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Description 

Government  Support 

The  work  described  herein  was  supported  by 
grants  from  the  National  Institutes  of  Health. 

Technical  Field 

This  invention  is  in  the  field  of  molecular  biology 
and  relates  to  defining  differences  between  mutant 
alleles  and  their  corresponding  wild  type  alleles,  par- 
ticularly  a  ras  oncogene  and  proto-oncogene,  and  to 
assays  which  take  advantage  of  such  differences. 

Background  Art 

Previous  work  relating  to  chemical  carcino-  gen- 
esis  has  demonstrated  that  carcinogenic  potency  of 
a  compound  often  correlates  with  its  mutagenic  pow- 
er.  See  McCann,  J.,  Choi,  E.,  Yamasaki,  E.  and  Ames, 
B.  N.  Proc.  Natl.  Acad.  Sci.  USA  72:  5135-5139 
(1975);  McCann,  J.  and  Armes,  B.N.  Proc.  Natl.  Acad. 
Sci.  USA  73:  950-954  (1976);  Bridges,  B.A.  Nature 
261:  195-200  (1976);  and,  Bouck,  N.  and  diMayorca, 
G.  Nature  264:  722-727  (1976).  This  suggests  that 
DNA  is  the  ultimate  target  of  carcinogenic  activation. 
Because  of  this,  researchers  have  attempted  to  iden- 
tify  and  study  DNAsegnents  in  tumor  cells,  often  re- 
ferred  to  as  "oncogenes,"  whose  alteration  is  critically 
important  for  oncogenic  conversion. 

One  recent  approach  to  isolation  of  an  oncogene 
involved  the  transfer  of  tumor  cell  DNA  from  the  EJ 
bladder  carcinoma  cell  line  into  non-transformed 
NIH3T3  mouse  fibroblasts.  It  was  discovered  that  the 
phenotype  of  cellular  transformation  could  be  passed 
from  cell  to  cell  in  this  manner.  Tumor  DNA  was  able 
to  induce  foci  of  transformed  cells  in  the  recipient  NIH 
monolayer  culture  while  DNA  from  normal,  untrans- 
formed  donor  cells  failed  to  produce  foci.  See  Shih, 
C,  Shilo,  B.,  Goldfarb,  M.P.,  Dannenberg,  A.  and 
Weinberg,  R.A.  Proc.  Natl.  Acad.  Sci.  USA  76:  5714- 
5718  (1979);  Cooper,  G.M.,  Okenquist,  S.  and  Silver- 
man,  L  Nature  284:  41  8-421  (1  980);  Shih,  C,  Padhy, 
L.C.,  Murray,  M.J.  and  Weinberg,  R.A.  Nature  290: 
261-264  (1981);  Krontiris,  T.G.  and  Copper,  G.M. 
Proc.  Natl.  Acad.  Sci.  USA  78:  1181-1184  (1981);  and, 
Perucho,  M.  etal.  Cell  27:  467-476  (1981).  These  re- 
sults  demonstrated  oncogenic  factors  present  in  the 
EJ  tumor  cell  line  DNA  which  were  apparently  absent 
from  the  DNA  of  normal  cells. 

Studies  which  examined  the  sensitivity  or  resis- 
tance  of  oncogenic  DNA  from  the  EJ  bladder  carcino- 
ma  line  to  treatment  of  various  site-specific  endonu- 
cleases  indicated  that  certain  specific  donor  DNA  se- 
quences  were  involved  in  such  cellular  transforma- 
tion.  See  Lane,  M.A.,  Sainten,  A.  and  Cooper,  G.M. 
Proc.  Natl.  Acad.  Sci.  USA  78:  5185-5189  (1981); 

and,  Shilo,  B.  and  Weinberg,  R.A.  Nature  289:  607- 
609  (1981).  This  concept  of  a  discrete,  definable  on- 
cogene  was  later  directly  demonstrated  by  molecular 
isolation  of  discrete  transforming  genes  from  the  EJ 

5  human  bladder  carcinoma  cell  line  by  a  method  de- 
scribed  by  Murray,  et  al.,  Cell  25:  355-361  (1981). 

In  this  way,  DNA  isolated  from  the  EJcell  line  was 
serially  passed  by  transfection  into  NIH3T3  mouse  f  i- 
bro-blast  cells  until  a  mouse  fibroblast  cell  was  select- 

10  ed  containing  essentially  only  the  human  bladder  can- 
cer  oncogene  and  a  marker.  The  marker  used  in  this 
work  was  an  Alu  DNA  sequence,  which  is  repeated 
about  300,000  times  in  human  DNA,  but  is  not  present 
in  mouse  fibroblast  DNA.  The  interspecies  transfec- 

15  tion  thus  resulted  in  the  ultimate  selection  of  a  cell 
containing  the  oncogene  of  interest  and  its  associat- 
ed  marker.  All  DNA  from  this  transfected  cell  was  em- 
ployed  in  the  creation  of  a  genomic  library  in  a  lamb- 
daphage  and  the  appropriate  chimeric  lambdaphage 

20  was  then  selected  using  a  probe  specific  for  the  hu- 
man  Alu  marker. 

This  work  resulted  in  localization  of  the  oncogen- 
ic  activity  for  the  EJ  bladder  carcinoma  DNA  to  a  6.6 
kblong  DNA  segment  generated  by  theendonuclease 

25  BamHI.  The  6.6  kb  segment  was  cloned  in  the  plasmid 
vector  pBR322  and  then  used  as  a  sequence  probe 
in  a  southern  blot  analysis.  This  indicated  that  the  on- 
cogene  derived  from  a  sequence  of  similar  structure 
present  in  the  normal  human  genome.  See  Goldfarb, 

30  M.,  Shimizu,  Perucho,  M.  and  Wigler,  M.  Nature  296: 
404-409  (1982);  and,  Shih,  C.  and  Weinberg,  R.,  Cell 
29,  161-169  (1982).  Thus,  it  appeared  that  the  human 
bladder  oncogene  had  arisen  by  mutation  of  a  normal 
cellular  gene  during  the  process  of  carcinogenesis. 

35  Comparison  of  the  EJ  bladder  oncogene  with  its 
corresponding  normal  cellular  sequence  (the  "proto- 
oncogene")  was  aided  by  the  subsequent  discovery 
that  this  oncogene  was  homologous  to  the  transform- 
ing  gene  of  the  rat-derived  Harvey  murine  sarcoma 

40  virus.  See  Der,  C,  Krontiris,  T.G.  and  Cooper,  G.N. 
Proc.  Natl.  Acad.  Sci.  USA  79:  3637-3640  (1982); 
Parada,  L.F.,  Tabin,  C.J.,  Shih,  C.  and  Weinberg,  R.A. 
Nature  297:  474-479  (1982);  and,  Santos,  E.  etal.  Na- 
ture  298:  343-347  (1982).  This  rat  sarcoma  virus 

45  gene,  termed  v-Ha-ras,  had  been  acquired  from  the 
rat  genome  during  the  process  of  forration  of  the  chi- 
meric  viral  genome.  See  Scolnick,  E.M.  and  Parks, 
W.P.  J.  Virol.  13:  1211-1219  (1974);  and,  Shih,  T.Y., 
Williams,  D.R.,  Weeks,  M.O.,  Maryak,  J.M.,  Vass, 

50  W.C.  and  Scolnick,  E.M.  J.  Virol.  27:  45-55  (1978). 
Both  the  rat  and  human  cellular  homologues  of  the  v- 
Ha-ras  have  been  isolated  in  the  course  of  studies  of 
this  gene.  See  DeFeo,  D.,  Gonda,  M.A.,  Young,  H.A., 
Change,  E.H.,  Lowy,  D.R.,  Scolnick,  E.M.  and  Ellis, 

55  R.W.  Proc.  Natl.  Acad.  Sci.  USA  78:  3328-3332 
(1981);  and,  Chang,  E.H.,  Gonda,  M.A.,  Ellis  R.W., 
Scolnick,  E.M.  and  Lowy,  D.R.  Proc.  Natl.  Acad.  Sci. 
USA,  79,  4848-4852  (1  982).  The  human  cellular  hom- 
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ologue  of  the  v-Ha-ras  was  found  to  correspond  pre- 
cisely  to  the  normal  antecedent  of  the  EJ  bladder  on- 
cogene.  See  Parada,  L.F.,  Tabin,  C.J.,  Shin,  C.  and 
Weinberg,  P.A.  Nature  297:  474-479  (1982). 

Preliminary  comparisons  between  the  EJ  onco- 
gene  and  its  normal  cellular  counterpart,  termed  C- 
Ha-ras,  were  made.  See  Ellis,  R.W.,  DeFeo,  D.,  Mar- 
yak,  J.M.,  Young,  H.A.,  Shih,  T.Y,  Chang,  E.H.,  Lowy, 
D.R.  and  Scolnick,  E.M.  J.  Virol.  36:  408-420  (1980). 
In  this  work,  it  was  shown  that  a  molecular  clone  of  the 
normal  cellular  gene  did  not  induce  foci  when  applied 
to  NIH3T3  monolayers,  while  a  clone  of  the  bladder 
oncogene  exhibited  a  biological  activity  of  ca.  5  x  104 
foci  forming  units  per  microgram  of  transfected  DNA. 
See  Shih,  C.  and  Weinberg,  R.A.  Cell  29:  161-169 
(1982);  and,  Chang,  E.H.,  Gonda,  M.A.,  Ellis,  R.W., 
Scolnick,  E.M.  and  Lowy,  D.R.  Proc.  Natl.  Acad.  Sci. 
USA  79,  4848-52  (1982). 

This  stark  difference  in  function  did  not  correlate 
with  any  apparent  structural  differences  between  the 
two  clones.  Rough  restriction  endo-nuclease  site 
mapping  of  the  EJ  oncogene  clone  and  the  uncloned 
related  human  proto-oncogene  indicated  that  the  two 
were  basically  indistinguishable  over  the  6.6  kb  se- 
quence  which  contained  the  transforming  activity  of 
the  EJ  oncogene.  See  Shih,  C.  and  Weinberg,  R.A. 
Cell  29:  161-169  (1982).  Finer  mapping  was  later 
made  possible  by  the  direct  comparison  of  molecular 
clones  of  the  two  genes,  but  again,  no  differences  us- 
ing  a  series  of  different  endonucleases  were  found, 
except  for  a  single  difference  3'  (downstream)  of  the 
coding  regions  of  the  gene.  This  difference  was  inter- 
preted  to  represent  a  functionally  silent  polymorphism 
of  the  gene  present  in  the  gene  pool,  of  the  type  pre- 
vious  documented  by  others.  See  Goldfarb,  M.,  Shi- 
mizu,  Perucho,  M.  and  Wigler,  M.  Nature  296:  404- 
409(1982). 

