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ROLE OF DCC(DELETED IN COLORECTAL CANCER) GENE
IN ORAL SQUAMOUS CELL CARCINOMA

Seong-Kyu Ko, Se-Jin Han, Kyung-Wook Kim
Department of Oral and Maxillofacial Surgery, College of Dentistry, Dankook University

Chromosome 18q ateration plays a key role in colorectal tumorigenesis, and loss of heterozygosity at 18q is associated with a poor prognosis in
colon cancer. DCC(Deleted in Colorectal Cancer) is a putative tumor- suppressor gene at 1821 that encodes a transmembrane protein with structural
similarity to neural cell adhesion molecule that isinvolved in both epithelial and neuronal cell differentiation.

DCC isimplicated in regulation of cell growth, survival and proliferation. Thus, tumor progression in squamous cell carcinoma, stomach cancer,
colorectal cancer correlates with downregulation of DCC expression. The mechanism for DCC suppression is associated with hypermethylation of the
DCC gene promoter region.

Hence, the goa of this study is to identify the promoter methylation responsible for the down-regulation of DCC expression in oral squamous cell
carcinoma.

12 of tissue specimens for the study are excised and gathered from 12 patients who are diagnosed as SCC in department of OMS, dental hospital,
dankook university. To find expression of DCC in each tissue samples, immunohistochemical staining, RT-PCR gene analysis and methylation specif-
ic PCR are processed. The results are as follows.

1. Inthe DCC gene RT-PCR analysis, 5(41.6%) of 12 specimens of ora squamous cell carcinomadid not expressed DCC gene.

2. Inthe promoter methylation specific PCR analysis, 5(41.6%) of 12 specimens showed promoter methylation of DCC gene.

3. Intheimmunohistochemical staining of poor differentiated and invasive oral squamous cell carcinoma, loss of DCC expression was observed.

These findings suggest that methylation of the DCC gene may play arolein loss of gene expression in invasive oral squamous cell carcinoma.
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2. DCC 3™ X}2| Promoter Methylation

DCC A7 A =] A 770 ¢] A1 & F 57l ol 4] DCC {4
Z}2] promoter unmethylationo] 22 = 1 0.1 27]) of A = promot-
er unmethylation} methylationo] = A] o] Y-ebytt} &3k DCC
AR g o] YERA] 29k 57 o] A& Kol 4 DCC f-4
2} promoter methylatione] 2 =] ¢} tH(chi-square test, p<0.05),
(Table3& Fg. 2).

Table 1. Sequences of Primers for DCC Gene RT-PCR

A A 22 o) A DCC e 2 2 basd cdll 9]
cytoplasmoll A 714 0 & 1 5tA A s of ek UdlS vet
U Aol #ZE AT B3 At A 8] gk o] Al 2
(normd secretory ductd epithdlid cdls)ol| 4] .= DCC7} a1 A] |4
5 ATHFg. 3 4).

ToE w3tE FUHR I AE GFoll A DCCo| Ed
A EZI LA LGN A Eekith 5
HAAT FFA A FAER LA E dFe] 45 DCC LA
o] 7] #Z = A %k tHFHg5, 6).

Primer Primer sequence AT
DCC RT-PCR-forward 5’ -TTCCGCCATGGTTTTTAATCA-3’ .
DCCRT-PCR-reverse 5’ -AGCCTCATTTTCAGCCACACA-3’ ¢
GAPDH RT-PCR-forward 5’ -CATGGGGTGTGAACCATGAGA-3’ .
GAPDH RT-PCR-reverse 5’ -GTCTTCTGGGTGGCAGTGAT-3’ ¢
* AT: annedling temperature
Table 2. Sequences of Primers for Methylation Specific PCR
Primer Primer sequence AT
MSP-forward 5’ -GGGTATTTAAGTTGGTTTTTGTA-3’ |
MSP-reverse 5’ -AAAATACGCGCTAAAC-3”’ e0cC
USP-forward 5 -GTTTGGGTATTTAAGTTGGTTTTTGTA-3"' i
USP-reverse 5’ -AAAATACACACTAAAC-3’ 52C
* AT: annedling temperature
Table 3. Relation of DCC Gene Expression and Promoter Methylation
DCC Gene .
Expression No Expression of DCC Gene
Promoter
Unmethylation 5samples Osample
Promoter
Methylation Osample 5samples
Unmethylation
+Methylation 2samples Osample
Totd 7 samples 5samples

chi-square tegt, p<0.05
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Fig. 1. DCC gene expression after RT-PCR of #1-#12 samples
(U: unmethylation, M: methylation, MSP: methylation specific PCR)
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Fig. 2. DCC gene promoter methylation specific PCR of #1-#12 samples
(U: unmethylation, M: methylation, MSP: methylation specific PCR)
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Fig. 3. Immunohistochemical stainings for DCC of
normal oral squamous cells(x 250)
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Fig. 5. Immunohistochemical stainings for DCC of Fig. 6. Immunohistochemical stainings for DCC of well

moderate differentiated oral squamous cell differentiated and invasive oral squamous cell
carcinoma(x300) carcinoma(x300)

