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[ =] 8 0] < 4 e 5 R 44 it laryngeal squamous cell carcinoma, LSCC YEH A N-mye TUEE AT REA 1( N-myc down-
stream regulated gene 1, NDRGI ) e NDRG2 3[R J 8l 7 H SEARAR S N8R (1 Rk B 0 S HIR IR B L. & o < 0 P AR Sk
PCR( methylation specific polymerase chain reaction, MSP VA M A 2 2k 2A( immunohistochemestry, THC )J%&A I 45 5] LSCC
4 18 PS4 L NDRGI \NDRG2 R R 11X CpG 1y W Ak B 8 (1 R o0, 0 B S I R AE R X R, 46 &
LSCC A2 NDRGI Je NDRG2 FE[F Ji3 3 X (%) F Ak & A= 20 b 28 988 55 1E % A 2] 66. 7% (130745 )vs 33.3%( 6/18 ),
53.3%( 24/45 Jvs 22.2%( 4/18 ), ¥ P <0.05 |, Hm H Ak Sk LA H 88 KGR A (P <0.05 ), S5 3L 2% LI R 431
WA S AR FIPE S JEE( P >0.05 ), 7E LSCC #4194 ,NDRG1 & NDRG2 %K H Wy BHPEZ A R BB M TR 5 A4 37.8%( 17/
45 Jus 88.9% (16/18 ),33.3%( 15/45 Jus 83.3% (15/18 ), ¥ P <0.01 ], HAR & A 315 5k 45 5 7 Kl R 2» 14 (P <
0.05 ), S HEAM AR AT WA s AR FIPES TS P >0.05 ), LSCC A% NDRGI F NDRG2 Ji 8+ X W 34k 5 H
IR A, = —0.713,P <0.01; r, = —0.472, P<0.01). % # 76 LSCC 4141t NDRGI & NDRG2 FEH ¥ 5 i 1 3k
b R AR IR MRAS , 53X T i S MRIE Y & A FUR S )G, NDRGI B2 NDRG2 JEH S 31T IX. CpG 5 4 5 % B AL 7T RS2 4 &
TEARBHHLH Z—.
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Promoter region CpG island methylation status and protein levels of NDRGI and
NDRG?2 in laryngeal squamous cell carcinoma

Lan Lili, Zhao Ruili, Liu Meng, Xu Yuru( Department of Head and Neck Surgery, the Fourth Hospital Affiliated to Hebei
Medical University, Shijiazhuang 050011, Hebei, China )

[ Abstract ] Objective: To investigate the promoter region CpG island methylation status and protein levels of NDRGI
and NDRG2 in laryngeal carcinoma. Methods: Larynx tumor tissue ( n =45 ) and normal lung tissue ( n = 18 ) specimens
were collected from 45 patients with laryngeal squamous cell carcinoma ( LSCC ) who underwent surgery in the Department
of Head and Neck Surgery, the Fourth Hospital of Hebei Medical University between January, 2010 and December, 2011.
The promoter CpG island methylation status and protein levels of NDRGI and NDRG2 in the collected specimens were
quantified by methylation specific polymerase chain reaction and immunohistochemistry, respectively. Results: The meth-
ylation level of promoter CpG island was significantly higher in LSCC tissue and in normal larynx tissue for both NDRGI
(66.7% vs 33.3% , P <0.05) and NDRG2 ( 53.3% ws 22.2% , P <0.05 ) genes. The proportion of NDRGI and
NDRG2 promoter methylation in LSCC tissue specimens was associated with lymph node metastasis and clinical stage ( P <
0.05 ), but neither with pathological grade and clinical classification of the lesion nor with smoking history, age and sex
( P>0.05). NDRGI protein was detected in 37.8% ( 17/45 ) of LSCC specimens and in 88.9% ( 16/18 ) of normal tis-
sue specimens (P<0.01) and NDRG2 protein in 33.3% (115745 ) of LSCC specimens and in 83.3% (15/18 ) of nor-
mal larynx tissue specimens ( P <0.01 ). Like promoter methylation status, NDRGI and NDRG2 protein levels in LSCC
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tissue were associated with lymph node metastasis and clinical stage ( P <0.05 ), but not with pathological grading and
clinical classification of the lesions, smoking history, age and sex ( P >0.05 ). CpG island methylation in the promoter re-
gion was negatively correlated with protein expression for both NDRGI ( r;, = - 0. 713, P < 0. 01 ) and NDRG2
(r,=-0.472, P<0.01) genes. Conclusion: Both NDRGI and NDRG2 promoters are hypermethylated, resulting in de-
creased NDRGI and NDRG2 protein expression, in LSCC tissue. This observation suggests that anti-methylation of CpG is-

