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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  method  for 
imaging  lymphatic  structures  and  to  a  kit  suitable 
for  use  therefor. 

There  is  a  need,  particularly  in  oncology,  for  a 
method  that  clearly  delineates  lymphatic  structures. 
Lymphatic  structures,  particularly  lymph  nodes, 
drain  tissue  and  extravascular  regions  of  various 
molecular  and  macromolecular  substances,  includ- 
ing  antigens,  infectious  agents,  and  cells,  serving 
as  a  filter  as  well  as  a  part  of  the  host  organism's 
immunological  apparatus.  It  is  well  known  that  cer- 
tain  substances  with  appropriate  physical  proper- 
ties,  when  injected  into  a  suitable  tissue  plane,  are 
transported  from  the  injection  site  by  a  drainage 
system  and  sequestered  in  regional  and  then  more 
distant  lymph  nodes.  Some  of  these  substances, 
particularly  colloids,  are  passively  retained  in 
sinusoids  and  actively  phagocytosed  by  the  re- 
ticuloendothelial  (RE)  cells  within  the  lymph  node. 
When  a  radioisotope  is  incorporated  in  such  a 
pharmaceutical  suitable  for  lymphatic  accretion,  the 
lymph  system,  particularly  the  draining  lymph 
nodes,  can  be  imaged  with  a  suitable  scintigraphic 
system. 

However,  when  a  disease  process  impacts 
upon  these  lymphatic  structures,  the  image  of  the 
lymph  nodes  may  be  affected  in  such  a  manner 
that  their  form  and  appearance  is  different.  For 
example,  a  cancer  infiltrating  a  lymph  node  may 
replace  a  large  enough  portion  of  the  RE  tissue  in 
the  node  to  exclude  an  imaging  agent,  e.g.,  a 
radiocolloid,  from  that  area  of  the  node,  resulting  in 
a  "negative"  image  effect.  Similar  results  may  be 
obtained  when  the  lymph  node  structure  and  func- 
tion  is  compromised  by  infectious  agents,  e.g., 
bacteria,  fungi,  parasites  and  viruses. 

However,  the  use  of  such  lymphoscintigraphic 
methods  can  present  problems  in  diagnostic  inter- 
pretation,  since  "absent"  lymph  nodes  or  "de- 
creased  uptake  of  radioactivity"  are  not  in  them- 
selves  diagnostic  of  neoplastic  or  other  involvement 
of  the  lymph  nodes.  Moreover,  there  may  be  lymph 
nodes  that  appear  normal  in  the  lymphoscintigram, 
or  even  show  increased  radiocolloid  uptake,  when 
these  nodes  are  found  to  have  metastases  upon 
microscopic  examination.  Conversely,  nodes  with 
no  apparent  metastatic  involvement  may  show  de- 
creased  or  no  radiocolloid  uptake.  Thus,  a  method 
with  greater  specificity  for  lymph  node  involvement 
in  cancer  or  in  infectious  diseases  would  be  of 
considerable  diagnostic  value. 

Methods  of  localization  and  therapy  of  tumors 
and  infectious  lesions  using  labeled  antibodies  and 
antibody  fragments  which  specifically  bind  markers 

produced  by  or  associated  with  tumors  or  infec- 
tious  lesions  have  been  disclosed,  inter  alia,  in 
Hansen  et  al.,  U.S.  Patent  3,927,193  and  Golden- 
berg,  U.S.  Patents  4,331,647,  4,348,376,  4,361,544, 

5  4,468,457,  4,444,744,  4,460,459  and  4,460,561  ,  and 
in  European  Patent  Applications  Nos.  0131627  and 
0149709,  the  disclosures  of  all  of  which  are  incor- 
porated  herein  in  their  entireties  by  reference.  See 
also  DeLand  et  al.,  J.  Nucl.  Med.,  20,  1243-50 

io  (1979). 
EP-A-035265  relates  to  a  tumour  imaging 

method  which  uses  a  labelled  antibody  specific  to 
a  tumour  antigen  and  a  second,  differently  labelled 
and  non-specific  antibody.  Thus,  the  tumour-spe- 

75  cific  antibody  produces  a  positive  image  of  a  tum- 
our  which  produces  or  is  associated  with  the  anti- 
gen  and  the  second,  nonspecific  antibody  will  pro- 
vide  a  general  background  image  which  can  be 
subtracted  from  the  positive  image  of  the  tumour. 

20  The  relevant  background  art  disclosed  in  EP-A- 
035265  relates  to  CEA  and  the  use  of  anti-CEA 
antibodies  to  localise  tumours  by  scintillation  scan- 
ning. 

WO-A-8500522  (corresponding  to  EP-A-0  149 
25  709)  discloses  an  imaging  technique  which  uses  an 

antibody  specific  to  a  tumour-associated  marker. 
The  purpose  of  the  disclosed  imaging  technique  is 
to  enhance  target  specificity  of  antibody  localisa- 
tion  and  clearance  of  non-target  diagnostic  and 

30  therapeutic  agents.  This  improvement  is  accom- 
plished  by  first  injecting  a  subject  with  a  tumour 
marker-specific  antibody  and  then,  at  a  time  after 
injection,  injecting  the  subject  with  a  second  un- 
labeled  antibody  specific  against  the  first  antibody, 

35  in  an  amount  which  is  sufficient  to  decrease  the 
level  of  circulating  first  marker-specific  antibody, 
and  then  scanning  with  a  detector  to  detect  and 
locate  the  site  or  sites  of  uptake  of  the  first  anti- 
body  by  the  lesion.  The  relevant  background  art 

40  disclosed  in  WO-A-8500522  relates  to  method  of 
tumour  localisation  and  therapy  using  labelled  anti- 
bodies  and  antibody  fragments. 

These  methods  use  radiolabeled  antibodies 
which  specifically  bind  to  markers  produced  by  or 

45  associated  with  tumors  or  infectious  lesions,  and 
result  in  a  "positive"  image,  i.e.,  uptake  of  radioac- 
tivity  attached  to  the  antibody  in  the  structure  in- 
volved  with  tumor  or  infectious  lesion  and  having 
the  appropriate  antibody  target,  thus  permitting  a 

50  visualization  of  the  involved  structure.  Further  im- 
provements  in  the  specificity  and  resolution  of 
these  methods  is  achieved  by  the  use  of  various 
subtraction  techniques  which  are  also  disclosed  in 
the  aforementioned  references,  and  which  enable 

55  background,  non-specific  radioactivity  to  be  distin- 
guished  from  specific  uptake  by  the  tumor  or  le- 
sion. 
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Others  have  employed  lymphoscintigraphy  to 
study  various  types  of  cancers,  using  various  imag- 
ing  agents.  Current  lymphoscintigraphic  methods 
employ  Tc-99m  antimony  sulfide  colloid  (Tc-ASC) 
as  the  imaging  agent  of  choice,  although  Tc-99m 
stannous  phytate  has  also  been  reported  as  useful. 
See,  e.g.,  Ege  et  al.,  Brit.  J.  Radiol.,  52,  124-9- 
(1979);  and  Kaplan  et  al.,  J.  Nucl.  Med.,  20,  933-7- 
(1979)  .  Earlier,  Au-198  colloid  was  used,  as  re- 
ported  by,  e.g.,  Hultborn  et  al.,  Acta  Radiol.,  43,  52- 
(1955);  Turner-Warwick,  Brit.  J.  Surg.,  46,  574- 
(1959);  Vendrell-Torne  et  al.,  J.  Nucl.  Med.,  13, 
801(1972);  Robinson  et  al.,  Surg.  Forum,  28,  147- 
(1977);  Sherman  et  al.,  Am.  J.  Roentgenol.,  64,  75- 
(1950);  and  Rosse  et  al.,  Minerva  Med.,  57,  1151- 
(1966).  Intraperitoneal  autologous  Tc-99m-labeled 
erythrocytes  were  used  in  mediastinal  lymphoscin- 
tigraphy  to  study  ovarian  cancer  by  Kaplan  et  al., 
Br.  J.  Radiol.,  54,  126(1981).  Tc-99m-labeled  lipo- 
somes  were  used  in  axillary  lymphoscintigraphy  of 
breast  cancer  by  Osborne  et  al.,  Int.  J.  Nucl.  Med. 
Biol.,  6,  75(1979).  Tc-99m  rhenium  sulfide  colloid 
was  used  in  breast  cancer  lymphoscintigraphy  by 
Gabelle  et  al.,  Nouv.  Presse  Med.,  10,  3067(1981). 
The  use  of  Tc-ASC  for  lymphoscintigraphic  imag- 
ing  of  mammary  and  prostatic  cancers,  as  well  as 
for  malignant  melanoma,  has  been  reported  by, 
e.g.,  Ege,  Sem.  Nucl.  Med.,  13,  26(11983);  Ege,  J. 
Urol.,  127,  265-9  (1982);  and  Sullivan  et  al.,  Am.  J. 
Radiol.,  137,  847-51(1981). 

DeLand  et  al.,  Cancer  Res.,  40,  2997-3001 
(1980)  ,  disclose  a  scintigraphic  imaging  method 
using  anti-carcinoembryonic  antigen  antibodies 
labeled  with  1-131.  They  found  that  the  tumor  mark- 
er,  carcinoembryonic  antigen  (CEA),  was  accumu- 
lated  in  lymph  node  metastases  and  also  in  some 
non-metastatic  lymph  nodes  in  the  drainage  path  of 
proximal  tumors,  and  was  revealed  by  binding  to 
labeled  antibody. 

Lymph  nodes  have  been  imaged  by  magnetic 
resonance  imaging  techniques,  but  not  with  the  use 
of  image  enhancing  contrast  agents,  and  not  with 
antibody-conjugated  imaging  agents. 

It  is  important  in  certain  clinical  situations  to 
detect  the  presence  or  absence  of  a  particular 
organ,  such  as  the  ovary.  Moreover,  it  is  often 
necessary  to  determine  whether  an  organ  is  ana- 
tomically  correct  and  whether  it  has  pathology, 
e.g.,  obstruction,  infection,  neoplasia  and  the  like, 
by  a  non-invasive  technique.  It  would  be  desirable 
to  have  an  organ  imaging  method  using  organ- 
specific  imaging  agents  that  would  make  it  possible 
to  obtain  a  "positive"  image  of  the  organ,  when 
normal.and  a  defect  in  organ  visualization  if  pathol- 
ogy  is  present.  Such  a  method  would  provide  a 
new  approach  to  scintigraphic  and  magnetic  reso- 
nance  imaging  of  organs  and  tissues  in  the  body 
based  upon  their  immunological  specificity. 

Antibody  conjugates  comprising  organ-specific 
and  tissue-specific  antibodies  and  addends  for 
scintigraphic  detection  or  magnetic  resonance  im- 
age  enhancement  have  not  been  used  as  organ 

5  imaging  reagents. 
A  need  continues  to  exist  for  lymphographic 

imaging  methods  which  are  more  sensitive  and 
specific  for  tumor  and  infectious  lesion  involvement 
in  lymphatic  structures,  and  for  organ  imaging 

io  reagents  and  methods  with  high  specificity  for  dif- 
ferentiation  of  particular  organs  and  tissues  from 
surrounding  structures. 

OBJECTS  OF  THE  INVENTION 
15 

One  object  of  the  present  invention  is  to  pro- 
vide  a  method  for  obtaining  lymphoscintigraphic 
images  that  permits  higher  resolution  and  greater 
specificity  for  tumor  or  infectious  lesion  involve- 

20  ment  with  lymphatic  structures. 
Another  object  of  this  invention  is  to  provide 

lymphomagnetic  resonance  imaging  methods  using 
image  enhancing  agents  having  organ-specific 
and/or  tumor  or  lesion-specific  properties  as  well  as 

25  gross  image  enhancing  agents. 
Yet  another  object  of  the  invention  is  to  provide 

methods  for  lymphoscintigraphy  and  magnetic  res- 
onance  lymphography  which  permit  convenient 
subtraction  of  other  organs  such  as  the  liver  and 

30  spleen. 
A  further  object  of  this  invention  is  to  provide 

organ-specific  methods  and  agents  for  scintig- 
raphic  and  magnetic  resonance  imaging. 

Yet  a  further  object  of  the  invention  is  to  pro- 
35  vide  reagents  and  kits  suitable  for  use  in  the  lym- 

phographic  imaging  methods  of  the  invention. 
Upon  further  study  of  the  specification  and 

appended  claims,  further  objects  and  advantages 
of  this  invention  will  become  apparent  to  those 

40  skilled  in  the  art. 

