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IKFREAL, VIEIRY caspase-3 2 [ R iA m b, H LA LARARAE 34500 i (22 2 B I6 7 21 349 5 5 o Aol vk
(34 P<0.05) .

S50 A I AT AR P ODR R TR 200 B A T DT A AN BRI A Y AR, R I PILR AT BB 5 0 % EMT
SUN ¥ S

FORBRES , FLROIR s P2 - BT ql; MO T S5 Fh A% AR A AL 4T i g 1
FES %S R736.1

EEWMB: WA EFRHYCOT SRR E (LHGJ20200824)

Wi HEA: 2023-08-25; fEITHHEA: 2023-10-22,

EE®E N : B, mHESE SRR, 2N FL N -5 254 it il o i i .
WIE1EE: B, Email: 1i571709958@163.com

© WA F [ H3E A FH 4 E BT http://www.zpwz.net

1770


mailto:E-mail:li571709958@163.com

5 11 3]

B, T BE B/ TR AR L S g B A AR e T R 4R R RL AR A R 1771

Inhibitory effect of resveratrol on transplanted tumors of papillary

thyroid cancer cells in mice and its mechanism

MAO Shan', LI Yang', DING Hanmeng’, ZHAO Yongli'

(1. Department of Pharmacy, Nanyang Medical College; Nanyang, Henan 473000, China; 2. Pharmacy Department of Nanyang Zhang
Zhongjing Hospital, Nanyang, Henan 473000, China)

Abstract

Key words

Background and Aims: Resveratrol has a broad spectrum of anti-tumor effects, exhibiting the ability to
inhibit proliferation and migration of papillary thyroid cancer cells. However, the underlying
mechanisms of its actions remain unclear. This study was conducted to investigate the inhibitory effect of
resveratrol on transplanted tumors of papillary thyroid cancer cells and its action mechanism.

Methods: Forty nude mice were subcutaneously inoculated with thyroid cancer cells (TPC-1) to
establish the xenograft models. Then, the tumor-bearing mice were randomly divided into a model
control group and three resveratrol treatment groups receiving different doses of resveratrol (2.5, 5,
10 mg/kg), with each group containing 10 mice. Respective doses of resveratrol were administered by
intraperitoneal injection to the mice in the treatment groups, while the model control group received an
equivalent volume of physiological saline, once daily for 21 d. Tumor growth was monitored and growth
curves were plotted. After 21 d, mice in each group were euthanized, tumors were weighed, and tumor
inhibition rates were calculated. Histological examination with HE staining and TUNEL staining were
performed to assess tumor cell morphology and apoptosis. qRT-PCR and Western blot analyses were
used to evaluate the mRNA and protein expressions of apoptosis-related proteins (caspase-3, Bax, Bcl-2)
and epithelial-mesenchymal transition (EMT) related molecules (E-cadherin, N-cadherin, vimentin) in
tumor tissues.

Results: In all three resveratrol treatment groups compared to the model control group, the growth rates
of transplanted tumors were significantly inhibited, and after 21 d, tumor mass was noticeably reduced,
and tumor inhibition rates increased with higher resveratrol doses (all P<0.05). Results of HE staining
showed that in the model control group, cancer cells in the tumor tissue presented a patchy distribution
with varied morphologies and sizes, rich cytoplasm, large nuclei, visible mitotic figures, and disrupted
polarity. In contrast, in the resveratrol treatment groups with three different doses, there was a varying
degree of reduction in cell numbers, loosening of cell arrangement, condensed cell nuclei, fewer mitotic
figures, and varying degrees of focal necrosis. Compared to the model control group, the tumor tissues in
the resveratrol treatment groups exhibited an increase in apoptosis of tumor cells, and showed increased
expression of E-cadherin and Bax mRNA and protein, decreased expression of N-cadherin, vimentin,
and Bcl-2 mRNA and protein; caspase-3 mRNA levels decreased, while cleaved caspase-3 protein
expression increased. Moreover, these changes exhibited a dose-dependent relationship in all three
resveratrol treatment groups (all £<0.05).

