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Abstract The aim of this study was to explore the relationship between the radioresistance FaduRR cell
and the EMT (epithelial-mesenchymal transformation) as well as its potential mechanism in hypopharyngeal squa-
mous carcinoma. The radioresistant hypopharyngeal cancer cell FaduRR was previously established with a gradi-
ent cumulative irradiation dose. The radioresistance of FaduRR was measured by colony forming assay and CCKS8
cell viability kits. The apoptosis rate was measured by flow cytometry. The migration and invasion abilities were
investigated by wound healing assay and transwell assay. Moreover, the mRNA and protein levels were detected by
Western blot and qRT-PCR assay. Compared with Fadu cells, FaduRR cells radiation sensitivity was significantly
lower. The CCKS cell viability kits results showed that the survival rate of FaduRR cells in different doses on the
fourth day after irradiation were higher than that of parental cells, the apoptosis rate of FaduRR cells was lower.
The radioresistant cells FaduRR demonstrated typical ‘cobblestone’ or spindle-like shape, with pseudopodia and en-

larged intercellular space. The invasiveness and migration abilities of the FaduRR cells were enhanced. The mRNA
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and protein expression levels of E-cadherin were significantly decreased, while the mRNA and protein expres-

sion levels of N-cadherin and Vimentin were markedly increased after as compared with parental cells. In the

Akt/GSK-3p/Snail signaling pathway, the protein levels of p-Akt, p-GSK-3p and Snail were significantly in-

creased, while the expression of Akt and GSK-3f was not significantly changed. According to the results, the

radioresistant hypopharyngeal cancer cell FaduRR can induce the epithelial mesenchymal transformation, and

the specific mechanism may be related to the activation of Akt/GSK-3B/Snail signaling pathway.
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A T T BE A R AN AE 3G 43 B (survival fraction,
SF), ot B T B Z=41 Mo o B 2504 P 240 Ji £ 100%,
SF=H& 55 2H 4 ff v B T2 1 26/ 56 B 2 4 i v B T i
x100%. FT A %35 H GraphPad Prism S#X {3k 47 &b
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(%)=L 35 2 Doso B /R R ZH Dyso (B < 100%, 115
HH B VR R R S5 A R B T A PR R AT R . SRS
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SII6 HHE 1 LA B hRUE 22 (xks) Row , B St
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[F] i CCK 8 S 40 25 LA B, i sk AN [7) 771 5 1 S 26 e
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fEEZ(P<0.01, F1C), ZRAFgIT¥E . Pk
S5 427K, FaduRRAH M B 80 HodE 14 B & & T-Fadu
41, HFauRRZM A U HPTPE B A 8Lk
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FEMTHRZSZ I

W27, 5 T W e Fadu 2 B AR EL, R IR e
SR 0 41 i PR FaduRR 41 A A H 04 22, 40 i A2 gk K
ST 2 T P ) 38 K, T A 8 BUSF 174) 7 P i Fadu 2l
M S ER ARG Y, dMEH B, WAL, BXSLIR
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Transwell 256 25 B 5 RIJR s2 56 25 R — %, 5 R E
A Fadudfl i Lb g, T W O HE DTN R MR FaduR R 4H
Hu24 h%f ik Transwell /52 FliMatrigel i 40 A % & 3 i
(P<0.001), fR4MZ 28 HE /7 BH B 1 5
2.5 THEEMST I AMEIkFaduRRA 4 BL BRI
EMTHE X FREHIA 2R

Wi SARIE SBAT7, Western blots 36 45 B %
N, 5 ARBEAT IR B Fadudi Mo HL 8L, T RS TR K
i FaduRRZH il E-cadherinax [ 21X 7K 7 & 25 BEAIG
(P<0.001). N-cadherin. Vimentin&g 43 1A /K
2 THE (P<0.05). qRT-PCRSZH6 45 B 40 & 5C fr
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2.6 AT IR 4 A #kFaduRR Akt/GSK-
3p/Snail{5 S 188 & £ 2%

w6 fT 78, Western blotSZ 46 45 IR EIR, 5k
HEAT HEU ) Fadudll B b A, T P8 505 41K 7 40 e
FaduRR Snail . p-Akt. p-GSK-3B#&E £ it E¥E
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=1 514955
Table 1 Prime sequence
HEH EIEZ2 ]
Gene Primer sequence
E-cadherin F: 5'-GCT CTT CCA GGA ACC TCT GTG ATG-3'

