTALFHE, Ktk
A4 5> 4 6 Gy+shTUT4+miRNA132/212 41 (F
P TUT4 Fik Had ik miRNA132/212 J54 6 Gy I
BHH) F 6Gy+shTUT4+miRNA132/212+UUU 4 (F
P TUT4 3k H.id %35 miRNA132/212+UUU 54 6
Gy FRSTA) , FRERTAR Ty - TG TR 505

13. Giit2aab# . >R GraphPad Prism7 k{4
TR AL B, AR 5200 BT 45 SR B 48 TE AR
BRI A LR A, X T AL A9 H R
] e K5, BARDL axs Fom o XTI LAY L
WA R Oy 2500, BT A et o i ¥R A
GraphPad Prism7 8, DL P<0.05 K254 Gt

# =R

1. PCREEI 0, 2, 4. 6 Fll 8 Gy A[al5# X
SHEMRESS 0, 6. 18, 24 Fl1 48 h A[A]H}E] HEEC
4o TUT4 955k 11 5962 & PCR 45 R B
R T X BRI E TUT4 18 HEEC WY 3635781k,
W57 <4 Gy Bf TUT4 7£ HEEC (%) 2 35 bifi 8 55
FIEIGRMIG 2, MO >4 Gy B TUT4 EIBK
4 Gy Wik uk />, B 6 5 8 Gy J& 48 h I} TUT4
FEREWAR, 2. 4. 6. 8 Gy BYAY HEEC 41 i
48 h NI TUT4 FRik¥MEE 0Gy b ZER A ST
%N (t=12.84, 62.06, 27.86, 32.43, P<
0.05) , 453 HEEC H TUT4 )31k 5 557
SRR IS ) (R 25 DIAE O, i AR BIF 9% 5 4 S 5
FFIERE TUTA 2235 AH X Ao B XS B2 B 6 Gy & 4E
g BRGS0 B HEEC 200

2. FLREIE B S 06 RN A0 AR 3 A S 06 R I A
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£ 250 mon W ZRAHITFE X (1=479, P<
= mo6h N N
& ot =18k 0.05), ZEFFEW X 5128 WS AT 84N M AY G,/ M
T SRELIE, LR TUT4 Fek ol B2 S AN Y S
'fcé 10F /ﬂ;ﬁm{?ﬁo
Z
%
= T F1 6 Gy BASAN AN G (xxs)
= 0

0 Gy 2Gy 4Gy 6 Gy 8 Gy
b ipilneil

Figure 1 The expression level of TUT4 in

HEEC at different time of radiation

TUT4 ZikXt HEEC 20 M pl S UMy 52 . Sefe
TS 50 45 5L 7% shTUT4 40 /9 40 i D, . D, .
SF, {351 0.79, 1.61, 0.47; X B4 éﬂiﬂ@
Dy, D, SF, {5354 1.10, 2.42, 0.80, M
HESWEGIFEX (1=13.2, 5.85, 7.31, P
<0.05); shTUT4 4119 SER,,. SER,, f& 45 5K
1.41, 1.50, CCK8 ¥4FH 280 M 45 3 878 6 Gy +
shTUT4 AR 4I5S 6 Gy ZH He%s 48 Al 72 h 45
R, 2R AERITFEL (1=712,
13.63, P<0.05), Z55FRB T TUT4 A9k ] 14
I HEEC 4 i iy e S g

3. AR R SR I R JE TUT4 323k HEEC
YRR AR Ak, AR I SE R 5 R R 6 Gy 41
F16 Gy+shTUT4 ZH 3 51| 4 (1 PR X REZH Fil shTUT4 241
R G/ M AN B 2, 25 H G E R
X (t=6.67, 9.16, P<0.05); HZY 6 Gy ZittL,
6 Gy+shTUT4 20 S 1141 i1

2

HEECHH il 735 43 8((SF,)
=)

W5 4 (Gy)

Table 1 Cell cycle distribution in different groups after

6 Gy irradiation (x+s)

21 531 BEAKL  Gy/G, S # G2/M
AP XT B2 3 46.0+1.7 19.2+1.2  24.2+2.2
shTUT4 44 3 57.9+2.4  14.9+1.8 5.65£3. 1
6 Gy 4 3 35.422.3 4.53x1.1 35.2+2.2a
6 Gy+shTUT4 41 3 25.3£2.0  8.42%1.5¢ 37.3%1.8b

e SR AL R 4, e =6. 67, P<0.05; 4 shTUT4
HIE WA P =9.16, P<0.05; 5 6 Gy 41[F & W&, <0 =
4.79, P<0.05

