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Description 

BACKGROUND  OF  THE  INVENTION 

5  Many  diseases  occurring  in  humans  and  animals  can  be  detected  by  the  presence  of  foreign  substances, 
particularly  in  the  blood,  which  are  specifically  associated  with  a  disease  or  condition.  Tests  for  antigens  or 
other  such  substances  produced  as  a  result  of  such  diseases  show  great  promise  as  a  diagnostic  tool  for  the 
early  detection  of  the  particular  disease  which  produced  the  antigen  or  other  substance.  Procedures  for  the 
detection  of  such  substances  must  be  reliable,  reproducible,  and  sensitive  in  order  to  constitute  a  practical  diag- 

w  nostic  procedure  for  health  care  providers.  In  addition,  any  such  procedure  should  be  able  to  be  carried  out 
quickly  and  inexpensively  by  persons  of  ordinary  skill  and  training  in  laboratory  procedures. 

For  example,  in  the  treatment  of  the  various  malignancies  that  afflict  humans  and  animals,  referred  to  gen- 
erally  as  cancer,  it  is  recognized  that  early  detection  is  the  key  to  effective  treatment,  especially  as  most 
therapeutic  procedures  are  more  effective  and  safer  in  relatively  early  stages  of  cancer  than  in  later  stages. 

15  For  example,  many  chemotherapeutic  drugs  that  are  toxic  to  malignant  cells  are  also  toxic  to  normal  cells,  and 
the  higher  doses  required  to  cure  or  arrest  more  advanced  cases  of  cancer  can  cause  uncomfortable  and  seri- 
ous  side  effects.  Also,  surgery  is  most  often  effective  only  before  the  disease  has  spread  or  metastasized.  Far 
too  many  cases  of  cancer  are  only  discovered  too  late  for  effective  treatment. 

Accordingly,  there  has  been  and  continues  to  be  a  great  need  for  reliable  tests  that  can  diagnose  cancer 
20  at  early  stages,  and  a  great  deal  of  research  effort  has  gone  to  this  end.  In  this  connection  new  tests  and  pro- 

cedures  are  being  developed  to  effect  early  diagnosis  of  cancer. 
One  extremely  desirable  aspect  of  such  a  test  is  its  ability  either  to  detect  all  types  of  cancer  generally,  or 

to  detect  specific  types  of  cancer,  depending  on  the  materials  used.  The  former  application  of  such  a  test  is 
very  important  in  mass  screenings  of  large  patient  populations,  as  would  be  done  in  routine  checkups.  In  such 

25  mass  screenings  a  test  dependent  on  a  particular  type  of  cancer  would  not  be  desirable,  as  there  are  literally 
hundreds,  if  not  thousands,  of  types  of  cancer  and  a  test  that  could  spot  only  one  or  a  few  types  of  the  disease 
is  far  too  likely  to  miss  many  cases  of  cancer.  In  general,  these  patients  would  present  either  no  symptoms  or 
vague  generalized  symptoms  that  could  not  be  readily  linked  to  a  particular  type  of  cancer,  so  there  would  be 
no  basis  for  suspecting  a  particular  type  and  administering  a  test  specific  for  that  type. 

30  In  contrast,  once  the  presence  of  malignancy  is  known  or  strongly  suspected,  it  would  be  desirable  to  have 
a  test  that  could  pinpoint  the  particular  type  of  malignancy  present.  Such  a  test  could  add  greatly  to  the  effi- 
ciency  of  treatment,  because  many  of  the  most  effective  cancer  therapies,  such  as  chemotherapeutic  agents, 
are  only  effective  against  one  type  of  cancer  or  at  best,  a  narrow  range  of  types,  and  the  wrong  chemotherapy 
can  do  more  harm  than  good. 

35  In  an  effort  to  meet  this  need  and  to  improve  the  diagnosis  and  early  detection  of  cancer  in  human  and 
animal  bodies,  a  test  procedure  has  been  developed  which  involves  the  measurement  of  changes  in  the  struc- 
turedness  of  the  cytoplasmic  matrix  (SCM)  of  living  lymphocytes  when  exposed  either  to  phytohaemagglutinin 
or  to  cancer-associated  antigens.  This  procedure  has  been  described  in  L.  Cercek,  B.  Cercek,  and  C.I.V.  Frank- 
lin,  "Biophysical  Differentiation  Between  Lymphocytes  from  Healthy  Donors,  Patients  with  Malignant  Diseases 

40  and  Other  Disorders,"  Brit  J.  Cancer  29,  345-352  (1974),  and  L.  Cercek  and  B.  Cercek,  "Application  of  the 
Phenomenon  of  Changes  in  the  Structuredness  of  Cytoplasmic  Matrix  (SCM)  in  the  Diagnosis  of  Malignant 
Disorders:  a  Review,"  Europ.  J.  Cancer  13,  903-915  (1977). 

In  accordance  with  this  procedure,  a  subpopulation  of  potentially  SCM-responding  lymphocytes  is  sepa- 
rated  from  a  blood  sample  of  the  patient  being  tested  and  the  lymphocytes  are  incubated  with  malignant  tissue 

45  or  extracts  of  malignant  tissue.  If  the  blood  sample  donor  is  afflicted  with  a  malignancy,  there  will  be  a  charac- 
teristic  SCM  response  that  can  be  differentiated  from  the  SCM  response  of  lymphocytes  from  donors  not  afflic- 
ted  with  a  malignancy.  The  SCM  response  is  determined  by  measuring  changes  in  intracellular  fluorescein 
fluorescence  polarization  of  the  SCM-responding  lymphocytes. 

The  changes  seen  in  the  SCM  test  are  believed  to  reflect  changes  in  the  internal  structure  of  the  lympho- 
50  cyte  as  the  lymphocyte  is  activated  for  synthesis.  These  changes  are  seen  as  a  decrease  in  the  fluorescence 

polarization  of  the  cells  when  polarized  light  is  used,  to  excice  the  fluorescein  present  in  the  cells.  Fluorescence 
polarization  is  a  measure  of  intracellular  rigidity;  the  greater  the  intracellular  mobility,  the  less  the  measured 
fluorescence  polarization.  An  observed  decrease  in  fluorescence  polarization  is  thought  to  result  mainly  from 
changes  in  the  conformation  of  the  mitochondria,  the  energy-producing  organelles  of  the  cell.  The  change  in 

55  the  mitochondria  is  believed  to  resultfrom  the  contractions  of  the  cristae  or  inner  folds  of  the  mitochondrial  mem- 
brane.  The  SCM  reflects  the  forces  of  interaction  between  macromolecules  and  small  molecules  such  as  water 
molecules,  ions,  adenosine  triphosphate,  and  cyclic  adenosine  phosphate.  Perturbations  of  these  interactions 
result  in  changes  in  the  SCM. 
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The  SCM  test  is  capable  of  responding  to  a  relatively  small  quantity  of  malignant  cells.  About  109  cells  in 
a  person  weighing  70  kg  are  enough  to  cause  the  lymphocytes  to  respond  in  the  SCM  test  in  the  characteristic 
pattern  of  malignancy.  In  mice,  when  as  few  as  7.5  x  105  Ehrlich  ascites  (tumor)  cells  are  implanted,  the  pattern 
of  the  response  in  the  SCM  test  is  altered;  response  to  cancer-specific  antigens  is  induced,  while  the  normal 

5  response  to  phytohaemagglutinin  in  virtually  eliminated  (L.  Cercek  and  B.  Cercek,  "Changes  in  SCM-Respon- 
ses  of  Lymphocytes  in  Mice  After  Implantation  with  Ehrlich  Ascites  Cells,"  Europ.  J.  Cancer  1  7,  167-171  (1981)). 

The  SCM  test  allows  early  detection  of  cancer,  often  much  earlier  than  is  possible  by  conventional 
methods,  with  relatively  little  discomfort  to  the  patient  except  as  may  be  involved  in  taking  a  blood  sample. 

However,  this  procedure  does  have  disadvantages.  For  example,  it  requires  preparation  of  crude  extracts 
w  from  tumor  tissues  and  the  like  or  the  use  of  the  tumor  tissue  itself  as  a  source  of  cancer-associated  antigens. 

There  are  several  major  problems  with  the  use  of  malignant  tissue  or  extracts  of  such  tissue  in  the  SCM  test. 
It  is  sometimes  difficult  to  obtain  the  required  quantity  of  tissue.  Also,  the  use  of  whole  tissues  or  crude  extracts 
of  tissues  can  introduce  interfering  substances  into  the  test  procedure.  These  interfering  substances  can 
adversely  affect  the  sensitivity  of  the  test  or  adversely  affect  the  test  results  themselves.  The  presence  or  abs- 

15  ence  of  these  interfering  substances  can  easily  vary  from  batch  to  batch  of  malignant  tissue,  introducing  unde- 
sirable  variability  into  the  SCM  test.  Additionally,  because  the  interfering  substances  are  present  in  whole  tissue 
or  crude  extracts,  they  are  very  difficult  to  identify  or  quantitate. 

Accordingly  it  is  very  desirable  to  identify,  separate,  and  purify  the  factor  or  factors  that  provoke  a  response 
by  SCM-responding  lymphocytes.  The  use  of  such  purified  factor  or  factors  would  enhance  the  SCM  cancer 

20  screening  test  because  interfering  substances  would  not  be  present,  and  would  aid  in  the  study  of  cancer,  its 
causes  and  its  effects  on  human  and  animal  bodies. 

SUMMARY  OF  THE  INVENTION 

25  We  have  discovered  cancer  recognition  factors  in  animal  and  human  body  fluids,  more  particularly  in  blood 
plasma  and  urine,  which,  if  the  donor  body  is  afflicted  with  cancer,  produce  a  response  in  SCM-responding 
lymphocytes  that  is  identical  to  the  response  by  such  lymphocytes  to  cancer-associated  extracts  and/or  tumor 
tissue  in  the  SCM  test.  As  described  herein  the  factors  are  designated  in  the  singular  and  referred  to  as  the 
"general  cancer-associated  SCM-recognition  factor,"  the  "SCM-recognition  factor,"  or  merely  as  the  "SCM  fac- 

30  tor." 
The  SCM  factor  is  believed  to  be  a  peptide  or  peptide-like  material  and  to  comprise  several  closely  related 

peptides.  The  SCM  factor  is  believed  to  include  a  thirteen-amino-acid  fragment  having  the  sequence  Phe-Rr 
Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7,  wherein  R̂   is  selected  from  the  group  consisting  of  Asn  and  Gin,  R2, 
R3,  and  R4  are  each  independently  selected  from  the  group  consisting  of  Val,  Leu,  and  He,  R5  is  selected  from 

35  the  group  consisting  of  Asp  and  Glu,  and  R6  and  R7  are  each  independently  selected  from  the  group  consisting 
of  Asn  and  Gin.  This  sequence  does  not  include  the  amino  terminus  of  the  SCM  factor. 

The  general  cancer-associated  SCM-recognition  factor  consists  essentially  of  low  molecular  weight  peptide 
passing  through  filters  with  a  nominal  1000-dalton  molecular  weight  cutoff  and  retained  by  filters  with  a  nominal 
500-dalton  molecular  weight  cutoff,  and  producing  at  least  a  ten  percent  decrease  in  the  intracellular  f  luoresc- 

40  ence  polarization  value  of  SCM-responding  lymphocytes  isolated  from  donors  afflicted  with  cancer  when  used 
to  challenge  the  lymphocytes  in  the  standard  SCM  test.  The  factor  purified  by  the  process  described  below 
has  the  approximate  amino  acid  composition  of  (Asx2,  Glx3,  Ser,  His,  Gly5,  Thr,  Arg,  Ala3,  Tyr,  Met,  Val3,  Phe3, 
lie,  Leu3,  Lys2). 

On  the  basis  of  amino  acid  sequencing  of  tryptic  fragments  of  the  SCM  factor,  a  sixteen-amino-acid  seg- 
45  ment  within  one  preparation  of  the  factor  has  the  amino  acid  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met- 

lle-Asp-Gln-Asn-Phe-Ser-Lys,  the  segment  not  including  the  amino  terminus  of  the  factor. 
Alternatively,  a  fifteen-amino-acid  segment  within  another  preparation  of  the  factor  has  the  amino  acid 

sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys,  the  segment  also  not  including 
the  amino  terminus  of  the  factor. 

50  These  two  tryptic  fragments  are  both  fully  active  in  the  SCM  test.  It  is  believed  that  the  first  thirteen  amino 
acids,  which  are  common  to  the  two  fragments,  are  the  most  important  in  producing  SCM-activity.  Accordingly, 
an  important  additional  aspect  of  the  invention  is  an  SCM  factor  comprising  only  peptides  of  defined  sequence, 
the  peptides  either  having  been  shown  directly  to  have  SCM  activity  or  believed  to  have  such  activity.  Most 
broadly,  such  a  factor  comprises  substantially  only  peptides  having  at  least  thirteen  amino  acid  residues  includ- 

55  ing  a  sequence  of  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7  therein,  where  R̂   is  selected  from  the 
group  consisting  of  Asn  and  Gin,  R2,  R3,  and  R4  are  each  independently  selected  from  the  group  consisting  of 
Val,  Leu,  and  He,  R5  is  selected  from  the  group  consisting  of  Asp  and  Glu,  and  R6  and  R7  are  each  independently 
selected  from  the  group  consisting  of  Asn  and  Gin.  Preferably,  this  factor  contains  substantially  only  one  pep- 

3 
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tide. 
When  the  full  sequence  information  from  the  two  tryptic  fragments  is  utilized,  it  gives  rise  to  two  separate 

and  parallel  classes  of  SCM  factors,  each  including  the  thirteen-amino-acid  fragment  as  defined  above. 
The  first  class  most  broadly  comprises  substantially  only  peptides  having  at  least  fifteen  amino  acid  resi- 

5  dues  including  a  sequence  of  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7-R8-Lys  therein,  wherein  R̂  
through  R7  are  as  defined  above  and  R$  is  selected  from  the  group  consisting  of  Ser  and  Thr.  Preferably  this 
factor  contains  substantially  only  one  peptide. 

Within  this  class,  a  more  closely  defined  factor  comprises  substantially  only  peptides  including  a  sequence 
of  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys  therein.  These  peptides  can  include 

w  additional  flanking  sequences  on  either  side  of  the  specified  sequence.  Preferably  this  factor  contains  substan- 
tially  only  one  peptide. 

The  most  closely  defined  factor  within  this  class  comprises  a  substantially  pure  peptide  consisting  essen- 
tially  of  the  amino  acid  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys. 

The  second  class  most  broadly  comprises  substantially  only  peptides  having  at  least  sixteen  amino  acid 
15  residues  including  a  sequence  of  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7-Phe-R8-Lys  therein,  whe- 

rein  Ri  through  R7  are  as  defined  above  and  R$  is  selected  from  the  group  consisting  of  Ser  and  Thr.  Preferably 
this  factor  contains  substantially  only  one  peptide. 

Within  this  class,  a  more  closely  defined  factor  comprises  substantially  only  peptides  including  a  sequence 
of  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Thr-Lys  therein.  These  peptides  can  include 

20  additional  flanking  sequences  on  either  side  of  the  specified  sequence.  Preferably  this  factor  contains  substan- 
tially  only  one  peptide. 

The  most  closely  defined  factor  within  this  class  comprises  a  substantially  pure  peptide  consisting  essen- 
tially  of  the  amino  acid  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Thr-Lys.  Pref- 
erably,  this  peptide  has  an  activity  in  the  SCM  test  such  that  5  x  1Ch2  femtograms  of  the  peptide  produce  a 

25  decrease  in  polarization  value  of  at  least  30  percent  when  used  to  challenge  SCM-responding  lymphocytes 
from  donors  afflicted  with  cancer. 

The  SCM  factor  can  be  produced  by  ultraf  iltering  a  body  fluid  from  a  donor  afflicted  with  cancer  in  order 
to  separate  a  first  fraction  of  the  body  fluid  comprising  molecules  having  an  apparent  molecular  weight  greater 
than  1000  daltons  from  a  second  fraction  comprising  molecules  having  an  apparent  molecular  weight  of  less 

30  than  1  000  daltons.  The  body  fluid  is  selected  from  the  group  consisting  of  peripheral  blood,  urine,  and  plasma. 
Preferably,  after  ultrafiltration  the  factor  undergoes  a  further  purification  process  comprising  several  stages, 
each  stage  resulting  in  a  more  highly  purified  factor. 

The  first  stage  of  this  purification  process  comprises  elution  from  a  gel  filtration  column  with  a  fractionation 
range  of  from  0  to  about  700  daltons  and  capable  of  separating  the  salts  from  the  ultraf  iltrate,  the  factor  eluting 

35  at  between  about  0.3  and  about  0.5  times  the  total  chromatographic  bed  volume. 
The  second  stage  comprises  elution  from  a  gel  filtration  column  having  a  fractionation  range  of  from  about 

1500  daltons  to  about  30,000  daltons,  the  factor  eluting  from  such  a  column  at  between  about  0.4  and  about 
0.6  times  the  total  chromatographic  bed  volume. 

The  next  stage  of  this  purification  process  comprises  elution  from  an  anion-exchange  column  of  diethylami- 
de  noethyl  cellulose  at  between  about  0.28  M  to  about  0.31  M  of  ammonium  bicarbonate. 

The  final  stage  comprises  purifying  the  factor  to  substantial  homogeneity  by  reverse-phase  high-pressure 
liquid  chromatography. 

Although  it  is  preferred  to  use  the  more  highly  purified  preparations  of  the  factor  in  the  SCM  test,  the  factor 
from  any  stage  of  the  purification,  including  the  initial  ultraf  iltrate,  can  be  used  in  the  test. 

45  The  SCM  factor  produces  a  positive  response  in  potentially  SCM-responding  lymphocytes  derived  from 
donors  having  a  variety  of  different  types  of  malignancies,  regardless  of  the  type  of  cancer  present  in  the  donor 
from  whom  the  SCM  factor  is  isolated;  hence  the  term  "general."  The  factor  provokes  little  or  no  SCM  response 
in  lymphocytes  derived  from  donors  free  of  malignancies.  This  ability  to  act  as  a  general  cancer-associated 
antigen  makes  the  factor  useful  for  the  general  screening  of  blood  samples  for  the  presence  of  malignancy. 

so  The  factor  also  has  other  properties  of  interest.  One  of  these  properties  is  the  property  of  modifying  the 
SCM  response  of  SCM-responding  lymphocytes  obtained  from  donors  free  of  malignancy  when  the  factor  is 
contacted  with  such  lymphocytes,  whereby  the  lymphocytes  respond  in  the  SCM  test  to  cancer-associated  anti- 
gens  but  not  to  mitogens  after  the  contact.  A  second  property  is  the  property  of  decreasing  the  spontaneous 
in  vitro  toxicity  of  potentially  SCM-responding  lymphocytes  toward  the  human  myeloid  cell  line  K  562  by  at  least 

55  90  percent  as  measured  by  51Cr  release. 
Another  aspect  of  the  present  invention  is  directed  to  methods  of  employing  the  general  cancer-associated 

SCM  factor  in  the  SCM  test.  Most  generally,  this  method  comprises  testing  lymphocytes  from  a  mammalian 
donor  for  the  presence  or  absence  of  malignancy  in  the  donor  by:  (1)  contacting  the  lymphocytes  with  a  general 
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cancer-associated  SCM-recognition  factor;  and  (2)  determining  the  decrease  in  the  structured  ness  of  the 
cytoplasmic  matrix  of  the  lymphocytes  resulting  from  the  step  of  contacting  the  suspension  of  the  lymphocytes. 

A  preferred  method  for  quantifying  the  decrease  in  structuredness  comprises  the  steps  of:  (1)  measuring 
the  fluorescence  polarization,  Ps,  for  an  aliquot  of  the  lymphocytes  that  has  been  contacted  with  the  general 

5  cancer-associated  SCM-recognition  factor;  (2)  measuring  the  fluorescence  polarization,  Pc,  for  a  control  aliquot 
of  the  lymphocytes  that  has  not  been  contacted;  and  (3)  determining  the  ratio  of  Ps  to  Pc.  A  ratio  of  Ps  to  Pc 
lower  than  about  0.9  indicates  a  positive  response  to  the  SCM  factor  and  the  presence  of  a  malignancy  in  the 
donor  of  the  lymphocytes. 

A  more  preferred  method  comprises  comparing  Ps  to  the  fluorescence  polarization  of  another  aliquot  of 
w  the  lymphocytes  contacted  with  a  mitogen,  PM,  to  determine  an  SCM  response  ratio,  RRsCM,  where: 

RRscm>  =  Ps/Pm- 
An  RRscm,  of  less  than  about  0.9  indicates  the  presence  of  a  malignancy  in  the  donor  of  the  lymphocytes. 