R: 5-AAG CGA TGG CGG CAT TGT AGG-3'

N-cadherin

F: 5'-AAG GTG GAT GAA GAT GGC ATG GTG-3'

R: 5-TGC TGA CTC CTT CAC TGA CTC CTC-3'

Vimentin

F: 5'-TTG CCG TTG AAG CTG CTAACT ACC-3'

R: 5'-AAT CCT GCT CTC TCC TCG CCT TCC-3'

GAPDH

F: 5-CCG GGA AAC TGT GGC GTG ATG G-3'

R: 5'-AGG TGG AGG AGT GGG TGT CGC TCT-3'
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A+ B: FaduMFaduRRANE T4 7 [ 52 46 45 5 LK B 22 UL & R A7 #h 26 15 C: COKSAR AR AT G R 45 R . ***P<0.001, 5 Fadufifi4l
ER5

A,B: the results of colony forming assay and click on the multi-target model to fit the survival curve. C: the cell survival rate was measured by CCKS.
**%P<0.001 vs Fadu group.

Bl TR T I 4RI FaduRRASST R4 1% A 38 1E

Fig.1 Verification of radioresistance in FaduRR cells

#2 TR FadufifFIFaduRRABAEFISTE MIF S5
Table 2 The radiobiology parameters of Fadu and FaduRR cells

ZH

SF2 DO /Gy Dq /Gy N SERDO SERDq
Group
Fadu 0.77+0.02 3.51+0.08 2.13+0.19 1.84+0.11 1.00 1.00
FaduRR 0.86+0.03%* 4.7740.32%* 3.37+0.38%* 2.05+0.24 0.73+0.03%* 0.63+0.01%*

P AARAE 2, *#P<0.01 5 Fadudl FL 4.
X+s, ¥**P<0.01 vs Fadu group.

FaduRR

T - D
'

E2 FHEHEEEHETARESERR
Fig.2 Morphology observation of Fadu and FaduRR cells
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FaduRR+4 Gy Fadu+4 Gy
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Annexin V FITC-A

HHIO“' 105' ll()ﬁ l(l)7 = I‘IO“' "
Annexin V FITC-A

40

Apoptosis cells /%

4 Gy SRR R, R WA FBUR KB4 i FaduR R T IA 135, *P<0.05, S5 FadufliffasH L
The apoptosis rates of Fadu and FaduRR cells after treated with 4 Gy, *P<0.05 vs Fadu group.
B3 4 GyFBBSIE, FAMMFaduf TR ST AMFaduRRAVA TR
Fig.3 The apoptosis rates of Fadu and FaduRR cells after treated with 4 Gy
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3 E3 Fadu
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=05
g . 3}
% 1.0
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24 h 48 h

(D)

250

E23 Fadu

200
_ag %  E=3 FaduRR
E 150 o=
=
Z 100
[
O 50

Cell invasion

Cell migration

A B: SRR SCIAGIN T WA Faduf i DL S AR BTAH AR FaduRRIFIEAZ E /1, *#P<0.01, *P<0.05, 5Fadufiffli4l AL C. D: TranswelliZf 12
2SIk I T g Fadu i it DA S HRAT M B MR FaduRRIFIE e 42 28 68 77, ***P<0.001, 5 Fadu i 2H FLA .
A,B: the abilities of migration were measured by Wound-healing assay in Fadu and FaduRR cells, **P<0.01, *P<0.05 vs Fadu group. C,D: the abilities

of invasion were measured by Transwell assay in Fadu and FaduRR cells, ***P<0.001 vs Fadu group.
El4 TIREFadufAfELL KA AAEHRFaduRREVIRZT R RE DRI 1L

Fig.4 Changes in invasion and migration ability of Fadu and FaduRR cells
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WA RIS R, A = SN ANROT A e MfUE A
JRBORE AT ST MR 4R T T R B L B AR
N RN R RS Gl P B R e 5

