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Abstract : [ Objective ] To investigate the expression of estrogen receptor beta (ERB) and methylation status of 5'—
untranslated region in papillary thyroid carcinoma (PTC) and explore the reason for the low expression of ERB in PTC.
[ Methods] Western blot and immunohistochemical staining were used to analyze the protein expression of ER in human
normal thyroid Nthy—ori3—1 cells, thyroid papillary carcinoma BCPAP cells and tissues of normal thyroid , nodular hyper-
plasia and PTC. qRT-PCR was employed to detect the expression levels of ERB mRNA (0K—1), ERB mRNA (ON-1)
and total ERB mRNA in cells and tissues. Bisulfite genomic sequencing was performed to evaluate the methylation status of
CpG islands in promoter OK, promoter ON and exon ON in cells and tissues. After Nthy—ori3—1 cells and BCPAP cells
were treated with 5—aza—2'-deoxycytidine (5-aza—dC), a DNA methyltransferase (DNMT) inhibitor, qRT-PCR was used
to examine the expression levels of ERB mRNA (0K-1), ERB mRNA (ON-1) and total ERB mRNA in the treated cells.
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[ Results ] The protein expression of ERB in PTC cells was significantly lower than that in normal thyroid cells (P<0.01).

The cases with positive ER 3 expression in tissues of normal thyroid , nodular hyperplasia and PTC were 5, 3 and 0,

respectively (all n=10). The protein expression of ERB in PTC tissues was significantly lower than that in normal thyroid

tissues (P<0.05). Compared with those in normal thyroid cells and tissues, the expression levels of ERB mRNA (ON-1)
and total ERB mRNA in PTC were significantly reduced (P<0.01) , while ERB mRNA (0K-1) expression showed no

significant difference (P>0.05). The methylation degrees of ERB promoter ON and exon ON were gradually increased in the

development of PTC, while promoter 0K was unmethylated or hypomethylated in normal thyroid, nodular hyperplasia and
PTC cells and tissues. 5—aza—dC treatment resulted in reexpression of ERB mRNA (ON-1) and total ERB mRNA in BCPAP
cells but brought no change in ER mRNA (0K-1) expression. [ Conclusions ] Methylation in ERB 5'—untranslated

region is correlated to the low expression of ERB gene in PTC, especially aberrant methylation of promoter ON and exon ON.
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one ST ERAE AT H 98 1 25T AR X FRaB KT
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PR IS T H 2 o BRI AE 200 5645 T ik
s AN, PHEAII<S %°h 0.6 %~25 %R 1.
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IIAKE - (HE) Y, DL K PR i [ AF% RNase
TP ¥ HE Y005 19 28085 R T3 OB A 3R 12 4
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Y- 65 b, JR1 3 B BH X bR O A R DA AR AR
BAET AL ROR . S K T B E W A
PEFNPTC A LA rp i - 1 20 e 4 7 0 i)
Ho TERGE TR A0 TR AT R B &
¥ TR g B -, LA T PR A o
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{8 F RNA $2 B3t 571 &5 32 B Nthy—ori3—1 2
Jd . BCPAP 21 o A1 D\ 20 2R A5 () U8 36 _E Bz i i vh
) RNA, ¥ % 5% i cDNA J& #) Fl qRT-PCR ;i)
ERB mRNA (0K-1) .ERB mRNA (ON-1) il & ERB
mRNA FKiE7KF-. 515750 F : ERB mRNA (0K-
1) 514 : 5'-AGTTACTGAGTCCGATGAATGT-
GCTTG-3", FU#5 4 :5'-CTCAAAGATTCGTGGG-
CAAGTATAATG-3'; ERB mRNA (ON-1) Fii#514)
5'-=CGGGAGACCCCCCCTAATGC-3", FiF51 4
5'=CTCAAAGATTCGTGGGCAAGTATAATG-3' ; i
ERB mRNA [ i 51 ¥ : 5'~-TGGTCCATCGCCAGT-
TATCA-3', FiE5 14 :5'~AGGTGTGTTCTAGCGA-
TCTTGCTT-3" ; GAPDH [ 3514 : 5'-GAAGGTG-
AAGGTCGGAG-T-3", #5714 :5'~-GAAGATGGT-
GATGGGATTTC-3', PAGAPDH YENNZB#H T qRT-
PCR, J ¥ £ 1F 4 50 °C 2 min, 95°C 10 min; 95 C
155,60 °C1 min(40 NMEIR) o A 25
AT R IR
1.7 DNAREFTHESHEEERANF