521



LHT-2IX| 2008;34:518-524

& EF WA A9, 4 44
o

b,

A ES) WY ZIE F4, 7, 7ol o 2 ol &
o2 714 §7Ake] WEl7h %A 5 3 w4 9] 7} e vk
S HA44 Wt 9om B A4 0 BB
W E T F HU 20 Honcogene) B FF oAl

=

o,
il

M
o

2} (tumor suppressor gene) oto] BA|of] th 3F B K-
Ak ol YR E o] &ate] AT A F£4

UA A8 22 58 Qo HES A gL
ool A &= Z=oF 3% 2] zHtumor marker) 5] ket
o F o] Zoll E§-S F T Ak,

Zope) AV 93] o) g5 YA W
= L RHAE 7L = A FF 22 AT
o) g ow 18 48 e (umor magin S
o] oI Egt FF HAo] dear striEte Al EE &
o o)l= g ZA - o 7= Ao A vl o)1)

o T
1o
){E, F[]I O.?‘_', _BL

i H o
o 2oy

ﬂ
ol
RINO -

iy

&

do
o oft X
fr 2 gy

F o oX o
oM,

o 7
Yo
05; —10 —>|i‘ —[0

15« le) =

BAgFol A AE Mol %) Holth. o]t 7
h& ol 8ok Tl Bt

A A BT Y R 5 Y-S % 5 AT

DCC 3 2}(Deeted in Colorectd Cancer)= & #+otol] tf 3F
T2 B3 AT A4 182130 A& §H 7o) o]
DCC -4 7k¢] 4H-9] DCC thi) & 190+kd 7] 9] W el
Ed A S AR Axvrs 72 Alzee] Qrst vl
$] 2] 5}+= tranamembrane receptore ]| tF, DCC v 2 2 4 21 &+ -
o g, A7 A A SolA B EE 1L 75l o
&l o} 7hA] &3] W A A FAAINH Ao}k Al 2] 7]E
Atolo] Ao el dojate] AL o] 3} A% B T YA E
o) wo] s} go] gtk e ek,

27) A5 A QA 1802) o) 2 {gere] whay 9 1}
» o Foke] WG A4 v DOC HAA7 HE 8 %
ok oA fraAel o2 Azkst Atk 814 ¥ DOC A A
somatic mutation©] 7 €] §l 2.1 DCC /-2 A& A A gl transgenic
mice 2.9 &17o] A DCC f-4 7] wHalo] gl 41%)(DCCH)
£ A7A S A0 2 218 24217k Sholl 5917 hetozygous
mice(DCCH-)i= 4491 47| (DCCHH) 2} 1] i 3to] A 4 0
2§98 2% P4 TS Aol 2 HAFA EYTH= AL
A2 915 DOC #3414k Bk Q44 18] 2A)8H= B2 &
WAL S oA FRAA4Y Roleky 2 aA BTk,

2ol AAFMET] f=0 Fofshs A9 714 vy
ol nein1zt DCC T} 4 ohe) 445 2ol o)) 85 = A

0o owE Lo BN

=
_{
2
f
%2,
o
=
M
>
oZ
i
of

M

522

28 FA e Aol 24 F F lvkeA WA A T
DCC7} A& & Q1 < A FAAL 7Hs/d o] A 71 =] Al = A
t}. DCC &) A ¢ extracdlular domane netrin-154 2 3514 =
w cytoplasmic domain Al 31l cagpase-9 dependent pathway <F A
A5 o] Qe DOC vl 3} netin-de] A Aol = Al £
s} 37 9 olFE FXA7IH Wi & netrinclo] A gebA] o
A HE A g d e §29) capese92] A EE F
A7) 279 3He caspase 92 THA| cagpase 35 EAISHA 7] 1,
cagpase-3+= |CAD(inhibitor of the cagpase- activated deoxyribonude
s 3 o 7| A d 52 Adate] A AP (gpop-
tod9)S 2135} ¥ 77 CAD(caspase-adtivated deoxyribonudease)
o} Aeteta AW ICAD7} cagpase-30]) ol A ehe ™, CAD7}
27 shsto] ol EA) sk @A A DNAS 2 eeh o 24 DNA
fragmentationS- =517 Aok mebs] FF A 27 S, 9%
at7] el A= Al X 9] 712 of] netrin-1o] F-5-3fof DCC & 4
7} @ol ZgstA DCC| B oA ste] DCCel €] gk Al
XA ZAE5 AA e WHE F5E 5 don AR E o
2 AFE2 o olut 9t Foll 4 DCCe] W o] 745t A
UAdHEA 4= Ao m v 2 netrinc19] HkE
o] AUty B3I ke,

