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Advanced-Stage Cervical Carcinomas Are Defined 

by a Recurrent Pattern of Chromosomal Aberrations 

Revealing High Genetic Instability and a Consistent 

Gain of Chromosome Arm 3q
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W e  h a ve  a n a ly z e d  3 0  cases o f  a d v a n c e d -s ta g e  c e rv ic a l sq u a m o u s  ce ll c a rc in o m a  (s tages l ib —IV ) b y  c o m p a ra t iv e  g e n o m ic  

h y b r id iz a t io n  ( C G H ) .  T h e  m o s t  c o n s is te n t  c h ro m o s o m a l ga in  in  th e  a n e u p io id  tu m o rs  w a s  m a p p e d  t o  c h ro m o s o m e  a rm  3q  in 

77%  o f  th e  cases. A c q u is i t io n  o f  g e n e t ic  m a te r ia l a lso  o c c u r re d  f re q u e n t ly  o n  Iq  (47% ), 5p  (30% ), 6 p  (27% ), and  2 0  (2 3 % ). 

R e c u r r e n t  lo sse s  w e r e  m a p p e d  o n  2 q  (3 3 % ), 3p  (50% ), 4  (33% ), 8 p  (23% ), and  13q (2 7 % ). H ig h - le v e l c o p y  n u m b e r  in c re a se s  

w e r e  m a p p e d  t o  c h r o m o s o m e  8, c h ro m o s o m e  a rm s  3q , 5p , 8q , I2 p , I4 q , I7 q , I9 q , 2 0 p , and  2 0 q , and c h ro m o s o m a l bands 

3 q 2 6 -2 7 , 9 p 2 3 -2 4 ,  I I q 2 2 -2 3 ,  and  12p 13. In th e  m a jo r i t y  o f  th e  cases, th e  p re s e n c e  o f  h ig h - r is k  h u m a n  p a p illo m a  v iru s  g e n o m e s  

w a s  d e te c te d .  H ig h  p r o l i f e r a t iv e  a c t iv i ty  w a s  a c c o m p a n ie d  b y  c ru d e  a n e u p lo id y . In c re a s e d  p 2 l / W A F - l  a c tiv ity ,  b u t  lo w  o r  

u n d e te c ta b le  e x p re s s io n  o f  T P 5 3  w e r e  re p re s e n ta t iv e  f o r  th e  im m u n o p h e n o ty p e . T h is  s tu d y  c o n f irm s  th e  Im p o r ta n c e  o f  a gain 

o f  c h r o m o s o m e  a rm  3 q  in  c e rv ic a l c a rc in o g e n e s is  and id e n t if ie s  a d d it io n a l, r e c u r r e n t  c h ro m o s o m a l a b e r ra t io n s  th a t  a re  

r e q u ir e d  f o r  p ro g re s s io n  f r o m  s ta g e  I tu m o r s  t o  a d va n ce d -s ta g e  c a rc in o m a s . Genes Ch ro m o so m . C an cer  1 9 :2 3 3 - 2 4 0 , 

1 9 9 7 . © 1997 W ile y -L is s ,  Inc  j

m as. C G H  se rv e s  as a m o le c u la r  c y to g e n e t ic  s c r e e n 

in g  te s t  th a t  a llow s m a p p in g  o f  c h ro m o so m a l co p y  

n u m b e r  c h a n g e s  on n o rm al m e ta p h a s e  c h r o m o 

so m e s  (K a ll io n ie m i e t  al., 1992). T h e r e f o r e ,  tu m o r  

cell c u l tu re  is n o t  r e q u ire d ,  a n d  a rch iva l t is s u e  

se c tio n s  th a t  w e re  fo rm alin  f ix e d  a n d  paraffin  

e m b e d d e d  can  b e  u se d  for analysis  (S p e ic h e r  e t  al., 

1993; Isola e t  aL, 1994). T h i s  f e a tu re  o f  C G H  is

p a r ticu la r ly  u s e fu l  w h e n  a p h e n o ty p e /g e n o ty p e  

analysis  in  so lid  tu m o r  p ro g re ss io n  is a t t e m p te d  

(R ie d  e t  al., 1996). W e h a v e  re c e n t ly  a p p l ie d  C G H  

to id e n t ify  c h ro m o so m a l a b e rra tio n s  th a t  o c cu r  

d u r in g  th e  g e n e s is  o f  ce rv ica l ca rc in o m as . T h e  

analysis  o f  D N A  e x tra c te d  from  n o rm al cerv ica l 

e p i th e l iu m ,  m ild , m o d e ra te ,  an d  s e v e re  dysp las ias , 

an d  in v as iv e  c a rc in o m a s  (s tag e  I) has sh o w n  th a t  

th e  e m e rg e n c e  o f  co p y  n u m b e r  in c reases  o f  c h ro m o 

so m e  arm  3 q  d e f in e s  th e  tra n s i t io n  from  p re in v a -

* C o rre sp o n t le n c e  to: T h o m a s  R ied , N a tio n a l  H u m a n  G e n o m e  

R esearch  In s t i tu te ,  N a t io n a l  In s t i tu te s  o f  H e a l th ,  49 C o n v e n t  D rive , 

B u ild in g  49, R o o m  4A28, B e th e sd a ,  M D  20892-4470. E -m ail:

tr ied @ n h g ri.n ih .g o v

R e c e iv e d  10 O c to b e r  1996; A c c e p te d  7 Jan u a ry  1997

INTRODUCTION

C e rv ic a l  c a rc in o m a s  a re  t h e  s e c o n d  m o s t  c o m 

m o n  tu m o r s  in w o m e n  w o r ld w id e .  T h e  tu m o r  

in c id e n c e  s h o w s  s t ro n g  v a riab ili ty , w i th  in d u s t r ia l 

iz ed  c o u n t r i e s  h a v in g  lo w e r  m o rb id i ty  a n d  m o rta l i ty  

ra te s  th a n  d o  d e v e lo p in g  c o u n t r ie s  (P isan i e t  al., 

1993). T h i s  v a r ia t io n  is a t t r ib u ta b le  m o s t ly  to  c y to 

log ic  s c r e e n in g  p ro g ra m s  ( H a k a m a  e t  al., 1986). 