land in the promoter region of the NDRGI and NDRG2 genes may offer a novel therapeutic strategy for LSCC.
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M3EA( carcinoma of larynx )J2& 3k SHR & UL A
e, AR R AR X s A, A R 24 o 4 B
IR 5. 7% ~7.6% , 24 5 F- SR B AL o i) 7.
9% ~35% , RITFABEF R BB . Nomye B
WeH 75 FE A 1( N-myc downstream regulated gene 1,
NDRGI ) HEFR Ry 43 A AH DG FE K differentiation re-
lated gene 1,Drgl )FIE5 3G 8 1 R K ( calcium acti-
vated protein, Cap43 )[Zio HFEFRKEEHELS K.
RE W PR B A2 A0, 3275 3208k R AT BE7E 4% Fh
HAWER ke EEEZNEMN. 5
NDRGI1 AN[A],NDRG2 FFA5% N-myc W75, Kl NDRG2
5 NDRGI A 57% [R5, N IEHER NDRG2 t%
A AR, TS R, NDRG2 5 4 i
AT G, 4R ZH0 DNA B A A7 57-CpG-
3 TAEHIR B TR RN R 3 T IX h CpG P81
R, B CpG 4 AL 4L, CpG
f CpG AL a8 # Ab T3 AR, M 7E CpG &
SN CpG Aoz s )38 2 Y BEAR R, X b B R AR =X
TEZH ML 43 24 5 F2 b AT g AR B NDRGI J%
NDRG2 JENTEZ ALV H A RIK, ENUE s T IX
AR A R 2R 45 , 5 22 b e f0) J HE P & R AR
Ko RTTEMS H W HEAL TG 00 S A P Ras )
HRIEAL A o PRI AT 5 A 0 i 64 R 240 B 983( larynge-
al squamous cell carcinoma, L.SCC YEHZ T NDRGI K
NDRG2 FEIN 3 3l 1 X B BEARAR S M R B 3k 1 1S
DL, TRV 1Y FR AR 25 S 1 3R 5 Wi 1
RIEHIKFR

1 #MEEFZE

1.1 R Atz AR IR

HNFRUE i 055K} 58 8 AR AT ARAT I AT AT
FARYIBE, A i i 40 2315 295 B2 1012 R iR
Y g , T 55 2 20 R e 3 T 766 S 34 22 905 BEAIE S R
YN T I H BRI

45 5 LSCC ZH 2} 18 f5AH I 98 55 21 23 BRI kT
Y% %E00.5 em )EUH 2010 451 H & 2011 4£12 A
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T BE R R 25 55 D B e - G e e Sk 2 SR
BeF AN LSCC 3, b B¢ 44 1], 2o 1 )5 4F
W R 46 ~76 %, HOAREIRE 63 % s AR LS5 A 1Y
20 5], Joitk CLZE G RE 1) 25 I A Toitk T 45 55 RS Ak 4l
ARG HRELN AE ) s W EL 7 9% G, 2H 7 ], G2 4H 30
f1,G3 41 8 4 ; LSCC 43 %Y. 75 ] LAY 14 5], 5[ ] 7Y
24 ] TR A7 )5 W B > 400 4F x S/ H )F
40 i, <400 5 5 5 lhi R 53 30 R 1 B s o 25
( UICC )TNM Z32E4r#E( 2002 ): T . 11399 21 4, 1 .
Vil 24 ).

