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From a subtractive  cDNA library» we isolated several cDNA 
clones which showed diffe rential expression be tween highly and 
lowly me tas ta tic  human me lanoma cell lines. One  clone, desig
nate d nmb, showed pre fe rential expression in the  low- meta-  
s tatic cell lines and was chosen for fur the r  characte r ization. 
Sequence  analysis revealed tha t this  clone represents  a  novel 
gene , e ncoding a putative  trans me mbrane  glycoprote in which 
showed the  highes t homology to the  precursor of pMELI7, a 
melanocyte- specific prote in. nmf> RNA expression was abs e nt in 
mos t tumor- ce ll lines te s te d and not res tricted to  the  melano-  
cytic lineage . T ransfection of a partial nmb cDNA into a highly 
me tas ta tic  me lanoma cell line (BLM) resulted, in 2 of 3 transfec-  
tants , in s lower subcutaneous  tumor  growth and, in I of 3 
trans fectants , in re duction of the  pote ntial for spontaneous  
metas tas is  in nude  mice.
© 1995 Wiley- Liss, Inc .

Me lanocy tic  tum o r  progre s s ion is thought  to evolve  through 
several dis tinc t s tages , from normal me lanocyte s  to highly 
invas ive  me la noma s  capable  o f me tas tas is  (Cla r k et al., 1984; 
Hcr lyn et a l, 1987). Monoc lona l antibodie s  have  be e n pre 
pa re d r e cognizing antige ns  with a pre fe re ntia l expre s s ion in 
one  or  a few s tages  o f this  process . Many  of these mole cule s  
have  be e n c lone d a nd ma inly  re pre s e nt adhe s ion mole cule s  or  
growth- factor  re ce ptors  (van Muije n  et a lt 1990; Le h m a nn  et 
a l , 1989; Johns on et a l , 1989). Ano the r  approach, us ing the  
diffe r e ntia l and s ubtr ac t ion hybr idiza tion te chnique s , le d to 
the  is ola t ion o f calcyclin (Wc te r m a n e t a l, 1992) a nd thymos in 
(3- 10 (Wc te r m a n  et a lf 1993/;) as pote ntia l progre s s ion marke rs  
for  cutane ous  me la noma . From a clinical point  o f view, such 
marke rs  as indica tor s  o f me tas ta tic  pote ntia l would be  very 
us e ful.

Alth o ug h  many marke rs  have  be e n is olate d so far , it is us e ful 
to obta in  a large  pane l o f such marke rs , s ince  a s ingle  marke r  
or  a few marke rs  ofte n s how ove r lapping express ion be twe e n 
be nign and ma ligna nt  s tages . Ma ny  prote ins  tha t  are  uprcgu-  
la te d dur ing  progre s s ion arc also impor ta nt  in the  nor ma l 
phys iology of the  ce ll. T hus , dis c r imina tion can only  be 
achie ve d whe n a large  pane l o f marke rs  is used. T he  s tudy of 
s ingle  marke rs  can s till be  ve iy us e ful, s ince  it can provide  us 
with a be t te r  ins ight in the  pathoge ne s is  o f tumor  progre s s ion.

c D N A  clones , which are  expressed only in non- me tas tic  or 
low- me tas tatic ce ll lines  or  tumors , are  candidate s  as tumor-  
s uppre s s or  genes . In the  fie ld o f me la noma  research, nm 23  was 
is ola te d upon compar is on of highly a nd lowly me tas ta tic  
mur ine  m e la nom a  cell line s  (Ste e g et a l, 1988). Although  
expre s s ion in ncvocc llula r  nevi was lowe r  than in me lanomas , 
/*w23 express ion in me lanomas , cur ious ly, showed an inverse  
cor r e la t ion with disease  progre s s ion (Flore ncs  et a l, 1992).

p53, a no the r  po te nt ia l tumor- s uppre s s or  gene , was or ig i
na lly  r e por te d to be  muta te d in a very large  pe rce ntage  of 
me la noma  le s ions  (Stre tch et a lf 1991). Howe ve r , late r  re por ts  
s howe d muta t ions  in p53  only in a s mall pe rce ntage  of 
me la noma  cell line s  (Aks lc n  and Morkve , 1992; Luca  et a I, 
1993; We is s  et a l, 1993). Ano the r  re ce ntly de scr ibe d gene , 
de s igna te d p i6, is fr e que ntly  de le te d or  re arrange d in me la 
noma  ce ll lines  (Ka m b  et a l, 1994; Nobor i et al., 1994). T his  
ge ne  e ncode s  a cyclin- de pcnde nt kinase- 4 inhib ito r  which 
make s  it a good c a ndida te  as a tumor- suppre s sor  gene . T he

exact e x te nt a nd t im ing  o f the s e  ge ne s  has  ye t to  be  de te r 
mine d.

In  an a t te mpt  to de s cr ibe  a s ub tr a c t ion  libra ry , we  is ola te d 
several d iffe r e nt ia lly  e xpre s s e d c DN As , 2 o f w hic h  are  ex 
pre s sed only in low- me tas ta tic  ce ll line s  a nd  c o r r e s ponding  
xe nografts  and a ppe a r  to r e pr e s e nt  nove l genes . In  this  s tudy, 
we de s cr ibe  the  c ha r a c te r iza t io n  o f one  o f the m.

MAT E RIAL AN D MET HODS 

Cell lines and xenografts

H u m a n  m e la no m a  ce ll line s  1F6, 530, M1 4 , Mc I5 7 , B L M  
(van M u ije n ^  a/., 1991«), M V 3  (van Mu ije n  et a l , 1991 b), a nd  
MV1  (van Muije n  et a l, 1991c) we re  c u ltu r e d  as de s cr ibe d 
be fore  (We te r m a n  et a1 , 1993a). MV1  a nd  MV3  we re  de r ive d 
from the  s ame  m e la n o m a  le s ion a fte r  1 a nd 3 pas sages  in nude  
mice , re s pe ctive ly (van Mu ije n  et a 1, 1991c). T he  MV1  ce lls  
used for  these  e x pe r ime nts  r e pr e s e nt  the  lowe r  me ta s ta t ic  
phe notype , giving r is e  to s ponta ne ous  métas tas e s  in a bo ut  1 0 % 
o f the  tumor - be ar ing a nima ls . MV 3  ce lls  p r oduc e  s ponta ne ous  
métas tas és  in a ppr ox im a te ly  9 0 % o f the  tumor - be a r ing  a n i
mals . In  this  pane l o f ce ll line s , 1F6, 530, M.14 and Mc I5 7  are  
low- me tas tas izing ce ll line s , w he r e a s  B L M  a nd  MV3  re pre s e nt  
the  highly me ta s ta t ic  phe no ty pe  (van Mu ije n  et a l, 1991«). 
Appr ox ima te ly  3 x  ID6 ce lls  we re  us e d for  s .c. ino c u la t io n  in to  
nude  mice  (nu /nu  B A LB / c ;  Bo m h o ltg a a r d , Ry , De n m a r k ).