A l th o u g h  o t h e r  fac to rs , su c h  as c ig a re t te  sm o k in g , 

m a y  in f lu e n c e  th e  in c id e n c e  o f  ce rv ica l cancer, 

in fe c t io n  w i th  h u m a n  p a p i l lo m a  v iru s  (H P V ) is th e  

in i t ia t in g  e v e n t  fo r c e rv ic a l  c a rc in o g e n e s is  ( IA R C , 

1995). I t  is c o n c e iv a b le ,  h o w e v e r ,  t h a t  a d d it io n a l ,
4

g e n e t i c  a b e r r a t io n s  a re  r e q u i r e d  fo r th e  m u l t i s te p  

p ro c e s s  o f  t u m o r  in i t ia t io n  a n d  p ro g re s s io n  (F e a ro n  

a n d  V o g e ls te in ,  1990; z u r  H a u s e n ,  1994). D e te r m i 

n a t io n  o f  m a n d a to r y  g e n e t i c  a b e r ra t io n s  fo r tu m o r  

p ro g re s s io n  w o u ld  p o te n t ia l ly  lead  to  d ia g n o s tic  

p re d ic to r s .  T h e  s e a rc h  fo r r e c u r r e n t  c h ro m o so m a l 

a b e r r a t io n s  in  c e rv ic a l  c a rc in o m a s , h o w ev e r , w as 

h a m p e r e d  b y  te c h n ic a l  d if f ic u l t ie s  in  k a ry o ty p e  

a n a ly s is  b y  m e a n s  o f  c h ro m o s o m e  b a n d in g  te c h 

n iq u e s  (A tk in  e t  al., 1990). W e  h a v e  th e r e fo r e  u se d  

c o m p a r a t iv e  g e n o m ic  h y b r id iz a t io n  ( C G H )  to  id e n 

t ify  r e c u r r e n t  g a in s  a n d  lo sse s  in ce rv ica l carc ino-

© 1997 W ile y -L is s ,  Inc . T h i s  a n i d e  is a US G o v e rn m en t  w ork  and, as 

such , is in the p u b l ic  d o m a in  in the  U nited  S ta tes  o f  A m erica .
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s ive  to  in v as iv e  tu m o r s  ( H e s e l m e y e r  e t  al., 1996). In  

o rd e r  to  e x p lo re  t h e  r e le v a n c e  o f  th e  g a in  o f  

c h r o m o s o m e  a rm  3q  in a d v a n c e d  s ta g e s  o f  t u m o r  

p ro g re s s io n  a n d  to id e n t i f y  a d d i t io n a l  c o p y  n u m b e r  

c h a n g e s ,  w e  h a v e  p e r f o r m e d  C G H  o n  30 cases  o f  

s tag e  l i b  to IV s q u a m o u s  ce ll  c a rc in o m a s  o f  th e  

u t e r in e  cerv ix .

MATERIALS AND METHODS

Tissue Samples

T h i r t y  tu m o rs  w e r e  c o l le c te d  a t  t h e  K a ro l in sk a  

H o sp i ta l ,  S to c k h o lm ,  S w e d e n ,  b e t w e e n  1991 a n d  

1995. All tu m o rs  w e r e  d ia g n o s e d  as cerv ica l  s q u a 

m o u s  cell c a rc in o m as .  P a t i e n t  a g e  a n d  tu m o r  s ta g 

ing  are  p r e s e n te d  in T a b le  1. T h e  tu m o r s  w e r e  

s ta g e d  b a s e d  on  c lin ica l  a n d  h is to lo g ic  a s s e s s m e n t  

a c c o rd in g  to th e  I n te r n a t io n a l  F e d e r a t i o n  o f  G y n a e 

co logy  a n d  O b s te t r i c s  ( F I G O )  ( S h e p h e r d ,  1989). 

C o n s e c u t iv e  s e c t io n s  w e re  c u t  f ro m  all fo rm a l in -  

f ixed , p a r a f f in - e m b e d d e d  s a m p le s .  T h e  t i s su e  s e c 

t io n s  w e re  u se d  for D N A  p lo id y  m e a s u r e m e n t s  

( th ic k n e s s  8 p m ) ,  i m m u n o h i s t o c h e m i s t r y  (4 p m ) ,  

a n d  tu m o r  D N A  e x t r a c t io n  (50 p m ) .  T h e  last 

s e c t io n  (4  p m )  was s t a in e d  w i th  h e m a to x y l in - e o s in  

( H & E )  fo r  c o n f i r m a t io n  o f  t h e  p r e s e n c e  o f  t u m o r  

t issu e .  All t u m o r  s a m p le s  w e r e  o b t a i n e d  b e fo re  

t r e a tm e n t .

DNA Cytometry

D N A  c o n t e n t  m e a s u r e m e n t s  w e re  p e r f o r m e d  by  

im a g e  c y to m e t r y  on F c u l g e n - s t a i n e d  h is to lo g ic  s e c 

t io n s  as d e s c r ib e d  (A u e r  e t  al., 1989; A u e r  e t  al.,

1994). All D N A  v a lu e s  w e re  e x p r e s s e d  in r e la t io n  to  

t h e  c o r r e s p o n d in g  s ta in in g  co n tro ls ,  w h ic h  w e r e  

g iv e n  t h e  v a lu e  2c, in d ic a t in g  th e  n o rm a l  d ip lo id  

D N A  c o n te n t .  T h r e e  c la sses  o f  h i s to g ra m s  w e r e  

o b ta in e d :  1) te t r a p lo id  cases  w i th  a m a in  p e a k  in t h e  

4c re g io n  a n d  n o  ce lls  or o n ly  a m in o r  f ra c t io n  o f  

ce lls  ( less  th a n  5% ) e x c e e d i n g  5c; 2) a n e u p lo id /  

p ro l i fe ra t in g  t e t r a p lo id  cases  w i th  a p e a k  in t h e  4c 

re g io n  a n d  a f rac t io n  o f  5 - 2 0 %  o f  t h e  ce lls  e x c e e d 

ing  5c; a n d  3) a n e u p lo id  cases  w i th  a m a in  p e a k  

a ro u n d  t h e  4c re g io n  a n d  m o re  t h a n  2 0 %  o f  t h e  ce lls  

e x c e e d in g  5c. E x a m p le s  o f  t h e  h is to g ra m s  are  

sh o w n  in F ig u re  1.

Immunohistochemistry

P ro l i fe ra t iv e  a c t iv i ty  w as d e t e r m i n e d  w i th  an  

a n t ib o d y  (M IB -1 )  d i r e c te d  a g a in s t  t h e  K i-67  a n t i 

g en .  T h e  a n t ib o d y  d i s t in g u i s h e s  ce lls  in  GO f ro m  

cells  t h a t  are  in G 1 -S -G 2 -M  p h a s e  o f  t h e  cell cyc le .  

p21/YVAF-l e x p r e s s io n  w a s .  a n a ly z e d  w i th  t h e

W A F -1  a n t ib o d y  ( O n c o g e n e  S c ie n c e s ,  U n io n d a le ,  

N Y ), a n d  T P 5 3  e x p r e s s i o n  w a s  d e t e r m i n e d  w i th  

th e  D O -1  a n t ib o d y  ( S a n ta  C r u z  B io te c h n o lo g y ,  

S a n ta  C ru z ,  CA). I m m u n o h i s t o c h e m i s t r y  w as p e r 

f o r m e d  e s s e n t i a l ly  as d e s c r i b e d  ( S t e i n b e c k  e t  al.,

1995). T h e  q u a n t i f i c a t io n  o f  t h e  r e s u l t s  is p r e s e n t e d  

in  T a b l e  1.

