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Summary. A panel of 14 monoclonal antibodies (MoAbs) 
(4 raised against breast cancer, 6 against colon cancer and 
4 against melanoma) were used to phenotype frozen sec- 
tions of tumor biopsies obtained from 110 patients, by av- 
idin-biotin-peroxidase complex techniques. We observed 
heterogeneity of antigen expression among the multiple 
metastatic lesions of single patients, as well as among tu- 
mor lesions from different patients with similar tumor his- 
totypes. A wide range of cross-reactivity of anti-(breast-car- 
cinoma) and anti-(colon-carcinoma) MoAbs with other 
carcinoma histotypes and limited reactivity with melano- 
ma and sarcoma was detected. Some of our anti-melano- 
ma MoAbs were also found to cross-react with selected 
carcinomas. Nine of the 14 MoAbs most reactive with car- 
cinomas of diverse histotypes have been identified. A mix- 
ture or 'cocktail' of different MoAbs could be selected for 
each individual patient in order to achieve binding of 
MoAbs with most, if not 100% of tumor cells. This study 
illustrates the approach that we have taken to individualize 
the cocktail of MoAbs for the development of patient-spe- 
cific therapeutic immunoconjugates. 

Introduction 

The advent of hybridoma technology for generation of 
monoclonal antibodies (MoAbs) has resulted in major ad- 
vances in developing reagents and methods for tumor de- 
tection, localization and therapy. Early claims of tumor 
specificity of MoAbs, such as one 'specific' for all carci- 
nomas by recognition of a single antigen known as Ca [3], 
have been discounted after extensive immunohistochemi- 
cal evaluation of the MoAb reactivity with a wide range of 
normal human tissues [29, 37]. However, MoAbs having 
strong binding with malignant cells and having minimal or 
restricted binding with certain normal adult tissues have 
proven to be useful for radioimaging of melanoma [8, 19] 
and carcinomas of the breast [12, 38], colon and rectum 
[2, 10, 12, 28]. Targeting of tumor cells by MoAbs with or 
without therapeutic agents has been demonstrated in mela- 
noma [16, 34, 40, 44, 46], gastrointestinal malignancy 
[12, 17] and leukemia/lymphoma [21, 27]. 

Immunohistochemical phenotyping of tumor biopsies 
at varying stages of malignant progression of various tu- 
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mor types with the use of a panel of MoAbs has confirmed 
the existence of antigenic heterogeneity [9, 13, 31]. Infor- 
mation generated from such phenotyping has contributed 
to a number of important areas: early detection of micro- 
metastasis, discrimination between benign and malig- 
nant lesions, prognostic indication, and better understand- 
ing of the origin and histogenesis of neoplasms. From the 
therapeutic standpoint, although 'perfect' antibodies as 
targeting reagents for all or certain types of human solid 
tumors have not been identified, a mixture of two or more 
MoAbs could recognize different antigens or different an- 
tigenic determinants on the same antigen, expressed by the 
patient tumor [9, 18, 25, 50]. Enhanced binding by combi- 
nations of such MoAbs with tumor tissues or cell lines has 
been reported [5, 18, 50]. In this communication, we de- 
scribe our experience in phenotyping a variety of human 
solid tumors by immunohistochemical techniques using 
a panel of monoclonal antibodies. This study illustrates 
the heterogeneity of cancer, the method to individua- 
lize the 'cocktail' of MoAbs, and the use of these anti- 
bodies in the development of therapeutic immunocon- 
jugates [35]. 

Materials and methods 

Tumors and normal  tissues. Biopsies were from cancer pa- 
tients who entered our Monoclonal Antibody/Immuno- 
conjugate Program at Biotherapeutics Inc., Franklin, Tenn. 
In several patients multiple specimens and portions from 
each specimen were available. These fresh biopsies were 
from primary tumors, their metastases and subsequent re- 
currences producing over 126 specimens and 110 stainable 
samples. A portion of each tumor specimen was cut and 
used in routine pathological examination at the hospitals 
or clinics where tissues were procured. The remaining tu- 
mor specimens were frozen in OCT compound (polyvinyl 
alcohol, benzalkonium chloride, polyethylene glycol, 
d. H20; Miles Labs, Elkhart, Ind) at - 70 ° C before use. In 
most instances a portion of the tumor tissue was dispersed 
for tissue culture and implantation in nude mice. 

