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Abstract

DNA danrage can ha\'e paiicularLv seler€ carcinogenic influence if it rrcalacitates fte
cellular machinery nonrall) prcrecring the cell fro dre eilects ofgenomic damage The prolechve
functions involve not onl) DNA repair and apoprosis (programmed cell death) but also regulanon ot
rhe c€l l  c\c le and prol i leratron Therelorc. carcinogenesis can be promoted b) inactrvatrng of
, i "r ' "n r . i  "grL"t""  prorerr '  le plh ""  $hich has lhe capabi l i t l  kr  arrest the cel l  c\c le in the

C, phuie una pi""enr inuppropriale prol i l -eral ion Funcr oral  cycl in dependenr kinasc.(Cdk) Inhibr lor
p16\(r"  binds ro Cdk-4 and Cdk'6. Ih€reb) pre!enrrng the Cdk'crcl i ' r  conlplexe5 lrom promolrng
phosphorylatron of pRb and releasing the transcriprron facror El| eed€d 1br thc cell c)cle to
orocied ro the S phase Arfesl  in G accounts ibr a nrrn'rr  r \  rr l  arresr ingrrel ls aner DNA damage the
iro or irr  or , rr . . r .  rdl ' rg prd.e ( 'o:r  r /ed pro" ' '  '^rrrrbur inr Ho\e\er '
' ; : . i i ' ; " " .  " . , . , , '  " r r ' " ' i " ' ' , ' . . . " . . " i n . . . r ' o " b ' t r " c d r ' ^ r  r d J i ' ' o l d l  r u n c i n " '
ol  pt6i ' t ' :  in sencscenceland inhrbi t ion of rhe sp.ading and migrat ion of cancer cel ls Srnce
onc'ogenic lni tLatron is ins f i lc ient fof  gtosins siqni l icanl tunlors without spreading and
angiogenesrs. thi \  could part l )  e\plain ' \h) i racr i ; ted pl6'( ' "  is f requenrl \  exhibi ted in cl in ical
tr .orr  in tp ' t .  of  apparenl l !  less exclusi \e fol€ i f  cel  c)cle anest On the olhs hand 'nuLlrple
oncogenic ev€nts are usual ly necessarr-  1o devel( ' I r  (r f"r  dr id ' l tnerr l l )  horh pRh and p5i parhwa\s
"r.  i ' ro"".a in rurnon i t r i :  sugges$ that gro$rh r 'gua(ion In c dnd lhcrelore zlso Ll '  key
r l o l e ( u l r r  c o m p o r e r r '  I n \ t ' r d r r ' :  p  o ' ' '  d r J  r r n p o n d r r ' r r  ' d c  n o r e r r c  I

Ke\ *ords Tumorr DNA

Introduction

ln general. carcinogenesis results
fr 'om a fai lure ol the cellular delences tcr
l)\A (h ul!c or olrcogcrlc i l t i \al ion Ihi\

Temu l lmi.rh Kl 'PIKG Xll l

ma) happen due to some specif ic
\ \crkness in the dcfence mechanrs$s. of
by chance \r i th suff ic ient t ime to
eccunrulate clamage.
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Cell cycle arrest
DNA damage is part icular l)  severe

i f  i t  : a r r  r r , a . t i r a t e  t l r e  I n c \ h a n i , r n )  l i r a l  J l
I o r r n d l l \  p r o r e c r j n t  l h e  . ( l l  I o m  l e n o m i -
d d n r d ! <  I h e  p r o r e c l i \ e  f  n c l i o n .  i n , t  d e
, ( \ ( r a l  l r e ' h a r i . r " .  u l  D \ c  r ( p d . r .
apoptosis or programmed cel l  death in
case ol  i r rcpairable damagc. and arrest jng
. l  I r (  ( ( J l  r \ \ , c  b ( t , r c  U r , J  c
P . ' l i l e r . r l r u r  A r r e . l ,  J :  u i  l l r e  .  e l l  . r . l c  r .
aiso rmportant to allo$, for the ncessarl
l lnc l i r r  D\A repdrr l i reret^r(
carcrnoge|ests can bc protnoted b\
inact ival iDg or ahef ing kcy regulator l
p r o l c r n \  I i l e  p l o \ " " .  u l i c h  c d n  r r r < . l i d l <
arrest of the cel l  cvcle in the Cr phase.