H P V  Genotyping

H P V  g e n o m e s  in  t h e  p u r i f i e d  D N A  s a m p le s  

w e re  id e n t i f i e d  b y  p o ly m e r a s e  c h a in  r e a c t io n  (P C R ) ,  

w i th  t h e  M Y 0 9 -M Y 1 1  L I  c o n s e n s u s  p r im e r s  u s e d  

for a m p l i f ic a t io n  (B o sc h  e t  al., 1995). W e  u s e d  25 

ty p e - s p e c i f i c  p ro b e s  a n d  o n e  g e n e r i c  H P V  p r o b e  to 

d ia g n o s e  t h e  H P V  t y p e  in t h e  P C R  p ro d u c t s  

( H i l d e s h e i m  e t  al., 1994). p - g lo b in  a m p l i f ic a t io n  

w as u s e d  as a p o s i t iv e  c o n t ro l  fo r  e v a lu a t io n  o f  th e  

a d e q u a c y  o f  t u m o r  D N A ,

C G H

C G H  w as  p e r f o r m e d  a c c o r d in g  to  s t a n d a r d  p ro c e 

d u r e s  ( H e s e l m e y e r  e t  al., 1996). T u m o r  D N A  was

e x t r a c t e d  f ro m  s o d i u m  i s o t h i o c y a n a t e - t r e a t e d ,  for 

m a l in - f ix e d  t i s s u e  s e c t io n s  as d e s c r i b e d  ( R ie d  e t  

a l ,  1995). N i c k  t r a n s l a t io n  w a s  p e r f o r m e d  w ith  

b i o - 1 6 - d U T P  ( t u m o r  D N A )  a n d  d ig o x ig e n in -1 1 -  

c lU T P  ( r e f e r e n c e  D N A ,  p r e p a r e d  f ro m  a k a ry o ty p i-  

ca l ly  n o rm a l  f e m a le  d o n o r ) .  F iv e  h u n d r e d  n an o -  

g ra m s  o f  e a c h  o f  t h e  l a b e l e d  g e n o m e s  w as  c o m b in e d  

a n d  h y b r i d i z e d  w i th  a n  e x c e s s  o f  C o t-1  D N A  

(25 j-ig) to  m e t a p h a s e  c h r o m o s o m e s  p r e p a r e d  f ro m  a 

k a ry o ty p ic a l ly  n o rm a l  d o n o r .  T h e  b io t in - l a b e le d  

t u m o r  g e n o m e  w as  v i s u a l i z e d  w i th  a v id  in c o n ju 

g a t e d  to  f lu o r e s c e in  i s o th io c y a n a t e  ( F I T C )  (Vector 

L a b o ra to r ie s ,  B u r l in g a m e ,  C A ), a n d  th e  d ig o x ig e n in -  

l a b e le d  r e f e r e n c e  D N A  w i th  a m o u s e  a n t i -d ig o x in  

a n t i b o d y  (S ig m a ,  S t.  L o u i s ,  M O ) ,  fo l lo w e d  by  

d e t e c t i o n  w i th  a g o a t  a n t i - m o u s e  a n t i b o d y  c o n ju 

g a t e d  to  t e t r a m e t h y ] r h o d a m i n e  i s o t h i o c y a n a t e  

( T R I T C )  (S ig m a) .  C h r o m o s o m e s  w e r e  c o u n te r 

s t a i n e d  w i th  D A P I  to  g e n e r a t e  a G - l i k e  b a n d in g  

p a t t e r n .

G ra y  sca le  im a g e s  o f  t h e  D A P I  c o u n te r s t a in ,  th e

F I T C - l a b e l e d  t u m o r  D N A ,  a n d  t h e  T R I T C -  

l a b e le d  r e f e r e n c e  D N A  f ro m  a t  l e a s t  8 m e ta p h a s e s  

f ro m  e a c h  h y b r id iz a t io n  w e r e  a c q u i r e d  w i th  a coo led  

C C D  c a m e r a  ( C H 2 5 0 ,  P h o t o m e t r i e s ,  T u c s o n ,  AZ) 

c o n n e c t e d  to a L e ic a  D M R B E  m ic r o s c o p e  e q u ip p e d  

w i th  f lu o r o c h r o m e - s p e c i f i c  o p t ic a l  f i l te r s  T R 1 ,  T R 2 ,  

a n d  T R 3  ( C h r o m a  T e c h n o lo g y ,  B ra t t lc b o r o ,  V T). 

Q u a n t i t a t i v e  e v a lu a t io n  o f  t h e  h y b r id iz a t io n  was 

a c h i e v e d  w i th  a c u s t o m - d e s i g n e d  c o m p u t e r  pro-



CGH IN ADVANCEb-STAGE CERVICAL CARCINOMAS 235

TABLE I . S u m m ary  o f  th e  Clinical D a ta  and  Results From  MIB-1, D O - 1, W A F - 1 Staining, D N A  Ploidy M easurem en ts ,

HPV G enotyping , and C G H  in A dvanced  Cervical C a rc in o m as3

P a tie n t

age

(yea rs )

%

C ase

L is t

no.

T u m o r

stage

M lB -1

(K i-6 7 )

D O - I

(p53)

W A F - 1 /  

P2 I D N A H P V C G H

1 C l 69 l l lb 100 N e g . < 2 6.6c, A 45 — 2 q 3 6 - te r ,~  3p21 - 12,4- 3q26.1 - t e r , 4- 4- 5 p ,—5 q 3 5 -te r , 