1.2 E&iXA

Wizard DNA 4l £k i 55 & Wl B Promega NI
NDRGI( bs-1584R,0. 2 ml ) &z NDRG2( bs-1998R, 0. 2
ml I A TR A e AL 29 TR & DAB
WA A AP AZ S E I BR T R A
1.3 ¥ A4+ PCR( methylation specific poly-
merase chain reaction, MSP ) # M| ISCC 21 £ P
NDRGI % NDRG2 #) % AR &

K FHEE F G K B 05 vk il B0 i 20 2Urh iy
DNA ; IE 5 X PR A B 3\ PBMC, Z80:8 HH 5L 5%
FEME M. Sss T 1E T, VS B 56 Ak 25 DR %k BRCFH PR X
B, ATC TR 2 825 KA S AR & A1 Y DNA AR
Mo JERA] DNA 280 W ik R S R 181 J Tk ok F
FEE A A A A Sy bR W E T R A 1 e E AN
REMIE o AR I IR BRI T I RE R %) H A S 1k
I AEE P B R RS 19, 61T PCR 973 #4b
PS B DNA FEARERR( 2wl ), A 4k ( 35 F 3
EOFES M BRS04 H 10 wmol/L Y51 )i
W05 p)FMBURIAZR(10 w)PEFT PCR, B 1A FR
ST 20 wl, BT 5 19050 K™= v Be it R/ IN
# 1. NDRGI LR 254FH95 °C R 10 min;95 C
P 45 5.51.7 CIB 2k 45 5.72 CHEAf 45 5,40 ME
372 CCHEM 7 min, NDRG2 N 55144 95 °C FilAs
P 10 min;95 CAEME45 s.51.5 CiB k45 s.72 CHE
170 5,38 NEH;72 CHEMF 7 min, P75 =Y 7E
2% BrREWEBEE 1 FLUK , R HBEIE UG R ek A T R
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SrATAbEE
AL S PCR A A5 5 e (1) H

AR S | 16 R A Y 2507 , Tl Y Ak

FIMTEH B B se 4 AL, 1 AR (2

SEACAIAE H S AR SV 5 1 23 AL B A 2%
A7, AL, TR A (3) U AR R AR 4
TG R F BT AR SR

&1 NDRGI.NDRG2 REURIEREUSIMFIEFWHRER/NMNAKRKEE
Tab.1 Methylated, unmethylated primers, annealing temperatures and products sizes of the NDRGI , NDRG2

Gene Primer purpose Primer sequence( 5'-3") Product Annealing
size ( bp) temperature( t/°C )
NDRGI M F- ACGAGCGCGTATATGAATACGT 172 51.7
R- GCCTATTACGCAAACAATCGT
U F- TGTATGAGTGTGTATATGAATATGT 178 54
R- ACCACCTATTACACAAACAATCAT
NDRG2 M F- TAGTGGTAAATTTATTCGGGTATCG 214 51.5
R- CAAAAACGAAATTAACCCTACGA
U F- GGTAAATTTATTTGGGTATTGA 210 53
R- CAAAAACAAAATTAACCCTACAAA
M: Methylated; U: Unmethylated; F: Forward; R:Backward

1.4 SEMALAF I EAEN LSCC 4148 F NDRGI1
% NDRG2 % & % % &

A Y] R FU I 2K, 3% W BE H,0, BHTN
TEPE L E AL, OB 15 mine ARUINA —$L
FABR A9 2 A Z P FBRAR o 8 A ) Bl A 12 1) =
BT, DAB (0, TR AKE S YL 20 A, 5 BB K , i B
s ST o PBS B —$AE s o IR, o
PR R o %9 2 24k % 45 2R H € NDRG1 .,
NDRG2 £ 11 FHPEAR 5 349 A 2 -4 o 60 ok, o2 o T
Tk b R A1 A A AN SO AnE . 3 4F
2550 I DA FHL I I 3] J , 2 R P P A B T o
HA5 25 (058 18 R 2 U I s . (1)
HRAE PEPE AN AT o5 40 FE T4, BRE AN S <5%
04, 6% ~25% H 143,26% ~50% K2 43,51% ~
5% R 3 455, >75% Wk 4 53, (2 )RPEE R
HEATIFAr , TR AR 0 43, IR 1 4, FRE AR
25y, BEREER 3 43 . B 1A 2 )IPE43 1) R AL
R BB5 R VPRI BRE B0 <2 o SO B R
ik B > 2 5358 SCHBAPERIA
1.5 %itzae

