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A b s t r a c t  

 F r e q u e n t  a l l e l i c  i m b a l a n c e s ,  i n c l u d i n g  l o s s  o f  

h e t e r o z y g o s i t y  ( L O H )  a n d  m i c r o s a t e l l i t e  i n s t a b i l i t y  

( M S I ) ,  h a v e  b e e n  f o u n d  o n  t h e  l o n g  a r m  o f  c h r o m o s o m e  2  

( 2 q )  i n  s e v e r a l  t y p e s  o f  h u m a n  c a n c e r .  T h i s  s t u d y  w a s  

d e s i g n e d  t o  i d e n t i f y  t h e  t u m o r  s u p p r e s s o r  l o c u s  ( o r  l o c i )  

a s s o c i a t e d  w i t h  o r a l  s q u a m o u s  c e l l  c a r c i n o m a  ( S C C )  o n  

2 q .  I n  o r d e r  t o  u n d e r s t a n d  t h e  d e t a i l s  o f  g e n e t i c  

a l t e r a t i o n s  o n  c h r o m o s o m e  2 ,  w e  p e r f o r m e d  p o l y m e r a s e  

c h a i n  r e a c t i o n  a n a l y s i s  o f  m i c r o s a t e l l i t e  p o l y m o r p h i s m s  

c o r r e s p o n d i n g  t o  1 0  l o c i  o n  t h i s  c h r o m o s o m e .  W e  

i d e n t i f i e d  a  n o v e l  t u m o r  s u p p r e s s o r  l o c u s  i n  t h i s  r e g i o n  

i n  p r i m a r y  o r a l  S C C s .  T o  f u r t h e r  d e t e r m i n e  t h e  r o l e  o f  2 q  

d e l e t i o n s  i n  o r a l  c a v i t y  c a r c i n o g e n e s i s ,  1 9  o r a l  S C C s  ( 1 9  

s e t s  o f  p r i m a r y  a n d  c o r r e s p o n d i n g  n o r m a l  t i s s u e s )  w e r e  

e x a m i n e d  f o r  a l l e l i c  i m b a l a n c e s  ( L O H  o r  M S I )  o n  2 q  

u s i n g  1 0  m i c r o s a t e l l i t e  m a r k e r s .  A m o n g  t h e s e  1 9  p a t i e n t s ,  

1 1  ( 5 7 . 9 % )  s h o w e d  L O H  a t  o n e  o r  m o r e  l o c i .  D e l e t i o n  

m a p p i n g  o f  t h e s e  t u m o r s  r e v e a l e d  f o u r  d i s c r e t e ,  

c o m m o n l y  d e l e t e d  r e g i o n s  o n  t h e  c h r o m o s o m e  a r m .  

F u r t h e r m o r e ,  w e  d e t e c t e d  M S I  i n  4  o f  t h o s e  t e s t e d  c a s e s  

( 2 1 . 1 % ) .  W e  c o m p a r e d  o u r  r e s u l t s  w i t h  t h e  

c l i n i c o p a t h o l o g i c  f e a t u r e s .  A  n u m b e r  o f  s i t e s  d i s p l a y i n g  

L O H  o n  2 q  c o u l d  b e  d e t e c t e d  i n  e a r l y  s t a g e  l e s i o n s ,  a n d  
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t h e  f r e q u e n c i e s  o f  L O H  t e n d e d  t o  b e  h i g h e r  i n  l a t e r  

c l i n i c a l  s t a g e s ,  b u t  n o  s t a t i s t i c a l  c o r r e l a t i o n  w a s  

o b s e r v e d .  O u r  r e s u l t s  s u g g e s t  t h a t  a l l e l i c  i m b a l a n c e s  o n  

2 q  a r e  i n v o l v e d  i n  t h e  d e v e l o p m e n t  o f  o r a l  S C C  a n d  t h a t  

a t  l e a s t  o n e  o r  m o r e  p u t a t i v e  t u m o r  s u p p r e s s o r  g e n e s  

c o n t r i b u t i n g  t o  t h e  p a t h o g e n e s i s  o f  t h i s  d i s e a s e  a r e  

p r e s e n t  o n  2 q .   

