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Effects of bisphenol A on proliferation of thyroid papillary carcinoma KTC-1 cells WANG lJie-
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b.College of Clinical Medicine, Xi’an Medical University, Xi’an, Shaanxi 710021, China)

Abstract:

[Background] Bisphenol A (BPA) is a common environmental endocrine disruptor with a similar
chemical structure to estrogen. In recent years, the relationship between BPA and tumors has
attracted widespread attention. The effects of BPA on the development of thyroid cancer, with
the highest incidence rate among endocrine system cancers, are worth exploring further.

[Objective] This experiment investigates the effects and mechanisms of BPA on the proliferation
of human papillary thyroid carcinoma cells.

[Methods] Human papillary thyroid carcinoma KTC-1 cells were cultured in vitro and
passaged before the cells were randomly divided into two groups: control group and
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BPA experiment group (subgrouping by BPA concentrations at 5x107%, 5x10%, 5x10°, 5x10, 5x107, 5x10°%, and 5x10° mol-L?). After 24 h,
48 h, and 72 h exposure, CCK-8 experiment was used to detect the cell proliferation rate, inverted microscope was used to observe the
morphological changes of cells, flow cytometry was used to analyze cell cycle, and Western blotting was used to detect the expression
levels of Cyclin D1 and P21.

[Results] BPA at 5x10°mol-L™ induced massive cell death as the cells were floated in the medium, residual adherent cells were
vacuolated, cell connection disappeared, and the morphological changes were more obvious with extended exposure time. The cells
treated with BPA at 5x107 and 5x10° mol-L™* were spindle-shaped, and significant cell division was observed. Compared with the
control group, BPA at 5x1073, 5x10*, and 5x10°mol-L™ significantly reduced the cell proliferation rate at different time points (24 h, 48h,
and 72 h) (P<0.05); BPA at 5x107, 5x10%, and 5x10° mol-L™ increased the cell proliferation rate at 48 h (P<0.001); BPA at 5x10°mol-L"
decreased the cell proliferation rate at 24 h, and increased the rate at 48 h and 72 h (P<0.001). The results of flow cytometry showed
that the cell proliferation index (PI) of the subgroups except the 5x10° mol-L"* BPA subgroup presented a rising tendency compared with
the control group, but there was no significant difference. The proportion of cells in S phase of the 5x10° mol-L™ BPA subgroup was
significantly higher than that of the control group (P<0.05). Compared with the control group, the expression level of Cyclin D1 protein
decreased and the expression level of P21 protein increased in the 5x10° mol-L™* BPA subgroup; in contrast, the expression level of
Cyclin D1 protein increased and the expression level of P21 protein decreased in the 5x10°® and 5x10° mol-L™ BPA subgroups (P<0.05).

[Conclusion] BPA has dual effects on the proliferation of KTC-1 cells. High-dose BPA has a toxic effect on KTC-1 cells and leads to cell
death; low-dose BPA promotes the proliferation of KTC-1 cells. Different concentrations of BPA can either promote or inhibit the

proliferation of KTC-1 cells by regulating the expression of Cyclin D1 and P21.

Keywords: bisphenol A; human papillary thyroid carcinoma KTC-1 cells; cell proliferation; Cyclin D1; P21
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Mz EEETSS, B4R EHNERHEE (B 1c
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BEFEF 5 5x10° mol-L! BPA RbEBAH R AIRB . SR IEE
4HR/ )N, AR ETRIE % (B 10 RELBEELFTR) |
L KTC-1 AR B BE T 5x107. 5x10°mol-L* BPAFH, R
EHARAPIEDEEFNF T, EHEA/NY
— 2R, WEAKBBREW, SEETAILE
BRERAMEIZ, 2R, AP ARSETE, RN
O RER B E AR D NI R (Bl 1E. FREEETX
Fi7R) o
2.2 “ARRIETEIENME