4. LR AR L A S DU S A I R E TUT4 3R3A
i) HEEC ZHRZ bR T 1515 00 . G A B L (8 45 4
SLEGEER N PIPEXTREZE . shTUT4 41, 6 Gy 1A
6 Gy+shTUT4 A F-3415 R 437 61.9, 56.6,
33.8., 21.0, H:H16Gy 411 6Gy+shTUT4 ZH 5351458
PEXTRAZLF shTUT4 AU IS CoRBEDIR, 25571
HAGFE L (1=25.6, 55.69, P<0.05); HY5
6 Gy ML, 6 Gy+shTUT4 4 (7550 B AR, #
SAEGHEEL (1=11.98, P<0.05), 45%%£H X
SRR R AT 1 24 L v Sk AR 05, HLR 9 TUT4
FEARFIIE N AZ BSR2R ML A S (A1 41
5. WEPEE A AL (ROS) 6 2 56 46 T 3%
TUT4 #3551 HEEC 409 ROS = A0 ROS i

1.5rF

+ 6Gy
* 6 Gy+shTUT4
i% 1.0
T
il
R 05
=
1 1 ]
0 24 48 72
S 5 I ) (h)

Figure 2 The effect of down-regulated TUT4 on radiosensitivity of HEEC. A. Survival curves of
HEEC cells. B. CCk8 assay of cell proliferation after 6 Gy irradiation

Figure 3 Fluorescence images of mitochondrial membrane potential in each group (590 nm,

X200). A. NC group;

B. shTUT4 group; C. 6 Gy group; D. 6 Gy + shTUT4 group
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MSEs g R W, BIMEXTIRAL . shTUT4 41, 6 Gy
AN 6 Gy+shTUT4 4 19 2 5058 B2 43 5l o 44,0,
40.3, 36.0, 25.0, Hrf1 6Gy 411 6Gy+shTUT4 4
A3 9% Ne 200 shTUT4 2HL 40 i 1)

IOt S, EREAGITFEXL (1
=17.56, 23.73, P<0.05); H 6Gy+shTUT4 45
6Gy ZHAH L ROS /K-F- B iy, WA b 22 A 4eit
FREX (1=15.65, P<0.05), Z5RERY] X HL M
ST IMANALAY ROS =4, H R TUT4 Fikn]
Iz RS ALY ROS 7724

6. PCR ¥l 6Gy+shTUT4 2H 40 g Ff miR132/
212 F1 miR132/212+UUU fy5Eik . PCR SE5 45 Rk
B 6 Gy+TUT4 4% 6 Gy ZH ) miR132/212 fFK ik
W4 miR132/212+UUU fFERELD, 25855
FgER Y (1=27.90, 60.99, P<0.05), W
2, SEFREHIRH TUT4 23K HEEC 40 il 25 fR 5
J& miR132/212 MR AR BEIRD

7. SERETE B S 56 R 2 3 5 S A D ok R Gk
miR132/212 1 miR132/212+UUU %} HEEC 4 Jid i
SHBUBE R . s BT B B 45 AR R miR132/
22 MM D, . D, SF, 1643514 0.87, 2.02,
0.66, # LT Ne ¥ > (1 =10.56, 4.58,
5.34, P<0.05), SER,,. SER, 7744 1.20,
1.22; miR132/212+UUU A4 D, . D, . SF,
H53 0 1,48, 2.95, 0.89, L Ne ZH¥ymin, 2
SAEGHFEY (1=8.72, 7.49, 5.11, P<0.05),

F2 WLANMT miR132/212 Al miR132/212+U0U
RISk At (107) (xxs)
Table 2 Relative expression levels of miR132/212 and
miR132/212+UUU in two groups (xs)

215 BEA%  miR132/212 miR132/212+UUU
6 Gy 41 3 0. 44x0. 03 0. 660. 11
6 Gy+shTUT4 21 3 0. 900. 05 0. 07+0. 02
¢ 27.9 60. 99
P1H <0.05 <0.05

SER,,. SER,, Jr%I°4 0.71, 0.84; 3§5H 9245 45 R
R 6Gy+miR132/212 41 4 i 75 B8 51 )5 48 F1 72 h
B3RS 6Gy Al /b, ZFWAGITEE L (1
=11.56, 11.72, P<0.05); 6Gy+miR132/212 +
UUU ZH 40 a7 RE ST 72 h B OIS 45 6Gy 4188 in
EFAFRIT¥E X (1=5.21, P<0.05), 458 %
B 2638 miR132/212 A3 HEEC 40 i A9 ik 5 #
Bk, 3 #35 miR132/212+UUU A F& ik HEEC 28
L) 3L S e