Cavalho 54 of o & A& 53 DCCH 44
7h 5 oA $AHL 7H5 A& T4 2 0 e 4 DCC
4E 2 oAl = 70 A} promoter methylationol] 2] gF o] 2} 3}
%3 T}, 74 2} promoter methylation 71 2} wH& o] o)A = = 7}
T T2 E T tuE dE A AT

£ A7) A DCC 7 7e] d-& B 719 ¢ RT-PCR 4]
ol A 123 8] A& F 571 9] Al Z(4L6%)0ll A A} o] #
ZE 7] gokth old Ae Feaon FY0] th ek ] 70%ol
A AR o] A E QT A B B SHo 520 9o
o] 61%el A frd2F T o] Zas itk A Bl gk Afo)
7F Qd=Hl obntE Aol AFEH FE o TR A 9] At
ojof mE Aol 2t A zHe -

DCC frx 2] el 2 fr2 2} promoter v 2 3¢ A7
£ Yol r 7] 93 methylaion spedific PCR ¥4]-& %3 DCC
AR WA A egkd 5 9] AE BEELeN)ol A A
promoter methylation] 225 21 th. o] &= Ishii 599] 4 % ghol
#] DCC 2 2 methylation 47~ 2 2431 464%9} A+ 2 2431
t}. 3kx] 5t Cavelho 54¢] 75% A #}9h= 2to| 7} =l o] A
& AP AR Y 20 Bahmsh el dold] m
2 Qo2 47,

a)
N

&

DCCwas) A% 2 918 W 25854 A A e
QAN AAY PR AAZE Ve LAY YN EGE
o 4 DCCo) walo] 7ha e 24 B AL B2 T 5 AL
Y, Eold e 2AWeshe 24 24 4 FEER 235
T AEA40) B8 FRAR A EYF N DCCYl B E
o g MEe W3 F AEE FaAYont BAES
3 A%l B8 FHER YA EYE) A E DOCY %3
o] €] \kEhbA gsteh Aol ol DOCS] Wd Y w7t



UE BT W AEAF WAL drhy A7 B 5
ek
AE 42% DCC &3 o] ?7(}‘455 B A EQF ol A A

o 32

% R o

5
do

)

2

%

@

lo,

=

i -

X?L

L6

3

L

r_gﬂ

3 S
SR EOR 48U LS 9 5 99T
DCC 3@ % PR ARG #3ust A%

A A E R S AR, § 5 ALY
oA EFEN M o B |
kol o ¥ ol Bl 9] % 2jo] o] ol AT e E4 AN
Aol FFsstel e AR E T

V.

!

=
—

DCC Tt 2y
A3k BA w ol tumor-suppressor gene© & 4 ¥ 3
gl Al I At wdo] a B A EE o] #E
= ohE A B A SolAE DCCFAze] v a4
7F bt

27l A DCC frzd #be] d-& A A 7=
ol A £ 2] promater methyletiono] 7}
Zb5) 37 Q)T 7 Al A ZokE o] A SE:
of w2} DCC -7 zte] o] 7ha s 24
) o= ) Aotol A A Y 52 21] promoter methylationo] 1
Al 7ol gtaL F53) & 4 Qlrh

ool & A= FAHH A ELF A DCC 3242
T P AABIL Ee] 5790l wE DCC frd At i
©] ZFo] &} promoter methylationt] g 3Hd 5 Lotk v 2} 5}
At
Aol AMEE 2249

FAAE WA E L 5 Y] H4e wyshe]
]

EIIJ:_ EayS
\__ZE]H

o

L

g g 24 G G A G 24
PRI Ao A PAAR A TGO HF AW
], ]

= kﬂ \=
B 127 4 "éXﬂlﬂ 24 1298 A8 2
IZ1%
=

A omoter methylatlon speuflc PCR ‘;ll DCC i 4 o] w3
AZ35}17) 98t W 2 A 8181E AXLE A8 s A3} 1270 ¢
7y g A e ok 229 2 promoter methylationS 54 (41.6%)
o] A 7_7%1’:] 213 promoter methyldtiono] #2HE 5¢ RFE= &
FAAZE HAH A Fokh BT 4o fﬁrFJ}
oA 7% 57 ol 7k 7 el gl A DCC #-4
A} Wk oA ¢} promoter methylationo] ¥z ] it} o] 8 gk f-