Conclusion: Resveratrol promotes apoptosis of papillary thyroid carcinoma cells, thereby inhibiting
their growth in mice. The mechanism of action may involve the revercal of the EMT process.

Thyroid Cancer, Papillary; Resveratrol; Epithelial-Mesenchymal Transition; Apoptosis; Xenograft Model Antitumor
Assays
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b B - [\ FE Bt % Ak (epithelial-mesenchymal
transition, EMT) J& I 57 3¢ Y 40 i 78 — & B3 R R
ek bR, B AR AT ] A AR PR B A
(] Jo 20 B Ak Tz s RS, DA A7 5 5 A 3 #% A
fRBAES), S EAT —E WM, AT RE IR
J7 R AE B T E LA BRSSP E IR SE, 7R UK IR
iR B MRS, EMT RS 1+ 40820
YEH .

FI 22 B Je — Bl T2 AR T AR i 2 W 2k
&Y, BABR . SraE L KI8T e Re S
Z Ry B AR I BE SR IR, A R A
O LI IR A0 A R U DL K LR g A
PERb R o2 R U AR . AN, BRI EELE A
il FFODR Ji 957 200 M 3% 58 . 3T S ob A4 A T A BT LA 4
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T U EWS, AOFTFEERTT R EEXH R
B 95 A% MR A DL K S EMT i B E &R
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1.1 SEIewet

FHODR B 7L Sk bR 98 40 i & TPC-1 g {38 [ ATCC
NH); SPF ZMEME BALB/e #5140 H, 6~7 F S, 1K
JF R 15~20 g, W [ A6 5T 2 8 A A8 206 sh ) B A
FRA R (FAfES . SCXK (57) 2021-0006) ; [
Pl (S =>98%) W A 1 R A ) R R AT BR
Wl RPMI-1640 85 37 3L [ 5% [ Gibeo 24 A 5 J5
RE-a et (HE) Yoo R iy I 42 17 1R 4%
A S/ dUTP J5 A2 ) O OR 3 ARid (TUNEL) 3t
XA W H LR S REYRHEARAR; 5
Yy 0 T N B A ) B A BR A B A R i
SR AL P8O B PCRIR A & LA K TRIzol i 571 1
At R E AP AR w5 Varioskan LUX
Z U1 te Wi br U0 [ FEER /R BHE 5 2136115 AU
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FrR RO A 75 A% 3 8 A5 5 B R A Al
QuantStudioTM 5 58 5 ' PCRAYIE [ FE 2k G it /R
B

1.2 LWHE

1.21 BABRALAME TPC-1 I E K5 K
F T8 10% 64 75 . 1% 75 5 S 9 RPMI-1640
Biggdeh, BT 37 °C. 5%CO, AR A R SR
o, R ORI M 1 UOHT R SR L, AR Al G R A F
80% I i A7 4% 4 o HORT 000 48 L 9 Ak, R 5% A g
e R 2% 107/mL. B 0.2 mL 40 i 88 3 5 F /N i)
BT, S5 dJa nr UL A S i B Sk A 7R i A
I

1.2.2 Ziamb e KB 5 a2 B B HL
Gy R BERLS BAL AU . L w3 A AN R R
BE (25, 5. 10 mghkg) JRITA, BAH10H . 34
P22 7 Ry e SR IR S 1 mL YRR 2.5, 5,
10 mg/kg 1Y FHZE P e, BRI BE 40 4 7 S5 (R FL A= B
oK, 1kd, #EE214d,

1.2.3 MBAEKELEN HEMES R, 5
3 d i A A R ORI R R K AR R AR, T
R =K% x mE x ER2, I8 LKl
Lo MR, HMEN FZLLSE, YITFE K
JoR N i e 2L PR G S R R B R ok, BRER MR T
i, PRI R (%) = (BIAYXT IR ZH b T o - 4%
254 4 b ) /AR S R 2 Py R < 100% o
1.2.4 BPRBALHERE W—FMWMEHAAET 4%
ZRMEEREE, WABK., AWaEE. 9k,
AT HE Je o, o2 BB T W88 s 4l 8V 36 2%
Ak