A  Nor the r n  b lo t  c o n ta in in g  to ta l R N A  o f va r ious  ce ll line s  
was  ge ne rous ly p r ovide d  by Dr , P, Qu a x  (Ga u b iu s  In s t itu te  
IV V O , T N O, Le ide n , T he  Ne th e r la nd s ). It  c o n ta ine d  R N A  
from: Bowe s 1 m e la n o m a , HT 1 0 8 0  fibr os a r coma , H e la  N IB S C  
a nd  He la  S3 cervix c a r c ino m a , M C F 7  m a m m a r y  c a r c inom a , 
A431 e p ide r m o id  c a r c inoma , Colo2Q5, Ca Co 2 , HT 2 9 , SW6 2 0  
and SW480  colon c a r c inoma , K a t o III a n d  I- IGT- 1 gas tr ic  
ca r c inoma , H e p G2  h e p a to m a , K562 , U937  D K  a nd  I- IL60 
mye loid le uke mia  ce ll line s , a nd  HS7 6 6 T  pa nc r e a s  c a r c inom a  
cell line s . H u m a n  r e na l c a r c ino m a  ce ll line s , ge ne rous ly  
provide d by Dr . J. Ro m ijn  (Ro t t e r d a m , T he  Ne the r la nds ), 
we re  all de r ive d fr o m  the  s ame  p a t ie n t  (We te r m a n  et a l, 
1993b). Ra t  organs  tha t  we re  us e d fo r  a N o r th e r n  b lo t  we re : 
s ple e n, br a in , live r , he a r t , mus c le , kidne y, te s tes , thymus , 
pros ta te , lung, b la dde r , inte s t ine s  a nd  s tomach.

Hum an tissues

Afte r  excis ion, la rge  s e c tions  o f m e la n o m a  métas tas e s  we re  
imme dia te ly  froze n in liq u id  n it r o g e n  a nd  s tore d at - 8 0 °C. 
Me la n o m a  métas tas és  we re  proce s s e d ind iv idua lly  a nd  we re  
take n fr om pa t ie nts  o the r  t h a n  thos e  fr om w h o m  ne vi we re  
re move d. F o r  R N A  is o la t ions  from c o m m o n  nc voc c llu la r  ne vi, 
dys plas tic  (a typic a l) o r  c o ng e nita l ne vi, a r e pr e s e nta t ive  s lice  
was take n. Mos t  o f the  s kin s u r r o u n d in g  the s e  le s ions  was  
re move d be fore  the  m a te r ia l was  fr oze n in liq u id  nit r oge n. T he  
r e m a inde r  was  proce s s e d for  c o nve n t io na l h is topa tho logy . Dr . 
R. Ko o p m a n  ge ne rous ly  c o lla bo r a te d  in o b ta in in g  fre sh h u 
ma n ma te r ia l. It  is g ua r a n te e d  tha t  this  p r oc e dur e  did not

3T o w hom cor r e s ponde nce  a nd r e pr in t  re que s ts  s hould  be  s ent. Fax:
31 80540525.
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f ig u re  1 -  N o rth e rn -b lo t analysis o f human melanoma cell lines 

and xenografts. A s a m o lecu la r-w e igh t m arker \  D N A  restricted 

w ith  H in d i! I  was used; nm b  was used as a probe. Lanes A , 1F6; B,

530; C 3 M l 4; D , M el57; E, M V I ;  F , M V 3  and G , B L M  R N A  
isolated from  cell lines; lanes H, 1F6; I, M l 4; J, M V 1 ; K , M V 3 and. 

L, B L M  R N A  isolated from  xenografts. As a contro l a ribosomal 

hyb rid iza tion  is shown.

ha m p er d iagnosis. W h e n  nev i o r  n o rm a l sk in  tissue sam ples 

w ere used, 6 to  22 les ions fro m  6 to  17 p a tie n ts  w ere  p o o le d  in 

o rd e r to  o b ta in  enough  m a te r ia l A  N o r th e rn  b lo t co n ta in in g  

sm o o th -m u sc le -d e n ve d  tu m o rs  (3 le iom yom as and 7 le io m yo 

sarcom as) and n o rm a l u te ru s  ( 4 x )  and ad jacen t tissue ( 4 x )  

was gene rous ly  p ro v id e d  by D r . T . G louclem ans (U tre c h t, The 

N e th e r la n d s ).

R N A  iso la tion  a n d  N o r th e rn -b lo t  analysis

T o ta l R N A  was iso la te d  as d e sc rib e d  by A u ifra y  and 

Rouge on (1980). 01'igo-deo.xy th y m id in e  se lections w e re  p e r 

fo rm e d  us ing  o lig o -d e o x y th y m ic lin e  co lu m ns (type  II ,  C o lla b o 

ra tive  R esearch , B e d fo rd , M A ) ;  10 ju-g o f  to ta l R N A  w ere 

b lo tte d  on  H y b o n d  N + (A m e rs h a m , A y le s b u ry , U K )  accord ing  

to the p ro ce d u re  re co m m e n d e d  by the m a n u fa c tu re r, a fte r 

glyo.xylat.ion (M c M a s te r  and C a rm ich a e l, 1977) and size frac 

t io n a tio n  on 1%  agarose gels. T o  re c o n firm  equal load ing , the 

b lo ts  w ere  subsequen tly  h y b r id iz e d  to  r ib o so m a l R N A  probes.

C onstruction  o f c D N A  a n d  su b tra c t io n  lib raries

c D N A  lib ra rie s  w ere  c o n s tru c te d  fro m  5 ¡ag o f  o lig o d e o xy th y 

m id in e -se le c te d  R N A  us ing  a c D N A  c lo n in g  k it  ( In v itro g e n , 

San D ie g o , C A ). F o r  p ro d u c t io n  o f  the sub trac ted  lib ra ry  a 

sub tra c to r k it  was used ( In v it ro g e n ) .  C o n s tru c tio n  was p e r 

fo rm e d  as described  b e fo re  (W e te rm a n  at a I., 19936).

H yb rid iza tio n

D N A  probes w ere  ra d io la b e le d  using the  m u lti p rim e  la b e l 

ing  m e th o d  as re co m m e n d e d  by A m e rs h a m . H y b r id iz a tio n s  o f 

c D N A  lib ra r ie s  w ere  p e rfo rm e d  as described  ( W e te rm a n  et ciL, 

19936). H y b r id iz a tio n s  o f  N o r th e rn  b lo ts were p e rfo rm e d  

acco rd in g  to  the  m e th o d  o f C h u rch  and G ilb e r t  (1984) w ith  the 

a d d it io n  o f  0.1 m g d e n a tu re d  h e rr in g  sperm  D N A /m l o f 

h y b r id iz a tio n  m ix tu re . H y b r id iz a t io n  o f S o u th e rn  b lo ts  was 

ca rr ie d  o u t as re co m m e n d e d  by the  m a n u fa c tu re r (A m e r 

sham ). C o n d itio n s  o f  lo w e r  s tr in g e n cy  w ere  o b ta in e d  by 

lo w e rin g  the te m p e ra tu re  fo r  h y b r id iz a tio n  and washes down 

to 15°C be low  th e  o p tim a l te m p e ra tu re .

F iG U.RE 2 -  Comp le te n ucl eotid.e s e q uenee o f  nmb  (accession 

num ber X76534 E M B L  hum an nm b  R N A ) and translated pre 

d icted p ro te in . Brackets ind ica te  the 5' end o f the various PCR 
reactions,

( C ( AGAT ) GCCAGAAGAACACTGTTGCTCTTGGTGG.ACGGGCCCAGAGGAA
03 J. 12

TTCAGAGTTAAACCTTGAGTGCCTGCGTCCGTGAGAATTCAGC ATG GAA TGT CTC TAG TAT TTC
Glu Cya Leu Tyr Tyr Pha

139 166
CTG GGÀ TTT CTG CTC CTG GOT GCA AGA TTG CCA CTT GAT GCC GCC AAA CGA TTT
Leu Gl y Phe Leu Leu Leu Ala Ala Arg Leu Pro Leu Asp Ala Ala Lya Arg Phe

,193 220
CAT GAT GTG CTG GGC AAT GAA AGA CCT TCT GCT TAC ATG AGG GAG CAC A AT CAA
His Asp Val Leu Gly Ann Glu Arg Pro Ser Ala Tyr MET Arg Glu Mia Aon Gin

247 274
TTA AAT GGC TGG TCT TCT GAT GAA A AT GAC TGG A AT GAA AAA CTC TAC CCA GTG
Leu Aan Glv Trp Ser Ser Asp Glu .Ran Aap Trp Aan Glu Lys Leu Tyr Pro Val