EMT = 22 48 HA A (0 B 4 i e A2 9 %

TR 1R R i 4B i A2 . FEEMTR AL A2
Pl bt & 5 5% 15 5 X T-(Snail . Slug) K 8] 7 % B bx
HY)(Vimentin, N-cadherin)ff) b, [FN A5
J R bR EWIE-cadherin A # T 1 « H ATAR FCUESE,
JiRg A A AZEMTJE, HAR 2856 4% e 3G 50, =] i
EMTYE e (1) 22 Bl AR W2 AT sk Jg vh e o
BRI B TR S, FENR . R A 2 A
JeE 2 B, EMTHY 5 RE 38 I i Jeg 48 it A 7 Kbk, 3
R W EMT AT DL 58 40 7 AR FTIEN . JTIANGEER
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g 34 *%
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=
o
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=4
g
=
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E-cadherin  N-cadherin Vimentin

A. B: FaduRRAIFaduZil g "F'E-cadherin. N-cadherin. Vimenting [4/K~F [ IE ¢, *P<0.05, ***P<0.001, SFaduZl i 4 LLEL; C: FaduRRAN
Fadudll il E-cadherin. N-cadherin. Vimentin mRNAZKF-[FZRIETEDL, **P<0.01, ***P<0.001, 5 Fadudl 4l tb 4% .
A,B: the proteins expressions of E-cadherin, N-cadherin, Vimentin in FaduRR cells, *P<0.05, ***P<0.001 vs Fadu group; C: the mRNA expressions of
E-cadherin, N-cadherin, Vimentin in FaduRR cells, **P<0.01, ***P<0.001 vs Fadu group.
El5 TUREFaduld KSR AR FaduRRFEMTZRIZHE L
Fig.5 The relative proteins expressions of EMT in Fadu and FaduRR cells

(A) Fadu FaduRR (B)

Relative protein expression

1.0

0.51

Satataa

T

GSK-3p p-GSK-3p

Snail

A. B: Western blothf il 07 #& I 41 H Pk FaduRR 41 B H Akt/GSK-3B/Snail [ A 5 L, #P<0.05, ***P<0.001, 5 FaduZll fu 41 HL %
A,B: expression levels of Akt, GSK-3 and Snail were determined by Western blot, *P<0.05, ***P<(.001 vs Fadu group.
E6 TIEEMIT IR FaduRR Akt/GSK-3p/Snail{5 Si# B
Fig.6 The relative protein expressions of Akt/GSK-3p/Snail signaling pathway in FaduRR cells

R B, TR IR TBO T SR A B AR T (2 BEEMTH
4, ZANGEEP T T A B, TROT AT B A
PREMT R R B0 AR A bk 18 o, [ e e e 400 ) £
RTINS T80 A PR FRTEMIT ] A 0 fek e 4 . 14 T80 8
SV, X SR SR, EMTAE YT #UhT ] e R A=
TEEMEM, EHEAT FREBUTIRTIER 5
EMT¥1 5% & B FEH D

AR ZH T R SR B 0 0 G Y R G
TV, R T WA T HKPT AN M Ak FaduRR,
TES T EIL 260 Gy, 1Bt CCK8LE . £ ¥ ik
SIS, BAF T FaduRR4H MO FR B E A 4l i Fadu B A 5
SR R ROT P . AL (R B 2 BB AT 82
SR HR 3040 0 bk FaduRR (1) 40 i 7 2 1 B % T 1)
AR T B AL, AR BRAZ K. LB Re, AR
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A . HIBZS BAr SEMT IR o028 2540, 3 i il
JR L6 Al Transwellf2 281 E 2 5256, FRATARIN, T W
JECTT HEPT AN A PR FaduRR 45 5% 7 411 g HL A5 50 5 3L
A2 286 1), 13— 18 i Western blotFlIgRT-PCRE
56 MR T FImRNA JZ TH A8 I EMTAH ¢ 3 [ A7 &
IZRIEIE DL, 45 BoR, SFadudi i tE, FaduRR4H
it VimentinfIN-cadhering% ik 7K - 15 & 2 T &, M E-
cadherinZR 1A 7K1 BH & PG, EILEMT LAY 1 43 F b
HEWRI . AT WL, 75 R 40 BT HEP
S I R R, SRS AR T EMTI R, 15556
W TSR, BT HEBT R A 0 i 2R 00 T TR 5 4
MR, I B AL BE T R R 28 88 1 5. (8
THOT P SEMTR EAE R R HATE NG .