Thus,  a  drastic  functional  difference  had  been 
demonstrated  for  two  structurally  similar  genes,  the 
human  bladder  cancer  oncogene  and  its  norral  proto- 
oncogene.  No  differences  in  the  structure  of  the  two 
genes  was  known,  but  it  was  theorized  that  there 
might  be  differences  which  produced  functional  dif- 
ferences  in  one  of  two  ways.  The  alterations  could  in- 
volve  a  change  in  sequences  regulating  the  expres- 
sion  of  the  gene,  or  alternatively,  the  transformed 
phenotype  could  be  due  to  changes  in  the  protein-en- 
coding  portion  of  the  gene.  The  first  hypothesis  would 
likely  produce  up-regulation  of  transcription  ortrans- 
lation  of  the  gene,  yielding  high  levels  of  an  otherwise 
normal  protein  product,  while  the  second  hypothesis 
would  suggest  synthesis  of  an  altered  protein.  Both 
types  of  alteration  could  also  act  in  concert  to  create 
the  observed  difference  in  function. 

Disclosure  of  the  Invention 

esis  in  a  human  caused  by  the  mutation  of  a  ras  proto- 
oncogene  to  a  ras  oncogene,  wherein  the  ras  onco- 
gene  differs  from  the  ras  proto-oncogene  at  the  Gly12 
codon  comprising: 

5  (a)  contacting  a  cell  sample  from  the  human  with 
an  antibody  capable  of  binding  the  protein  encod- 
ed  by  the  oncogene  but  not  the  protein  encoded 
by  the  proto-oncogene;  and 
(b)  determining  whether  antibody  binding  has  oc- 

10  curred,  wherein  antibody  binding  is  indicative  of 
carcinogenesis. 
The  invention  followed  an  investigation  of  the  dif- 

ferences  between  the  EJ  oncogene,  previously 
shown  to  cause  human  bladder  cancer,  and  its  proto- 

15  oncogene.  The  procedures  involved  in  the  investiga- 
tion  can  be  applied  to  defining  differences  between 
any  mutant  allele  and  its  corresponding  wild  type  al- 
lele;  the  procedures  are  particularly  useful  in  defining 
the  differences  between  oncogenes  and  proto-onco- 

20  genes. 
Initially,  experiments  were  performed  to  deter- 

mine  whether  the  dramatic  functional  difference  be- 
tween  the  EJ  oncogene  and  its  proto-oncogene  were 
due  to  a  regulation  mechanism  or  to  one  of  sequence 

25  differences.  These  experiments  provide  a  data  indi- 
cating  that  upregulation  of  this  gene  was  not  respon- 
sible  for  cellular  transformation.  Thus,  it  was  conclud- 
ed  that  the  dramatic  functional  differences  must  be 
due  to  changes  in  the  DNA  sequence  of  said  genes. 

30  The  area  of  the  6.6  kb  pEJ  responsible  for  cellular 
transformation  in  NIH3T3  fibreblasts  was  narrowed 
to  a  350  kb  segment  by  a  series  of  in  vitro  recombin- 
ations.  This  350  kb  segment  was  then  sequenced  for 
the  oncogene  and  proto-oncogene,  and  it  was  found 

35  that  single  base  substitutions  accounted  for  the  dif- 
ference  at  the  60th  nucleotide  from  the  Xmal  restric- 
tion  site.  This  substitution  in  the  codon  for  glycine 
(Gly12),  normally  occurring  as  GGC,  was  changed  to 
the  sequence  GTC,  which  codon  expresses  valine. 

40  Thus,  the  specif  ic  difference  in  cellular  DNA  from  the 
EJ  and  its  proto-oncogene  was  located,  and  the  dif- 
ference  in  the  amino  acid  sequence  of  the  corre- 
sponding  p21  proteins  was  also  determined. 

Since  the  p21  proteins  encoded  bv  these  genes 
45  are  different,  serological  reagents,  such  as  polyclonal 

or  monoclonal  antibodies,  can  also  be  developed 
which  are  specific  for  the  altered  or  normal  sequence 
domains  in  p21  proteins,  or  for  an  amino  acid  se- 
quence  not  involved  in  the  alteration  which  occurs 

so  during  carcinosenesis.  Such  sero-logical  reagents 
can  then  be  employed  according  to  the  invention  in 
various  assays  to  provide  a  very  sensitive  test  for  hu- 
man  bladder  carcinogenesis.  These  assays  could  be 
employed  to  detect  changes  in  other  wild  type  alleles 

55  causing  mutant  alleles. 

This  invention  relates  to  an  assay  for  carcinogen- 

3 



5 EP  0  241  961  B1 6 

Brief  Description  of  the  Figures 

Figure  1A  presents  electrophoretic  gel  patterns 
of  total  cellular  RNA  obtained  from  both  normal 
and  transformed  bladder  cells,  which  patterns  5 
were  visualized  by  autoradiography; 
Figure  1B  presents  electrophoretic  gel  patterns 
obtained  by  precipitation  of  metabolically  labelled 
protein  lysates  from  both  EJ  and  normal  bladder 
cells  employing  monoclonal  antisera  against  the  10 
v-Ha-ras  p21  protein; 
Figure  2A  presents  electrophoretic  gel  patterns 
of  cellular  DNA  from  four  cell  lines  transfected 
with  pEJ  or  pEC; 
Figure  2B  presents  electrophoretic  gel  patterns  15 
of  total  polyadenylated  RNA  from  the  same  four 
transfected  cell  lines; 
Figure  2C  presents  electrophoretic  gel  patterns 
of  p21  protein  immunoprecipitated  from  cell  ly- 
sates  of  the  same  four  transfected  cell  lines;  20 
Figures  3A-3D  are  photographs  taken  through  a 
phase-contrast  microscope  at  500X  magnifica- 
tion  of  four  cell  lines  transfected  with  pEJ  or  pEC; 
Figure  4  presents  electrophoretic  gel  patterns  of 
immunoprecipitated  p21  protein  from  cells  trans-  25 
fected  with  pEJ  or  pEC; 
Figure  5  is  a  schematic  illustration  of  in  vitro  ge- 
netic  recombinants  constructed  from  the  EJ 
transforming  gene  and  its  normal  cellular  homo- 
logue  and  also  contains  a  summary  of  transfec-  30 
tion  and  transformation  data  for  experiments 
conducted  with  such  genetic  recombinants; 
Figure  6  presents  electrophoretic  gel  patterns  for 
migration  of  p21  proteins  immuno-precipitated 
from  cells  transfected  with  in  vitro  recombinants  35 
of  the  EJ  oncogene  clone  (pEJ)  and  its  homolo- 
gous  proto-oncogene  clone  (pEC); 
Figure  7  illustrates  a  comparison  of  the  DNA  se- 
quence  of  the  molecular  clone  of  the  EJ  trans- 
forming  gene  and  its  non-transforming  cellular  40 
homologue  and  also  sets  forth  the  amino  acid  se- 
quence  expressed  for  each; 
Figure  8  presents  electrophoretic  gel  patterns  il- 
lustrating  differences  in  fragments  of  clones  of 
the  EJ  and  EC  genes  created  by  the  Nael  restric-  45 
tion  enzyme;  and, 
Figures  9  and  10  are  block  diagrams  illustrating 
assay  protocols  employing  endonucleases  or  an- 
tisera  against  protein  coded  for  by  normal  genes 
or  transforming  genes.  50 

Detailed  Description  of  the  Invention 

As  noted  above,  the  work  described  in  Cell  25: 
355-361  (1981)  led  to  the  isolation  of  an  oncogene  55 
from  the  EJ  bladder  carcinoma  cell  line.  The  onco- 
gene  contained  6.6  kb  and  was  shown  to  have  trans- 
forming  activity  with  NIH3T3  mouse  fibroblasts.  Be- 

cause  the  work  described  herein  follows  from  this 
earlier  work,  the  teaching  of  this  earlier  work  is  par- 
ticularly  referred  to. 

As  used  herein,  the  term  "oncogene"  is  used  to 
mean  a  genetic  sequence  whose  expression  within  a 
cell  induces  that  cell  to  become  converted  from  a  nor- 
mal  cell  into  a  tumor  cell.  Similarly,  the  term  "Proto- 
oncogene"  is  used  herein  to  mean  a  genetic  se- 
quence,  residing  in  the  normal  genome  of  a  normal, 
non-tumor  cell,  which  has  the  potential,  when  altered 
in  the  appropriate  manner,  of  becoming  an  oncogene. 

Sequencing  of  the  entire  oncogene  clone  (pEJ) 
isolated  in  the  work  described  in  Cell  25:  355-361 
(1981)  and  its  normal  human  homologue  clone  (pEC) 
was  not  employed  in  a  simple  comparison  of  the  se- 
quences  of  these  two  genes.  Since  the  oncogene  and 
its  nornal  proto-oncogene  counterpart  sequence 
were  derived  from  the  DNAs  of  separate  individuals, 
most  sequence  differences  between  them  might  re- 
flect  naturally  occurring,  silent  polymorphisms  at  this 
locus.  Other  sequence  differences  could  be  conse- 
quences  of  mutational  insults  suffered  during  carci- 
nogenesis,  which  are  silent  functionally  and  thus  of 
no  importance  to  the  activation  process. 

To  determine  whether  the  significant  difference 
between  the  oncogene  and  proto-oncogene  was  one 
of  regulation,  a  comparison  of  the  expression  of  the 
c-Ha-ras  proto-oncogene  (EC)  from  a  normal  human 
bladder  epithelial  cell  line  with  the  expression  of  the 
oncogene  in  the  EJ  transformed  bladder  cell  was  un- 
dertaken.  The  bladder  epithelial  cells  employed,  Hbl- 
5,  were  a  primary  tissue  culture  explant  from  a  five- 
month,  old  human  bladder  grown  on  inactivated 
NIH3T3  feeder  layers.  This  culture  was  grown  out 
from  fresh  human,  bladder  tissue  and  was  shown  to 
exhibit  several  of  the  properties  expected  of  transi- 
tional  bladder  epithelium.  It  was  free  of  underlying 
stromal  material,  and  consequently  represented  a 
close  counterpart  of  the  cells  from  which  the  bladder 
carcinoma  originated. 