301 32 7
TGG A AG CGG GGA G AC ATG AGG TGG AAA A AC TCC TGG AAG GGA GGC CGT GTG CAG
Trp Lys Arg Gly A0p MET Arg Trp Lya Aari Ser Trp Lyra Gly Gly Arg Val Gin

355 382
GCG GTC CTG ACC AGT GAC TCA CCA GCC CTC GTG GGC TCA AAT AT A ACA TTT GCG
Ala Val Leu Thr Ser Asp Ser Pro Ala Leu Val Gly Ser Atan H e  Thr Phe Ala

409 436
GTG AAC CTG ATA TTC CCT AGA TGC CAA AAG GAA GAT GCC AAT GGC AAC ATA GTC
Val Asn Leu lie Phe Pro Arg Cyg Gin Lye Glu Asp Ala Aon Gly Awn lie Val

463 490
TAT GAG AAG AAC TGC AGA AAT GAG GCT GOT TTA TCT GCT GAT CCA TAT CTT TAC
Tyr Glu Lys Aan Cys Arg Aari Glu Ala Gly Leu Ser* Ala Asp Pro Tyr Val Tyr

517 544
AAC TGG ACA GCA TGG TCA GAG GAC AGT GAG GGG GAA AAT GGC ACC GGC CAA AGC
Aan Trp Thr Ala Trp Ser Glu Asp ser Aap Gly Glu Awn Gly Thr Gly Gin Ser

571 S9B
CAT CAT AAC GTC TTC CCT GAT GGG AAA CCT TTT CCT CAC CAC CCC GGA TGG AGA
Hia His Aeri Val Phe Pro Asp Gly Lys Pro Phe Pro Hi a Hiss pro Gly Trp Axq

625 652
AGA TGG AAT TTC ftTC TAC GTC TTC CAO ACA CTT GOT CAG TAT TTC CAG AAA TTG
Arg Trp Asn phe lie Tyr Val Phe H:Uj Thr Leu Gly Gin Tyr Phe Gin Lya Leu

679 706
GGA CGA TGT TCA QTG AGA GTT TCT GTG AAC ACA GCC AAT GTG ACA CTT GGG CCT
Gly Arg Cya Ser Val Arg Val S e r Val Aan Thr AI a Aan Val Thr Lem Gly Pro

7 33 7 60
CAA CTC ATG GAA GTG ACT GTC TAC AGA AGA CAT GGA CGG GCA TAT GTT CCC ATC
Gin Leu MET Glu Val The Val Tyr Arg Arq HLei Gly Arg Ala Tyr Val Pro 11«

787 014
GCA CAA GTG AAA GAT GTG TAC GTG OTA ACA GAT CAG ATT CCT GTG TTT GTG ACT
A} a Gin Val Lya Asp Val Tyr Val Val Thr Aap Gin II® Pro Val Pha Val Thr

841 ' 667
ATG TTC CAG AAG AAC GAT CGA AAT TCA TCC GAC GAA ACC TTC CTC AAA OAT CTC
MET Phe Gin Lye Aan Asp Arg Aan Ser Ser Arp Glu Thr Pho Lou Lym A a p Leu

m'a 922

CCC ATT ATG TTT GAT GTC CTG ATT CAT GAT.’ CCT1 AGC CAC TTC CTC AAT TAT TCT
Pro Ile KBIT Phe ftap Val Leu II© His Awp Pro Ser Hi,« Phe Leu A « n Tyr 3«sr

949 976
ACC ATT AAC TAC AAG TGG AGC TTC GGG GAT AAT ACT GGC CTG TTT GTT TCC ACC
Thr lie Aan Tyr Lyei Trp Ser Phe Gly Aap Aan Thr Gly Lem ph<3 Vai Ser Thr

1003 1030
AAT CAT ACT GTG AAT CAC AGO TAT GTG CTC AAT GGA ACC TTC AGC CTT AAC CTC
Aan Hio Thr Vai Atan il i a Thr Tyr Val Leu Asm Gly Thr Phe Sesr Leu A a n Leu

1057 1084
ACT GTG AAA GCT GCA GCA CCA GGA CCT TGT CCG CCA CCG CCA CCA GCA CCC AGA
Thr Val. Lya Ala Ala Ala Pro Gly Pro Gya Pro Pro Pro Pro Pro Pro Pro Arg

' 1111 1137
CCT TCA AAA CCC ACC CCT TCT TTA GGA CCT GCT GGT GAC AAC CCC CTG GAG CTG
Pro Ser Lye Pro Thr Pro Ser Leu Gly Pro Ala Gly .Aap Aan Pro Lau Glu Leu

1.16 5 1192
AGT AGG ATT CCT GAT GAA AAC TGC CAG ATT AAC AGA TAT GGC CAC TTT CAA GCC
Ser Arg ile Pro A«p Glu Afein Cya Gin Ile Afin Arg Tyr Gly Hiei Phe Gin Aia

1219 ’ 1246
ACC ATC ACA ATT GTA GAG GGA ATC TTA GAG GTT AAC ATC ATC CAG ATG ACA GAC
Thr H e  Thr ile Val Glu Gly H e  Leu Glu Val An n Ile île Gin MET Thr A tip

127 3 1300
GTC CTG ATG CCG GTG CCA TGG CCT GAA AGC TCC CTA ATA GAC TTT GTC GTG ACC
Val Leu MET Pro Val Pro Trp Pro Glu Ser Sor Leu Ile A cip P ha Val Val Thr

1327 .1354
TGC CAA GGG AGC ATT CCC ACG GAG GTC TGT ACC ATC ATT TCT GAC CCC ACC TGC
Cya Gin Gly Ser Ila Pro Thr Glu Val Cya Thr 1.1© Ile Ser Aap Pro Thr Cyei

1301 .1407
GAG ATC ACC CAG AAC ACA GTC TGC AGC CCT GTG GAT GTG CAT GAG ATG TGT CTG 
Glu Ila Thr Gin Afin Thr Val Cysj Ser Pro Val A « p Val Aililp Glu MfiT Cya Lfâu

143 5 1462
CTG ACT GTG AGA CGA ACC TTC AAT GGG TCT GGG ACG TAC TGT GTC» AAC CTC ACC
Leu Thr Val Arg Arg Thr phe Aan Gly Ser Gly Thr Tyr Cya Val Aian Leu Thr

1409 1516
CTG GGG G AT GAC ACA AGC CTG GCT CTC ACG AGC ACC CT0 ATT TCT GTT CCT GAC
Leu Gly Aep A tip Thr Sor Leu Ala Lau Thr il ci t: Thr Leu Ilei S *; r Val Pro Aïip

1543 1570
AGA GAC CCA GCC TCG CCT TTA AGG ATG GCA AAC AGT GCC CTG ATC TCC GTT GGC
Arg Aap Pro Aia See pro Leu Arg HET Al?* Aan £ler Ala Leu H e  Ser Val Gly

1597 .1624
TGC TTG GCC ATA TTT GTC ACT GTG ATC TCC CTC TTG GTG TAC AAA AAA CAC AAG
Cya Leu Ala Ile Phe Val Thr Val Ile Sor Leu Leu Val Tyr L y a Lya fi i u Lya

1651 1678
GAA TAC AAC CCA ATA GAA AAT AGT CCT GGG AAT GTG GTC AGA AGC AAA GGC CTG
Glu Tyr Aan Pro Ile Glu Aon Ser Pro Gly Aan Vai Vai Arg Ser Lys? Gly Leu

1705 ' 1732
AGT GTC TTT CTC AAC CCT GCA AAA GCC GTG TTC TTC CCG GGA AAC CAG GAA AAG
Ser Val Phe Leu Aen Arg Ala Lya Aia Val Phe Phe Pro Gly Asm Gin Glu Lya

1759 1790
GAT CCG CTA CTC AAA AAC CAA GAA TTT AAA GGA GTT TCT T AA.ATTT C G A C C TT Ci TTT C
Aap Pro Leu Leu Lys Aan Gin Giù Phe Lyu Gly Val Bear .