1.2.5 MBAL TUNEL £ & B AUR, AN
LA FE K TR, WEE 30 min, PEU, TN
3% 3 A E BT PR BT, TN TAT i SN ) TR
EPHEOEIEE 1 h, HRPARICHYEE S 5 M2 50 wL ikt
JEMEE, DABR A, RARREY, THEMKRE A,
Dy SRR KT A N UE S5 3 o ol 1 G 1
EARE O, R TR (AD) =9 140 M B0 4
it B x 100%

1.2.6 RT-PCR % # I & 48 22 & EMT #e 20 &L 8 =
#6055 & & mRINA £k K BU100 mg iR 4H 408 T
EP &, BURE, 23, TRIzol if 7 & B A RNA,
2 H0 03 66 BE I E RNA U B R4l B . M 30 30 %
S B0FF RNA 3656 S cDNA DL eDNA S B4R,
¥ ¢ O 7E f PCR RN AR &, BB RN A5 1F R -
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95 CHiZEME30s, 95 CAEMES s, 60 CiB k30 s,
72 CHEMR 15 s, FEATISAMEIR, 2 245418 H
B mRNA K, 5149750 UL 4% 1.

*1 5|%F5
Table 1 Primer sequences
S| BikZgdl

1E[7:5'-TGC CGC CGA AAG AAC TAC G-3'
JZIf:5'-TGG GGT ACT CGC TCA TAG GAT-3'
1E[H]:5'-AGC CAA CCT TAA CTG AGG AGT-3’

E-cadherin

N-cadherin
FLI]:5'-GGC AAG TTG ATT GGA GGG ATG-3'
o 1EN:5'-GAC GCC ATC AAC ACC GAG TT-3'
vimentin
JZ 1] :5'-CTT TGT CGT TGG TTA GCT GGT-3’
1E[:5'-CTG ACT GGA AAG CCG AAA CTC-3'
caspase-3
JZIi:5'-CGA CCC GTC CTT TGA ATT TCT-3'
5 1E[:5'-CCC GAG AGG TC TTT TTC CGA G-3'
ax
JZ1A) :5'-CCA GCC CAT GAT GGT TCT GAT-3’
el 1EN:5'-GGT GGG GTC ATG TGT GTG G-3'
e
S :5'-CGG TTC AGG TAC TCA GTC ATC C-3'
1E N1 :5'-CTG GGC TAC ACT GAG CAC C-3'
GAPDH

JZ11) :5'-AAG TGG TCG TTG AGG GCA ATG-3’

1.2.7 Western blot 4| i 95 20 2% ¥ EMT #= 28 JtL )8 =
X FE G REKT HB100 mg MR H R BT, )
W, MW, 4 °C . 12 000 r/min & 0> 10 min,
W AR IR L A S x LREZ i, SR
WO R VR, AW AR . HUS0 we B FRE S
12% 5 75 Js ok Joie o5 e W UK, 8 2R IR 5% 22 2R A —
LA (PVDF) B b, &M, didk (1:1000)
4CHELR, —P (1:5000) FiEBFHE 1 h, 7H
ke, e AR AT AL R 5, Image J 40 BT 5%
WK EAE, TR E A FREKF=H B E A &AW KE
{E/N 2 5 I EAA
1.3 SGitF4biE

FH SPSS27.0 B AF AT K Hl: v A, AV B IES 4
M E R LR + fRiE 2 (R 2s) R, £
FEA ) LU R B R 28 5 2240 B, PR AR ] L A%
K LSD-1 K63y, P<0.05 W2 A it 8 X,