Total  cellular  RNA  was  prepared  from  both  nor- 
mal  and  transformed  bladder  cells.  Transcripts  were 
analyzed  by  running  the  RNA  on  a  formaldehyde  gel, 
transferring  it  to  a  nitrocellulose  filter,  and  probing  the 
filter  with  nick-translated,  EJ  oncogene  clone. 

The  specific  procedures  employed  were  as  fol- 
lows.  Total  polyadenylated  RNA  was  prepared  by  the 
technique  of  Varmus  et  al.  See  Varmus,  H.E.,  Quin- 
trell,  N.  and  Ortiz,  S.  Cell  25:  23-36  (1981).  Four  mi- 
crograms  of  RNA  was  then  fractionated  by  electro- 
phoresis  through  formaldehyde-containing  2  percent 
agarose  gels  and  transferred  to  nitrocellulose.  A  ras- 
specific  probe  was  prepared  by  cutting  pEJ  with 
BamHI,  fractionating  the  resulting  fragments  through 
a  1  percent  agarose  gel  and  extracting  the  6.6  kb  in- 
sert  with  Nal  and  glass  beads.  The  nick-translated 
fragment  (6.6  x  107  cpm  micrograms-1)  was  annealed 
to  the  immobilized  RNA.  See  Rigby,  P.W.  et  al.  J.  Mol. 
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Biol.  13:  237-251  (1977);  and,  Wahl,  G.M.,  Stern,  M. 
and  Stark,  G.R.  Proc.  Natl.  Acad.  Sci.  USA  76:  3683- 
3687(1979).  Bands  homologous  to  the  probe  were  vi- 
sualized  by  autoradiography.  Molecular  weights  were 
determined  by  comparison  with  markers  obtained 
from  in  vitro  run-off  transcription  of  the  adenovirus 
late  promoter.  See  Manley,  J.L.  etal.  Proc.  Natl.  Acad. 
Sci.  USA  77:  3855-3859  (1980).  Figure  1  A  shows  the 
relative  levels  of  c-Ha-ras  specif  ic  RNA  in  the  two  cell 
types:  Lane  1,  RNA  from  EJ  cells;  Lane  2,  RNA  from 
Hbl-5  cells.  As  can  be  seen,  similar  levels  of  RNA 
were  detected  in  the  two  cultures  and  the  transcripts 
had  a  size  of  1  .2  kb. 

The  only  known  products  of  the  ras  genes  are 
proteins  of  approximately  21  ,000  daltons  mass,  refer- 
red  to  as  p21.  Experiments  were  conducted  to  ana- 
lyze  mobility  rates  of  p21  protein  lysates  from  both  EJ 
and  normal  bladder  cells.  Monoclonal  antisera 
against  the  v-Ha-ras  p21  protein  were  employed.  See 
Furth,  M.E.,  Davis,  L.J.,  Fleur-delys,  B.  and  Scolnick, 
E.M.  J.  Virol.  43:  294-304  (1982).  Control  experi- 
ments  assured  that  the  amounts  of  antibody  used 
were  in  excess  of  that  required  to  immunoprecipitate 
the  antigen  present.  The  results  are  shown  in  Figure 
1B. 

Specifically,  cultures  were  labelled  with  ^ - m e -  
thionine  for  12  hours.  Lysates  were  then  prepared  and 
immunoprecipitated  with  non-immune  sera  (Lanes  1a 
and  2a),  a  monoclonal  antisera  (Y1  3-238)  which  pre- 
cipitates  the  p21  encoded  by  Ha-MuSV  but  not  the 
p21  encoded  by  Ki-MuSV  (Lanes  1  b  and  2b)  or  a 
monoclonal  antisera  (Y1  3-259)  which  detects  both 
the  Ha-MuSV  and  Ki-MuSV  p21's  (Lane  1c  and  2c). 
See  Shih,  T.Y.,  Weeks,  M.O.,  Young,  H.A.  and  Scol- 
nick,  E.M.  Virology  96:  64-79  (1979).  20  x  106  cpm  of 
lysate  per  sample  was  resolved  by  electrophoresis 
through  a  12.5  percent  SDS-polyacrylamide  gel. 

Figure  1B  shows  a  comparison  of  p21  proteins 
immunoprecipitated  from  cell  lysates  of  EJ  cell  clones 
(Lanes  1,  a-c)  and  Hbl-5  cells  (Lanes  2,  a-c).  These 
data  indicate  that  at  least  two  bands  of  radiolabeled 
protein  were  specifically  precipitated  by  the  anti-p21 
sera  from  normal  bladder  cells.  Detailed  examination 
of  the  protein  pattern  of  the  bladder  carcinoma  seen 
revealed  a  complex  array  of  bands:  two  pairs  of  close- 
ly  spaced  doublets.  After  comparing  the  intensities  of 
the  p21  bands  to  intensities  of  non-specifically  pre- 
cipitated  background  bands,  it  became  apparent  that 
the  p21  proteins  of  the  normal  and  the  tumor  cells 
were  present  in  comparable  amounts. 

The  above  data  indicate  that  increased  levels  of 
transcription  were  not  responsible  for  the  novel  activ- 
ity  exhibited  by  the  EJ  oncogene.  This  conclusion 
rests  in  part  on  the  fact  that  under  the  conditions  of 
hybridization  employed,  the  oncogene  probe  reacted 
exclusively  with  transcripts  of  the  human  c-Ha-ras 
gene.  Interpretation  of  the  protein  data  was  less  clear, 
but  it  was  apparent  that  both  cells  had  comparable 

levels  of  proteins  that  were  reactive  with  the  Harvey- 
specific  serum,  and  that  these  proteins  could  collec- 
tively  be  termed  "p21  ." 

It  remained  possible  that  the  bladder  epithelial 
5  cells  were  not  representative  of  normal  precursors  of 

bladder  carcinoma  cells.  Such  a  possibility  might 
cloud  interpretation  since  a  ras  gene  could  be  ex- 
pressed  at  a  high  level  in  one  cell  type  without  induc- 
ing  transformation,  and  only  achieve  this  phenotype 

10  when  inappropriately  expressed  in  a  second  cell  type. 
Therefore,  the  levels  of  transcription  and  translation 
of  the  two  genes  in  the  same  cellular  background 
were  measured. 

Molecular  clones  of  both  genes  were  introduced 
15  into  NIH3T3  cells.  Colonies  acquiring  the  EJ  onco- 

gene  could  be  readily  identified  by  their  transformed 
morphology.  However,  cells  acquiring  clones  of  nor- 
mal  allele  were  not  identifiable  by  any  obvious 
change  in  behavior. 

20  Because  of  this,  a  clone  of  the  dominant  select- 
able  Ecogpt  gene  was  cotransfected  into  NIH3T3 
cells  together  with  a  10-fold  excess  of  either  the 
cloned  EJ  oncogene  or  the  cloned  proto-oncogene 
(pEC).  Specifically,  transfections  were  carried  out 

25  employing  75  micrograms  NIH3T3  carrier  DNA,  500 
ng  pEJ  or  pEC  DNA,  and  50  ng  pSVZgpt  DNA  per  2 
x  106  cells  by  known  techniques.  See  Graham,  F.L. 
and  van  der  Eb,  A.J.  Virology  52:  456-471  (1973); 
and,  Andersson,  P.,  Goldfarb,  M.P.  and  Weinberg, 

30  R.A.  Cell  16:  63-75  (1979).ln  each  case,  colonies 
were  selected  for  the  resistance  to  mycophenolic  acid 
imparted  by  the  acquired  Ecogpt  gene.  See  Mulligan, 
R.  and  Berg,  P.  Proc.  Natl.  Acad.  Sci.  USA  78:  2072- 
2076(1981). 

35  This  strategy  was  employed  since  the  introduc- 
tion  of  a  non-selected  segment  could  be  ensured  by 
cotransfection  with  a  selectable  gene.  See  Wigler,  M. 
etal.  Cell  16:  777-785  (1979).  In  this  instance,  75  per- 
cent  of  the  mycophenolic  acid-resistant  colonies  de- 

40  riving  from  cotransfection  of  Ecogpt  and  pEJ  were 
seen  to  be  morphologically  transformed;  as  expected, 
none  of  the  colonies  emerging  after  cotransfection 
with  pEC  was  transformed. 

Cellular  DNAof  both  classes  of  colonies  was  ana- 
45  lyzed  for  the  presence  of  pEC  or  pEJ  sequences.  Ten 

micrograms  of  each  DNA  was  digested  with  endonu- 
clease  BamHI,  which  would  be  expected  to  liberate  a 
6.6  kb  fragment  from  each  intact  copy  of  the  cloned 
oncogene  or  proto-oncogene.  The  digested  DNA  was 

so  fractionated  through  a  1  percent  agarose  gel  and 
transferred  to  nitrocellulose  paper.  5  x  106  cpm  of  a 
ras-specific  probe,  as  described  above,  was  incubat- 
ed  with  filter-bound  DNA.  The  results  are  shown  in 
Figure  2A  wherein  the  lanes  are:  Lane  1,  NIH3T3 

55  DNA;  Lanes  2  and  3,  DNA  from  cell  lines  transfected 
with  pEJ:  EJ/Gpt-2  (2)  and  EJ/Gpt-3  (3);  Lanes  4  and 
5,  DNA  from  cell  lines  transfected  with  pEC:  EC/Gpt- 
1  (4)  and  EC/Gpt-5  (5). 