SUMMARY  OF  THE  INVENTION 

These  objects  can  be  achieved  by  providing,  in 
45  a  first  aspect  of  the  invention,  the  use  of  an  anti- 

body  or  antibody  fragment  which  specifically  binds 
to  a  marker  produced  by  or  associated  with  normal 
cells  or  tissues  of  an  organ,  the  antibody  or  anti- 
body  fragment  being  labeled  with  a  radioisotope 

50  eatable  of  external  detection  or  with  a  magnetic 
resonance  imaging  enhancing  agent  in  the  prepara- 
tion  of  a  material  for  use  in  a  method  of  organ 
imaging  in  a  mammalian  subject  by  scintigraphy  or 
magnetic  resonance  imaging,  comprising  the  steps 

55  of: 
(a)  parenterally  injecting  a  mammalian  subject  at 
a  locus  and  by  a  route  providing  access  to  said 
organ  with  the  said  labeled  antibody  or  antibody 

3 
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fragment,  the  amount  of  the  labeled  antibody  or 
antibody  fragment  being  sufficient  to  permit  a 
scintigraphic  image  or  an  enhanced  magnetic 
resonance  image  of  the  organ  to  be  obtained; 
and 
(b)  obtaining  a  positive  scintigraphic  image  or  a 
positive  enhanced  magnetic  resonance  image  of 
the  organ  at  a  time  after  injection  of  said  anti- 
body  or  antibody  fragment  sufficient  for  the  anti- 
body  or  antibody  fragment  to  accrete  in  the 
organ  and  specifically  bind  to  the  marker; 
wherein  a  tumor  or  infectious  lesion  of  said 
organ  will  be  revealed  as  a  negative  scintig- 
raphic  or  enhanced  magnetic  resonance  image. 

Preferred  embodiments  of  this  aspect  of  the 
invention  are: 

wherein  said  antibody/fragment  is  labeled  with 
a  radioisotope; 

wherein  said  antibody/fragment  is  labeled  with 
a  magnetic  resonance  image  enhancing  agent; 

wherein  said  radioisotope  emits  gamma  radi- 
ation  in  the  range  of  50-500  keV; 

wherein  said  antibody/fragment  is  labeled  with 
a  radioisotope  capable  of  simultaneous  indepen- 
dent  detection  in  the  presence  of  Tc-99m;  wherein 
the  antibody/fragment  label  is  1-131  or  ln-111; 
and/or 

wherein  said  antibody/fragment  is  labeled  with 
a  magnetic  resonance  image  enhancing  agent 
comprising  at  least  one  of  Gd(lll),  Eu(lll),  Dy(lll),  Pr- 
(III),  Pa(IV),  Mn(ll),  Cr(lll),  Co(lll),  Fe(lll),  Cu(ll),  Ni- 
(II),  Ti(lll)  or  V(IV)  ions  or  a  nitroxide  radical; 

In  a  preferred  embodiment,  the  imaged  organ 
is  a  lymphatic  structure,  and  in  this  case,  the 
antibody  or  antibody  fragment  binds  specifically  to 
normal  lymphatic  cells  or  tissues. 

In  another  preferred,  embodiment,  the  method 
further  includes  the  steps  of  : 

(c)  simultaneously  or  at  an  earlier  or  later  time, 
parenterally  injecting  the  subject,  at  the  same  or 
different  locus  and  by  the  same  or  different 
route,  with  a  further  antibody  or  antibody  frag- 
ment  which  specifically  binds  a  marker  pro- 
duced  by  or  associated  with  a  tumor  or  infec- 
tious  lesion,  said  further  antibody  or  antibody 
fragment  being  labeled  with  a  radioisotope  ca- 
pable  of  external  detection  or  with  a  magnetic 
resonance  image  enhancing  agent,  the  amount 
of  the  labeled  further  antibody  or  antibody  frag- 
ment  being  sufficient  to  permit  a  positive  scintig- 
raphic  image  or  a  positive  enhanced  magnetic 
resonance  image  of  the  tumor  or  infectious  le- 
sion  to  be  obtained; 
(d)  obtaining  a  positive  scintigraphic  image  or  a 
positive  enhanced  magnetic  resonance  image  of 
the  tumor  or  infectious  lesion,  at  a  time  after 
injection  of  the  further  labeled  antibody  or  anti- 
body  fragment  sufficient  for  the  further  antibody 

or  antibody  fragment  to  become  specifically 
bound  to  the  marker  produced  by  or  associated 
with  the  tumor  or  infectious  lesion;  and 
(e)  subtracting  the  image  obtained  in  step  (b)  of 

5  the  method  set  forth  above,  which  is  a  gross 
image  including  a  positive  image  of  normal  tis- 
sues  and  cells  of  the  organ  and  negative  image 
of  any  tumor  or  infectious  lesion  or  accretion  of 
a  localised  product  thereof,  from  the  image  ob- 

io  tained  in  step  (d)  above,  which  is  a  positive 
image  of  the  tumor  or  infectious  lesion  or  accre- 
tion  of  a  localised  product  thereof,  to  produce  a 
refined  positive  image  of  the  tumor,  infectious 
lesion  or  accretion  of  a  localised  product  there- 

15  Of. 
In  a  further  embodiment,  said  anti- 

body/fragment  comprising  said  gross  imaging 
agent  also  specifically  binds  to  at  least  one  of 
normal  liver  and  spleen  tissue;  wherein  at  least  a 

20  portion  of  said  gross  imaging  agent  is  injected  by  a 
systemic  route;  and  wherein  in  step  (b),  said  image 
includes  an  image  of  at  least  one  of  the  liver  and 
the  spleen,  and  in  step  (e),  said  image  of  at  least 
one  of  the  liver  and  the  spleen  is  also  subtracted 

25  from  the  image  obtained  in  step  (d). 
Preferably,  said  systemic  route  of  injection  is 

intravenous,  intraarterial,  intramuscular  or  subcuta- 
neous. 

In  yet  another  preferred  embodiment,  wherein 
30  said  gross  imaging  agent  specifically  binds  to  a 

lymphocyte  marker,  said  marker  is  a  T-cell  marker 
or  a  B-cell  marker. 

Still  further  improvements  can  be  obtained  by 
using  antibodies  to  normal  lymph  node  structures 

35  and/or  tissues  as  the  non-specific  imaging  agent, 
and  subtracting  the  resultant  image  from  the  posi- 
tive  image  obtained  using  antibodies  which  specifi- 
cally  bind  to  tumors  or  infectious  lesions. 

The  invention  further  provides  a  scintigraphic 
40  imaging  kit  for  imaging  a  mammalian  lymphatic 

structure,  comprising: 
(a)  at  least  one  gross  lymphatic  imaging  agent, 
which  comprises  an  antibody  or  antibody  frag- 
ment  which  specifically  binds  to  normal  lym- 

45  phatic  cells  or  tissues,  said  antibody  or  antibody 
fragment  being  labeled  with  a  radioisotope  label 
or  a  magnetic  resonance  image  enhancing 
agent; 
(b)  at  least  one  antibody  or  antibody  fragment 

50  which  specifically  binds  a  marker  produced  by 
or  associated  with  a  tumour  or  infectious  lesion, 
said  antibody  or  antibody  fragment  being  label- 
led  with  a  radioisotope  or  a  magnetic  resonance 
image  enhancing  agent; 

55  (c)  a  sterile,  pharmaceutically  acceptable  injec- 
table  vehicle. 

4 
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DETAILED  DISCUSSION 

In  one  methodological  aspect,  the  present  in- 
vention  combines  two  approaches  hitherto  em- 
ployed  separately,  in  a  way  which  has  not  been 
suggested  in  the  earlier  work  on  either  technique. 
The  work  of  DeLand,  in  collaboration  with  the 
present  inventor,  was  related  to  localization  of 
radiolabeled  antibodies  in  tumors  or  accreted  anti- 
gen  foci  of  the  lymphatics.  The  work  of  others  was 
related  to  lymphoscintigraphic  imaging  of  lymphat- 
ics  with  gross  imaging  agents.  The  present  inven- 
tion  relates  to  the  hitherto  unsuggested  correlation 
and  computer  processing  of  these  two  images  to 
refine  the  positive  image  of  a  tumor  or  other  patho- 
logical  lesion,  or  accreted  antigen  focus,  revealed 
by  specific  antigen-antibody  binding. 

The  lymphographic  method  of  the  invention 
can  be  practiced  either  with  scintigraphic  or  mag- 
netic  resonance  imaging  agents.  A  combination  of 
these  imaging  agents  can  also  be  used,  although 
this  requires  more  complex  instrumentation  and 
data  processing  and  may  therefore  be  impractical 
in  most  cases.  The  subtraction  of  images  can  be 
readily  achieved  using  conventional  software.  The 
imaging  methods  of  DeLand  et  al.,  Cancer  Res., 
40,  3046(1980),  are  illustrative  of  the  computerized 
subtraction  methods  known  in  the  art. 

Major  areas  of  interest  for  lymphography  in- 
clude  regional  spread  of  neoplastic  and  infectious 
lesions  of  the  breast,  colon  and  rectum,  prostate, 
ovary  and  testes.  Major  lymph  nodes  involved  in 
these  various  lesions  include  axillary  and  internal 
mammary  nodes  in  the  chest,  and  the  pararectal, 
anterior  pelvic  (obturator),  internal  iliac  (hypo- 
gastric),  presacral,  external  and  common  iliac,  and 
para-aortic  nodes.  Thus,  applications  where  lym- 
phographic  imaging  would  be  useful  include,  but 
are  not  limited  to,  pathological  lesions  affecting  the 
major  organs  of  the  chest,  abdomen  and  pelvis,  as 
well  as  the  skin,  from  which  the  regional  and, 
subsequently,  more  distant  lymphatics  can  be  in- 
volved. 

Scintigraphic  imaging  according  to  the  method 
of  the  invention  is  effected  by  obtaining  a  scintig- 
ram  of  the  lymphatic  structure  of  interest,  using  as 
an  imaging  agent  a  radiolabeled  antibody  which 
specifically  binds  to  a  marker  produced  by  or  asso- 
ciated  with  a  tumor  or  infectious  lesion  located  in 
the  structure  or  at  a  locus  proximal  to  the  structure 
and  draining  into  the  structure,  such  that  the  anti- 
gen/marker  accretes  in  discrete  foci  therein;  also 
obtaining  a  scintigram  of  the  structure  using  a 
gross  imaging  agent  which  is  a  radiolabeled  ma- 
terial  which  accretes  in  the  structure  but  which 
does  not  specifically  bind  to  the  tumor  or  lesion,  or 
to  an  accreted  antibody  focus;  and  subtracting  the 
latter  image  from  the  former  to  produce  a  refined 

positive  image  of  the  site  or  sites  of  localization  of 
the  labeled  specific  antibody  within  the  structure. 

The  "gross"  labeled  imaging  agent  is  a  new 
type  of  gross  imaging  agent  developed  especially 

5  for  this  invention,  namely  an  antibody,  preferably  a 
radiolabeled  antibody,  which  specifically  binds  to 
normal  lymphatic  tissues  or  cells,  but  not  to  tumors 
or  lesions  located  therein  or  proximal  to  and  drain- 
ing  into  the  structure,  so  that  it  is  also  diffusely 

io  distributed  in  the  lymph  nodes  and  reveals  the 
internal  structure  thereof. 

Radiolabeled  antibodies  to  markers  characteris- 
tic  of  lymphatic  tissue  are  a  new  kind  of  gross 
imaging  agent  which  are  especially  useful  in  the 

is  method  of  the  present  invention.  They  are  an  ex- 
ample  of  an  immunologio,  organ-specific  imaging 
agent  which  can  be  used  to  ascertain  the  location 
and  shape  of  a  specific  organ  and  reveal  possible 
abnormalities  therein.  Such  agents  are  useful  for 

20  imaging  organs  other  than  lymphatics,  e.g.,  liver, 
spleen,  pancreas,  and  the  like,  and  many  anti- 
bodies  which  specifically  bind  to  tissues  of  these 
organs  are  known  and/or  under  current  investiga- 
tion  and  development. 