Human peripheral blood samples were obtained from 
cancer patients and healthy volunteers. Histologically nor- 
mal tissues (lung, heart, breast, liver, kidney, colon, skin) 
were from autopsy specimens of patients who died of non- 
malignant diseases. Additional normal skin and breast tis- 
sues were from surgical specimens obtained from foreskin 
circumcisions and breast reductions. These specimens 
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were obtained through Dr. S. Kincaid of Williamson Med- 
ical Center, Franklin, Term and through Dr. W. H. West, 
Baptist Hospital, Memphis, Tenn. Some of the normal tis- 
sues used in this study were obtained from Dr. W. E. Griz- 
zle, Southern Division of the Cooperative Human Tissue 
Network based at the University of Alabama, Birming- 
ham, Ala. These tissues were cut and embedded in OCT as 
described above for tumor biopsies. 

Monoclonal antibodies. Monoclonal antibodies (MoAbs) 
were derived from murine hybridomas obtained by immu- 
nizing mice with preparations of different tumor types. 
Their sources and derivations are listed in Table 1. The 
MoAbs generated at Biotherapeutics are designated BT- as 
prefixes and are described elsewhere [5]. Those MoAbs 
acquired from other institutes are prefixed with BA-. 
The hybridomas secreting MoAbs BA-Br-1 (B38.1) and 
BA-Br-5 (B72.3), originally developed by the Schlom 
group [15], were obtained from American Type Culture 
Collection, Rockville, Md. The generation and some prop- 
erties of MoAbs BA-Br-3 (BTMA8), BA-Me-4 (140.72) 
and BA-Me-5 (140.240) have been reported elsewhere 
[22, 24, 25]. IgG1 and IgG2 MoAbs were purified by the 
caprylic acid method [32, 42] from ascites fluid harvested 
from BALB/c mice. IgG3 MoAbs were purified by protein 
A chromatography using the Pierce binding and elution 
buffers according to manufacturer's instructions [32]. 

Immunohistochemical procedures. The avidin-biotin-per- 
oxidase complex (ABC) method was used (Vectastain 
ABC kit, Vector Laboratories, Burlingame, Calif). Sec- 
tions of frozen tissues 5 ~tm thick, embedded in OCT, were 
cut and placed on gelatin-coated slides. The tissue sections 
were fixed with cold acetone, and incubated with normal 
horse serum for 15 min to reduce non-specific binding of 
the horse anti-(mouse IgG) antiserum. Purified murine 

MoAbs (see below) at the concentration of 5 ~tg/ml were 
used as primary antibodies to incubate with the sections 
for 1 h. The slides were washed with phosphate-buffered 
saline (PBS) pH 7.4, and incubated with biotinylated horse 
anti (mouse IgG) antiserum for 30 min. Endogenous per- 
oxidase in tissue was blocked by reaction with methanol 
and hydrogen peroxide for 15 min. The sections were then 
incubated with a preformed complex of avidin-biotinylat- 
ed-horseradish-peroxidase for 1 h. Staining was developed 
by the oxidation of 3-amino-9-ethylcarbazol and 0.002% 
hydrogen peroxide for 20 min and counterstained in Gill's 
hematoxylin (Fisher Scientific, Norcross, Ga) for 20 rain. 
Positive (anti-HLA-A,B,C MoAb W6/32 and anti-epitheli- 
al membrane antigen MoAb) and negative (non-specific 
murine IgG and PBS) antibody controls were included in 
each test. One or two sections from the frozen tissue block 
were routinely stained with hematoxylin and eosin for his- 
topathological examination prior to immunohistochemical 
typing. Poorly preserved tumor tissue sections or tissue 
sections containing no tumor cells were not used for im- 
munohistochemical analysis. All results were evaluated in- 
dependently by two observers. The reactivity patterns 
scored independently were consistent in most cases. Inten- 
sity of staining (reddish-brown color) was scored as nega- 
tive ( - )  or positive (from weak: + ,  to very strong: 4+).  
A designation of + was given to those tumor tissues which 
stained mostly negative with few tumor areas positive. 

Qualitative microabsorption. The qualitative absorption 
analysis was performed as previously described [25] except 
that the assay used in this study was the ABC immunohis- 
tochemistry against appropriate tumor tissues. Briefly, the 
appropriately diluted [22] MoAb was absorbed with an 
equal volume of packed homogenate prepared from fresh 
tissue material (centrifuged at 3000 g for 3 min in a mi- 
crocentrifuge) at room temperature for 1 h. The absorb- 

Table 1. Monoclonal antibodies used in the present study 

MoAb Isotype Immunogen Antigen structure Reference 

BA-Br-1 IgG1 

BA-Br-3 IgGl 

BA-Br-5 , IgG1 

BT2Br-6 ~IgG1 

BT-Co-1 b 'IgG3 

BT-Co-2 IgG3 
BT-Co-3 IgG3 
BT-Co-4 IgG3 
BT-Co-5 b IgG3 ] 