5 
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The  normal  mouse  homologue  of  the  ras  gene  hy- 
bridizes  only  weakly  to  the  pEJ  probe.  See  Parada, 
L.F.,  Tabin,  C.J.,  Shih,  C.  and  Weinberg,  R.A.  Nature 
297:  474-479  (1982).  Consequently,  its  presence  did 
not  obscure  the  results.  To  ensure  the  transfected 
pBR322  sequences  would  not  interfere  with  interpre- 
tation  under  data,  the  ras-specific  sequences  were 
prepared  from  pEJ  and  used  as  a  probe.  Seventy-five 
percent  of  the  non-transformed  colonies  transfected 
with  the  proto-oncogene  and  all  of  the  transformed 
oncogene-transfected  colonies  showed  the  presence 
of  pEJ-homologous  sequences  migrating  at  6.6  kb. 

The  positive  colonies  also  had  BamHI  fragments 
of  othersizes  annealing  to  the  probe.  These  represent 
copies  of  the  clones  that  were  broken  during  the 
transfection  process. 

Two  cell  lines  containing  intact  copies  of  the  on- 
cogene  and  two  lines  containing  an  approximately 
equal  of  intact  copies  of  the  proto-oncogene  were  se- 
lected  for  further  analysis.  Photographs  of  these  cell 
lines  taken  with  a  phase-contrast  microscope  at  500X 
magnification  are  shown  in  Figure  3.  Cell  lines  trans- 
fected  with  pEJ  are  shown  at  confluence  (EJ/Gpt-2, 
photograph  3A)  and  subconfluence  (EJ/Gpt-3,  photo- 
graph  3B).  Cell  lines  transfected  with  pEC  are  also 
shown  at  confluence  (EC/Gpt-5,  photograph  3C)  and 
subconfluence  (EC/Gpt-1  ,  photograph  3D). 

Total  cellular  RNA  was  prepared  from  all  four 
transfected  cell  lines.  The  RNA  preparations  were 
then  run  on  a  formaldehyde  gel,  transferred  to  nitro- 
cellulose  filters,  and  probed  with  ras-specific  DNA. 
The  procedures  previously  described  were  employed 
and  the  results  are  shown  in  Figure  2B  wherein  the 
lanes  are:  Lane  1,  RNA  from  NIH3T3  cells;  Lane  2, 
EJ/Gpt-2  cells;  Lane  3,  EJ/Gpt-3  cells;  Lane  4, 
EC/Gpt-1  cells;  Lane  5,  EC/Gpt-5  cells. 

The  levels  of  p21  in  these  cells  was  also  exam- 
ined.  Cell  lysates  were  prepared,  immuno-precipitat- 
ed  and  analyzed  as  previously  described.  The  results 
are  illustrated  in  Figure  2C  as:  immunoprecipitations 
with  non-immune  serum  (Lanes  1,  2,  7,  8)  or  the 
monoclonal  antiserum  (Y1  3-238)  which  precipitates 
the  Ha-MuSV  p21  (Lanes  3-6).  Cell  lysates  were  pre- 
pared  from  EJ/Gpt-2  (Lanes  1,  3);  EC/Gpt-1  (Lanes 
2,  4);  EJ/Gpt-3  (Lanes  5,  7)  and  EC/Gpt-5  (Lanes  6, 
8).  As  can  be  seen,  monoclonal  serum  against  p21 
precipitated  similar  amounts  of  p21  protein  in  pEC 
and  pEJ  transfected  cells. 

These  data  do  not  completely  address  the  ques- 
tion  of  whether  the  two  cloned  genes  are  transcribed 
at  the  same  rates  in  the  cells,  since  it  remained  for- 
mally  possible  that  a  few  of  the  acquired  copies  of  the 
pEJ  were  active  in  these  particular  pEJ-transfected 
cells,  while  all  copies  of  the  transfected  pEC  gene  in 
the  other  cells  might  be  active.  In  such  a  case,  the 
comparable  levels  of  protein  or  RNA  observed  would 
not  accurately  reflect  the  intrinsic  transcriptional  ac- 
tivities  of  the  two  genes. 

However,  one  point  emerged  with  clarity:  a  level 
of  EJ-specified  p21  induced  transformation,  while  a 
comparable  level  of  the  proto-oncogene-specified 
p21  had  no  effect  on  cellular  phenotype.  Since  the 

5  p21  proteins  are  the  only  apparent  gene  products  en- 
coded  by  these  genes,  it  was  concluded  that  the  dif- 
ference  in  function  between  the  EJ  oncogene  and  the 
proto-oncogene  must  derive  from  structural  altera- 
tions  in  the  p21  protein.  Conversely,  regulatory  alter- 

10  ations  did  not  appear  critical  to  the  transforming  ac- 
tivity  of  the  oncogene. 

Because  of  this,  new  importance  was  attached  to 
the  previously  detected  slight  variations  in  migration 
rates  of  the  p21  proteins  from  different  cells  (Figures 

15  1b  and  2c).  Therefore,  the  p21  protein  was  re-ana- 
lyzed  under  conditions  in  which  migration  differences 
could  be  more  readily  resolved.  The  results  are  pre- 
sented  in  Figure  4.  Specifically,  cells  were  metabol- 
ically  labelled  with  35S-methionine  for  three  hours;  cell 

20  lysates  were  prepared,  immunoprecipitated  and  ana- 
lyzed  as  previously  described.  Lysates  from  the  cell 
line  EJ/Gpt-3  (Lanes  1,  3)  and  from  the  cell  line 
EC/Gpt-1  (Lanes  2,  4)  were  precipitated  with  the 
monoclonal  anti-p21  antiserum  Y1  3-238  (Lanes  1  ,  2) 

25  or  with  non-immune  serum  (Lanes  3,  4).  Schematic 
diagrams  (Lane  5:  EJ/Gpt-3;  Lane  6:  EC/Gpt-1)  show 
both  the  relative  positions  of  the  detected  p21  bands 
and  the  relationships  of  those  bands  (arrows)  based 
upon  kinetic  data  and  previously  published  experi- 

30  ments.  See  Shih,  T.Y  et  aL  J.  Virol.  42:  253-261 
(1982). 

The  data  of  Figure  4  indicate  that  the  pEJ  and 
pEC  transfectants  each  exhibited  two  bands  of  p21. 
The  higher  molecular  weight  p21  protein  of  the  pEJ 

35  transfectant  migrated  more  slowly  than  the  higher 
molecular  weight  protein  of  the  pEC  transfectant  and 
the  lower  molecular  weight  p21  of  the  pEJ  transfec- 
tant  also  migrated  more  slowly  than  the  lower  molec- 
ular  weight  p21  of  the  pEC  transfectant.ln  each  case 

40  the  more  slowly  migrating  band  behaved  as  a  kinetic 
precursor  to  the  more  rapidly  migrating  band.  Com- 
parable  data  on  the  p21  protein  of  v-Ha-ras  previously 
indicated  that  the  higher  band  underwent  post- 
translational  cleavage  to  yield  its  lower,  more  rapidly 

45  migrating  partner.  See  Shih,  T.Y.  et  aL  J.  Virol.  42: 
253-261  (1982). 

Since  none  of  these  p21  proteins  appeared  to  be 
phosphorylated  to  any  extent,  the  differences  in  mi- 
gration  rates  between  the  pEC  and  pEJ  proteins  were 

so  most  readily  attributed  to  alterations  in  the  number  of 
amino  acids  or  to  changes  in  conformation. 

The  data  and  the  schematization  of  Figure  4  may 
provide  an  explanation  for  the  complexity  of  p21  pro- 
teins  seen  in  normal  and  transformed  bladder  cells 

55  (Figure  1  b):  the  normal  cells  exhibited  two  bands,  re- 
flective  of  the  expression  of  a  proto-oncogene;  the 
carcinoma  cells  appeared  to  exhibit  four  bands,  two 
being  specified  by  the  oncogene  of  these  cells,  and 
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two  by  the  normal,  proto-oncogene  of  the  other  hom- 
ologous  chromosome. 

The  physical  differences  observed  between  p21 
protein  from  oncogenes  and  proto-oncogenes  might 
have  reflected  functionally  important  changes  in  the 
p21  protein,  or  alternatively,  might  represent  differ- 
ences  which  did  not  affect  the  process  of  transforma- 
tion.  To  determine  this,  a  series  of  independent  ex- 
periments  was  designed  to  localize  genetically  the  re- 
gions  of  the  oncogene  that  specified  the  altered  mi- 
gration  rates  of  the  protein  and  the  change  in  the  gene 
function.  These  experiments  depended  upon  in  vitro 
homologous  recombination  between  clones  of  the 
two  genes. 

The  experimental  strategy  was  to  excise  a  re- 
striction  fragment  out  of  the  oncogene  clone  (pEJ) 
and  use  it  to  replace  the  homologous  piece  of  the  pro- 
to-oncogene  clone  (pEC).  At  the  same  time,  the  reci- 
procal  construction  would  be  carried  out  by  splicing 
the  fragment  of  the  proto-oncogene  clone  into  the  on- 
cogene  clone.  These  recombinant  constructs  were 
then  tested  for  transforming  ability  in  the  transfection 
assay.  The  assay  measured  the  ability  of  a  fragment 
of  the  oncogene  to  impart  transforming  activity  when 
placed  in  the  midst  of  the  proto-oncogene  clone,  and 
conversely,  in  the  reciprocal  recombination,  for  the 
loss  of  activity  when  the  corresponding  proto-onco- 
gene  fragment  was  inserted  into  the  oncogene  clone 
was  determined.  Figure  5  presents  a  diagram  of  the 
specific  constructions  undertaken  and  a  summary  of 
the  transfection  and  transformation  data  obtained. 

The  restriction  map  shows  the  cleavage  sites  for 
various  enzymes  within  the  6.6  kb  BamHI  insert  in 
pBR322.  All  sites  specific  for  the  enzymes  are  shown 
except  for  Xmal  which  acts  in  several  other  places 
which  have  not  been  well  characterized.  The  site 
shown  is  the  only  Xmal  site  between  the  first  BstEII 
site  and  the  Kpnl  site.  The  solid  boxes  on  the  map 
show  the  locations  of  coding  exons. 