25  Organ-associated  and  organ-specific  antibodies 
can  be  developed  by  immunizing  a  suitable  animal 
host  with  certain  mammalian  tumors  or  normal  or- 
gan/tissue  extracts  and/or  cells.  It  is  well  known 
that  use  of  tumors  as  immunogens  can  result  in 

30  antibodies  which  not  only  react  with  neoplasia  but 
also  with  normal  tissue  components  which  some- 
times  show  an  organ-restricted  nature.  Histogenetic 
and  functional  differences  between  various  tissues 
and  organs  of  the  body  of  course  suggest  that 

35  distinct  antigens  are  present  and  identifiable.  A 
body  of  scientific  literature  already  exists  which 
claims  the  identification  of  organ-specific  antigens, 
either  using  classical  immunization  approaches  or 
by  immunizing  with  specific  tumors,  and  this  is 

40  reviewed  by  Goldenberg  et  al.,  Cancer  Res.,  36, 
3455(1976),  showing  that  such  antigens  are  known 
and  available. 

Similar  organ-  and  tissue-associated  and  spe- 
cific  antigens  are  identifiable  by  hybridoma  meth- 

45  ods  which  produce  monoclonal  antibodies.  One 
recent  development  is  the  production  of  human 
hybridoma  monoclonal  antibodies  by  securing  lym- 
phocytes  or  plasma  cells  from  patients  showing 
certain  organ-restricted  autoimmune  diseases,  e.g., 

50  thyroiditis,  gastritis,  ulcerative  colitis,  myositis,  and 
the  like.  These  antibody-producing  cells  are  then 
fused  in  vitro  with  human  or  murine  myeloma  cells 
and  hybridomas  of  appropriate  anti-organ  and  anti- 
tissue  antibody  formation  are  produced  and  propa- 

55  gated,  using  well  known  methods.  Also,  patients 
with  specific  tumor  types  can  be  used  as  a  source 
of  such  lymphocytes  or  plasma  cells,  or  such  pa- 
tients  can  be  further  immunized  with  such  tumor 

5 
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cells  for  stimulating  the  production  of  anti-organ 
and  anti-tissue  antibodies.  The  lymphatic  tissue 
removed  is  then  used  for  fusion  with  suitable 
myeloma  cells,  by  procedures  which  are  by  now 
well  known  and  conventional  in  the  art. 

Organ-associated  and  organ-specific  antigens 
can  be  isolated  for  immunization  of  another  spe- 
cies,  e.g.,  sub-human  primates,  rodents,  rabbits, 
goats,  etc.,  by  a  number  of  methods  known  in  the 
art,  such  as  isolation  of  cell  membranes  or  disrup- 
tion  of  the  cells,  e.g.,  by  centrifugation,  sonication, 
etc.,  to  obtain  intracellular  antigens.  It  is  preferable, 
for  these  purposes,  to  use  intracellular  as  opposed 
to  surface  and  extracellular  antigens.  In  this  man- 
ner,  organ-associated  and  organ-specific  antigens 
can  be  obtained  from  a  large  number  of  tissues 
and  organs  of  the  body,  including  brain,  thyroid, 
parathyroid,  larynx,  salivary  glands,  esophagus, 
bronchus  and  lungs,  heart,  liver,  pancreas,  stomach 
and  intestines,  kidney,  adrenal  gland,  ovary,  testis, 
uterus,  prostate,  etc.  Of  further  interest  is  the  dif- 
ferentiation  of  different  tissue  and  cellular  compo- 
nents  within  an  organ,  such  as  tubular  and 
glomerular  kidney,  different  regions  and  cell  types 
of  the  brain,  endocrine  and  exocrine  pancreas,  etc., 
especially  by  the  identification  of  antigens  and  anti- 
gen  epitopes  restricted  to  the  individual  cell  and 
tissue  types  in  question,  as  accomplished  with 
polyclonal  and/or  hybridoma-monoclonal  antibody- 
production  methods  known  in  the  art. 

Examples  of  antibodies  which  specifically  bind 
to  lymphatic  cells  and/or  tissues,  and  which  are 
useful  as  gross  imaging  agents  when  labeled  with  a 
radioisotope  or  magnetic  resonance  image  enhanc- 
ing  agent,  include  the  T101  murine  monoclonal 
anti-T-cell  antibody  reported  by  Royston  et  al., 
Blood,  54(Suppl.  1),  106a(1979);  and  the  T200  anti- 
lymphoreticular  cell  monoclonal  antibody  whose 
specificity  was  reported  by  Hsu  et  al.,  Am.  J. 
Pathol.,  114,  387  (1984).  Other  antibodies  to  T-cells 
and  B-cells,  which  can  also  be  used  for  such 
agents,  include,  e.g.,  the  B1,  B2  and  BA1  anti-B- 
cell  monoclonal  antibodies  reported  in  Hsu  et  al., 
Am.  J.  Clin.  Pathol.,  80,  415  (1983),  and  in  Hsu  et 
al.,  Am.  J.  Pathol.,  114,  387  (1984);  the  OKT10, 
A1G3,  HLA-DR  and  Leu  10  monoclonals  reported 
in  Hsu  et  al.,  Ibid.;  and  anti-lymphocyte  mon- 
oclonals  reported  by  Foon  et  al.,  Blood,  60,  1 
(1982),  LeBien  et  al.,  J.  Immunol.,  125,  2208(1980), 
and  Beverley  et  al.,  Eur.  J.  Immunol.,  1J_.  329- 
(1981). 

The  antibody  may  be  whole  IgG,  IgA,  IgD,  IgE, 
IgM  or  a  fragment  such  as,  e.g.,  F(ab')2,  F(ab)2, 
Fab',  Fab  or  the  like,  including  isotypes  and  sub- 
types  thereof.  It  can  be  a  polyclonal  antibody, 
preferably  an  affinity-purified  antibody  from  a  hu- 
man  or  an  appropriate  animal,  e.g.,  a  goat,  rabbit, 
mouse  or  the  like,  or  a  monoclonal  antibody  pre- 

pared  by  conventional  techniques,  e.g.,  a  murine 
antibody  derived  from  a  hybridoma  produced  by 
fusion  of  lymph  or  spleen  cells  from  a  mouse 
immunized  against  a  lymphatic  system  antigen  with 

5  myeloma  cells  from  an  appropriate  immortal  cell 
line. 

It  should  be  noted  that  mixtures  of  antibodies, 
isotypes,  and  immunoglobulin  classes,  including 
fragments,  can  be  used,  as  can  hybrid  antibodies 

io  and/or  antibody  fragments.  In  particular,  hybrids 
having  both  T101  and  T200  specificities,  or  hybrids 
having  anti-T-cell  and  anti-B-cell  specificities,  may 
be  particularly  useful  as  gross  lymphatic  imaging 
agents,  both  for  scintigraphy  and  for  magnetic  res- 

15  onance  lymphography,  depending  upon  the  label 
or  enhancing  moiety  conjugated  thereto.  Hybrid 
antibody  fragments  with  dual  specificities  can  be 
prepared  analogously  to  the  anti-tumor  marker  hy- 
brids  disclosed  in  U.S.  Patent  4,361,544.  Other 

20  techniques  for  preparing  hybrid  antibodies  are  dis- 
closed  in,  e.g.,  U.S.  Patents  4,474,893  and 
4,479,895,  and  in  Milstein  et  al.,  Immunol.  Today, 
5,  299(1984). 

The  antibody/fragment  used  for  the  specific 
25  imaging  agent  can  be  any  of  the  antibodies  which 

bind  to  tumor-specific  and/or  tumor/associated 
markers  such  as  those  disclosed  in  the  herein 
referenced  U.S.  Patents  and  Patent  Applications, 
including  hybrid  antibodies  and/or  fragments,  as 

30  well  as  others  which  are  known  to  the  ordinary 
skilled  artisan  in  this  field,  e.g.,  antibodies  which 
bind  to  human  T-cell  lymphoma  viruses  (HTLV), 
and  those  which  are  yet  to  be  discovered.  Also 
useful  are  antibodies  to  markers  produced  by  or 

35  associated  with  infectious  lesions  of  the  lymphatic 
system,  or  lesions  located  proximal  to  and  draining 
into  lymph  nodes.  Lymphotropic  micro-organisms 
include  bacteria,  viruses,  parasites,  and  the  like 
which  show  a  predilection  for  sojourn  in  and  in- 

40  volvement  of  lymphatic  structures  in  the  body. 
Among  the  viruses,  the  HTLV  family  have  a  pre- 
dilection  for  T-lymphocytes,  and  are  involved  in 
leukemias,  lymphomas,  and  AIDS.  The  HTLV  form 
considered  etiologic  for  AIDS  is  HTLV-III. 

45  Cytomegalovirus,  EB  herpes  virus,  and  the  like, 
also  show  some  predilection  for  lymphatic  struc- 
tures  although  the  site  of  primary  infection  can  be 
other  tissues,  with  subsequent  involvement  of  lym- 
phatic  tissues.  However,  virtually  all  pathogenic 

50  microoorganisms  can  demonstrate  involvement  of 
lymphatic  tissues  during  passage  and  infection  in 
the  body. 

Examples  of  antibodies  to  infectious  organisms 
and/or  antigens  produced  by  or  accreted  by  or  in 

55  the  vicinity  of  infectious  lesions  include,  e.g.,  anti- 
bodies  against  variola  virus,  yellow  fever  virus,  ar- 
boviruses,  herpes  viruses,  myxoviruses,  en- 
teroviruses,  rabies  virus,  hepatitis  A  and  B  viruses, 

6 
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Chlamydia  psittaci,  Rickettsia  prowazeki  and  other 
rickettsia,  lymphocytic  choriomeningitis  virus,  Neis- 
seria  meningitidis,  Neisseria  gonorrhoeae,  Cor- 
ynebacterium  diphtheriae,  Clostridium  tetani,  Bacil- 
lus  anthracis,  Yersinia  pestis,  Vibrio  cholerae.  sal- 
monella  and  shigella  bacterial  species, 
staphylococci  species,  Reponema  pallidum,  lep- 
tospiral  species,  Mycobacterium  leprae,  Mycobac- 
terium  tuberculosis,  Histoplasma  capsulatum,  Coc- 
cidioides  immitis,  various  streptococci,  Plasmodium 
falciparum  and  other  Plasmodia,  Toxoplasma  gon- 
dii,  Leishmania  donovani,  various  trypanosomes, 
Entameba  histolytica,  Giardia  lambia,  Trichinella 
spiralis,  Strongyloides  stercoralis,  Antiostrongylus 
cantonensis,  Wucheria  bancrofti,  Schistosoma  man- 
soni  and  other  schistosomal  helminths,  Para- 
gonimus  westermani,  echinococcal  species,  and 
the  like.  Listings  of  representative  disease-causing 
infectious  organisms  to  which  antibodies  can  be 
developed  for  use  in  this  invention  are  contained  in 
the  second  and  subsequent  editions  of  Davis  et  al, 
"Microbiology"  (Harper  &  Row,  New  York,  1973 
and  later),  and  are  well  known  to  the  ordinary 
skilled  art  worker. 

Again,  the  antibody  may  be  whole  IgG,  IgA, 
IgD,  IgE,  IgM  or  a  fragment  such  as,  e.g.,  F(ab')2, 
F(ab)2,  Fab',  Fab  or  the  like,  including  isotypes  and 
subtypes  thereof.  It  can  be  a  polyclonal  or  a  mon- 
oclonal  antibody/fragment,  a  mixture  of  anti- 
bodies/fragments  or  a  hybrid.  Here,  where  the  im- 
age  is  produced  as  a  result  of  specific  antibody- 
antigen  binding  rather  than  non-specific  uptake  by 
the  RES,  it  may  be  especially  advantageous  to  use 
antibody  fragments  which  do  not  have  the  Fc  por- 
tion. 

The  radiolabel  for  both  types  of  scintigraphic 
imaging  agents  is  preferably  an  isotope  with  an 
energy  in  the  range  of  50-500  Kev.  Where  more 
than  one  isotope  is  used  for  simultaneous  subtrac- 
tion,  the  two  labels  should  be  of  sufficiently  dif- 
ferent  energies  to  be  separately  detectable  with  a 
gamma  camera  having  a  collimator  with  the  appro- 
priate  characteristics. 