The progressior of lhe cel l  c lc ic is
conlrol led normal ly by parr l )
interconnccted and t ighr l \  rcguhted
r r ' . e . . . . .  r r r q d r r r c , l  h )  . r  r L r $ . , r 1  . , 1
prornoter and inhibi tor protcins ( f ig I  ) .  An
Inponanl part  ofdr is cel lular rnachinen is
the pRb,/E2F palh\\ay_ $hich is inrol \ ,ed
in the cel l  c lc le rcguiar ion at rhe ( i  iS
boundar\  bolh in st .csscd and unstrcssed
cel ls.  Act i !e dephosphorylated pRb
inhibi ls dre C /S rransir ion and ccl l
prol i fcrat ion b) binding the E2F
transcf ipt ion thclofs.  Ful l  phosphorvlat ion
of pRb wi l l  fe icasc L: l i  and pft)motc
procfessron to the S phase The
phosphor '- lat ion is pftnnoted b) comple\es
ol c lc l in-dcpendent kjnases Cdk 4,/6 and

r  \ L l i r  D  I n d  I n l . i h i r r d  r \  ( \ c l . n
J c p e n d e n t  k i r r a , e  I n n  h  u r .  L ,  o ' l  l j k (
pl6rNKr' .  rhich prcvenl thc complex
l o r m . , r .  r '  \ \  b i n , i ; I E  ' l , e l I . . l \ c .  t .  t h L
C d k -  a r r e s l i n g  l h e  c e l l  c _ , - c l e  a t  c  r r r ' l f
an alrerat ion rn the Cdr prc\enls i ts
i a l r b r ,  f \  l . . r . r i u l .  r h e  c . i l  . r . l c  . a r r
proceed to prol i ferat i (m. and in case of
. r r f f i r r s | l l  r u r n h ( i . , 1  o r r \  o E < r , r .  e \ c  t . .
p , ' , , i h h  c \  ( r u r a , l \  r r r : r . . r r i r r ; r . a n c c r  

_ '

In rhc pRblh2F pathwa). pRb binds to
F2Fl.  L:F2. E2F3 and E2F.1. and parattc l
I '  I l , i \  r h e  I ' R b  l , r n r l \  I ' r u t .  r .  i , l  r ' r  " I . r
l r 0 -  h i n d  . , ,  |  ' t  r  . , r  |  . ' t  t  I  ,
p l o ' " '  d e p e r ' d . r r t  a r r c J  I n  u  .  f , R t
f t r r r . t i o r r  . r ,  ' r c  i .  r o r  s u t l . . r < r i t  \ r L l l . , u r  L l r .
r . l r u n  c l  e r l h ( r  p l i l ,  o r  p l U  \ o n
t r n . t i ' r r a l  n l o ' '  i r r r r  a p p c r r  i r . . r r r . e r
c e l l s  r c g a r d l c s \  o f t h c  n  l u \  o f p i l .  w h i c h
c o l t r o l r  n r u c h  o l  t h c  c r l l U l i r l  d c t c n c c !
al ier DNA darnag.." '

The pl6 protein and orher lNK
lanri l \  proteins contain lbur of t l ! ,c
landeml\ repealed ank\f in rnot i i ! .  each
aboul l l  atniDo acids in Icngrh. 1 '  rrr  lhc
t i r)c l ional binding locus ol  pl6rNKL"
appcars 10 residc b) the third ank)r in
repeat. c\lending somc\\'lral beyotrd it. anJ
bindiDg adlacent to the ATP binding sirc
of thc Lldk calnl \ , r ic c lefr .  lh is prc\cnrs
binding ot ATP and irrduces strLruu.al
charr:c!  that f ' ropngate r ,r  rhc r lel in-
b i n d r n g  r r t e  , . r  r  d k  L  r "  r r

i  l e n r u  I l r r r a h  K J ) l , l K G  X I I I
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l r i - !  l .  A s imple modcl  o l  ce l  c lc le.  inc l rd ing adl -c)c l rn corrPi . \c \  arrd r l r€ C] i lk" l  b  nhiLrr ( ) r
p l6! ' r r "  rh ich can mediarc dc lc  an 'est  aI  C \ \ ' i th  inh ib l lor  act ion.  the (Jkc\c] in  comple\ . !
cannot  pronote phosphoDlat lor  o l  the pRb larr i )  o l  protc ins to re lease rhe I12l  l tanscrrpt ron
lacrors lbr  G,S t ransi t ion Note that  thcrc are o l l rer  pathwals ro ( ;  arest  (see l r lg  l )  and that
paral le l  processcs aho arrcst  Gr beforc cr ter ins nr i l$ i \  ( \ { ) .