Snail & 4% b {7 7] ot % 4% 1) H B4 S R 7, 3@
Ik AR A FH R 42 R A ) R R, AV NEMITI 9%
B SR 7, Snail 5 MR RIE. 1228, BB ED]
FK o WFFLER B, Snail 5 A LR 40 iz b 5 72 2
A AH IR, Snail s By BEAE . B T S5 IR 1
ARG R 22—, BT LA 1 Snail v] GE X #0i) [ifJ8g
R BB —EMVEH. bR V2 1
15 5@ B T EE S AT 58 AR, PI3K/AKt/GSK-3p52 5
BHME 5 2 —, HEEPRIMASE I 57 45 R,
1 RO HE DT AN Y 3 I 0 Ak/GSK-3B/Snail {5
B MR EEMTH A4S . SHIMURAZ52490 78 % B,
i 2 %8 %f (ionizing radiation, ir)AE ¥ % Akt/GSK3p/
cyclinD Uit 5, 4 1M {3 88 4 M SR 73 507 HE e

N T B R R T W SO HE B 41 M PR Fa-
duRR&RAEMTH)EARALE, FATK F Western blotsk
A T Akt. p-Akt. GSK-3B. p-GSK-3B. Snail
M E AR, 858 E7R, p-Akt. p-GSK-3p.
Snail ZIiEH N, MAkt. GSK-3pERIAI LB ZER.
AR 9T 2 W, B R AL I ARt AT 38 1 B b A S
TRIXB B &R E A RIEEZMIRER
ikE-cadherin#¢ ik, 5 EEMTHERE, 15 i 83 40 i (1) 12
Z2RE IR, itk nT WL, T MR O HE B 4H B
FaduRR % 373t 72 7 0] 58 38 1 3807 Akt/GSK-3B/Snail
= 5iE K, {2 FaduRRZ4M MR AEEMTIL 5t .

gi L RTIR, AHE T 4E FAIE SE, 5N IR SR A
WlFaduffl Lt, "I MR 50T HEPT4H i ARk FaduRRAZ AR T
EMTIW A, I H B A 5k 1= 22 B 48 7, AL
A] fE 5 0% Akt/GSK-3B/Snail{5 5 i@ A <. (HiE
T WA ST HEHT AN B B BT v S EMT AR O

P, DA BE 7538 o 3 A EMTZ B4 I i e 20 fi 1)
JBOT BBURE, AT R P BT T

(1]

(2]

[3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

L2k (References)

AHN D, KIM J H, SOHN J H, et al. Laryngeal preservation
in stage III/IV resectable laryngo-hypopharyngealsquamous
cell carcinoma following concurrent chemoradiotherapy with
capecitabine/cisplatin [J]. Mol Clin Oncol, 2013, 1(4): 685-91.
MENDENHALL W M, AMDUR R J, MORRIS CG, et al. T1-
T2 NO squamous cell carcinoma of the glottic larynx treated with
radiation therapy [J]. Clin Oncol, 2001, 19: 4029-36.

BUSSINK J, VAN DER KOGEL A J. Activation of the PI3-K/
AKT pathway and implications for radioresistance mechanisms
in head and neck cancer [J]. Lancet Oncol, 2008, 9: 288-96.
BIAU J, CHAUTARD E, Miroir J. Radioresistance parameters in
head and neck cancers and methods to radiosensitize [J]. Cancer
Radiother, 2015, 19: 337-46.

NIX P A, GREENMAN J, CAWKWELL L. Defining the criteria
for radioresistant laryngeal cancer [J]. Clin Otolaryngol Allied
Sci, 2004, 29(6): 705-8.

GONZALEZ D M, MEDICI D. Signaling mechanisms of the
epithelial-mesenchymal transition [J]. Sci Signal, 2014, 7(344):
e8.

THIERY J P, ACLOQUE H, HUANG R Y, et al. Epithelial-
mesenchymal transitions in development and disease [J]. Cell,
2009, 139(5): 871-90.

ELASKALANI O, RAZAK N B, FALASCA M, et al. Epitheli-
al-mesenchymal transition as a therapeutic target for overcoming
chemoresistance in pancreatic cancer [J]. World J Gastrointest
Oncol, 2017, 9(1): 37-41.

HE E, PAN F, LI G, et al. Fractionated ionizing radiation pro-
motes epithelial-mesenchymal transition in human esophageal
cancer cells through FFEN deficiency-mediated akt activation [J].
PLoS One, 2015, 10(5): e126149.

