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Genome-wide Methylation Analysis and Validation of Cancer Specific Biomarker
of Head and Neck Cancer

Jae Won Chang, MD, PhD’, Ki Wan Park MD', So- Hye Hong, Ms', Seung-Nam Jung, PhD Lihua Liu',
Jin Man Kim, MD, PhD Tae]eong Oh, PhD® and Bon Seok Koo, MD, PhD"
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2Paz‘hology, School of Medicine, Chungnam National University, Daejeon, Republic of Korea
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= Abstract =

Methylation of CpG islands in the promoter region of genes acts as a significant mechanism of epigenetic
gene silencing in head and neck squamous cell carcinoma (HNSCC). DNA methylation markers are particularly
advantageous because DNA methylation is an early event in tumorigenesis, and the epigenetic modification, 5-meth-
ylcytosine, is a stable mark. In the present study, we assessed the genome-wide preliminary screening and were
to identify novel methylation biomarker candidate in HNSCC. Genome-wide methylation analysis was performed
on 10 HNSCC tumors using the Methylated DNA Isolation Assay (MeDIA) CpG island microarray. Validation
was done using immunohistochemistry using tissue microarray of 135 independent HNSCC tumors. In addition,
in vitro proliferation, migration/invasion assays, RT-PCR and immunoblotting were performed to elucidate molec-
ular regulating mechanisms. Our preliminary validation using CpG microarray data set, immunohisto-chemistry
for HNSCC tumor tissues and in vifro functional assays revealed that methylation of the Homeobox B5 (HOXB))
and H6 Family Homeobox 2 (HMX2) could be possible novel methylation biomarkers in HNSCC.

Key Words : Genome-wide methylation analysis, Methylation biomarker, Homeobox B5 (HOXBS5), H6 Family
Homeobox 2 (HMX2), Head and neck squamous cell carcinoma (HNSCC)
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HE 2 DNA E2| ¥ 24 (Methylated DNA isolation

assay, MeDIA)

CpG microarray analysis = HAAFHAE OGSE o
g3lE DNAS &5t o] & Fol3og Ad &2
9l= MethylCapture' " W28 o] 4319}t A=
s 7)Eskd v 2ok 1089 FA TS At
Al genomic DNAE £} FH | Foko] ohd =& A
FZ3 5, 29E o83t DNAE @3t AZt &
5]—% enomic DNA 0.5 ug& 2 ugo| FAFIHOZ =

w23} DNAC| So]& o2 Agsh=MBD2b T
@4 71718k F438ke] ¥HE MBD2bt T A3} §H
4Co| A 4175t §E3AZ] Th whole-genome amplifi-
cation kit (Sigma-Aldrich)E ©]-83}%] genomes 533
O] & Cy5 dyeE ©]-&3}] labelling $T}. FYo] ofd =
oA QA DNAE &3t Cy3 2= labelling 2ot
DNAZ PCR purification kit (Qiagen)& ©]-&3}e] A A3k
o]F, % 27,8007H 2 ¥R CpG islandE EAE 5= =
237,00071 2] oligonucleotide2] probe2} &3} HF-S-A] A
W3l DNAS ER1gt) o]uf quality controlS 913} o]
n] AL Qe AFAIEFS] B wWEst f32E MeDIA
% gene-specific PCR W o2 shlstgiet”
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3 Fate] 2 E viEsl nio)

cell proliferation = WST-1 cell proliferation assay(Roche
Diagnostics Corporation, Indianapolis, IN, USA) & ©]-&-3}
A3+ 2™, migration & invasion 2] ¥ 3+E Transwell
chambers (24-well, Costar, Cambridge, MA, USA)$} Matrigel
(Coring, MA, USA)& ol &-3te] #elatsint.”

TS Western blotting= ©]-8-3Fo] e 2 o] A
Za%t A39-7HdME |8 (Epithelial-to-mesenchymal
transition, EMT)¥} ## ¥ XA A} anti-vimentin, an-
ti-Slug, anti- &-actin (1:1,000; Cell Signaling Technology
Inc.), anti-E-cadherin (1:1,000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA)E #2134tk HOXB5<F HMX2<]
218 23 A ZE anti-HOXBS (1:1000; abcam; ab26079),
anti-HMX2 (1:1000; GeneTex; GTX81571)3 AR-&-3t%th.