BT-Co-6 IgG1 

BA-Me-4 IgG1 
BA-Me-5 IgG2a 

BT-Me-7 IgG1 
BT-Me-8 IgG1 

Membrane extract of breast carcinoma tissue 

Membrane extract of breast carcinoma cell line 
CAMA- 1 

Membrane extract of breast carcinoma tissue 

Dispersed cells from breast carcinoma tissue 

Dispersed cells from colon carcinoma grown as 
xenografts in nude mice 

Dispersed cells from colon carcinoma grown as 
xenografts in nude mice 

Melanoma cell line CaCL 78-1 

Melanoma cell line CaCL 78-1 

Melanoma cell line BUR 

Melanoma cell line BUR 

ND a [15] 

> 300 kDa [22] 
glycoprotein 

220- 400 kDa glycoprotein [15] 

ND Unpublished 

29 kDa + 31 kDa Unpublished 
protein 
ND Unpublished 
ND Unpublished 
ND Unpublished 

29 kDa + 31 kDa Unpublished 
protein 
ND Unpublished 

95 - 150 kDa glycoprotein (s) [24] 

p97-1ike (97 kDa) [22, 25] 
glycoprotein 

110 kDa [5] 

110 kDa + 40 kDa [5] 

a Not yet defined, although attempts were made to determine the molecular mass of antigen involved 
b Based on epitope blocking and indirect immunoprecipitation experiments, BT-Co-1 and BT-Co-5 recognized different 
on the same or extremely similar molecules 

epitopes residing 
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ed antibody was separated from the tissue homogenate 
by centrifugation, as above, and the unabsorbed anti- 
body was titrated against previously known reactive tumor 
tissues. 

Flow cytometric analysis. Heparinized whole blood from a 
normal donor was centrifuged at 800 g for 20 rain at 4 ° C. 
Platelets were obtained from the plasma layer and washed 
twice in PBS containing 2% fetal calf serum by centrifuga- 
tion at 1800 gfor  20 min. A mixture of lymphocytes, mono- 
cytes and granulocytes was recovered from the buffy coat 
layer and washed in PBS containing 2% fetal calf serum 
twice by centrifugation at 400 g for 5 rain. The cells 
were dispensed into 96-well Falcon microtest plates 
(3 × 105/well for nucleated cells; 5 × 105/well for platelets). 
The plates were centrifuged at 400 g to pellet the cells. 
Monoclonal antibody samples (5 ~tg/ml) were added 
(100 pA/well), and incubated for 1 h at room temperature. 
Cells were pelleted, supernatants were removed, and cells 
were washed in PBS + 2% fetal calf serum three times, pel- 
leting between each wash. Fluorescinated goat-(anti mouse 
Ig) antiserum (Coulter Immunology, Hialeah, Fla) at an 
optimized concentration was added (100 ~tl/well), and in- 
cubated for 45 rain at 4 ° C. Cells were pelleted, superna- 
tants were removed, and cells were washed twice as above, 
pelleting between each wash. Non-specific mouse myelo- 
ma IgG of a specific isotype (5 ~tg/ml) and PBS were used 
as negative controls. MoAb W6/32 (anti HLA-A,B,C 
monomorphic determinant) was used as a positive control. 
Cell fluorescence, in terms of the percentage of positive 
cells and peak mean channel, was analyzed by flow cy- 
tometry (Cytofluorograph IIS, Ortho Diagnostic System 
Inc., Westwood, Mass). Platelets, as well as buffy coat 
analysis for lymphocytes, monocytes, and granulocytes 
were gated from forward angle and 90 ° light scatter pat- 
terns, and analysed independently for fluorescence. 

Results 

Reactivity of MoAbs with normal adult tissues 

The results of testing 14 MoAbs on various adult tissues 
are summarized in Table 2. Most normal tissues were non- 
reactive. Exceptions were sweat glands, liver and kidney 
tubules, which were reactive with most of the MoAbs. The 
positive liver reactivity seemed to be restricted to the cyto- 
plasm of hepatocytes and to bile ducts. One of the MoAbs 
(BT-Br-6) reacted weakly with skin epidermal cells. 

Testing of MoAbs for reactivity with autologous (pa- 
tient from whom MoAbs were derived) and allogeneic 
normal peripheral blood cells indicated that they were 
negative, with the exception of BA-Me-4, which gave posi- 
tive reactivity with polymorphonuclear cells. As deter- 
mined by absorption studies, none of the MoAbs reacted 
with erythrocytes and platelets, separately prepared from 
3/3 healthy allogeneic adult individuals. Testing of nine 
MoAbs (BT-Br-6; BT-Co- 1,-2,-3,-4,-5,-6; BT-Me-7,-8) with 
autologous peripheral blood cell components revealed 
negative reactivities. The observed absence or presence of 
cross-reactivity with various blood components was con- 
firmed by flow cytometry. 