WE 2 P, AERER BPA RhFE KTC-1 40 A 24
48, 72h 5, SXFERLAMELL, 5103, 5x10“ 5x10°mol-L*
BPA B S AFE AR EAT(E) (24, 48, 72h) RULMREIETE R
BE R &K (P<0.05), LLERMEIEEHE TUWERE
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(P<0.001) , EF5x10°mol-L* BPATEHEF R NEAE,
5x10° mol-L™ BPA [:& 255 B 8] (9 N4 AR IG JE =R T
WEMAR, &E24hfE, BITERATE (P<0.05),
T{ERME 48, 72h )GEEEFAE (P<0.001)
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SMIBLAMARA 5 F 1 5x10°mol-L?! BPA RMBLALARE, FHEFTLAHIL
RN ; AEELAREINYIE S ; FEEkX
AT DR

Bl RELIRE BPAZRE 24h 5 KTC-1 MRS T K
Figure 1 Morphological changes of KTC-1 cells exposed to
different concentrations of BPA for 24 h
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Figure 2 Changes of the proliferation of KTC-1 cells exposed to
different concentrations of BPA for 24, 48, and 72 h

2.3 “ARaEIHR
T I0 4 BE B RGN R [B) K E BY BPA 2b FE KTC-1
MpE 240 ERVAIREAHR, ERER | SXWRAMLL,

5x10°mol-L* BPA b 32 20 4H Bl P11 9 1.01%, = I Go/

1HHQHEH@7F’JEEi“7JDﬁ'ﬁSHH\ G2/M HR4RBEA AR D BIRE
3, BERERITFEEN ; HRQIEA (5x10° 5x107,
5x10®, 5x10° mol-L-1) éE B P153 51 79 10.39%. 8.21%.
6.74%. 6.24%, SITERAMIL BB LAESE, BE
FURDFEITER N ; MEA 5x10°mol-L* BPA b IE
28 KTC-1 4 A N\ S HR BRI AH BB A4 A% b (4.38%10.93%)
=T R4 (1.32%10.26%) , ZERERITFEREX (P<
0.05) (&1)o

%1 FEERE BPARE 24h 5 KTC-1 MMIEEA A
BIMIRR L (xts, n=3)
Table 1 Changes of the cell cycle of KTC-1 cells exposed to
different concentrations of BPA for 24 h (xts, n=3)

BPAREE/ ZHARREMIRR L /%

(mol-L™) GO/G1 £ SHA G2-MH P
0 (X45R) 96.79:0.98 1.32:0.26 1.89+0.92 321
5x10° 98.99+0.63 0.9+0.67 0.11+0.09 1.01
5x10° 89.62+2.92 4.38+0.93" 6.01+3.21 10.39
5x10” 91.79+4.32 2.99+1.22 5.22+3.7 8.21
5x10° 93.27+2.06 2.02+1.08 4.72+1.93 6.74
5x10° 93.76£2.65 1.59:0.61 4.65+3.03 6.24
GE] + : 534884B48LL, P<0.050
2.4 ZMRERAEXER