l h e r e  r f e  ' e ! c r a l  o l h e f  i r n p u  r d r r
( 'd i  pfoteins (Fig 2) inducing C;r arrcst.  l ike
p l  { " '  ' .  r h r c h  I  d i r \ a r i J  i r '  p i r
d ( f ( r J r r ) l  d r r d  r L i . p L r r J r r l  r t r n r t r r ( r ' r ' l ( l
l ) N  A  d d n r d B (  o r  o r l \ o g r r r r  a L l r ! a l i o r t .  d t l d
p : / ' " ' .  $ h r . h  r a r r  h r r r J  t o  a n d  I n h i b i l  {  J l -
1 1r '56 5 ln spi te of the potenl ial
r o | l r p l e | l r e | l t a r l  d ! l r o r  ̂ f  a l  l c d - l  l h r ( c  a d i
r r l , l c r u l c s .  t r '  r f r ( \ l  r . L U r r ) l '  r r l \  i ^ r  l ' .
l r r ' "  .  l  J | | c \ r c J  c e l l '  d i r ( r  b \ q . i " I r . , F e
n  ' c . , ) n d  . e t  " f  d c t i r t . .  r r e , l r a t r t . t r r '  .  r "
. I r e , r  r l r .  . ( l l  . r :  r  i r r  t ' r <  r i  p l  . r *
n f c \ f I r , r ;  r ' r e  ! e l l  l r o r n  I r , r r a l r r r g  r r r r u . r ' .
U l u ( k r r l E  ( ' -  a L i u r r r r t r  l o r  o 0 _ 8 j 0  ,  l  l l r <
i r n ( . l c d  . c l l .  r l l c r  D \ A  d x r n a ; ( .  d r r d  r .
largely rrr<di" tcd h\ f  i  dep<nd(rr
regulat ion without knorn ini luence b)

S I u d i e .  o r r  l u r n o r .  s i t l '  i r " . r r ' c  p  o  " '

h d \ e  a l r f l b u l e d  I l r c  i r r a . t i \ d r l o r  r ,  : , 1  e l r .
l , ^ .  r h o m o / ) g o u :  d e l e r i o n '  a  d  I  '
t r  nscr ipl ional s i lencing by subl le nuldt ioirs
,  l ) \ n   r r r l r )  l r r i u r ' .  |  |  r \  \

I r e l h l r a ' r o n  . ' L L u r ,  I r  a b o u l  o r e  l l r i t d  o l  a l l
{ r r p l J J .  f a r r  c l l l i I l \  . ' f l e ( l . n i -  l l r e  '  ( ' p u
island of lhc gene. Si lencing b1 cthl lal ion
ma! pfcvent tmnsacl ivat ion olP16"'-"  b)
c P - 1 .  d  D \ . \ . b | | r o i r r g  p r o l c r r l  r l r p l r c t l c d  i J r
signal ine tenninal di tJ 'erent iat ion and i
I ran\a(r | \  aI  Ing arso pr I

Apart f.(nn thc assunted
rransact ival ion br AP-2. at  least thc /r l
lamil)  ol  genes. expfcsscd as f i rLn 2l  kt)
proteins H'.  N .  KA and KB-ras. appear to
| | ' . i | | . .  ' . , .  ,  d r  n o t . r n .  p  l r '  '  " r r ,
t l  l !  r  I Oncogenic changes
. J o p e f a r | | r  $ i r h  r . / \  r e r d  L  n e u l r d l r . e  l l r (
funct ionalhv of  lhesc k inase inhib i lors,  and
\ : r '  I  n i  ! i p t r e \ \  ' l r <  t h i r d  i t n p o n a t r t  k i n r . r
inhibitor pl l '  ! ia the NtAP kinase

sorne of thc pl6rr(1" and pRb
relaled fegularor) proteins ofthe cell  clcle
and their chromosornal mapping are
surrnrarised in Table L

Cyclin A/B
cdk-112

Cycl in  E

Cycl in  D cdk-1t2
yclin A/B

5 t l l c m u  l l n i a h  K l ' l ' l K C  X I I I
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Ras
Raf AP-2

G 1
\ / 6;;;)
@-@

E2FBP1+6,'A-L?f -
t\x/ i d-

@ -@)-<;;)r-6,)
T e6 \:--l

BRCA1,  PML,  AP-2

I g I  Srnrple nodel ol  dre regulatf f -  nerwork io !r l l  c\c le JiL\r  n L, t1\  r !ul in delcIuefL (rnasc
n h i b i t o n  ( a d i )  p l 6 ' \ ' " .  p l l " ' r  ' , '  o r  p 2 7 t  c n  J  o q  \ r g f r I r \  n . r , , " , , , n ' p , , u u o r i n ,  " ,  p , u . . *