Alternatively,  the  method  of  employing  the  SCM  factor  in  the  SCM  test  can  comprise  the  steps  of:  (1) 
separating  potentially  SCM-responding  lymphocytes  from  the  blood  sample;  (2)  contacting  the  separated  lym- 

15  phocytes  with  a  general  cancer-associated  SCM-recognition  factor  thereby  to  stimulate  the  lymphocytes;  (3) 
contacting  the  stimulated  lymphocytes  with  a  fluorogenic  agent  precursor,  defined  as  a  nonfluorogenic  com- 
pound  hydrolyzable  intracellularly  to  a  fluorogenic  compound,  to  penetrate  the  lymphocytes  for  intracellular 
enzymatic  hydrolysis  to  the  fluorogenic  compound,  thereby  generating  stimulated  fluor-containing  lympho- 
cytes;  (4)  exciting  the  stimulated  fluor-containing  lymphocytes  with  polarized  light  thereby  causing  them  to 

20  fluoresce;  (5)  measuring  the  vertically  and  horizontally  polarized  fluorescence  emissions  from  the  fluorescing 
lymphocytes  for  determining  a  polarization  value  for  the  fluorescing  lymphocytes;  and  (6)  comparing  the  deter- 
mined  polarization  value  for  the  stimulated  fluor-containing  lymphocytes  with  the  polarization  value  for  a  control 
aliquot  of  lymphocytes  from  the  same  donor,  thereby  to  indicate  the  presence  or  absence  of  cancer  in  the  body 
of  the  donor  of  the  lymphocytes.  Steps  (3)  and  (4)  can  occur  simultaneously. 

25  The  lymphocytes  can  be  excited  with  vertically  polarized  light.  The  polarization  values  when  vertically 
polarized  light  is  used  are  determined  in  a  fluorescence  spectrophotometer  in  accordance  with  the  relationship: 

=  ly-GIH 
lv  +  CIH' 

where,  lv  and  lH  are  the  polarized  fluorescence  intensities  in  the  vertical  and  horizontal  planes,  respectively; 
so  and  G  is  a  correction  factor  for  the  unequal  transmission  of  the  horizontal  and  vertical  components  of  the 

polarized  light  through  the  optical  system  of  the  spectrophotometer. 
Not  only  does  the  present  invention  provide  a  diagnostic  technique  for  identifying  subjects  afflicted  with 

cancer,  it  also  comprehends  methods  for  the  treatment  of  such  subjects.  These  methods  are  based  on  the 
observation  that  the  general  cancer-associated  SCM-recognition  factor  has  the  property  of  decreasing  the 

35  spontaneous  in  vitro  toxicity  of  lymphocytes  toward  malignant  cells.  In  light  of  that  observation,  the  reduction 
of  the  in  vivo  activity  of  the  SCM-recognition  factor  should  increase  the  efficiency  of  immunological  surveillance 
by  lymphocytes  against  malignant  cells. 

Most  generally,  this  treatment  is  for  a  patient  at  least  one  of  whose  body  fluids  contains  a  general  cancer- 
associated  SCM-recognition  factor.  The  treatment  comprises:  (1)  treating  a  body  fluid  containing  the  SCM- 

40  recognition  factor  to  reduce  the  in  vivo  effect  of  the  factor  by  selectively  inactivating  it;  and  (2)  returning  the 
body  fluid  to  the  patient,  thereby  to  enhance  the  resistance  of  the  patient  to  the  cancer. 

In  one  application  of  this  general  method,  the  body  fluid  is  peripheral  blood  and  the  step  of  treating  the 
body  fluid  comprises  the  dialysis  of  the  peripheral  blood  to  remove  peptides  with  an  apparent  molecular  weight 
of  less  than  1000  daltons,  whereby  the  SCM-recognition  factor  is  selectively  inactivated  by  its  removal  from 

45  the  blood. 
In  other  applications  of  this  general  method,  the  step  of  treating  the  body  fluid  can  comprise  neutralizing 

the  SCM-recognition  factor  in  the  body  fluid  with  an  antibody  specific  for  the  factor,  or  with  Fab  fragments  of 
such  an  antibody,  the  Fab  fragments  being  capable  of  univalent  binding  of  the  SCM-recognition  factor. 

Additionally,  the  present  invention  also  encompasses  a  method  of  imaging  cancer  cells.  This  method  corn- 
so  prises:  (1)  labeling  an  antibody  to  the  general  cancer-associated  SCM-recognition  factor  with  an  imaging  sub- 

stance;  and  (2)  utilizing  the  labeled  antibody  to  image  cancer  cells. 
The  present  invention  further  encompasses  a  method  of  directing  an  anti-cancer  substance  to  cancer  cells, 

comprising:  (1)  tagging  an  antibody  to  the  general  cancer-associated  SCM-recognition  factor  with  the  anti-can- 
cer  substance  thereby  to  direct  the  anti-cancer  substance  to  the  cancer  cells;  and  (2)  administering  the  tagged 

55  antibody  to  a  cancer  patient  so  that  the  tagged  antibody  can  bind  to  the  cancer  cells  of  the  patient. 
The  present  invention  still  further  encompasses  a  method  of  determining  the  level  of  general  cancer-as- 

sociated  SCM-recognition  factor  in  a  body  fluid  using  an  antibody  to  the  general  cancer-associated  SCM-recog- 
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nition  factor  in  an  immunoassay.  The  immunoassay  can  be  a  radioimmunoassay,  a  fluorescence  immunoassay, 
an  enzyme-linked  immunosorbent  assay,  or  a  precipitation  immunoassay  such  as  a  nephelometric  or  a  tur- 
bidimetric  assay. 

These  and  other  features,  aspects,  and  advantages  of  the  present  invention  will  become  better  understood 
5  from  the  accompanying  description  and  appended  claims. 

DEFINITIONS 

Definitions  for  a  number  of  terms  which  are  used  repeatedly  in  the  following  Discussion,  Examples,  and 
w  appended  claims,  are  collected  here  for  convenience. 

"General": 

Nonspecific  with  respect  to  the  particular  type  of  cancer  afflicting  either  the  donor  of  the  body  fluid  from 
15  which  the  SCM  factor  of  the  present  invention  is  purified,  or  the  donor  of  the  lymphocytes  used  with  that  factor 

in  the  SCM  test. 

"Fluorogenic  Agent  Precursor": 

20  A  nonfluorogenic  compound  capable  of  being  taken  up  by  lymphocytes  and  converted  intracellularly  by 
hydrolysis  into  a  fluorogenic  compound,  of  which  the  example  used  herein  is  fluorescein  diacetate  or  FDA. 

"Standard  SCM  Test": 

25  An  SCM  test  using  1.0  ml  of  a  lymphocyte  suspension  at  6  x  106  cells/ml  and  0.1  ml  of  the  mitogen  or  anti- 
gen,  with  FDA  as  the  fluorogenic  agent  precursor  and  using  an  excitation  wavelength  of  470  nm  and  an  emission 
wavelength  of  510  nm  for  fluorescence  polarization  measurements. 

"Apparent  Molecular  Weight"  and  "Nominal  Molecular  Weight  Cutoff: 
30 

Both  of  these  terms  refer  to  the  fact  that  the  separation  of  molecules  by  ultrafiltration  according  to  size  is 
approximate  for  molecules  in  the  size  range  of  SCM  factor,  and  depends  on  conformation  as  well  as  size.  Thus 
an  ultraf  ilter  with  a  nominal  molecular  weight  cutoff  of  x  daltons  will  separate  molecules  with  an  apparent 
molecular  weight  of  less  than  x  daltons  from  molecules  with  an  apparent  molecular  weight  greater  than  x  dal- 

35  tons. 

"Substantially  Pure  General  Cancer-Associated  SCM-Recognition  Factor": 

Material  exhibiting  SCM  activity  and  of  such  a  state  of  purity  that  the  overwhelming  majority  of  other 
40  molecules  with  specific  biological  activity,  including  all  proteins  and  larger  peptides,  are  not  present  in  the  ma- 

terial. 

"Tryptic  Peptide": 

45  A  peptide  cleaved  from  a  larger  peptide  by  the  action  of  the  proteolytic  enzyme  trypsin,  which  breaks  pep- 
tide  chains  after  lysine  or  arginine  residues. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

so  This  invention  relates  to  our  discovery  and  purification  to  substantial  homogeneity  of  a  peptide  that  is  a 
general  cancer-associated  SCM-recognition  factor.  The  factor  passes  through  filters  with  a  nominal  molecular 
weight  cutoff  of  1  000  daltons,  but  is  retained  by  filters  with  a  nominal  molecular  weight  cutoff  of  500  daltons. 
The  factor  has  an  approximate  amino  acid  composition  of  (Asx2,  Glx3,  Ser,  His,  Gly5,  Thr,  Arg,  Ala3,  Tyr,  Met, 
Val3,  Phe3,  lie,  Leu3,  Lys2).  Two  active  tryptic  fragments  have  been  isolated  from  different  preparations  of  the 

55  factor.  These  fragments  do  not  include  the  amino  termini  of  the  original  factor  molecules.  The  first  of  these  frag- 
ments  has  fifteen  amino  acids  with  the  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn- 
Thr-Lys.  The  second  of  these  fragments  has  sixteen  amino  acids  with  the  sequence 
Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys. 
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Properties  of  the  factor  will  be  described,  including  the  ability  of  the  factor  to  modify  the  SCM  response  of 
lymphocytes  from  donors  free  of  malignancy  and  to  decrease  the  in  vitro  cytotoxicity  of  such  lymphocytes 
toward  malignant  cells,  as  well  as  the  crossreactivity  of  the  factor  isolated  from  donors  with  many  different  types 
of  cancer.  A  method  for  purification  of  this  factor  to  substantial  homogeneity  will  be  described,  as  well  as 

5  methods  of  using  this  factor  in  the  SCM  test.  Also  to  be  described  will  be  methods  for  treatment  of  cancer 
patients  by  reducing  the  in  vivo  activity  of  the  factor,  a  method  for  imaging  cancer  cells  by  using  antibody  to 
the  factor,  and  a  method  for  directing  anti-cancer  substances  to  cancer  cells  by  tagging  antibody  to  the  factor 
with  the  anti-cancer  substances. 

w  Properties  of  the  SCM  Factor 

1.  Amino  Acid  Analysis  of  the  SCM  Factor 

The  amino  acid  composition  of  the  general  cancer-associated  SCM-recognition  factor  purified  from  plasma 
15  of  patients  with  breast  cancer  was  determined,  and  the  results  are  shown  in  Table  1.  Lyophilized  samples  of 

the  factor  purified  by  RP-HPLCwere  hydrolyzedfor24  hrat  110°Cwith  2%  thioglycolicacid  in  6  N  HCI  in  sealed 
glass  ampules  under  nitrogen.  After  hydrolysis  the  samples  were  lyophilized.  The  residues  were  dissolved  with 
2%  sodium  dodecyl  sulfate  in  0.04  M  sodium  borate  buffer.  The  amino  acids  were  determined  as  o-phthaldial- 
dehyde  derivatives  by  their  fluorescence  after  separation  by  HPLC  as  described  in  the  article  by  B.N.  Jones, 

20  S.  Paabo  and  S.  Stein,  "Amino  Acid  Analysis  and  Enzymatic  Sequence  Determination  of  Peptides  by  an 
Improved  o-Phthaldialdehyde  Precolumn  Labeling  Procedure,"  J.  Liquid  Chromat.  4,  565  (1981)  and  in  the  man- 
ual  "Amino  Acid  Analysis  by  HPLC,"  Altex  Division,  Beckman  Instruments,  Inc.,  Berkeley,  California  94710. 
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TABLE  1 

5 
RELATIVE  MOLAR  AMINO  ACID  COMPOSITION  OF  SCM  FACTOR 

10 
Amino  Acid  R e l a t i v e   Molar   C o m p o s i t i o n  

Asx  2 . 1 0  

15  Glx  3 . 2 0  

Ser  1 . 2 7  

His  0 . 6 5  
20 

Gly  4 . 6 0  

Thr  1 . 1 1  

25  Arg  0 . 8 6  

Ala  2  .  60 

Tyr  0 . 9 4  

30  Met  1.5  8 

Val  3 . 2 2  

Phe  3  .  07 
35 He   0 . 8 6  

Leu  2 . 8 7  

Lys  1.8  6 

The  amino  acid  composition  was  determined  after  hydrolysis  of  dried  peptides  with  2%  thioglycolic  acid 
in  6  N  HCI  in  sealed  glass  ampules  under  nitrogen.  After  hydrolysis  samples  were  lyophilized  and  the  residue 

45  dissolved  with  2%  SDS  in  0.04  M  sodium  borate  buffer.  The  amino  acids  were  determined  as  o-phthaldial- 
dehyde  derivatives  by  their  fluorescence  as  described  in  the  manual,  "Amino  Acid  Analysis  by  HPLC,"  Altex 
Division,  Beckman  Instruments,  Inc.  Berkeley,  CA  9471  0.  The  amino  acids  Cys  and  Pro  were  not  determined. 

The  amino  acid  composition  data  of  Table  1  show  that  the  active  factor  is  a  peptide.  The  data  are  most 
consistent  with  a  peptide  with  the  approximate  amino  acid  composition  (Asx2,  Glx3,  Ser,  His,  Gly5,  Thr,  Arg, 

50  Ala3,  Tyr,  Met2,  Val3,  Phe3,  lie,  Leu3,  Lys2). 

2.  Amino  Acid  Sequence  of  the  SCM  Factor 

The  amino  acid  sequences  of  segments  isolated  from  two  different  preparations  of  the  SCM  factor  were 
55  determined  by  performing  automated  Edman  degradation  procedures  using  an  Applied  Biosystems  477A  pro- 

tein  sequencer  coupled  with  an  on-line  120A  PTH-amino  acid  analyzer.  When  the  entire  SCM  factor  isolated 
from  patients  with  several  types  of  cancer,  such  as  cancer  of  the  breast,  lung,  colon,  bronchus,  or  cervix,  was 
subjected  to  the  Edman  degradation,  no  reaction  occurred  and  it  was  found  that  the  amino-terminus  of  the  SCM 

15 

20 

25 

30 

35 

Asx  

G l x  

S e r  

H i s  

G l y  

T h r  

A r g  

A l a  

T y r  

Met 

V a l  

Phe  

H e  

Leu  

Lys  
40 
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factor  was  blocked.  Therefore,  in  order  to  determine  the  sequence  of  a  segment  of  the  molecules,  it  was  neces- 
sary  to  obtain  a  fragment  with  a  free  amino-terminal  amino  acid.  Such  fragments  were  obtained  from  separate 
purified  preparations  of  the  factor  by  tryptic  digestion  followed  by  purification  of  the  tryptic  fragments  by  reverse 
phase  high  pressure  liquid  chromatography,  as  detailed  below  under  "Examples."  One  of  these  fragments  was 

5  obtained  from  a  preparation  of  the  factor  from  plasma  of  patients  with  lung  cancer,  the  other  from  plasma  of 
patients  with  breast  cancer. 

In  each  case  a  particular  fragment,  later  shown  to  have  SCM  activity,  eluted  at  30.4  volume  percent  of 
Phase  A,  69.6  volume  percent  of  phase  B,  in  a  total  volume  of  about  30  uJ.  For  sequencing,  the  SCM-active 
tryptic  fragments  were  directly  spotted  onto  the  disc.of  the  sequencer  and  subjected  to  computer-directed  auto- 

w  mated  sequence  analysis  by  successive  cycles  of  Edman  degradation,  followed  by  identification  of  the  PTH- 
amino  acids  produced  thereby  in  the  coupled  on-line  PTH-amino  acid  analyzer. 

The  sequence  calling  computer  program  of  the  sequencer  identified  a  sequence  of  sixteen  amino  acids 
as  the  sequence  of  the  fragment  of  the  SCM  factor  isolated  from  the  plasma  of  lung  cancer  patients.  The  sequ- 
ence  was:  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys.  Similarly,  the  computer  pro- 

is  gram  identified  a  sequence  of  fifteen  amino  acids  for  the  fragment  of  the  factor  isolated  from  the  plasma  of 
breast  cancer  patients.  The  sequence  was:  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys. 

The  first  thirteen  amino  acids  in  these  two  tryptic  fragments  are  identical.  Although  their  carboxyl  termini 
are  different,  if  the  one  missing  amino  acid,  Phe,  is  inserted  in  the  shorter  fragment,  the  only  difference  then 
becomes  the  substitution  of  Thr  for  Ser,  a  very  conservative  substitution  unlikely  to  affect  the  function  of  the 

20  peptide. 

3.  Activity  of  the  SCM  Factor  in  the  SCM  Test 

The  purified  SCM  factor  is  fully  active  in  the  SCM  test  when  used  as  a  challenging  agent  for  lymphocytes 
25  isolated  from  patients  with  several  different  types  of  malignancies.  This  activity  can  be  demonstrated  by  assay 

at  any  point  during  the  purification  of  the  factor.  Details  of  the  results  of  such  assays  are  given  hereinbelow 
under  "Examples."  The  greatest  activity  is  obtained  with  material  taken  through  a  final  purification  step,  reverse 
phase  high  pressure  liquid  chromatography.  One-tenth  milliliter  of  this  fraction,  having  an  approximate  protein 
content  of  40  picomoles  of  peptide,  causes  decreases  in  intracellular  fluorescence  polarization  of  as  much  as 

30  44.6%  when  used  to  challenge  SCM-responding  lymphocytes  isolated  from  cancer  patients,  but  causes  no  dec- 
rease  in  intracellular  fluorescence  polarization  when  used  to  challenge  the  same  subpopulation  of  lymphocytes 
isolated  from  healthy  donors. 

4.  Activity  of  the  Tryptic  Peptides  in  the  SCM  Test 
35 

Both  the  f  ifteen-amino-acid  tryptic  peptide  fragment  cleaved  from  the  SCM  factor  isolated  from  plasma  of 
breast  cancer  patients  (the  breast  fragment),  and  the  sixteen-amino-acid  tryptic  peptide  fragments  cleaved  from 
the  SCM  factor  isolated  from  plasma  of  lung  cancer  patients  (the  lung  fragment),  are  fully  active  in  the  SCM 
test.  Approximately  5  x  10~2  femtograms  of  the  lung  fragment  (i.e.,  5  x  10"17  grams,  or  approximately  16,000 

40  molecules)  gave  full  activity  in  the  SCM  test  when  used  as  challenging  agent  for  lymphocytes  from  donors  with 
cancer.  The  lung  fragment  reacted  equally  well  with  lymphocytes  from  donors  with  lung  cancer  and  breast  can- 
cer,  but  caused  no  response  in  the  SCM  test  when  used  to  challenge  lymphocytes  from  normal  donors.  Further 
details  are  given  hereinbelow  under  "Examples." 

Since  the  lung  fragment  and  the  breast  fragment  are  both  fully  active  in  the  SCM  test  and  share  only  the 
45  first  thirteen  amino  acids  of  their  sequence,  it  is  believed  that  this  common  sequence  of  thirteen  amino  acids 

is  the  most  important  sequence  in  producing  SCM  activity.  Accordingly,  a  sequence  of  just  these  thirteen  amino 
acids,  designated  herein  as  the  "core,"  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn,  is  also 
believed  to  possess  SCM  activity. 

This  sequence  is  not  the  only  sequence  of  thirteen  amino  acids  believed  to  possess  SCM  activity.  It  is  a 
so  well-established  principle  of  protein  and  peptide  chemistry  that  certain  amino  acid  substitutions,  entitled  "con- 

servative"  amino  acid  substitutions,  can  frequently  be  made  in  a  peptide  without  altering  either  the  conformation 
or  the  function  of  thatpeptide.  Such  changes  affecting  amino  acids  in  the  core  sequence  include  He  and  Leu 
for  Val  and  vice  versa,  Asp  for  Glu  and  vice  versa,  and  Asn  for  Gin  and  vice  versa.  Accordingly,  it  is  believed 
that  altered  peptide  molecules  having  the  core  structure  in  which  any  or  all  of  the  above-described  conservative 

55  amino  acid  substitutions  are  made  exhibit  SCM  activity  and  accordingly  are  considered  part  of  the  invention 
disclosed  herein. 

The  lung  and  breast  fragments  are  both  isolated  as  part  of  larger  general  cancer-associated  SCM-recog- 
nition  molecules.  Such  fragments  apparently  can  retain  their  SCM  activity  when  incorporated  into  larger 
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molecules.  Therefore  a  larger  peptide  incorporating  the  thirteen-amino-acid  core  sequence,  with  or  without  the 
conservative  amino  acid  substitutions  discussed  above,  is  also  expected  to  exhibit  SCM  activity. 

The  occurrence  of  these  two  types  of  modifications  of  the  core  sequence  accordingly  gives  rise  to  an 
important  additional  aspect  of  the  invention.  This  is  an  SCM-active  factor  comprising  only  peptides  of  defined 

5  sequence,  the  peptides  either  having  been  shown  directly  to  have  SCM  activity  or  believed  to  have  such  activity. 
Most  broadly  such  a  factor  comprises  substantially  only  peptides  having  at  least  thirteen  amino  acid  residues 
including  a  sequence  of  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7  therein,  where  R̂   is  selected  from 
the  group  consisting  of  Asn  and  Gin,  R2,  R3,  and  R4  are  each  independently  selected  from  the  group  consisting 
of  Val,  Leu,  and  He,  R5  is  selected  from  the  group  consisting  of  Asp  and  Glu,  and  R6  and  R7  are  each  indepen- 

10  dently  selected  from  the  group  consisting  of  Asn  and  Gin.  Preferably  this  factor  contains  substantially  only  one 
such  peptide. 