Western blotting /IR E R~ (WE3) : 5348

(AFELL, 5%x10°mol-L* BPAIR FE 40 P21 & B RIA K F

BBEFA = (P<0.001), HFKBPATREHA P21 EHRIA

EEFH TR, Hisx10%, 5x10°mol-L 2 EH

ESBHITEENX (P<0.001) (FN1E4A) ; 5x10° moI-L‘1

BPAJREEH Cyclin D1 E B FRAK TR 2R FXTHREA,

5x10°%, 5x10° mol-L* 20 IBLH = FXTEEA, #ié]ﬁ,,.,
IHEENX (P<0.05) (HIE4B),

BPAJKE / (mol-L?)
SHEBLE  5x10°  5x10°  5x107  5x10°  5x10°

SR L ——

L ————
PO e — — — — —

3 REKRE BPA#E 24 h 5 KTC-1 48R3#9 Cyclin D1
K P21 ERRAKFHLEK
Figure 3 Changes of cyclin D1 and P21 protein expressions of KTC-1
cells exposed to different concentrations of BPA for 24 h
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Figure 4 Changes of the relative expression levels of P21 (A) and
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Cyclin D1 (B) in KTC-1 cells exposed to different concentrations of
BPA for 24 h
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BESRHFRRIL SRR A IE5E D, IR
BS R BPAT ZEETIMESD, EEEMFAE/\VE
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BB oS iaRA, I S A BPA fEE £ [F) EF AI &k
R AR KRB LZE ", (BERIEXBPATTA
KRR AE KM R 2, BESFEY
FHHEERFE TR WARAREHIIRBARRK
ARSI R ARRE KTC-1, IZAMRERR T ALK, s LURD
MED TR AR AR S sh ) SE B0 Y SR IR 45 R ) A IMERY
THEM. EBY, KAEINMBEER T LUIIAES 72
B 2KTE, BEEIFH TR BPA NMEFIZZSFEH
BT AKBENE M, FaeH—S RSN,

BEFELUBPA BE—ENFYLEMN, BME
RERIHRBER, M RERIBINSIER, It
MNEBEEBHEERNNIRERD BT F
RV, XFFABIATEE R — CCK-8 HEFESLIY
SRETKBERBALKEAEKTCLEZRET
REREBIBPAH, BPA S FTH KTC-1 AR AV IL 5,
Y BPA IR E K T 5x10° mol-L 7 #1041 40 AfS 3 58 A9 1
M, BEEAREY, XogefMsrA BBEEYMSHEMNK
DMTFIMIERANEEREX ; HAMBEZET 5x10°
5x10°mol-L"* BPA FRRJ gEIEE T N FILER SR K
FIECE, KEEYSENRE, SE4EET. B
BFE %LU srA RTHDHIFLAR R AR L MCF-7 TN =
SABAME SR B AR PEO4 BT, MR FIESE 22,
AR IEE Y BPARE/NF 5x10°mol-L* BY, 7R BPA

ESMIEIETE, 75 5%x10° mol-L* BPAFI EZH FFM48h
& KTC-1 4BARIA B R KIGTERA N, 10 5%10° mol-L* 16 =2
AEBRENIFIEREZ — HBPAMEKTC-14AAE 720
f&, 5x107 mol-L* 1 5x10° mol-L* AR 18 JH =R . i
B, #ENX AT RE S M ARSI AR AREHITER =
FESHARBTE —EX R, CCK-8 LILERE
NEEDME P RIS, BIBPART=4E M
SERAMREHT—CEMELANTE-RENXR, M
SHIM—FIERIFAMTE - REXAENIR,

M EHRRIEEMBE L ELABN—MEEIRT,
AR T A AR 5 SR B0 @i FRAR IS XN B DNA Yz e ekt
AT NARAEEER, 455812 7/R 5x10°~5x10° mol-L*
BPA B @ T (B3 A M GO/GLER R BISHR, &
KTC-1 ZRAEIESE ; [BBY 5x10° mol-L™* BPA B ERARBREL
SRR AR KTC-1 4HRE B HABE H 7£ GO/G1 HA, &2 im4H
EES K.