Cy3 label

Common reference DNA
(Pooled genomic DNA from 10 paired-adjacent
non-tumor tissues)

| Total probe

1

Group B 7.

1e
oA component3 (13.4% pariance)

2,3,489

Statistical analysis

(Principal component analysis (PCA))

VS.

24 4

FZRoo HYRHA £+F ULHENE 58
A7 FZARY sol0A 2a
SRl A WRAT o2 WEskE §87 CpG

island & ZZAH 02 Slsty] &l 108 FAFY &
dzA A QHA genomic
S o]gate] Bl
dzA A FolH o wHs}
ool Zfo]7} Q= reliable 3 WE 3} E2 o] 8417H(A )
g3} %4 50770, I est %4 33470) SAHAT (Fig.
1). L Z°llA] 1) positive call in multiple probe, 2) promoter
&2 regulatory regions, 3) novelty] 7]E= 2.2 A3}
e sl 22 33470 F, F 709 71E AFEHA e
W3} ulo] QnpA TR FAAF (SLC3043, LHXS, GATA4,
HOXBS, ZNF274, HMX2, HOXA7)S <213} th,

DNA<2] MeDIA CpG microarray ]S
A3, A% vlasto]

SHHY HEFOM 28 0isio R8Y AS
MeDIA microarray$} SA1 219 -& o]-&3fo] W=3} 77

of wol QuA Fu fAe] ARG AT B
AL B Aske] FHRG W] PPAEE P

Cy5 label

Methylation-enriched DNA from
primary tumor tissues (n=10)

Methylation-enriched DNA from
paired adjacent non-tumor tissues (n=10)

Removed lower signal probes

Selective novel hypermethylated genes

@
l

7 candidate genes

Pr2 P3 Pu4 P8 Pr9

Fig. 1. Stepwise filtering processes for candidate gene selection. The methylated DNA was separately enriched from 10 primary
head and neck tumors and paired, adjacent nontumor tissues by a MeDIA technique. The methylated DNAs (Cy5) were in-
dividually compared with amplified common reference DNA (Cy3) without methylation enrichment. After removed lower singnal
probe from unsupervised hierarchical clustering based on Pearson’s correlation, group A reliable probes were selected using
principal component analysis. The heatmap shows the methylation status of significant 334 hypermethylated and 507 hypomethy-
lated genes. Seven novel candidate genes hypermethylated in primary head and neck tumor were finally selected.



k= AFAIE (WFB)SF 7745 M5 (FaDu, SNU1041, B Al ZNF2749} HOXA7S AEs R E &
SNU1076, SCC15)914 Z+ SR 4 2-o] mRNAEE S Eo A AL} fASHA HAE AL 9o

?l_

& HOXB5

(A)

FaDu
SNU1041
SNU1076
SCC15

hFB : human fibroblast

hFB

FADU : human hypopharyngeal carcinoma
SLC30A3 SNU1041 : human pharyngeal carcinoma
LHX8 SNU1076 : human larynx, subglottic squamous carcinoma

SCC15 : tongue squamous cell carcinoma

GATA4
HOXB5 HMX2
ZNF274

HMX2

HOXA7

GAPDH

5-Aza-2'-deoxycytidine (decitabine; DAC)

Fig. 2. The mRNA expression of candidate methylation biomarker in various head and neck cancer cell lines. (A) RT-PCR showed
that HOXB5 and HMX2 showed relatively lower mRNA expressions than normal hFB. hFB, human fibroblast. (B) Demethylation
by DAC treatment rescued HOXB5 and HMX2 expression in both head and neck cancer cell lines.
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Fig. 3. Quantitative analysis of HOXBS and HMX2 methylation by pyrosequencing. (A) Pyrogram from quantification of methylation
at the HOXBS and HMX2 promoter in both tumor and non-tumor tissues. (B) Methylation index of tumor (n = 20), paired non-tumol
fissue (n = 20), and benign mass (n = 1
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719l 8ol A Ao IO, SLC3043, LHXS,
GATA4= BN EFNA Edo] A HA &l §lo] o
A, wE s mA o] 842 ERlsk] ofE e, HEA
2 Homeobox BS (HOXBS)S} H6 Family Homeobox 2 (HMX2)
7F WEs} niARA ThsAdol UeS FRAIATH (Fig 2A).