When  the  full  sequence  information  from  the  lung  and  breast  fragments  is  utilized,  it  gives  rise  to  two  sepa- 
rate  and  parallel  classes  of  SCM  factors,  each  including  the  core  sequence  or  a  sequence  derived  from  the 
core  sequence  by  conservative  substitutions.  These  longer  peptides  each  have  one  additional  possibility  for 

15  conservative  amino  acid  substitutions,  namely  Thr  for  Ser  and  vice  versa.  The  equivalence  of  these  amino  acids 
is  demonstrated  by  the  fact  the  lung  fragment  has  Ser,  while  the  breast  fragment  has  Thr.  The  positions  of  these 
amino  acids  in  the  respective  fragments  can  be  aligned  by  deleting  the  Phe  in  position  14  of  the  lung  fragment. 

The  first  class  of  these  factors  is  derived  from  the  sequence  of  the  breast  fragment,  Phe-Asn-Lys-Pro-Phe- 
Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys.  This  class  most  broadly  comprises  substantially  only  peptides  hav- 

20  ing  at  least  fifteen  amino  acid  residues  including  a  sequence  of  Phe-Ri-Lys-Pro-Phe-R^Phe-Rs-Met- 
R4-R5-R6-R7-R8-Lys  therein.  In  this  sequence,  R̂   through  R7  are  as  defined  above  and  reflect  possible  amino 
acid  substitutions  in  the  core  sequence,  while  R8  is  selected  from  the  group  consisting  of  Ser  and  Thr.  Preferably 
this  factor  contains  substantially  only  one  peptide. 

Within  this  first  class,  a  more  clearly  defined  factor  comprises  substantially  only  peptides  including  a  sequ- 
25  ence  of  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys.  This  is  the  original  sequence  of  the 

breast  fragment.  These  peptides  can  include  additional  flanking  sequences  on  either  side  of  the  specified  sequ- 
ence,  and  these  flanking  sequences  can  be  of  indeterminate  length.  Preferably  this  factor  also  contains  sub- 
stantially  only  one  peptide. 

The  most  closely  defined  factor  within  this  first  class  comprises  a  substantially  pure  peptide  consisting 
30  essentially  of  the  amino  acid  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys.  This 

is  the  exact  sequence  of  the  breast  fragment  with  no  flanking  sequences. 
The  second  class  of  these  factors  is  derived  from  the  sequence  of  the  lung  fragment,  Phe-Asn-Lys-Pro- 

Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys.  This  class  most  broadly  comprises  substantially  only  pep- 
tides  having  at  least  sixteen  amino  acid  residues  including  a  sequence  of  Phe-Ri-Lys-Pro-Phe-R^Phe-Rs-Met- 

35  R4-R5-R6-R7-Phe-R8-Lys  therein.  In  this  sequence,  R̂  through  R7  are  as  defined  above  and  reflect  possible 
amino  acid  substitutions  in  the  core  sequence,  while  Rs  is  selected  from  the  group  consisting  of  Ser  and  Thr. 
Preferably  this  factor  contains  substantially  only  one  peptide. 

Within  this  second  class,  a  more  clearly  defined  factor  comprises  substantially  only  peptides  including  a 
sequence  of  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys.  This  is  the  original  sequ- 

40  ence  of  the  lung  fragment.  These  peptides  can  include  additional  flanking  sequences  on  either  side  of  the  speci- 
fied  sequence,  and  these  flanking  sequences  can  be  of  indeterminate  length.  Preferably  this  factor  also 
contains  substantially  only  one  peptide. 

The  most  closely  defined  factor  within  this  second  class  comprises  a  substantially  pure  peptide  consisting 
essentially  of  the  amino  acid  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys. 

45  This  is  the  exact  sequence  of  the  lung  fragment  with  no  flanking  sequences. 
All  of  these  factors  are  expected  to  have  SCM  activity  and  are  within  the  scope  of  the  present  invention. 

5.  Cross-Reactivity  of  the  SCM  Factor 

50  The  factor  is  designated  as  a  general  cancer-associated  SCM  factor  because  lymphocytes  isolated  from 
donors  with  all  types  of  cancer  respond  to  the  factor  in  the  SCM  test.  The  type  of  cancer  afflicting  the  donor 
of  the  lymphocytes  need  not  be  the  same  as  the  type  of  cancer  afflicting  the  donor  of  the  body  fluid  from  which 
the  SCM  factor  was  purified.  As  will  be  discussed  below,  purification  of  the  factor  from  blood  plasma  obtained 
from  patients  with  nineteen  different  types  of  cancer  always  resulted  in  a  factor  eluting  in  the  same  position  in 

55  reverse  phase  high-pressure  liquid  chromatography,  strongly  suggesting  that  the  same  molecule  or  a  very  simi- 
lar  molecule  was  isolated  from  all  these  patients.  In  fact,  amino  acid  sequencing  of  a  tryptic  fragment  from  the 
SCM  factors  isolated  from  blood  plasma  of  patients  with  lung  cancer  and  breast  cancer  shows  that  the  first 
thirteen  amino  acids  of  the  fragments  are  identical.  The  only  difference  between  the  two  sequences  is  the  dele- 

10 



EP  0  357  637  B1 

tion  of  a  phenylalanine  residue  present  in  position  14  of  the  lung  fragment  and  the  conservative  substitution 
of  threonine  for  serine  in  the  next  position.  Details  on  the  demonstration  of  the  cross-reactivity  of  the  SCM  factor 
are  given  hereinbelow,  under  "Examples." 

5  6.  Modification  of  the  SCM  Response  by  the  General  Cancer-Associated  SCM  Factor 

The  general  cancer-associated  SCM  factor  has  the  property  of  being  able  to  modify  the  response  of  poten- 
tially  SCM-responding  lymphocytes  obtained  from  donors  free  of  malignancy  when  those  lymphocytes  are  con- 
tacted  with  the  factor.  Before  contact,  the  lymphocytes  respond  only  to  mitogens  in  the  SCM  test  and  do  not 

w  respond  to  cancer-associated  antigens.  However,  after  prolonged  contact  with  the  SCM  factor,  the  SCM  res- 
ponse  of  the  cells  is  modified  to  respond  only  to  cancer-associated  antigens  and  not  to  mitogens.  In  other  words, 
contact  by  such  lymphocytes  with  the  SCM  factor  alters  their  response  in  the  SCM  test  from  the  normal  res- 
ponse  of  lymphocytes  from  donors  free  of  malignancy  to  the  response  seen  with  lymphocytes  from  donors  afflic- 
ted  with  cancer.  Details  on  the  demonstration  of  this  modification  of  the  SCM  response  of  lymphocytes  from 

15  donors  free  of  malignancy  are  given  hereinbelow  under  "Examples." 

7.  Effect  of  General  Cancer-Associated  SCM  Factor  on  Natural  Cytotoxicity  of  Lymphocytes 

The  SCM  factor  has  the  property  of  greatly  decreasing  the  in  vitro  spontaneous  natural  cytotoxicity  of  poten- 
20  tially  SCM-responding  lymphocytes.  On  the  basis  of  this  property  it  is  believed  that  the  general  cancer-asso- 

ciated  SCM  recognition  factor  molecules  are  involved  in  the  defense  of  cancer  cells  against  the  attack  of  killer 
lymphocytes  and  in  this  way  help  the  survival  and  unrestrained  growth  of  cancer  cells.  The  importance  of  the 
normal  functioning  of  the  immune  system  in  controlling  the  growth  of  cancer  cells  is  shown  by  the  frequent 
occurrence  of  unusual  forms  of  cancer  in  patients  undergoing  immune  suppression.  An  important  example  of 

25  this  is  the  occurrence  of  aggressive  forms  of  Kaposi's  sarcoma,  ordinarily  a  rather  slowly-spreading  cancer,  in 
patients  afflicted  with  acquired  immunodeficiency  syndrome  (AIDS). 

Since  the  general  cancer-associated  SCM  factor  modifies  the  SCM  responses  of  lymphocytes  from  healthy 
donors  and  decreases  the  natural  cytotoxicity  of  killer  lymphocytes  toward  myeloid  cells,  it  is  believed  that  treat- 
ment  of  a  body  fluid  containing  the  SCM-recognition  factor  to  reduce  the  in  vivo  effect  of  the  factor  by  selectively 

30  inactivating  it,  followed  by  return  of  the  body  fluid  to  the  patient,  can  be  used  in  management  of  cancer  in  order 
to  increase  the  natural  resistance  to  the  disease.  When  the  body  fluid  is  peripheral  blood,  the  step  of  treating 
the  body  fluid  can  comprise  the  dialysis  of  the  peripheral  blood  to  remove  peptides  with  an  apparent  molecular 
weight  of  less  than  1000  daltons.  Alternatively,  the  step  of  treating  the  body  fluid  can  comprise  neutralizing  the 
factor  with  an  antibody  specific  for  it,  or  with  fragments  of  such  an  antibody,  such  as  Fab  fragments.  Such  Fab 

35  fragments  are  capable  of  univalent  binding  so  that  each  fragment  molecule  only  binds  one  molecule  of  factor. 
This  could  be  preferable  to  the  use  of  intact  antibody  in  some  applications  if  the  formation  of  large  factor-anti- 
body  complexes  is  considered  undesirable.  This  use  of  the  general  cancer-associated  SCM  cancer-recognition 
factor  is  described  more  fully  hereinbelow. 

40  Purification  of  the  SCM  Factor 

The  first  step  in  purification  of  the  SCM  factor  is  obtaining  an  ultrafiltrate  from  a  body  fluid  of  a  donor  afflic- 
ted  with  cancer.  The  body  fluid  can  be  peripheral  blood,  blood  plasma,  or  urine;  if  the  fluid  is  peripheral  blood, 
the  blood  must  be  centrifuged  to  separate  the  red  blood  cells  from  the  plasma.  The  donor  of  the  body  fluid  used 

45  for  isolation  of  the  SCM  factor  can  be  either  autologous  or  allogeneic  with  respect  to  the  lymphocytes  used  for 
the  SCM  test. 

The  ultraf  iltration  process  separates  a  first  fraction  of  the  body  fluid  comprising  molecules  having  an  appa- 
rent  molecular  weight  greater  than  1  000  daltons  from  a  second  fraction  comprising  molecules  having  an  appa- 
rent  molecular  weight  less  than  1000  daltons.  The  general  cancer-associated  SCM  factor  of  the  present 

so  invention  is  found  in  the  second  fraction  of  the  ultrafiltrate.  The  terms  "apparent  molecular  weight"  and  "nominal 
molecular  weight  cutoff  are  used  herein  because  ultrafiltration  is  a  somewhat  imprecise  method  of  separating 
molecules  according  to  molecular  weight  in  this  molecular  weight  range,  and  the  exact  molecular  weight  exc- 
luded  by  a  filter  with  a  nominal  molecular  weight  cutoff  of  1000  daltons  depends  somewhat  on  the  conformation 
of  the  molecule.  Molecules  larger  than  1  000  daltons  in  actual  molecular  weight  can  in  fact  pass  through  a  filter 

55  with  a  nominal  molecular  weight  cutoff  of  1000  daltons  if,  for  example,  the  molecules  are  relatively  long  and 
narrow. 

Preferably,  the  separation  of  the  second  fraction  from  the  first  fraction  is  performed  by  filtration  of  the  body 
fluid  through  an  ultraf  ilter  with  a  nominal  1000-dalton  molecular  weight  cutoff. 
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The  purity  of  a  preparation  of  such  a  factor,  at  the  ultrafiltrate  stage  or  later,  can  be  described  by  its  specific 
activity.  In  this  context,  the  term  "specific  activity"  is  defined  as  the  reciprocal  of  the  quantity  of  protein  required 
to  cause  a  particular  degree  of  decrease,  such  as  20%,  in  the  intracellular  fluorescence  polarization  value  when 
a  particular  fraction  is  used  to  challenge  SCM-responding  lymphocytes  in  the  SCM  test.  The  goal  of  purification 

5  of  the  SCM  factor  is  to  increase  the  specific  activity  of  the  SCM  factor  over  the  specific  activity  found  in  the 
crude  ultrafiltrate.  The  process  of  purification  can  therefore  be  followed  by  determining  the  specific  activity  of 
the  purified  fractions.  Since  the  protein  concentration  in  the  examples  reported  herein  is  only  determined 
approximately  in  terms  of  ultraviolet  absorbance,  preferably  at  220  nm,  and  the  dose-response  curve  for  the 
factor  has  not  yet  been  determined,  the  characterization  of  various  steps  of  the  purification  of  the  SCM  factor 

w  described  herein  in  terms  of  specific  activity  is  only  approximate.  However,  it  is  clear  that  the  protein  concen- 
tration  decreases  markedly  as  the  factor  moves  through  the  various  purification  steps,  while  the  activity  is  rela- 
tively  unaffected,  thereby  resulting  in  an  increase  in  specific  activity  of  the  SCM  factor.  Nevertheless,  the 
ultrafiltrate  can  properly  be  described  as  consisting  essentially  of  substantially  pure  general  cancer-associated 
SCM-recognition  factor,  inasmuch  as  ultrafiltration  through  a  membrane  with  a  nominal  molecular  weight  cutoff 

15  of  1000  will  remove  from  a  biological  fluid  the  overwhelming  majority  of  molecules  with  specific  biological 
activity,  including  all  proteins  and  larger  peptides. 

The  next  stage  in  the  purification  of  the  general  cancer-associated  SCM  factor  is  a  desalting  step  in  which 
the  second  fraction  obtained  from  ultrafiltration  is  loaded  on  a  chromatographic  column  capable  of  separating 
the  salts  therefrom.  The  material  loaded  onto  the  column  is  then  eluted  from  the  column  with  distilled  water, 

20  and  the  portion  eluting  at  an  elution  volume  between  about  0.3  and  about  0.5  times  the  total  chromatographic 
bed  volume,  containing  the  SCM  factor,  is  collected.  Preferably  the  column  used  in  this  step  is  a  gel  filtration 
column  with  a  fractionation  range  of  from  0  to  about  700  daltons,  such  as  Sephadex(TM)  G-10. 

The  next  stage  in  the  purification  is  another  gel  filtration  step,  again  separating  according  to  size.  The  SCM- 
containing  material  obtained  from  the  desalting  step  is  loaded  onto  another  gel  filtration  column,  with  a  frac- 

25  tionation  range  of  from  about  1500  daltons  to  about  30,000  daltons,  such  as  Sephadex(TM)  G-50.  The  material 
loaded  onto  the  column  is  then  eluted  therefrom  with  a  weak  aqueous  solution  of  an  ammonium  salt.  Preferably 
the  ammonium  salt  is  ammonium  bicarbonate,  more  preferably  50  mM  ammonium  bicarbonate.  That  portion 
eluting  at  an  elution  volume  between  about  0.4  times  and  about  0.6  times  the  total  chromatographic  bed  volume 
contains  the  SCM  factor  and  is  collected. 

30  The  next  stage  in  the  purification  is  an  anion-exchange  chromatography  step,  separating  by  charge.  The 
SCM  factor-containing  material  from  the  previous  gel  filtration  step  is  loaded  onto  an  anion-exchange  column, 
preferably  diethylaminoethyl  cellulose  (DEAE  cellulose).  The  material  loaded  onto  the  column  is  then  eluted 
from  the  column  with  an  increasing  concentration  of  an  ammonium  salt.  Preferably  that  ammonium  salt  is 
ammonium  bicarbonate  and  the  increasing  concentration  of  the  ammonium  salt  is  from  10  mM  to  1.0  M 

35  ammonium  bicarbonate.  The  fraction  eluting  from  the  column  at  about  0.28  M  to  about  0.31  M  ammonium  bicar- 
bonate  contains  the  SCM  factor  and  is  collected. 

The  final  stage  of  purification  is  reverse  phase  high  pressure  liquid  chromatography  (RP-HPLC),  which 
separates  by  charge  and/or  hydrophobicity.  Typically,  the  SCM  factor-containing  material  from  the  DEAE-cel- 
lulose  column  eluate  is  loaded  onto  a  Aquapore  RP-300  RP-HPLC  column  with  dimensions  of  220  mm  x  2.1 

40  mm.  Elution  is  then  performed  with  a  combination  of  two  solvents,  initially  90  volume  percent  of  0.1  volume 
percent  aqueous  trif  luoroacetic  acid  (TFA)  and  1  0  volume  percent  of  0.09%  volume  percent  of  TFA  in  aqueous 
70  percent  acetonitrile,  followed  by  a  gradient  with  an  increasing  concentration  of  the  acetonitrile-containing 
solution.  The  SCM  factor  from  all  starting  materials  elutes  as  a  homogeneous  peak  at  a  solvent  composition 
of  26  volume  percent  of  0.1  volume  percent  aqueous  trif  luoroacetic  acid  and  74  volume  percent  of  0.09  volume 

45  percent  aqueous  trif  luoroacetic  acid  in  aqueous  70%  acetonitrile. 
Alternatively,  RP-HPLC  can  be  performed  on  a  Beckman  Ultrasphere  ODS(TM),  reverse  phase  high  press- 

ure  liquid  chromatography  column.  With  this  column,  elution  is  then  performed  with  a  somewhat  different  sol- 
vent  combination,  initially  70  volume  percent  of  0.1  volume  percent  aqueous  trif  luoroacetic  acid  and  30  volume 
percent  of  0.1  volume  percent  aqueous  trif  luoroacetic  acid  in  aqueous  70%  acetonitrile,  followed  by  a  gradient 

so  with  an  increasing  concentration  of  the  acetonitrile-containing  solvent.  The  SCM  factor  always  elutes  as  an 
homogeneous  peak  at  a  solvent  composition  of  43.7  volume  percent  of  0.1%  aqueous  trif  luoroacetic  acid  and 
56.3  volume  percent  of  0.1%  aqueous  trif  luoroacetic  acid  in  aqueous  70%  acetonitrile  when  this  column  and 
this  solvent  system  is  used. 

55 
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Use  of  the  SCM  Factor 

1.  Use  in  the  SCM  Test 

5  The  activity  of  the  SCM  factor  is  confirmed  by  its  effect  on  viable  potentially  SCM-responding  lymphocytes 
in  accordance  with  the  general  test  method  described  in  the  prior  publication  by  L.  Cercekand  B.  Cercek,  "Appli- 
cation  of  the  Phenomenon  of  Changes  in  the  Structured  ness  of  Cytoplasmic  Matrix  (SCM)  in  the  Diagnosis  of 
Malignant  Disorders:  a  Review,"  Europ.  J.  Cancer  13,  903-915  (1977).  The  general  cance-associated  SCM- 
recognition  factor  of  the  present  invention  produces  a  significant  decrease  in  the  intracellular  fluorescence  pol- 

io  arization  value  of  potentially  SCM-responding  lymphocytes  from  donors  afflicted  with  cancer  when  used  to 
challenge  such  lymphocytes  in  the  SCM  test  performed  as  described  in  that  article.  The  degree  of  decrease 
of  the  intracellular  fluorescence  polarization  value  of  such  challenged  lymphocytes  is  substantial-at  least  20% 
even  if  ultrafiltrate  is  used  to  challenge  such  lymphocytes,  and  more  than  50%  if  the  most  purified  HPLC  fraction 
is  used. 

15 
a.  Procedures  for  Carrying  Out  the  SCM  Test 

Two  previously  established  procedures  are  important  for  the  proper  performance  of  the  SCM  test  as  repor- 
ted  herein.  These  procedures  are  the  isolation  of  potentially  SCM-responding  lymphocytes  and  the  technique 

20  of  measuring  the  fluorescence  polarization  values  themselves,  and  their  conversion  into  numbers  meaningful 
for  the  SCM  test.  These  procedures  are  summarized  in  the  following  discussion. 

(1)  Isolation  of  Potentially  SCM-Responding  Lymphocytes 

25  The  isolation  of  potentially  SCM-responding  lymphocytes  is  described  in  the  European  Journal  of  Cancer 
review  article,  supra,  and  also  in  a  prior  patent  application  by  B.  Cercek  &  L.  Cercek,  Serial  No.  838,264,  filed 
March  10,1  986,  entitled  "Automated  Collection  of  Buoyant  Density  Specific  Cells  from  Density  Gradients,"  and 
incorporated  herein  by  this  reference.  The  separation  of  these  lymphocytes  from  the  general  lymphocyte  popu- 
lation  is  important  for  the  proper  performance  of  the  SCM  test,  because  only  a  relatively  small  fraction  of  lym- 

30  phocytes,  approximately  20  to  25  percent,  is  capable  of  responding  in  the  SCM  test.  Therefore,  to  perform  the 
test  on  unfractionated  lymphocytes  results  in  a  much  smaller  observed  decrease  In  the  intracellular  polarization 
value  even  when  the  lymphocytes  actually  capable  of  responding  in  the  SCM  test  fully  responded. 