The  type  of  gross  imaging  agent  disclosed 
hereinabove,  i.e.,  an  antibody  to  a  marker  asso- 
ciated  with  lymphatic  tissue,  can  be  prepared  by 
known  methods,  if  existing  antibodies  are  consid- 
ered  unsuitable  or  if  different  or  more  discriminat- 
ing  specificities  are  desired.  Generally,  whole 
lymph  cells,  tissue  samples  and/or  cell  or  tissue 
fractions,  membranes,  antigen  extracts  or  purified 
surface  antigens  are  used  to  challenge  the  immune 
system  of  a  suitable  animal,  e.g.,  a  mouse,  rabbit, 
hamster,  goat  or  the  like,  the  antigen  being  ren- 
dered  immunogenic  by  aggregation  if  necessary 
and/or  by  coadministration  with  a  suitable  conven- 
tional  adjuvant.  Hyperimmune  antiserum  can  be 
isolated  and  polyclonal  antibodies  prepared  by 

conventional  procedures.  Alternatively,  spleen  cells 
can  be  fused  with  immortal  myeloma  cells  to  form 
hybridoma  cells  producing  monoclonal  antibodies, 
by  what  are  now  conventional  procedures.  See, 

5  e.g.,  the  procedures  in  the  above-referenced  Eu- 
ropean  Patent  Application  No.  0131627  for  illustra- 
tive  techniques.  Hybridomas  using  animal,  e.g., 
mouse,  or  numan  myeloma  cell  lines  and  animal  or 
human  spleen  or  lymph  cells  are  all  known  in  the 

io  art,  and  can  be  bade  and  used  for  the  present 
method.  See,  for  example,  Glassy  et  al.,  Human 
Monoclonal  Antibodies  to  Human  Cancers",  in 
"Monoclonal  Antibodies  and  Cancer",  Boss  et  al., 
Eds.,  163-170  (Academic  Press,  1983).  The  spe- 

15  cific  antisera  or  monoclonals  are  screened  for 
specificity  by  methods  used  to  screen  the  anti- 
lymphocyte  clones  in  the  references  cited 
hereinabove,  which  methods  are  also  conventional 
by  now  in  this  art. 

20  In  an  alternative  embodiment  of  this  approach, 
the  gross  agent  can  be  a  labeled  antibody  to  a 
marker  associated  with  a  lymphatic  structure,  e.g., 
lymphatic  tissues  or  lymphocytes  wherein  the  anti- 
body  also  specifically  binds  to  a  marker  produced 

25  by  or  associated  with  liver  and/or  spleen  tissues  or 
components.  Among  the  anti-lymphatic  clones  dis- 
closed  hereinabove,  at  least  the  anti-T101  antibody 
is  also  cross-reactive  with  spleen.  Antibodies  which 
are  cross-reactive  with  both  lymphatic  tissue/cells 

30  and  liver  and/or  spleen  cells/tissue  can  also  be 
prepared  by  well-known  hybrid  antibody  production 
techniques,  such  as  those  disclosed  in  the  above- 
referenced  U.S.  4,331,647,  4,474,893  and 
4,479,895.  These  would  combine  anti-lymph  tissue 

35  antibodies  with  antibodies  which  specifically  bind  to 
liver  and/or  spleen. 

Such  antibodies  can  be  produced  using  liver 
cells  isolated  from  normal  liver  tissue  obtained  at 
autopsy.  For  example,  mice  can  be  immunized  with 

40  such  tissues  for  a  period  necessary  to  evoke  anti- 
liver  antibodies.  The  spleens  of  these  mice  are 
removed  and  then  fused,  by  standard  methods, 
with  a  murine  myeloma  cell  line  suitable  for 
hybridoma  production.  Using  methods  already 

45  standard  in  the  art,  monoclonal  antibody-producing 
hybridomas  are  selected  and  propagated,  and 
those  with  liver-restricted  or  liver-associated  anti- 
body  production  are  cloned  and  expanded  as  a 
source  of  liver  organ  antibodies. 

50  Similar  approaches  can  be  used  with  other 
normal  human  tissues  for  the  production  of  anti- 
bodies  that  are  organ-associated  or  tissue-specific. 
Absolute  tissue  specificity  is  not  required  since 
significant  quantitative  differences  ordinarily  suffice 

55  for  operational  specificity  for  imaging  purposes. 
It  will  also  be  appreciated  that  the  anti-liver 

antibodies  can  be  used  as  a  liver  background  sub- 
traction  agent  when  visualizing  tumors  in  the  liver. 
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These  tumors  can  be  of  non-liver  origin  or  of  liver 
origin.  Even  if  a  tumor  of  liver  origin  has  the  liver 
organ-associated  antigen,  subtraction  of  the  latter 
can  be  accomplished  without  missing  the  tumor  if 
another  liver  cancer-associated  antigen  is  used  as 
the  target  for  the  specific  anti-liver  cancer  antibody. 
For  example,  antibody  against  alpha-fetoprotein 
(AFP)  can  be  used  in  combination  with  an  antibody 
against  normal  liver  organ  antigen,  thus  refining  the 
image  of  areas  containing  AFP  in  the  liver. 

The  antibodies  can  be  radiolabeled  by  a  vari- 
ety  of  methods  known  in  the  art.  Many  of  these 
methods  are  disclosed  in  the  above-referenced 
U.S.  Patents  and  Patent  Applications,  and  include 
direct  radioiodination,  chelate  conjugation,  direct 
metallation,  and  the  like.  See  also,  Rayudu,  op.  cit; 
and  Childs  et  al.,  J.  Nuc.  Med.,  26,  293(1985).  Any 
conventional  method  of  radiolabeling  which  is  suit- 
able  for  labeling  isotopes  for  in  vivo  use  will  be 
generally  suitable  for  labeling  imaging  agents  ac- 
cording  to  the  present  invention. 

The  gross  imaging  agent  will  normally  be  ad- 
ministered  at  a  site  and  by  means  that  insure  that  it 
is  mobilized  and  taken  up  into  the  lymphatic  cir- 
culation.  This  will  vary  with  the  system  to  be  im- 
aged.  Multiple  injection  sites  may  be  preferable  in 
order  to  permit  proper  drainage  to  the  regional 
lymph  nodes  under  investigation.  In  some  cases, 
injections  around  the  circumference  of  a  tumor  or 
biopsy  site  is  desired.  In  other  cases,  injection  into 
a  particular  sheath  or  fossa  is  preferred.  Injection 
into  the  webs  of  the  fingers  or  toes  is  a  common 
mode  used  to  study  peripheral  lymphatics. 

In  patients  with  breast  carcinoma,  a  unilateral 
injection  is  made  in  the  subcostal  site  ipsilateral  to 
the  tumor,  and  then  repeated  later  on  the  con- 
tralateral  side  to  observe  cross  drainage  between 
the  ipsilateral  and  contralateral  nodes.  Imaging  is 
effected  at  appropriate  times  after  each  injection 
and  injection  of  the  specific  imaging  agent  is  co- 
ordinated  with  the  injections  of  the  gross  imaging 
agent  to  permit  optimal  visualization  of  the  positive 
and  negative  images. 

Images  of  axillary,  subclavian  and  supra- 
clavicular  nodes  may  be  obtained  by  injecting  the 
imaging  reagents  into  the  medial  surface  of  the 
upper  arms  (ipsilateral  and  contralateral)  of  patients 
with  breast  cancer. 

In  certain  cases,  such  as  testicular  or  prostatic 
cancer  or  some  cases  of  rectal  carcinoma,  in- 
tratumoral  or  peritumoral  injection  of  imaging 
agents  can  be  effective. 

The  cross-reactive  agent  is  preferably  injected 
by  a  systemic  route,  e.g.,  intravenously,  intraar- 
terial^,  intramuscularly  or  subcutaneously,  or  by  a 
combination  of  systemic  and  intralymphatic  routes 
insuring  its  accretion  in  both  the  lymphatic  struc- 
ture  of  interest  and  the  liver  and/or  spleen.  This 

technique  permits  subtraction  of  the  liver  and/or 
spleen  which  can  further  refine  the  image  of  the 
desired  lymphatic  structure.  Another  advantage  of 
this  approach  is  its  utility  in  reducing  repositioning 

5  errors  in  sequential  imaging  wherein  a  patient  is 
imaged  in  multiple  sessions.  The  organ  image  can 
be  used  to  correlate  and  superimpose  temporally 
discrete  images  by  computer  matching  of  the  or- 
gan  image  from  the  separate  sessions. 

io  Volumes  of  labeled  antibody  gross  imaging 
agent,  normally  in  sterile  phosphate-buffered  saline 
(PBS)  solution  or  sterile  mineral  oil  suspension,  will 
normally  vary  somewhat  depending  upon  the  site, 
the  concentration  and  activity  of  the  preparation, 

is  and  the  number  of  injections. 
Activity  of  the  gross  agent  will  normally  be  in 

the  range  of  about  0.1-2.5,  preferably  about  0.25- 
1.5,  mCi  per  injection  for  a  Tc-99m-labeled  agent. 
It  will  be  appreciated  that  the  activity  will  vary  for 

20  other  radioisotopes,  depending  upon  their  half- 
lives,  their  imaging  characteristics,  i.e.,  energy 
ranges,  emission  intensities,  scatter  and  the  like, 
the  stability  of  the  labeled  agent,  especially  anti- 
body  conjugates,  their  rate  of  transport  to  the 

25  lymph  nodes,  their  distribution  and  clearance,  and 
the  time  at  which  imaging  is  to  be  done.  Adjust- 
ment  of  these  parameters  will  be  conventional  for 
the  ordinary  skilled  clinician. 

Imaging  is  normally  effected  up  to  about  6 
30  hours,  more  preferably  at  about  2  -  4  hours  after 

injection  of  the  gross  imaging  agent,  to  obtain  the 
"negative"  image  of  the  lymphatic  structure.  Imag- 
ing  of  the  localized  specific  imaging  agent  is  nor- 
mally  effected  at  about  12-48  hours,  preferably  at 

35  least  about  24  hrs  post-injection,  in  order  for  the 
non-specifically  bound  antibody  to  clear  the  node. 
If  too  much  of  the  specific  agent  enters  the  circula- 
tion,  conventional  subtraction  agents,  e.g.,  99m- 
pertechnetate  and  Tc-99m-HSA  can  be  used  to 

40  normalize.  Alternatively,  second  antibody,  e.g.,  rab- 
bit  or  goat  anti-mouse  IgG,  can  be  injected  i.v.  to 
enhance  clearance  of  the  specific  antibody,  as  dis- 
closed  in  EP-A-01  49709. 

Timing  of  the  injections  of  gross  and  specific 
45  imaging  agents  will  depend  upon  the  types  of 

agents  used  and  the  drainage  patterns  to  the 
nodes  of  interest.  Normally,  it  will  take  the  specific 
agent  a  longer  time  to  localize,  and  for  the  non- 
localized  agent  to  clear  the  nodes,  than  the  time 

50  required  before  imaging  can  be  effected  with  the 
gross  imaging  agent.  Thus,  if  it  is  desired  to  image 
both  agents  at  about  the  same  time,  the  specific 
imaging  agent  may  need  to  be  injected  well  before 
the  gross  agent.  DeLand  et  al.,  1980,  loc.  cit., 

55  reported  imaging  at  between  about  6  and  48  hours 
post-injection  for  breast  cancer  cases,  where  1-131- 
labeled  anti-CEA  antibody  was  injected  in  the  webs 
of  the  fingers  and  feet. 

8 
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It  is  generally  preferred  to  effect  imaging  of 
both  the  gross  and  specific  agents  at  the  same 
time,  using  separately  detectable  radionuclides. 
This  avoids  the  errors  associated  with  repositioning 
the  patient  and/or  realigning  the  images  by  com- 
puter.  Consequently,  the  choice  of  label  for  the 
gross  and  specific  imaging  agents  and  the  activi- 
ties  thereof  will  take  into  consideration  the  time 
intervals  for  imaging.  The  specific  antibody  imaging 
agent  normally  will  have  a  label  with  at  least  as 
long  a  half-life  as  the  gross  agent.  In  the  earlier 
example  hereinabove,  the  antibody  is  labeled  with 
1-131,  and  the  gross  agent  has  a  Tc-99m  label.  The 
antibody  could  be  labeled  with  ln-111  and  the 
gross  agent  with  Ga-67,  both  of  which  have  about 
the  same  half-life  of  about  2.5  days.  Other  pairs  of 
compatible  radionuclides  for  use  in  labeling  the 
specific  and  gross  imaging  agents  are  disclosed  in, 
e.g.,  the  above-referenced  U.S.  Patent  4,444,744. 

The  scintigram  is  normally  taken  by  a  gamma 
imaging  camera  having  one  or  more  windows  for 
detection  of  energies  in  the  50-500  keV  range.  Use 
of  radioisotopes  with  high  enough  energy  beta  or 
positron  emissions  would  entail  use  of  imaging 
cameras  with  the  appropriate  detectors,  all  of  which 
are  conventional  in  the  art. 