1825 1861 
TG. A A G C T C A C T T ï T C A G TG C C A T T G A T G TG A G AT G T G CT G G A G TG G C T A T T A A C C T T T T T TT C C T AAA GAT

1$96 1932 
TATTGTTAAATAGATATTGTGGTTTGGGGAAGTTGAATTTÏTTATAGCTIAAATGTCATTTTAGAGATGGG

1967 2003 
GAG AGGGAT T AT ACTGC AGGC AG CTT C AG CC AT GTTG TG AAACTG A Ï AAA AG CA ACTT AG C AAGG CTT CTT

2030 2074
t t c a t t a t t t t t t a t g t t t c a c t t a t a a a g t c t t a g g t a a c t a g t a g g a t a o a a a c a c t g t g t c c c g a g a g

2109 2145
T AAGG AG AG AAG CTACT ATTG ATT AG AG CCT A.ACCC AGGTT A ACTGC AAG AAG ACGCCGGAT ACTTTC AGC

2180 2216 
t t t c c a t g t a a c t g t a t g c a t a a a g c c a a t g t a g t c c a g t t t c t a a g a t c a t g t t c c a a g c t a a c t g a a t c

2251 2287
CC ACTTC AAT AC A C ACTC ATG AA CT C CTG A TG G AA C AA TAACAG GCCC AAG C CTG TGG T ATG ATG TG C A CA

2 322 2 350
c t t g c t a g a c t c a g a a a a a a t a c t a c t c t c a t a a a t g g g t g g g a g t a t t t t g g t o a c a a c c t a c t t t g c t t

2393 2429
g g c t g a g t g a a g g a a t g a t a t t c a t a t a t t c a t t t a t t c c a t g g a c a t t t a g t t a g t g c t t t t t a t a t a c c

2464 2 500
a g g c a t g a t g c t g a g t g a c a c t c t t g t g t a t a t t t c c a a a t t t t t g t a t a g t c g c t g c a c a t a t t t g a a a t

2535 2571
CATATATTAÀGACTTTCCAAAG ATG AGGTCCCTGGTTTTTCATGGCAACTTG ATC AGT AAGG ATTTCACCT

2606 2642
c t g t t t g t a a c t a a a a c c a t c t a c t a t a t g t t a g a c a t g a c a t t c t t t t t c t c t c c t t c c t g a a a a a t a a a

GTGTGGGAAGAGAC{A)n
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D N A  s e que nc ing an d  com pute r analy s is

A set of deletion clones was constructed from cDNA inserts 
longer than 400- 500 bp using the erase- a- base system (Pro-  
mega, Madison, WI). DNA fragments were ligated into 
M13mpl8, M13mpl9, pTZ or pGEM vectors and sequenced 
according to the dideoxy method as described by Sanger et a l  
(1980). Sequences were determined from both strands of the 
cloned cDNAs. The sequences of PCR products were deter
mined using 3 independent PCR reactions. Searches for 
known sequences were performed using the Genbank and 
EMBL databases (Devereuxe/ al., 1984; Pearson and Lipman,
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Figuris 3 -  Alig nm e n t  o f p M e l l 7 (h) to the  pre dic te d pr o te in o f 
nm b  (pnmb; a ). Cons e rve d cyste ines  are  s hown in boxes.

1988), Se a r c he s  fo r  m o t ifs , a lig n m e n t s  a n d  s t r uc tu r e  p r e d ic 
t io ns  w e r e  p e r fo r m e d  u s in g  t h e  C A M M S A  p r o g r a m s  M O 
T IF S , P IL E U P ,  C L U S T A L  V , B E S T F IT ,  P E P T ID E S T R U C -  
T U R E ,  P L O T S T R U C T U R E  a n d  M E M B R A N E  P R O P E N 
S IT Y, w h ic h  a r e  a ll p a r t  o f  t h e  W is c o n s in  P a c ka g e  V  7.0 
(De ve r e ux e f/ a / ., 1984).

P rim e r e x te ns ion

A  149- bp A v a ll- N d e l r e s t r ic t io n  fr a g m e n t  (lo c a t e d  a t  p o s i
t io n  33 1 - 4 8 0 ) w a s  u s e d  as  a  p r im e r . T h e  e x te ns io n  r e a c t io n  
us ing  re ve rs e  t r a n s c r ip t a s e  w a s  b a s e d  o n  s t a n d a r d  p r o to c o ls  
(S a m b r o o k  e t a l , 1989); 250  n g  o f  d o u b le - s t r a n d e d  c D N A  was  
e nd - la be le d  u s in g  - y ^P - AT P  (A m e r s h a m )  (s pe c ific  a c t iv ity  
3 x  107 c p m / jx g ), t h e n  4 x  105 c p m  w e r e  a d d e d  to  10 jxg o f 
o iig o (- d e o x y th y m id ine )- s e le c te d  M V 1  R N A .  A ft e r  de na tur -  
a t io n  fo r  10 m in  a t  8 5 °C, a n n e a lin g  was  p e r fo r m e d  a t  4 5 °C 
o v e r n ig h t . T h e  e x te n s io n  r e a c t io n  w a s  p e r fo r m e d  a t  3 7 °C fo r  2 
h r  u s in g  M o lo n e y  r e ve r s e  t r a n c r ip t a s e  ( B R L ,  G r a n d  Is la n d , 
N Y) ,  p u r ifie d  a n d  a n a ly ze d  o n  a s e q u e n c in g  ge l c o n t a in in g  
s e q ue n c e  r e a c t io ns  as  a s ize  m a r k e r  fo r  th e  le n g t h  o f  the  
e x te ns io n  p r o d uc t s .

C lo n in g  o f  the  5 '  e n d  o f  n m b  c D N A

T h e  5 '  e nd  o f  n m b  w a s  c lo n e d  us in g  the  a m p lifin d e r  kit  
(C lo n t e c h , P a lo  A lt o ,  C A ) .  Ba s ic a lly , a ft e r  o ligo- de ox y  t h y m i
d ine - p r im e d  fir s t - s t r a nd s ynthe s is  u s in g  2 jxg o f  p o ly - A+- 
s e le c te d  MV1  R N A  as  a t e m p la t e , a n  a n c h o r  a d a p t o r  p r im e r  
was  lig a te d  to  this  s ing le - s t r a nd e d  c D N A  a n d  a m p lifie d . F o r  
a m p lific a t io n , th is  p r im e r  a n d  a s pe c ific  p r im e r  (lo c a t e d  a t  
457 - 481) we re  us e d  as  P C R  p r im e r s  (5 cycle s , u s in g  10 p m o l o f 
e a c h  p r im e r  a n d  T a q  p o ly m e r a s e ). F o r  fu r t h e r  P C R  a m p lific a 
t io n , a n o th e r  s pe c ific  p r im e r  w a s  us e d  (lo c a t e d  a t  p o s it io n  
4 0 3 - 4 2 7 ), 35 Cyc le s  o f  a m p lific a t io n  w e r e  p e r fo r m e d :  de na tur -  
a t io n  fo r  45 s e c  a t  9 4 °C, a n n e a lin g  fo r  45 s e c a t  60°C, a n d  
e x te ns io n  fo r  90 s e c  a t  7 2 °C. F in a l e x te ns io n  was  a llo w e d  to 
p r o c e e d  fo r  7 m in .  P C R  p r o d u c t s  w e r e  a n a ly ze d  o n  a n  a g a r os e  
ge l, t r e a te d  w it h  T 4  D N A  p o ly m e r a s e  to c r e a te  b lu n t  e nds  a n d  
c lo n e d  in to  a b lu n t - e n d  ve c to r .