In  Figure  5,  pEJ/pEC  chimeras  are  shown  with 
segments  derived  from  pEJ  shown  as  solid  bars  and 
segments  from  pEC  shown  as  open  bars.  pEJ  and 
pEC  were  cleaved  with  the  indicated  enzymes  either 
to  completion  or  in  a  partial  digest  as  required  to  ob- 
tain  each  indicated  fragment.  The  products  were, 
separated  by  electrophoresis  through  1.2  percent 
agarose  and  eluted  by  melting  a  Nal  and  absorbing  to 
glass  beads.  The  fragment  containing  pBR322  was 
then  treated  with  calf  intestinal  phosphatase.  The  in- 
dicated  fragments  were  joined  either  with  the  enzyme 
T4-DNA  ligase  or  in  a  mock  ligation  without  enzyme. 
Constructs  a-e  were  made  in  bimolecular  ligations. 
Constructs  in  f  were  made  by  mixing  the  three  frag- 
ments  simultaneously  and  in  g  and  h  by  mixing  the 
four  fragments  simultaneously.  The  ligation  mixtures 
were  directly  transformed  into  the  HB101  strain  of  Ê  
coli.  Only  when  colonies  from  mock  ligations  were 
less  than  2  percent  of  the  ligations  were  colonies  ana- 

lyzed  for  the  presence  of  clones  having  appropriate 
restriction  maps.  Twenty  ng  of  each  clone  was  trans- 
fected  into  NIH3T3  cells  as  previously  described  and 
then  carried  without  selection  until  foci  were  visual- 

5  ized  in  10-14  days.  Results  of  the  transfections  are 
shown  in  the  first  column.  The  second  column  shows 
the  number  of  independent  bacterial  colonies 
screened  and  then  transfected  into  NIH3T3  cells. 

It  was  vital  to  verify  that  the  transforming  clones 
10  were  indeed  chimeras  of  the  mixed  pEJ  and  pEC  ori- 

gin,  rather  than  contaminants  of  one  origin  or  the 
other.  This  was  done  in  three  ways.  In  the  simpler 
constructions,  involving  ligations  of  two  fragments  at 
a  time,  the  results  obtained  with  amplified  recombi- 

15  nant  clones  were  verified  by  directly  transfecting  the 
unamplified  products  of  ligation  reactions  and  of 
mock  ligations  containing  isolated  fragments  not 
treated  with  the  ligase.  A  second  confirmation  de- 
pended  on  the  fact  that  the  plasmids  pEJ  and  pEC 

20  contained  their  respective  cellular  genes  inserted  in 
the  pBR322  plasmid  vector  in  opposite  orientations. 
Thus,  the  origin  of  one  parent  of  a  recombinant  could 
be  determined  by  diagnostic  restriction  digests  of  the 
flanking  plasmid  regions.  Since  contaminating  pEC 

25  could  itself  not  give  a  false  positive  result,  any  active 
clone  carrying  proto-oncogene  flanking  sequences 
must  have  arisen  as  a  consequence  of  the  acquisition 
of  portions  of  the  transforming  gene.  Finally,  the  re- 
sults  were  confirmed  with  several  independent 

30  clones  obtained  from  a  ligation  reaction. 
As  seen  in  Figure  5,  a  genetic  region  350  nucleo- 

tides  long  was  ultimately  identified  which,  when 
transferred  from  the  oncogene  to  a  corresponding  re- 
gion  in  the  proto-oncogene,  was  able  to  impart  activ- 

35  ity  to  the  latter.  This  region  extended  from  the  first 
Xmal  endonuclease  site  to  the  Kpnl  site.  Fifty-five 
percent  of  this  region  consists  of  the  first  coding  exon, 
10  percent  is  5'  to  the  exon  and  35  percent  is  part  of 
the  first  intron. 

40  Prior  experiments  had  identified  a  difference  in 
the  migration  of  the  p21  protein  encoded  by  the  on- 
cogene  and  the  proto-oncogene.  Having  now  deter- 
mined  a  short  region  of  the  gene  which  contained  the 
transforming  lesion,  it  became  important  to  ascertain 

45  whether  the  region  also  contained  the  specificity  for 
the  altered  protein.  Therefore,  immunoprecipitation  of 
cells  transfected  with  the  products  of  the  in  vitro  re- 
combinants  were  performed. 

NIH3T3  cells  transformed  with  the  EJ  bladder  tu- 
50  mor  oncogene,  its  normal  proto-oncogene,  or  recom- 

binants  between  the  two  genes  were  first  biologically 
cloned  in  0.35  percent  agar  and  then  metabolically 
labelled  with  35S-methionine  for  18  hours.  Lysates 
were  prepared  and  immunoprecipitated  (5  x  106  cpm 

55  of  TCA-precipitable  counts)  by  a  monoclonal  anti- 
body  which  detected  the  p21  encoded  by  Ha-MuSV 
but  not  the  p21  encoded  by  Ki-MuSV  (Y13-172).  See 
Furth,  M.E.,  David,  L.J.,  Fleurdelys,  B.  and  Scolnick, 
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E.M.  J.  Virol.  43:  294-304  (1982);  and,  Shih,  T.Y., 
Weeks,  M.O.,  Young,  H.A.  and  Scolnick,  E.M).  Virol- 
ogy  96:  64-79  (1979).  Dissolved  immunoprecipitates 
were  then  resolved  by  electrophoresis  in  a  1  2  percent 
SDS-polyacrylamide  gel,  and  the  results  are  present- 
ed  in  Figure  6  as:  Lanes  1-7a,  No  antibody;  Lanes  1- 
7b,  Anti-Harvey  p21  monoclonal  antibody.  Cell  ly- 
sates  were  from:  NIH3T3  cells  (Lane  1);  cells  trans- 
formed  with  the  proto-oncogene  [the  LTR-activated 
3kb  Sacl  fragment  described  in  Payne,  G.S.,  Court- 
neidge,  S.A.,  Crittendon,  L.B.,  Fadly,  A.M.,  Bishop, 
J.M.  and  Varmus,  H.E.  Cell  23:  311-322  (1981)]  (Lane 
2);  clone  504-17,  transformed  with  the  EJ  oncogene 
(6.6  kb  fragment  in  pBR)  (Lane  3);  clone  511-74, 
transformed  with  the  ligation  of  proto-oncogene  1  kb 
Sacl  fragment  to  EJ  oncogene  3  kb  Sacl  fragment 
(Lane  4);  clones  510-9  and  510-13,  transformed  with 
ligations  of  a  fragment  of  the  EJ  oncogene  extending 
from  the  Xhol  site  to  the  second  BstEII  site  to  a  clone 
of  the  proto-oncogene  from  which  the  homologous 
fragment  had  been  removed  (Lanes  5,  6);  and  clone 
508-8,  transformed  with  the  ligation  of  the  EJ  onco- 
gene  to  the  left  of  the  Kpnl  site  to  the  proto-oncogene 
to  the  right  of  this  site  (Lane  7). 

As  can  be  seen  in  Figure  6,  the  protein  brought 
down  in  lysates  from  Xho-BstEII,  Sacl-Sacl,  and 
BstEII-Kpnl  recombination  transfectants  all  comigrat- 
ed  with  the  EJ  protein  and  had  a  mobility  which  dif- 
fered  from  that  of  the  EC  protein.  Labelling  the  cul- 
tures  for  18  hours  resulted  in  high  levels  of  label  in  the 
lower  molecular  weight  forms  of  the  p21,and  indetect- 
able  amounts  or  label  in  the  kinetically  unstable  high- 
er  molecular  weight  forms.  From  the  data  obtained,  it 
was  concluded  that  the  phenotypes  of  oncogenic 
transformaton  and  altered  electrophoretic  migration 
cosegregate,  and  the  two  were  encoded  by  the  same 
350  nt  segment  of  DNA.  The  altered  migration  rate 
was  considered  likely  to  be  a  reflection  of  a  function- 
ally  important  alteration  of  a  protein. 

The  short  (350  kb)  fragment  shown  to  have  bio- 
logical  significance  was  sequenced  for  DNA  from  the 
oncogene  and  the  proto-oncogene.  Sequences  were 
determined  by  the  forward  and  backward  dideoxy 
DNA  sequencing  technique  of  Seif  et  al.  and  by  the 
chemical  procedure  of  Maxam  and  Gilbert.  See  Seif, 
I.,  Khoury,  G.  and  Dhar,  R.  Nucl.  Acid  Res.  8:  2225- 
2238  (1980);  and,  Maxam,  A.H.  and  Gilbert,  W.  Proc. 
Natl.  Acad.  Sci.  USA  74:  560-564  (1977).  The  results 
are  illustrated  in  Figure  7  wherein  the  coding  DNA 
strand  is  shown  together  with  the  inferred  amino  acid 
sequence.  Where  EJ  and  the  proto-oncogene  differ, 
both  codons  and  amino  acids  are  indicated. 

As  can  be  seen  in  Figure  7,  the  only  difference 
between  the  two  DNA  segments  is  in  the  p21  encod- 
ing  region  of  the  first  known  exon,  specifically  60  nu- 
cleotides  from  the  Xma  cleavage  site.  It  occurs  in  a 
triplet  that  encodes  glycine  in  the  normal  rat  and  hu- 
man  c-Ha-ras  genes.  The  sequence  observed  in  the 

EJ  oncogene  encodes  for  valine.  Thus,  this  alteration 
is  responsible  for  the  alteration  in  function  of  the  p21 
protein,  and  for  the  oncogenic  activation  of  the  c-Ha- 
ras  gene  that  occurs  in  the  EJ  bladder  carcinoma. 

5  One  consequence  of  the  single  base  change  is 
the  alteration  in  the  cleavage  site  of  two  different  site- 
specific  endonucleases.  The  sequence  GCCGGC 
occurs  in  the  proto-oncogene,  and  thus  represents  a 
recognition  site  for  the  endonuclease  Nael.  This  se- 

10  quence  also  contains  the  CCGG  recognition  site  of 
the  endonuclease  Hpal.  Both  of  these  are  changed  in 
the  oncogene,  whose  sequence  in  the  region  reads 
GCCGTC. 

Nael  endonuclease  was  used  to  independently 
15  verify  the  differences  between  the  two  sequences. 

Nael  was  used  instead  of  Hpal  because  Nael  cleaves 
DNA  less  frequently  than  Hpal.  As  expected,  the  pEC 
clone  exhibited  one  more  cleavage  site  in  its  inserts 
than  its  pEJ  counterpart.  This  also  provided  retro- 

20  spective  verification  of  the  in  vitro  recombinant 
clones.  The  allele  specifying  transformation  and  ab- 
normal  p21  migration  was  seen  to  precisely  co-seg- 
regate  with  the  allele  disallowing  Nael  cleavage  at 
this  site. 