K SPSS13. 0 et , iHEE R LU E 43 e R
R Kot NDRGI K NDRG2 K i) (A =ik
K IALTED S LSCC IR IKSEUN L R, Y A% %
BERE n <40 5L T < 1 BRI AN Fisher 8 U131, A1

A3 Spearman 25 2 AH 56 43 A1, SR FH BUA A6:
B PLP<0.058 P<0.01 #FREAGH¥%EX,

2 &% B

2.1 LSCC A% % NDRGI .NDRG2 ¥ HACIK L% 1
5l KA ARG X

MSP Kol gh HC K 1,3 2 ) IR, 7F LSCC 414
HH NDRGI[ 66.7% ( 30/45 )vs 33.3%( 6/18 ), x° =
5.833,P =0.016 | fl NDRG2 [ 53. 3% ( 24/45 )uvs
22.2%( 4/18 ),x* =5.040,P =0. 025 ] i 3L R
B FE B TSRS, NDRGI F NDRG2 TEAEAT
SN LSCC LU R R G 2 FIX CpG I 14 HY 3
R E R T RMEEEB A P <0.05),
2T A LSCC AU AL & AR R 0 25 5 T 1
IV LSCC 42 ¥ P <0.05). NDRGI % NDRG2
FE PR Bl X Ak e A FEAE A [R) s B8 3 91 i IR
O3RN W S AT O RN S 2 R VA 2 (P>
0.05).
2.2 LSCC #82% % NDRGI.NDRG2 % & # & ik K
A5G RAFAER X £

1 45 1] LSCC 2041 % 18 Jit 55 40 40 43 il il
T NDRG1 J¢ NDRG2 # [y iA1E B, NDRG1 £ 11
[37.8% ( 17/45 )uvs 88.9% ( 16/18 ),x* = 13. 465,
P=0.000] #il NDRG2 #& M [ 33. 3% ( 15/45 ) vs
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83.3%( 15/18 ),x* =12.886,P =0.000 J7£ LSCC £
ZUrh AR A R B E IR TS K’ 2 ) &
TEREA R S5 55 R 1 LSCC s 191 4 v i BH 1 26 35 R
AR T IO 45 5 # (1) LSCC i Bl 2H( ¥ P <0.
05),76 T . 1 1 LSCC (9l 4 iy BH M R ik e o 2
T IV LSCC R FlZH( ¥ P <0.05 ), NDRGI K
NDRG2 4 1 B M 2 35 32 5 9 B 53 4 i R 43 B L i
HH S AR RN R T P >0.05 (3R 3 ).
2.3 NDRGI #= NDRG2 ¥ # it 5 & & &k 2
o948 XM

2t Spearman AH G531, NDRGI & NDRG2 &
RS s+ W A 5 8 F R IA B UG, H 2 UM
X(r, = -0.713, P<0.0l; r, = —0.472, P <
0.01 X %4).

| 2 3 4 5
bp MMUMU MUMU MU

400 i}
200 —NDRG1
100

1 2 3 4 5

bp MMUMU MUMU MU
400— =
200 —NDRG2
100—

B 1 LSCC A4 NDRGI .NDRG2
EFRBEHFXEEMLRES

promoter region of NDRGI and NDRG2

Fig. 1 Methylation status of CpG island in the

1: Positive control; 2-4: LSCC tissues and adjacent

non-neoplastic tissues has three cases: methylated,

unmethylated and hemi- methylated; 5: Blank control;
MA: DNA marker; M: Methylated; U: Unmethylated

R 2 NDRGI ¥ NDRG2 BENLX5IERSHNER

Tab.2 Correlations between NDRGI and NDRG2 methylation and clinical characters in cancerous tissues

NDRGI methylation

NDRG2 methylation

Group N
(% ) X P n( % ) X P

Age( 1/a)

<63 24 18(75.0) 14(58.3)

>63 21 12(57.1)  1.607  0.226 10(47.6)  0.517  0.556
Gender

Male 4 29(65.9) 23(52.3)