T rans fe c tion

T r a n s fe c t io n  w a s  p e r fo r m e d  in  the  B L M  ce ll lin e  u s in g  
lip o fe c t in  ( B R L )  a n d  20 jxg o f  p Z IP n e o  (C e p k o  e t a l , 1984; 
D o t t o  e t a l,  1985) c a r r y in g  th e  G4 1 8  r e s is ta nc e  g e n e  a n d  a 
c D N A  c lo ne  (416- 2656) o r  th e  r e s is ta nc e  g e ne  a lo n e . S t a b le  
t r a ns fe c ta n ts  w e r e  s e le c te d  in  the  p r e s e nc e  o f  L m g / m  I o f  G4 1 8  
in  the  c u ltu r e  m e d iu m . A ft e r  s e le c t io n , c e lls  w e r e  g r o w n  in  th e  
p r e s e nc e  o f 0 ,25 - 0 .5  m g / m  I G4 1 8 .

In  vivo  as s ay  f o r  m e tas tas c s

Ap p r o x im a t e ly  3 x  106 c e lls  w e r e  in o c u la t e d  s x . in to  n u d e  
mic e . T u m o r  v o lu m e s  w e r e  m e a s u r e d  w e e k ly  a n d  m ic e  w e r e  
m a in t a in e d  fo r  3 m o n t h s  un le s s  th e  t u m o r  s ize  in t e r fe r e d  w ith  
the ir  h e a lth . A ft e r  a u to p s y , th e  lu n g s  w e r e  fo r ma lin- fix e d , a n d

5. 0

100 200 300 -100 500
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s e que nce s  In or de r  to make  it a biologica lly 
s e que nce  is ma r ke d with an as terisk.
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A B

VOLUME (om3) VOLUME (ofii3)

B LM  H po 

B L M  *141

WEEKS

B LM  M o  1 

B LM  2 1 »

B LM  21.6 B LM  Hpo 

B LM  91.6

B L M  n to  1 

B L M  2 1 B

B L M  n « o  7 

B L M  S 1 .1 t

B L M  n « 0  10

F i g u r e  10 -  Gr ow th  curves  o f the  tumors  from pare nta l, ne omycin-  a nd  nwb- tr ans fe c te d ce ll line s  in n u d e  mic e . Va lue s  are  give n as a 
me an o f all anima ls  te s ted, (a) and (b) re pre s e nt s e parate ly pe r for me d e xpe r ime nts . T he  va lue s  we re  bas e d o n  5 a n im a ls  pe r  ce ll line  
except for  21.19 (4 anima ls ) in (a) and 10 (21.8, n e o l, n e o l6 ), 9 (21.19, BLM, ne o 7 ) or 7 a n im a ls  in the  case  o f 21.5 in (b).

'FABLE I -  RAT ES O F  S P ON T AN E OU S  LU N G MET AST ASIS AF T E R S.G  
IN OC U LAT ION  OF  NEOMYCÎN- , AW/ i- T RANSFECT ANT S, O R  P ARE N T AL

CON T ROLS  IN N U DE  MIC E

Ce ll line A (%) B (%)

P a r e nta l B LM  
ne o 1 
ne o 7
ne o 16
21.5
21.8

21.19

4/5
2/5

N .D.
N .D.
1/5
1/5
1/4

80
40

5/9
5/9
8 /1 0

5/10
2/7
6/ 10

6/8

'55
'55
80
50
’29
60
75

T he  pa r e nta l ce ll line  was  mock- trans fected with lipofe c tin 
w ithout  a dd ing  D N A . A and B repre sent s eparate ly pe r for me d 
e xpe r ime nts .

*

p a r e n t a l c o n t r o l c c ll line s  we re  r e a d ily  obs e rve d. In  p a r t ic u la r , 
c lo ne  21.5 ha d  a te nde nc y  to  c lus te r  a t  low e r  de ns it ie s  (F ig . 9). 
Gr o w th  r a le s  in  v itro  w e r e  c o m pa r a b le . Gr o w th  rate s  in  v iv o  
a n d  m e ta s ta t ic  p o t e n t ia l we re  e x a m ine d  in 2 s e pa r a te  se ts  o f 
e x pe r im e nts . U p o n  in o c u la t io n  in nud e  mic e , t u m o r  g r o w th  
was  de la y e d  in the  cas e  o f d o n e  21.5, a n d  to a lesser e x te nt  o f 
c lo ne  21 .19 as c o m p a r e d  to  c ontr o l ce ll line s  (F ig . 10). Aft e r  
a utops y  o f the  a n im a ls , the  lungs  we re  mic r os c opic a lly  e x a m 
ine d  fo r  mé ta s ta s e s . In  b o th  se ts  o f e x pe r ime nts , m e ta s ta t ic  
p o t e n t ia l o f  21.5 t r a ns fe c ta n ts  was  r e duc e d  w he n c o m p a r e d  to 
e ithe r  p a r e n t a l o r  ne omyc in- r e s is te nt  c o n t r o l t r a n s fc c ta n t  ce ll 
line s  (T a b le  I)  w h ile  for  th e  o the r  2  nm / >t r a ns fe c ta n ts  v a r ia b le  
r e s ults  w e r e  o b ta in e d .

D IS C U S S IO N

U p o n  c o m p a r is o n  o f e xpre s s ion in h ighly  a n d  lowly m e ta 
s ta t ic  ce ll line s , s e ve ra l c DN As  we re  is o la te d  s ho w ing  a 
d iffe r e n t ia l e xpre s s ion in the  lowly  a nd  highly  m c ta s ta t ic  
h u m a n  m e la n o m a  ccll line s  a n d  de r ive d x e nogr a ft  le s ions . 
c D N A  c lo ne s  th a t  s how e d a d iffe r e nc e  in e xpre s s ion o f o n ly  2-  
to 4- fold a p p e a r e d  to be  r e la te d  to gr ow th a nd  m e ta b o lis m , e.g. 
r ib o s o m a l p r o t e in  L8 . Rib o s o m a l c D N A s  we re  a ls o is o la te d  
fr o m  a tum o r - e nr ic he d  c o lon  s ub t r a c t io n  libra ry , in w h ic h  
e x pr e s s ion was  d e te c te d  in  b o th  well-  a n d  poor ly - diifc r cnti-  
a te d  ce lls . Inc r e a s e d  e xpre s s ion c o r r e la te d  w ith  pr ogr e s s ion in 
2 pa ir s  o f ce ll line s  de r ive d  fr om pr im a r y  a n d  m e ta s ta t ic  le s ions  
o f the  s a m e  p a t ie n t  (K o n d o h  et a l,  1992), Alt h o u g h  the  a im  o f 
this  s ub t r a c t io n  lib r a r y  was  to e nr ic h  fo r  s e que nce s  s t r ongly  
e xpre s s e d in  the  h igh ly  m e ta s ta t ic  ce ll line , in  2 o f the  is o la te d  
c D N A s  the  p a t t e r n  s e e n was  the  o ppo s ite  o f w h a t  was  
e x pe c te d . S inc e  a n excess  o f MV1  s e que nce s  was  us e d  to

h y b r id ize  to  M V 3  s e que nc e s  a n d  th e  la b e lin g  o f  M V 1  se 
que nc e s  b y  p h o t o b io t in y la t io n , h y b r id iz a t io n  a n d  s e p a r a t io n  o f 
h y b r id ize d  a nd  n o n - h y b r id ize d  c D N A s  w a s  n o t  c o m p le t e , p a r t  
o f th is  lib r a r y  c ons is ts  o f c D N A s  s t r o ng ly  e x pr e s s e d in  the  
low - me ta s ta t ic  M V 1  ce ll lin e .