— 6 q ,-8 p te r -2 2 ,4 -4 -8 q ,  -  ! l q , -  I 3 q l  i —14 ,—X

2 C 3 8 4 Hib 4 0 20 50 2 .8c, A 16 4- I q ,4 -3 (4 - +  3 q 2 6 —2 7 ) ,—5p te r~  14 ,+ 7 ,  + + 8 , —9 p te r -2 (  > 

— I4 q 3 1 - te r ,—X

3 C 6 46 lib 90 N eg . 60 3 .6c, A /p T 16 — 2 q 3 4 - te r ,4 -3 q 2 5 - te r ,~  6 q 2 5 -te r ,4 -4 -9 p te r -2 3 , 

— 11 q 2 2 - te r ,4 -X p te r -q  13

4 C 7 50 l l lb 90 20 40 5.1c, A 39 4- Iq ,4 - 2 p ,4 - 3 q 2 l- te r ,—4p IS -q te r,4 -5 p ,4 -5 q 3  l - te r ,  

+ 6 p , + 9 q , +  I2 p , - f  I2 q 2 3 - te r ,  4- I 3 q 3 i- t e r ,

- 14 q 2 2 - 2 4 ,+  1 5 q 2 4 -2 5 ,4 -1 6 ,+  1 7 p ,+ + 17q,

4 - 19q ,4 -20p ,4 - 4 -2 0q ,4 -22

5 C 8 36 lib 90 < 2 10 8 .0c, A /p T 45 4- I q ,—2q3 6 - te r ,  4- 3q , —4 p te r -q 2 3 ,—4q34 ~ te r,4 - 5p, 

-~5q 14—2 3 ,4 -6 p ,+  4 - 1 I q22—23, 4 - 16 ,—2 2 ,4 -X p

6 C 9 8 7 (lib 80 10 40 5.8c, A 31 4- I 2 q 3 6 - t e r , — I0 q 2 6 - te r ,4 -  12,4- I4 q 2 4 -te r , 

4 - 15 ,— 1 8 q 2 3 -te r ,4 -X q

7 C l ) 72 l l lb 90 10 30 4.1 c, A /p T 16 4- lq ,4 -3 q ,4 -4 -  I 2 p l3

8 C I3 4 2 l l lb 80 < 2 30 6. Ic , A 45 —8 p te r-2 3

9 C IS 74 l l lb 70 < 2 30 4 .3c, A /p T 16 4“ I q ,—3 p ,4 -3 q ,~  8 p ,4 -1 5

10 C l  6 71 l l lb 90 N eg . 10 3.8c, A 33 —3 p te r -q 2 l,4 '3 q 2 2 ~ te r l 4 -5 q ,~ 8 p ,4 -8 q ,— I I q l4 - t e r ,  

— 14 ,— 1 6 q ,4 -4 -2 0 p ,~ X

I I C 18 6 7 lib 60 60 60 5.2c, A N eg . 4 -6 p ,4 -6 q 2 l~ 2 2 ,4 -4 -1 9 q ,4 -2 0 p ,4 -  4 -2 0 q ,4 -X p te r-q  13

12 C I 9 62 lib 50 20 50 3.8c, T N eg. 4 -3 q

13 C 2 0 38 lib 90 N eg . N eg . 4 .0c , A /p T 45 — 3 p ,~ 4 ,4 -4 -5 p ,— 5 q l l - 2 3 ,4 - 6 p te r - 2 l , - 9 p ,4 ~ I2 q ,  

4 - 1 3 q 3 2 - te r ,— 14 ,— 17p,-H 17q, 4- I9 q l  3 . 2 - t e r , - X

14 C 2 I 36 l l lb 50 N eg . 70 4 .0c , T 16 — 3 p ,- f-3 q ,—4 ,— 10 ,— I lp te r - 1 5 ,— I Iq 2 2 - te r

15 C 2 2 74 lib 80 < 2 60 4 .0c , T 16 4 - 1 3 p ,4 ~ 3 q ,4 -  4 -5 p ,4 -6 p ,— 6q,4- 4 -9 p te r -2 4 ,~  1 3 ,4 -X

16 C 23 58 lib 50 20 50 3.6c, T 16 4 - 1 q ,—2 q 3 6 -te r , — 3p, 4-3q(-H  -h 3 q 2 4 -c e r),—6q, 

—7 q 2 l - t e r , 4 - 9 , -  lO q

17 C 2 4 4 6 IV 90 N eg . 60 4 .2c, A /p T 16 — 2 p te r - 2 4 ,~ 2 q 3 2 ~ te r , - 3 p 2 l- l  l , 4 - 3 q , - 4 , — 13 ,4 -14

18 C 2 6 75 lib 60 10 40 3 .8c, A /p T N e g . 4 - 1 q ,—6 ,— 14 ,—X q 2 1  - te r

19 C 2 7 8 7 (Kb 60 N eg . 70 4 .0c , A /p T N eg . 4 - 1,4-2p, —3p, +  3 q ,—5 p ,—9 p ,4 -X

20 C 2 9 7 2 IV a 2 0 80 60 4.1 c, A /p T N eg . 4 - 1 q , - 2 q 2 2 - te r 1“ 3 p ,4 -3 q 2 4 - te r ,~ 4 q ,-8 p ,4 -8 q ,  

-  17p,— I 8 q , ~ 2 l

21 C 3 0 81 ll lb 90 N e g . 40 3.8c, A /p T 31 4- lq , - 2 q 3 6 - t e r , ~ 3 p 2 M  l , + 3 q 2 3 - t e r , - 4 q , - 6 p ,  

“ 6 q 2 6 - t e r , - 9 p , -  I Op, -  I lp te r - 1 4 ,4 - 1 I p l3 - q l3 ,  

-  11 q 14-te r ,  — 1 3 - 1 7 p te r - 1 2 , - 1 8 ,4 -X q 2 2 -2 4

22 C 3 I 63 IVa 80 Neg. 80 5 .0c , A 52 4- 4“ 3q21 - t e r ,—4 p ,4~ 4- 5p t e r - 13 ,4- 6 , - 8 p ,4- 8 q,

4 -9 ,+  4- I2 p ,4 - I2 q ,— !3 q  1 4 -2 2 ,4 -1 8 ,4 -2 0 , 4-22

23 C 3 2 79 lllb 90 10 20 n.d. 18
1

4- 1,4- 3q ,4- 6 ,4-8 ,4- 9 , +  10,4- 4- 14,4- (5 ,4- 16,4- 17q ,— I8q, 

4- 19 ,4*2 0 , + 2 1

24 C 3 3 64 lib 80 N eg. 50 4.1 c, A /pT 45 — 3 p ,4- 3q(+ 4 q2 l~ 2 2 , ~ 6 ,— 13,4- 15q2 l- 2 5

25 C 3 4 51 lllb 80 5 30 7 .0c, A/pT 16 4 '5 p ,4 -9 q ,— I2 p ,4 -1 2 q ,—X

26 C 3 6 54 lllb 90 5 70 6.7c, A /pT 16 4- Iq ,4 -3 q 2 i- te r ,4 - 6 p te r - l2 ,4 ~ 9 p ,4 -17

27 C 3 7 84 lib 80 N eg. 70 4 .6c, A /pT 35 — 2 q 34- t e r , - 3p , + 3 q 1—6 ,—9 p ,— !4 q2 l - 2 3 ,4- 15q22—-2 5 , 

- l 7p ,4-20

28 C 3 9 34 lib 60 Neg. 70 4 .0 c, T 45 — 3p ,—4 p ,4- 5 p ,—5q 33- t e r ,~  13

29 C 4 0 50 Ilia 90 5 30 5 .2c, A 16 4- 3q 2 U te r ,- f  I9 q

30 C 42 81 lllb 90 < 2 50 6 .2 c, A 16 —2 q ,—3p ,4- 4- 3q , - 4 q ,4- 4- 5p,-l-5 q , - 8 p te r -2 3 , - 9p,

-  I0 p , -  11, ~  I2 p ,~  13, 4- I4 q22- t e r , + 17,4- 19,4-20

’M iB - 1, D O - 1 , and  W A F -  1 im m u n o h is to c h e m ic a i re s u lts  a re  p re s e n te d  as pe rcen tag es  o f  th e  tu m o r  ce lls  th a t  re a c te d  w ith  th e  re sp e c tive  a n tib o d y , D N  A  

ils to g ra m s  a re  c lass ified  as te t ra p lo id  (T ) , a n e u p lo id /p ro life ra t in g  te t ra p lo id  (A /p T ) ,  and a n e u p io id  (A )  (see  a lso  Fig. l ) .n .d . ,  n o t  d e te rm in e d . T h e  H P V  