The  scintigraphic  data  are  stored  in  a  computer 
for  later  processing.  Subtraction  of  the  "negative" 
image  obtained  with  the  gross  imaging  agent  shar- 
pens  and  refines  the  "positive"  image  obtained 
with  the  specific,  localized  labeled  antibody  .  Sub- 
traction  is  effected  by  the  method  of  DeLand  et  al., 
op.  cit.,  or  variants  thereof,  according  to  well-known 
techniques  of  data  processing,  normally  involving 
pixel-by-pixel  subtraction  of  normalized  values  of 
counts  for  each  channel  of  the  detector,  optionally 
with  correction  for  the  counting  efficiency  of  each 
channel  for  the  radionuclide  label  detected  therein, 
and  conversion  of  the  subtracted  values  to  an  out- 
put  signal  to  a  monochrome  or  color  screen.  Where 
cross-reactive  antibodies  are  used  as  the  gross 
imaging  agent,  computer  subtraction  of  the  image 
of  the  cross-reactive  organ  is  also  effected  to  fur- 
ther  resolve  the  positive  image  of  the  localized 
antibody  site  or  sites. 

If  no  tumor  or  lesion  is  present  in  the  structure, 
but  marker  accretes  there  by  drainage  from  a 
proximal  tumor  or  infection,  the  marker  can  accrete 
in  discrete  foci  within  the  lymph  nodes  in  the 
drainage  path.  This  can  be  visualized  using  the 
present  method,  since  the  gross  imaging  agent  will 
still  enable  subtraction  of  areas  of  only  diffuse 
accretion.  The  diagnostic  significance  of  such  fool 
of  antigen  accretion  may  be  difficult  to  evaluate, 
and  to  distinguish  from  small  metastases,  but  this 
problem  is  common  to  earlier  methods  and  must 
be  resolved  by  correlation  of  imaging  data  with 
other  diagnostic  results.  It  will  be  recognized  that 

use  of  only  gross  imaging  agents  fails  to  reveal 
such  antigen  localization,  i.e.,  foci  of  antigen  accre- 
tion,  which  often  suggest  eventual  invasion  of  tu- 
mor  cells  and  also  reveal  tumor  drainage  pathways. 

5  Another  important  application  of  the  organ-  or 
tissue-specific  or  organ-  or  tissue-associated  anti- 
bodies  disclosed  hereinabove  is  for  normal  organ 
scintigraphy  and  mri.  In  this  case,  a  suitably  radio- 
labeled  antibody/fragment  or  an  antibody/fragment 

io  bearing  a  mr  image  enhancing  agent  is  admin- 
istered  with  the  intention  of  obtaining  a  "positive" 
image  of  the  organ,  when  normal,  and  a  defect  in 
organ  visualization  if  pathology  is  present.  This 
provides  a  new  approach  to  organ  and  tissue- 

15  specific  nuclear  and  magnetic  resonance  imaging 
of  organs  and  tissues  in  the  body,  based  upon  their 
immunological  specificity. 

It  will  be  understood  that  the  invention  is  not 
limited  to  use  of  known  antibodies  or  markers,  but 

20  can  be  practiced  with  antibodies  to  any  marker 
produced  by  or  associated  with  a  tumor  or  other 
pathological  lesion. 

Magnetic  resonance  imaging  (mri)  is  effected 
in  an  analogous  manner  to  scintigraphic  imaging 

25  except  that  the  imaging  agents  will  contain  mag- 
netic  resonance  (mr)  enhancing  species  rather  than 
radioisotopes.  It  will  be  appreciated  that  the  mag- 
netic  resonance  phenomenon  operates  on  a  dif- 
ferent  principle  from  scintigraphy.  Normally,  the 

30  signal  generated  is  correlated  with  the  relaxation 
times  of  the  magnetic  moments  of  protons  in  the 
nuclei  of  the  hydrogen  atoms  of  water  molecules  in 
the  region  to  be  imaged.  The  magnetic  resonance 
image  enhancing  agent  acts  by  increasing  the  rate 

35  of  relaxation,  thereby  increasing  the  contrast  be- 
tween  water  molecules  in  the  region  where  the 
imaging  agent  accretes  and  water  molecules  else- 
where  in  the  body.  However,  the  effect  of  the  agent 
is  to  decrease  both  Ti  and  T2,  the  former  resulting 

40  in  greater  contrast  while  the  latter  results  in  lesser 
contrast.  Accordingly,  the  phenomenon  is  concen- 
tration-dependent,  and  there  is  normally  an  opti- 
mum  concentration  of  a  paramagnetic  species  for 
maximum  efficacy.  This  optimal  concentration  will 

45  vary  with  the  particular  agent  used,  the  locus  of 
imaging,  the  mode  of  imaging,  i.e.,  spin-echo,  satu- 
ration-recovery,  inversion-recovery  and/or  various 
other  strongly  Ti  -dependent  or  T2-dependent  im- 
aging  techniques,  and  the  composition  of  the  me- 

50  dium  in  which  the  agent  is  dissolved  or  suspended. 
These  factors,  and  their  relative  importance  are 
known  in  the  art.  See,  e.g.,  Pykett,  Scientific  Ameri- 
can,  246,  78(1982);  Runge  et  al.,  Am.  J.  Radiol., 
141,  1209(1983). 

55  Again,  the  gross  agent  is  a  labeled  antibody  to 
a  normal  component  of  lymphatic  structures,  label- 
ed  with  a  paramagnetic  ion  or  radical  which  can 
significantly  alter  the  relaxation  time  of  protons  in 

9 
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water  molecules  in  its  vicinity.  It  is  also  possible  to 
use  an  agent  containing  a  high  concentration  of 
atoms  of  an  element  other  than  hydrogen,  having  a 
strong  nuclear  magnetic  moment  which  is  detect- 
able  by  an  nmr  detector,  e.g.,  Fluorine-19  and  the 
like,  and  which  can  also  be  accreted  in  a  lymphatic 
structure  in  an  amount  sufficient  for  efficient  nmr 
detection. 

Examples  of  agents  useful  for  mri  of  lymphatic 
systems  include  Gd(lll),  Eu(lll),  Dy(lll),  Pr(lll),  Pa- 
(IV),  Mn(ll),  Cr(lll),  Co(lll),  Fe(lll),  Cu(ll),  Ni(ll),  Ti(lll) 
and  V(IV)  ions  other  strongly  paramagnetic  ions,  or 
radicals,  e.g.,  nitroxides,  as  antibody  conjugates 
bearing  paramagnetic  ion  chelates  or  radical  ad- 
dends.  The  latter  will  include  paramagnetic  con- 
jugates  with  antibodies  to  lymphatic  structures  or 
lymphocytes,  for  use  as  gross  imaging  agents,  as 
well  as  conjugates  with  antibodies  to  tumor  or 
lesion  markers  for  use  as  specific  imaging  agents. 

The  specific  imaging  agent  can  use  the  same 
image  enhancing  agent,  with  mri  effected  at  dif- 
ferent  times  from  the  gross  imaging,  or  a  label 
which  is  separately  and  independently  detectable 
with  an  nmr  imaging  camera,  in  the  presence  of 
the  agent  used  for  gross  imaging.  Examples  of  the 
latter  strategy  include,  e.g.,  use  of  antibody  con- 
jugates  with  heavy  loadings  of  Gd(lll)  or  Mn(ll) 
chelates  as  the  specific  imaging  agent,  where  the 
gross  imaging  agent  is  a  colloid  containing  a  high 
concentration  of  fluorine  atoms  or  atoms  of  another 
suitable  element  having  a  strong  nuclear  magnetic 
moment,  whose  nuclear  magnetic  resonance  fre- 
quency  occurs  at  a  widely  different  value  from  that 
of  the  hydrogen  nucleus. 

The  mr  image  enhancing  agent  must  be 
present  in  sufficient  amounts  to  enable  detection 
by  an  external  camera,  using  magnetic  field 
strengths  which  are  reasonably  attainable  and  com- 
patible  with  patient  safety  and  instrumental  design. 
The  requirements  for  such  agents  are  well  known 
in  the  art  for  those  agents  which  have  their  effect 
upon  water  molecules  in  the  medium,  and  are 
disclosed,  inter  alia,  in  Pykett,  op.  cit.,  and  Runge 
et  al.,  op.  cit. 

Preparation  of  antibodies  conjugated  to  a  mag- 
netic  resonance  image  enhancing  agent  can  be 
effected  by  a  variety  of  methods.  In  order  to  load 
an  antibody  molecule  with  a  large  number  of  para- 
magnetic  ions,  it  may  be  necessary  to  react  it  with 
a  reagent  having  a  long  tail  to  which  are  attached  a 
multiplicity  of  chelating  groups  for  binding  the  ions. 
Such  a  tail  can  be  a  polymer  such  as  a  polylysine, 
polysaccharide,  or  other  derivatized  or  derivatizable 
chain  having  pendant  groups  to  which  can  be 
bound  chelating  groups  such  as,  e.g., 
ethylenediaminetetraacetic  acid  (EDTA), 
diethylenetriaminepentaacetic  acid  (DTPA),  por- 
phyrins,  polyamines,  crown  ethers,  bis-thiosemicar- 

bazones,  polyoximes,  and  the  like  groups  known  to 
be  useful  for  this  purpose.  The  chelate  is  normally 
linked  to  the  antibody  by  a  group  which  enables 
formation  of  a  bond  to  the  antibody  with  minimal 

5  loss  of  immunoreactivity  and  minimal  aggregation 
and/or  internal  cross-linking.  Other,  more  unusual, 
methods  and  reagents  for  conjugating  chelates  to 
antibodies  are  disclosed  in  copending  European 
Patent  Application  No.  86304352.7  (inventor:  Haw- 

io  thorne),  entitled  "Antibody  Conjugates",  filed  June 
7,  1985. 

The  mr  scans  are  stored  in  a  computer  and  the 
image  subtraction  is  effected  analogously  to  the 
scintigraphic  data. 

is  Reagents  for  use  in  the  method  of  the  inven- 
tion  include  radiolabeled  antibodies/fragments 
which  specifically  bind  to  markers  produced  by  or 
associated  with  tumors  and  infectious  lesions, 
radiolabeled  antibodies/fragments  which  specifical- 

20  ly  bind  to  lymphatic  structural  components,  includ- 
ing  tissues  and  lymphocytes,  radiolabeled  anti- 
bodies/fragments  which  specifically  bind  to  normal 
organ  tissues,  and  the  analogous  imaging  agents 
labeled  with  mr  image  enhancers,  as  disclosed 

25  hereinabove.  These  will  be  packaged  separately  or 
together,  depending  upon  whether  they  are  to  be 
injected  simultaneously  or  separately,  or  whether  or 
not  they  are  labeled  at  the  site  of  administration  or 
at  a  remote  location. 

30  The  reagents  are  conveniently  provided  in  kit 
form,  adapted  for  use  in  the  method  of  the  inven- 
tion.  Kits  will  normally  contain  separate  sealed  ster- 
ile  vials  of  injectable  solutions  of  labeled  reagents, 
or  lyophilyzed  antibodies/fragments  or  anti- 

35  body/fragment  conjugates  and  vials  of  suitable  con- 
ventional  injection  vehicles  with  which  they  will  be 
mixed  just  prior  to  administration. 

Kits  may  also  include  reagents  for  labeling 
antibodies,  e.g.,  Chloramine-T  (for  1-131  or  1-123 

40  labeling),  SnCb  (for  Tc-99m  labeling  using  pertech- 
netate  from  a  commercial  generator),  short  col- 
umns  for  sizing  and/or  purification  of  reagents,  and 
other  conventional  accessory  materials. 

Without  further  elaboration,  it  is  believed  that 
45  one  skilled  in  the  art  can,  using  the  preceding 

description,  utilize  the  present  invention  to  its  full- 
est  extent.  The  following  preferred  specific  embodi- 
ments  are,  therefore,  to  be  construed  as  merely 
illustrative,  and  not  limitative  of  the  remainder  of 

50  the  disclosure  in  any  way  whatsoever.  In  the  follow- 
ing  examples,  all  temperatures  are  set  forth  uncor- 
rected  in  degrees  Celsius;  unless  otherwise  in- 
dicated,  all  parts  and  percentages  are  by  weight. 