SU H, JIN X, ZHANG X, et al. FH535 increases the radiosen-
sitivity and reverses epithelial to mesenehymal transition of ra-
dioresistant esophageal cancer cell line KYSE [J]. J Transl Med,
2015, 13(1): 104.

DU W, PANG C, XUE Y, et al. Dihydroartemisinin inhibits the
Raf/ERK/MEK and PI3K/AKT pathways in glioma cells [J].
Onco Let, 2015, 10(5): 3266-70.

FENG X P, YI H, LIM Y, et al. Identification of biomarkers for
predicting nasopharyngeal carcinoma response to radiotherapy
by proteomics [J]. Cancer Res, 2010, 70(9): 3450-62.

HARADA H, KIZAKA-KONDOH S, LI G, et al. Significance of
HIF-1-active cells in angiogenesis and radioresistance [J]. Onco-
gene, 2007, 26: 7508-16.

EYLER C E. Survival of the fittest: cancer stem cells in therapeu-
tic resistance and angiogenesis [J]. Clin Oncol, 2008, 26: 2839-
45.

RAJUROHIT YS. Characterization of a DNA damage-inducible
membrane protein kinase from Deinococcus radiodurans and its
role in bacterial radioresistance and DNA strand break repair [J].
Mol Microbiol, 2010, 77: 1470-82.

GUSEV O, NAKAHARA'Y, VANYAGINA V, et al. Anhydrobi-
osis-associated nuclear DNA damage and repair in the sleeping



452

BRI -

[17]

[18]

[19]

[20]

chironomid: linkage with radioresistance [J]. PLoS One, 2010, 5:
¢14008.

AFE, SR, ZE. b R R] LAY SO DG IR AR I AR I R
Jioged A e J R AR R (D). AR B ¢ E(YU T, LU S L, LI
Y. The role of epithelial mesenchymal transformation and related
factors in embryonic formation and tumorigenesis [J]. Chinese
Journal of Pathology), 2017, 46 (3): 209-212.

SHINTANI Y, OKIMURA A, SATO K, et al. Epithelial to mes-
enchymal transition is a determinant of sensitivity to chemora-
diotherapy in non-small cell lung cancer [J]. Ann Thorac Surg,
2011, 92(5): 1794-804.

WANG Z, L1Y, KONG D, et al. Acquisition of epithelial-mesen-
chymal transition phenotype of gemeitabine-resistant pancreatic
cancer cells is linked with activation of the notch signaling path-
way [J]. Cancer Res, 2009, 69(6): 2400-7.

LM, Wl zm, BPEEE, A5 RIE A s w1990 YT H it S
R bR IR AL R[], h R EE 2% B (JTANG Y H, YOU
K'Y, BI ZF, et al. The relationship between the radioresistance of
pancreatic cancer cell SW1990 and the induction of the epithelial-
mesenchymal transition: an in vitro study [J]. Chinese Medical
Journal), 2018, 98(12): 939-43.

(21]

[22]

(23]

[24]

(23]

ZANG C, LIU X, LI B, et al. IL-6/STAT3/TWIST inhibition
reverses ionizing radiation-induced EMT and radioresistance
in esophageal squamous carcinoma [J]. Oncotarget, 2017, 8(7):
11228-38.

OLMEDA D, MORENO-BUENO G, M FLORES J, et al.
SNAIL is required for tumor growth and lymph node metastasis
of human breast carcinoma MDA-MB-231cells [J]. Cancer Res,
2007, 67: 11721-31.

MA J, GUO X, ZHANG J, et al. PTEN gene induces cell inva-
sion and migration via regulating AKT/GSK-3f/B-Catenin sig-
naling pathway in human gastric cancer [J]. Dig Dis Sci, 2017,
62: 3415-25.

SHIMURA T, KAKUDA S, OCHIALTY, et al. Targeting the AKT/
GSK3beta/cyclin D1/Cdk4 survival signaling pathway for eradi-
cation of tumor radioresistance acquired by fractionated radio-
therapy [J]. Int J Radiat Oncol Biol Phys, 2011, 80(2): 540-8.
ZHANG HY, WANG Z Q, LI Y Y, et al. Transforming growth
factor-pl-induced epithelial-mesenchymal transition in human
esophageal squamous cell carcinoma via the PTEN /PI3K signal-
ing pathway [J]. Oncol Rep, 2014, 32(5): 2134-42.