Female 1 1(100.0)  0.511  1.000 1(100.0)  0.895  1.000
Differential degree

Gl 7 5(71.4) 2(28.6)

G2 30 20066.7) 16(53.3)

G3 8 5(62.5)  0.134  0.935 6(75.0)  3.355 0.187
Clinical classification

Supraglottic 14 9(64.3) 9(64.3)

Glottic 24 14(58.3) 12(50.0)

Subglottic 7 5(71.4)  0.441  0.802 3(42.9)  1.102  0.576
Smoking history

<400 5 5(100.0) 2(40.0)

> 400 40 25(62.5) 2.813 0.153 22(55.0)  0.402  0.652
Lymph node metastasis

Yes 20 17(85.0) 14(70.0)

No 25 13(52.0)  5.445  0.020 10(40.0)  4.018  0.045
Clinical stage

I +1 21 10(47.6) 7(33.3)

m+ 24 20(83.3) 6.429 0.011 17(70.8)  6.328  0.012
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3 3t it

1997 4E R B NDRGI'®' 5 1999 4E & B 1Y
NDRG2"'J& F 7] — R &, 5 ki J7 ff 2 & Bl Y
NDRG3 Hl NDRG4 #H i, NDRG X % o I 5 h
R BAEBRFHREERS, 498 57% ~
65% "0, BR UL F K R BB A B A AR
Fe 8 R R R A o A 20 B 418045 7 1
NDRG2 75 A0 15 #2455 o83 A L g st 1 O BF
e gh e BT R S L R
iR AR R Tk Bl B AN ik, OF H NDRG2 #Y Kk
K5 gm0 AR B B B A €, B L NDRG2 %
TN — 22 B R b 0 ) i R 4 200 A K

LSCC tissues

Laryngeal squamous

NDRG1

2 NDRG1 % NDRG2 EHERFERHLM
LSCC HAHHIRIE( x200)
Fig. 2 Expressions of NDRG1 and NDRG2 protein in
normal laryngeal squamous epithelium and LSCC( %200 )

%3 LSCC %4t NDRG1 ¥ NDRG2 EARIESIEFRSHNXE

Tab.3 Correlations between NDRG1 and NDRG2 protein expression and clinic parameters in LSCC tissues

NDRG1 protein

NDRG2 protein

Group N
n( % ) X P n( % ) X P
Age (1/a)
<63 24 9(37.5) 7(29.2)
>63 21 8(38.1)  0.002 1.000 8(38.1)  0.402 0.546
Gender
Male 4 17(38.6) 14(31.8)
Female 1 0(0.0)  0.621 1.000 10100.0)  2.045  0.333
Differential degree
Gl 7 5(71.4) 4057.1)
G2 30 10(33.3) 7(23.3)
G3 8 2(25.0)  4.103 0.129 2(25.0) 2.949 0.229
Clinical classification
Supraglottic 14 6(42.9) 4(28.6)
Glottic 24 11(45.8) 10041.7)
Subglottic 7 2(28.6)  0.689 0.709 1(14.3)  2.912  0.334
Smoking history
<400 5 2(40.0) 3(60.0)
>400 40  15(37.5) 0.012  1.000 12(30.0)  1.800  0.315
Lymph node metastasis
Yes 20 4(20.0) 3(15.0)
No 25 13(52.0) 4.840. 0.028 12(48.0)  5.445  0.020
Clinical stage
I +1 21 12(57.14) 11(52.4)
M+ 24 5(20.8) 6.282 0.012 4(16.7)  6.429 0.011
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&4 NDRGI.NDRG2 RHFRENSEEOARIEMXR
Tab.4 Relationship between methylation