S e q u e n c e  a na lys is  o f  n m b , w h ic h  s h o w e d  e x pr e s s ion o n ly  in 
the  low - me ta s ta t ic  h u m a n  m e la n o m a  c c ll line s  a n d  x e nog r a fts , 
r e ve a le d  t h a t  this  c lo n e  r e p r e s e n t s  a no ve l ge ne . Ba s e d  o n  the  
pr e s e nc e  o f  a s ig na l s e q u e n c e , a h y d r o p h o b ic  a r e a  o f  27 
a m ino - a c id  r e s idue s , b o r d e r e d  by  c h a r g e d  r e s idue s , w h ic h  
m ig h t  c ros s  the  m e m b r a n e  in  a s ing le  h e lic a l s p a n , the  
p r e d ic t io n  o f  in te g r a l m e m b r a n e  p r o te in s  by  m e m b r a n e  p r o p e n 
s ity p r o g r a m s  fo r  b o t h  s ig n a l s e q u e n c e  a n d  t r a n s m e m b r a n e  
d o m a in , a n d  the  h o m o lo g y  w it h  th e  p r e c u r s o r  o f  p M e l l7  
m e la noc y t ic - s pe c ific  p r o t e in  (K w o n  et a l,  1991) w h ic h  a ls o  
s hows  a t r a n s m c m b r a n e  d o m a in  in  th is  r e g io n , w e  a s s um e  th a t  
this  d o n e  is  e n c o d in g  a t r a n s m e m b r a n c  g ly c o p r o te in . S in c e  
M e l 17 w a s  de s c r ib e d  as  a m e m b e r  o f  a fa m ily  to  w h ic h  gp75  
a n d  ty r os ina s e  a ls o  b e lo n g , w h ic h  a r e  b o t h  p r o m in e n t ly  ex 
pr e s s e d in  m e la n o c y t ic  le s io ns , w e  a ls o  a lig n e d  o u r  c lo n e  to  
the s e  s e que nc e s  a n d  5 r e g io ns  o f  h o m o lo g y  w e r e  d e te c t e d  (F ig . 
11). Ov e r a ll id e n t it y  a n d  h o m o lo g y  was  1 7 .6 % a n d  4 1 .7 %  in 
the  cas e  o f  gp7 5 , a n d  1 6 .7 % a n d  4 0 .8 %  in  the  ca s e  o f 
ty ros inas e . A ll a r e  c h a r a c t e r ize d  by  a s h o r t  no n - c o d ing  r e g io n  
a t  t h e  5 '  e nd  o f  the  m e s s e ng e r , a s ig n a l p e p t id e , a n d  a 
t r a n s m c m b r a n e  d o m a in  n e a r  the  3 '  e n d . N e a r ly  a ll c ys te ine s  
a re  c ons e r ve d  b e tw e e n  ty r o s ina s e  a n d  g p7 5  (C h in t a m a n e n i et 
a l,  1991), w he r e a s  a ll c y s te ine s  in  the  r e g io n  p r e c e d in g  the  
t r a n s m c m b r a n e  r e g io n  a r e  c o ns e r v e d  b e tw e e n  p M e l l7  a n d  
p n m b  (F ig . 3). A lt h o u g h  the s e  4 p r o t e in s  c le a r ly  b e lo n g  to  o n e  
fa m ily , gp7 5  a nd  ty r o s ina s e  a r e  m o r e  s im ila r  to  e a c h  o t h e r  th a n  
to p M e l l7  or  p n m b , a n d  v ice  v e rs a. T y r o s ina s e  is th e  ke y 
e nzy m e  in  the  s y nthe s is  o f m e la n in  p ig m e n t . A lt h o u g h  ty r os i
na s e , gp75 a nd  p M e ll7  a r e  d e s c r ib e d  as  m e la no c y te - s pe c iiic , 
a n d  ty r os inas e  a n d  gp7 5  a r e  lo c a lize d  to  the  m e la n o s o m e s , 
n m b  is e xpre s s e d in  o t h e r  t is s ue s  a n d  t u m o r  ce ll line s  as  w e ll. 
T h e r e fo r e , it  c a n n o t  be  p r e s e n t  e x c lus ive ly  in  the  m e la no -  
s ome s .

S c r e e n in g  o f s e ve r a l o t h e r  c c ll line s , r a t  o r g a ns  a n d  tum o r s  
in d ic a t e d  tha t  t h e  n m b  g e n e  ha s  a r e s t r ic te d  e x pr e s s ion 
p a t t e r n , is  no t  s p e c ific  fo r  th e  m e la n o c y t ic  lin e a g e , a n d , 
s e c ondly , is  no t  w e ll c o n s e r v e d  d u r in g  e v o lu t io n  o f  ve r te b r a te s .

A lt h o u g h  n m b  R N A  e x pr e s s io n  is  n o t  s ig n ific a n t ly  h ig h e r  in 
p o o le d  s p e c im e n s  o f n e v o c e llu la r  nc vi t h a n  in  m e la n o m a  
m e ta s ta s e s , no  fin a l c o n c lu s io n s  c a n be  d r a w n  a b o u t  its  
p o t e n t ia l as  a p r o t e in  m a r k e r  fo r  p a r t ic u la r  s tage s  in  m e la n o 
cytic  p r o g r e s s io n , s inc e  R N A  le ve ls  d o  n o t  ne c e s s a r ily  p r e d ic t
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T y r
gp7 5
P m e ll7
Pnmb

T yr
gp75
P m e ll7
Pnmb

Tyr
gp7 5
P m e ll7
Pnmb

( 1 )
(1)
(2)
( 2 )

(1 8 9 )
<196)
(2 0 9 )
(2 3 4 )

( 4 3 6 )

(4 2 6 )
( 5 5 8 )

{4 3 7 )

H F P R A C V S S K N L M

3 F P R Q C A T V E A L R
K V P R N 0 D W L G V S R
K - R F H D V L G N E R

L G y I d Y 1 y  l  q  d S D P D s F
L G y T y E I 2 W P S R E F s V
L A D T N S L A V V s T Q L I M
L G D D T s L A L T s T L ILS V

(1 4 7 )
(153 )
(1 5 8 )
(1 8 4 )

P
P

F L P W H R L F L L R W E Q E I Q
F L T W H R Y H L L R L E K D K Q
F L R N Q P L T F A L L H D P S
F L K D L P I M F D V L I H D P S

K L 
E M 
G Y 
H F

Ü 
£  

T H
P Q

T
L
L
L

F N D I N I y D L F V W M H y
F E N I S I y N y F V W T H y
T M E V T V Y H R R G S R 9 y
L M E V T V y R R H G - R H y

G
Q
A
N

D
E
E

E N 
P S
A
S

D
T

(4 8 6 )
(635 )
(5 2 4 )

F T 1 p y w D W R D
F S h p Y w N F A T
h s y T - w D F G D
I N y K m * w S F G D

| e K Q P L L M E K E D y
A N Q P L L - ~ T D Q y

rs] N S P L L S G 0 - -
E K D P L L K M E, - -

F i g u r e  11 -  Mu lt ip le  a lig nm e nt  o f tyros inas e , gp75, p M e l!7  and pnm b . Pos itions  were  based on ma tur e  pe ptide s . T he  re gions  s hown 
we re  pa r t  o f  the  a lignme nts  o f  the  c omple te  s e que nce s , as pe r for me d by the  P ILE  UP  or  C LU S T ALV a lignme nt  me thods .

p r o t e in  d a t a . E a r lie r  s tud ie s  s h o w e d  th a t , a lt h o u g h  a n e le va te d  
R N A  e x pr e s s ion o f  c a lc y c lin  w a s  d e te c te d  in  m e la n o m a  
me ta s ta s e s , th is  d id  n o t  le a d  to  a m u c h  h ig he r  e xpre s s ion o f the  
p r o t e in  s ince  o ft e n  only  a s m a ll p e r c e n ta g e  o f  the  t u m o r  ce lls  
w it h in  s uc h a  le s io n  was  s t a in e d  (W e t e r m a n  e t a l , 1992, 
1993a ).