For  the  isolation  of  potentially  SCM-responding  lymphocytes,  a  sample  of  peripheral  blood  is  drawn  from 
a  donor  and  collected  in  a  heparinized  tube.  After  collection  the  peripheral  blood  is  treated  with  iron  powder  or 

35  carbonyl-iron  powder  and  the  tubes  containing  the  blood-iron  powder  mixture  are  placed  on  a  magnet  to  effect 
separation  of  the  phagocytic  cells  along  with  the  iron  powder  from  the  blood  sample.  A  portion  of  the  blood 
sample  is  then  transferred  to  a  Ficoll  (TM)-Triosil(TM)  density  gradient  solution  and  centrifuged  to  effect  separation 
of  the  potentially  SCM-responding  lymphocytes  based  on  density  differences.  This  method  of  separation  uses 
a  density  gradient  solution  having  a  density  of  1  .081  g/cm3  at  25°  C  and  an  osmolality  of  0.320  Osm/kg.  Cen- 

40  trifugation  is  carried  out  at  550  x  a  for  20  min.  at  a  temperature  of  25°  C.  The  potentially  SCM-responding  lym- 
phocytes  are  recovered  using  a  Pasteur  pipette  to  remove  the  cell  layer  separated  above  the  density  gradient 
material.  Care  must  be  taken  to  avoid,  as  much  as  possible,  the  removal  of  the  density  gradient  material  as 
this  material  includes  various  heavier  plasma  and  cell  components  which  interfere  with  the  test  results.  Removal 
of  the  lighter  plasma  materials  should  also  be  avoided  as  much  as  possible  to  eliminate  the  introduction  of  any 

45  contaminants  or  SCM-nonresponding  cells  into  the  test  samples. 
Following  separation,  the  potentially  SCM-responding  lymphocytes  are  subjected  to  several  washing  steps, 

first  in  0.9%  preservative-free  sodium  chloride  solution,  then  in  complete  Dulbecco's  phosphate  buffered  saline 
(PBS)  and  held  at  37°  C  for  subsequent  use  in  the  SCM  test  procedure. 

so  (2)  Measurement  of  SCM  Values 

The  method  for  measuring  the  fluorescence  polarization  values  of  SCM-responding  lymphocytes  in  the 
SCM  test  has  been  described  in  the  European  Journal  of  Cancer  review  article,  supra,  as  well  as  in  a  prior 
patent  application  by  B.  Cercek  &  L.  Cercek,  Serial  No.  867,079,  filed  May  27,  1986,  entitled  "Method  for 

55  Measuring  Polarized  Fluorescence  Emissions,"  incorporated  herein  by  this  reference.  As  described  in  these 
references,  SCM-responding  lymphocytes  previously  separated  from  the  test  subject's  peripheral  blood  are 
incubated  in  sterile  glass  tubes  at  37°  C  with  a  known  concentration  of  either  a  mitogen  such  as 
phytohaemagglutinin  or  a  cancer-associated  antigen  such  as  the  general  cancer-associated  SCM-recognition 
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factor  which  is  the  subject  of  the  present  invention.  Other  mitogens  than  phytohaemagglutinin  (PHA),  such  as 
concanavalin  Aand  pokeweed  mitogen,  have  been  used,  but  PHA  is  preferred  for  the  SCM  test.  This  incubation 
is  initiated  by  adding  0.1  ml  of  the  appropriately  diluted  mitogen  or  antigen  to  1  ml  of  the  cell  suspension  at  6 
x  106  cells/ml.  The  incubation  is  then  allowed  to  proceed  for  30-60  min. 

5  The  incubated  lymphocytes  are  then  admixed  in  suspension  with  a  suitable  nonf  luorogenic  compound  hyd- 
rolyzable  intracellularly  to  a  fluorogenic  compound,  referred  to  hereinafter  as  a  fluorogenic  agent  precursor, 
such  as  fluorescein  diacetate  (FDA).  The  fluorescein  diacetate  is  used  at  a  final  concentration  of  2.5  mM  in 
complete  PBS  at  pH  7.4  and  osmolality  of  0.330  Osm/kg  and  is  diluted  from  a  concentrated  stock  solution  prep- 
ared  in  acetone  or  glacial  acetic  acid.  Aliquots  of  0.2  ml  of  control  or  stimulated  lymphocyte  suspensions  are 

w  slowly  injected  with  a  syringe  into  a  beaker  containing  3  ml  of  the  FDA  substrate  solution. 
The  cells  are  exposed  to  the  FDA  for  sufficient  time  (about  5  minutes)  to  allow  for  the  penetration  of  the 

FDA  substrate  solution  into  the  lymphocytes.  Inside  the  cells,  the  nonfluorogenic  fluorescein  diacetate 
molecules  are  converted  to  fluorescein  molecules  by  enzymatic  hydrolysis. 

The  fluor-containing  lymphocytes  are  isotropic  in  their  response  to  polarized  light  since  the  polarization  of 
15  the  emitted  fluorescence  relative  to  that  of  the  exciting  light  does  not  depend  on  the  orientation  of  the  plane- 

polarized  light  used  to  excite  the  lymphocytes.  However,  the  conventional  fluorescence  polarization  measuring 
apparatus  used  herein  for  these  measurements  uses  vertically  polarized  exciting  light  to  excite  the  lympho- 
cytes,  so  the  measurement  process  is  described  in  terms  of  vertically  polarized  exciting  light. 

When  exposed  to  excitation  energy  in  the  form  of  vertically  polarized  light,  the  fluorescein  molecules  emit 
20  fluorescence.  The  relationship  between  the  vertically  polarized  and  horizontally  polarized  emissions  is 

measured.  This  can  be  done  by  measuring  the  polarized  fluorescence  intensities  in  both  the  vertical  and  hori- 
zontal  planes  and  determining  a  polarization  value  (P  value)  in  accordance  with  the  following  relationship: 

p  =  ly-GIH 
lv  +  GIH 

25  here  lv  and  lH,  are  polarized  fluorescence  intensities  in  the  vertical  and  horizontal  planes,  respectively,  and  G 
is  a  correction  factor  for  the  unequal  transmission  of  the  horizontal  and  vertical  components  of  the  polarized 
light  through  the  optical  system  of  the  particular  equipment  used.  The  value  of  G  is  determined  by  dividing  the 
intensity  of  the  horizontally  polarized  light  by  the  intensity  of  the  vertically  polarized  light  emitted  from  a  10"7 
M  solution  of  fluorescein  in  PBS  excited  with  horizontally  polarized  light  of  the  same  wavelength  as  used  for 

so  the  SCM  measurements.  For  the  measurements  reported  herein,  G  =  0.42. 
The  P  value  of  stimulated  lymphocytes,  that  is  those  lymphocytes  that  have  been  exposed  to  the  general 

SCM-associated  cancer  recognition  factor  of  the  present  invention,  is  compared  with  the  P  value  of  a  control 
suspension  of  unstimulated  lymphocytes  from  the  same  donor  and  the  percent  decrease  in  P  value  of  the  stimu- 
lated  lymphocytes  as  compared  to  the  P  value  of  the  control  lymphocytes  is  an  indication  of  the  SCM-response 

35  to  the  cancer  antigen. 
Although  the  SCM  response  can  be  observed  through  some  range  of  excitation  and  emission  wavelengths, 

when  using  FDA  as  the  fluorogenic  agent  precursor,  it  is  strongly  preferred  to  use  an  excitation  wavelength  of 
470  nm  and  an  emission  wavelength  of  510  nm.  All  results  hereinafter  described  were  obtained  using  those 
wavelengths.  However,  good  results  have  also  been  achieved  using  an  excitation  wavelength  of  442  nm  and 

40  an  emission  wavelength  of  527  nm. 
The  spectrophotometer  utilized  for  SCM  fluorescence  measurements  should  be  one  of  high  sensitivity  and 

stability  and  should  be  able  to  compensate  for  fluctuations  in  the  intensity  of  the  exciting  light  since  the  intensity 
of  the  polarized  fluorescence  emissions  is  recorded  as  a  function  of  time  and  since  the  bulk  concentration  of 
fluorescein  in  the  SCM  measurements  is  only  of  the  order  of  10"8M  to  10"9M.  Also,  broad  band  filter  instruments 

45  are  not  suited  for  use  for  SCM  measurements  since  SCM  responses  can  be  detected  only  within  a  narrow 
wavelength  region.  The  maximum  spectral  slit  width  of  the  excitation  monochromator  should  be  20  nm  and  the 
maximum  spectral  slit  width  of  the  emission  monochromator  should  be  10  nm  when  the  excitation  monochroma- 
tor  is  set  at  470  nm  and  the  emission  monochromator  at  51  0  nm.  The  spectrophotometer  should  also  be  fitted 
with  a  thermostatically  controlled  cuvette  holder  since  the  polarized  fluorescent  emissions  are  highly  tempera- 

so  ture  dependent.  The  spectrophotometer  should  also  be  provided  with  means  for  measuring  both  the  horizontal 
and  vertical  polarized  components  of  the  fluorescent  emissions. 

In  the  examples  hereinafter  set  forth  we  used  a  Perkin-Elmer  MPF-4  spectrophotometer  which  was  equip- 
ped  with  a  thermostatically  controlled  cuvette  holder.  All  measurements  were  carried  out  at  27°  C.  The  light 
source  was  a  xenon  lamp. 

55  in  measuring  the  fluorescence  polarization,  the  intensities  of  the  emissions  parallel  to  and  perpendicular 
to  the  vertical  exciting  light  beam  are  recorded  alternately  with  an  automatic  polarizer  changer  for  about  6 
minutes  or  until  the  intensity  of  the  emission  perpendicular  to  the  vertically  exciting  light  beam  reaches  80-90% 
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of  the  full  scale  deflection  of  the  recorder. 
It  is  necessary  to  correct  these  readings  for  any  leakage  of  fluorescein  from  the  cells  and  for  any  back- 

ground  of  fluorescence  in  the  substrate  solution.  To  perform  this  correction,  the  cells  are  filtered  away  from 
the  solution  on  a  nitrocellulose  filter  of  0.22  um  pore  size  mounted  in  an  appropriate  filter  head.  Using  the  same 

5  fluorescence  polarization  measurement  apparatus,  the  fluorescence  intensities  parallel  to  and  perpendicular 
to  the  exciting  light  are  obtained.  The  corrected  fluorescein  intensities  for  the  cells  are  then  obtained  by  sub- 
tracting  the  values  obtained  from  the  filtrate  from  the  total  fluorescence  intensities  extrapolated  to  the  half  time 
of  filtration.  This  extrapolation  is  necessary  because  the  background  increases  during  the  incubation  because 
of  the  leakage  of  fluorescein  from  cells  and  spontaneous  hydrolysis  of  FDA. 

w  Alternatively,  the  method  of  compensating  for  background  fluorescence  described  in  the  prior  patent  appli- 
cation  by  the  Cerceks,  Serial  No.  867,079,  filed  May  27,  1986,  entitled  "Method  for  Measuring  Polarized 
Fluorescence  Emissions,"  and  incorporated  herein  by  reference,  can  be  used.  Briefly,  this  method  eliminates 
the  need  to  filter  each  sample  by  measuring  the  horizontally  and  vertically  polarized  fluorescence  emissions 
at  more  than  one  wavelength  and  calculating  the  intracellular  fluorescence  emissions  therefrom. 

15  An  SCM  test  performed  according  to  the  protocol  described  hereinabove,  using  1.0  ml  of  a  lymphocyte 
suspension  at  6  x  106  cells/ml  and  0.1  ml  of  the  mitogen  or  antigen,  with  FDA  as  the  fluorogenic  agent  precursor 
and  using  an  excitation  wavelength  of  470  nm  and  an  emission  wavelength  of  510  nm,  is  referred  to  herein  as 
a  "standard  SCM  test." 

20  b.  Use  of  the  General  Cancer-Associated  SCM  Factor  as  a  challenging  Agent  in  the  SCM  Test 

The  general  cancer-associated  SCM  factor  whose  purification  is  herein  described  can  be  used  as  an  effec- 
tive  challenging  agent  in  the  SCM  test  for  the  detection  of  cancer.  Thus  cells  from  donors  not  afflicted  with  can- 
cer  exhibit  no  significant  change  in  SCM  response  when  stimulated  by  cancer  antigens  used  as  challenging 

25  agents  in  the  SCM  test,  while  cells  from  donors  afflicted  with  cancer  exhibit  a  significant  change  in  SCM  res- 
ponse.  This  change  is  seen  as  a  decrease  of  the  P  value  when  cells  from  donors  afflicted  with  cancer  are  stimu- 
lated  with  cancer-associated  antigens.  As  described,  the  SCM  factor  is  nonspecific  with  respect  to  the  type  of 
cancer  detected;  the  lymphocytes  challenged  with  the  SCM  factor  in  the  SCM  test  need  not  have  come  from 
a  donor  with  the  same  type  of  cancer  as  the  donor  of  the  body  fluid  from  which  the  SCM  factor  came. 

30  When  used  as  a  challenging  agent  in  the  SCM  test,  the  SCM  factor  produces  a  decrease  of  P  value  of  at 
least  ten  percent,  and  can  produce  a  decrease  of  P  value  of  as  much  as  44.6%.  If  Ps  is  the  P  value  for  an  aliquot 
of  the  challenged  lymphocytes,  and  Pc  is  the  P  value  for  an  aliquot  of  the  lymphocytes  not  challenged  with  SCM 
factor,  a  ratio  of  Ps  to  Pc  of  less  than  about  0.9  is  an  indication  of  the  presence  of  malignancy  in  the  body  of 
the  donor  of  the  challenged  lymphocytes. 

35  A  preferred  method  of  using  the  SCM  factor  as  a  challenging  agent  in  the  SCM  test  comprises  comparing 
Ps  to  the  fluorescence  polarization  value,  PM,  of  another  aliquot  of  the  lymphocytes  contacted  with  a  mitogen, 
to  determine  an  SCM  response  ratio,  RRScm.  where: 

RRscm  =  Ps  /Pm- 
An  RRscm  of  less  than  about  0.9  indicates  the  presence  of  a  malignancy  in  the  donor  of  the  lymphocytes. 

40 
2.  Use  in  the  Management  of  Cancer 

Since  it  is  believed  that  the  general  cancer-associated  SCM-recognition  factor  is  involved  in  the  defense 
of  cancer  cells  against  the  in  vivo  attack  of  killer  lymphocytes,  it  follows  that  measures  that  selectively  decrease 

45  the  in  vivo  activity  of  the  SCM  factor  can  be  useful  in  the  management  of  cancer  by  increasing  the  susceptibility 
of  cancer  cells  to  attack  by  killer  lymphocytes.  By  "in  vivo  activity"  is  meant  the  ability  of  the  SCM-recognition 
factor  to  decrease  the  cytotoxicity  of  killer  lymphocytes  toward  malignant  cells. 

As  a  first  step  to  such  methods,  once  lymphocytes  from  a  known  or  suspected  cancer  patient  have  been 
shown  to  give  a  positive  response  in  the  SCM  test  with  the  general  cancer-associated  SCM-recognition  factor 

so  as  the  challenging  agent,  a  sample  of  a  body  fluid  can  be  taken  from  the  patient,  passed  through  a  filter  with 
a  nominal  molecular  weight  cutoff  of  1000  daltons,  and  the  fraction  passing  through  the  filter  collected  and  used 
to  challenge  lymphocytes  from  the  same  patient  in  the  SCM  test  to  confirm  the  presence  of  cancer-associated 
SCM-recognition  factor  in  the  fraction.  It  need  not  always  be  necessary  to  perform  this  test,  particularly  if  other 
clinical  indicators  indicate  the  presence  of  cancer. 

55  Once  the  presence  of  SCM  factor  in  a  body  fluid  of  a  cancer  patient  is  shown  or  inferred,  the  body  fluid 
can  be  treated  by  one  of  several  methods  to  reduce  the  in  vivo  effect  of  the  factor  by  selectively  inactivating 
it,  and  the  body  fluid  can  then  be  returned  to  the  patient,  thereby  enhancing  the  resistance  of  the  patient  to  the 
malignancy.  Since  the  general  cancer-associated  SCM  factor  causes  a  response  in  the  SCM  test  regardless 

15 



EP  0  357  637  B1 

of  the  type  of  cancer  afflicting  the  patient,  it  follows  that  reducing  the  in  vivo  effect  of  the  SCM  factor  can  enh- 
ance  the  resistance  of  the  patient  not  only  to  the  particular  type  of  cancer  originally  diagnosed,  but  also  to  any 
other  type  of  malignancy  which  might  subsequently  develop.  This  can  prove  significant  when  treating  patients 
with  drugs  that  have  an  immunosuppressant  effect,  or  patients  with  an  already  compromised  immune  system 

5  due  to  conditions  such  as  AIDS. 
When  the  body  fluid  is  peripheral  blood,  one  method  of  reducing  the  in  vivo  activity  of  the  SCM  factor  is 

to  physically  remove  it  by  dialysis  of  the  peripheral  blood  to  remove  peptides  with  an  apparent  molecular  weight 
of  1000  daltons  or  less,  since  the  factor  will  pass  through  ultraf  ilters  with  a  nominal  molecular  weight  cutoff  of 
1000  daltons. 

w  Another  method  of  reducing  the  in  vivo  activity  of  the  SCM  factor  in  a  body  fluid  is  to  neutralize  it  or  inactivate 
it  with  antibody  specific  for  the  factor.  The  SCM  factor  can  be  covalently  coupled  to  a  larger  carrier  molecule 
such  as  polylysine,  and  antibodies  prepared  to  the  conjugate,  the  SCM  factor  acting  as  a  hapten.  Once  such 
antibodies  are  prepared,  conventional  methods  can  be  used  to  isolate  antibody-forming  cells  and  produce 
monoclonal  antibodies  using  cell  fusion  with  hybridomas.  Once  antibody,  whether  polyclonal  or  monoclonal,  is 

15  formed,  it  can  be  used  to  neutralize  the  SCM  factor. 
Alternatively,  once  the  antibody  is  formed,  it  can  be  cleaved  into  univalent  Fab  fragments  with  the  proteoly- 

tic  enzyme  papain.  Each  fragment  molecule  produced  by  such  cleavage  can  bind  only  one  molecule  of  the  fac- 
tor,  in  contrast  to  intact  antibody,  which  has  sites  for  binding  two  separate  molecules  of  factor.  Use  of  the 
fragments  can  be  preferable  to  use  of  intact  antibody  in  some  applications  if  the  formation  of  large  factor-anti- 

20  body  complexes  is  considered  undesirable.  The  presence  of  such  large  antigen-antibody  complexes  in  the 
peripheral  blood  can  possibly  cause  serum  sickness  and  other  allergic  reactions. 

3.  Additional  Uses  of  Antibodies  to  the  SCM  Factor 

25  An  additional  method  of  using  antibodies  produced  to  the  SCM  factor  in  the  management  of  cancer  is  the 
tagging  of  the  antibody  with  a  substance  with  anti-cancer  activity,  in  order  to  direct  the  anti-cancer  substance 
to  the  site  of  the  cancer  and  thereby  raise  the  effective  concentration  of  the  anti-cancer  substance  at  the  site 
of  the  cancer.  This  procedure  can  be  especially  advantageous  when  the  anti-cancer  substance  is  one  that  pro- 
duces  side  effects  when  given  in  larger  doses. 

30  The  anti-SCM  antibody  can  also  be  used  to  determine  the  levels  of  the  SCM  factor  in  peripheral  blood  or 
other  bodily  fluids  by  techniques  such  as  radioimmunoassays,  fluorescence  immunoassays,  or  enzyme-linked 
immunosorbent  assays,  or  by  precipitation  assay  techniques  such  as  nephelometry  or  turbidimetry,  assuming 
that  the  SCM  factor  is  not  a  univalent  antigen.  Assuming  that  the  SCM  factor  is  physically  associated  in  some 
way  with  tumor  cells,  antibodies  labeled  with  imaging  substances  such  as  fluorescent  dyes  or  radioactive  iso- 

35  topes  can  also  be  used  to  image  cancer  cells  so  that  cancer  cells  could  be  detected  in  biopsies.  Also,  fluores- 
cent-labeled  antibody  can  be  used  for  automated  detection  of  cancer  cells  by  flow  cytometry. 

EXAMPLES 

40  The  following  examples  illustrate  the  SCM  factor,  its  isolation  and  purification,  and  its  method  of  use.  It  will 
be  understood,  however,  that  the  following  examples  are  by  way  of  illustration  only  and  not  by  limitation. 

Example  1-lnitial  Purification  of  the  General  Cancer-Associated  SCM  Factor 

45  Blood  samples  from  patients  positively  diagnosed  as  having  active  cancer,  such  as  cancer  of  the  breast, 
lung,  colon,  ovary,  cervix,  uterus,  larynx,  or  skin  (basal  cell  carcinoma  and  malignant  melanoma)  were  collected 
into  heparinized  vials  such  as  Vacutainer(TM),  tubes.  Twenty-milliliter  portions  of  the  blood  samples  were  cen- 
trifuged  at  about  1  200  x  gfor  approximately  40  min.  The  plasma  above  the  sedimented  blood  cells  was  collected 
and  filtered  by  pressure  through  a  porous  membrane  filter  such  as  an  Amicon(TM),  UM2  or  YM2  filter,  with  a 

so  1000-dalton  molecular  weight  cutoff.  These  ultraf  iltrates  were  lyophilized  or  stored  at  4°  until  further  purifi- 
cation. 

Example  2-Tests  of  Initially  Purified  SCM  Factor 

55  Aliquotsof  the  ultraf  iltrate  from  each  sample  of  Example  1  were  incubated  with  potentially  SCM-responding 
lymphocytes  obtained  from  the  same  donors  and  the  lymphocytes  checked  for  their  SCM  response  in  accord- 
ance  with  the  SCM  test  procedure  described  above.  In  every  case  the  ultrafiltrate  caused  the  SCM-responding 
lymphocytes  to  respond  characteristically  with  a  decrease  in  P  value,  as  they  would  have  if  they  had  been  con- 
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tacted  with  the  cancerous  tissue  itself  or  with  extracts  of  cancerous  tissue  (Table  2). 