25  Figure  8  presents  the  results  of  an  Nael  restric- 
tion  enzyme  assay  of  the  EJ  oncogene  and  its  corre- 
sponding  proto-oncogene.  According  to  the  methods 
described  it  was  determined  that  there  should  exist  an 
Nael  restriction  site  in  the  proto-oncogene  which 

30  should  be  lost  in  the  alteration  which  produced  the  on- 
cogene.  Molecular  clones  of  the  oncogene  (pEJ)  and 
proto-oncogene  (pEC)  and  the  plasmid  into  which 
each  was  cloned  (pBR322)  were  each  purified  by 
known  methods.  One  microgram  of  each  was  cut  with 

35  the  enzyme  Nael  and  the  resultant  fragments  were 
resolved  by  electrophoresis  through  a  15  percent  bis- 
acrylamide  gel.  The  gel  was  stained  by  the  intercalat- 
ing  dye  ethidium  bromide  and  photographed  under  ul- 
traviolet  light. 

40  In  Figure  8,  the  lanes  are:  Lane  1  is  0x  174  DNA 
cut  with  the  enzyme  Haelll  as  a  marker  lane  produc- 
ing  bands  of  known  size;  Lane  2  is  pBR322  cut  with 
Nael  showing  fragments  originating  in  the  plasmid 
vector;  Lane  3  is  Nael  cleaved  pEJ  DNA;  and,  Lane 

45  4  is  Nael  cleaved  pEC  DNA. 
The  pEJ  DNA  contains  a  band  migrating  with  a 

molecular  weight  of  1200  base  pairs  which  is  missing 
in  the  pEC  lane.  The  pEC  lane,  however,  has  two  ex- 
tra  bands,  one  of  400  bases  and  the  other  of  800  bas- 

so  es  in  length  which  are  missing  in  pEJ  lane.  Thus,  the 
Nael  site  in  pEC,  which  allows  cleavage  of  the  1200 
bp  band  into  two  bands  of  400  and  800  bases,  is  lost 
in  the  creation  of  the  EJ  oncogene. 

The  simple  substitution  of  valine  for  glycine  on 
55  the  p21  protein  might  not  be  expected  to  have  such  a 

profound  change  in  the  function  of  the  p21  protein. 
Nevertheless,  several  considerations  appear  to  con- 
fer  importance  on  this  structural  alteration.  The  first 
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stems  from  comparison  of  this  domain  of  the  p21  en- 
coded  by  the  human  c-Ha-ras  gene,  the  rat  c-Ha-ras 
gene  and  the  v-Ha-ras  oncogene  of  Harvey  sarcoma 
virus.  The  37  residue  long  amino  acid  sequences  en- 
coded  by  the  first  exons  of  the  two  cellular  genes  are 
identical,  indicating  great  evolutionary  conservation 
of  this  region.  Analysis  of  the  Harvey  sarcoma  virus 
oncogene,  however,  has  revealed  that  it  deviates 
from  its  direct  rat  cellular  antecedent  in  only  one  pos- 
ition  in  this  domain,  a  glycine  to  arginine  conversion 
at  precisely  the  same  residue  that  is  altered  in  the  EJ 
oncogene.  Consequently,  it  can  be  speculated  that  al- 
teration  of  this  critical  residue  was  important  in  both 
the  activation  of  the  v-Ha-ras  gene  from  its  rat  cellular 
precursor,  and  in  the  activation  of  the  EJ  bladder  on- 
cogene  from  its  normal  human  counterpart.  A  similar 
alteration  may  have  been  significant  in  the  oncogenic 
activation  of  another  member  of  the  ras  gene  family, 
the  v-Ki-ras  gene  of  Kirsten  murine  sarcoma  virus. 
The  Kirsten  transforming  gene  is  closely  related  to  the 
v-Ha-ras  gene.  See  Dhar,  R.,  Ellis,  R.W.,  Shih,  T.Y., 
Oroszlan,  S.,  Shapiro,  B.,  Maizel,  J.,  Lowy,  D.R.  and 
Scolnick,  E.M.  Science  21  7:  934-936  (1982).  The  only 
difference  between  the  p21  of  v-Ki-ras  and  that  of  v- 
Ha-ras  in  the  first  36  amino  acids  is  at  position  12 
where  the  residue  in  Kirsten  is  serine.  See  Tsuchida, 
N.,  Ryder,  T.  and  Ohtsubo,  E.  Science  217:  937-939 
(1982).  This  is  the  precisely  the  same  site  as  altered 
in  the  EJ  and  Harvey  sarcoma  virus  encoded  p21s. 
While  sequence  information  is  not  available  on  the 
cellular  homologue  of  the  v-Ki-ras,  it  can  be  speculat- 
ed  that  a  conversion  from  the  glycine  to  a  new  amino 
acid  residue  at  position  12  may  also  have  been  in- 
volved  in  the  activation  of  this  ras  oncogene. 

A  second  consideration  stems  from  examination 
of  the  specific  amino  acid  changes  observed.  In  both 
cases,  glycine  is  replaced  by  an  amino  acid  having  a 
relatively  bulky  side  chain.  Glycine  represents  an 
anomaly  among  the  20  amino  acids  because  it  lacks 
a  side  chain.  Consequently,  it  is  able  to  participate  in 
extremes  of  bending  and  folding  of  the  polypeptide 
backbone  and  is  the  strongest  breaker  of  alpha-heli- 
ces.  See  Cantor,  C.R.  and  Schimmel,  P.R.  Biophysi- 
cal  Chemistry,  Vol.  I,  p.  303,  W.H.  Freeman  and  Co., 
San  Francisco  (1980).  Thus,  replacements  of  glycine 
by  valine  or  arginine  represent  abrupt  changes  in  the 
local  stereochemistry  of  a  protein. 

It  is  believed  that  loss  of  glycine  at  residue  12  rep- 
resents  a  significant  change  in  an  essential  domain 
of  the  p21  protein.  Aconsequence  of  this  change  may 
be  a  conformational  shift  of  the  protein,  leading  in 
turn  to  the  aberrant  electrophoretic  migration  or  proc- 
essing  of  p2  1  protei  ns  .  A  second  ,  more  i  m  porta  nt  con- 
sequence  is  a  profound  effect  on  the  function  of  the 
p21  protein.  It  is  likely  that  this  alteration  affects  in- 
teraction  of  the  p21  with  cellular  targets.  Precedent 
exists  for  other  single  amino  changes  having  pro- 
found  effects  on  cellular  and  organismic  physiology. 

The  most  well-known  of  these  is  the  sickle-cell  syn- 
drome,  in  which  a  glutamine  to  valine  conversion  af- 
fects  the  solubility  of  hemoglobin  within  erythrocytes. 

The  findings  described  herein  seem  to  contradict 
5  a  series  of  experiments  of  recent  years  indicating  up- 

regulation  as  the  pivotal  event  in  carcinogenesis. 
Such  experiments  include  the  activation  of  the  myc 
proto-oncogene  occurring  during  leukemogenesis  of 
avian  retroviruses  [see  Neel,  B.G.,  Hayward,  W.S., 

w  Robinson,  H.L.,  Fang,  J.  and  Astrin,  S.M.  CeN23:  323- 
334  (1981);  and,  Payne,  G.S.,  Courtneidge,  S.A., 
Crittendon,  L.B.,  Fadly,  A.M.,  Bishop,  J.M.  and  Var- 
mus,  H.E.  Cell  23:  311-322  (1981)];  and  the  demon- 
stration  that  in  vitro  fusion  of  a  retroviral  LTR  promot- 

15  erand  a  cellular  proto-oncogene  results  in  an  actively 
transforming  gene  [see  DeFeo,  D.,  Gonda,  M.A., 
Young,  H.A.,  Chang,  E.H.,  Lowy,  D.R.,  Scolnick,  E.M. 
and  Ellis,  R.W.  Proc.  Natl.  Acad.  Sci.  USA  78:  3328- 
3332  (1981);  Blair,  D.G.,  Oskarsson,  M.,  Wood,  T.G., 

20  McClements,  W.L.,  Fischinger,  P.J.  and  Vandewoude, 
G.  Science  212:  941-943  (1981);  and,  Change,  E.J., 
Furth,  M.E.,  Scolnick,  E.M.  and  Lowy,  D.R.  Nature 
297:  479-483  (1  982)].  These  latter  results  are  partic- 
ularly  germane,  since  some  of  them  demonstrate  ac- 

25  tivationofclonesoftheratand  human  c-Ha-ras  proto- 
oncogenes.  It  is  unlikely  that  the  protein-encoding  se- 
quences  of  these  c-Ha-ras  genes  have  undergone 
any  structural  changes  during  construction  of  these 
viral-cellular  chimeras.  Rather,  it  appears  that  the 

30  only  essential  difference  between  the  proto-onco- 
genes  and  their  LTR-activated  counterparts  lies  in 
rates  of  expression.  This  means  that  the  ras  proto-on- 
cogene  can  be  activated  by  a  second  independent 
mechanism,  in  principle  as  effective  as  creating  an 

35  oncogene  as  the  one  described  herein. 
Oncogenes  of  other  tumors  have  also  been 

traced  to  ras  genes.  Specifically,  colon  and  lung  car- 
cinomas  have  been  found  to  carry  oncogenes  derived 
from  activation  of  cellular  Ki-ras  genes.  See  Der,  C, 

40  Krontiris,  T.G.  and  Cooper,  G.M.  Proc.  Natl,  Acad.  Sci. 
USA  79:  3637-3640  (1980).  Therefore,  it  is  likely  that 
activation  of  many  of  these  oncogenes  also  depend 
upon  structural  alterations  similar  to  those  reported 
above. 

45  As  described  previously,  alteration  of  the  Gly12 
codon  in  the  EJ  oncogene  makes  possible  a  simple 
diagnostic  assay  for  carcinogenesis  or  transforma- 
tion  caused  by  alteration  of  this  codon  in  the  onco- 
gene. 

so  A  consequence  of  the  change  in  amino  acid  se- 
quence  of  the  p21  protein  encoded  by  the  proto-on- 
cogene  from  the  p21  protein  coded  by  the  oncogene 
relates  to  detection  of  either  by  specific  seralogical 
reagents.  The  seralogical  reagents  can  be  specific 

55  for  the  normal,  proto-oncogene-specif  ied  amino  acid 
sequence  at  this  site  of  the  protein,  or  be  specific  for 
the  altered  oncogene-specif  ied  amino  acid  sequence 
at  this  site  of  the  protein.  Other  seralogical  reagents 
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could  be  employed  that  are  reacted  with  a  region  of 
the  protein  that  is  unaltered,  and  consequently  reac- 
tive  with  either  normal  or  abnormal  forms  of  the  p21 
protein. 