2.1 BERAEXMEERKAZI

H A LR A R i el DL, DA A R 2 L F
10 KIT R, 4 4/ RO N A A% R A K A
Bl 22 5 . SAREHUR IRAH LA, 3R i 2R
097 2 RS AR R AR I R R ], H R K
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iR (B 1), R 21 dJE, BIAIXT B4 5%
L R R R T 2 00 A AR R B O 0l
(252+036) g. (203+021) g. (1.36+023) g.
(1.01£020) g, FHAMERHARIT¥E X
(3] P<0.05) 3 345 & 1122 5 W36 o7 21 09 0 9 %
Bl % 1A I N R Y 3G i A (33 P<0.05)
(F2) (£2),

—O— AN RZL

—— I R R AY T AL
—h— T R R AL
_| R AR AL

T T T 1
0 5 10 15 20 25

IRFTE] (d)
1 FHNRBEBERBL
Figurel The growth curves of transplanted tumors in each
group of mice

B2 JBEBEBAERER
Figure 2 Gross specimens of transplanted tumors in each

group

FR2 BEAMBEREMIPEERILE (1=10, x +5)
Table 2 Comparison of tumor mass and tumor inhibition
rates among groups (n=10, x + s)

ZH 7] Jibgea o () AR (%)
TR N} ZH 2.52+0.36 —
T AR R R T A 2.03+0.21" 31+3.22
PR R A R T A 1.36+0.23"-2 41+3.19”
R R TR Y T A 1.01+0.20"-23 55+4.44%)

T 1) SRR IR HL A, P<0.0552) S IRk T2 MBI 7 4 E
1, P<0.0533) 5 i) i 22 ENA YT 20 RS, P<0.05

Note: 1) P<0.05 vs. model control group; 2) P<0.05 vs. low-dose
resveratrol treatment group; 3) P<0.05 vs. medium-dose resveratrol

treatment group
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22 PhEARRELBLER
BB M2 R L rh A B Rk, B
RANA—, MREE, BR, TIEPRR, W

TG 28 P RG24
I B o ViFe t

E3 ApEAR

HE & (x400)

PEZREL s FRTEEAR . bR R A A0 i R
[l # B /b, A RS B b, AN AR TR 4, %)
B, AFETEE RARIRSE (1513) ¢
*%ﬂﬁﬁﬁéiﬁﬁﬁﬁ

.

Figure 3 HE staining of tumor tissue (x400)

2.3 BhELRAE Al LS R

SRR MR R, 3R A H R EEIG T

T

BOWAME R

4, T

& A
4 . .,

A AT B TF e, HLAE 3 4l 0h) 5 0 B A0 ) = 4K
HibE (#P<0.05) (&14) (£3),

RREEAERTAL AR
ST BT LT

B
= 2]

Figure 4 TUNEL staining of tumor tissues (x200)

®3 RAMBARADAILE (%, n=10, z +5)

Table 3 Comparison of Al in tumor tissues among groups
(%, n=10,x + s)

TR X IR 2H 9.20+0.75
AR 5 P IR Y T A 18.37+2.33"
R R R R T A 29.66+6.08"?)
TR i A P R T A 41.73+9.95V:+3)

T2 1) SETR IR LU, P<0.05;2) SRR i (22 P REif T 4 L
#,P<0.05;3) 5 Pl UMY T 4LLLEL, P<0.05

Note: 1) P<0.05 vs. model control group; 2) P<0.05 vs. low-dose
resveratrol treatment group; 3) P<0.05 vs. medium-dose resveratrol

treatment group

© MR IT F EHH A FEEIH

2.4 gRT-PCR#&UZER

SRR B L, 3R i B M REIR T A
i) E-cadherin F1 Bax mRNA & ik 7K ¥4 B 5 7+ &5, 1
N-cadherin . vimentin . caspase-3 1 Bel-2 mRNA 3 ik
KA R REAR, 2B R R (1 P<
0.05) (%4),
2.5 Western blot#ill 45