10 

15 

20 

25 

TABLE  2 

SCM  ACTIVITY  OF  ULTRAF  I  LTRATES  OF  EXAMPLE  1 

D i a g n o s i s   of  D iagnos i s   of  SCM  R e s p o n s e :  
Lymphocyte  Donor  SCM  Fac tor   Donor  P  Value  as  % 

of  C o n t r o l  

Mal ignan t   Melanoma  Mal ignant   Melanoma  7 5 . 7  

Mal ignant   Melanoma  Basal  Cell  Ca rc inoma-Sk in   8 2 . 0  

Ca-Larynx  Ca-Larynx  6  2 . 9  

Ca -Breas t   Ca-Breas t   7 6 . o  

30 

The  data  of  Table  2  show  that  even  when  present  in  the  crude  ultrafiltrate,  the  SCM  factor  caused  a  dec- 
rease  in  the  P  value  of  the  SCM-responding  lymphocytes  from  donors  afflicted  with  cancer  at  least  equivalent 

35  to  the  decrease  of  the  P  values  observed  when  lymphocytes  are  stimulated  by  crude  extracts  of  cancerous 
tissues  or  cancerous  tissues  themselves.  The  decrease  in  P  value  on  stimulation  by  the  ultraf  iltrates  was  at 
least  10%,  which  is  characteristic  of  such  a  positive  SCM  response.  However,  the  SCM  factor  did  not  pass 
through  the  Amicon(TM)  UM05  filter  with  a  nominal  500-dalton  molecular  weight  cutoff.  These  data  confirm  the 
small  size  of  the  factor  while  indicating  that  the  activity  is  larger  than  a  small  molecule  such  as  a  single  amino 

40  acid. 

Example  3-Further  Purification  of  the  SCM  Factor 

The  lyophilized  powder  from  the  samples  of  Example  1  was  dissolved  in  2  ml  of  sterile  preservative-free 
45  water  for  injections.  At  this  stage,  the  SCM  activity  of  the  preparations  was  ascertained,  and  active  samples 

from  donors  with  the  same  type  and  site  of  cancer  were  pooled.  The  pooled  samples  were  desalted  on  an  0.9 
x  18  cm  column  of  Sephadex(TM)  G-10,  which  has  a  fractionation  range  of  from  0  to  700  daltons.  The  sample 
volume  per  column  chromatographic  run  did  not  exceed  25%  of  the  column  volume.  Elution  was  carried  out 
with  double  distilled  water  at  the  linear  elution  speed  of  8  to  9  cm/hr.  The  desalting  was  carried  out  at  room 

50  temperature  (21  °-23°  C).  One-ml  fractions  eluting  at  between  0.3  and  0.5  times  the  total  chromatographic  bed 
volume  were  collected  and  the  optical  densities  of  the  fractions  determined.  The  SCM  activity  was  contained 
within  the  first  elution  peak.  The  presence  of  SCM  activity  in  that  peak  was  confirmed  by  an  SCM  test.  An  aliquot 
of  the  first  elution  peak,  prepared  from  an  ultrafiltrate  originally  derived  from  plasma  of  a  patient  with  breast 
cancer  reduced  the  P  value  of  lymphocytes  from  a  patient  with  breast  cancer  to  86.3%  of  the  control  value  in 

55  the  SCM  test,  indicating  the  presence  of  SCM  activity.  These  fractions  were  collected  and  lyophilized. 
The  eluate  was  further  purified  by  n  fractionation  on  a  Sephadex(TM)  G-50  gel  filtration  column,  which  has 

a  fractionation  range  of  from  1500  to  30,000  daltons.  The  lyophilized  desalted  samples  were  dissolved  in  50 
mM  NH4  HC03,  loaded  at  no  more  than  5%  of  the  column  volume  on  a  0.9  x  18  cm  Sephadex  G-50  column  at 
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the  linear  elution  speed  of  3  cm/hr.  The  elution  was  carried  out  at  room  temperature,  and  one-milliliter  fractions 
eluting  from  the  column  at  between  0.4  and  0.6  times  the  total  chromatographic  bed  volume  were  collected. 
These  fractions  were  tested  for  SCM  activity.  Results  of  these  tests  are  given  below  in  Example  4.  The  SCM- 
active  fractions  were  contained  within  the  first  elution  peak  as  determined  by  optical  densities  of  the  one-mil- 

5  liliter  fractions  after  testing  of  the  fractions  in  the  SCM  test. 
Once  the  fractions  were  tested  for  SCM  activity,  the  active  fractions  from  the  same  cancer  types  were 

pooled  and  lyophilized. 
For  further  purification  the  lyophilized  samples  were  dissolved  in  10  mM  NH4HC03  and  loaded  at  no  more 

than  4%  of  the  column  volume  on  an  0.8  x  26  cm  column  of  Whatman  DE-52  microgranular  DEAE-cellulose. 
w  The  column  was  washed  with  10  ml  of  10  mM  aqueous  NH4HC03  increasing  by  0.108%  per  minute  from  10 

mM  to  1  M  NH4HCO3.  One-milliliter  fractions  were  collected  and  the  optical  absorption  at  220  nm  was  deter- 
mined  for  each  fraction.  Based  on  the  optical  absorbance,  active  fractions  eluting  from  the  column  at  between 
4.5  and  4.7  times  the  total  chromatographic  bed  volume  were  pooled  and  lyophilized  for  testing  and  further 
purification.  Results  from  SCM  testing  of  the  active  fractions  are  given  in  Example  4. 

15 
Example  4-SCM  Tests  of  Further  Purified  Preparations 

Table  3  shows  the  results  when  aliquots  of  the  Sephadex  G-50  fractions  from  Example  3  originally  from 
donors  with  various  types  of  cancer  were  used  to  challenge  lymphocytes  from  donors,  also  with  various  types 

20  of  cancer,  in  the  SCM  test.  It  can  be  seen  that  potentially  SCM-responding  lymphocytes  have  the  same  charac- 
teristic  response  to  the  G-50  fractions  as  they  did  to  the  previously  characterized  cancer-associated  antigens. 
This  desalted  partially  purified  proteinaceous  material  exhibits  a  generally  increased  SCM  response  as  com- 
pared  to  the  crude  ultrafiltrate  for  which  the  results  were  shown  in  Table  2.  This  increased  SCM  response  is 
shown  by  decreased  P  values. 
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TABLE  3 

SCM  ACTIVITY  OF  SEPHADEX  G-50  FRACTIONS 
OF  EXAMPLE  3 

D i a g n o s i s   o f  
Lymphocyte  Donor  

D i a g n o s i s   o f  
SCM  F a c t o r   Donor  

SCM  Response  : 
P  Value  as  % 
of  C o n t r o l  

Ca-Lung  

Ca-Lung  

Ca-Lung  

C a - L a r y n x  

C a - B r e a s t  

C a - C o l o n  

C a - L a r y n x  

M a l i g n a n t   Melanoma 

Hea l t hy   Donor  

Hea l thy   Donor  

C o l i t i s  

C a - B r e a s t  

C a - C e r v i x  

C a - B r o n c h u s  

C a - B r o n c h u s  

C a - B r o n c h u s  

C a - B r e a s t  

C a - B r e a s t  

M a l i g n a n t   Melanoma 

M a l i g n a n t   Melanoma 

C a - C o l o n  

C a - C o l o n  

73  .0 

69  .  6 

73  .  6 

77  .  6 

80  .  2 

63  .  5 

63  .0 

74  .  9 

99  .  3 

9 8 . 0  

98  .  9 

Table  4  shows  the  results  when  SCM  factor  obtained  from  donors  with  various  types  of  malignancies  after 
purification  through  the  DEAE-cellulose  stage  was  used  to  challenge  lymphocytes  isolated  either  from  donors 
with  various  types  of  malignancies  or  from  donors  free  of  malignancy  in  the  SCM  test.  As  expected,  the  lym- 
phocytes  from  cancer  patients  responded  to  the  SCM  factors  purified  from  the  DEAE-cellulose  columns  with 
a  considerable  decrease  in  P  value,  while  lymphocytes  from  donors  free  of  malignant  disease  showed  no  such 
decrease  in  P  value. 

19 



EP  0  357  637  B1 

TABLE  4 

SCM  ACTIVITY  OF  DEAE-CELLULOSE  FRACTIONS 
OF  EXAMPLE  3 

D i a g n o s i s   o f  
Lymphocyte  Donor  

D i a g n o s i s   o f  
SCM  F a c t o r   Donor  

SCM  Response   : 
P  Value  as  % 
of  C o n t r o l  

C a - B r e a s t  C a - B r e a s t  69  .  2 

C a - B r e a s t  C a - B r o n c h u s  69  .  5 

C a - B r e a s t  C a - C e r v i x  69  .  0 

Basal   Cel l   C a r c i n o m a -  
S k i n  

Basal   Cell   C a r c i n o m a - S k i n  8 2 . 0  

H e a l t h y   Donor  

C h o l e c y s t i t i s  

C a - C o l o n  

M a l i g n a n t   Melanoma 

9 8 . 6  

100  .  0 

U r e t h r i t i s  C a - C e r v i x  9 9 . 8  

A p p e n d i c i t i s  C a - C o l o n  9 8 . 0  

Benign  B r e a s t   Growth  C a - B r e a s t  97  .  8 

Benign  P i t u i t a r y  
Adenoma 

C a - B r a i n  1 0 0 . 0  

Example  5-Final  Purification  of  SCM  Factor  by  RP-HPLC 

The  DE-52  general  cancer-associated  SCM-active  fractions  of  Example  4  were  then  reconstituted  and  puri- 
fied  to  homogeneity  by  reverse  phase  high  pressure  liquid  chromatography  (RP-HPLC)  using  a  2.1  mm  x  22 
cm  HPLC  column.  The  column  was  packed  with  Aquapore  RP-300(TM)  (7  microns).  The  mobile  phases  used  in 
the  RP-HPLC  purification  step  were  as  follows: 

Phase  A:  0.1  volume  percent  aqueous  trifluoroacetic  acid  (TFA). 
Phase  B:  0.09  volume  percent  aqueous  TFA  in  aqueous  70%  acetonitrile. 

Lyophilized  DE-52  SCM-active  fractions  were  reconstituted  with  sterile  water  for  injections  (without  preserva- 
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tives)  and  250  microliter  aliquots  were  injected  into  the  RP-HPLC  column.  The  mobile  phase  flow  rate  was  50 
microliters  per  minute  and  its  composition  profile  was  10  minutes  of  90  volume  percent  of  Phase  A,  10  volume 
percent  of  Phase  B,  followed  by  30  minutes  of  linear  increase  of  Phase  B  at  the  rate  of  3  volume  percent  per 
minute.  The  optical  density  peaks  detected  by  optical  absorbance  at  220  nm  were  hand-collected  via  a  "nanob- 
ore"  teflon  tubing  into  1  .5  ml  plastic  conical  Eppendorf  centrifuge  tubes  and  the  solvent  was  evaporated  in  a 
vacuum  centrifuge.  In  all  cases,  the  general  cancer-associated  SCM-recognition  factor  eluted  from  the  column 
at  74  volume  percent  of  Phase  B. 

Example  6-Alternative  RP-HPLC  Purification  of  SCM  Factor 

Alternatively,  the  SCM  factor  can  be  purified  by  performing  HPLC  using  a  4.6  mm  x  25  cm  HPLC  column 
packed  with  Ultrasphere  ODS(TM)  (5  microns)  distributed  by  Beckman  Instruments,  Inc.  with  the  DEAE-52  SCM- 
active  fractions  of  Example  4.  The  mobile  phases  used  with  this  column  were  as  follows: 

Phase  A:  0.1  volume  percent  aqueous  trifluoroacetic  acid  (TFA). 
Phase  B:  0.1  volume  percent  TFA  in  aqueous  70%  acetonitrile. 

The  same  general  procedure  was  followed  with  this  column  as  for  the  Aquapore  column,  except  that  the  mobile 
phase  flow  rate  was  1  .00  ml  per  minute  and  its  composition  profile  was  5  minutes  of  70  volume  percent  of  Phase 
A,  30  volume  percent  of  Phase  B,  followed  by  20  minutes  of  linear  increase  of  Phase  B  at  the  rate  of  3.5  volume 
percent  per  minute.  The  optical  density  peaks  were  detected  at  220  nm  and  were  hand-collected  into  siliconized 
glass  test  tubes  and  the  solvent  was  evaporated  in  a  vacuum  centrifuge.  When  this  HPLC  system  was  used, 
in  all  cases  the  purification  of  general  cancer-associated  SCM-recognition  factor  from  nineteen  different  cancer 
types,  including  squamous  cell  carcinoma  of  the  cervix,  adenocarcinoma  of  the  breast,  adenocarcinoma  of  the 
bronchus,  and  malignant  melanoma,  always  yielded  a  single  optical  density  peak  of  activity,  eluting  at  56.3 
volume  percent  of  Phase  B. 

Example  7-SCM  Tests  of  RP-HPLC  Purified  Preparations  of  Example  6 

For  SCM  activity  testing  of  the  peptides  isolated  by  RP-HPLC  on  the  Ultrasphere  column  in  Example  6, 
the  peptides  were  reconstituted  with  sterile  water  for  injections  without  preservatives.  The  SCM  activity  of  SCM- 
responding  lymphocytes  after  incubation  with  these  samples  is  shown  in  Table  5.  This  fraction  gives  the  greatest 
decrease  in  polarization  value  when  used  to  challenge  lymphocytes  from  donors  afflicted  with  cancer.  Two  of 
the  three  preparations  of  SCM  factor  gave  a  decrease  in  polarization  value  greater  than  40%,  a  larger  decrease 
than  seen  with  any  other  fraction  tested.  The  purified  factor,  as  expected,  was  non-specific  with  respect  to  the 
type  of  cancer  afflicting  the  donor  of  the  lymphocytes  used.  Also  as  expected,  the  purified  factor  gave  no  res- 
ponse  when  used  to  challenge  lymphocytes  from  healthy  donors. 
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TABLE  5 

SCM  ACTIVITY  OF  RP-HPLC  FRACTIONS 
OF  EXAMPLE  6 

10 D i a g n o s i s   o f  
Lymphocyte  Donor  

D i a g n o s i s   o f  
SCM  F a c t o r   Donor  

SCM  R e s p o n s e :  
P  Value  as  % 
of  C o n t r o l  

15 

C a - B r e a s t  C a - B r e a s t  58  .  9 

20 
C a - B r e a s t  Ca -Lung  57  .  3 

C a - C o l o n  C a - B r e a s t  55  .  4 

25 
C a - B r e a s t  C a - B r o n c h u s  68  .0 

H e a l t h y   Donor  C a - B r e a s t  99  .  8 

30 H e a l t h y   Donor  Ca-Lung  101  .0 

35 

Example  8-ldentif  ication  and  Isolation  of  SCM-Active  Tryptic  Peptides  from  SCM  Factor 

A  sixteen-amino-acid  long  tryptic  fragment  was  isolated  from  the  purified  SCM  factor  of  Example  5.  This 
40  fragment  was  shown  to  have  the  full  SCM  activity  of  the  larger  peptide,  and  was  sequenced  by  the  automated 

Edman  degradation  procedure.  The  cleavage  of  the  purified  SCM  factor  with  trypsin  and  purification  of  the 
active  fragment  was  carried  out  by  the  following  procedure: 

To  prevent  adsorption  loss  of  the  peptide  during  lyophilization,  the  SCM  factor  was  digested  with  trypsin 
in  the  presence  of  HPLC  eluants.  Trypsin  digestion  was  carried  out  in  0.1  M  Tris-HCI  buffer,  pH  8.3,  at  37°  for 

45  24  hours  using  10  percent  by  weight  of  trypsin.  The  digest  was  diluted  fourfold  with  0.1  volume-percent  aqueous 
trif  luoroacetic  acid,  and  was  injected  into  an  Applied  Biosystems  130AmicroflowHPLC-separation  system.  The 
tryptic  fragments  were  separated  using  an  Aquapore  RP-300  column  (200  mm  x  2.1  mm).  For  the  elution  of 
the  fragments,  the  mobile  phase  solvents  were: 

Phase  A:  0.1  volume  percent  aqueous  trifluoroacetic  acid  (TFA). 
so  Phase  B:  0.09  volume  percent  TFA  in  aqueous  70%  acetonitrile. 

The  mobile  phase  flow  rate  was  50  uJ  per  minute  and  the  composition  profile  was  10  minutes  of  96  volume 
percent  Phase  A,  4  volume  percent  Phase  B,  followed  by  a  linear  elution  gradient  comprising  a  30  min  linear 
increase  in  Phase  B  at  a  3  volume  percent  per  minute  rate.  The  SCM-active  tryptic  peptide  fragment  eluted  at 
69.6  volume  percent  of  Phase  B  and  30.4  volume  percent  of  Phase  A  in  a  total  volume  of  about  30  microliters. 

55 
Example  9-Use  of  the  SCM-Factor  as  the  Challenging  Agent  in  the  SCM  Test 

Table  6  summarizes  the  results  obtained  by  using  preparations  of  the  general  cancer-associated  SCM  rec- 
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ognition  factor  at  various  stages  of  purification  from  Examples  1  ,  3,  and  6  as  the  challenging  agent  in  the  SCM 
test.  When  lymphocytes  from  donors  afflicted  with  a  number  of  different  malignancies  were  used  with  the  factor 
of  the  present  invention  in  the  SCM  test,  a  significant  response  was  seen  in  all  cases.  This  response  is  given 
in  Table  6  as  a  percent  of  the  control  polarization  value  obtained  by  performing  the  SCM  measurement  on  the 
same  lymphocytes  unincubated  with  the  factor.  The  smaller  the  value  the  greater  the  response  to  the  factor  in 
the  SCM  test.  Even  the  crudest  preparation  of  the  factor  tested,  the  ultrafiltrate,  give  a  decrease  in  polarization 
value  of  from  18.0%  to  37.1%,  and  the  most  highly  purified  fraction,  purified  by  RP-HPLC,  gave  a  decrease  in 
polarization  value  of  as  great  as  44.6%.  The  factor  of  the  present  invention  is  specific  and  only  causes  a  dec- 
rease  in  polarization  value  when  used  to  challenge  lymphocytes  from  donors  afflicted  with  cancer.  Even  the 
RP-HPLC  purified  fraction  caused  no  decrease  in  polarization  value  when  used  to  challenge  lymphocytes  from 
healthy  donors. 

EXAMPLES  OF  SCM  ACTIVITY  AT  DIFFERENT  PURIFICATION  STAGES 
(EXAMPLE  9) 

Stage  of  Range  of  P e r c e n t a g e  
P u r i f i c a t i o n   Decrease   in  P  V a l u e  

When  Lymphocy tes  
from  Cancer  P a t i e n t s  
Used 

U l t r a f i l t r a t e   of  Plasma  1 8 . 0 - 3 7 . 1  
(1000-Da l ton   C u t o f f )  

Sephadex  G-50  F r a c t i o n   1 9 . 8 - 3 7 . 0  

DE-52  C e l l u l o s e   F r a c t i o n   1 8 . 0 - 3 1 . 0  

RP-HPLC  F r a c t i o n   3 2 . 0 - 4 4 . 6  

No  f r a c t i o n   showed  any  a c t i v i t y   when  t e s t e d   a g a i n s t  
lymphocytes   from  h e a l t h y   donors ,   or  from  donors   with  n o n - m a l i g n a n t  
d i s e a s e s   . 