drrect ion. a l ine s,r th a tcnnnral  bar inhibi t ion Ar) ol  rhe rhfee shown adi s can af iesr rhe cycte. srncc nre
act ion of both Cdk-c)cl ln complexes arc need<J i , , r  fd\ \d!e rronr C t , ,  s.  \e\crJt  , , t  rhe rndicarcd
rcgulatory molecules appear in real i t )  a!  a famjt ]  oi  p,oLe ns $rrh pdrrt)  para et hrnL u|s.  eg. rh€ INrK
l a m i l l - o f k i n a s e i n h i b l l o r s i n c l u d e s p l 6 : \ r r ' . p t s  t r h  

t , 8 q r ' r n d p  q  ! r  q t s o . r o r r c s r  C  i n a p l 6 r . u , ,
dependenr nranner.  paral lc l i rncr ion b\ othcr nrenbers ot rhc pRb famil \  (p130 or pt0i .  nor showrr rs ar!)
nccd.d rn addit i ( 'n lo tRb

lhe thrcc kinasc inhibirors plO !r l
p i l "  a n d  p i - ' r  g c n e r a l l l  r e s p . r n d  r ,
di l lercnt sels of st imul i  aDd are not of equal
I ]npoftance under panicLr lar c ircurnsiances
lo arrest the cel luiar c lc le.  Thc Cdi 's also
shor unequal rates ol  carcinogerrc
al lerat ions. In obserrcd cases. pl6\Ka' has
been lbund frequeDtl l . r  rnutated or otbcrwise
. . l l i r e d  I r  l u m , r . .  h  r  p 2 l '  '  a ' r d  p 2  '
rruch lcss often. 'Tumorigenesis is thoupht
I  r c . l u i r e  o  

 

r r e r r l e  a b o r r t  \ t \  J I . o : c t r i .
c!cnls " .  bUt lhese e\enIs can be both

. u r r p l u r J n , r J  i r r J  ( r r l r . r \ .  l ,  r  e r r r r r r l . l r

. i l e n L i D g  o r  p l 6 \ " r  i  

 

r U n r 0 r \  i \  u , u d l l .
a ( . o r r p a l i s J  s r r l r  a J r c r a r r o r r ,  t  * ,  r c  J t  t l , .
ceDtral  moleculcs of the p53 palh\\a) (such
n .  r i .  . l \ c l J _ ] .  J c r n o  . r r d t i r , '  r h e  f o s c f l U l
carcinogenrc ct lcct of  combrncd inact i \at io
u l  p '  r  , " 6  O t , '  p a l h $ a ) .  U  r h  r  r h (  p l ( 1 ,
l d t l r $ d \  e , r l r c .  p l o  " ' '  .  r  p R o  r ,  r  ,  r n c r
p R b  l d | | r ; l )  p r o t e i n .  n l l 0  . I  p l , i  '  c a n  b .
al l . red. b. .r  ge er.r l l \   , "  bol l , .  . .<
( \ f J r \ . r . 1 '  r n d  a l t e f d l i o r ,  , , f  l r . ( . .
! n n ) n . ' r r r r i ,  - r (   t \ e r . c h  . o  c  J t c J .

l e r r !  l l m i a h  K P P I K G  X l l l ' \  l :



Tunor Supprcssing functrcht al pl6lNKla-A rerter

' I  ab le l .  Some impoiant  rcgulatoD componentr  in  the cel l  c lc lc  and
damage. with nrain lunctions a|d chromolomal