:ypes a re  p ro v id e d  as d e te rm in e d  by d o t  b lo t  analysis. N eg ., nega tive  fo r  d e te c t io n  o f  H P V  sequences. T h e  C G H  co lu m n  sh o w s  th e  c h ro m o s o m a l 

ib e r ra t io n s  d e te c te d  in in d iv id u a l cases.

*ram, t h e  d e ta i l s  o f  w h i c h  a r e  d e s c r i b e d  b y  d u  im a g e s  (F ig .  2 D , EX W e  u s e d  a v e ra g e  ra tio  p ro f i le s  

v lan o ir  e t  al. (1 9 9 5 ) .  A v e r a g e  ra t io  p ro f i le s  w e r e  to  i d e n t i f y  c h r o m o s o m a l  c o p y  n u m b e r  c h a n g e s  in 

c o m p u te d  as t h e  m e a n  v a l u e  o f  a t  l e a s t  8 ra t io  all cases .
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Figure !. Examples o f  te tra p lo id  (A ) ,  a n e u p lo id /p ro life ra tin g  te tra -  

p lo id  (B  ), and aneup lo id  (C ) D N A  c o n te n t h is togram s. See M ateria ls 

and M e th o d s  fo r  deta ils o f  the  c lassifica tion .

RESULTS

W e re c e n tly  id e n t if ie d  a ga in  o f  c h ro m o so m e  arm  

3q  as a r e c u r re n t  c h ro m o so m a l a b e rra t io n  th a t  

occu rs  a t th e  tra n s it io n  from  p re in v a s iv e  to invasive , 

ea r ly -s tag e  cervical ca rc in o m as  (H e s e lm e y e r  e t  al., 

1996). W e p e r fo rm e d  th e  p re s e n t  s tu d y  to a d d re ss  

th e  q u e s t io n  w h e th e r  gain  o f  3 q  is m a in ta in e d  w h e n  

th e  tu m o rs  p rog ress , a n d  to  id e n t ify  ad d it io n a l  

c h ro m o so m a l a b e rra tio n s  th a t  m ig h t  b e  re q u ire d  for 

fu r th e r  p ro g ress io n  o f  cerv ical ca rc inom as. W e now  

re p o r t  th e  m a p p in g  o f  c h ro m o so m a l ga ins  and  

losses in 30 cases o f  a d v a n c e d -s ta g e  cerv ical ca rc in o 

m as. T h e  c lin ical d a ta  are s u m m a r iz e d  in T a b le  1 .

CGH Analysis

G e n o m ic  tu m o r  D N A  was e x tra c te d  from  50 pm  

fo rm a lin -f ix ed , p a ra f f in -e m b e d d e d  tissu e  se c tio n s  

th a t  w e re  m ic ro d is se c te d  from  re p re s e n ta t iv e  re 

g ions o f  th e  tu m o r  (F ig . 2A). A n e x a m p le  o f  th e  

C G H  analysis  is p r e s e n te d  fo r ca se  15 as a ratio

av e rag e  ra tio  p ro file  o f  1 0  m e ta p h a s e s  o f  t h e  s a m e  

case (F ig . 2 D ,E ) .  A v e ra g e  ra tio  p ro f i le s  w e r e  u se d  

for m a p p in g  o f  c o p y  n u m b e r  c h a n g e s  in all in 

s tan ces . C h ro m o s o m a l  a b e r r a t io n s  w e r e  d e t e c t e d  in 

all 30  cases; th e  a v e ra g e  n u m b e r  o f  c h ro m o s o m a l  

a b e r ra t io n s  p e r  ca se  w as  8.2. D e s p i t e  t h e  h ig h  

n u m b e r  o f  c h ro m o s o m a l  a b e r ra t io n s ,  a r e c u r r e n t  

an d  sp e c if ic  p a t te rn  e m e r g e d  in a d v a n c e d - s ta g e  

ce rv ica l c a rc in o m as : th e  m o s t  f r e q u e n t  c o p y  n u m 

b e r  a l te ra t io n  w as  a g a in  o f  c h r o m o s o m e  a rm  3q, 

w h ic h  o c c u rre d  in 23 o f  t h e  30 c a se s  (7 7 % ). In  4  

cases, th e  g a in  o f  3 q w as  p r e s e n t  as a h ig h  lev e l 

co p y  n u m b e r  in c re a s e  (a m p li f ic a t io n ) .  T h e  c o n s e n 

sus reg io n  o f  3 q  a m p l i f ic a t io n  w as  m a p p e d  to 

c h ro m o so m a l b a n d s  3 q 26 -27 . G a in  o f  g e n e t i c  m a te 

rial w as a lso  id e n t i f ie d  o n  c h r o m o s o m e  a rm s  l q

(14/30), 5 p  (9 /30), 6 p  (8 /30 ), a n d  2 0 p (7 /30 ). W h o le -

a rm  a m p lif ic a t io n s  w e re  f r e q u e n t ly  o b s e r v e d  o n  5p . 

R e g io n a l h ig h  lev e l c o p y  n u m b e r  in c re a s e s  ( a m p l i 

f ic a tio n s)  w e re  m a p p e d  to  c h ro m o s o m a l  b a n d s

3q26-27 , 9 p 2 3 -2 4 , l l q 2 2 - 2 3 ,  a n d  1 2 p l3 .  T h e  m o s t

c o m m o n  c h ro m o s o m a l  c o p y  n u m b e r  d e c r e a s e  w as 

m a p p e d  to  c h ro m o s o m e  a rm  3 p  (1 5 /3 0 ), b a n d  

2 q 3 6 -3 7  (10 /30), 6 q (8 /30 ), 8 p (7 /30 ), 4 p  (7 /30 ), a n d  

13q (8 /30). A  s u m m a ry  o f  c h ro m o s o m a l  g a in s  a n d  

losses is p r e s e n te d  in  F ig u r e  3.