 

K e y  w o r d s :  C h r o m o s o m e  2 ,  O r a l  s q u a m o u s  c e l l  c a r c i n o m a ,  

l o s s  o f  h e t e r o z y g o s i t y ,  M i c r o s a t e l l i t e  i n s t a b i l i t y ,  T u m o r  

s u p p r e s s o r  g e n e  
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         I N T R O D U C T I O N  

 

T h e  a c t i v a t i o n  o f  o n c o g e n e s  a n d  i n a c t i v a t i o n  o f  

t u m o r  s u p p r e s s o r  g e n e s  a r e  c o n s i d e r e d  t o  p l a y  i m p o r t a n t  

r o l e s  i n  m u l t i s t e p  c a r c i n o g e n e s i s  i n  h u m a n s 1 ) .   L o s s e s  

o f  a l l e l e s  o n  a  s p e c i f i c  c h r o m o s o m e  s u g g e s t  t h e  p r e s e n c e  

o f  a  t u m o r  s u p p r e s s o r  g e n e .   S u c h  a l l e l i c  l o s s e s  h a v e  

b e e n  d e t e c t e d  a s  a  l o s s  o f  h e t e r o z y g o s i t y  ( L O H )  a n d  

m i c r o s a t e l l i t e  i n s t a b i l i t y  ( M S I ) 2 - 3 ) ,  d e m o n s t r a t i n g  t h e i r  

u s e f u l n e s s  f o r  t h e  m a p p i n g  o f  D N A  r e g i o n s  i n  w h i c h  a n  

u n k n o w n  t u m o r  s u p p r e s s o r  g e n e  m a y  b e  p r e s e n t 4 ) .  

I n  t h i s  s t u d y ,  a s s u m i n g  t h a t  a  n o v e l  t u m o r  

s u p p r e s s o r  s p e c i f i c  t o  o r a l  s q u a m o u s  c e l l  c a r c i n o m a  i s  

p r e s e n t  o n  c h r o m o s o m e  2 ,  w e  p r e p a r e d  a  d e t a i l e d  

d e l e t i o n  m a p  o f  2 q  b y  a  c o m p a r i s o n  o f  t u m o r  a n d  n o r m a l  

t i s s u e  D N A s  i n  i n d i v i d u a l  p a t i e n t s  w i t h  o r a l  s q u a m o u s  

c e l l  c a r c i n o m a ,  a n d  i n v e s t i g a t e d  t h e  f o l l o w i n g  i t e m s :  1 )  

E v a l u a t i o n  o f  L O H  a n d  M S I ,  a n d  i d e n t i f i c a t i o n  o f  t h e  

l o c u s  o f  a  n o v e l  u n k n o w n  t u m o r  s u p p r e s s o r  g e n e  s p e c i f i c  

t o  o r a l  s q u a m o u s  c e l l  c a r c i n o m a ,  a n d  2 )  a s s o c i a t i o n  w i t h  

c l i n i c o p a t h o l o g i c a l  c h a r a c t e r i s t i c s .  
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       M A T E R I A L S  A N D  M E T H O D S   

T h e  s u b j e c t s  w e r e  1 9  p a t i e n t s  d i a g n o s e d  w i t h  o r a l  

S q u a m o u s  c e l l  c a r c i n o m a  a t  t h e  O r a l  M a x i l l o f a c i a l  

s u r g e r y  D e p a r t m e n t  o f  T o k y o  D e n t a l  C o l l e g e  C h i b a  

H o s p i t a l  f r o m  w h o m  s a m p l e  s p e c i m e n s  c o u l d  b e  o b t a i n e d .   

T h e  p r i m a r y  t u m o r  a n d  c o r r e s p o n d i n g  n o r m a l  t i s s u e s  

w e r e  u s e d  ( T a b l e  1 ) .   F r o m  t h e  t u m o r  a n d  n o r m a l  t i s s u e s ,  

D N A  w a s  e x t r a c t e d  a n d  p u r i f i e d  b y  p h e n o l - c h l o r o f o r m  

e x t r a c t i o n ,  a n d  w a s h e d  a n d  c o n c e n t r a t e d  b y  e t h a n o l  

p r e c i p i t a t i o n .   E a c h  D N A  s a m p l e  w a s  a d j u s t e d  t o  5 0  

n g / µ l ,  a n d  u s e d  a s  a  t e m p l a t e  f o r  t h e  p o l y m e r a s e  c h a i n  

r e a c t i o n  ( P C R )  t o  a m p l i f y  t h e  D N A .  