fif FH DNA 42 B 751 &5 42 B Nihy—ori3—1 4
Jitd \BCPAP 41 g LA K2 M\ 2H 23R 45 A 98 7 I iz 21 g
HA DNA . i DNA & 453 551 & X DNA (1pg)
AT AL IR S EAE M J5 4T PCR 9738, i 514
R A 8 F OK U514 : 5'-GTTGGGGTTATTT-
CGGGGTTGTT-3", T 5|4 :5'~CCTCCAACAAA-
ACAAACACATTCA-3"; JE 3l ON FIFR i+ ON _[-JjiF
519 : 5"~ GTTATTATTTTTGTGGGTGGATTGG- 3" ,
FUE51 4 : 5'~ACCTTACCTTCTCTAAAATAC-3'
PCR =47 1.5 % B R WHEEE FBLIK , 24P H WE¢
J& , NEERE V)R 457, glifb. XFalifbit DNA 47
WY o PEALARSHIWARE : CpG B 0% CpG fiz
R W AR R AR A (=) 5 19%~20% A R &
b (+) 5 20%~60 % S v B FH AR (++ ) 5 60%~100%
R A (++4)
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A A B A2 2 Y
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fifi Fi SPSS 18.0 B2 34K /- 1 GraphPad prism 8
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FHHLR 2 7 224301, WA EE %8R Bonferroni 725,
B 1E A5 A0 5l 7 22 8 55 % H Kruskal Wallis H 5
55 5 THECFORER H BB E U | R H Fisher fff
VIR T8 7 B o K230 7K Ea=0.05, DL P<
0.05 hEFAH G E L,

2 % X
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Western blot A5l 1E 5 FIR R 41 AL Nthy—ori3—1
FIPTC 41 it BCPAP 1 ERBHYER 13815 . 5 Nthy-
ori3—1 4l A Lt , ERBFE BCPAP 41 i H ity & 35 7K
- G RG22 A ST 2 R X (1=10.020, P=
0.001; & 1),
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Nthy-ori3-1 BCPAP

FRE  —

The protein expression of ERB in human normal thyroid cells
and PTC cells was detected by western blot. "' P=0.001, compared
with Nthy-ori3—1 cells. n=3.

El1 ERBFEIEE FIRARYEHF PTC A+ HRIE

Fig.1 The protein expression of ER{3 in human normal
thyroid cells and PTC cells

22 ERBEEFHWRIFALR . ETFHEBEHAT
PTC AAFRIRIE

Yo AL YL (0 W8 ERBAE IE 8 HAR R 2H 40
SET RN A2 A ZUR PTC 4R K55, 45 R B,
ERB BHM: 2 35 %5043 51 4 5/10 41, 3/10 1,0 51 ( &
2A~C) . HIEH HURIRAZUM e, ERBFE PTC 41
) 2 A 7K1 8 3 B AIK (Fisher's exact, P=
0.033) . ERPHER HRIAAKF A IEH HURPRZH 2 (&5
PRI A 2B PTC 2H S WTRAI

Normal thyroid tissues Nudolar hyperplasias PTC
W 27 "
v B
§ g
et K
v \\ & ‘4
o T 7
2SN A D ¢ S
ERB PR S €3
A F
L, NFLR g
‘»‘ .J ‘t.
7~ 4 s b . &
’ A - B / C

Immunohistochemical staining for ER B in tissue specimens of normal thyroid, nodular hyperplasia and PTC. A : normal thyroid tissues. n=10.