defence slstenrs againsr I)NA

Main funcl ion Chromosomalmapping

Damagc checkpoint. arest,'apoplosls I " p  l  i . l

I l inds \ '11)Ml  t ( )  \ l rh i l ise p5i  rnd anen C,

p l 6 r N U " Induces C arresl  mediatcd by pRb. p130. pl07 9p2l -2211

p2 t" ' ' I lh ib i rs  Cdk-()  c l in .  ar16r  ofGl 6 p z l l

l | lh ibirs cdk- l  i r re\r  . l  i  , l 2 p l l  l l p l l  I

pRb Retards ( ; ,  lo  S t ransi t ion wi th t2 l l l q l . l  l

C!c l in  D Contro l  o i  G,  to S t ransr t ion l l q l l

I ) reading exons I B. 2 and 3i l) alternative reading exons llx, 2 and i

Inhibi t ion of cel l  migrut ion
Thc pl6 u" ' '  prclein is a srnal l

I n o l c i u l c  d r d  i t .  f r r r l t r " r r  1 \  a  L '  k : r ) - . \
i n h i b r t o r  i a I  b e  I n r n l r c l c d  b 1  a  l 0  a r r r r r r ,
acid pept ide, which corresponds to thc third
, Ir l \  r in- l ike rcpcar of thc ful l - lenBtl l
p r o t e j n ' T h i s  p e p i i d e  c a n  b e  s y n l h e s i z e d
i l r d  d i r ( . r l \  . l e l n c r c J  ' . e l r .  $ | | r ,  l n 0  u
e i f i e i e r r ; 1  r I  a r r e s U n ;  t h c  c c l l s  r < \ e r . i b l )  n r
C  .  I l o u e r e r .  r h e  p e p l i d e  d l ' ^  s h o \ \ \  n r d l r i \
specif ic inhibi t ion of cel ls spreading on
\ i h r o ' r ( ( r i D .  u i t h o r r t  a f l c e r r r r g  r h c  r a p a r r ^
, , l  r l , e  c c l l r  r o  d l r r . h  l o  t l r i s  . r r b . r r a t u r n  l h r ,
el lect is relatcd to dissociat i (nr of  the
\ i r f , ' ' r ( , r i r ,  i I ' e r l r i t ,  r c . c p r u r  o \ p i  f r ,   r  t l r (
l i rai  . rdhcr icrt  .onta.t . .  Srni ldr cf f( . r  h-. ,
boen obsened usiDg pept ides deri led Uo r
t h c  l i r a . e  i , , h . b i t o r  p 2 ' u  "  .  . u g g e . r r r . .
that $e C associaled kinase inhibi tors
r c E r r l a t c  o r l ;  i u r . r i o r r  l L  h d \  d l r o  b ( c r l
lound that t ransfect ion of gl ioblastdna and
J - c l . u r u | | r i r  . c l r ,  $ r r l r  r r l l  l e  t l l r  / ' / /  

'

gene clrnstruct resuhs in inhibi t ion of
. p r ( n d i n !  d r d  . e l l  n , i r f d r  , ' n  c .  ' \ l '  r .
s l fongl)  associated with rnvasive cancer and

5 t .1

angiogenesis.  i t  is possibl€ that pl6rNr1" (and
, o m c  n t h e r  C  k i n a . e  i n l r i b i t , ' r . y  e a r r  i n h i b r t
lumor gro$th as wel l  as ini t iat ion ' '

The Gt arrest accounts only for a
nr i l ror i l l .  about l5-,10% of arrest ing ccl ls,
r h e  m d r o r i h  ̂r  d r r e \ t .  t a k r n g  p l a L (  i D  r l r <  L
phasc whcrc pl6r\K4'has no appreciable
inl lucnce.r '  Howe\ 'er.  mulai ions or other
inact ivat ing al terat ions of pl6rNK1" are
relat ively common in cancers. One possible
reason fbr this could be the suggesled
addi l ional role of pl6rNra" iD inhibir ing rhe
sprcading and nigrat ion of cancer cel ls.  and
possibl)  e\c 

 

angiogencsis.rq! Part icular l l
sol id turnors canno{ gro\!  beycnrd a size of
aboul l ' l  lnrn $i thout addit ional new bldrd
\ e . . e l .  \ l t l r , . u g h  r u r  a p p l r . J h i c  l u : ,
. . r r ( ( r  l ) p c . .  i r r l r i r i o r  u l  . r r . l r  . ,  s r n - . .
s lagnant tumor is usual ly insuf ' f ic ient to
de!elop a cl in ical l )  s igni f icant disease
$ i l l r o u l  . p r e d d l r !  a n d  a n F r o J c n c s r .  l l l i ,
could part l )  e\plain wh) inacl i \ated
p l 6 r N ( { ' i s  f i e q u e n t l }  e x h i b i t e d  i n  c l i n i c a l
1un1o6. as cl in ical l )  s igni f icanl large and
growing tumors are much more l ikel l  to be

Tcmu l ln idh kPPIK(,  I l l l
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detectcd than smal l  stagnanl lumors. Thefe
a p p e a f '  I u  b c  l , t t l c  . o r n p ; r a t i t e  e t  i J e  t . .  r t r
a l l e r a l r ^ n .  ^ '  p r t  t  i n  . m a l l  \ l a g  d n r  a l t J
l  rqer I  os in!  lumor. Gcn(rJl  ( ,  rrpdr i .J" '
of  premal ignant and rnal ignanl lumorsr" ( lo
r r .  t  p r o r  i L l r  . L r . l r  e \  i d e  . ( .  . r " 1 .  I n  . l
\ tudies on prc alrgnarr l  t i \sue ha\e nol
includcd l i l lo! !  up on stagnanc) Ho*e\cr.
abscrrce of pl6 !Rr" tends to conclarc rr th
reduced surr i ral .  lvhi le eg loss of pRb
expression does not.  in spire of obscrved
in\erse correlat ion bei$een loss of pRb and
p l o  \ " ' '  e ' , o r e . . r ' ' n .  l l l | '  . u c e e . l '
int lucnce b) other t 'unct ions ofpl6r\(r ' lhan
c e l l e \ c l e  a r r e s r  o n  l h c  p R L ,  p a t h $ a i