Using  cloning  techniques,  significant  amounts  of 
p21  protein  encoded  for  by  the  normal  site  of  the  pro- 
to-oncogene,  or  by  the  altered  site  of  the  oncogene, 
can  be  isolated.  Such  protein  segments  could  be 
used  to  produce  antibodies  by  standard  antibody  pro- 
duction  techniques.  Thus,  for  producing  polyclonal 
antibodies,  such  proteins  would  be  employed  to  im- 
munize  a  host,  such  as  a  rabbit  or  a  rat,  and  antibo- 
dies  to  the  protein  would  be  collected  from  serum  ob- 
tained  from  the  host. 

Alternatively,  monoclonal  antibodies  could  be 
produced  employing  cells  which  produce  antibodies 
to  the  protein  produced  by  the  isolated  gene  segment 
in  typical  fusion  techniques  for  forming  hybridoma 
cells.  Basically,  these  techniques  involve  the  fusing  of 
the  antibody  producing  cell  with  a  cell  having  immor- 
tality,  such  as  a  myeloma  cell,  to  provide  a  fused  cell 
hybrid  which  has  immortality  and  is  capable  of  pro- 
ducing  the  desired  antibody;  in  this  case,  an  antibody 
to  the  normal  or  altered  segment  of  p21  protein  coded 
for  by  the  isolated  gene  segment.  The  hybrid  cells  are 
then  cultured  under  conditions  conducive  to  the  pro- 
duction  of  antibody  after  which  antibody  is  collected 
from  the  cell  culture  medium.  Such  techniques  for 
producing  monoclonal  antibodies  have  been  well  de- 
scribed  in  the  literature.  See,  for  example,  U.S.  Patent 
Nos.  4,172,124  and  4,196,265,  issued  to  Hilary  Ko- 
prowski  et  al.,  the  teachings  of  which  are  hereby  in- 
corporated  by  reference. 

More  specifically,  such  seralogical  reagents  can 
be  developed  by  the  known  methods.  See  Walter,  G., 
Scheidtmann,  K.H.,  Carbone,  A.,  Laudaro,  A.P.  and 
Doolittle,  R.F.,  Proc.  Nat'l.  Acad.  Sci.  USA,  77,  5197- 
5200  (1980);  Lerner,  R.  A.,  Green,  N.,  Alexander,  H., 
Liu,  FT.,  Sut-cliffe,  J.G.,  and  Schinnick,  T.M.,  Proc. 
Nat'l.  Acad.  Sci.  USA,  78,  3403-3407  (1981). 

In  practice,  a  peptide  segment  can  be  synthe- 
sized  by  a  standard  organic  synthetic  technique,  the 
sequence  of  this  peptide  corresponding  precisely 
with  the  amino  sequence  of  the  region  of  interest  of 
the  protein  to  be  studied.  This  peptide  can  then  be 
coupled  to  a  carrier  protein  and  injected  into  a  suitable 
host  (e.g.,  mouse)  to  illicit  an  immune  response.  The 
serum  of  the  animal  immunized  in  this  fashion  is  then 
used  to  immune-precipitate  both  the  immunizing  pep- 
tide,  and  more  importantly,  the  protein  carrying  this 
amino  acid  sequence  in  one  of  its  domains.  Conse- 
quently,  a  serum  can  be  made  against  an  oligopep- 
tide  sequence  (e.g.,  decapeptide)  spanning  the  ami- 
no  acid  residue  site  that  is  altered  during  the  conver- 
sion  of  the  normal  proto-oncogene  to  the  oncogene. 
Such  serum  can  be  made  against  the  normal  peptide 
sequence,  or  alternatively,  against  the  altered  se- 
quence.  The  specificity  of  the  immunoglobulin-anti- 

gen  interaction  will  insure  that  the  serum  reacting  with 
one  oligopeptide  will  only  react  with  the  protein  bear- 
ing  the  same,  corresponding  sequence  in  one  of  its 
domains  and  not  cross-react  with  a  protein  bearing  an 

5  altered  version  of  this  sequence  in  one  of  its  domains. 
P21  protein  can  be  immune-precipitated  from  a 

tumor  sample  or  from  a  tissue  homogenate  or  from 
fluid  released  by  an  autolysing  tumorf  ragment  by  use 
of  the  general,  non-specific  p21  serum  that  cross- 

10  reacts  with  domains  of  the  protein  (e.g.,  C-terminal) 
that  are  unaffected  by  the  mutation-induced  altera- 
tions  described  here.  Independently,  the  serum  with 
specificity  against  the  N-terminal  normal  peptides 
surrounding  residue  12  can  be  used  to  immune-pre- 

15  cipitate  protein  from  the  same  lysate.  If  this  N-termi- 
nal  specific  serum,  which  is  able  to  immune-precipi- 
tate  normal  p21  from  the  non-pathological  tissue,  is 
unable  to  immune-precipitate  p21  from  a  test  tissue 
of  interest,  then  the  p21  of  this  test  tissue  can  be  pre- 

20  sumed  to  be  altered  in  a  fashion  affecting  its  ability 
to  react  with  serum  reactive  with  the  normal  N-termi- 
nal  sequence.  The  amount  of  p21  immune-precipitat- 
ed  from  this  tissue  by  the  general,  non-specific  ser- 
um  serves  as  a  control  for  the  amount  of  p21  which 

25  should  be  precipitable  by  the  serum  reactive  with  the 
normal  N-terminal  sequence. 

The  above  immune-precipitation  can  be  used  as 
a  measurement  of  the  presence  of  altered  p21  in  a  tis- 
sue  sample.  Independent  of  this,  a  series  of  peptide 

30  specific  sera  can  be  developed  to  diagnose  which 
type  of  specific  alteration  has  occurred  to  alter  the 
normal  amino  acid  sequence  of  this  region  into  an  ab- 
normal  sequence.  For  example,  a  list  can  be  made  of 
the  amino  acid  replacements  that  can  occur  by  simple 

35  point  mutation  at  the  codon  encoding  residue  12.  For 
each  of  these  replacements,  a  new  version  of  the  oli- 
gopeptide  sequence  of  this  region  can  be  deduced, 
and  a  corresponding  peptide  synthesized  for  use  as 
described  above.  Each  one  of  these  sera  would  be 

40  specifically  reactive  with  the  altered  p21  correspond- 
ing  to  the  oligopeptide  fragment  used  to  induce  the 
serum  in  question. 

The  term  "immune-precipitation"  is  further  de- 
scribed  by  a  series  of  alternate  technical  procedures. 

45  A  commonly  used  technique  is  that  of  immune-precip- 
itation  of  metabolically  labelled  proteins,  followed  by 
gel  electrophoresis  and  autoradiography  of  the  result- 
ing  gel.  Because  of  difficulties  in  metabolically  label- 
ling  tissue  samples,  an  alternative  is  preferred  here, 

so  that  being  the  use  of  gel-electrophoresis  of  non-lab- 
elled  proteins,  transfer  of  the  resolved  proteins  to  a  ni- 
trocellulose  filter,  and  detection  of  proteins  of  interest 
by  incubation  of  the  filter  with  radio-labelled  immuno- 
globulin.  The  immunoglobulin  can  be  radiolabeled 

55  either  by  direct  iodination,  or  indirectly,  by  incubation 
of  the  immunoglobulin  with  a  second,  radiolabeled 
immunoglobulin  that  reacts  with  constant  regions  of 
the  first  immunoglobulin. 

10 
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Although  the  discussion  In  this  application,  and 
much  of  the  experimental  work,  has  been  devoted  to 
detecting  differences  in  the  EJ  gene  for  human  blad- 
der  cancer  and  the  proto-oncogene,  c-Ha-ras,  the 
techniques  for  detecting  these  differences,  as  well  as 
the  assays  based  thereon,  are  much  more  general  in 
nature.  In  fact,  it  is  believed  that  such  techniques  and 
assays  apply  to  any  wild-type  gene  or  allele  which 
has  been  mutated  to  create  a  mutant  allele  or  gene 
which  has  a  dramatically  different  function  from  the 
wild-type  allele.  For  example,  such  techniques  and 
assays  would  be  expected  to  be  suitable  for  use  in  de- 
tecting  differences  in  the  wild-type  gene  and  the  mu- 
tant  gene  responsible  for  Lesch-Nyan  Syndrome. 

The  techniques  have  particular  application  and 
advantage,  of  course,  in  detecting  differences  be- 
tween  oncogenes  and  proto-oncogenes.  Members  of 
the  ras  family  of  genes  have  been  discussed  previ- 
ously.  However,  the  techniques  described  herein  also 
lend  themselves  to  finding  differences  between  pro- 
to-oncogenes  and  oncogenes  other  than  members  of 
the  ras  family.  For  example,  differences  between  the 
oncogene  present  in  the  HL-60  cell  line,  known  to  be 
responsible  for  promylocytic  leukemia,  certain  colon 
cancers,  and  Hairy  cell  leukemia,  and  its  proto-onco- 
gene  could  be  determined  using  procedures  descri- 
bed  herein.  These  differences  could  then  be  em- 
ployed  in  assays  of  the  type  described. 