Patterns of reactivity 

The 14 MoAbs were used to phenotype large numbers of 
different tumor tissues. The distribution of antigens detect- 

ed on tumor tissue sections of primary and metastatic ori- 
gins by MoAbs fell into several categories of staining pat- 
terns using the ABC method. The staining patterns varied 
depending on which target tissue was tested and on which 
MoAb was employed (Fig. 1). For example, in the majority 
of breast tumors tested with MoAb Ba-Br-1, intense but 
rather homogeneous staining was seen on the membrane 
and cytoplasm of tumor cells. In similar tissue sections 
BT-Co-5 or BA-Br-5 gave a 'patchwork' staining pattern, 
positive within given tumor areas, leaving adjacent nega- 
tive tumor areas virtually unstained. The third type of 
reactivity pattern was noted to be scattered reactive tumor 
cells in a 'sea' of non-reactive tumor cells (focal binding). 

Anti-(breast carcinoma) MoAbs 

Four anti-(breast carcinoma) MoAbs (BA-Br-1, BA-Br-3, 
BA-Br-5, BT-Br-6) were tested on 110 tumor tissues from 
patients with various tumor histotypes (Tables 3 and 4). 
BA-Br-1 reacted with 100% of the following carcinomas: 
breast, colon, lung, prostate and pancreas. Most of the car- 
cinoma types other than those previously specified were 
also reactive with these four MoAbs in varying degrees, al- 
though the number of cases in each category was relatively 
small. BA-Br-1 and BA-Br-5 did not react with any of 
the melanoma and sarcoma tissues, while BA-Br-3 and 
BT-Br-6 reacted with approximately 38% of the melanoma 
and 55% of the sarcomas tested. 

BA-Br-3 reacted very broadly with carcinoma tissues 
of diverse histotypes: 91% of breast carcinoma, 87% of co- 
lon carcinomas, 91% lung carcinomas and 50% of prostate 
carcinomas. Furthermore, BA-Br-3 reacted sporadically 
with some melanomas and sarcomas with frequencies of 
33% and 64% respectively. 

BA-Br-5 reacted with only a few selected cases of car- 
cinomas (11% of breast, 40% of colon, 55% of lung, and 
25% of prostate), but did not react with any of the melano- 
ma or sarcoma tissues tested. 

Fewer tumor tissues were phenotyped by BT-Br-6 
(70 cases) than BA-Br-1, BA-Br-3, and BA-Br-5. MoAb 
BT-Br-6 reacted with 45% of breast carcinomas, 67% of 
colon carcinomas, 57% of lung carcinomas and 0% of 
prostate carcinomas. In contrast to MoAbs BA-Br-1 and 
BA-Br-3, BT-Br-6 showed much broader reactivity to 
non-carcinoma tumors including melanoma (43%) and 
sarcoma (45%). 

Anti-(colon carcinoma) MoAbs 

Six anti-(colon carcinoma) MoAbs (BT-Co-1, BT-Co-2, 
BT-Co-3, BT-Co-4, BT-Co-5, BT-Co-6) were tested on 102 
specimens from patients with diverse tumor histotypes 
(Tables 3 and 5). The first five MoAbs exhibited similar 
binding patterns: 80-87% of colon carcinomas, 63-68% of 
breast carcinomas, 70-90% of lung carcinomas, and 
50-100% of prostate carcinomas, were positive. They also 
showed some reactivity with other carcinoma tissue types 
(59-68%). Melanoma tissues were generally non-reactive, 
whereas 10-20% of sarcomas gave positive reactivity with 
these MoAbs. 

The MoAb BT-Co-6 was not tested with as many tu- 
mor tissues as the first five MoAbs in this series. It reacted 
with 100% of colon, lung, and prostate carcinomas. It also 
reacted with 100% of other carcinoma histotypes: squa- 
mous cell carcinoma, salivary gland and hepatoma. Fur- 



80 

Table 2. Reactivity of  MoAbs  with normal  adult  tissues based on the ABC immunohis tochemica l  technique 

Reactivity a 

M o A b  Lym- P M N  b RBC c Pla- Lung Heart  Breast Liver d Kidney  Colon  Skin T u m o r /  
pho-  telets c s t roma e 
cytes 

BA-Br-1 . . . . . . .  + f  +Yg 3 + MCi gl. epith.J - epid.m + / -  
- _ G  h - M C  lp.k +SW. gl. n 

- S M C  1 

BA-Br-3 . . . .  -- ° - + -+ f + T - - epid. + / - 
- G  + s w .  gl. 

BA-Br-5 . . . . . . . . . . .  + / -  

BT-Br-6 . . . . . . .  + + T  - + epid. + / -  
- G  - s w .  gl. 