SRR B2 L, 3 AR Y B A R T
ZH 1) E-cadherin . Bax F1 8] %] # (cleaved) caspase-3
HAFRIAEY W R T &, i N-cadherin . vimentin
il Bel-2 4 1 &35 5 S U] 0 BEAIG,  HO& 0T A R
HAKHE (3 P<0.05) (1£]5).
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R4 BAMBEATHEMTFFTHEXES mRNA RAEKELRE (n=10, z + )
Table4 Comparison of mRNA expression levels of EMT and apoptosis-related proteins in tumor tissues among different
groups (n=10, x + s)

2151 E-cadherin Bax caspase-3 N-cadherin vimentin Bel-2
PN} R 2 1.03+0.45 1.0720.56 1.050.14 1.08+0.27 1.1220.56 1.0320.15
AR RS EIEY P 3.7120.44" 3.95+0.72" 0.7720.05" 0.78+0.03" 0.82+0.05" 0.82+0.06"
PR AR ERA T4l 5.06+0.62"Y 5.38+0.69"? 0.60+0.04" 0.62+0.04"+ 0.67+0.06"? 0.70+0.04"-
Rl R EATAL 6.7820.69"7Y  7.20£0.65"7Y  047+0.06"2  0.51x0.06"2"  0.5240.07"-7Y  0.570.05">"?

TE: 1) SIRAL HRE LA, P<0.0532) AR I BHRYTALILEL, P<0.0553) 57 B 18P ERAYT 2 LA, P<0.05

Note: 1) P<0.05 vs. model control group; 2) P<0.05 vs. low-dose resveratrol treatment group; 3) P<0.05 vs. medium-dose resveratrol treatment group

EE IRl

BOMMIRAL AR PR pori " By e
E-cadherin " Smmm—bt S S— 1.0 I o CNIE:;; :;?:pase_3
Bax ‘s RS e e % 0.8 p oo Y » I)I)S?:Snin
cleaved caspase-3 Wi —_— ~— — 3‘% 0.6 . lwlyz) . ‘I‘l,i,%‘s)
N-oadherin- - ~ — %{1 0.4 3:) 5 ,I) l)f)l I - :,2),3)
vimentin W T 0.2 -
B2 W — — O Femixt & I A
cAPDH W -— FI3E T RATTA

E5 SEMBEAREMTFUBATHEXEEREIERR

1) SHAEIXTIEZL A, P<0.05; 2) SR HEE M R T4l
B, P<0.05; 3) Sl HZ M EHAITALILE, P<0.05

Figure 5 Comparison of protein expression levels of EMT and apoptosis-related proteins in tumor tissues among different

groups
dose resveratrol treatment group
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R e R AR UM I S 25 21 d s, 3l A
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1) P<0.05 vs. model control group; 2) P<0.05 vs. low-dose resveratrol treatment group; 3) P<0.05 vs. medium-

2P AT L MR R R R L R R
500 o R 2L 3R 2L 2 vl o M S R L B S R/
R, MM ER, BR, TUESRS, WHEE
Tl 370 A A T 2L 400 e AR T A
A, HEBIEA , AR G, A R, R IR
B FORIRTE . BLAh, 3 Y % B3 A
1A T AL AL S T A R &, ATLTEE
VST S P NNNEE o) SR E LN S S
O B AE AR BUAR IR K, B S T s
5 L S5 PRGE Y £ 32 AT 0 AT 8 AR A R
WA . VSN T A B . B R
(kR S A T R R R MR R,
PR T 2 e DR R PR B0 45 S, Bel-2 5% M 2 9 4%
20 B 8 T R R AR 2 — . Bel-2 AR 2R R AR
75 R 0 20t 2 B Y PR AN BB T, T %
(9 53— B B4 Bax W) % ¥ 5 Bel-2 A0 R IO FE AT, B
S 42 8 20 L T caspase-3 B A0 ML T (%
S (i TN, 7 A T 2 R R
VU TS HRAT A, T o e ) ) e i
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