B:nodular hyperplasias. n=10. C: PTC. n=10.(S-P,%200)
E2 ERBHELEFEFKIRAR.H

Tt A 40 0 F0 PTC AR IR %

Fig.2 The expression of ER in tissue specimens of normal thyroid, nodular hyperplasia and PTC
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2.3 ERPB mRNA & H B # k7 IE F IR IR 48 A
N PTC R RIE

W& 3A Ji7s , ERBS' AEBHPE X A1 i1~ OK Aok
i ON FI AR G5 3 2 AP i+ 1 TE R ERBIII 5744
4, Bl ERB mRNA (0OK-1) 1 ERB mRNA (ON-1)""
qRT-PCR Al i HAR BRI Nthy—ori3—1 1 PTC
41 i BCPAP ' ERB mRNA (0K-1) . ERB mRNA
(ON-1) HE ERB mRNA fyE KK, 451 BR,
£ Nthy—ori3—1 £l Jifd /1 BCPAP 41 i /f , ERB mRNA
(ON-1) 5 & ERB mRNA 1y kK48 W25 T
ERB mRNA(0K-1)(F=132.510,P=0.000; F=75.056,
P=0.000; [#] 3B) ; ERB mRNA (0K-1)7E Nthy—ori3—1
YA BCPAP A () 3RIBIKV- 22 R Ge T
X (1=0.568, P=0.600; K1 3B) , BCPAP 41l i /| ERB
mRNA (ON-1) F1 5 ERB mRNA (1335 7K - B 1%
T Nthy-ori3-1 411 (:=9.056,9.815,P=0.001,0.001 ;
K3B)., 45U, BUERB mRNA 3% 1 ERB mRNA
(ON-1) R B, 5 1E 5 HUR AR 40 AH L, ERB mRNA
(ON-1) 5 4 ERB mRNA 7£ PTC 41 Jif /i # 35 7K
FRA
24 ERP mMRNARHERMEEES FIRIRHEL.
LA LT PTC AARHIRIE

qRT-PCR il 7E D IE 5 HURBRZH 2 2575 1
B A= 2 ZUR PTC 20 20 2 ) 8t b 12 4 e rh
ERB mRNA (0K-1) .ERB mRNA (ON-1) il & ERB
mRNA ) F k7K F . a13% 1 T 78 , ERB mRNA
(OK-1) 1% 2 35 7K - 78 15 7 R AR 4 22 45 457 1k
A A 2] DL S A P A 415 PTC 441 ]
L8, 22 R ¥ Ie g1t 2 & X (F=0.045, P=0.956;
# 1), HIEWHRIEHZHHL, ERB mRNA(ON-1)
FIEL ERB mRNA 7E 25 1 4 34 45 2 84U ik ok oF
2 AR (H=25.806, P=0.000; % 1) ; 15 4535 PR 4
A H, ERB mRNA (ON-1) F1 & ERB mRNA
£ PTC 41240 1) 3R 35 /K1 1 25 B IR (F=25.812,
P=0.000;3 1), LI EZ5REY] ERB mRNA(ON-1)
FE 5 ERB mRNA H & FEAEMH, H ERB mRNA
(ON-1) FLE ERB mRNA 122 35 7K 37 M 1F 5 HbR
BN BT P3G A= 4 205 PTC 2B BRI
2.5 ERBY IEEIFXTEIET BHARPRZAFN PTC
MM RELRES

VAL PR S R I G Nithy—ori3—1 41 it £l BC-
PAP il rh ERBEE K JF 3+ OK . Ji 3/ ON Floh i
FON B AR . E 4 FER 2 s, Ja sl 1

Promoter OK Promoter ON ATG

ERB mRNA(OK-1) ERB mRNA (ON-1)
0 O ERB mRNA(OK-1)
0 ERB mRNA(ON-1)
60 ]T) D O total ERB mRNA
£ 50 -
Z
=
§ 40 -
g
§ 30 1 2)4)
= 2)4)
.
S 20 - T
10
3)
0 [ —L 1
Nthy-ori3-1 BCPAP B

A : Schematic drawing of the ERB 5'—untranslated region. Pro-
moter 0K, promoter ON, exon OK and exon ON of ERB gene are
shown. Translation start site is indicated by ATG. The A of the first
codon ATG is assigned to nucleotide number +1. B: The expression
levels of ERB mRNA (OK-1) , ERB mRNA (ON-1) and total ERB
mRNA were detected by qRT-PCR in Nthy-ori3—1 and BCPAP cells.
F=132.510, P=0.000; F=75.056, P=0.000. 1) P=0.000, compared
with ERB mRNA (0K-1). n=3. 2) P=0.000, compared with ERB
mRNA (0K-1). n=3. 3) P=0.600, compared with the Nthy—ori3—1
cells [ERB mRNA (0K-1) ]. n=3. 4) P=0.001, compared with the
Nthy-ori3—1 cells [ERB mRNA(ON-1) and total ERB mRNA ]. n=3.
E 3 ERP mRNA K HRHETEIEE BRI RR
B FL SKobR V2 20 B o B R A 7K
Fig.3 The expression levels of ERB mRNA and ERf3
mRNA isforms in human normal thyroid cells and PTC