Example  10-Use  of  the  SCM-Active  Tryptic  Peptide  of  Example  8  in  the  SCM  Test 

The  tryptic  peptide  whose  purification  was  described  above  in  Example  8  is  fully  active  in  the  standard 
SCM  test.  Approximately  5  x  10~2  femtograms  of  this  fragment  (i.e.,  5  x  10"17  grams,  or  approximately  16,000 
molecules  of  the  fragment)  gave  full  activity  in  the  test.  When  the  fragment  was  isolated  from  patients  with  lung 
cancer,  it  proved  active  in  the  SCM  test  when  tested  against  lymphocytes  from  a  patient  with  small  cell  lung 
carcinoma,  and  crossreacted  fully  with  lymphocytes  from  a  patient  with  adenocarcinoma  of  the  breast,  as  shown 
in  Table  7.  However,  no  response  was  seen  when  lymphocytes  from  healthy  donors  were  used. 
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TABLE  7 

SCM  ACTIVITY  OF  TRYPTIC  FRAGMENT  OF  EXAMPLE  8  FROM  LUNG  CANCER 

D i a g n o s i s   of  SCM  R e s p o n s e :  
Lymphocyte  Donor  P  Value  as  P e r c e n t  

of  C o n t r o l  

Small  Cell   Lung  Carcinoma  70.0;   6  8 . 0  

Adenocarc inoma   of  Breas t   67.5;   6 8 . 0  

Hea l t hy   Donors  102.0;   1 0 4 . 0  

Example  11  -Cross-Reactivity  of  the  SCM  Factor 

The  following  example  demonstrates  the  ability  of  the  SCM  factor  to  cause  a  response  in  the  SCM  test 
when  used  to  challenge  lymphocytes  derived  from  donors  afflicted  with  dissimilar  types  of  cancer.  In  order  to 
demonstrate  this  cross-reactivity,  two  milliliters  of  cell-free  blood  plasma  was  obtained  from  each  of  a  number 
of  blood  samples  from  cancer  patients.  The  blood  samples  had  originally  been  collected  into  heparinized 
Vacutainer(TM)  tubes.  The  samples  were  ultraf  iltered  through  an  Amicon  UM2  or  YM2  filter  with  a  nominal 
molecular  weight  cutoff  of  1000  daltons  for  at  least  12  hrand  stored  under  sterile  conditions  at4°C.  Potentially 
SCM-responding  lymphocytes  were  isolated  from  heparinized  blood  samples  from  patients  with  cancer,  healthy 
donors,  and  donors  with  non-malignant  diseases.  To  test  the  activity  and  cancer  specificity  of  the  general  can- 
cer-associated  SCM-recognition  factor  containing  ultraf  iltrates,  0.75  ml  aliquots  of  potentially  SCM-responding 
lymphocytes  (5  x  106  cells/ml  in  PBS)  were  incubated  for  40  min  at  37°C  with  the  ultraf  iltrates.  0.075  ml  of  the 
ultraf  iltrates  was  used  for  each  assay.  SCM  measurements  were  carried  out  as  previously  described  in  the  arti- 
cle  by  L.  Cercek  and  B.  Cercek,  "Application  of  the  Phenomenon  of  Changes  in  the  Structuredness  of  Cytop- 
lasmic  Matrix  (SCM)  in  the  Diagnosis  of  Malignant  Disorders:  a  Review,"  Europ.  J.  Cancer  13,  903-915  (1977) 
and  in  the  prior  patent  application  by  B.  Cercek  and  L.  Cercek,  Serial  No.  867,079,  filed  May  27,  1986,  and 
entitled  "Method  for  Measuring  Polarized  Fluorescence  Emissions."  In  the  SCM  assay,  a  decrease  in  the 
intracellular  fluorescence  polarization  value  (P  value)  of  at  least  10%  was  taken  as  a  positive  response  to  the 
challenging  ultrafiltrate. 
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TABLE  8 

CROSSREACTIVITY  OF  SCM  ACTIVITY  OF  ULTRAF  ILTRATES  OF  EXAMPLE  11 

Diagnosis  of  Cases  Responding/Cases  Tested  for  Lymphocyte  Donor  with  Diagnosis  of: 
Donor  of 
Ultrafiltrate  Ca-  Ca-  Ca-  Ca-  Ca-  Ca-  Ca-  Ca-  Non-Cancer  Healthy 

Mouth  Larynx  Cervix  Ovary  Lung  Brain  Breast  Colon  Diseases  Donors 

25 

30 

Ca-Lung  -  2/2  3/3  --  5/5  3/3  3/3  2/2  0/3  0/3 
Ca-Bronchus  1/1  1/1  2/2  2/2  2/2  --  2/2  1/1  -  0/2 
Ca-3reast  1/1  1/1  3/3  2/2  2/2  --  3/3  1/1  0/3  0/2 
Ca-Ovary  1/1  2/2  2/2  3/3  2/2  --  2/2  -  0/4  0/2 
Ca-Cervix  1/1  1/1  5/5  1/1  2/2  -  2/2  2/2  0/3  0/3 
Ca-Colon  2/2  -  3/3  -  2/2  --  2/2  1/1  0/2  0/2 
Ca-Houth  2/2  -  l/l  --  1/1  --  1/1  1/1  --  0/2 
Ca-Larynx  1/1  6/6  3/3  --  2/2  --  2/2  1/1  0/2 
Malignant  Melanoma  --  .  --  --  --  --  --  1/1  1/1  --  o/2 
Glioblastoma  --  -  2/2  --  --  2/2  2/2  1/1  0/2  0/2 
Appendicitis  --  --  --  --  0/1  --  0/1  0/3  0/3  0/2 
Urethritis  --  --  0/2  --  0/2  --  0/1  0/2  0/3  0/3 
Infectious  Abscess  —  0/1  0/1  --  --  --  0/1  0/1  0/2  0/2 
Colitis  --  --  0/1  --  --  -  0/1  0/3  0/2  0/2 
3enign  Pituitary  -  --  --  --  0/2  0/2  0/2  --  0/1  0/1 Adenoma 
Healthy  Donors  --  --  0/2  0/1  0/3  --  0/3  0/1  0/4  0/6 
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As  the  data  of  Table  8  show,  potentially  SCM-responding  lymphocytes  from  patients  with  eight  different 
40  cancer  types  responded  to  ultrafiltrates  containing  general  cancer-associated  SCM-recognition  factors  from 

nine  different  cancer  types.  In  contrast,  ultrafiltrates  from  plasmas  of  healthy  donors  and  donors  with  non-can- 
cer  diseases  did  not  trigger  any  positive  SCM  responses.  Also,  neither  did  the  potentially  SCM-responding  lym- 
phocytes  from  healthy  donors  or  those  with  non-malignant  conditions  respond  to  any  of  the  ultrafiltrates  in  the 
SCM  test. 

45 
Example  12-Modification  of  the  SCM  Response  by  the  SCM  Factor 

To  demonstrate  the  modification  of  the  SCM  response  of  lymphocytes  free  of  malignancy  by  incubation 
with  the  SCM  factor,  potentially  SCM-responding  lymphocytes  were  isolated  from  the  blood  samples  of  healthy 

50  donors  and  suspended  in  complete  Dulbecco's  phosphate  buffered  saline  (PBS)  at  5x  105  cells/ml  as  described 
in  the  European  Journal  of  Cancer  article,  supra,  and  also  in  the  prior  patent  application  by  B.  Cercek,  Serial 
No.  838,264,  filed  March  10,  1986  and  entitled  "Automated  Collection  of  Buoyant  Density  Specific  Cells  from 
Density  Gradients."  Aliquots  of  these  cells  were  incubated  in  3  ml  of  the  following:  (a)  cell-free  blood  plasma 
from  cancer  patients;  (b)  plasma  from  cancer  patients  ultraf  iltered  for  12  hours  through  an  Amicon  UM2  filter 

55  with  a  molecular  weight  cutoff  of  1000  daltons;  (c)  plasma  from  cancer  patients  ultraf  iltered  for  12  hours  through 
an  Amicon  UM5filterwith  a  nominal  molecular  weight  cutoff  of  500  daltons;  (d)  general  cancer-associated  SCM 
factor  as  purified  through  the  desalting  or  Sephadex  G-10  column  stage;  (e)  the  factor  as  purified  through  the 
Sephadex  G-50  column  stage;  (f)  the  factor  as  purified  through  the  DEAE-cellulose  column  step;  (g)  the  factor 
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as  finally  purified  through  the  RP-HPLC  step;  and  (h)  plasma  from  healthy  donors  ultraf  iltered  through  an  Ami- 
con  UM2  filter  with  a  nominal  molecular  weight  cutoff  of  1000  daltons.  These  incubations  were  performed  for 
2.5  hr. 

The  ability  of  the  SCM  factor  to  modify  the  SCM  response  of  the  lymphocytes  from  healthy  donors  was 
demonstrated  by  determining  the  SCM  response  ratio  (RRScm)  of  the  lymphocytes  before  and  after  the  incu- 
bation  with  each  of  the  fractions  described  above.  Before  being  contacted  with  either  a  mitogen  or  with  the  SCM 
factor  for  determination  of  the  RRScm  the  incubated  cells  were  thoroughly  washed.  The  presence  or  absence 
of  modification  was  determined  by  the  ratio  of  the  polarization  value  of  the  lymphocyte  suspension  after  a  short 
contact  period  with  substrates  containing  the  SCM  factor  over  the  polarization  value  of  the  lymphocyte  sus- 
pension  after  a  short  contact  period  with  phytohaemagglutinin  (PHA).  In  accordance  with  the  SCM  test  pro- 
cedure,  a  RRscm  of  less  than  1.0  is  a  positive  indication  of  the  presence  of  malignancy  in  the  donor  while  an 
RRSCM  of  1  .1  or  greater  indicates  the  absence  of  malignancy. 

TABLE  9 

MODULATION  OF  SCM  RESPONSES  OF  LYMPHOCYTES  FROM 
HEALTHY  DONORS  BY  SCM  FACTOR 

(EXAMPLE  12) 

SCM  P r e p a r a t i o n   Used  RRs  c  »  : 
for  Modu la t i on   Before  Modu la t i on   A f t e r   M o d u l a t i o n  

C e l l - f r e e   Cancer  Blood  Plasma  1.38  0 . 8 0  

U l t r a f i l t r a t e   of  Cancer  1.35  0 . 7 8  
Blood  Plasma  (1000  D a l t o n s   C u t o f f )  

Sephadex  G-  10  (SCM-Active)  1.40  0 . 8 0  

Sephadex  G-50  (SCM-Active)  1.38  0 . 7 3  

DEAE-Ce l lu lose   (SCM-Active)  1.39  0 . 7 0  

RP-HPLC  (SCM-Active)  1.40  0 . 6 5  

U l t r a f i l t r a t e   of  Cancer  1.38  1 . 3 8  
Blood  Plasma  (500  Da l tons   C u t o f f )  

U l t r a f i l t r a t e   from  Au to logous   and  1.38  1 . 3 8  
A l l o g e n e i c   Blood  Plasma  f rom 
Hea l t hy   D o n o r s  

Table  9  indicates  the  effect  of  the  incubation  with  SCM-factor-containing  fractions  on  the  response  of  the 
lymphocytes  to  either  SCM  factor  or  phytohaemagglutinin,  as  reflected  in  the  RRScm-  Lymphocytes  which  were 
either  not  preincubated,  or  which  were  preincubated  with  ultrafiltrate  from  healthy  donors  filtered  through  a  filter 
with  a  nominal  1000-dalton  molecular  weight  cutoff,  or  which  were  preincubated  with  ultrafiltrate  from  donors 
with  cancer  filtered  through  a  filter  with  a  nominal  500-dalton  molecular  weight  cutoff,  showed  an  RRscm  of 
1.35  or  higher,  as  expected.  By  contrast,  lymphocytes  which  were  preincubated  with  fractions  containing  SCM 
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factorall  showed  decreases  in  the  RRScm  to  a  value  of  0.65-0.80  characteristic  of  lymphocytes  originally  isolated 
from  patients  with  malignant  disease. 

Example  13-Effect  of  the  SCM  Factor  on  Lymphocyte  Cytotoxicity 

To  demonstrate  the  effect  of  the  SCM  factor  on  the  natural  cytotoxicity  of  potentially  SCM-responding  lym- 
phocytes  toward  malignant  cells,  such  lymphocytes  obtained  from  healthy  donors  were  incubated  for  2  1/2  hr 
at  37°C  with  plasma  containing  SCM  factor  isolated  as  previously  described  from  blood  samples  of  donors 
afflicted  with  cancer.  Aliquots  of  these  lymphocytes  were  also  retained  as  controls  and  not  incubated.  In  addi- 
tion,  potentially  SCM-resgonding  lymphocytes  were  obtained  from  donors  having  cancer,  and  treated  in  the 
same  manner-some  aliquots  incubated  with  plasma  containing  SCM  factor  and  others  retained  as  controls  and 
not  incubated. 

After  incubation  the  cytotoxicity  of  the  lymphocytes  was  tested  in  accordance  with  the  method  described 
in  M.R.  Potter  and  M.  Moore,  "Natural  Cytotoxic  Reactivity  of  Human  Lymphocyte  Subpopulations,"  Immunol- 
ogy  37,  187-194  (1979).  In  accordance  with  this  published  method  cells  of  the  K  562  human  myeloid  cell  line 
labeled  with  51Cr  were  used  as  target  cells  for  the  assay.  The  potentially  SCM-responding  lymphocytes  were 
used  as  the  effector  cells.  The  ratio  of  target  cells  to  effector  cells  was  1  to  20.  Release  of  the  51Cr  indicates 
that  the  effector  cells  are  toxic  to  the  target  cell.  The  percent  of  cytotoxicity  is  determined  as  follows: 

R  —  R/~ Percent  cytotoxicity  =  ^   — 
RT  -  Rc 

where  Rs  is  the  percent  of  51Cr  release  in  the  sample,  Rc  the  percent  of  51Cr  release  in  the  control  and  RT  is 
the  percent  of  51Cr  release  in  the  presence  of  a  detergent,  Triton  X-100.  The  results  are  shown  in  Table  10. 
These  results  show  that  incubation  of  potentially  SCM-responding  lymphocytes  from  healthy  donors  for  2.5  hr 
with  ultrafiltrates  filtered  through  filter  with  a  nominal  1000-dalton  molecular  weight  cutoff  decreased  their 
cytotoxicity  by  over  90%.  When  the  incubation  was  performed  with  potentially  SCM-responding  lymphocytes 
from  cancer  patients,  the  decrease  in  cytotoxicity  was  smaller,  between  40  and  90%.  However,  such  lympho- 
cytes  from  cancer  patients  had  lower  levels  of  cytotoxicity  before  incubation,  and  the  residual  level  of 
cytotoxicity  remaining  after  incubation  with  ultrafiltrate  was  comparable  to  that  remaining  after  incubation  of 
lymphocytes  from  healthy  donors.  The  lower  level  of  cytotoxicity  present  in  cells  from  cancer  patients  was  con- 
sistent  with  a  decrease  of  such  cytotoxicity  caused  by  in  vivo  exposure  to  factors  such  as  the  general  cancer- 
associated  SCM  recognition  factor  of  the  present  invention. 
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TABLE  10 
5 

rrr-cT  OF  SCM  factor  ok  hrtural  LYMPHOCYTE  toxicity  against  k  562  HUMAN  MYELOID  C"L  l i f  
(  EXAMPLE  13| 

10  Diagnosis  of  Donor  Diagnosis  of  Donor  of  Percent  Cytotoxicity  of  Lymphocytes:  Percnt  Decrease of  Potentially  sm  r^nr  «  ni^m™*.  I,  n  i  ,  
"  

* H » i n g   Before  Incubation  After  Incubation Lymphocytes 

Healthy  Donor  #l  Ca-Cervix  40.0  \.\  94  s 
15  Healthy  Donor  *  2  Ca-Bronchus  30.0  1.7  H2 

Healthy  Donor  #3  Ca-Larynx  n.o  0-75  ,3  , 
Healthy  Donor  M  Ca-Larynx  22.  0  2.2  900 

20  Healthy  Donor  *5  Ca-Pharynx  41.0  o.33  99.2 
Ca'Ton5ue  Ca-Larynx  23.0  2.1  90.9 
Ca'LiP  Ca-Bronchus  7.4  2.7  53  5 

25  
Ca-°vary  Ca-Bronchus  10.0  6.1  39,0 
Ca-Cemx  Ca-Cervix  25.2  1.5  „ „  
Ca-Bronchus  Ca-Cervix  29.6  3.!  39  5 

30 

Although  the  present  invention  has  been  described  in  considerable  detail  with  regard  to  certain  preferred 
35  versions  thereof,  other  versions  are  possible  Therefore  the  spirit  and  scope  of  the  appended  claims  should  not 

be  limited  to  the  description  of  the  preferred  versions  contained  herein. 

Claims 
40 

1.  A  substantially  pure  general  cancer-associated  SCM-recognition  factor  consisting  essentially  of  low 
molecular  weight  peptide  passing  through  filters  with  a  nominal  1000-dalton  molecular  weight  cutoff  and 
retained  by  filters  with  a  nominal  500-dalton  molecular  weight  cutoff  and  including  the  amino  acid  sequence 
Lys-Pro-Phe,  the  factor  producing  at  least  a  ten  percent  decrease  in  the  intracellular  fluorescence  polarization 

45  value  of  SCM-responding  lymphocytes  from  donors  afflicted  with  cancer  as  measured  by  the  standard  SCM 
test. 

2.  The  factor  of  claim  1  purified  to  substantial  homogeneity. 
3.  A  general  cancer-associated  SCM-recognition  factor  comprising  substantially  only  peptides  having  at 

least  thirteen  amino  acid  residues  including  a  sequence  of  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7 
50  therein,  wherein  R̂   is  selected  from  Asn  and  Gin,  R2,  R3,  and  R4  are  each  independently  selected  from  Val, 

Leu,  and  He,  R5  is  selected  from  Asp  and  Glu,  and  Re  and  R7  are  each  independently  selected  from  Asn  and 
Gin. 

4.  The  factor  of  claim  3  having  the  property  of  modifying  the  SCM  response  of  SCM-responding  lympho- 
cytes  obtained  from  donors  free  of  malignancy  when  the  factor  is  contacted  with  such  SCM-responding  lym- 

55  phocytes,  whereby  the  lymphocytes  respond  in  the  SCM  test  to  cancer-associated  antigens  but  not  to  mitogens 
after  the  contact. 

5.  The  factor  of  claim  3  or  4  having  the  property  of  decreasing  the  spontaneous  in  vitro  toxicity  of  potentially 
SCM-responding  lymphocytes  toward  the  human  myeloid  cell  line  K  562  by  at  least  90  percent  as  measured 
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by  51  Cr  release. 
6.  The  factor  of  any  one  of  the  preceding  claims  having  the  approximate  amino  acid  composition  of  (Asx2, 

Glx3,  Ser,  His,  Gly5,  Thr,  Arg,  Ala3,  Tyr,  Met,  Val3,  Phe3,  He,  Leu3,  Lys2). 
7.  The  factor  of  any  one  of  claims  1  -5  wherein  a  sixteen-amino-acid  segment  within  the  factor  has  the  amino 

5  acid  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys,  the  segment  not  includ- 
ing  the  amino  terminus  of  the  factor. 

8.  The  factor  of  any  one  of  claims  1-5  wherein  a  f  if  teen-amino-acid  segment  within  the  factor  has  the  amino 
acid  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys,  the  segment  not  including 
the  amino  terminus  of  the  factor. 

w  9.  The  factor  of  any  one  of  claims  1  -5  comprising  substantially  only  peptides  having  at  least  fifteen  amino 
acid  residues  including  a  sequence  of  Phe-RrLys-Pro-Phe-R^Phe-Ra-Met-R^Rs-R^Ry-Rs-Lys  therein,  whe- 
rein  R8  is  selected  from  Ser  and  Thr. 

1  0.  The  factor  of  claim  9  comprising  substantially  only  peptides  including  a  sequence  of  Phe-Asn-Lys-Pro- 
Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys  therein. 

15  11.  The  factor  of  any  one  of  claims  1-5  comprising  substantially  only  peptides  having  at  least  sixteen  amino 
acid  residues  including  a  sequence  of  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7-Phe-R8-Lys  therein, 
wherein  R8  is  selected  from  Ser  and  Thr. 

12.  The  factor  of  claim  11  comprising  substantially  only  peptides  including  a  sequence  of  Phe-Asn-Lys- 
Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys  therein. 

20  1  3.  The  factor  of  any  one  of  the  preceding  claims  containing  substantially  only  one  peptide. 
14.  The  peptide  of  claim  12  and  13  wherein  5x  1  02  femtograms  of  the  peptide  produces  a  decrease  in  the 

polarization  value  of  at  least  30  percent  when  used  to  challenge  SCM-responding  lymphocytes  from  donors 
afflicted  with  cancer  in  the  SCM  test. 

1  5.  A  method  for  testing  lymphocytes  obtained  from  a  mammalian  donor  for  the  presence  or  absence  of 
25  malignancy  in  the  donor  comprising  the  steps  of: 

(a)  contacting  a  suspension  of  the  lymphocytes  with  the  general  cancer-associated  SCM-recognition  factor 
of  any  one  of  the  preceding  claims;  and 
(b)  determining  the  decrease  in  the  structured  ness  of  the  cytoplasmic  matrix  of  the  lymphocytes  resulting 
from  the  step  of  contacting  the  suspension  of  the  lymphocytes. 

30  1  6.  The  method  of  claim  1  5  wherein  the  step  of  determining  the  decrease  in  the  structured  ness  of  the  cytop- 
lasmic  matrix  comprises  the  steps  of: 

(a)  measuring  the  fluorescence  polarization,  Ps,  for  an  aliquot  of  the  lymphocytes  that  has  been  contacted 
with  the  factor; 
(b)  measuring  the  fluorescence  polarization,  Pc,  for  a  second  aliquot  of  the  lymphocytes  that  has  not  been 

35  contacted  with  the  factor;  and 
(c)  determining  the  ratio  of  Ps  to  Pc,  whereby  a  ratio  of  Ps  to  Pc  of  less  than  about  0.9  indicates  the  presence 
of  a  malignancy  in  the  donor  of  the  lymphocytes. 
1  7.  The  method  of  claim  1  5  wherein  the  step  of  determining  the  decrease  in  the  structured  ness  of  the  cytop- 

lasmic  matrix  comprises  the  steps  of: 
40  (a)  measuring  the  fluorescence  polarization,  Ps,  for  an  aliquot  of  the  lymphocytes  that  has  been  contacted 

with  the  factor; 
(b)  measuring  the  fluorescence  polarization,  PM,  for  a  second  aliquot  of  the  lymphocytes  that  has  been  con- 
tacted  with  a  mitogen  selected  from  the  group  consisting  of  phytohaemagglutinin,  concanavalin  A,  and 
pokeweed  mitogen;  and. 