8. XU A YL 240 L Py 164 7 S g e N . 24 L3
SIS EIR: (6 Gy+TUT4+miR132/212) 4%
(6 Gy+TUT4) 21 Y 38 5 57 41 i F2 B AF BT )5 48,
72 h S, ERAGIFFEL (1=4.76, 7.65,
P<0.05); (6 Gy+TUT4+miR132/212+UUU) 4%
(6 Gy+TUT4) ZH3E5H 3Z 30 i 72 B A RE AT IS 72 h B
Wb, ZRAGIHFENL (1=7.22, P<0.05),
R E W] TUT4 Al o 4 miR132/212 MR AL
SO B LR AR R O U, W 3,

Figure 4 Fluorescence images of ROS in each group (540 nm, x200) A. NC group;
B. shTUT4 group; C. 6 Gy group; D. 6 Gy + shTUT4 group

3

°F
F -« Nc

L[ = miR132/212
10° ¥ miR132/212+UUU

HEECHH i #735 43 $((SF,)

RSB (Gy)

104 [ 1 1 1 ]
0 2 4 6 8 @

1.5~
-« 6Gy I
= 6 Gy+miR132/212 )

g oL +6Gymiriz22i2iuU

3‘4 p

E

R os

=
1 1 J

0 24 48 72

S5 I 18] (h)

Figure 5 Effect of miR132/212 and miR212+UUU over expression on radio sensitivity of HEEC.

A. Survival curves of HEEC; B. CCK8 assay of cell proliferation in three indicated groups
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F2 A ARG S A FIRT R G (A450) AAEfE (+s)
Table 2 CCKS assay of cell proliferation in four indicated groups (x+s)
20 531 FEAERL 0h 24 h 48 h 72 h
6 Gy 4l 3 0.258+0. 09 0.410+0. 01 0.753+0. 04 1. 142£0. 03
6 Gy+TUT4 21 3 0.280+0. 04 0.341+0. 03 0. 543+0. 02 0.790+0. 02
6 Gy+TUT4+miR132/212 41 3 0.288+0. 04 0.318+0.01 0.392+0. 07a 0. 603+0. 05a
6 Gy+TUT4+miR132/212+UUU 41 3 0.277+0. 05 0. 408+0. 02 0. 607£0. 02 1. 066+0. 03b

H: 56 Gy+TUT4 £H AW a] L #e,2e=4.76, 7.65, P<0.05; 56 Gy+TUT4 4 [FIa] Hbs, br=7.22, P<0.05

o

OB e — PR MR AE, PR R
JPITREL L, PR v B 24 08 28 i 28 2 1Y) i bR
Je HETEE G ARIBYT TR H R
B RMFLRAF IR H D, R B E
B ALY 431 AL R AF O 38 B AT AT FEF9E . TUT4
JE—FP A Ui PR AT LA W, IR B T B R 2 R
FEVRIT T 4 T8, H5 TUT4 2% Y1 561
LIN28/let-7 i 4 1] g 15 F 25 4 5 A UL Ah— e fb g7
YW 32 A 52 JET TUTA 55 B 5 10 56
Betk , ASBFSEERAIE T TUT4 54 b R 40 B ik 5 4
B ARG, HATE s miR132/212 B R AR AE
XS b Bz 200 L 0% TS SRR Ry A i S i g
A U AR AL T B AR

AWFFE 1 SCYRUE T HL B R T LAS S TUTS 1
Fik, TR TUTA Fe3k T FRAR A L R 20 B i ik 5
TR, T Ol AT B SIS A
80 AR AR BEERSE TUTA £ 48 S 5 405 10 5%
M) FEL 25 R SR X T A48 L A5 405 A 4 A AL R
DNA R 15, 33X 23 3 AR FL A A ) 40 S0 0 v
AR G,/ M RIS S B, DT 5 A 200 i S 3 v 4%
TR AN B A AR Ak, AR 5T 40 i JE] 0 S 56 1) 4
RE/R T TUT4 35 FJH B R A0y S Bt
], WA A ERFFE W TUT4 FH56E LIN28/ let-7 i %
HY let7 AT DA ECHE IR 5 200 B 5 B rb JLAS SR i) SR
SRR AT 42 i 200 Jif 254 2 BELVA 390 G 1 Al ) S B %
ARLBL P TUT4 A REE AT B0 LIN28/ let-7 i
ST R £ A R AN B 0 A B A, R B R T
Y G434 MO AT 35 Y DNA 05 )5 i shi v,
SRR AR S R AN 1T BRI Sk 2 AT U T K
N R R AR, R A TR AN A O TR AE
(Be@ 4 . DNA Wrgd) HiaZai, 44z
LY S E £/ s 5 o A NS 3 5 A N L
S R A A, A TR, — H kA
A ISR 57 9 O, T RO T U g A 0 AR
FEAE BT H TUTS 638 2530 i 4 m S 7R i v

AR REREE R 4R 545 HEEC 40 i /9 08 7=,
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