Sinc e  the  m os t  im p o r t a n t  s te p  in  t u m o r  pr ogr e s s ion is 
a c q u is it io n  o f the  m e ta s t a t ic  p h e n o t y p e , w e  we re  in te r e s te d  to 
d e te r m in e  w h e th e r  n m b  c o u ld  r e d u c e  the  m e ta s t a t ic  p o t e n t ia l 
o f a h ig h ly  m e ta s t a t ic  «mfr - ne ga t ive  m e la n o m a  ce ll line . Ba s e d  
o n  th e ir  e x pr e s s ion p a t t e r n  o f  n m b , c a lc y c lin  a n d  thy m o s in  
(3- 10, 3 /wiZ?~ trans fe ctants  (2 1 .5 , 21 .8  a nd  2 1 .1 9 ) we re  c hos e n 
fo r  fu r t h e r  c h a r a c t e r iza t io n . Ca lc y c lin  le ve ls  va r ie d  in  the  
t r a ns fe c ta n ts , w h ic h  was  n o t  s u r p r is in g  s inc e  o the r  e x pe r i
m e n ts  us ing  va r io us  m e la n o m a  ce ll line s  s ho w e d  th a t  in t r ins ic  
c a lc yc lin  m R N A  le ve ls  v a r ie d  w id e ly  a fte r  t r a ns fe c t io n  e x pe r i
m e n ts  o r  c ha nge s  w it h in  t h e  c e ll line s  the ms e lve s  (u n p u b lis h e d  
o bs e r va t io ns ). In  a p r e lim in a r y  s e r ie s  o f e x pe r ime nts , a t e n 
de ncy to w a r d  g r o w th  de la y  a n d  r e d u c t io n  o f  m e ta s ta t ic  p o t e n 

t ia l was  c le a r ly  pr e s e nt  in  th e  case  o f t r a ns fe c ta n t  21.5 . T he  
o the r  t r a ns fe c ta nts  te s te d, 21.8  a n d  21 .19 , s how e d  va r y ing  ra te s  
o f me tas tas is , pos s ibly  due  to low e r  p r o t e in  le ve ls , in d e p e n d e n t  
o f the  R N A  le ve l, w hic h  m ig h t  c o n d it io n  the  m e ta s ta t ic  
p o te n t ia l. It  s hould  be  n o te d  tha t  a p a r t ia l c D N A  was  
tr ans fe c te d which la c ke d the  s igna l p e p t id e . Ne ve r the le s s , 
s ince  the  cy topla s mic  pa r t  o f  the  p e p t id e  was  p r e s e n t  in  the  
t r ans fe c tants , the s e  obs e r va t ions  a re  p r o b a b ly  m e a n in g fu l a n d  
w ill be  e x te nde d in fu r th e r  s tudie s .

ACKNOWLEDGEMENT S

T he  us e  o f the  se rvices  a n d  fa c ilit ie s  o f the  Du t c h  N a t io n a l 
Ex pe r t is e  Ce n te r  C A O S / C A M M , u n d e r  g r a nts  S O N  326- 052, 
a nd  ST W NCH9 9 .1 7 5 1  is  g r a te fu lly  a c kno w le d g e d . W e  th a n k  
Mr . G. S too pe n , Mr . J. Be r k e ljo n , Ms . I. Co r nc lis s c n , Mr . K. 
Ja ns e n  a nd  Ms . J. Le m m c r s  fo r  the ir  te c hn ic a l a s s is tance . T his  
w or k  was  s uppor te d  by the  D u t c h  Ca n c e r  Soc ie ty , g r a n t  
N U K C  89- 08.

REF ERENCES

A k s le n ,  L.A. a nd M o r k v e ,  O., Expre s s ion o fp53  pro te in in cutane ous  
me lanoma . In t. J, Cance r; 52, 13- 16 (1992).

A u f f r a y ,  C. and R o u g e o n ,  F ., P ur ific a t ion  o f mous e  immunoglobulin  
heavy cha in m RN As  fr om to ta l mye loma  tumor  RN A , Europ. J, 
Biochem ., 107, 303- 314 (1980).

C e p k o , C.L., R o b e r t s ,  B.E. a nd  M u l l i g a n ,  R.C .} Cons tr uc t ion and 
applica t ions  o f a highly tr ans mis s ible  m ur in e  re trovirus  s huttle  vector . 
Cell, 37, 1053- 1062 (1984).

C h t n t a m a n e n i,  C.D., R a m s a y ,  M., C o lm a n ,  M.- A, F o x , M.F ., 
P ic k a r d ,  R.T . and K w o n ,  B.S., Ma p p in g  the  huma n CAS2  gene , the  
homologue  o f the  mous e  brown (b ) locus , to h um a n  chromos ome  
9p22- pter. B ioche m . biophy s . Res. Com m ., 178, 227- 235 (1991).

C h u r c h ,  G.M. and G i l b e r t ,  W ., Ge n o m ic  s e que ncing. Proc. nat. 
A c ad . Sci. (W as h.), 81,1991- 1995 (1984).

C l a r k ,  W.H ., J r . ,  E l d e r ,  D .E . ,  G u e r r y ,  D „  E p s t e in ,  M.N., G r e e n e ,  
M.H. and v a n  H o r n ,  M „  A  s tudy o f tum o r  progre s s ion: the  pre curs or  
le s ions  o f s upe rfic ial s pr e ading  a nd  no d u la r  m e la no m a . Hum . P a th o l, 
15,1147- 1165 (1984).

D e v e r e u x ,  J., H a e b e r l i ,  P . a n d  S m it h ie s ,  O . ,  A  c o m p r e h e n s iv e  s e t  o f 
s e q u e n c e  a na ly s is  p r o g r a m s  fo r  t h e  V A X. N u c l A c ids  Res ., 1 2 .387- 395 
(1984),

D o r r o ,  J.P ., P a r d a ,  L.S, and W e in b e r g ,  R.A., Spe cific ge ne tic  
re sponse  o f ras- t r ans forme d e mbryo fibroblas ts  to tum or  promote rs . 
Nature  (L ond J ,  318,472- 475 (1985).

F lo r e n e s ,  V.A., A a m d a l ,  S., M y k le b o s t ,  O., M a e la n d s m o ,  G.M., 
B r u l a n d ,  O.S. a nd  F o d s t a d ,  O., Le ve ls  o f n w 2 3  me s s e nge r  R N A  in 
me tas ta tic  m a ligna nt  me la noma s : inve rs e  cor r e la t ion to disease  p r o 
gress ion. Cance r Re s ., 52> 6088- 6091 (1992).

H e r ly n ,  M .,  C l a r k ,  W.H ., R o d e c k ,  U., M a n c ia n t i ,  M.L., Ja m-  
b r o s ic ,  J .  a nd  K o p r o w s k i,  H., Biology  of tum o r  progress ion in huma n 
me lanocyte s . L ab . Inves t., 56 ,461- 474 (1987).

J o h n s o n ,  J.P ., S t a d e ,  B.G., H o lz m a n n ,  B., S c h w a b le ,  W. a n d

R ie t h m u l le r ,  G., De novo express ion of inte rce llular - adhe s ion m o l
e cule  1 in me lanoma corre late s  with incre as e d risk of me tas tas is . Proc . 
nat. A cad. Sci. (W as h.), 86,641- 644 (1989).