2} whE AL W o 2 & 8HA A Abol A Zd E Qo)

Wb 73 E A T N E 2] Wkl 3 DCC v oA =
DA AT o o2 g FAA BH JA L] 7L
A 2}<] promoter methylationol] 23 A9 S & 4= Atk FF
o] 9} 7+-& DCC -7 #+-2] promoter methylationel] ¢] 3t 23 ¢4
o} LA AT A EYE T AHAAE 0] &3t WA
marker 3= F % oA W O] SHUE 283 Qo B AR

A,

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

TEHY YIS0 DeC REALS] gt

ko]
BAE, DA% AE: QLA % Aol TRAG YT ALY
F A EFo) A p2l % pT3MRNA W] #a A o F7 3ot

o 9] 31-8}3] x| 2001 ;27:483-90
Hiyama T, Sato T, Yoshino K : Second primary cancer following la-
ryngeal cancer with special reference to smoking habits. Jpn J
Cancer Res 1992;83:334-39
Morita M, Kusano H, Ohno S : Multiple occurrence of carcinomain
the upper aerodigestive tract associated with esophageal cancer: ref-
erence to smoking, drinking and family history. Int J Cancer
1994;58:207-10
Vogelstein B, Fearon ER, Hamilton SR : Genetic alterations during
colorectal tumor development. N Engl J Med 1988;319:525-32
Fearon ER, Cho KR, Nigro JM : Identification of a chromosome 18q
genethat is altered in colorectal cancers. Science 1990;247:49-56
Cho KR and Fearon ER : Linking tumor suppressor genes and al-
tered cell surface interactions in cancer. Eur J Cancer 1995;
31A:1055-65
Shibata D, Redle MA, Lavin P : The DCC protein and prognosis in
colorectal cancers. N Engl JMed 1996;335:1727-32
Carethers M : The cellular and molecular pathogenesis of colorectal
cancer. Gastroentero Clin North Am 1997;24:737-54
Roesler J, Srivatsan E, Moatamed F : Tumor suppressor activity of
neural cell adhesion molecule in colon carcinoma. Am J Surg
1997;174: 251-57
Fearon ER and Vogelstein B : A genetic model for colorectal tumori-
genesis. Cell 1990;61:759-67
Tanaka K, Oshimura M, Kikuchi R : Suppression of tumorigenicity in
human colon carcinoma cells by introduction of normal chromosome
5 or 18. Nature 1991;349:340-42
Cho KR, Oliner JD, Simons JW : The DCC gene - structura analysis
and mutationsin colorectal carcinomas. Genomics 1994;19:525-31
Forcet C, Ye X, Granger L : The dependence receptor DCC(deleted
in colorectal cancer) defines an alternative mechanism for caspase
activation. Proc Natl Acad Sci USA 2001;98:3416-21
Lawlor KG and Narayanan R : Persistent expression of the tumor
suppressor gene DCC is essential for neurond differentiation. Cell
Growth Differ 1992;3:609-16
Hedrick L, Cho KR, Fearon ER : The DCC gene product in cellular
differentiation and colorecta tumorigenesis. Genes Dev 1994;8:1174-
83
Serafini T, Kennedy TE, Galko MJ : The netrins define a family of
axon outgrowth-promoting proteins homologous to C. elegans UNC-
6. Cell 1994;78(3):409-24
Kennedy TE, Serafini T, de la Torre JR : Netrins are diffusible
chemotropic factors for commissural axons in the embryonic spina
cord. Cell 1994;78(3):425-35
Oster SF, Deiner M, Birgbauer E : Ganglion cell axon pathfinding in
the retinaand optic nerve. Semin. Cell Dev. Biol. 2004;15:125-36
Klingelhutz AJ, Hedrick L, Cho KR : The DCC gene suppresses the
malignant phenotype of transformed human epithelial cells.
Oncogene 10:1581-6, 1995
Kato H, Zhou Y, Asanoma K : Suppressed tumorigenicity of human
endometrial cancer cells by the restored expression of the DCC gene.
Br J Cancer 2000;82:459-66
Velcich A, Corner G, Palumbo L : Altered phenotype of HT29
colonic adenocarcinoma cells following expression of the DCC gene.
Oncogene 1999;18:2599-06
Sato K, Tamura G, Tsuchiya T : Frequent loss of expression without
sequence mutations of the DCC gene in primary gastric cancer. Br J
Cancer 2001;85:199-03
Arakawa H : Netrin-1 and its receptors in tumorigenesis. Nat Rev
Cancer 2004;4:978-87
Mehlen P and Fearon ER : Role of the dependence receptor DCC in
colorectal cancer pathogenesis. J Clin Oncol 2004;22:3420-8
Herman JG and Baylin SB : Gene silencing in cancer in association

523



LHT-2IX| 2008;34:518-524

26.