55 
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EXAMPLE  1 

Preparation  of  lymphoscintigraphic  reagents. 

a)  Ga-67-labeled  T101  anti-lymphocyte  monoclonal 
antibody 

A  sample  of  T101  anti-lymphocyte  murine 
monoclonal  antibody,  as  reported  by  Royston  et 
al.,  loc.  cit,  is  labeled  with  Ga-67  by  the  method  of 
Hnatowich  et  al.,  Science,  220,  613(1983),  to  form 
the  conjugate  with  a  diethylenetriaminepen- 
taacetate  (DTPA)  gallium(lll)  chelate,  containing  an 
average  of  4  Ga  atoms  per  antibody  molecule,  and 
retaining  at  least  70%  of  its  initial  immunoreactivity. 
A  solution  of  the  antibody  in  PBS,  pH  7.4,  is  added 
to  a  50-fold  molar  excess  of  solid  DTPA  dian- 
hydride,  and  agitated  for  5  minutes.  Free  DTPA  is 
removed  by  gel  filtration  on  Sephadex  G  50.  About 
1  mCi  Ga-67  citrate  is  added  per  mg  of  antibody- 
DTPA  conjugate,  and  incubated  for  20  minutes, 
and  unbound  Ga-67  is  then  removed,  e.g.,  by  gel 
filtration  on  Sephadex  G  50.  The  resultant  Ga-67- 
DTPA-T101  has  a  specific  activity  of  about  0.5  - 
1  .5  mCi/mg. 

b)  1-1  31  -labeled  T101  anti-lymphocyte  monoclonal 
antibody 

A  sample  of  the  T101  monoclonal  antibody 
used  in  Example  1  is  labeled  with  1-131  according 
to  the  procedure  of  Example  1(f)  of  U.S.  Patent 
4,348,376,  using  Chloramine-T  and  replacing  the 
anti-CEA  antibody  used  in  the  referenced  proce- 
dure  with  an  equal  weight  of  T101  antibody,  but 
reducing  the  amounts  of  reagents  to  lower  the 
iodine  content.  The  resultant  1-1  31  -T1  01  has  an 
average  of  1  atom  of  iodine  per  antibody  molecule 
and  a  specific  activity  of  about  12  mCi/mg. 

c)  ln-1  1  1  -labeled  anti-HTLV-1  monoclonal  antibody 

A  sample  of  murine  monoclonal  anti-HTLV-1 
antibody  is  labeled  with  ln-1  11  according  to  the 
procedure  of  part  (a)  hereof,  except  that  ln-1  11 
oxinate  is  used  instead  of  Ga-67  citrate,  to  form  the 
conjugate  with  a  DTPA  indium(lll)  chelate,  contain- 
ing  an  average  of  3  In  atoms  per  antibody  mol- 
ecule,  and  retaining  at  least  70%  of  its  initial  im- 
munoreactivity.  The  resultant  ln-1  1  1-DTPA-anti- 
HTLV-1  has  a  specific  activity  of  about  0.5  -  1.5 
mCi/mg. 

d)  ln-1  1  1  -labeled  anti-prostatic  acid  phosphatase  F- 
(ab')2 

A  sample  of  anti-prostatic  acid  phosphatase 
(PAP)  F(ab')2,  prepared  by  the  method  disclosed  in 

U.S.  4,331,647,  and  described  in  Goldenberg  et  al., 
J.  Am.  Med  Assn.,  250,  630(1983),  is  labeled  with 
ln-1  1  1  ,  using  the  procedure  of  part  (c)  hereof.  The 
resultant  ln-1  1  1-DTPA-chelate  conjugate  contains 

5  an  average  of  3  In  atoms  per  antibody  fragment, 
and  retains  at  least  60%  of  its  initial  immunoreac- 
tivity.  It  has  a  specific  activity  of  about  2  mCi/mg. 

e)  l-123-labeled  anti-CEA  monoclonal  antibody 
10 

A  sample  of  the  NP-2  monoclonal  antibody 
which  specifically  binds  to  carcinoembryonic  anti- 
gen  (CEA),  disclosed  in  EP-A-0131627  is  labeled 
with  1-123  according  to  the  procedure  of  Example 

15  1(f)  of  U.S.  Patent  4,348,376,  using  Chloramine-T 
and  replacing  the  1-131  used  in  the  referenced 
procedure  with  an  equal  weight  of  1-123,  but  reduc- 
ing  the  amounts  of  reagents  to  lower  the  iodine 
content.  The  resultant  l-123-anti-CEA  IgG  has  an 

20  average  of  1  atom  of  iodine  per  antibody  molecule 
and  a  specific  activity  of  about  12  mCi/mg. 

EXAMPLE  2 

25  Preparation  of  injectable  lymphoscintigraphy  com- 
positions 

Sterile,  pyrogen-free  solutions  are  prepared  as 
shown. 

30  a)  A  sterile  solution  containing,  per  ml: 
1)  10  mg  Human  Serum  Albumin  (HSA)  (1%, 
USP,  Parke-Davis) 
2)  0.01  M  phosphate  buffer,  pH  7.5  (Bio- 
ware) 

35  3)  0.9%  NaCI 
4)  1.5  mg  Ga-67-DTPA-T101  antibody  pre- 
pared  according  to  Example  1a. 

b)  A  sterile  solution  according  to  Example  2a, 
except  that  250  ug  of  the  1-1  31  -labeled  antibody 

40  according  to  Example  1b  is  present  instead  of 
the  Ga-labeled  antibody. 
c)  A  sterile  solution  according  to  Example  2a, 
except  that  1.5  mg  of  the  ln-1  1  1  -labeled  anti- 
body  according  to  Example  1c  is  present  in- 

45  stead  of  the  Ga-labeled  antibody. 
d)  A  sterile  solution  according  to  Example  2a, 
except  that  1.5  mg  of  the  ln-1  1  1  -labeled  anti- 
body  according  to  Example  1d  is  present  in- 
stead  of  the  Ga-labeled  antibody. 

50  e)  A  sterile  solution  according  to  Example  2a, 
except  that  250  ug  of  the  l-123-labeled  antibody 
according  to  Example  1e  is  present  instead  of 
the  Ga-labeled  antibody. 

55 
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EXAMPLE  3 

Preparation  of  Reagents  for  NMR  Lymphography 

a)  Preparation  of  Gd-labeled  anti-CEA 

A  sample  of  murine  monoclonal  antibody  to 
carcinembryonic  antigen  (CEA),  prepared  accord- 
ing  to  Example  2  of  U.S.  Patent  4,  348,376  or 
according  to  Examples  6  and  7  of  EP-A-0131627  is 
labeled  with  a  p-isothiocyanatobenzoyl-capped 
oligothiourea  containing  320  Gd(lll)-  DTPA  chelate 
groups  prepared  according  to  Example  11  of 
copending  European  Application  No.  86304352.7, 
to  put  an  average  of  5  oligothiourea  chains  on  the 
antibody,  without  loss  of  more  than  30%  im- 
munoreactivity  and  without  significant  aggregation 
of  the  antibody  conjugate.  The  resultant  conjugate 
carries  an  average  of  320  gadolinium  ions  thereon. 
The  reaction  is  effected  in  0.1  M  aqueous 
Na2C03/NaHC03  buffer,  at  pH  8.5,  at  room  tem- 
perature,  with  at  least  a  50-fold  excess  of  the 
polymer,  and  an  antibody  concentration  of  about 
10  mg/ml. 

The  conjugate  is  purified  by  gel  filtration  on  a 
column  of  allyl  dextran  cross-linked  with  N,N'- 
methylene  bisacrylamide,  e.g.,  Sephacryl  S-200  - 
(Pharmacia  Fine  Chemicals,  Piscatoway,  N.J.). 

b)  Preparation  of  Gd(lll)-labeled  T101  monoclonal 
antibody 

A  sample  of  T101  murine  monoclonal  antibody 
is  labeled  with  about  320  Gd  ions  by  the  procedure 
of  part  (a)  hereof,  except  that  the  antibody  is  the 
T101  antibody  instead  of  monoclonal  anti-CEA  IgG. 
The  resultant  conjugate  is  isolated  by  an  analogous 
procedure  to  the  foregoing  part  of  this  Example. 

EXAMPLE  4 

Preparation  of  injectable  mri  compositions 

Sterile,  pyrogen-free  solutions  are  prepared  as 
shown. 

a)  A  sterile  solution  containing,  per  ml: 
1)  10  mg  Human  Serum  Albumin  (HSA)  (1%, 
USP,  Parke-Davis) 
2)  0.01  M  phosphate  buffer,  pH  7.5  (Bio- 
ware) 
3)  0.9%  NaCI 
4)  1.5  mg  Gd-labeled  anti-CEA  IgG  prepared 
according  to  Example  3a. 

b)  A  sterile  solution  according  to  Example  4a, 
except  that  1.5  mg  of  the  Gd-labeled  T101  ac- 
cording  to  Example  4b  is  present  instead  of  the 
Gd-labeled  anti-CEA. 

EXAMPLE  5 

Lymphoscintigraphy 

5  A  patient  with  carcinoma  of  her  right  breast 
receives  injections  of  approximately  0.25  mCi  131- 
l-labeled  T101  monoclonal  antibody,  according  to 
Example  2(b),  subcutaneously  in  the  web  of  the 
fingers  of  both  hands  (totalling  0.7  to  1.5  mCi  131- 

io  I).  The  patient  also  receives,  in  the  same  injections, 
1.5  mCi  123-l-labeled  monoclonal  anti-CEA  anti- 
body  NP-2,  according  to  Example  2(e),  (totalling 
4.2  to  9.0  mCi  123-1).  Before  administration  of  the 
labeled  antibodies,  the  patient  is  skin-tested  for 

is  allergic  reaction  to  mouse  IgG,  and  also  receives 
Lugol's  iodine  to  minimize  radioiodine  concentra- 
tion  by  the  thyroid  gland.  Immediately  following  the 
subcutaneous  injection,  the  areas  are  massaged  for 
several  minutes,  and  the  patient  is  asked  to  ex- 

20  ercise  her  fingers. 
By  means  of  a  gamma  camera,  images  are 

obtained  at  frequent  intervals,  starting  at  2  hrs. 
after  injection  and  ending  at  36  hrs.  The  data  are 
stored  in  a  laboratory  computer  and  the  images 

25  generated  on  a  color  display  system.  The  131-1 
images  are  then  subtracted,  pixel-by-pixel,  from  the 
123-1  images  by  computer  processing.  The  meta- 
static  foci  in  the  ipsilateral  axillary  lymph  node 
appear  as  early  as  4  hrs.,  and  more  clearly  at  6 

30  hrs.,  after  injection  as  a  discrete  focus  of  increased 
radioactivity,  while  the  contralateral  axillary  nodes 
are  negative.  Two  weeks  later,  the  same  procedure 
is  repeated  and  the  results  confirmed,  except  that 
this  time,  111  -In  is  used  to  label  the  T101  mon- 

35  oclonal  antibody. 
Another  study  with  99m-Tc  sulfide  colloid  in- 

jected  simultaneously  with  111  -In-labeled  anti-CEA 
monoclonal  antibody,  effected  as  above  but  with 
the  appropriate  doses  for  these  radionuclides  and 

40  agents,  is  repeated  a  month  later  and  the  right 
axillary  lymph  node  involvement  is  seen  again. 

EXAMPLE  6 

45  Lymphoscintigraphy 

A  24  year  old  male  presents  with  left  side 
inguinal  node  enlargement  and  has  a  constellation 
of  symptoms  and  history  suggestive  of  AIDS.  67- 

50  Ga-labeled  T101  monoclonal  antibody,  according 
to  Example  2(a),  is  injected  in  divided  doses  into 
the  web  of  the  toes  of  both  feet,  with  a  total  dose 
of  4  mCi,  At  the  same  time  and  in  the  same 
injections,  an  equal  dose  of  111  -In-labeled  mon- 

55  oclonal  antibody  against  HTLV-1,  according  to  Ex- 
ample  2(c),  is  injected.  Beginning  at  2  hrs  post- 
injection  and  continuing  at  intervals  of  2  hrs  up  to  a 
total  of  6  hrs,  and  then  again  at  24  hrs.,  the 

12 
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patient's  inguinal  region  and  pelvis  is  imaged  with 
a  medium-energy  collimator  and  using  the  subtrac- 
tion  method  described  above  to  subtract  the  67-Ga 
images  from  the  111  -In  images.  At  4  hrs,  and  then 
improving  by  6  hrs.,  a  positive  image  of  the  left 
inguinal  node  is  noted  while  the  right  inguinal  node 
is  virtually  negative. 