BT-Co-1 . . . .  + - - + , 2 +  + T  + M C  gl. epith. - + / -  

BT-Co-2 . . . .  + 

BT-Co-3 

BT-Co-4 

BT-Co-5 

BT-Co-6 

- G  - M C l p .  
- SMC 

+ ,2 + + T + MC gl. epith. - + / - 
- G  - M C  lp. 

- SMC 

+ , 2 +  + T  + MC gl. epith. - + / -  
- G  - M C  lp. 

- SMC 

+ + T  + M C g l .  epith. - + / -  
- G  - M C  lp. 

- SMC 

+ + T + MC gl. e p i t h .  - + / - 

- G  - M C  lp. 
- SMC 

- + T 2 + MC gl. epith. - epid. + / - 

- G - MC lp. + sw. gl. 
- SMC 

BA-Me-4 - + . . . . .  + + T  - - epid. + / -  
- G  +sw.  gl. 

BA-Me-5 . . . . . . .  + + T - - epid. + / - 
- G  +sw.  gl. 

BT-Me-7 . . . .  + - - + + T  - M C  gl. epith. - epid. + / -  
- G + M C  lp. + sw. gl. 

- S MC 

BT-Me-8 . . . .  + - - + + T - M C  gl. epith. - epid. + / - 

- G + MC lp. + sw. gl. 
- SMC 

a Results are expressed by: - ,  negative;  + ,  weakly posit ive;  2 + ,  modera te ly  posit ive;  3 + ,  s trongly posit ive;  4 + ,  very strongly posit ive;  
_+, mostly negative with few areas posi t ive 
b P M N :  po lymorphonuc lea r  cells 
c RBC (erythrocytes) and platelets were tested indirectly by absorp t ion  studies (see Materials and Methods)  
d Reactivity was seen in the cytoplasm o f  hepatocytes  with those MoAbs  giving _+, + and 2 + reactivities 
e Stroma refers to ' normal '  connect ive  tissue in area of  or adjacent  to tumor  in same organ 
f Hepatocytes  were mostly negative with occasional  positivity. In addi t ion,  bile ducts were posit ive with BA-Br-l  and BA-Br-3 
g T, tubules;  h G, glomeruli ;  i MC,  mucosa ;  J gl. epith., g land epi thel ium; k lp., lamina propia ;  1 SMC,  submucosa;  m epid., epidermis;  
n sw. gl., sweat glands;  o some of  alveolar  epithelia were s tained with the intensity o f  + to 2 t 

t h e r m o r e ,  M o A b  B T - C o - 6  w a s  r e a c t i v e  w i t h  89% o f  b r e a s t  
c a r c i n o m a s ,  b u t  f a i l e d  to  r e a c t  w i t h  m e l a n o m a  a n d  s a r c o -  
m a  t i s sues .  

Anti-melanoma MoAbs 

F o u r  a n t i - m e l a n o m a  M o A b s  ( B A - M e - 4 ,  B A - M e - 5 ,  
B T - M e - 7  a n d  B T - M e - 8 )  w e r e  e v a l u a t e d  o n  107 t u m o r  
t i s sue s  o f  d i f f e r e n t  h i s t o t y p e s  ( T a b l e s  3 a n d  6). B A - M e - 4  
r e a c t e d  w i t h  78% o f  m e l a n o m a s ,  56% o f  b r e a s t  c a r c i n o m a s ,  