HPV Genotyping

T h e  p r e s e n c e  o f  H P V  g e n o m e s  w as  a n a ly z e d  by  

P C R  in  th e  s a m e  D N A  as fo r  C G H .  A il s a m p le s

c o u ld  be  a n a ly z e d  s u c c e s s fu l ly  w i th  a p r im e r  fo r th e  

p -g lo b in  g e n e  u s e d  as a c o n tro l .  H P V  g e n o m e s  

w e re  n o t  d e t e c t e d  in  5 cases . T w e n ty - f iv e  tu m o r  

s a m p le s  y ie ld e d  p o s i t iv e  t e s t  re s u l ts .  In v a r ia b ly , th e  

d e te c te d  H P V  b e lo n g e d  to  th e  h ig h - r i s k  g ro u p . 

H P V  16 a c c o u n te d  fo r  4 8 %  o f  th e  in fe c t io n s ,  

fo llo w ed  b y  H P V  45  (6 /25 ). T h e  r e s u l t s  a re  s u m m a 

rized  in T a b le  1 .

DNA Ploidy Measurement

D N A  p lo id y  w as m e a s u r e d  o n  c o n s e c u t iv e  t is su e  

se c t io n s  b y  im a g e  c y t o m e t r y  I m a g e  c y to m e t r y  

c o m p le m e n ts  th e  C G H  a n a ly s e s  b y  p ro v id in g  in fo r 

m a tio n  o f  th e  D N A  p lo id y  . th a t  c a n n o t  b e  g a in e d
(

fro m  C G H  e x p e r im e n t s  a lo n e .  N o n e  o f  th e  tu m o rs  

s h o w e d  a n o rm a l d ip lo id  D N A  c o n te n t .  M o s t  cases  

h ad  c ru d e  a n e u p lo id y ,  w i th  e i t h e r  p ro l i f e ra t in g  

te t r a p lo id  ce ll  p o p u la t io n s  o r h ig h ly  a n e u p lo id  cell 

p o p u la t io n s ;  m o re  th a n  2 0 % o f  t h e  c e lls  e x c e e d e d  

5c v a lu e s .  T h e  re su lts  a re  p r e s e n t e d  in  T a b le  1.

Immunocytochemistry

T h e  a n t ib o d ie s  M IB -1 ,  w h ic h  is d i r e c te d  a g a in s t

im ag e  o f  a r e p re s e n ta t iv e  m e ta p h a s e  cell a n d  as an  th e  K i-67 a n t ig e n ,  D O - 1 , w h ic h  re a c ts  w i th  T P 5 3 ,
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F ig u r e  2. I m i n u n o h i s t o c h e m i c a l  d e t e c t i o n  o f  K i - 6 7  ( A ) ,  T P 5 3  ( B ) ,  

a n d  p 2 l / W A F - l  ( C )  o f  c a s e  IS .  I m m u n o r e a c t i v e  n u c le i  a p p e a r  d a r k  

b r o w n .  T h e  t i s s u e  w a s  c o u n t e r s t a i n e d  w i t h  H & E ,  w h i c h  a p p e a r s  b lu e .  In  

th is  c a s e ,  t h e  p r o l i f e r a t i v e  a c t i v i t y  w a s  i n c r e a s e d  in  8 0 %  o f  t h e  c e l ls  ( A ) ,  

T P 5 3  e x p r e s s i o n  w a s  n e g l ig i b l y  l o w  ( < 2 % )  (B ) ,  a n d  p 2 l / W A F - l  

i m m u n o r e a c t i v i t y  w a s  p r e s e n t  in  6 0 %  o f  t h e  c e l ls  ( C ) .  D :  A  r a t i o  im a g e  

o f  c a s e  I 5. B lu e  i n d ic a t e s  a b a la n c e  b e t w e e n  t u m o r  a n d  t e s t  g e n o m e s ,  

r e d  r e f l e c t s  a lo s s  o f  g e n e t i c  m a t e r i a l  in  t h e  t u m o r  D N A ,  a n d  g r e e n

s h o w s  r e g io n s  t h a t  a r e  g a in e d  in  t h e  t u m o r ,  E :  T h e  a v e r a g e  r a t i o  p r o f i l e  

t h a t  w a s  c o m p u t e d  o n  t h e  b a s is  o f  IÛ  r a t i o  im a g e s .  T h e  t h r e e  v e r t i c a l  

l in e s  o n  t h e  r i g h t  s id e  o f  t h e  c h r o m o s o m e  id e o g r a m s  r e f l e c t  d i f f e r e n t  

v a lu e s  o f  t h e  f l u o r e s c e n c e  r a t i o  b e t w e e n  t u m o r  a n d  n o r m a l  D N A .  T h e  

v a lu e s  a r e  0 .7 5 ,  I , a n d  i .2 5  f r o m  (e f t  t o  r i g h t ,  r e s p e c t i v e ly .  C o p y  n u m b e r  

c h a n g e s  a r e  p r e s e n t  o n  1, 3 q ,  5 p, 6 p ,  9 p ,  a n d  X  (g a in s )  a n d  3 p , 6 q ,  a n d  I 3 

( lo s s e s ) .

Lind p2 l / WA F- l . w h i ch  I') in cl s r<> rhc p.Ŝ - act ivatcd 

eel! c y d c  regulat or  \ VAl* '~h wer e used for im m uno-  

h ist ochem ical  st ain ing  o f  co n secu t i ve t issue sec

t ions. Pr o l i f er at i ve act i v i t y was, in <j;eneral, mark-
4  < ’

ed lv increased, w i t h  most  t um or  sam p les showing

st rong react i vi t y in 70 - 90% of  the cel ls. Wi t h  the
« *

ex cep t ion  of  two cases ( I I and 20), im m unorcact iv-

i t v w i t h  I )( )- 1 (d i r ect ed  against  T P5 3) was negat ive
i  »

or on ly sl ight ly increased. Im n n in o r cact i vi f v for
«  J > .  #

p2l / \ \ V\ l ; - l was general l y elevat ed , d 'he st rong
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Figure 3. Karyogram of gains and losses in 30 cases of advanced- stage cervical carcinoma. Lines on the 
right side of the ideograms reflect copy number increases; lines on the left represent copy number 
decreases. Heavy lines symbolize high level copy number increases (amplifications).
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e x p re ss io n  o f  T P 5 3  in cases 11 (60% o f  th e  cells 

reac ting )  a n d  20 (80% ) d id  n o t  a f fec t  th e  e x p re s s io n  

p a t te rn  o f  W AF-1. E x a m p le s  o f  th e  im m u n o h is to -

c h e m i c a l  f i n d i n g s  ( c a s e  15)  a r e  p r o v i d e d  in  F i g u r e