45  (c)  determining  an  SCM  response  ratio,  RRScm.  as  the  ratio  of  Ps  to  PM,  whereby  an  RRScm  of  less  than 
about  0.9  indicates  the  presence  of  a  malignancy  in  the  donor  of  the  lymphocytes. 
1  8.  A  method  for  screening  a  blood  sample  for  the  presence  of  a  malignancy  in  the  body  of  the  donor  of 

the  blood  sample  comprising: 
(a)  separating  potentially  SCM-responding  lymphocytes  from  the  blood  sample; 

so  (b)  contacting  the  separated  lymphocytes  with  the  factor  of  any  one  of  claims  1-14,  thereby  to  stimulate 
the  lymphocytes; 
(c)  contacting  the  stimulated  lymphocytes  with  a  fluorogenic  agent  precursor  for  a  sufficient  time  for  the 
precursor  to  penetrate  the  lymphocytes  for  intracellular  enzymatic  hydrolysis  to  the  fluorogenic  compound, 
thereby  generating  stimulated  fluor-containing  lymphocytes; 

55  (d)  exciting  the  stimulated  fluor-containing  lymphocytes  with  polarized  light  thereby  causing  the  lympho- 
cytes  to  fluoresce; 
(e)  measuring  the  vertically  polarized  and  horizontally  polarized  fluorescence  emissions  from  the  fluoresc- 
ing  lymphocytes  for  determining  a  polarization  value  for  the  fluorescing  lymphocytes;  and 
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(f)  comparing  the  determined  polarization  value  for  the  stimulated  fluor-containing  lymphocytes  with  the 
polarization  value  for  a  control  aliquot  of  lymphocytes  from  the  same  donor  which  has  been  subjected  to 
the  operation  of  steps  (a),  (c),  (d)  and  (e),  but  not  (b),  thereby  to  indicate  the  presence  or  absence  of  cancer 
in  the  body  of  the  donor  of  the  lymphocytes. 

5  19.  The  method  of  claim  1  8  wherein  the  lymphocytes  are  excited  with  vertically  polarized  light  and  wherein 
the  polarization  values  are  determined  in  a  fluorescence  spectrophotometer  in  accordance  with  the  relation- 
ship: 

P  =  (lv-GIH)/(lH  +  G y ,  
where  lv  and  lH  are  the  polarized  fluorescence  intensities  in  the  vertical  and  horizontal  planes,  respectively, 

w  and  G  is  a  correction  factor  for  the  unequal  transmission  of  the  horizontal  and  vertical  components  of  the 
polarized  light  through  the  optical  system  of  the  spectrophotometer. 

20.  The  method  of  claim  18  or  19  wherein  steps  (b)  and  (c)  occur  simultaneously. 
21  .  A  method  of  imaging  cancer  cells  comprising  the  steps  of: 
(a)  labelling  an  antibody  to  the  general  cancer-associated  SCM-recognition  factor  of  any  one  of  claims  1-14 

15  with  an  imaging  substance;  and 
(b)  utilizing  the  labelled  antibody  to  image  cancer  cells. 
22.  A  method  of  determining  the  level  of  general  cancer-associated  SCM-recognition  factor  in  a  body  fluid 

using  an  antibody  to  the  general  cancer-associated  SCM-recognition  factor  of  any  one  of  claims  1-14  in  an 
immunoassay. 

20  23.  The  method  of  claim  22  wherein  the  immunoassay  is  a  radioimmunoassay,  a  fluorescence  immunoas- 
say,  an  enzyme-linked  immunosorbent  assay,  or  a  precipitation  immunoassay  including  nephelometric  assays 
and  turbidimetric  assays. 

24.  A  process  for  producing  a  general  cancer-associated  SCM-recognition  factor  comprising  the  steps  of: 
(a)  obtaining  a  body  fluid  from  a  donor  afflicted  with  cancer; 

25  (b)  separating  a  first  fraction  of  the  body  fluid  comprising  molecules  having  an  apparent  molecular  weight 
greater  than  1000  daltons  from  a  second  fraction  comprising  molecules  having  an  apparent  molecular 
weight  of  less  than  1000  daltons;  and 
(c)  purifying  the  second  fraction  to  obtain  a  substantially  pure  general  cancer-associated  SCM-recognition 
factor. 

30  25.  The  process  of  claim  24  wherein  the  body  fluid  is  selected  from  peripheral  blood,  urine,  and  plasma. 
26.  The  process  of  claim  24  or  25  wherein  the  separation  of  the  second  fraction  from  the  first  fraction  is 

performed  by  filtration  of  the  body  fluid  through  an  ultraf  ilter  with  a  nominal  1000-dalton  molecular  weight 
cutoff. 

27.  The  process  of  any  one  of  claims  24-26  further  comprising  the  step  of  desalting  the  second  fraction  by 
35  loading  the  second  fraction  on  a  gel  filtration  column  with  a  fractionation  range  of  from  0  to  700  daltons  and 

capable  of  separating  the  salts  therefrom,  eluting  the  loaded  material  from  the  column  with  distilled  water,  and 
collecting  that  portion  eluting  at  an  elution  volume  between  about  0.3  and  about  0.5  times  the  total 
chromatographic  bed  volume,  thereby  increasing  the  specific  activity  of  the  general  cancer-associated  SCM- 
recognition  factor  in  the  collected  desalted  portion  relative  to  the  specific  activity  in  the  second  fraction  of  claim 

40  24. 
28.  The  process  of  claim  27  further  comprising  the  steps  of: 
(a)  loading  the  collected  desalted  portion  on  a  gel  filtration  column  having  a  fractionation  range  of  from 
about  1500  daltons  to  about  30,000  daltons; 
(b)  eluting  the  material  loaded  onto  the  column  in  step  (a)  from  the  column  with  a  weak  aqueous  solution 

45  of  an  ammonium  salt;  and 
(c)  collecting  that  portion  eluting  at  an  elution  volume  between  about  0.4  times  and  about  0.6  times  the 
total  chromatographic  bed  volume,  thereby  increasing  the  specific  activity  of  the  general  cancer-associated 
SCM-recognition  factor  in  the  collected  eluate  relative  to  the  specific  activity  in  the  collected  desalted  por- 
tion  of  claim  27. 

so  29.  The  process  of  claim  28  further  comprising  the  steps  of: 
(a)  loading  the  collected  eluate  on  a  diethylaminoethyl  cellulose  anion-exchange  column; 
(b)  eluting  the  material  loaded  onto  the  column  in  step  (a)  from  the  column  with  an  increasing  concentration 
of  an  ammonium  salt;  and 
(c)  collecting  that  portion  eluting  from  the  column  at  about  0.28  M  to  about  0.31  M  of  the  ammonium  salt, 

55  thereby  increasing  the  specific  activity  of  the  general  cancer-associated  SCM-recognition  factor  in  the  col- 
lected  eluate  relative  to  the  specific  activity  in  the  collected  eluate  of  claim  28. 
30.  The  process  of  claim  29  further  comprising  the  steps  of  purifying  the  general  cancer-associated  SCM- 

recognition  factor  from  the  collected  eluate  of  claim  29  to  substantial  homogeneity  by  reverse  phase  high-pres- 
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sure  liquid  chromatography. 

Patentanspruche 
5 

1.  Im  wesentlichen  reiner,  allgemein  bei  Krebs  vorkommender,  an  der  SCM  erkennbarer  Faktor,  der  im 
wesentlichen  auseinem  Peptid  von  niedrigem  Molekulargewicht  besteht,  dasdurch  Filter  miteinereinem  Mole- 
kulargewicht  von  1000  Dalton  entsprechenden  Nenn-Trenngrolie  hindurchtritt  und  von  Filtern  miteinereinem 
Molekulargewicht  von  500  Dalton  entsprechenNenn-Trenngrolie  zuruckgehalten  wird  und  das  die  Aminosau- 

w  rensequenz  Lys-Pro-Phe  besitzt,  wobei  der  Faktor  den  Polirasationswert  der  intrazellularen  Fluoreszenz  von 
Lymphozyten  mit  veranderbarer  SCM  von  an  Krebs  erkrankten  Spendern  bei  Messung  in  der  genormten  SCM- 
Prufung  urn  mindestens  zehn  Prozent  herabsetzt. 

2.  Faktor  nach  Anspruch  1,  der  infolge  einer  Reinigung  im  wesentlichen  homogen  ist. 
3.  Allgemein  bei  Krebs  vorkommender,  an  der  SCM  nachweisbarer  Faktor,  der  im  wesentlichen  nur  Peptide 

15  enthalt,  die  mindestens  dreizehn  Aminosaurereste  besitzen,  zu  denen  die  Sequenz  Phe-RrLys-Pro-Phe-R2- 
Phe-R3-Met-R4-R5-R6-R7  gehort,  wobei  R̂   aus  Asn  und  Gin  ausgewahlt  ist,  R2,  R3  und  R4  unabhangig  vonein- 
ander  jeweils  aus  Val,  Leu  und  He  ausgewahlt  sind,  R5  aus  Asp  und  Glu  ausgewahlt  ist  und  R6  und  R7 
unabhangig  voneinander  jeweils  aus  Asn  und  Gin  ausgewahlt  sind. 

4.  Faktor  nach  Anspruch  3,  dergeeignet  ist,  die  SCM-Anderung  von  Lymphozyten  mit  veranderbarer  SCM 
20  von  von  bosartigen  Erkrankugen  freien  Spendern  zu  verandern,  wenn  der  Faktor  mit  derartigen  Lymphozyten 

mit  veranderbarer  SCM  in  Beruhrung  gebrachtwird,  wobei  die  Lymphozyten  beiderSCM-Prufung  auf  bei  Krebs 
vorkommende  Antigene,  aber  nicht  auf  Mitogene  ansprechen. 

5.  Faktor  nach  Anspruch  3  oder  4,  der  geeignet  ist,  die  soontane  Toxizitat  in  vitro  von  Lymphozyten  mit 
potentiell  veranderbarer  SCM  fur  die  Hymanmyeloidzellenlinie  K  562  bei  der  Messung  durch  die  Freisetzung 

25  von  51Cr  urn  mindestens  90%  zu  vermindern. 
6.  Faktor  nach  einem  der  vorhergehenden  Anspruche,  der  annahernd  die  folgende  Aminosaurenzusam- 

mensetzung  hat:  (Asx2,  Glx3,  Ser,  His,  Gly5,  Thr,  Arg,  Ala3,  Tyr,  Met,  Val3,  Phe3,  He,  Leu3,  Lys2). 
7.  Faktor  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  dali  ein  aussechzehn  Aminosauren 

bestehendes  Segment  in  dem  Faktor  die  Aminosaurensequenz  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle- 
30  Asp-Gln-Asn-Phe-Ser-Lys  besitzt  und  dieses  Segment  nicht  die  endstandige  Aminogruppe  des  Faktors  enthalt. 

8.  Faktor  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  dali  ein  aus  funfzehn  Aminosauren 
bestehendes  Segment  in  dem  Faktor  die  Aminosaurensequenz  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle- 
Asp-Gln-Asn-Thr-Lys  besitzt,  wobei  des  Segments  nicht  die  endstandige  Aminogruppe  des  Faktors  enthalt. 

9.  Faktor  nach  einem  der  Anspruche  1  bis  5,  das  im  wesentlichen  nur  Peptide  enthalt,  die  mindestens  funf- 
35  zehn  Aminosaurereste  besitzen,  zu  denen  die  Sequenz  Phe-RrLys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-  R7-  R8- 

Lys  gehart,  wobei  Rs  aus  Ser  und  Thr  ausgewahlt  ist. 
1  0.  Faktor  nach  Anspruch  9,  der  im  wesentlichen  nur  Peptide  enthalt,  die  die  Sequenz  Phe-  Asn-Lys-Pro- 

Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys  besitzen. 
1  1  .  Faktor  nach  einem  der  Anspruche  1  bis  5,  der  im  wesentlichen  nur  Peptide  enthalt,  die  mindestens  sech- 

40  zehn  Aminosaurereste  besitzen,  zu  denen  die  Sequenz  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4-R5-R6-R7- 
Phe-R6-Lys  gehort,  wobei  R6  aus  Ser  und  Thr  ausgewahlt  ist. 

12.  Faktor  nach  Anspruch  11,  der  im  wesentlichen  nur  Peqtide  enthalt,  die  die  Sequenz  Phe-Asn-Lys-Pro- 
Phe-Val-Phe-Leu-Met-lle-Asq-Gln-Asn-Phe-Ser-Lys  besitzen. 

13.  Faktor  nach  einem  der  vorhergehenden  Anspruche,  der  im  wesentlichen  nur  ein  Peptid  enthalt. 
45  14.  Peptid  nach  Anspruch  12  und  13,  dadurch  gekennzeichnet,  dali  durch  5x  102  Femtogramm  des  Peqtids 

bei  seiner  Verwendung  zum  Provozieren  von  Lymphozyten  mit  veranderbarer  SCM  von  krebskranken  Spen- 
dern  in  der  SCM-Prufung  der  Polarisationswert  urn  mindestens  30%  herabgesetzt  wird. 

15.  Verfahren  zum  Prufen  von  von  einem  Saugetierals  Spender  stammenden  Lymphozyten  auf  das  Vor- 
handensein  oder  Nichtvorhandensein  von  bosartigen  Erkrankungen  beim  Spender,  mit  folgenden  Schritten: 

50  (a)  eine  Suspension  der  Lymphozyten  wird  mit  dem  allgemein  bei  Krebs  vorkommenden,  an  der  SCM 
erkennbaren  Faktor  nach  einem  der  vorhergehenden  Anspruche  in  Beruhrung  gebracht,  und 
(b)  die  infolge  der  Beruhrung  mit  der  Suspension  der  Lymphozyten  bewirkte  Herabsetzung  der  Struktu- 
riertheit  der  Zytoplasmamatrix  wird  bestimmt. 
16.  Verfahren  nach  Anspruch  15,  dadurch  gekennzeichnet,  dali  die  Herabsetzung  der  Strukturiertheit  der 

55  Zytoplasmamatrix  durch  folgende  Schritte  bestimmt  wird: 
(a)  fur  ein  mit  dem  Faktor  in  Beruhrung  gebrachtes  Aliquot  der  Lymphozyten  wird  die  Fluoreszenzpolarisa- 
tion  Ps  gemessen; 
(b)  fur  ein  nicht  mit  dem  Faktor  in  Beruhrung  gebrachtes,  zweites  Aliquot  der  Lymphozyten  wird  die  Fluo- 
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reszenzpolarisation  Pc  gemessen  und 
(c)  das  Verhaltnis  von  Ps  zu  Pc  wird  bestimmt,  wobei  ein  Verhaltnis  von  Ps  zu  Pc  unter  etwa  0,9  eine  bosar- 
tige  Erkrankung  des  Spenders  der  Lymphozyten  anzeigt. 
17.  Verfahren  nach  Anspruch  15,  dadurch  gekennzeichnet,  dali  die  Herabsetzung  der  Strukturiertheit  der 

5  Zytoplasmamatrix  durch  folgende  Schritte  bestimmt  wird: 
(a)  fur  ein  mit  dem  Faktor  in  Beruhrung  gebrachtes  Aliquot  der  Lymphozyten  wird  die  Fluoreszenzpolarisa- 
tion  Ps  gemessen; 
(b)  fur  ein  zweites  Aliquot  der  Lymphozyten,  das  mit  einem  Mitogen  der  Gruppe  Phytohamagglutinin,  Con- 
canavalin  A  und  "pokeweed"-Mitogen  in  Beruhrung  gebracht  worden  ist,  wird  die  Fluoreszenzpolarisation 

w  PM  gemessen  und 
(c)  als  SCM-Veranderungsverhaltnis  RRscm  wird  das  Verhaltnis  von  Ps  zu  P|y|  bestimmt,  wobei  ein  RRscm 
unter  etwa  0,9  eine  bosartige  Erkrankung  des  Spenders  der  Lymphozyten  anzeigt. 
1  8.  Verfahren  zum  Untersuchen  einer  Blutprobe  auf  eine  bosartige  Erkrankung  des  Korpers  des  Spenders 

der  Blutprobe,  in  dem 
15  (a)  von  der  Blutprobe  Lymphozyten  mit  veranderbarer  SCM  abgetrennt  werden; 

(b)  die  abgetrennten  Lymphozyten  mit  dem  Faktor  nach  einem  der  Anspruche  1  bis  14  in  Beruhrung 
gebracht  und  dadurch  angeregt  werden; 
(c)  die  angeregten  Lymphozyten  solange  mit  einer  Vorstufe  eines  fluorogenen  Mittels  in  Beruhrung 
gebracht  werden,  dali  die  Vorstufe  in  die  Lymphozyten  eindringt  und  durch  intrazellulare  enzymatische 

20  Hydrolyse  in  die  f  luorogene  Verbindung  uberfuhrt  wird,  so  dali  f  luorhaltige  angeregte  Lymphozyten  gebil- 
det  werden; 
(d)  die  fluorhaltigen  angeregten  Kyphozyten  mit  polarisiertem  Licht  erregt  und  dadurch  zur  Fluoreszenz 
veranlalit  werden; 
(e)  zur  Bestimmung  eines  Polarisationswertes  fur  die  f  luoreszierenden  Lymphozyten  die  von  diesen  emit- 

25  tierte,  vertikal  polarisierte  bzw.  horizontal  polarisierte  Fluoreszenz  gemessen  werden  und 
(f)  zum  Feststellen  des  Vorhandenseins  oder  Nichtvorhandenseins  von  Krebs  im  Korperdes  Spenders  der 
Lymphozyten  der  so  bestimmte  Polarisationswert  der  fluorhaltigen  angeregten  Lymphozyten  mit  dem 
Polarisationswert  eines  Kontroll-aliquots  von  Lymphozyten  verglichen  wird,  die  den  Schritten  (a),  (c),  (d) 
und  (e),  aber  nicht  dem  Schritt  (b),  unterworfen  worden  sind. 

30  19.  Verfahren  nach  Anspruch  18,  dadurch  gekennzeichnet,  dali  die  Lymphozyten  mit  vertikal  polarisiertem 
Licht  erregt  werden  und  dali  die  Polarisationswerte  in  einem  Fluoreszenz-Spektralphotometer  nach  der  Bezie- 
hung 

P  =  (lv-GIH)/(lH  +  GIH) 
bestimmt  werden,  in  der  lv  und  lh  die  Intensitaten  der  polarisierten  Fluoreszenz  in  der  Vertikal-  bzw.  Horizon- 

35  talebene  sind  und  G  ein  Korrekturfaktor  zum  Ausgleich  des  ungleichen  Durchtritts  der  horizontalen  und  verti- 
kalen  Komponente  des  polarisierten  Lichts  durch  die  Optik  des  Spektralphotometers  ist. 

20.  Verfahren  nach  Anspruch  18  oder  19,  dadurch  gekennzeichnet,  dali  die  Schritte  (b)  und  (c)  gleichzeitig 
durchgefuhrt  werden. 

21.  Verfahren  zum  Abbilden  von  Krebszellen  mit  folgenden  Schritten: 
40  (a)  ein  Antikorper  gegen  den  allgemein  bei  Krebs  vorkommenden,  an  der  SCM  erkennbaren  Faktor  nach 

einem  der  Anspruche  1  bis  14  wird  mit  einer  abbildbaren  Substanz  markiert  und 
(b)  der  markierte  Antikorper  wird  zum  Abbilden  von  Krebszellen  verwendet. 
22.  Verfahren  zum  Bestimmen  des  Spiegels  eines  allgemein  bei  Krebs  vorkommenden,  an  der  SCM 

erkennbaren  Faktors  in  einer  Korperflussigkeit  unter  Verwendung  eines  Antikorpers  gegen  den  allgemein  bei 
45  Krebs  vorkommenden,  an  der  SCM  erkennbaren  Faktor  nach  einem  der  Anspruche  1  bis  14  in  einem  Immu- 

noassay. 
23.  Verfahren  nach  Anspruch  22,  dadurch  gekennzeichnet,  dali  das  Immunoassay  ein  Radioimmunoas- 

say,  ein  Fluoreszenzimmunoassay,  ein  Assay  mit  einem  mit  Enzymen  verbundenen  Immunosorbens  oder  ein 
Ausfall-lmmunoassay,  unter  Einschluli  von  nephelometrischen  und  turbidimetrischen  Assays,  ist. 

so  24.  Verfahren  zum  Erzeugen  eines  allgemein  bei  Krebs  vorkommenden,  an  der  SCM  erkennbaren  Faktors 
mit  folgenden  Schritten: 

(a)  einem  krebskranken  Spender  wird  eine  Korperflussigkeit  entnommen; 
(b)  eine  erste  Fraktion  der  Korperflussigkeit  mit  Molekulen  mit  einem  scheinbaren  Molekulargewicht  uber 
1000  Dalton  wird  von  einer  zweiten  Fraktion  mit  Molekulen  mit  einem  scheinbaren  Molekulargewicht  unter 

55  1  000  Dalton  getrennt,  und 
(c)  durch  Reinigen  der  zweiten  Fraktion  wird  ein  im  wesentlichen  reiner,  allgemein  bei  Krebs  vorkommen- 
der,  an  der  SCM  erkennbarer  Faktor  gewonnen. 
25.  Verfahren  nach  Anspruch  24,  dadurch  gekennzeichnet,  dali  die  Korperflussigkeit  aus  peripherem  Blut, 
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Harn  und  Plasma  ausgewahlt  wird. 
26.  Verfahren  nach  Anspruch  24  oder  25,  dadurch  gekennzeichnet,  dali  zum  Abtrennen  der  zweiten  von 

derersten  Fraktion  die  Korperflussigkeit  durch  ein  Ultraf  ilter  mit  einer  einem  Molekulargewicht  von  1000  Dalton 
entsprechenden  Nenn-Trenngrolie  filtriert  wird. 