Ka m b , A., G r u is ,  N.A., W e a v e r - F e ld h a u s ,  J .,  Liu , Q., H a r s h m a n ,  
K., T a v t ig ia n ,  S.V., S t o c k u r t ,  E., D a y ,  R.S ., 111, J o h n s o n ,  B.E. and 
S k o ln ic k ,  M .H . ,  A  cell cycle re gula tor  pote ntia lly  involved in genes is  
o f many tumor  types. Science (W as h.), 264, 436- 439 (1994).

K o n d o h ,  N., S c h w e in fe s t ,  C .W .,  H e n d e r s o n ,  K .W . and P a p a s , T.S., 
Diffe r e ntia l express ion of S19 r ibos omal prote in, laminin- binding 
prote in and human lymphocyte  antige n class I messenge r  RN As  
associated with colon carc inoma progre s s ion and diffe r e ntia t ion. 
Cance r Res., 52, 791- 796 (1992).

K w o n ,  B.S., C h in t a m a n e n i,  C .D . ,  K o z a k ,  C.A., C o p e la n d ,  N.G., 
G i lb e r t ,  D .J . ,  Je n k in s ,  N m B a r t o n ,  D . ,  F r a n c k u ,  U., K o b a y a s h i,  Y. 
and Kim, K.A., A melanocyte - specific gene , P m e ll7 ,  maps  ne ar  the  
silver- coat- color locus  on mous e  chromos ome  10 and is a syntenic 
region on human chromos ome  12. Proc . nat. A c ad . Sci. (W as h.), 88, 
9228- 9232 (1991),

L e h m a n n ,  J . M ,  R ie t h m u l l e r ,  G .  and J o h n s o n ,  J .P . ,  MUC1 8 , a 
marke r  o f tumor  progress ion in huma n me la noma , shows s e que nce  
s imilar ity to the  ne ural ceil adhe s ion mole cule s  o f the  immunog lobulin  
s upe rfamily. Proc. nat. A cad. Sci. (W as h ), 86, 9891- 9895 (1989).

L u c a ,  M., L e n z i,  R m L e e ja c k s o n ,  D m G u t m a n ,  M., F id u e r ,  U .  and 
B a r e l i ,  M., p53  Muta t ions  are  infr e que nt and do not corre late  with 
the  me tas tatic pote ntia l o f huma n me la noma  cells , in t. ./. Oncol., 3, 
19- 22 (1993).

M c M a s t e r ,  G.K. and C a r m ic h a e l ,  G.G., Analys is  o f s ingle  and 
double - s trande d nucle ic acids  on polyacrylamide  and agarose  gels 
us ing glyoxal and acr idine  orange . Proc. nat. A c ad . Sci. (W as h.), 74,
4835- 4838(1977).

N o b o r i,  T ., M iu r a ,  K., W u ,  D.J., Lo is , A., T a k a d a y a s h i,  K. and 
C a r s o n ,  D m De le tions  o f the  cyclin- de pe nde nt kinasc- 4 inh ib ito r  gene  
in mult iple  huma n cancers . N ature  (L an d .J, 368, 753- 756 (1994).



EXP RESS ION  OF  A  N O V E L  G E N E  IN  H U M A N  M E L A N O M A 81

P e a r s o n ,  W.R. and Lipman, D.J., Improved tools  for biological 

sequence comparison. Proc. nat. A cad. Sei. (W ash.), 85, 2444- 2448 
(1988).

S a m b r o o k ,  J., F r i t s c h ,  E.F. and M a n ia t is ,  T., Mole cular cloning— a 
laboratory  m anual, pp. 7.79- 7.83, Cold Spring Harbor  Laboratory 
Press, Cold Spring Harbor , N Y (1989).

S a n g e r ,  F., C o u ls o n ,  A .R . ,  B a r r e l l ,  B.G., S m it h ,  A.J.H. a n d  R o e ,  
B .A .,  C lo n in g  in  s ing le - s t r a nd e d  b a c t e r io p h a g e  as a n  a id  to r a p id  
s e q u e n c in g ./ ,  mol, B io l, 143,161- 178 (1980),

S t e e g ,  P.S., B e v i la c q u a ,  G., K o p p e r ,  L., T h o r g e is s o n ,  U.P., T a l-  
m a d g e ,  J .E . ,  L io n  a ,  L.A. and S o b e l,  M.E., Evidence  for a novel gene 
associated with low tumor  metas tatic potential. J. nat. Cancer Ins t., 80, 
200- 205 (1988).

S t r e t c h ,  J.R., G a i t e r ,  K.C., R a l f k i a e r ,  E„ L a n e ,  D.P. and H a r r i s ,  

A.L., Express ion o f mutant p53 in me lanoma. Cancer Res., 51, 
5976- 5979 (1991).

v a n  M u ije n ,  G.N.P ., C o r n e lis s e n ,  L.M., Ja n s e n ,  C.F., F ig d o r ,  C.G., 
J o h n s o n ,  J.P ., B r o c k e r ,  E.B. and R u i t e r ,  D .J . ,  Antigen expression 
of me tas tas izing and non- metastasizing human me lanoma cells xeno-  
grafted into nude  mice. Clin, exp, Me tas t, 9, 259- 272 (199 \ a).

v a n  M u ije n ,  G.N.P ., J a n s e n ,  C .P .J . ,  C o r n e lis s e n ,  L.M.A.H., S m e e t s ,  
D.F .C.M., B e c k ,  J.L.M, and R ij i t e r ,  D .J . ,  Establishment and charac-

tcr ization o f a huma n me la noma  ce ll line  (MV3 ) which is highly 
me tas tatic in nude  mice . In t. JCancer\  48, 85- 91 (19916).

v a n  M u ije n ,  G.N.P ., R u i t e r ,  D.J., H o e f a k k e r ,  S. and J o h n s o n ,  J .P .,  
Monoc lona l antibody PAL- M1 recognizes  the  trans fe r r in receptor  and 
is a progress ion marke r  in me lanocytic  le s ions . / . invest. De rm ato l, 95, 
65- 69 (1990).

v a n  M u ije n ,  G.N.P ., W e t e r m a n ,  M.A J . ,  Q u a x ,  P .H.A., V e r h e ije n ,  
J.H. and R u i t e r ,  D.J., Phe notypic  profile  of two huma n me lanoma 
cell lines  isolated fr om the  s ame  pa t ie nt  with diffe re nt me tas tatic 
be havior  in nude  mice . Proc. A m e r. Ass. Cance r Res., 32, 62 (1991c).

W e is s ,  J., S c h w e c h h e im e r ,  K m C a v e n e e ,  W .K . ,  I- Ie r ly n ,  M. and 
A r d e n ,  ICC., Muta t ion and express ion o f the  p53 gene  in malignant 
me lanoma ce ll lines. In t. J. Cancer, 54, 693- 699 (1993).

W e t e r m a n ,  M.A.J., S t o o p e n ,  G.M., v a n  M u ije n ,  G.N.P ., K u z n ic k i,  
J., R u i t e r ,  D.J. and B lo e m e r s ,  H.P .J,, Expres s ion of calcyclin in 
human me lanoma ce ll lines  corre late s  with me tas ta tic  be havior  in 
nude  mice. Cance r Res ., 52, 1291- 1296 (1992).

W e t e r m a n ,  M.A.J,, v a n  M u ije n ,  G.N.P ., B lo e m e r s ,  H.P .J. and 
R u i t e r ,  D.J., Express ion o f calcyclin in huma n me lanocylic  lesions. 
Cance r Res., 53, 6061- 6066 (1993u).

W e t e r m a n ,  M.A.J., v a n  M u ije n ,  G.N.P ., R u i t e r ,  D.J. and B lo e m 
e r s ,  H.P .J., T hymos in £10 express ion in me lanoma ce ll lines  and 
me lanocytic lesions: a new progre s s ion marke r  for  huma n cutane ous  
me lanoma. In t , J. Cance r; 53,278- 284 (1993/?).