2 A -C .  T h e  q u a n t i f i c a t io n  o f  t h e  d a ta  is s u m m a r i z e d  

in T a b le  1.
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T h i s  s t u d y  s u m m a r i z e s  t h e  r e s u l t s  o f  a c o m b i n e d  

h e n o t y p e / g e n o t y p e  a n a ly s is  o f  30  cases  o f  acl- 

i n c e d - s t a g e  c e rv ic a l  c a r c in o m a s .  B y  u s in g  C G H  as

m o le c u la r  c y t o g e n e t i c  s c r e e n i n g  t e s t  for c o p y  

u m b e r  c h a n g e s ,  w e  i d e n t i f i e d  a r e c u r r e n t  a n d  

a g e - s p e c i f ic  p a t t e r n  o f  c h r o m o s o m a l  a b e r ra t io n s  

l t h e s e  tu m o r s .  P r o l i f e r a t io n  a n a ly s is  a n d  m e a s u r e -  

l e n t  o f  t h e  c e l lu la r  D N A  c o n t e n t  r e v e a l e d  th a t  

j v a n c e d - s t a g e  c e rv ic a l  t u m o r s  w e r e  h ig h ly  p ro lif -  

ra tive  a n d  a n e u p l o i d ,  f r e q u e n t l y  w i th  s t e m l in e s  in 

le  t e t r a p lo id  re g io n .  W e  e x a m i n e d  t h e  e x p r e s s io n  

;atus o f  T P 5 3  a n d  p 2 1 / W A F - l  to  u n d e r s t a n d  th e

i v o l v e m e n t  o f  p 5 3  in t h e  p r o g r e s s io n  o f  ce rv ica l  

i r c in o m a s .  H ig h -r isk .  H P V  t y p e s  w e r e  d e t e c t e d  in 

3% o f  t h e  tu m o rs .

C G H  a n a ly s is  u n c o v e r e d  a r e c u r r e n t  p a t t e r n  o f  

i r o m o s o m a l  a b e r r a t i o n s  in  a d v a n c e d - s t a g e  d is-  

ase. M o s t  c o m m o n ly ,  w e  o b s e r v e d  a g a in  o f  

h irom osom e a rm  3 q  (23  o f  30  tu m o rs ) .  In  4  cases ,  

l e s e  g a in s  w e r e  p r e s e n t  as h ig h  le v e l  c o p y  n u m b e r  

lc re a se s .  T h e  s m a l l e s t  a m p l i c o n  c o u ld  b e  m a p p e d  

) c h r o m o s o m a l  b a n d s  3 q 2 6 -2 7 .  I t  is l ik e ly  t h a t  th is  

ig io n  h a rb o r s  a g e n e  or g e n e s  w h o s e  g a in  o f  

. inc tion  is i m p o r t a n t  in c e rv ic a l  c a rc in o g e n e s is .  

) th e r  c h a r a c te r i s t i c  c o p y  n u m b e r  in c re a s e s  w e r e  

l a p p e d  to  c h r o m o s o m e  a rm  5p ,  r e m a r k a b ly  o f te n  

s h ig h  le v e l  c o p y  n u m b e r  in c re a s e s ,  a n d  to  c h ro m o -  

3 m e  a r m  l q .  T h e  i n v o l v e m e n t  o f  c h r o m o s o m e  a rm  

q  w as  s u s p e c t e d  b y  G - b a n d i n g  a n a ly s is  ( P o p e s c u  

nd  D iP a o lo ,  1992). A tk in  e t  al. (1990)  h a v e  o b -

s rv e d  a m a r k e r  c h r o m o s o m e  in m a n y  ce rv ica l  

a r c in o m a s  a n d  s u g g e s t e d  t h a t  it  r e f le c t s  an  iso ch ro -  

l o s o m e  4 p  or 5p .  T h e  f r e q u e n t  g a in  o f  5 p  m a te r ia l  

i  o u r  c o l l e c t io n  o f  a d v a n c e d  c e rv ic a l  c a rc in o m a s  

u g g e s ts  t h a t  th i s  m a r k e r  is l ik e ly  to  b e  d e r iv e d  

:om  a n  i ( 5 ) ( p l0 ) .  I t  is n o t e w o r t h y  in th is  c o n t e x t  

tvat M i t r a  a n d  c o l l e a g u e s  (1 9 9 5 )  id e n t i f i e d  loss o f  

e t e r o z y g o s i ty  ( L O H )  o n  c h r o m o s o m e  a rm  5 p  in  

r e in v a s iv e  le s io n s .  H o w e v e r ,  t h e  g a in  o f  5 p  s e e m s  

3 b e  a r e c u r r e n t  e v e n t  d u r i n g  p ro g re s s io n  to  

d v a n c e d - s t a g e  c a r c in o m a s .  C o n s i s t e n t  lo sses ,  in 

dicative o f  c h r o m o s o m e s  w h e r e  t u m o r  s u p p r e s s o r  

;enes r e s id e ,  w e r e  m a p p e d  to  c h r o m o s o m e  a rm s  

p, 8p , 13q, a n d  2q . T h e  loss o f  c h r o m o s o m e  a rm  3 p

5 also a f r e q u e n t  f i n d in g  in  L O H  s tu d ie s  (M u l lo k a n -  

lov e t  al., 1996). C h r o m o s o m e  a rm  1 l q  s h o w e d  

o p y  n u m b e r  d e c r e a s e s  in 6 cases .  L O H  s tu d ie s  

v i t h  m a r k e r s  fo r  th i s  c h r o m o s o m e  a rm  in d ic a te d  a 

e c u r r e n t  loss in  c e rv ic a l  c a r c in o m a s  (S r iv a tsan  e t

1., 1991). T w e n t y - t w o  w h o le - a r m  or b a n d - s p e c i f i c

a m p l i f i c a t io n s  w e r e  m a p p e d .  C o m p a r e d  to  t h e  

n u m b e r  o f  a m p l i f i c a t io n s  in  sm a l l  ce l l  l u n g  c a r c in o 

m a s  ( R ie d  e t  al., 1994; L e v i n  e t  a l ,  1995), a n e u p l o i d  

b r e a s t  c a r c in o m a s  ( K a l l io n ie m i  e t  al., 1994; R ie d  e t  

al., 1995), a n d  g l io b la s to m a s  (S c h ro c k  e t  al., 1994; 

K im  e t  al., 1995), th i s  n u m b e r  is low. T h e  a v e ra g e  

n u m b e r  o f  c h r o m o s o m a l  a b e r r a t io n s  (A N C A )  p e r  

c a se  a m o u n t s  to 8.2. T h i s  is s im i la r  to  t h e  A N C A  

in d e x  e s t a b l i s h e d  b y  u s e  o f  C G H  ana ly s is  o f  g l io b la s 

to m a s ,  w h e r e  it is 8.3 ( S c h ro c k  e t  al., 1994), a n d  

a n e u p l o i d  b r e a s t  c a r c in o m a s ,  w h e r e  i t  is 6 .8  ( R ie d  

e t  al., 1995),  in d ic a t in g  a h ig h  g e n e t i c  in s tab i l i ty .