5  27.  Verfahren  nach  einem  der  Anspruche  24  bis  26,  in  dem  in  einem  weiteren  Schritt  zum  Entsalzen  der 
zweiten  Fraktion  diese  auf  eine  Gelfiltriersaule  mit  einem  Fraktionierbereich  von  0  bis  700  Dalton  aufgegeben 
wird,  die  zum  Abtrennen  der  Salze  von  der  zweiten  Fraktion  geeignet  ist,  worauf  das  Gut  von  der  Saule  eluiert 
und  jener  Teil  gesammelt  wird,  der  bei  einem  Elutionsvolumen  vom  etwa  0,3-  bis  zum  etwa  0,5-fachen  des 
Gesamtvolumens  des  fur  die  Chromatographie  verwendeten  Bettes  eluiert  wird,  so  dali  in  dem  gesammelten 

w  entsalzten  Teil  die  spezif  ische  Aktivitat  des  allgemein  bei  Krebs  vorkommenden,  an  der  SCM  erkennbaren  Fak- 
tors  gegenuber  dessen  spezif  ischer  Aktivitat  in  der  zweiten  Fraktion  nach  Anspruch  24  erhoht  wird. 

28.  Verfahren  nach  Anspruch  27,  mit  folgenden  weiteren  Schritten: 
(a)  dergesammelte  entsalzte  Teil  wird  auf  eine  Gelfiltriersaule  mit  einem  Fraktionierbereich  von  etwa  1500 
Dalton  bis  etwa  30  000  Dalton  aufgegeben; 

15  (b)  das  im  Schritt  (a)  aufgegebene  Gut  wird  mit  einer  schwachen  walirigen  Losung  eines  Ammoniumsalzes 
von  der  Kolonne  eluiert;  und 
(c)  es  wird  jener  Teil  gesammelt,  der  bei  einem  Elutionsvolumen  von  etwa  0,4-fachen  bis  zum  etwa 
0,6.fachen  des  Gesamtvolumens  des  fur  die  Chromatographie  verwendeten  Bettel  eluiert  wird,  wodurch 
die  spezif  ische  Aktivitat  des  allgemein  bei  Krebs  vorkommenden,  an  der  SCM  erkennbaren  Faktors  in  dem 

20  gesammelten  Eluat  gegenuber  der  spezif  ischen  Aktivitat  dieses  Faktors  in  dem  gesammelten  entsalzten 
Teil  nach  Anspruch  27  erhoht  wird. 
29.  Verfahren  nach  Anspruch  28  mit  folgenden  weiteren  Schritten: 
(a)  das  gesammelte  Eluat  wird  auf  eine  Diethylaminoethyl-Cellulose-Anionenaustauschsaule  aufgegeben; 
(b)  das  im  Schritt  (a)  auf  die  Saule  aufgegebene  Gut  wird  mit  zunehmender  Konzentration  eines  Ammo- 

25  niumsalzes  von  der  Saule  eluiert;  und 
(c)  der  von  etwa  0,28  M  bis  etwa  0,31  M  Ammoniumsalz  von  der  Saule  eluierte  Anteil  wird  gesammelt,  so 
dali  die  spezif  ische  Aktivitat  des  allgemein  bei  Krebs  vorkommenden,  an  der  SCM  erkennbaren  Faktors 
in  dem  gesammelten  Eluat  gegenuber  der  spezif  ischen  Aktivitat  dieses  Faktors  in  dem  nach  Anspruch  28 
gesammelten  Eluat  erhoht  wird. 

30  30.  Verfahren  nach  Anspruch  29,  in  dem  der  aus  dem  nacht  Anspruch  29  gesammelten  Eluat  gewonnene, 
allgemein  bei  Krebs  vorkommende,  an  der  SCM  erkennbare  Faktor  durch  Flussigkeitschromatographie  mit 
Phasenumkehr  so  gerrinigt  wird,  dali  er  im  wesentlichen  homogen  ist. 

35  Revendications 

1  .  Facteur  associe  au  cancer  reconnaissable  par  test  ESMC  (Etat  de  Structure  de  matrice  cytoplasmique), 
sensiblement  pur,  constitue  essentiellement  d'un  peptide  de  faible  poids  moleculaire  passant  a  travers  des  f  il- 
tres  ayant  un  seuil  theorique  de  coupure  de  poids  moleculaire  de  1000  daltons  et  retenu  par  des  filtres  ayant 

40  un  seuil  theorique  de  coupure  de  poids  moleculaire  de  500  daltons  et  incluant  la  sequence  diacides  amines 
Lys-Pro-Phe,  le  facteur  produisant  une  diminution  d'au  moins  dix  pour  cent  de  la  valeurde  polarisation  de  fluo- 
rescence  intracellulaire  de  lymphocytes  repondeurs  dans  le  test  ESMC  provenantde  donneurs  atteints  de  can- 
cer,  mesuree  par  le  test  standard  d'ESMC. 

2.  Facteur  selon  la  revendication  1  purif  ie  a  une  homogeneite  substantielle. 
45  3.  Facteur  associe  au  cancer  reconnaissable  par  test  ESMC  ne  comprenant  pour  I'essentiel  que  des  pep- 

tides  ayant  au  moins  treize  residus  acides  amines  incluant  une  sequence  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met- 
R4-R5-R6-R7  ,  oil  Ri  est  choisi  parmi  Asn  et  Gin,  R2,  R3  et  R4  sont  choisis  chacun  independamment  parmi  Val, 
Leu  et  He,  R5  est  choisi  parmi  Asp  et  Glu,  et  R6  et  R7  sont  choisis  chacun  independamment  parmi  Asn  et  Gin. 

4.  Facteur  selon  la  revendication  3  ayant  la  propriete  de  modifier  le  changement  d'ESMC  de  lymphocytes 
50  repondeurs  dans  le  test  ESMC  obtenus  aupres  de  donneurs  exempts  d'atteinte  maligne  lorsque  le  facteur  est 

mis  en  contact  avec  de  tels  lymphocytes  repondeurs  dans  le  test  ESMC,  ce  qui  fait  que  les  lymphocytes  repon- 
dent  dans  le  test  ESMC  aux  antigenes  associes  au  cancer  mais  non  aux  agents  mitogenes  apres  le  contact. 

5.  Facteur  selon  la  revendication  3  ou  4  ayant  la  propriete  de  diminuer  la  toxicite  in  vitro  de  lymphocytes 
potentiellement  repondeurs  dans  le  test  ESMC  envers  la  lignee  cellulaire  myeloTde  humaine  K  562  d'au  moins 

55  90%,  mesures  par  la  liberation  de  51Cr. 
6.  Facteur  selon  I'une  quelconque  des  revendications  precedentes  ayant  la  composition  en  acides  amines 

approchee  (Asx2,  Glx3,  Ser,  His,  Gly5,  Thr,  Arg,  Ala3,  Tyr,  Met,  Val3,  Phe3,  He,  Leu3,  Lys2). 
7.  Facteur  selon  I'une  quelconque  des  revendications  1-5  dans  lequel  un  segment  a  seize  acides  amines 
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dans  le  facteur  a  la  sequence  d'acides  amines  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe- 
Ser-Lys,  le  segment  n'incluant  pas  I'extremite  amino  du  facteur. 

8.  Facteur  selon  I'une  quelconque  des  revendications  1-5  ou  un  segment  a  quinze  acides  amines  dans  le 
facteur  a  la  sequence  d'acides  amines  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys,  le 

5  segment  n'incluant  pas  I'extremite  amino  du  facteur. 
9.  Facteur  selon  I'une  quelconque  des  revendications  1-5  ne  comprenant  pourl'essentiel  que  des  peptides 

ayant  au  moins  quinze  residus  acides  amines  incluant  une  sequence  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4- 
R5-R6-R7-R8,  oil  R8  est  choisi  parmi  Ser  et  Thr. 

10.  Facteur  selon  la  revendication  9  ne  comprenant  pour  I'essentiel  que  des  peptides  incluant  une 
10  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Thr-Lys. 

11.  Facteurselon  I'une  quelconque  des  revendications  1-5  ne  comprenant  pourl'essentiel  que  des  peptides 
ayant  au  moins  seize  residus  acides  amines  incluant  une  sequence  Phe-R1-Lys-Pro-Phe-R2-Phe-R3-Met-R4- 
R5-R6-R7-  Phe-Rs-Lys-,  ou  R8  est  choisi  parmi  Ser  et  Thr. 

12.  Facteur  selon  la  revendication  11  ne  comprenant  pour  I'essentiel  que  des  peptides  incluant  une 
15  sequence  Phe-Asn-Lys-Pro-Phe-Val-Phe-Leu-Met-lle-Asp-Gln-Asn-Phe-Ser-Lys. 

13.  Facteur  selon  I'une  quelconque  des  revendications  precedentes  ne  contenant  pour  I'essentiel  qu'un 
seul  peptide. 

14.  Peptide  selon  les  revendication  12  et  13  dans  lequel  5  x  102femtogrammes  du  peptide  produisent  une 
diminution  de  la  valeur  de  polarisation  d'au  moins  30%  dans  le  test  ESMC  lorsqu'on  I'utilise  pour  provoquer 

20  des  lymphocytes  repondeurs  dans  le  test  ESMC  provenant  de  donneurs  atteints  de  cancer. 
15.  Procede  pour  tester  les  lymphocytes  obtenus  a  partir  d'un  donneur  mammifere  afin  de  rechercher  la 

presence  ou  I'absence  d'un  etat  malin  chez  le  donneur,  comprenant  les  etapes  de  : 
(a)  mise  en  contact  d'une  suspension  des  lymphocytes  avec  le  facteur  associe  au  cancer  reconnaissable 
par  test  ESMC  de  I'une  quelconque  des  revendications  precedentes  ;  et 

25  (b)  determination  de  la  diminution  de  I'etat  de  structure  de  la  matrice  cytoplasmique  des  lymphocytes  resul- 
tant  de  I'etape  de  mise  en  contact  de  la  suspension  des  lymphocytes. 
16.  Procede  selon  la  revendication  15  dans  lequel  I'etape  de  determination  de  la  diminution  de  I'etat  de  la 

structure  de  la  matrice  cytoplasmique  comprend  les  etapes  de  : 
(a)  mesure  de  la  polarisation  le  fluorescence,  Ps,  pour  une  partie  aliquote  des  lymphocytes  qui  a  ete  mise 

30  en  contact  avec  le  facteur  ; 
(b)  mesure  de  la  polarisation  de  fluorescence,  Pc,  pour  une  seconde  partie  aliquote  des  lymphocytes  qui 
n'a  pas  ete  mise  en  contact  avec  le  facteur;  et 
(c)  determination  du  rapport  de  Ps  a  Pc,  un  rapport  de  Ps  a  Pc  inferieur  a  environ  0,9  indiquant  la  presence 
d'un  etat  malin  chez  le  donneur  des  lymphocytes. 

35  1  7.  Procede  selon  la  revendication  1  5  dans  lequel  I'etape  de  determination  de  la  diminution  de  I'etat  de  la 
structure  de  la  matrice  cytoplasmique  comprend  les  etapes  de  ; 

(a)  mesure  de  la  polarisation  de  fluorescence,  Ps,  pour  une  partie  aliquote  des  lymphocytes  qui  a  ete  mise 
en  contact  avec  le  facteur; 
(b)  mesure  de  la  polarisation  de  fluorescence,  PM,  pour  une  seconde  partie  aliquote  des  lymphocytes  qui 

40  a  ete  mise  en  contact  avec  un  agent  mitogene  choisi  dans  le  groupe  constitue  par  la  phytohemagglutinie, 
la  concanavaline  A,  et  I'agent  mitogene  de  phytolaque;  et 
(c)  determination  du  rapport  de  reponse  au  test  ESMC,  RRESMC,  comme  etant  le  rapport  de  Ps  a  PM,  ou 
un  RRESMC  inferieur  a  environ  0,9  indique  la  presence  d'un  etat  malin  chez  le  donneur  des  lymphocytes. 
18.  Procede  pour  determiner  par  criblage  dans  un  echantillon  sanguin  La  presence  d'un  etat  malin  dans 

45  le  corps  du  donneur  de  I'echantillon  de  sang,  dans  lequel  : 
(a)  on  separe  les  lymphocytes  potentiellement  repondeurs  dans  le  test  ESMC  de  I'echantillon  sanguin  ; 
(b)  on  met  en  contact  les  lymphocytes  separes  avec  le  facteur  de  I'une  quelconque  des  revendications 
1-14,  pour  stimuler  ainsi  les  lymphocytes; 
(c)  on  met  en  contact  les  lymphocytes  stimules  avec  un  precurseur  d'agent  f  luorogene  pendant  une  duree 

50  suff  isante  pour  que  le  precurseur  penetre  les  lymphocytes  en  vue  d'une  hydrolyse  enzymatique  intracel- 
lulaire  aboutissant  au  compose  fluorogene,  generant  ainsi  des  lymphocytes  stimules  contenant  de  la 
matiere  fluorescente  ; 
(d)  on  excite  les  lymphocytes  stimules  contenant  de  la  matiere  fluorescente  avec  de  la  lumiere  polarisee, 
provoquant  ainsi  la  fluorescence  des  lymphocytes; 

55  (e)  on  mesure  les  emissions  de  fluorescence  polarisees  verticalement  et  horizontalement  en  provenance 
des  lymphocytes  fluorescents  pour  determiner  une  valeur  de  polarisation  pour  les  lymphocytes  fluores- 
cents;  et 
(f)  on  compare  la  valeur  de  polarisation  determinee  pour  les  lymphocytes  stimules  contenant  de  la  matiere 
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fluorescente  avec  la  valeur  de  polarisation  pour  une  partie  aliquote  temoin  de  lymphocytes  provenant  du 
meme  donneur  qui  a  ete  soumis  a  I'operation  des  etapes  (a),  (c),  (d)  et  (e),  mais  non  (b),  pour  indiquer 
ainsi  la  presence  ou  I'absence  d'un  cancer  dans  le  corps  du  donneur  des  lymphocytes. 
19.  Procede  selon  la  revendication  18  dans  lequel  les  lymphocytes  sont  excites  avec  de  la  lumiere  polarisee 

5  verticalement  dans  lequel  les  valeurs  de  polarisation  sont  determinees  dans  un  spectrophotometre  a  fluores- 
cence  selon  la  relation; 

P  =  (lv-GIH)/(lH  +  G y ,  
dans  laquelle  lv  et  lH  sont  les  intensites  de  fluorescence  polarisee  dans  les  plans  vertical  et  horizontal,  res- 
pectivement,  et  G  est  un  facteur  de  correction  de  I'inegalite  de  transmission  des  composants  horizontal  et  ver- 

w  tical  de  la  lumiere  polarisee  a  travers  le  systeme  optique  du  spectrophotometre. 
20.  Procede  selon  la  revendication  18  ou  19  dans  lequel  les  etapes  (b)  et  (c)  se  deroulent  simultanement. 
21.  Procede  pour  representer  par  une  image  des  cellules  cancereuses  comprenant  les  etapes  de  : 
(a)  marquage  d'un  anticorps  contre  le  facteur  associe  au  cancer  reconnaissable  par  test  ESMC  de  I'une 
quelconque  des  revendications  1-14  avec  un  agent  marqueur  ;  et 

15  (b)  utilisation  de  I'anticorps  marque  pour  representer  par  une  image  des  cellules  cancereuses. 
22.  Procede  de  determination  de  la  concentration  d'un  facteur  associe  au  cancer  reconnaissable  par  test 

ESMC  dans  un  f  luide  corporel  par  I'emploi  dans  un  immunodosage  d'un  anticorps  contre  le  facteur  associe  au 
cancer  reconnaissable  par  test  ESMC  de  I'une  quelconque  des  revendications  1-14. 

23.  Procede  selon  la  revendication  22  dans  lequel  I'immunodosage  est  un  radioimmunodosage,  un  immu- 
20  nodosage  de  fluorescence,  un  dosage  d'immunoabsorption  liee  a  I'enzyme,  ou  un  immunodosage  de  precipi- 

tation  incluant  des  dosages  nephelometriques  et  des  dosages  turbidimetriques. 
24.  Procede  de  preparation  d'un  facteur  associe  au  cancer  reconnaissable  par  test  ESMC  comprenant  les 

etapes  de  : 
(a)  obtention  d'un  fluide  corporel  a  partir  d'un  donneur  atteint  de  cancer  ; 

25  (b)  separation  d'une  premiere  fraction  du  fluide  corporel  comprenant  des  molecules  ayant  un  poids  mole- 
culaire  apparent  superieur  a  1000  daltons,  d'une  seconde  fraction  comprenant  des  molecules  ayant  un 
poids  moleculaire  apparent  inferieur  a  1000  daltons;  et 
(c)  purification  de  la  seconde  fraction  pour  obtenir  un  facteur  associe  au  cancer  reconnaissable  par  test 
ESMC  sensiblement  pur. 

30  25.  Procede  selon  la  revendication  24  dans  lequel  le  fluide  corporel  est  choisi  parmi  le  sang  peripherique, 
I'urine  et  le  plasma. 

26.  Procede  selon  la  revendication  24  ou  25  dans  lequel  la  separation  de  la  seconde  fraction  de  la  premiere 
fraction  s'effectue  par  filtration  du  fluide  corporel  a  travers  un  ultraf  iltre  ayant  un  seuil  theorique  de  coupure 
de  poids  moleculaire  de  1000  daltons. 

35  27.  Procede  selon  I'une  quelconque  des  revendications  24-26  comprenant  en  outre  I'etape  de  dessalage 
de  la  seconde  fraction  par  chargement  de  la  seconde  fraction  sur  une  colonne  de  filtration  sur  gel  avec  un  inter- 
vals  de  fractionnement  allant  de  0  a  700  daltons  et  capable  d'en  separer  les  sels,  elution  de  la  matiere  chargee 
de  la  colonne  avec  de  I'eau  distillee,  et  collecte  de  la  partie  s'eluant  a  un  volume  d'elution  compris  entre  environ 
0,3  et  environ  0,5fois  le  volume  total  du  lit  chromatographique,  augmentant  ainsi  I'activite  specif  ique  du  facteur 

40  associe  au  cancer  reconnaissable  par  test  ESMC  dans  la  partie  dessalee  recueillie  par  rapport  a  son  activite 
specif  ique  dans  la  seconde  fraction  selon  la  revendication  24. 

28.  Procede  selon  la  revendication  27  comprenant  en  outre  les  etapes  de  : 
(a)  charge  de  la  partie  desselee  recueillie  sur  une  colonne  de  filtration  sur  gel  ayant  un  intervalle  de  frac- 
tionnement  allant  d'environ  1500  daltons  a  environ  30  000  daltons; 

45  (b)  elution  de  la  matiere  chargee  sur  la  colonne  dans  I'etape  (a)  de  la  colonne  avec  une  solution  aqueuse 
a  concentration  faible  en  un  sel  d'ammonium;  et 
(c)  collecte  de  la  partie  s'eluant  a  un  volume  d'elution  compris  entre  environ  0,4  fois  et  environ  0,6  fois  le 
volume  total  du  lit  chromatographique,  augmentant  ainsi  I'activite  specif  ique  du  facteur  associe  au  cancer 
reconnaissable  par  test  ESMC  dans  I'eluat  recueilli  par  rapport  a  son  activite  specif  ique  dans  la  partie  des- 

50  selee  recueillie  selon  la  revendication  27. 
29.  Procede  selon  la  revendication  28  comprenant  en  outre  les  etapes  de  : 
(a)  charge  de  I'eluat  recueilli  sur  une  colonne  d'echange  d'anions  en  diethylaminoethyl-cellulose; 
(b)  elution  de  la  matiere  chargee  sur  la  colonne  dans  I'etape  (a)  de  la  colonne  avec  une  concentration  crois- 
sante  d'un  sel  d'ammonium;  et 

55  (c)  collecte  de  la  partie  s'eluant  de  la  colonne  a  une  concentration  entre  environ  0,28  M  et  environ  0,31  M 
en  sel  d'ammonium,  augmentant  ainsi  I'activite  specif  ique  du  facteur  associe  au  cancer  reconnaissable 
par  test  ESMC  dans  I'eluat  recueilli  par  rapport  a  son  activite  specif  ique  dans  I'eluat  recueilli  selon  la  reven- 
dication  28. 
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30.  Procede  selon  la  revendication  29  comprenant  en  outre  les  etapes  de  purification  du  facteur  associe 
au  cancer  reconnaissable  par  test  ESMC  a  partir  de  I'eluat  recueilli  selon  la  revendication  29  jusqu'a  homo- 
geneite  importante  par  chromatographie  liquide  a  haute  pression  a  phase  inverse. 
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