S5 EHREEE F81E cyclin. ARERRE
B2 ES (Cyclin-dependent kinase, CDK) . BEER 14 ES
KRB A HRE B FUSERINHIZE B (Cyclin-dependent
kinase inhibitor, CKI), E 1, Cyclin D13# 1 5 CDK4 T,
CDK6 FE AR & & ¥ & 3ZE 1E Mo Lin % 29 3L 7 Cyclin D1
BRY xR FAIER, SENDHEE. BE MG
FEYIMEX ; B K &R p21 & B 8EHPH CyclinD1-
CDK4 # CyclinE-CDK2 BYE M, (FIMIR B4R ERE
BREER LR, PRI REA TR, ME4apaRE
HA{SH7E GO/G1 HR s L RIAR BRI E Al AR
A A HAE A Cyclin D1IRIX, N S4REILTE >, M
Bt e =35 HT R BT R IR cyclin D1, FRIEE &4 Cyclin
D1/CDK4 BYEME, H LIEHIHIEF P21 41 P27 IRIK,
MITIBEFHAAARIE I 10 2 st N RREIGTEIR S 728, K
1i189 Western blotting 45 &R & 71, 5x10°mol-L* 32 38 4R
Cyclin DIEBFRAKFRFIERA, Er21EBREA
IKFESFITIRLE, M 5%107~5x10° mol-L* 32L& 4H Cyclin
DI ERRIAKFEHFTIERA, P21 EARIEKFETF
STERZH, HHithi#—5 REBRIKE BPA B T AZERR A HA
AMIAT AT P21 IR, FERY LA E B shE E 4
RARREANRIESE, XM Dairkee F X U FRLER
—H, S5 ERMAEEFNRNMIESEINGE R, BT
7T R B AL SRR AR BE KTC-1 F, JMRE BPA AT 158
REE P21 B RIAKTF, #HTJET Cyclin D1 HYFRIA
K MR IS E S & AT,

7S Bff 32 35 BPA. Cyclin D1. P21 5 B BR 2L 3k K

www.jeom.org



#4545 5J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(7) 717

R KTC-1 38 JEMEEX R, Bid cck-8. MM A
# Western blotting S24&, IESE 7 SME M BPA B @ 1
THREEEAE R Cyclin D11 P21 BIFRIAKFE, MR
i R BR 2L SR FEE AR RE KTC-1 BB FE S A -, X'
BPARIRER FREIRM B R E X BRIINEEREZ —,
BE%E BPAIMIR SR A E, X S1EFIRIRIE
ERERREFBERRBINE AT 2. AARE
i BPAZ B KTC-1 AR T AR R AR PSR e 4
RERSEINNRTIE R, HIEARBPAXTIER M S
FHFEHRMET —EREERD, HIRNT EBPANSD T
SEEHT KB EERRERBPATIEEET 5S4
PSR TR B S B BS BLANES 3- Bs / 2 - RRERE
HgEs Y SHMESERE S, [RHMEAMAIE
¥E, RRAEE E—F LI L ARERE BPA BT
MEI 15 S B

SEXW

[1] LEEHS, PARK EJ, OH JH, et al. Bisphenol a exerts estrogenic
effects by modulating CDK1/2 and p38 MAP kinase activity
[1] . Biosci Biotechnol Biochem, 2014, 78 (8) : 1371-1375.

[2] REZG R, EL-FAZAA S, GHARBI N, MORNAGUI B, et
al. Bisphenol a and human chronic diseases : current
evidences, possible mechanisms, and future perspectives
[1] . Environ Int, 2014, 64 : 83-90.

[ 3] VANDENBERG LN, CHAHOUD I, HEINDEL JJ, et al. Urinary,
circulating, and tissue biomonitoring studies indicate
widespread exposure to bisphenol A [J] . Environ Health
Perspect, 2010, 118 (8) : 1055-1070.

[4] JEONG JS, NAM KT, LEE B, et al. Low-dose Bisphenol a
increases bile duct proliferation in juvenile rats : a possible
evidence for risk of liver cancer in the exposed population?
[)] . Biomol Ther, 2017, 25 (5) : 545-552.

[5] DEB P, BHAN A, HUSSAIN I, et al. Endocrine disrupting
chemical, bisphenol-A, induces breast cancer associated
gene HOXB9 expression in vitro and in vivo [J] . Gene,
2016, 590 (2) : 234-243.

[ 6] HAYES L, WEENING A, MOREY L M. Differential effects of
estradiol and Bisphenol A on SET8 and SIRT1 expression in
ovarian cancer cells [J] . Dose Response, 2016, 14 (2) :
1559325816640682.