27.

28.

29.

30.

3L

32.

33.

with promoter hypermethylation. N Engl J Med 2003;349:2042-4
Miyamoto K, Fukutomi T, Akashi-Tanaka S : Identification of 20
genes aberrantly methylated in human breast cancers. Int J Cancer
2005;116:407-14

Tamura G. : Promoter methylation status of tumor suppressor and
tumor-related genes in neoplastic and non-neoplastic gastric epithelia
Histol Histopathol 2004;19:221-8

Wolf P, Hu YC, Doffek K : O6-methylguanine-DNA methyltrans-
ferase promoter hypermethylation shifts the p53 mutational spectrum
in non-small cell lung cancer. Cancer Res 2001;61:8113-7

Nakamura M, Watanabe T, Yonekawa Y : Promoter methylation of
the DNA repair gene MGMT in astrocytomas is frequently associated
with G:CA:T mutations of the TP 53 tumor suppressor gene.
Carcinogenesis 2001;22:1715-9

Esteller M, Toyota M, Sanchez-Cespedes M : Inactivation of the
DNA repair gene O6-methylguanine-DNA methyltransferase by pro-
moter hypermethylation is associated with G to A mutations in K-ras
in colorectal tumorigenesis. Cancer Res 2000;60:2368-71

Esteller M, Risques R-A, Toyota M : Promoter hypermethylation of
the DNA repair gene O6-methylguanine-DNA methyltransferase is
associated with the presence of G:C to A:T transition mutations in
p53 in human colorectal tumorigenesis. Cancer Res 2001;61:4689792
Oue N, Shigeishi H, Kuniyasu H : Promoter hypermethylation of
MGMT is associated with protein loss in gastric carcinoma. Int J
Cancer 2001;93:805-9

Zhang L, Lu W, Miao X : Inactivation of DNA repair gene O6-
methylguanine-DNA methyltransferase by promoter hypermethyla-
tion and its relation to p53 mutations in esophageal squamous cell
carcinoma. Carcinogenesis 2003;24:1039-44

. Yamashita K, Upadhyay S, Osada M : Pharmacologic unmasking of

epigenetically silenced tumor suppressor genes in esophageal squa-
mous cell carcinoma. Cancer Cell 2002;2:485-95

524

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Ogi K, Toyota M, Ohe-Toyota M : Aberrant methylation of multiple
genes and clinicopathological features in ora squamous cell carcino-
ma. Clin Cancer Res 2002;8:3164-71

Chuong CM, Jiang TX, Yin E : cDCC(chicken homologue to a gene
deleted in colorecta carcinoma) is an epithelial adhesion molecule
expressed in the basal cells and involved in epithelial-mesenchymal
interaction. Dev Biol 1994;164:383-7

Parkin DM : Global cancer statistics in the year 2000. Lancet Oncol
2001;2:533-43

Mork J: Forty years of monitoring head and neck cancer in Norway-
no good news. Anticancer Res 1998;18:3705-8

Forastiere A, Koch W, Trotti A : Head and neck cancer. N Engl J
Med 2001;345:1890-1900

Lippman SM and Hong WK : Second malignant tumors in head and
neck squamous cell carcinoma: the overshadowing threat for patients
with early-stage disease. Int J Radiat Oncol Biol Phys 1989;17:691-4

Brian L : Molecular Biology and Clinical Behavior of Oral Cancer.
Ord Maxillofacial Surg Clin N Am 2006;18;483-91

Fazeli A, Dickinson SL, Hermiston ML : Phenotype of mice lacking
functional Deleted in colorectal cancer (DCC) gene. Nature
1997;386:796-04

Hahn SA, Schutte M, Hoque AT : DPC4, a candidate tumor suppres-
sor gene a human chromosome 18q21.1. Science 1996;271:350-3

. Carvalho A, Chuang A, Jiang W : Deleted in colorectal cancer is a

putative conditional tumour suppressor gene inactivated by promoter
hypermethylation in head and neck squamous cell carcinoma. Cancer
Res 2006;66:9401-07

Ishii T, Murakami J, Notohara K : Oesophageal squamous cell carci-
noma may develop within a background of accumulating DNA
methylation in normal and dysplastic mucosa. Gut 2007;56:13-9