93% o f  c o l o n  c a r c i n o m a s ,  55% o f  l u n g  c a r c i n o m a s ,  50% 
p r o s t a t e  c a r c i n o m a s ,  a n d  36% o f  s a r c o m a s .  B A - M e - 5  r eac t -  
e d  w i t h  29% o f  m e l a n o m a s ,  28% o f  b r e a s t  c a r c i n o m a s ,  30% 
o f  c o l o n  c a r c i n o m a s ,  0% o f  l u n g  c a r c i n o m a s ,  a n d  56% 
o f  s a r c o m a s .  B T - M e - 7  r e a c t e d  w i t h  88% o f  m e l a n o m a  tu-  
m o r s ,  67% o f  b r e a s t  c a r c i n o m a s ,  64% o f  c o l o n  c a r c i n o m a s ,  
44% o f  l u n g  c a r c i n o m a s ,  a n d  55% o f  s a r c o m a s .  B T - M e - 8  
r e a c t e d  w i t h  100% o f  m e l a n o m a s ,  71% o f  b r e a s t  c a r c i n o -  
m a s ,  55% o f  c o l o n  c a r c i n o m a s ,  63% o f  l u n g  c a r c i n o m a s  
a n d  64% o f  s a r c o m a s .  
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Fig. 1. Indirect immunoperoxidase staining of sections of various human tumor tissues with anti-tumor MoAbs, counterstained with 
hematoxylin. A Breast adenocarcinoma metastatic to axillary lymph node (pt.HAH), reacted with MoAb BA-Br-3, x 400. Packets of 
positive-staining epithelial cells (5-7 cells thick) are observed within the lymph node stroma. Cytoplasmic staining is reddish-brown and 
coursely granular. Cytoplasmic limits are not seen. B Breast carcinoma metastatic to cervical lymph node (pt.REU), reacted with MoAb 
BT-Co-5, x 400. Positive-staining epithelial cells are observed in a random pattern in stroma adjacent to the capsule. Cytoplasmic stain- 
ing is reddish-brown in color and was smooth to finely granular in pattern. Occasional cells form clusters of 2-4.  Other unstained tumor 
cells are observed in the same field. This may represent different stages of differentiation. C Adnexal microcystic carcinoma of the face 
(pt.GOL), reacted with MoAb BT-Br-6, x 400. Positive-staining cells form islands that extend into adjacent skin tissue. All staining activ- 
ity is limited to the cytoplasm, and is reddish-brown in color. These cells have sharply defined cytoplasmic limits, and staining is intense. 
Most tumor cells are round to oval, but several are stellate in shape. D Primary colon adenocarcinoma (pt. RIE), reacted with MoAb 
BA-Me-4, x 200. Positive carcinoma cells stained reddish-brown in color and imparted a coarsely granular appearance to the cytoplasm. 
Positive cells transect the wall of the colon fro}n the mucosa to the.mesentaries. Some tumor cells are present within submucosal lymphat- 
ics (upper middle of the frame). E Primary colon carcinoma (pt.LAV), reacted with MoAb BT-Co-6, x 100. Some positive-staining cells 
form large rows of 3 -5  cells thick, and when observed on cross-section formed microacini with discernable cytoplasmic limits. F Primary 
prostate carcinoma (pt.CLE), reacted with MoAb BA-Br-1, x 400. Positive-staining carcinoma cells are interspersed between muscle 
bundles and stained reddish-brown in color in the cytoplasm. Staining is finely granular and cytoplasmic limits are not always discern- 
able (Figure reduced to 90%) 
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Table 4. Frequency of cross-reactivity of anti-(breast carcinoma) 
MoAbs with other tumor types 

Parameter MoAb 

BA-Br-1 BA-Br-3 BA-Br-5 BT-Br-6 

Total no. cases 110 110 110 70 
Total no. positive 86 86 25 36 

% Pos. vs breast ca. ~ 100 91 11 45 
% Pos. vs colon ca. I00 87 40 67 
% Pos. vs lung ca. 100 91 55 57 
% Pos. vs prostate ca. 100 50 25 0 
% Pos. vs other ca. 83 75 33 57 
% Pos. vs all carcinomas 87 80 26 52 
% Pos. vs melanoma 0 33 0 43 
% Pos. vs sarcomas 0 64 0 45 
% Pos. vs all tumors 79 78 23 51 

Pos., positive; ca., carcinoma 

Table 5. Frequency of cross-reactivity of anti-(colon carcinoma) 
MoAbs with other tumor types 

Parameter MoAb 

BT- BT- BT- BT- BT- BT- 
-Co-1 -Co-2 -Co-3 -Co-4 -Co-5 -Co-6 

Total no. cases 102 102 101 101 100 64 
Total no. positive 62 61 58 56 59 44 

% Pos. vs colon ca. a 87 80 87 80 80 100 
% Pos. vs breast ca. 68 65 63 63 67 89 
% Pos. vs lung ca. 90 90 80 70 90 100 
% Pos. vs prostate ca. 100 100 75 50 100 100 
% Pos. vs other ca. 59 64 59 68 64 85 
% Pos.vs all carcinomas 66 65 62 61 65 83 
% Pos. vs melanoma 0 0 0 0 0 0 
% Pos. vs all sarcomas 20 20 20 10 10 0 
% Pos. vs all tumors 61 60 57 55 58 71 

a Pos., positive; ca., carcinoma 
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Table 6. Frequency of cross-reactivity of anti-melanoma MoAbs with 
other tumor types 