[ 7] KITAHARA CM, SOSA J A. The changing incidence of thyroid
cancer [J] . Nat Rev Endocrinol, 2016, 12 (11) : 646-653.

[ 8] DELELLIS R, LLOYD RV, HEITZ P, et al. World Health
Organization classification of tumours . Pathology &
genetics of tumours of endocrine organs [M] . Lyon : World
Health Organization, 2004 : 52-55.

[9] HAUGEN BR, ALEXANDER EK, BIBLE KC, et al. 2015
American thyroid association management guidelines for
adult patients with thyroid nodules and differentiated
thyroid cancer : the American thyroid association guidelines
task force on thyroid nodules and differentiated thyroid
cancer [J] . Thyroid, 2016, 26 (1) : 1-133.

[10] ZHOU 7, ZHANG J, JIANG F, et al. Higher urinary bisphenol
A concentration and excessive iodine intake are associated
with nodular goiter and papillary thyroid carcinoma [J] .
Biosci Rep, 2017, 37 (4) : BSR20170678.

[11] =T 5E, B¢, AF S, F. RN INE AT FIRERT
SREARGENZTM U] . WRKEFZR (EFMHR),
2013, 51 (3) : 52-57.

[12] BILANCIO A, BONTEMPO P, DI DONATO M, et al. Bisphenol
A induces cell cycle arrest in primary and prostate cancer
cells through EGFR/ERK/p53 signaling pathway activation
[1] . Oncotarget, 2017, 8 (70) : 115620-115631.

[13] PFEIFER D, CHUNG YM, HU MC. Effects of low-dose
Bisphenol A on DNA damage and proliferation of breast
cells : the role of c-Myc [J] . Environ Health Perspect,
2015, 123 (12) : 1271-1279.

[14] SIEGEL RL, MILLER KD, JEMAL A. Cancer statistics, 2015
[)] . CA Cancer J Clin, 2015, 65 (1) : 5-29.

[15] RAJORIA S, SURIANO R, SHANMUGAM A, et al. Metastatic
phenotype is regulated by estrogen in thyroid cells [J] .
Thyroid, 2010, 20 (1) : 33-41.

[16] LR, EMFE, BZ, F. W AX Caco-2 AR
SUNEUEHAR L] . SEBFRE, 2016, 30 (2) :
96-101.

[17] ZHANG J, ZHANG X, LI Y, et al. Low dose of Bisphenol A
enhance the susceptibility of thyroid carcinoma stimulated
by DHPN and iodine excess in F344 rats [J] . Oncotarget,
2017, 8 (41) : 69874-69887.

[18] SHENG ZG, TANG Y, LIU YX, et al. Low concentrations
of bisphenol a suppress thyroid hormone receptor
transcription through a nongenomic mechanism [J] . Toxicol
Appl Pharmacol, 2012, 259 (1) : 133-142.

[19] KANEKO M, OKADA R, YAMAMOTO K, et al. Bisphenol A

www.jeom.org



718 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(7)

acts differently from and independently of thyroid hormone
in suppressing thyrotropin release from the bullfrog pituitary
[J] . Gen Comp Endocrinol, 2008, 155 (3) : 574-580.

[20] PORRECA I, ULLOA SL, D’ANGELO F, et al. “Stockpile”
of slight transcriptomic changes determines the indirect
genotoxicity of low-dose BPA in thyroid cells [J] . PLoS One,
2016, 11 (3) : e0151618.

[21] BYe, £E, &, F. WEATFHAINETRI AR —
B MAE D] . BUNKEFR (EFAR), 2016, 37
(5) : 725-729.

[22] NAVARRO M, BASERGA R. Limited redundancy of survival
signals from the type 1 insulin-like growth factor receptor
[J] . Endocrinology, 2001, 142 (3) : 1073-1081.