Control  ofcel lular prol i ferat ive l i le span
\ o r n r d  ) r ' r d I | ,  . c l l .  h a \ e  I  l r r n r l e d

r l e . p a r r  i I  t e r r n .  o f  r h c  n | | r n b c r  o l  p o - i i b l i
c c l l  d i v i s i o n s .  T h i s  l i m i t  i s  g e n e r a l l !
al l rbuled 1() gfadual shonening oftelornefes

r ' r '  , h e \  r ' e  r o o  ' 1 ,  n  ' r r . t . . r '  f r r r h .  . r  r
l | .  . i r  . .  l  s c \ c r .  ^  l u r .  r i o  I

1 . t n \  . r  p  t . a r  c u r r . i , l c r a h h  r r r e n d  r l r c
l r r r  t  a n o  i r  l r r .  < r t c r r , r u r ,  r l r (  c l - l c . l  J l
I n c . c  t $ o  p r o t c i | l .  i . . d d r l r \ <  l - \ e I t - J l
. , r . 1  . r l l .  , r o p  d i \ i d i r J  a r L l  r < a i l r  d  . r ' r r !
. d l  c c i  . | | . r .  \ r n a  I  n u r ' r l , e r  " '  . e 1 1 .  r r r .
<  { . r p (  l l  c  c r i s . .  l r l r  I  J I d  h < . ' t  r (
 I 1 o n . ' l l . e d  h \  r . l r \ d r I r B  I c l ,  m c r (

r  .  .  |  |  n I  e |  |  d I  r  .  e .  usLrr lh s r l r  'he t<l .r)rcrar(
e r / \ ,  r (  l n  r h i ,  f r " . ( . .  . . ' . .  ' t  p  o ' f

r p n e r r \  r o  . \ . r r r  b e l o  .
inrnronal isat ion "

lmnror lal isatron is a common !hough
nor erclusive feature of tunor cel ls
Frequent loss ofpl6LNtr ' '  has bccr obser\ed
rn i rrnrortal ised tunror cel l  l ines. uhi lc also
. < ' r r . r l  r r n r r r . . n a l i r r d  b u r  r , . l  u m o r i g e n i .  , . .
r / r  . r l  l r n c ,  h . r r c  o c c r r  t o u r r o  t .  l , r c k

pL6'"* '  crpression has bcen at l r ibLrted to
nrethvlatron ot lhe CpG island of the gene.
and trcatmenl of the cel ls with the
nrerhl lat iof  inhibi ior 5 'aza 2'  deoxlcyt idine
has bc.n shown to restore pl6rNXt"
crpression * i th ihe accompanl ing normal

In certain cei ls l ike nonnal
t l i r roblasls and ret inal  pignrent epi thel ial
cel i \ .  l ransduct ion of the telomerase
. , r J  \ f i c  . u b u n i l  ( h T t R T )  c D \ A  i (
suff ic ient for a large extension of the l i fe
span' i r i  Ho\!e\er.  other cel l  lvp€s l ike
kcralr foc\tes of human mammary epithel ial
.el ls onl)  sho\\  lh is e\tension i f  ei lher pRb
or pl6:r"  is inact ivalcd. Tbc cel l  r)_pe
dependent di l ferences of the extension
d l p e a r  n o L  l o  b c  $ e l l u n o e r s t o o d

I n  . c r e r a .  h u m a r r  c e l l  l l p e .  l h e
lerels ol  p I6 rrr ' '  tend to accumulate. so that
a senescenl cel l  may coDtain up to 40 t imes
Jhe le\els obscr\cd in early passage cel ls "

Ihc corr inuous accumulat ion Nith lhe
nunbc. of ccl l  d iv is ions suggests that thc
increase in pl6\rr"  levels is not a
consequence of reaching senescence. and l1
has been speculaled that accumulation of
pl6rNKl" could be involved in tr iggering
sercsccnce or possibly relaled to
progressive !elomere shortening or other
mitotrc clock nrechanisms. 1

Lrtpression of rdl or /d/ oncogenes
" . r n  r r r . l r r . c  a r r - t n r r l a t r o r ,  u '  t l 6  

"  
l a n d

p " l .  d n d  p r < m a l u r e  \ e n e i c e n c e .  l D l s
l r r J r i u r  o f  i  d u c l i o n  o l  p r e r n a t u r e
senescencc has also been fbund froD other
clclrn-dependcn! kinase inhibi tors.r '  The
kinase iDhibi lors thereibre sho\a part ial l )
shared cornplcmentart lirnctions to provide
redundancc l i r r  the cel lular defenoes. Ihes.
f i rncl ions l ink the mechanisms of
sencscclrcc 1o those ofcel l  c)cle arrest.