EXAMPLE  7 

Organ  Scintigraphy 

Hybridoma-monoclonal  antibodies  are  made  in 
the  mouse  to  the  Langerhans  cells  of  the  endocrine 
pancreas,  derived  from  a  human  autopsy  specimen 
shortly  after  death.  The  monoclonals  reactive 
against  the  antigen  epitopes  showing  relatively  high 
specificity  for  Langerhans  cells  of  the  pancreas,  as 
demonstrated,  e.g.,  by  immunohistology,  are  label- 
ed  with  a  gamma-emitting  isotope,  such  as  with  I- 
131,  and  injected,  e.g.,  0.15  mg  monoclonal  against 
endocrine  pancreas  antigen,  labeled  using  Chlo- 
ramine-T  with  1-131,  at  a  dose  of  1.0  mCi,  injected 
i.v.  in  a  3-month  old  male  suspected  of  having 
pathology  of  the  endocrine  pancreas.  External 
gamma-camera  imaging  is  performed  at  24,  48,  72, 
and  96  hours  after  injection,  without  subtraction.  In 
this  specific  case,  decreased  to  almost  absent  ac- 
cretion  of  1-131  radioactivity  in  the  pancreas  is 
suggestive  of  endocrine  pancreas  pathology  in  an 
infant  presenting  with  pancreas  hormone  deficiency 
shortly  after  birth. 

Claims 

1.  The  use  of  an  antibody  or  antibody  fragment 
which  specifically  binds  a  marker  produced  by 
or  associated  with  normal  cells  or  tissues  of  an 
organ,  the  antibody  or  antibody  fragment  being 
labelled  with  a  radioisotope  capable  of  external 
detection  or  with  a  magnetic  resonance  imag- 
ing  enhancing  agent  in  the  preparation  of  ma- 
terial  for  use  in  a  method  of  organ  imaging  in  a 
mammalian  subject  by  scintigraphy  or  mag- 
netic  resonance  imaging,  comprising  the  steps 
of: 

(a)  parenterally  injecting  a  mammalian  sub- 
ject  at  a  locus  and  by  a  route  providing 
access  to  said  organ  with  the  said  labelled 
antibody  or  antibody  fragment,  the  amount 
of  the  labelled  antibody  or  antibody  frag- 
ment  being  sufficient  to  permit  a  scintig- 
raphic  image  or  an  enhanced  magnetic  res- 
onance  image  of  the  organ  to  be  obtained; 
and 
(b)  obtaining  a  positive  scintigraphic  image 
or  a  positive  enhanced  magnetic  resonance 
image  of  the  organ  at  a  time  after  injection 

of  said  antibody  or  antibody  fragment  suffi- 
cient  for  the  antibody  or  antibody  fragment 
to  accrete  in  the  organ  and  specifically  bind 
to  the  marker;  wherein  a  tumour  or  infec- 

5  tious  lesion  of  said  organ  will  be  revealed  as 
a  negative  scintigraphic  or  enhanced  mag- 
netic  resonance  image. 

2.  The  use  as  claimed  in  claim  1,  wherein  the 
io  organ  is  a  lymphatic  structure  and  the  antibody 

or  antibody  fragment  specifically  binds  to  nor- 
mal  lymphatic  cells  or  tissues. 

3.  The  use  as  claimed  in  claim  1  or  claim  2, 
is  further  comprising  the  additional  steps  of: 

(c)  simultaneously  or  at  an  earlier  or  later 
time,  parenterally  injecting  the  subject,  at 
the  same  or  different  locus  and  by  the  same 
or  different  route,  with  a  further  antibody  or 

20  antibody  fragment  which  specifically  binds  a 
marker  produced  by  or  associated  with  a 
tumour  or  infectious  lesion,  said  further  anti- 
body  or  antibody  fragment  being  labelled 
with  a  radioisotope  capable  of  external  de- 

25  tection  or  with  a  magnetic  resonance  image 
enhancing  agent,  the  amount  of  the  labelled 
further  antibody  or  antibody  fragment  being 
sufficient  to  permit  a  positive  scintigraphic 
image  or  a  positive  enhanced  magnetic  res- 

30  onance  image  of  the  tumour  or  infectious 
lesion  to  be  obtained; 
(d)  obtaining  a  positive  scintigraphic  image 
or  a  positive  enhanced  magnetic  resonance 
image  of  the  tumour  or  infectious  lesion,  at 

35  a  time  after  injection  of  the  further  labelled 
antibody  or  antibody  fragment  sufficient  for 
the  further  antibody  or  antibody  fragment  to 
become  specifically  bound  to  the  marker 
produced  by  or  associated  with  the  tumour 

40  or  infectious  lesion;  and 
(e)  subtracting  the  image  obtained  in  step 
(b)  of  claim  1,  which  is  a  gross  image 
including  a  positive  image  of  normal  tissues 
and  cells  of  the  organ  and  a  negative  image 

45  of  any  tumour  or  infectious  lesion  or  accre- 
tion  of  a  localised  product  thereof,  from  the 
image  obtained  in  step  (d)  above,  which  is  a 
positive  image  of  the  tumour  or  infectious 
lesion  or  accretion  of  a  localised  product 

50  thereof,  to  produce  a  refined  positive  image 
of  the  tumour,  infectious  lesion  or  accretion 
of  a  localised  product  thereof. 

4.  The  use  as  claimed  in  claim  2  or  claim  3, 
55  wherein  said  antibody  or  antibody  fragment 

also  specifically  binds  to  at  least  one  of  normal 
liver  and  spleen  tissue;  wherein  at  least  a 
portion  of  said  antibody  or  antibody  fragment 

13 



25 EP  0  208  531  B1 26 

is  injected  by  a  systemic  route;  and  wherein  in 
step  (b),  said  image  includes  an  image  of  at 
least  one  of  the  liver  and  the  spleen,  and  in 
step  (e),  said  image  of  at  least  one  of  the  liver 
and  the  spleen  is  also  subtracted  from  the 
image  obtained  in  step  (d). 

5.  The  use  as  claimed  in  any  one  of  claims  1  to 
4,  wherein  each  said  label  is  a  radioisotope 
capable  of  external  detection,  and  each  said 
image  is  a  scintigraphic  image. 

6.  The  use  as  claimed  in  any  one  of  claims  1  to 
4,  wherein  each  said  label  is  a  magnetic  reso- 
nance  enhancing  agent,  and  each  said  image 
is  a  magnetic  resonance  image. 

7.  A  lymphographic  imaging  kit  for  imaging  a 
tumour  or  infectious  lesion  or  localised  product 
thereof  in  a  mammalian  subject,  comprising: 

(a)  at  least  one  gross  lymphoscintigraphic 
or  lymphomagnetic  resonance  imaging 
agent  which  comprises  an  antibody  or  anti- 
body  fragment  which  specifically  binds  to 
normal  lymphatic  cells  or  tissues,  said  anti- 
body  or  antibody  fragment  being  labelled 
with  a  radioisotope  capable  of  external  de- 
tection  or  a  magnetic  resonance  image  en- 
hancing  agent  (as  a  first  reagent); 
(b)  at  least  one  antibody  or  antibody  frag- 
ment  which  specifically  binds  a  marker  pro- 
duced  by  or  associated  with  a  tumour  or 
infectious  lesion,  said  antibody  or  antibody 
fragment  being  labelled  with  a  radioisotope 
capable  of  external  detection  or  with  a  mag- 
netic  resonance  image  enhancing  agent  (as 
a  second  reagent);  and 
(c)  a  sterile,  pharmaceutically  acceptable  in- 
jection  vehicle  for  concomitant  injection  of 
(a)  and  (b),  or  for  separate  injection  of  each 
of  (a)  and  (b). 

Patentanspruche 

1.  Verwendung  eines  Antikorpers  oder  Antikorp- 
erfragments,  der  bzw.  das  spezifisch  eine 
durch  normale  Zellen  oder  Gewebe  eines  Or- 
gans  erzeugte  oder  mit  normalen  Zellen  oder 
Geweben  eines  Organs  verbundene  Markie- 
rungssubstanz  bindet,  wobei  der  Antikorper 
oder  das  Antikorperfragment  markiert  ist  mit 
einem  extern  detektierbaren  Radioisotrop  oder 
mit  einem  Magnetresonanz  abbildenden  ver- 
starkendem  Mittel,  bei  der  Herstellung  von  Ma- 
terial  zur  Verwendung  in  einem  Verfahren  zur 
Abbildung  von  Organen  eines  Sauger-lndividu- 
ums  mittels  Szintigraphie  oder  Magnetreso- 
nanz-Abbildung,  wobei  die  Verwendung  die  fol- 

genden  Stufen  aufweist: 
(a)  parenterales  Injizieren  eines  Sauger-lndi- 
viduums  an  einem  Locus  und  mittels  eines 
Weges,  der  einen  Zugang  zu  dem  Organ 

5  eroffnet,  mit  dem  markierten  Antikorper 
oder  Antikorperfragment,  wobei  die  Menge 
an  markierten  Antikorper  oder  Antikorper- 
fragment  ausreichend  ist  zur  Erziehung  ei- 
ner  szintigraphischen  Abbildung  oder  einer 

io  verstarkten  Magnetresonanz-Abbildung  des 
betreffenden  Organs;  und 
(b)  Erhalten  einer  positiven  szintigraphi- 
schen  Abbildung  oder  einer  positiven  ver- 
starkten  Magnetresonanz-Abbildung  des  Or- 

15  gans  zu  einer  Zeit  nach  der  Injektion  des 
Antikorpers  oder  Antikorperfragments,  die 
fur  den  Antikorper  oder  das  Antikorperfrag- 
ment  ausreichend  ist,  urn  im  Organ  zu  ad- 
harieren  und  spezifisch  an  die  Markierungs- 

20  substanz  zu  binden;  wobei  ein  Tumor  oder 
eine  infektiose  Schadigung  des  Organs  als 
negative  szintigraphische  oder  verstarkte 
Magnetresonanz-Abbildung  angezeigt  wird. 

25  2.  Verwendung  nach  Anspruch  1,  wobei  es  sich 
bei  dem  Organ  urn  eine  lymphatische  Struktur 
handelt,  und  der  Antikorper  oder  das  Antikorp- 
erfragment  spezifisch  an  normale  lymphatische 
Zellen  oder  Gewebe  bindet. 

30 
3.  Verwendung  nach  Anspruch  1  oder  Anspruch 

2,  wobei  die  Verwendung  die  folgenden  zu- 
satzlichen  Stufen  aufweist: 

(c)  gleichzeitiges  oder  zu  einem  fruheren 
35  oder  spateren  Zeitpunkt,  parenterales  Inji- 

zieren  des  Individuums  an  demgleichen 
oder  einem  unterschiedlichen  Locus  mittels 
des  gleichen  oder  eines  unterschiedlichen 
Weges  mit  einem  weiteren  Antikorper  oder 

40  Antikorperfragment,  der  bzw.  das  spezifisch 
eine  durch  einen  Tumor  oder  eine  infektiose 
Schadigung  erzeugte  oder  mit  einem  Tumor 
oder  einer  infektiosen  Schadigung  verbun- 
dene  Markierungssubstanz  bindet,  wobei 

45  der  weiter  Antikorper  bzw.  das  weitere  Anti- 
korperfragment  markiert  ist  mit  einem  ex- 
tern  detektierbaren  Radioisotrop  oder  mit 
einem  die  Magnetresonanz-Abbildung  ver- 
starkenden  Mittel,  wobei  die  Menge  an  dem 

50  markierten  weiteren  Antikorper  oder  Anti- 
korperfragment  ausreichend  ist  zur  Erzie- 
lung  einer  positiven  szintigraphischen  Abbil- 
dung  oder  einer  positiven  verstarkten  Ma- 
gnetresonanz-Abbildung  des  betreffenden 

55  Tumors  oder  der  betreffenden  infektiosen 
Schadigung; 
(d)  Erhalten  einer  positiven  szintigraphi- 
schen  Abbildung  oder  einer  positiven  ver- 

14 
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(a)  wenigstens  ein  Mittel  zur  groben  lymp- 
hoszintigraphischen  oder  lymphomagneti- 
schen  Resonanz-Abbildung,  wobei  das  Mit- 
tel  aufweist  einen  Antikorper  oder  ein  Anti- 

5  korperfragment,  der  bzw.  das  spezifisch  an 
normale  lymphatische  Zellen  oder  Gewebe 
bindet,  wobei  der  Antikorper  oder  das  Anti- 
korperfragment  markiert  ist  mit  einem  ex- 
tern  detektierbaren  Radioisotrop  oder  einem 

io  Magnetresonanz-Abbildung  verstarkenden 
Mittel  (als  erstes  Reagenz); 
(b)  wenigstens  einen  Antikorper  oder  ein 
Antikorperfragment,  der  bzw.  das  spezifisch 
eine  durch  einen  Tumor  oder  eine  infektiose 

is  Schadigung  erzeugte  oder  mit  einem  Tumor 
oder  einer  infektiosen  Schadigung  verbun- 
dene  Markierungssubstanz  bindet,  wobei 
der  Antikorper  oder  das  Antikorperfragment 
markiert  ist  mit  einem  extern  detektierbaren 

20  Radioisotrop  oder  mit  einem  Magnetreso- 
nanz-Abbildung  verstarkenden  Mittel  (als 
zweites  Reagenz);  und 
(c)  ein  steriles,  pharmazeutisch  vertragli- 
ches  Injektionsvehikel  fur  gleichzeitige  Injek- 

25  tion  von  (a)  und  (b)  oder  fur  separate  Injek- 
tion  von  jeweils  (a)  und  (b). 