P C R  m i c r o s a t e l l i t e  a n a l y s i s  w a s  p e r f o r m e d  u s i n g  

m a r k e r s  o f  1 0  m i c r o s a t e l l i t e  r e g i o n s  o n  t h e  l o n g  a r m  o f  

c h r o m o s o m e  2  ( T a b l e  2 ) .   I n  s t a t i s t i c a l  a n a l y s i s ,  t h e  

s i g n i f i c a n c e  o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  f r e q u e n c i e s  

o f  L O H  a n d  M S I  a n d  t h e  c l i n i c o p a t h o l o g i c a l  

c h a r a c t e r i s t i c s  w a s  a n a l y z e d  u s i n g  F i s h e r ’ s  d i r e c t  

p r o b a b i l i t y  m e t h o d .  
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          R E S U L T S  

 L O H  w a s  n o t e d  a t  l e a s t  a t  o n e  g e n e  l o c u s  i n  1 1  o f  

t h e  1 9  p a t i e n t s  ( 5 7 . 9 % ) .   M S I  w a s  n o t e d  i n  4  o f  t h e  1 9  

p a t i e n t s  ( 2 1 . 1 % ) .   D e l e t i o n  m a p s  o f  t h e  1 9  p a t i e n t s  

w e r e  p r e p a r e d ,  a n d  o n e  c o m m o n  d e f i c i e n t  r e g i o n  w a s  

i d e n t i f i e d  o n  t h i s  c h r o m o s o m e  ( F i g .  1 ) .   T h e  g e n e  l o c u s  

w i t h  a  h i g h  f r e q u e n c y  o f  L O H  w a s  D 2 S 2 0 6  i n  t h e  2 q 3 6  

r e g i o n  ( 3 3 . 3 % ) .    

 T h e  r e l a t i o n s h i p  b e t w e e n  t h e  c l i n i c o p a t h o l o g i c a l  

f a c t o r s  a n d  t h e  p r e s e n c e  o f  L O H  a n d  M S I  w a s  

i n v e s t i g a t e d .   L O H  w a s  m o r e  f r e q u e n t l y  n o t e d  i n  

f e m a l e s ,  a n d  M S I  w a s  n o t e d  o n l y  i n  m a l e s .   R e g a r d i n g  

t h e  l o c a t i o n ,  L O H  w a s  f r e q u e n t l y  d e t e c t e d  i n  t h e  g i n g i v a ,  

a n d  M S I  w a s  n o t e d  o n l y  i n  t h e  t o n g u e .   O n  c o m p a r i s o n  

o f  t h e  T  a n d  s t a g e  c l a s s i f i c a t i o n s ,  L O H  w a s  f r e q u e n t l y  

d e t e c t e d  i n  e a r l y - s t a g e  c a s e s  ( T a b l e 3 ) .    

 T h e  c o r r e l a t i o n  b e t w e e n  t h e  i m b a l a n c e  o f  a l l e l e s  

( L O H  a n d  M S I )  a n d  t h e  c l i n i c o p a t h o l o g i c a l  f a c t o r s  w a s  

a n a l y z e d  b y  F i s h e r ’ s  d i r e c t  p r o b a b i l i t y  m e t h o d ,  b u t  n o  

s i g n i f i c a n t  c o r r e l a t i o n  w a s  n o t e d .  
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                   D I S C U S S I O N  

 D e l e t i o n  m a p s  o f  t h e  1 9  p a t i e n t s  w e r e  p r e p a r e d ,  

a n d  o n e  r e g i o n  w i t h  a  h i g h  f r e q u e n c y  o f  L O H ,  w h i c h  m a y  

b e  a  c o m m o n  d e f i c i e n t  r e g i o n  o n  2 q ,  w a s  i d e n t i f i e d  a t  