cells

0K CpG & 7F Nthy—ori3—1 4 ifd F1 BCPAP 41 ffd H ok
HILAL s (IR H S 1k . )3 3 ON FTAR 2 - ON CpG
£ 7E Nthy—ori3—1 4fi if1 b oK H AL BRI HH 34k, 1
£ BCPAP 2t it v 52 30 v i FH AR
26 ERBYIFEFERAEEERRBAR. LT
HAERALAMPTC ALPHRAEMLRE

S 2 S D0 G 0 ML FEOBR R A 2 4
P 498 A 41 ZURT PTC 4 40 48 B 96 1 7 4
fitl vh ERBFE A Ji7 3l F OK i 1 ON F 4k i F ON
SRS . aniEl S BeoR  FE T b, Ja 30
0K CpG & W He AL A B2 #5AIK, T J5 201 ON A
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%1 ERP mRNA R ERMEESAPHIFRIE
Table 1 The expression levels of ER3 mRNA and ER3 mRNA isforms in tissue specimens of each groups

[n=10,M(st~ P75)]

Groups Normal thyroid tissues ~ Thyroid nodular hyperplasia tissues

PTC tissues F/H P

ERB mRNA (0K-1)
ERB mRNA (ON-1)
Total ERB mRNA

2.72+0.23
50.68(45.47~59.50)
51.30(50.18~56.53)

2.76+0.31 "
34.12(32.07~36.94)
38.74(33.97~41.74)

2.74+0.30 * 0.045 0.956
16.12(14.59~17.45)*  25.806  0.000
21.17(19.59~23.75)*  25.812  0.000

The expression levels of ERB mRNA (0K-1) , ERB mRNA (ON-1) and total ERB mRNA in tissue specimens of normal thyroid , nodular hyper-

plasia and PTC were presented as (¥ £ s)/M (Pas~Pss) after normalization to GAPDH. " P=1.000, compared with normal thyroid tissues. n=10. * P=

1.000, compared with thyroid nodular hyperplasia tissues. n=10. * P=0.000, compared with normal thyroid tissues. n=10. * P=0.000, compared with

thyroid nodular hyperplasia tissues. n=10.

Promoter OK

CpGl CpGl15 CpGl

Promoter ON and Exon ON
CpG45

T A

Nthy—ori3—1

~00000-00-M-00000

BCPAP —-0-0006-00-60-00000—

~00-8000-@-4-00@0-0 @0-0-400-EB-0B 08008008060

DNA methylation status of Promoter OK, Promoter ON and Exon ON of ERB gene were evaluated by bisulfite genomic sequencing in Nthy—ori3—1

and BCPAP cells. The 15 CpG sites in Promoter OK and the 45 CpG sites in Promoter ON and Exon ON were shown. Open and filled circles indicate

unmethylated and methylated CpG sites, respectively.

El4 ERBS IFEHEX7EIER FUR AR AR FN B BR 2L SOk 2 40 B o B9 DNA R E IR TS
Fig.4 DNA Methylation status of ERB 5'—untranslated region in human normal thyroid cells and PTC cells

2 ERBS IFBZFRXTEEE B AR IR M A0 R AR ZL S 2 40 A o 19 DNA R R LIRS
Table 2 DNA Methylation status of ERB 5’'—untranslated region in human normal thyroid cells and PTC cells

Cell lines = + ++ +++
Promoter 0K Nthy-ori3-1 1 0 0 0

BCPAP 0 1 0 0
Promoter ON and exon ON Nthy—-ori3—1 1 0 0 0

BCPAP 0 0 1 0

DNA methylation status of Promoter 0K, Promoter ON and exon ON in Nthy—ori3—1 cells and BCPAP cells were detected by bisulfite genomic se-

quencing in Nthy—ori3—1 cell line and BCPAP cell line. — : unmethylation (0% of CpG sites are methylated ). + : hypomethylation (1%~20% of CpG

sites are methylated ). ++ : moderate methylation (20%~60% of CpG sites are methylated ). +++ : extensive methylation (60%~100% of CpG sites are

methylated ).