Parameter MoAb 

BA-Me-4 BA-Me-5 BT-Me-7 BT-Me-8 

Total no. cases 107 58 79 78 
Total no. positive 64 15 53 56 

% Pos. vs melanoma 78 29 88 100 
% Pos. vs breast ca. a 56 28 67 71 
% Pos. vs colon ca. 93 30 64 55 
% Pos. vs lung ca. 55 0 44 63 
% Pos. vs prostate ca. 50 NT b 100 100 
% Pos. vs other ca. 55 11 82 82 
% Pos. vs all carcinomas 62 22 71 74 
% Pos. vs all sarcomas 36 56 55 64 
% Pos. vs all tumors 60 25 66 72 

a Pos., positive; ca., carcinoma 
b Not tested 

Micro- and macroheterogeneity 

Table  7 shows an e x a m p l e  o f  da ta  on  react ivi ty  pa t t e rns  
o f  mul t ip le  metas ta t i c  les ions  f r o m  a single pa t i en t  
(BUR)  wi th  m a l i g n a n t  m e l a n o m a .  The  results ,  b a s e d  on 
14 M o A b s  tes ted,  ind ica te  tha t  the  an t igen ic  p h e n o t y p e  

o f  five l y m p h  n o d e  me tas t a ses  a n d  one  b ra in  metas tas i s  
b i o p s i ed  over  an 18-month  p e r i o d  d id  no t  vary  greatly.  
The  two no tab le  d i f f e rences  are tha t  the M o A b s  BT-Br-6 
a n d  BA-Me-5  r e c o g n i z e d  an t igens  that  were  no t  exp re s sed  
on  the ear l ier  b iops ies ,  bu t  were  p r e s en t  in the  s u b s e q u e n t  
me tas ta t i c  lesions.  

Table  8 p resen t s  e x a m p l e s  o f  our  p h e n o t y p i n g  results  on  
eight  pa t i en t s  (five wi th  b reas t  c a r c i n o m a  a n d  three  co lon  
c a r c i n o m a )  i l lus t ra t ing h e t e r o g e n e o u s  exp re s s ion  o f  the  
var ious  an t igens  a m o n g  t u m o r  b iops ies  o b t a i n e d  f r o m  eight  
d i f f e ren t  pa t i en t s  (mac rohe t e rogene i ty ) .  F r o m  these  typ ing  
resul ts  we were  able  to select  2 - 5  M o A b s  wh ich  were  mos t  
react ive  wi th  each  ind iv idua l  pa t i en t ' s  tumor .  

Table 7. Immunohistological typing of metastatic lesions removed from patient BUR at different times. Tissue-culture cells derived from 
one of the lymph node (LN) metastases were also evaluated 

MoAb LN l LN 2 LN 3 LN 4 LN 5 Brain Tissue-culture 
occipital mediastinal cervical supra-clavicular femoral 09/28/87 cells derived 
01/23/86 05/05/86 04/27/86 06/15/87 06/15/87 from LN 1 

BA-Me-4 4 + a  2+ 2+ 4+  4+  4+  4+ 
BA-Me-5 - - - + 2+ 2+  - 
BT-Me-7 4+  4+  4+  4+  4+  4+  + 
BT-Me-8 4+  3+ 4+ 4+  4+  4+  2+ 
BA-Br-1 . . . . . . .  
BA-Br-3 - - - + + + - 
BA-Br-5 . . . . . . .  
BT-Br-6 - 4+  4+ 4+  4+  2+ - 
BT-Co-1 . . . . . . .  
BT-Co-2 . . . . . . .  
BT-Co-3 . . . . . . .  
BT-Co-4 . . . . . . .  
BT-Co-5 . . . . . . .  
BT-Co-6 . . . . . . .  

a Results are expressed by: - ,  negative; -I-, weakly positive; 2 + ,  moderately positive; 3 ~-, strongly positive; 4 + ,  very strongly positive; 
+ ,  mostly negative with few tumor areas positive 
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Table 8. Heterogeneous expression of antigens in tumor biopsies 
from different patients as revealed by immunohistochemical typ- 
ing with a panel of anti-tumor MoAbs 

Breast carcinoma Colorectal 
of patient carcinoma 

of patient 

MoAb BLO JAK RUB PAR GIB GOO JOH KLO 

Control 
W6/32 a 3+ ° 4+ 2+ 4+ 4+ + 4+ 3+ 
Mouse IgG . . . . . . . .  
PBS b . . . . . . . .  

Anti-tumor 
BA-Br-1 + 2+ 4+ + 4+ 4+ 4+ 3+ 
BA-Br-3 3+ - 3+ 3+ 3+ 4+ + - 
BA-Br-5 . . . . . .  3 + - 
BT-Br-6 - - 4+ + - + 2+ + 
BT-Co-1 - 2+ 3+ - 2+ - + + 
BT-Co-2 - 2+ 3+ + 2+ - + 2+ 
BT-Co-3 - 3+ 2+ + + - + 2+ 
BT-Co-4 2 + 3 + 2 + 2 + + - + + 
BT-Co-5 + 3+ 4+ + + - + + 
BT-Co-6 + 3+ 2+ + 4+ 4+ 4+ 3+ 
BA-Me-4 3+ - - 2+ + 3+ 4+ 3+ 
BA-Me-5 - - - _+ . . . .  
BT-Me-7 - - + + 2 + - + + 
BT-Me-8 - - + + 2+ - 2+ + 

a Anti-HLA class 1 antigens, reactive with both tumor and stroma 
areas of thin sections prepared from frozen tissue blocks of the 
eight patients listed 
b Phosphate-buffered saline 
c See the footnote under Table 7 for explanation of scoring re- 
suits. Positivity (+ - 4 + ) refers to tumor reactivity 

These observations stress the existence of  such micro- 
and  macroheterogeneity,  as well as individual i ty  of  the 
expression of  antigens among metastat ic lesions and the 
impor tance  of  having a panel  of  MoAbs  for tumor- typing 
purposes.  