D 2 S 2 0 6  i n  t h e  2 q 3 6  r e g i o n .   I n  t h i s  r e g i o n ,  a  d e f i c i e n t  

r e g i o n  c o m m o n  t o  g r a n u l a r  c e l l  t u m o r  h a s  r e c e n t l y  b e e n  

i d e n t i f i e d  b y  W a t s o n  e t  a l . 5 ) ,  s u g g e s t i n g  t h a t  a  t u m o r  

s u p p r e s s o r  g e n e  r e l a t e d  t o  o r a l  s q u a m o u s  c e l l  c a r c i n o m a  

a n d  g r a n u l a r  c e l l  t u m o r  i s  p r e s e n t  i n  t h i s  r e g i o n .   S i n c e  

n o  g e n e  i n  t h e  2 q 3 6  r e g i o n  h a s  b e e n  c l o n e d ,  t h e  

i d e n t i f i c a t i o n  o f  t h e  r e g i o n  c o n s i d e r e d  t o  b e  a  c o m m o n  

d e f i c i e n t  r e g i o n  i n  t h e  2 q 3 6  r e g i o n  s t r o n g l y  s u g g e s t e d  

t h a t  a  n o v e l  u n k n o w n  t u m o r  s u p p r e s s o r  g e n e  i s  p r e s e n t .  

L O H  w a s  f r e q u e n t l y  d e t e c t e d  i n  t h e  g i n g i v a  i n  

r e l a t i v e l y  e a r l y  c a n c e r ,  s u g g e s t i n g  t h a t  i n a c t i v a t i o n  o f  

t h e  t u m o r  s u p p r e s s o r  g e n e  o c c u r r e d  i n  a n  e a r l y  s t e p ,  a n d  

t h e  f r e q u e n c y  o f  i n a c t i v a t i o n  m a y  v a r y  d e p e n d i n g  o n  t h e  

l o c a t i o n .   E x t e n s i v e  a n a l y s i s  o f  a n  i n c r e a s e d  n u m b e r  o f  

p a t i e n t s ,  a n d  l a r g e - s c a l e  g e n e  a n a l y s i s  w i t h  f r e q u e n t  a n d  

c a r e f u l  c o u r s e  o b s e r v a t i o n  o f  o r a l  c a n c e r  p a t i e n t s  a r e  

n e c e s s a r y  f o r  t h e  r e a l i z a t i o n  o f  a n  o p t i m a l  t r e a t m e n t  f o r  

i n d i v i d u a l  p a t i e n t s .  
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Table 1：CASE

CASE Gender Age Site T N Stage Differentiation Mode of invasion pN prognose （duration）

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

M

M

M

F

F

F

F

M

M

M

M

M

M

M

M

M

M

M

M

47

61

77

69

66

74

61

36

76

39

46

51

64

59

60

79

80

68

55

Tongue

Tongue

oral floor

Gingiva

palate

Tongue

Tongue

Gingiva

palate

Tongue

Tongue

Tongue

oral floor

Gingiva

Tongue

Tongue

Gingiva

Gingiva

Gingiva

1

2

2

4

1

2

2

2

1

1

1

2

4

2

1

1

2

2

1

0

2a

1

2b

0

1

0

0

0

0

0

1

2c

1

0

1

0

2b

0

Ⅰ

Ⅳ

Ⅲ

Ⅳ

Ⅰ

Ⅲ

Ⅱ

Ⅱ

1

1

Ⅰ

Ⅲ

Ⅳ

Ⅲ

Ⅰ

Ⅲ

Ⅱ

Ⅳ

Ⅰ

Well

Well

Mod.

Well

Well

Well

Well

Mod.

Mod.

Well

Poor.

Mod.

Poor.

Well

Well

Poor.

Well

Mod.