(23] S#k, =5, =Bk, F. WE AT NREHERARS
1% X% mir-203-3p FTXMIEME ] . FEBESERES, 2019,
36 (5) : 484-489.

[24] LINYC, WU MY, LIDR, etal. Prognostic and clinicopathological
features of E-cadherin, a-catenin, B-catenin, y-catenin
and cyclin D; expression in human esophageal squamous
cell carcinoma [J] . World J Gastroenterol, 2004, 10 (22) :
3235-3239.

[25] GARTEL AL, RADHAKRISHNAN SK. Lost in transcription :
p21 repression, mechanisms, and consequences L.
Cancer Res, 2005, 65 (10) : 3980-3985.

[26] SICINSKI P, DONAHER JL, PARKER SB, et al. Cyclin D1

provides a link between development and oncogenesis in
the retina and breast [J] . Cell, 1995, 82 (4) : 621-630.

[27] MUSGROVE EA, HAMILTON JA, LEE CS, et al. Growth
factor, steroid, and steroid antagonist regulation of cyclin
gene expression associated with changes in T-47D human
breast cancer cell cycle progression [J] . Mol Cell Biol,
1993, 13 (6) : 3577-3587.

[28] WATTS CK, BRADY A, SARCEVIC B, et al. Antiestrogen
inhibition of cell cycle progression in breast cancer cells in
associated with inhibition of cyclin-dependent kinase activity
and decreased retinoblastoma protein phosphorylation [J] .
Mol Endocrinol, 1995, 9 (12) : 1804-1813.

[29] DAIRKEE SH, LUCIANI-TORRES MG, MOORE DH, et al.
Bisphenol-A-induced inactivation of the p53 axis underlying
deregulation of proliferation kinetics, and cell death in non-
malignant human breast epithelial cells [J] . Carcinogenesis,
2013, 34 (3) : 703-712.

[30] WANG T, LIU B, GUAN Y, et al. Melatonin inhibits the
proliferation of breast cancer cells induced by bisphenol A
via targeting estrogen receptor-related pathways [J] . Thorac
Cancer, 2018, 9 (3) : 368-375.

[31] XU KT, &, X85, F. IWE A RS PISK/AKT & B& (8
HFERERAMIEANHASR D] . BRERERE,
2019, 46 (3) : 259-262.

(RXXHRIE TR ; SHESRIE © TIEm)

(EEE705T)

SHERAFEFIR, 2018, 40 (6) : 614-617.

[28] LAN T, ZOU Y, HAMBLIN MR, et al. 5-Aminolevulinic acid
photodynamic therapy in refractory vulvar lichen sclerosus
et atrophicus : series of ten cases [J] . Photodiagnosis
Photodyn Ther, 2018, 21 : 234-238.

[29] OSAKI T, UTO Y, ISHIZUKA M, et al. Artesunate enhances
the cytotoxicity of 5-aminolevulinic acid-based sonodynamic
therapy against mouse mammary tumor cells in vitro [J] .
Molecules, 2017, 22 (4) : 533.

[30] UCHIDA A, KIDOKORO K, SOGAWA Y, et al. 5-Aminolevulinic

acid exerts renoprotective effect via Nrf2 activation in

murine rhabdomyolysis-induced acute kidney injury [J] .
Nephrology, 2019, 24 (1) : 28-38.

[31] LIU C, FUJINO M, ZHU S, et al. 5-ALA/SFC enhances HO-1
expression through the MAPK/Nrf2 antioxidant pathway and
attenuates murine tubular epithelial cell apoptosis [J] . FEBS
Open Bio, 2019, 9 (11) : 1928-1938.

[32] HUA H, CHENG J, BU W, et al. 5-aminolevulinic acid-based
photodynamic therapy pretreatment mitigates ultraviolet
A-induced oxidative photodamage [J] . Oxid Med Cell
Longev, 2018, 2018 : 9420745.

(RXHRIE TR ; FERE | IR

www.jeom.org