W e  h a v e  p r e v io u s ly  a n a ly z e d ,  b y  C G H ,  D N A  

c o p y  n u m b e r  c h a n g e s  t h a t  o c c u r  in  t h e  p ro g r e s s io n  

f ro m  n o rm a l  ce rv ic a l  e p i t h e l i u m  to  s ta g e  I in v a s iv e  

c a r c in o m a s  ( H e s e l m e y e r  e t  a l ,  1996). N i n e  o f  10 o f  

t h e  in v a s iv e  c a rc in o m a s  e x h i b i t e d  a g a in  o f  c h r o m o 

s o m e  a rm  3 q ,  w h e r e a s  th i s  a b e r r a t io n  w a s  p r e s e n t  in  

o n ly  1 o f  13 s e v e r e  d y sp la s ia s .  I t  is, t h e r e f o r e ,  

o b v io u s  t h a t  t h e  g a in  o f  c h r o m o s o m e  a rm  3 q  o c c u rs  

a t  t h e  t r a n s i t io n  f r o m  p r e in v a s iv e  to  in v a s iv e  d i s 

e a se .  T h e  a n a ly s is  o f  30  cases  o f  a d v a n c e d - s t a g e  

c a r c in o m a s  sh o w s  t h a t  th i s  p a r t ic u la r  c h r o m o s o m a l  

a b e r r a t io n  w a s  m a i n t a i n e d  in  t h e  m a jo r i ty  o f  t h e  

tu m o r s  (77 % ).  H o w e v e r ,  a d d i t io n a l  c h r o m o s o m a l  

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

a rm s  l q  a n d  5p ,  as w e l l  as lo sses  o f  2q. T h e  a n a ly s e s  

a l lo w  u s  to  i d e n t i f y  a s ta g e - s p e c i f ic  p a t t e r n  o f  

c h r o m o s o m a l  a b e r r a t io n s ,  in w h ic h  3 q  ga in  is an  

e a r ly  e v e n t  t h a t  c o in c id e s  w i th  t h e  p ro g re s s io n  f ro m  

p r e in v a s iv e  le s io n s  to  s ta g e  I in v a s iv e  c a rc in o m a s .  

T h e  g a in s  o f  c h r o m o s o m e  a rm s  l q  a n d  5p ,  h o w e v e r ,  

o c c u r  in a d v a n c e d  s ta g e s  o f  t u m o r  p ro g re s s io n .

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

ce rv ica l  c a r c in o m a s  c a n  b e  s u m m a r i z e d  as follows: 

T P 5 3  e x p r e s s io n  is r e la t iv e ly  low, a n d  o n ly  tw o  

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

p 2 1 /W A F ~ l  is g e n e r a l l y  e l e v a t e d .  T h i s  is in  s h a rp  

c o n t r a s t  to  c o lo n  c a rc in o m a s ,  w h e r e  T P 5 3  lev e ls  a re  

d r a m a t i c a l ly  in c r e a s e d  a n d  i m m u n o r e a c t i v i t y  fo r  

p 2 1 /W A F - l  is low  ( R ie d  e t  al., 1996). W e  h y p o t h 

e s i z e d  t h a t  t h e  d i f f e r e n c e  in  i m m u n o p h e n o t y p e  is 

d u e  to  t h e  f r e q u e n t  p r e s e n c e  o f  h ig h - r i s k  H P V  in 

a d v a n c e d - s t a g e  ce rv ic a l  c a rc in o m a s .  I n te r e s t in g ly ,  a 

s t r ik in g ly  s im i la r  i m m u n o p h e n o t y p i c  r e s p o n s e  w as  

o b s e r v e d  in  a se r ie s  o f  s q u a m o u s  ce ll  c a rc in o m a s  o f  

t h e  an a l  c an a l ,  w h ic h ,  l ik e  ce rv ic a l  c a rc in o m a s ,  a re  

o f t e n  a s s o c ia te d  w i th  H P V  in fe c t io n .  A p p a r e n t l y  

t h e  p r e s e n c e  o f  H P V  is n o t  s u f f i c ie n t  to  in a c t iv a te  

all p 5 3  ac tiv ity ,  b e c a u s e  p 2 1 /W A F - l  is still in 

c r e a s e d  ( H e s e l m e y e r  e t  al., in p re ss ) .
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'T h e  c o r r e la t io n  o f  p h e n o t y p e / g e n o t y p e  in c e r v i 

cal c a r c in o m a s  c a n  b e  s u m m a r i z e d  as follows: H PV  

in f e c t io n  is p r e s e n t  in m i ld ly  d y sp la s t i c  le s ion s  a n d  

p e r s i s t s  t h r o u g h o u t  a d v a n c e d  s tages .  V ir tua l ly  all

I IP  Vs in l e s io n s  w i th  i n c r e a s e d  leve ls  o f  dy sp la s ia

b e l o n g  to  t h e  h ig h - r i s k  g ro up .  P ro l i f e r a t iv e  a c t iv i ty  

r e a c h e s  m a x im um  lev e ls  in s e v e r e ly  dy sp la s t ic  

le s ion s  a n d  r em a in s  e l e v a t e d  d u r i n g  t h e  p rog re s s io n  

to  a d v a n c e d - s t a g e  tum o r s .  T h e  t e t r a p lo id i z a t io n  

th a t  w e  o b s e r v e d  a l r e a d y  in m i ld  dy sp la s ia  is 

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

(H e s e lm e y e r  e t  al., 1996). T h e  g a in  o f  c h r o m o s o m e  

a rm  3cj is an  ea r ly  e v e n t  in  ce rv ica l  c a r c in o g e n e s i s  

a n d  o c c u r s  a t  t h e  t r a n s i t io n  f ro m  p re  m a l ig n  a n t  

le s io n s  to  in v a s iv e  c a r c in o m a ,  s t a g e  I. D u r i n g  p r o 

g re s s io n  to  a d v a n c e d - s t a g e  d i s e a s e ,  a d d i t i o n a l  c h r o 

m o s o m a l  a b e r r a t io n s  a re  a c q u i r e d ,  n a m e ly ,  t h e  g a in  

o f  c h r o m o s o m e  a rm s  l q  a n d  5p ,  as w e l l  as t h e  loss o f  

c h r o m o s o m a l  b a n d s  2 q 3 6 -3 7 ,  T h e  g a in  o f  c h r o m o 

s o m e  3q ,  h o w e v e r ,  p e rs i s t s .
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