Well

3

4C

4C

3

2

3

3

4C

4C

4C

4C

3

3

3

3

3

4C

3

3

+

-

+

+

/

-

/

/

+

+

+

-

+

-

/

-

+
+

-

Alive （53 months）

Alive （44 months）

Alive （30 months）

Alive （29 months）

Alive （45 months）

Alive （31 months）

Alive （47 months）

Alive （48 months）

Died （39 months）

Died （28 months）

Died （11 months）

Alive （43 months）

Alive （49 months）

Alive （51 months）

Alive （33 months）

Alive （29 months）

Died （21 months）

Died （10 months）

Alive （50 months）

M: Male, F: Female.  Well: well differentiated, mod: moderately differentiated, poor: poorly differentiated 



Table 2：Microsatellite markers

Markers Locations Size of PCR
products (bp) 

2q11.1-14

2q14-21

2q23-33

2q32

2q32-35

2q33

2q35

2q35

2q36

2q36

192

157

126-140

265

162

134-150

163-171

265-303

283-301

123-151

D2S436

D2S1328

D2S111

D2S202

D2S1327

D2S116

D2S155

D2S164

D2S133

D2S206

Sequence of primers

5/-GATATGGGAGCAACATGAGC-3/

5/-GGAATCAACTTTCAGTATAAACCC-3 /

5/-GTGGCTTTGGAGGAACACTA-3/

5/-TGGCACATGTACACCAGAAC-3 /

5/-AAGGCAGATCCAAGTACTCA-3/

5/-CATAAGCAACTGATTAGAACC-3 /

5/-TTTTCTTTTTTGCAGTTTATCC-3/

5/-CACTTCAGTGCCTTCTTGAGA-3 /

5/-TGACCAGGGGAAGATACTGA-3/

5/-TGAATTGAATAATAACACTCTGTGC-3 /

5/-CAATCTCCACAAGTTGCTCA-3/

5/-GGGATAGATAATTTAGGAGTGGG-3 /

5/-ACAGAAAACATACGTGTGTG-3/

5/-CGGAACCTAGCAAAACTAC-3 /

5/-GTCCTAACAGGCCACAGACC-3/

5/-GCTGGCAGTATCACATGACA-3 /

5/-CAGGAATCCAAGACAGACAG-3/

5/-CAGATAGTAACTGTATATCAAGGGG-3 /

5/-TTAAAAATTAAGTAGGCTTTTGGTT-3/

5/-GTCCTCATGTGTTTATGCTGT-3 /



Gender Male
Female

LOH (+) MSI (+) MSI (%)

Site Tongue
Gingiva
other

T classification T1

T2

T4

TNM stage I

II

III

IV

Differentiation well
mod.
poor.

pN (+)

(-)

Mode of invasion

3

4C

8/15 53.3% 4/15

LOH (%)

26.7%

3/4 75% 0/4 0%

4/9 44.4% 4/9 44.4%

5/6 83.3% 0/6 0%

2/4 50% 0/4 0%

5/8 62.5% 2/8 25%

6/9 66.7% 2/9 22.2%

0/2 0% 0/2 0%

5/7 71.4% 1/7 14.3%

2/3 66.7% 1/3 33.3%

2/5 40% 2/5 40%

2/4 50% 0/4 0%

7/11 63.6% 2/11 18.2%

4/5 80% 1/5 20%

0/3 0% 1/3 33.3%

5/9 55.6% 0/9 0%

4/6 66.7% 2/6 33.3%

5/11 45.5% 4/11 36.4%

5/7 71.4% 0/7 0%

Table 3: Frequencies of LOH and MSI (%) in relation to clinicopathological factors

2 1/1 100% 0/1 0%

Prognosis Alive
Died

7/14 50% 4/14 28.6%

4/5 80% 0/5 0%



17 1 2 18 19 3 4 5 6 7 8 9 10 11 12 13 14 15 16Case No.

LOH : Loss of heterozygosity

MSI : Microsatellite instability
NI : Not informative

Commonly deleted region

ROH : Retain of heterozygosity 

D2S436

D2S1328

D2S111

D2S202

D2S1327

D2S116

D2S155

D2S164

D2S133

D2S206

11.1

11.2
12

13
14.1
14.2
14.3

21.1
21.2
21.3

22

23
24.1
24.2
24.3

31

32.1
32.2
32.3

33

Chr.2q

34

35

36

37.1
37.2
37.3

Fig. 1: Deletion mapping of the long arm of chromosome 2