Discussion

LIigh feact i ! i t r  of  tbe human
genonre can rcsLrh in more thaD 100
modi l lcal iorrs a dal '*  Ihis is s igni i lcant
attack in spi le ol  the large size of the
genonre. also bccause the modif ical ions and

lrrduced
e \ p f c s s i o n  o f  p 1 6 r N r 1 "  ( o r  p 2 l w " ' r e  J  i n
mnrorral ised hunan l lbroblasts leads to

\enesccncc-l ike 8ro\\th
Spontarreous loss of pl6rrKr '  expression has
. ' .een sccn in smal l  colonies of normal
' , r "  J r  m a r n r u f \  . f  i t l r e l . a l  . < l l '  e r o s r ,  o r .
'  .  r J a  . l  * r  . r r r  l r c c  r . c d i , , I r .  r c . u l t i t r q  .
. i . lJ i l ional 40 50 di \ is ions be)ond lhc
ror iral  l rnr i t .  unl i l  f inr l  pernrancrl t  gr! \ \dr

\  i I  .pu t .  r .1  \  l^ \ \  . t  '  I
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{hci f  consequcnces are not randorn lh$
inl l ic l  part iculaf l )  se\ere carcrnogenrc
consequences i f  the) can disable sone ol
r l , J  l , \  I l e c l ' d r r ' - - .  i r r  l l r c  c e ' l r l d f  J < l c  r "
to darnage or inappfopnale (rncogerrc
acr i \atron Iherefore. the obscr\eLl
al tcrat io s in tumor\ colcentrate on ke-\
rcluldlor)  pr. ' lern'  I  l (  plh drr l r  ' - rrcr
lumof suppressors in the deteJrce
networks. r : r :  Al terat ion or loss ol  p16'n" ' '
has been ol ien inpl icated ir  a $ide range ol
di tTerent l t -  pcs ol-caDccrs. includinq head
and neck. esophageal.  lunq. brai l l -  breast '
. . l o  .  D l " d d < r  . r r r J  b  r r <  . d  t r <  '  r '  \ \ r r r  '
s l iomas. T-cel l  acutc l l ' lnphoblast lc
Lukemias and nrelalrunasLl '  l r r  ln general
albei t  insl l l l lc ienl  to ini t ia le cancer alone.
del ict i re pl6rNrr ' is the mosl comnlon t lpe
genomic danrage in human cancer atter
defccr i , ,e o5l.  aDd t iequcrrt l !  cortelated
\\  r lh feduce0 st l r \  r \  al .

l  ndcrslanding ol  the l i rnci ions o1'
pt6 '*"  has been lolnPl ieated b) lh.
Inlsual characfer of the correspondrn€!  gene
locus. Through al tcrnal i \e readiDg t ianres
{his locus encodes t \ \o disr inct l )  di f fcrenl
r c e u l a t o r \  P r u l e i n \ .  f l h  

'  a l l d  l l l  
"  ^ l

\ \ 'h ich the lat ter induces p5l-dcpendcnt
g r . . ( L l r  i r t r e . l  l - \  h  l l L l l l r ;  \ l l ) \ l -  \ l d r ' l l  i l n . :

p i l  d  d  r h c r c b \  o r , r ' r . ' r r r ' r  o : l  - .  I
inhibi t  k inase-clcl in corr lplexes requrreLl rol
GL,S transi t ion.r  ' r  Genomic al teral ion
at ' fect ing pl6rNrr" can also l la le al l  impacl
o n  p l 4 \ r  .  a n d  t n e r e t r r t  s i t l r o t r t . h r c k r r r g  i r
is possible that Phcnonlcna due lo
akerat ions in both proteins are incorrect l )
assigned to onl!  one of them lhcfe rs
cvidence suggesl ing that the expression of
borh of these prolei l ls is regulated b\ I
common lranscr ipt ional reprcssof blni- l
d ircct l )  l inking the gro\! l l r  arrest tunctron' t
of the pRb and P5l Path$al-s

Cl arrest accounts onl)  for a
minorir) , - f .  aboul I5-:109i of  arrest ing cel ls
al ier DNA damage. lhc maior i ty ot arrests