A5 F ON 19 CpG 5 F AL B e v . W& 3
7N, IR HUR R AL 20 )3 37 OK L 8l F ON
FIAh &+ ON CpG & A H 564k (6/10, 6/10) B A H
Ak (4/10,4/10) , JC v B FE A0 s AL 7
SR ZUh R 7 OK CpG B TG Hp 3 3
Tk B 6 Ak, 1T A 25 ON R AR 2+ ON CpG &
H 6/10 151 v B F LAk A 1/10 451 75 Y 34k 72 PTC

PR JE 3 F OK CpG 5 J6 H B2 3 A6 A g Y 3
k., 115 2hF ON FIFM i 1 ON CpG 55 4/10 ] 7w
e A, DL 5710 461 B i H AL . DL 12
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DNA methylation status of Promoter OK, Promoter ON and Exon ON of ERB gene were evaluated by bisulfite genomic sequencing in tissue speci-

mens of normal thyroid, nodular hyperplasia and PTC. n=10. The 15 CpG sites in Promoter OK and the 45 CpG sites in Promoter ON and Exon ON

were shown. Open and filled circles indicate unmethylated and methylated

CpG sites , respectively.
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Fig.5 DNA Methylation status of ERB 5'—untranslated region in tissue specimens of normal thyroid, nodular hyperplasia

and
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PTC
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Table 3 DNA Methylation status of ERB 5'—untranslated region in tissue specimens of each groups

Groups (n=10) = + ++ +H+
Promoter 0K Normal thyroid tissues 6 4 0 0
Thyroid nodular hyperplasia tissues 4 6 0 0
PTC tissues 1 9 0 0
Promoter ON Normal thyroid tissues 6 4 0 0
and exon ON Thyroid nodular hyperplasia tissues 0 3 6 1
PTC tissues 0 1 4 5

DNA methylation status of Promoter 0K, Promoter ON and exon ON in tissue specimens of normal thyroid, nodular hyperplasia and PTC normal

were evaluated by bisulfite genomic sequencing in Nthy—ori3—1 cell line and BCPAP cell line. n=10. - : unmethylation (0% of CpG sites are methylat-

ed). +: hypomethylation (1%~20% of CpG sites are methylated ). ++ : moderate methylation (20%~60% of CpG sites are methylated ). +++ : exten-

sive methylation (60%~100% of CpG sites are methylated ).

2.7 DNAXHBHEITERE mRNA R EZH#E R
157K F R R0

J7F DNA H AR AS Mg 657 5-aza—2'~de-
oxycitidine (5—aza—dC) &b P} Nthy-ori3—1 4f 4 Fl

BCPAP 4iiflJi5 , qRT-PCR 455 /K , 78 Nthy—ori3—-1
40 it , ERB mRNA (OK-1) .ERB mRNA (ON-1)
FIELERB mRNA 76 Wi 41 0] () R 1K K V- 22 % 8
T % it 2 3 X (1=0.998, 0.160, 0.159, P=0.374,
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A': The expression levels of ERB mRNA (0K-1) , ERB mRNA (ON-1)and total ERB mRNA were detected by qRT-PCR in Nthy—ori3—1 cells

untreated and treated with 5-aza—dC. '’ P=0.374, 0.880, 0.881, compared with untreated group. n=3. B: The expression levels of ER3 mRNA
(0K-1), ERB mRNA (ON-1) and total ERB mRNA were detected by qRT-PCR in BCPAP cells untreated and treated with 5-aza—-dC. >’ P=0.351,

compared with untreated group. n=3. *’P=0.002, 0.003, compared with untreated group. n=3.
E6 DNA X BREMLIIERE FKIRMA B FARBR L KB 4 & ERB mRNA K H S A4 H 200
Fig.6 Effects of DNA demethylation on the expression levels of ER3 mRNA and ER3 mRNA isoforms in human normal
thyroid cells and PTC cells
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