Revendicatlons 

30  1.  Utilisation  d'un  anticorps  ou  fragment  d'anti- 
corps  qui  se  lie  specifiquement  a  un  marqueur 
produit  par  ou  associe  a  des  cellules  normales 
ou  des  tissus  normaux  d'un  organe  I'anticorps 
ou  fragment  d'anticorps  etant  marque  avec  un 

35  radio-isotope  susceptible  de  detection  externe 
ou  avec  un  agent  amplifiant  I'imagerie  par  re- 
sonance  magnetique  dans  la  preparation  d'un 
produit  utilisable  dans  un  procede  de  visualisa- 
tion  d'organes  chez  un  sujet  mammifere  par 

40  imagerie  par  scintigraphic  ou  par  resonance 

starkten  Magnetresonanz-Abbildung  des  Tu- 
mors  oder  der  infektiosen  Schadigung  zu 
einer  Zeit  nach  der  Injektion  des  weiteren 
markierten  Antikorpers  oder  Antikorperfrag- 
ments,  die  fur  den  weiteren  Antikorper  oder  5 
das  weitere  Antikorperfragment  ausreichend 
ist,  urn  spezifisch  an  die  durch  den  Tumor 
oder  die  infektiose  Schadigung  erzeugte 
oder  mit  dem  Tumor  oder  der  infektiosen 
Schadigung  verbundene  Markierungssub-  10 
stanz  gebunden  zu  werden;  und 
(e)  Subtrahieren  der  in  Stufe  (b)  von  An- 
spruch  1  erhaltenen  Abbildung,  die  eine 
Grobabbildung  einschlieBlich  einer  positiven 
Abbildung  von  normalen  Geweben  und  Zel-  15 
len  des  Organs  und  einer  negativen  Abbil- 
dung  von  jedem  Tumor  oder  jeder  infektio- 
sen  Schadigung  oder  Akkretion  eines  lokali- 
sierten  Produkts  davon  darstellt,  von  der  in 
Stufe  (d)  oben  erhaltenen  Abbildung,  die  20 
eine  positive  Abbildung  da  Tumors  oder  der 
infektiosen  Schadigung  oder  der  Akkretion 
eines  lokalisierten  Produkts  davon  darstellt, 
urn  eine  verfeinerte  positive  Abbildung  des 
Tumors,  der  infektiosen  Schadigung  oder  25 
der  Akkretion  eines  lokalisierten  Produkts 
davon  zu  erzeugen. 

4.  Verwendung  nach  Anspruch  2  oder  Anspruch 
3,  wobei  der  Antikorper  oder  das  Antikorper-  30 
fragment  auch  spezifisch  an  wenigstens  eines 
von  normalen  Leber-  und  Milzgewebe  bindet; 
wobei  wenigstens  ein  Teil  des  Antikorper  oder 
Antikorperfragments  mittels  eines  systemi- 
schen  Weges  injiziert  wird;  und  wobei  in  Stufe  35 
(b)  die  Abbildung  eine  Abbildung  von  wenig- 
stens  einer  von  der  Leber  und  der  Milz  umfaBt, 
und  in  Stufe  (e)  die  Abbildung  von  wenigstens 
einer  der  Leber  und  der  Milz  auch  von  der  in 
Stufe  (d)  erhaltenen  Abbildung  subtrahiert  wird.  40 

5.  Verwendung  nach  einem  der  Anspruche  1  bis 
4,  wobei  jede  der  Markierungssubstanzen  ein 
extern  detektierbares  Radioisotrop  ist,  und  jede 
der  Abbildungen  eine  szintigraphische  Abbil-  45 
dung  ist. 

6.  Verwendung  nach  einem  der  Anspruche  1  bis 
4,  wobei  jede  der  Markierungssubstanzen  ein 
Magnetresonanz  verstarkendes  Mittel  ist,  und  50 
jede  der  Abbildungen  eine  Magnetresonanz- 
Abbildung  ist. 

7.  Kit  fur  lymphographisches  Abbilden  zur  Abbil- 
dung  eines  Tumors  oder  einer  infektiosen  55 
Schadigung  oder  eines  lokalisierten  Produkts 
davon  in  einem  Sauger-lndividuum,  wobei  der 
Kit  aufweist: 

magnetique,  comprenant  les  etapes  consistant 
a  : 

(a)  injecter  par  voie  parenteral  a  un  sujet 
mammifere,  a  un  site  et  par  un  voie  permet- 
tant  I'acces  audit  organe,  ledit  anticorps  ou 
fragment  d'anticorps  marque,  la  quantite  de 
I'anticorps  ou  fragment  d'anticorps  marque 
etant  suffisante  pour  permettre  I'obtention 
d'une  image  scintigraphique  ou  d'une  ima- 
ge  par  resonance  magnetique  amplifiee  de 
I'organe,  et 
(b)  obtenir  une  image  scintigraphique  positi- 
ve  ou  un  image  par  resonance  magnetique 
amplifiee  positive  de  I'organe  au  bout  d'une 
duree  apres  I'injection  dudit  anticorps  ou 
fragment  d'anticorps  suffisante  pour  que 
I'anticorps  ou  fragment  d'anticorps  s'ac- 
cumule  dans  I'organe  et  se  lie  specifique- 
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ment  au  marqueur,  dans  laquelle  une  tu- 
meur  ou  une  lesion  infectieuse  dudit  organe 
est  revelee  sous  forme  d'image  scintigraphi- 
que  negative  ou  d'image  par  resonance  ma- 
gnetique  amplifiee  negative.  5 

2.  Utilisation  selon  la  revendication  1,  dans  la- 
quelle  I'organe  est  une  structure  lymphatique 
et  I'anticorps  ou  fragment  d'anticorps  se  lie 
specifiquement  a  des  cellules  lymphatiques  10 
normales  ou  a  des  tissus  lymphatiques  nor- 
maux. 

3.  Utilisation  selon  la  revendication  1  ou  la  reven- 
dication  2,  comprenant  en  outre  les  etapes  is 
supplementaires  consistant  a  : 

(c)  injecter  au  sujet  par  voie  parenteral, 
simultanement  ou  a  un  instant  anterieur  ou 
posterieur,  au  meme  site  ou  a  un  site  diffe- 
rent  et  par  la  meme  voie  ou  par  une  voie  20 
differente,  un  anticorps  ou  fragment  d'anti- 
corps  supplementaire  qui  se  lie  specifique- 
ment  a  un  marqueur  produit  par  ou  associe 
a  une  tumeur  ou  une  lesion  infectieuse, 
ledit  anticorps  ou  fragment  d'anticorps  sup-  25 
plementaire  etant  marque  avec  un  radio- 
isotope  susceptible  de  detection  externe  ou 
avec  un  agent  amplifiant  I'imagerie  par  re- 
sonance  magnetique,  la  quantite  de  I'anti- 
corps  ou  fragment  d'anticorps  marque  sup-  30 
plementaire  etant  suffisante  pour  permettre 
I'obtention  d'une  image  scintigraphique  po- 
sitive  ou  d'une  image  par  resonance  ma- 
gnetique  amplifiee  positive  de  la  tumeur  ou 
de  la  lesion  infectieuse,  35 
(d)  obtenir  une  image  scintigraphique  positi- 
ve  ou  une  image  par  resonance  magnetique 
amplifiee  positive  de  la  tumeur  ou  de  la 
lesion  infectieuse,  au  bout  d'une  duree 
apres  I'injection  de  I'anticorps  ou  fragment  40 
d'anticorps  marque  supplementaire  suffisan- 
te  pour  que  I'anticorps  ou  fragment  d'anti- 
corps  supplementaire  soit  lie  specifique- 
ment  au  marqueur  produit  par  ou  associe  a 
la  tumeur  ou  a  la  lesion  infectieuse,  et  45 
(e)  soustraire  I'image  obtenue  dans  I'etape 
(b)  de  la  revendication  1  ,  qui  est  une  image 
globale  comprenant  une  image  positive  des 
tissus  normaux  et  des  cellules  normales  de 
I'organe  et  une  image  negative  de  toute  so 
tumeur  ou  lesion  infectieuse  ou  accumula- 
tion  d'un  produit  localise  de  celle-ci,  de 
I'image  obtenue  dans  I'etape  (d)  ci-dessus, 
qui  est  une  image  positive  de  la  tumeur  ou 
de  la  lesion  infectieuse  ou  de  ('accumulation  55 
d'un  produit  localise  de  celle-ci,  pour  pro- 
duire  une  image  positive  affinee  de  la  tu- 
meur,  de  la  lesion  infectieuse  ou  de  I'ac- 

cumulation  d'un  produit  localise  de  celle-ci. 

4.  Utilisation  selon  la  revendication  2  ou  la  reven- 
dication  3,  dans  laquelle  ledit  anticorps  ou 
fragment  d'anticorps  se  lie  specifiquement 
egalement  a  au  moins  un  tissu  parmi  le  tissu 
hepatique  normal  et  le  tissu  splenique  normal, 
dans  laquelle  une  partie  au  moins  dudit  anti- 
corps  ou  fragment  d'anticorps  est  injectee  par 
une  voie  systemique,  et  dans  laquelle,  dans 
I'etape  (b),  ladite  image  comprend  une  image 
d'au  moins  un  organe  parmi  le  foie  et  la  rate, 
et  dans  I'etape  (c),  ladite  image  d'au  moins  un 
organe  parmi  le  foie  et  la  rate  est  egalement 
soustraite  de  I'image  obtenue  dans  I'etape  (d). 

5.  Utilisation  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  dans  laquelle  chaque  marqueur 
est  un  radio-isotope  susceptible  de  detection 
externe  et  chaque  image  est  une  image  scinti- 
graphique. 

6.  Utilisation  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  dans  laquelle  chaque  marqueur 
est  un  agent  amplifiant  la  resonance  magneti- 
que  et  chaque  image  est  une  image  par  reso- 
nance  magnetique. 

7.  Trousse  d'imagerie  lymphographique  pour  vi- 
sualiser  une  tumeur  ou  une  lesion  infectieuse 
ou  un  produit  localise  de  celle-ci  chez  un  sujet 
mammifere,  comprenant  : 

(a)  au  moins  un  agent  d'imagerie  lymphos- 
cintigraphique  ou  par  resonance  lymphoma- 
gnetique  globale  qui  comprend  un  anticorps 
ou  fragment  d'anticorps  qui  se  lie  specifi- 
quement  a  des  cellules  lymphatiques  nor- 
males  ou  a  des  tissus  lymphatiques  nor- 
maux,  ledit  anticorps  ou  fragment  d'anti- 
corps  etant  marque  avec  un  radio-isotope 
susceptible  de  detection  externe  ou  avec 
agent  amplifiant  I'imagerie  par  resonance 
magnetique  (en  tant  que  premier  reactif), 
(b)  au  moins  un  anticorps  ou  fragment  d'an- 
ticorps  qui  se  lie  specifiquement  a  un  mar- 
queur  produit  par  ou  associe  a  une  tumeur 
ou  une  lesion  infectieuse,  ledit  anticorps  ou 
fragment  d'anticorps  etant  marquee  avec  un 
radio-isotope  susceptible  de  detection  exter- 
ne  ou  avec  un  agent  amplifiant  I'imagerie 
par  resonance  magnetique  (en  tant  que  se- 
cond  reactif),  et 
(c)  un  vehicule  pour  injection  sterile,  phar- 
maceutiquement  acceptable,  pour  I'injection 
concomitante  de  (a)  et  de  (b)  ou  pour  I'in- 
jection  separee  de  chacun  parmi  (a)  et  (b). 
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