' ^
r r k i r r -  p l . . c c  i n  ( i  $ l , e r c  p  h  l i  n )
k0o$n int luclrce .  and yet inutal lons or
o l ' l < r  r r l d . l i \ a l i l l l r  i r l t c r d L l u n ' '  l  p  b
relat i \el \  common in catcers A possible
c\pl i rulr . , rr  (drr  he r '  t r rrd rrr  Ihc ' r rcfe'red
t r r . l i , , r r .  n f  p l o \ \ '  i t t  i r ) h l b r l i r l !  I l ' c
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sprcadirrg and nr igrr tron of currccf cel ls.  and
possibl \  c\en angiogenesis.  Sol ld tumors
are behelcd to ha\e a naximun size oi
abo t  l - :  nm \\ i thout angiogenesrs ol
addit ional blood vessels to nlaintain growth
lni t ia l ion of a single tum.rr would theretore
not leacl  to a cl in ioal l l  s igni f lcanr disease
$ , r h J u r  . p r e d J r r r , ,  a n d  a n g i ^ g e n e ' r '  l n
/ , l . r . L , o n .  . . .  . t  p l h  "  '  f u n L t : o n  m d )
laci l i tare a\ oiding cel lular senescence.
\ \ 'h ich is also an importanl delence
nrechanisnr agaiDsl genomic damage and
oncogene\ is.  The roles in tumor erowth and
scnescencc could panl)  e\plain why
d)st i rrct ional p l6r\Kr '  is f requent ly
e\hibi ted iu cl in ical  tumofs

On the olher hand. a cbain of about
six oncogcnic c\ents afe bel ievcd to be
n c .  < . . d r \  l ,  d i \ < l  l . . , r l . c  . , r l d  $ r l l ' r r r  l h i '
ch.Un general l )  borh dre pRb and p5: l
p  , '  \ .  \  .  i r r  I n p a  r < d  ' r '  r , r r r "  r '  "  l h i '
. . t .  | | .  . , . g . - ' .  l l , . , l  r r '  $ r h  r . y " l . r r o r r  r r r  C
is signi f icanl in carcinogencsis.  and
therclbfe potenl ial l )  also thc funct ional role
of pl6iNr ' '  as a clc l in-dependenl k inase
inhit i tor.  Within this erplanal ion. lhe
irr tDodance ofpl6iNK" is emphasised bl  the
.  h , . . r \ . . l r o r ,  r l . d '  a I e - . r r i o n .  .  l  p  6  ' "  

. n 1 d
pRb arc in\crsel)  corclated i l l  hnrors '  '

th is suggests thal  lhe mmor suppressor
I i rncl ion of p16rt( t"  has considerable
ulr iqueness in spi te of exist ing of ier
membcrs of the INK iamil)  of  proteins'  so
rhat pl6rrr"  e\hibi ts l imrted fedundance
\\ i rhin thc pRb pathwa] Although there ar€
other clc l in dependent kinase inhibi tors of
bolh p53 dependent and independenl

f a l l r \ a \  r .  s r r L n  d !  p r l
these do noi sharc samc roules ol  promol lon
or i rnpact * i rh pl6LNk1" Also. l i t t le
r e , i r | L d , , r ' . c  r . '  p , n  , ' r  p R o  I u n J l i o n t  i :
provided b-r pl30 and p107. rhich have
been also fbund lo be al tered rD some
!umors.( NLrt much redu dance can be
expectcd lionl p1'l^Rl either. siice drle to
shared coding locus both Protern
erpressions car l  be dlsfunct ional when
p . o r L r . d l l c r c d

lhe l  f r folmdl l .c and rcdundal l i re '
in the net$ofk ol  cel l t l lar defences are
. l r i r . r . lcr t \ ( .1 br r l lc rrurrrh<r 6r 611'"gunic
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c\ 'cn1\ rcquircd lbr 'carcirrogcnesis.  as reI
d .  t l r (  r ( l . r r r \ <  J i f f i .  . l t '  b r  t L r c  ' r r : ,  v <  r i .
agenls lo induce them. Irdi ! idual nloleculaf
components of the det'ences are much less
redundant than the s!stem- and \r i th uncqual
oncogenic weight.  Therefore molecules l ike
p l O  $ r l l r  l l l  l l l p l (  r m p ' r l d I I  l u n L I r L  .

are onen dlsl i rnct ional in lunl(rrs.  For
rerersing the prccesses thal  support  tunrol
ini t iat ion and gfo\\ th.  1l  ma\ hence sr l f icc
to inteftere \ \ i th the d)stunct ion oiVeD i 'e\ \
ke) molcculcs $, i thin thc cel lular defen*..
I h r .  .  a l . ^  d n  ( . . c n i d l  . r r t i r , p  p u i r , r  i u l
much of the currcnt cllort to\\ards |c!\
lherapeulrc. l rugs.
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