L2 FH outo] entr o] WE s} oS Fs]
$3led DNA methyltransferase®] SAIAIQ 5-Aza-2'-deox-
yeytidine (decitabine; DAC)E o] &3} T4 74 A XF
(SCC25, YD)l Al HOXB5 S} HMX2E ©W B3t ANH &
ul, HOXB59| 7% sCC25914 wdo] F7lsty o,
HMX28) 789 7 AT BFolA Bile] Frtehe As
18t HOXB5 9 HMX29] W23} o4& 941313
t} (Fig. 2B).

et ZolH E28 oA *8Y HE
/‘1]&--’?—’7:0“/\1 g3} vpo] e npA 9] ThsAd S 1%
HOXB5S} HMX29| M3 A=g 24 oA AZ3
o2 BX3t7] 930 bisulfite pyrosequencingS A| 33}
T&H vlFFolA Hlaskd o

4y

o

methylation index(%)E

(Fig. 3A). Fig. 3B9| AF}ol|A gl o gl=ol, HOXB5}
HMX2 B paired B H]ZF F-9lo vls|A FF T2l
A] methylation index”} Fr&J3HAl =2 A& AT 3
T} (HOXB529] 7% 95%2] A%, HMX22] 75 85%2] Al
F). Bk opgl 129 9] FAE Sate] £33} Blws)
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Fig. 4. Kaplan-Meier plots for (A) overall survival (OS) and (B) disease-free survival (DFS) based on HOXBS or HMX2 expressior

level as determined by immunoblotting in tumor ftissues.



Table 1. Associations between HOXB5/HMX2 expression and clinicopathological features in patients with head and neck squ-

amous cell carcinoma.

3 No. of HOXBS expression HMX2 expression
Variables . - -
patients Low High o) Low High p
Age, year 0.663 0.353
<65 66 31(47.0) 35(50.7) 33(45.2) 33(53.2)
= 65 69 35(53.0) 34(49.3) 40(54.8) 29(46.8)
Gender 0.721 0.254
Male 118 57(86.4) 61(88.4) 66(90.4) 52(83.9)
Female 17 9(13.6) 8(11.6) 7(9.6) 10(16.1)
T stage 0.000* 0.000*
1+ 73 25(37.9) 48(69.6) 28(38.4) 45(72.6)
+1v 62 41(62.1) 21(30.4) 45(61.6) 17(27.4)
LN 0.902 0.204
metastasis 77 38(57.6) 39(56.5) 38(52.1) 39(62.9)
No 58 28(42.4) 30(43.5) 35(47.9) 23(37.1)
Yes
AJCC stage 0.018* 0.032*
1+ 46 16(24.2) 30(43.5) 19(26.0) 27(43.5)
+1V 89 50(75.8) 39(56.5) 54(74.0) 35(56.5)
Histological 0.501 0.069
grade 39 22(33.3) 17(24.6) 27(37.0) 12(19.4)
Well 63 28(42.4) 35(50.7) 29(39.7) 34(54.8)
Moderate 33 16(24.2) 17(24.6) 17(23.3) 16(25.8)
Poor

Table2. Binary logistic regression for the associations of HOXB5 expression with pT stage, and AJCC stage

Factor V4 p Exp( /) 95% Cl
Advanced T stage -1.362 0.005 0.256 (0.098, 0.667)
Advanced AJCC stage 0.065 0.900 1.067 (0.391, 2.912)

AJCC, American Joint Committee on Cancer; Cl, confidence interval

Table 3. Binary logistic regression for the associations of HMX2 expression with pT stage, and AJCC stage