of NDRGI and NDRG2 gene promoter and their

protein expression in LSCC tissues

Protein expression

Gene  Methylation r P

N _

NDRGI + 4 26
- 13 2 0.713 0.000

NDRG2 + 3 21
- 12 9 0.472 0.001

I8 200 B A TR 185 R A ARG Y = A G, B4
FEPIA A AL AR 37 CpG 5 1 & FH 3k Ak
TArES R S - B AR SEAT NDRGT S K
TR KT BRI, 2 BRAE 33 {50 7L MR g AR g 9 55
IEH LU AR R A 5 40. 76 % F122.41% o
BHEFE ) & B, NDRG2 J5 ) 1 X 40 & 426 bp 1
CpG S, HAEM SR | 98 . 5 9 LA K it oea 4 it v
FIAR I8 1] B SE R 28 AR FIBE R ) )i 2h 7 X Ak
Hx, AW &M, 78 LSCC H 4+ NDRGI I
NDRG2 FEFEENT X CpG 5 14 F 34k & A= 34 5
TSR AL P i P e & A % WA HH I, 7F
LSCC 4H41h NDRG1 2 NDRG2 % H#1 2LF kIR
25, T ELPG 2 Ak R e S AL AICER 28 38 Sk
CLZ5 56 78 S R 43 0146 ¢, #8878 NDRGI F. NDRG2
FEDR e AL SR IR I8 5 LSCC Y R A &
JRFEERA G, RS RGN T B
AN S =R AN TS A& =8 S R A
NDRGI mRNA S ARG L & 3K : NDRGI mRNA
PR EE R 2IGRRRE, I 5 2 6
(53 20 e AT ok L 2556 B JE 56, 7% NDRGI (13235
LT RE S B B M kA K JRA L. A 0
582 R B, NDRG2 2 [ 11 2 3 Bl 45 B4 3 i g
R PR A K R L 2 RS 2 k. I H NDRG2
IR DI A 7 W A0 i A 2 8 1R 28 B R R 0k
NDRG2 HJIEH 41, $7~% NDRG2 RE & 11 il Ji Je4
YL ZE R R . AP R, g 8l 7 X H
S EARIBEAMC, #2785 NDRGI } NDRG2 %
KA 8 7 X CpG & i 5% F 5L Ak mT B 2 40 il
NDRG1 J NDRG2 & H R B MHLE Z —, & 1=
H b AR (AR TA T BB L R 2 5 LSCC 1 & 2Bl
K AE LSCC 80P R 4535 P RIMIE S M PE

HHFFEE M, NDRGI 41 ifjgg 25 K- Fi %
FIHLEIA :( 1 NDRGI AE2H P53 () U 5 2 A,

WA P53 AR ARG oAk R I T 5( 2 )NDRGI
(5 IR RENE T I VEGF M TL-8 A5, DA T 41 i
A A A B, AT TR R RS 5 (3 ) e A g 44
LT 1% 285 B 7 B 4000 <) 240 P &/ 35k I3 ) B . NDRGI
H 15 53 4 )& & H ( matrix metalloproteinase
MMP )-9 F i 52 £ AH 56, i 28 38 sl/F B 6 1 4
B AN BT Y AR MR A R . 5
NDRG2 $iil b 963 A= 4 5 7% S Rk e A O 19 T RE AL
il :( 1 YNDRG2 i i o7 T 22 Z TR AR FE ) C-jun
AN G S5 S, TS LE A-10 AP-1 ) A4
JL I 11 D1C eyelinD1 ) #3305 2 111 2 11 200 1 A
OISR, e P EUR AN S S AE G, /S 11
(2 )NDRG? figtlifs 3 B IE 2 & A= 8 1H1( bone morpho-
genetic protein, BMP )4 {734, #ll il MMP-9 f) 3
K, AT V0 ) 200 i & 325 o £ I e 900 o) e R 40 e
(3 )NDRG2 321k REWSREAK T-20 i X/ ik [
SRR DR 0 2 S 0 M RN 20 M P B-3E BB 1 B Rk
AKF 2 s i NDRG2 RERS B2, TCF/ B3R K 1
(A S e, 3 e 4 k) WINT 3 S5 A 410 4] P 923 4 i
RS

NDRGI .NDRG2 J& 3l X 31 55 H 54k ] fig
JE LSCC JE il 72 v i — A B S, /T LIAE
LSCC & A MTIE(ES X il GE & & R 1LSCC M= &
OEEFEAT F RAL KGN, % LSCC R #H my 2 W
TAER R S XTE ISR W k17 3R R Y
F BL AR ARG BE A% S I BT LSCC 275 & Az Jm B 43 i Iz
I 2 R R Y
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