Avery  general  protocol  for  assaying  for  differenc- 
es  in  a  wild-type  gene  and  its  correspondent  mutant 
gene  is  as  follows: 

A.  Develop  an  in  vitro  assay  for  the  activity  of  a 
gene,  the  functioning  or  mal-f  unctioning  of  which 
is  responsible  for  the  phenotype  of  a  genetic  dis- 
ease.  Such  in  vitro  assay  will,  in  general,  depend 
upon  an  observable  alteration  in  behavior  of  a 
cultured  cell  that  has  acquired  the  gene  via  gene 
transfer. 
B.  Use  the  in  vitro  assay  to  isolate  as  a  molecular 
clone  an  allele  of  the  above  gene.  Such  allele 
may  either  by  a  wild-type  allele  or  a  malfunction- 
ing  allelic  variant  of  the  wild-type  allele. 
C.  Use  the  isolated  allele  from  Section  B  to  iso- 
late  other  allelic  forms  of  the  gene  using  recom- 
binant  DNA  techniques.  Thus,  the  normal  allele 
could  be  used  as  sequence  probe  to  enable  iden- 
tification  and  isolation  of  a  variant,  non-wild-type 
allele. 
D.  Demonstrate  the  observably  different  and  dis- 
tinct  behaviors  of  the  wild-type  allele  and  a  non- 
wild  type  variant  in  the  in  vitro  assay  system. 
E.  Perform  in  vitro  genetic  recombination  be- 
tween  the  clones  of  the  wild-type  and  non-wild- 
type  allele  followed  by  testing  of  the  recombi- 
nants  in  the  in  vitro  assay  system,  assaying  for 
the  phenotype  induced  by  a  wild-type  or  non- 
wild-type  allele  in  this  system  (Part  D).  In  this 
fashion,  map  genetically  the  region  of  the  non- 

wild-type  allele  that  is  responsible  for  the  differ- 
ences  in  function  between  the  two  alleles. 
F.  Perform  structural  sequence  analysis  of  the  re- 
gion  of  the  non-wild-type  allele  demonstrated 

5  (Part  E)  to  encode  the  functional  difference  be- 
tween  the  two  alleles. 
G.  Having  identified  a  crucially  altered  sequence 
(Part  F),  the  existence  of  which  determines  the  al- 
tered  phenotype  of  the  non-wild-type  gene,  iden- 

10  tify  one  or  more  site-specific  endonucleases  (re- 
striction  enzymes)  the  cleavage  recognition  site 
of  which  was  altered  during  the  processes  which 
converted  a  wild-type  allele  into  a  non-wild-type 
allele. 

15  H.  Use  the  cloned  wild-type  gene  as  sequence 
probe  to  screen  to  DNAs  of  test  samples  or  test 
tissue  to  determine  whether  or  not  said  test  DNA 
carries  a  sequence  alteration  in  that  gene,  and 
that  portion  of  said  gene  which  has  been  previ- 

20  ously  shown  (Part  E)  to  be  critical  in  affecting 
function  of  said  gene  and  its  non-wild-type  allelic 
variants,  screening  for  the  presence  or  absence 
of  the  restriction  endonuclease  site  (Part  G)  the 
alteration  of  which  has  previously  been  shown  to 

25  affect  functioning  of  the  gene. 
I.  Deduce  the  amino  acid  sequences  encoded  by 
the  normal  wild-type  allele  of  the  gene  and  its 
non-wild-type  variant  forms.  Determine  whether 
the  previously  mapped  nucleotide  sequence  dif- 

30  ference,  which  has  previously  been  shown  to  af- 
fect  functioning  of  the  gene  (Part  F),  affects  as 
well  the  amino  acid  sequence  of  the  proteins  en- 
coded  by  wild-type  and  non-wild-type  alleles. 
J.  Should  amino  acid  sequences  be  affected,  de- 

35  velop  antisera  specific  for  the  wild-type  and  non- 
wild-type  proteins.  For  example,  one  could  syn- 
thesize  an  oligopeptide  fragment,  the  sequences 
of  which  reproduce  the  sequence  of  that  domain 
of  the  non-wild-type  protein  which  distinguishes 

40  it  functionally  from  the  wild  type  protein  (Part  I); 
synthesize  the  corresponding  wild-type  oligo- 
peptide;  use  both  as  immunogens  to  elicit  anti- 
sera  that  are  specific  for  reacting  with  the  wild- 
type  or  non-wild-type  proteins. 

45  K.  Utilize  said  specific  antisera  (Part  J)  to  screen 
proteins  of  test  cells  or  test  tissue  for  the  pres- 
ence  of  wild-type  or  non-wild-type  versions  of 
said  protein. 
L.  Utilize  said  protein  screening  (Part  K)  to  diag- 

50  nose  for  the  presence  of  proteins  whose  struc- 
ture  is  important  in  mediating  the  phenotype  of  a 
genetic  disease. 

Industrial  Applicability 
55 

The  invention  described  herein  is  useful  in  defin- 
ing  the  differences  between  proto-oncogenes  and 
their  corresponding  oncogenes,  the  proteins  coded 

11 
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for  by  such  genes,  the  preparation  of  antibodies  to 
such  proteins  or  portions  thereof,  and  the  use  of  such 
antibodies  in  assaying  for  the  presence  of  such  proto- 
oncogenes  or  oncogenes  as  a  measure  of  carcino- 
genesis. 

Claims 

1.  An  assay  for  carcinogenesis  in  a  human  caused 
by  the  mutation  of  a  ras  proto-oncogene  to  a  ras 
oncogene,  wherein  the  ras  oncogene  differs  from 
the  ras  proto-oncogene  at  the  Gly12  codon  com- 
prising: 

a)  contacting  a  cell  sample  from  the  human 
with  an  antibody  capable  of  binding  the  pro- 
tein  encoded  by  the  oncogene  but  not  the  pro- 
tein  encoded  by  the  proto-oncogene;  and 
b)  determining  whether  antibody  binding  has 
occurred,  wherein  antibody  binding  is  indica- 
tive  of  carcinogenesis. 

2.  The  assay  of  claim  1  ,  wherein  the  antibody  is  lab- 
eled. 

3.  The  assay  of  claim  2,  wherein  the  antibody  is  lab- 
eled  with  a  radiolabel. 

Patentanspruche 

1  .  Verfahren  zur  Bestimmung  von  durch  die  Mutati- 
on  eines  RAS-Proto-Onkogens  in  ein  RAS-Onko- 
gen  verursachter  Karzinogenese  bei  einem 
menschlichen  Lebewesen,  wobei  sich  das  RAS- 
Onkogen  vom  RAS-Proto-Onkogen  beim  Gly12- 
Kodon  unterscheidet,  darin  bestehend,  dali 

a)  eine  Zellprobe  von  dem  menschlichen  Le- 
bewesen  mit  einem  Antikorper  in  Beruhrung 
gebracht  wird,  der  in  der  Lage  ist,  das  durch 
das  Onkogen  kodierte  Protein,  nicht  aber  das 
durch  das  Proto-Onkogen  kodierte  Protein  zu 
binden,  und 
b)  festgestelltwird,  ob  eine  Antikorperbindung 
aufgetreten  ist,  wobei  eine  Antikorperbindung 
indikativ  ist  fur  eine  Karzinogenese. 

2.  Verfahren  zur  Bestimmung  nach  Anspruch  1  ,  wo- 
bei  der  Antikorper  markiert  ist. 

3.  Verfahren  zur  Bestimmung  nach  Anspruch  2,  wo- 
bei  der  Antikorper  mit  einem  Radiomarker  mar- 
kiert  ist. 

Revendications 

1.  Un  essai  pour  la  detection  de  carcinogeneses, 

chez  un  etre  humain,  provoquees  par  la  mutation 
d'un  proto-oncogene  ras  en  oncogene  ras,  dans 
lequel  I'oncogene  ras  differe  du  proto-oncogene 
ras  au  niveau  du  codon  Gly12,  comprenant: 

5  (a)  mettre  en  contact  un  echantillon  de  cellu- 
les  de  I'etre  humain,  avec  un  anticorps  capa- 
ble  de  lier  la  proteine  codee  par  I'oncogene, 
mais  pas  la  proteine  codee  par  le  proto-onco- 
gene;  et 

10  (b)  determiner  si  la  liaison  de  I'anticorps  a  eu 
lieu,  la  liaison  de  I'anticorps  etant  indicative 
d'une  carcinogenese. 

2.  L'essai  de  la  revendication  1,  dans  lequel  I'anti- 
15  corps  est  marque. 

3.  L'essai  de  la  revendication  2,  dans  lequel  I'anti- 
corps  est  marque  par  un  marqueur  radio-actif. 
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ISOLATING  DNA  FROM  CELLS  CONTAINING 
A  P R O T O - O N C O G E N E   AND  AN  O N C O G E N E  

NARROWING  THE  REGION  OF  THE  I S O L A T E D  
DNA  TO.  A  SHORT  SEGMENT  CONTAINING  ONLY 
THE  D I F F E R E N C E   IN  DNA  S T R U C T U R E   WHICH 
IS  R E S P O N S I B L E   FOR  O N C O G E N E S I S  

DETERMINING  THE  D I F F E R E N C E   IN  DNA 
S E Q U E N C E S   FOR  THE  SHORT  SEGMENT  OF  T H E  
ONCOGENE  AND  THE  P R O T O - O N C O G E N E  

S E L E C T I N G   A  RESTRICTION  ENZYME  WHICH 
O V E R L A P S   THE  D I F F E R E N C E   IN  DNA  S E Q U E N C E  
EITHER  OF  THE  P R O T O - O N C O G E N E   OR  SAID 
ONCOGENE  BUT  NOT  IN  THE  O T H E R  

EMPLOYING  THE  S E L E C T E D   R E S T R I C T I O N  
ENZYME  IN  AN  ASSAY  TO  DETECT  W H E T H E R  
THE  P R O T O - O N C O G E N E   HAS  BEEN  MUTATED  TO 
THE  O N C O G E N E  
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SOLATING  A  SEGMENT  OF  DNA  O F  
WILD-TYPE  ALLELE  WHICH  IS  MUTATED  TO 
PRODUCE  A  MUTANT  A L L E L E  

CREATING  AN  ANTIGEN  CAPABLE  OF  CAUSING,  
JPON  IMMUNIZATION  INTO  A  HOST,  PRODUCTION 
OF  ANTIBODIES  REPRESENTATIVE  OF  T H E  
DIFFERENCE  IN  DNA  STRUCTURE  R E S P O N S I B L E  
FOR  THE  DIFFERENCE  IN  FUNCTION  B E T W E E N  
THE  WILD-TYPE  ALLELE  AND  THE  MUTANT  A L L E L E  

IMMUNIZING  A  HOST  UNDER  CONDITIONS  WHEREBY 
THE  HOST  P R O D U C E S   SAID  A N T I B O D I E S  
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