Factor V4 p Exp( /) 95% Cl
Advanced T stage -1.667 0.001 0.189 (0.071, 0.501)
Advanced AJCC stage 0.342 0.500 1.407 (0.522, 3.796)

AJCC, American Joint Committee on Cancer; Cl, confidence interval

O3tA W2 Id-S BT (Table 1). T stage?t AJCC SEHEHO NEZOM HOXBSLHMX2Y 7| s8N
stage & ©]83to] ThHE 4 (Binary logistic regression FARLANA HOXBSSF HMX29] & A F-HAZA
analysis) S A13)5+99& o, X138 T stage (Advanced T stage) 9 7N%S Foshy] Y&l T AR wEo] yiglA o
ANM FAHOE FstAl HOXBS (Table 2)SF HMX2 2 27} e FAREY AlZF2 SCC159 YD8OIA
(Table 3) BF @ &S st °]& siRNAE o] &3l &S AASA S we] 7154

B3 7 RS} o] ety o] B mE HAYEE Haks glske A4S JFsth

(Overall survival, 08)3} F-HAYEE (Disease free surviv- HA WST-1 assayE ©]-831] cell proliferation & &<l
al, DFS)< Kaplan-Meier curveS ©]-&3¢] £433}5 T & o, 7+ MEF BFoA HOXB5S HMX2E A
T+ WEs} o] ewpA RFoA o] H&FF AAA 39S ), proliferation ©] BAH 0.2 234 F7}sh=
EEY FHAEE Egon, ddo] FE&EFE HA Ao FAEof, & JA-F A} (Tumor suppressor gene)2]

=S RR=RT: PUES -3 ]wg Aa o Bolat 2= giglony 7hsA 0] AT (Fig. ).

HOXB5S] 735 BAALEE Fo3l9 ™ W (08, 50.7% T2 & Transwell chamberE ©]-8-3}% migration assay
vs. 76.1%, p = 0.001; DFS, 52.1% vs. 74%, p = 0.001), HMX2 £ Ao ™, Matrigel S F718F4 invasion assay S
o] A9 1 Apol7} Arlste] FAAQ FoAde]l F2lE AN AE W, GA] F AEF BFol| A HOXB5SF HMX2

A= &yt £ A9 S W, migration¥} invasion EF F7}8FA,
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Fig. 5. HOXB5 and HMX2 suppression promote HNSCC proliferation. To evaluate the effect of HOXB5 and HMX2 suppression
on cell proliferation, a WST-1 assay was performed after transient fransfection of small interfering RNA (siRNA). Each figure is
representative of three independent experiments. *P<0.05; **P<0.01; ***P<0.001.
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Fig. 6. HOXBS and HMX2 suppression promote HNSCC migration and invasion. To elucidate the effect of HOXBS and HMX2
suppression on cell migration and invasive phenotype, a Transwell chamber assay without/with Matrigel was performed. Each
cell line was seeded onto a filter (pore size, 8 um) (coated with Matrigel for invasion assay) in the upper chamber. After 48
h of transfection with each siRNA, the cells attached to the lower chamber were stained with crystal violet. Each figure is
representative of three independent experiments. Scale bar = 50 pm.
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Fig. 7. HOXBS and HMX2 regulates epithelial-to-mesenchymal transition (EMT). Each cell line was transiently transfected with
SIRNA. Expression of HOXB5 or HMX2, E-cadherin (epithelial marker), EMT markers (vimentin), and the level of EMT-inducing tran-
scription factors (Slug) were measured by Western blot analysis. Each band is representative of three independent experiments.
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olN

A A F AT & A A
(Fig. 6).

BAA Foll A A2 proliferation, migration 2
invasion?} ## = o|QlE= EMT hall-marker& Western
blotting= &8t Tl FFEo A TAEAE wl, F Al
F3 BFo|A HOXBsS} HMX2E A5 S o, E-cad-
herin @ o] F7}8k, Vimentin Slug?] FH-2 7243}

ekl A& gdsti=d, ol= #ol A3 phenotype A ¥

d#=E = AHAT (Fig. 7).
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