Discussion 

Immunohis tochemica l  detect ion of  tumor  cells in tissue 
sections using MoAbs  has recently received considerable  
at tention (for review, see [41]). During the past  decade,  
many  human tumor-associa ted antigens and unique ep- 
i topes have been identif ied by MoAbs.  Immunohis tochem-  
istry and appl ica t ion  of  MoAbs  have revealed that some of  
these antigens display a restricted distr ibution in normal  
adul t  tissues and,  therefore, may represent  appropr ia te  
markers  for tumor  radio imaging and useful targets for im- 
munotherapy.  

Tumor  heterogeneity in terms of  morphological ,  func- 
t ional  and antigenic characteristics has been described pre- 
viously in many animal  and  human tumor  systems [4, 7, 
11, 14, 15, 30, 31, 48, 50]. Antigenic heterogeneity of  tu- 
mors may allow antigen-negative popula t ions  to escape 
targeting and subsequent destruct ion in patients when 
s ingle-ant ibody-guided therapy is appl ied  [4, 14, 33, 47, 
50]. Heterogeneous expression of  tumor-associa ted anti- 
gens may result from genetic variat ion [1, 36, 49], cell-cy- 
c le-dependent  expression [20, 26], antigenic modula t ion  
[39, 43, 45], and other epigenetic factors [44]. The tumor  
heterogeneity seen in these studies draws attention to the 

need to unders tand and approach  the same issue for ther- 
apy. We feel that antigenic heterogeneity,  which demon-  
strates that each cancer is unique,  calls for the design of  
therapy based on an t ibody  recognit ion in each patient  
[4, 14, 33, 36]. 

Using a panel  of  14 MoAbs,  we have demonst ra ted  a 
wide range of  cross-reactivity of  anti-(breast  carcinoma) 
and anti-(colon carc inoma)  MoAbs  with various other car- 
c inoma histotypes. This observat ion is not unique, since it 
has been documented in the l i terature that more than 
twenty well-characterized MoAbs  raised against  various 
carcinomas have revealed a panca rc inoma  type of  reactivi- 
ty, with the exception of  MoAbs  to prostat ic  tissue antigen. 
Some of  our an t i -melanoma MoAbs  have also shown cross- 
reactivity with selected carcinomas.  Among  the 14 MoAbs,  
the 9 most reactive with carc inomas of  diverse histotypes 
can be ranked in terms of  the extent of  carc inoma cross- 
reactivity in the following order :  BA-Br-1 = BA-Br-3 
> BT-Me-8 > BT-Co-6 = BT-Me-7 > BT-Co-1 > BT-Co-2 
= BA-Me-4 > BT-Co-5. Although BA-Br-1 and BT-Co-6 
were raised differently against  breast  tumor  membrane  ex- 
t r a c t  and colon tumor  cells prepared  from a nude mouse 
xenograft ,  respectively, there is strong similari ty between 
them. Both reacted highly with carc inoma tissues (over 
83%) but  were non-react ive with tumors of  non-epithel ial  
origin, i.e., melanoma and sarcoma thus far tested. There- 
fore, BA-Br-1 and BT-Co-6 may be qualif ied for a pancar-  
c inoma specificity. It is of  interest that certain anti-(breast  
carc inoma)  MoAbs,  including BA-Br-3 and BA-Br-5, 
reacted more frequently with prostate carc inoma than 
breast  carcinoma.  Similarly, some anti-(colon carcinoma) 
MoAbs ,  such as BT-Co-1, BT-Co-2 and BT-Co-5, reacted 
more frequently with prostat ic  carc inoma than colon car- 
cinoma. 

From the reactivity pat terns of  MoAbs  obta ined with 
pat ient  b iopsy tissues, a single MoAb rarely reacted with 
100% cancer cells with uniform intensity at a specific site. 
F rom both the tumor  rad io immunoloca l iza t ion  and bio- 
therapeut ic  s tandpoints ,  there is a need to examine biopsy 
tissues with a panel  of  MoAbs  by immunohis tochemical  
techniques to select a mixture or cocktail  of  different 
MoAbs  which are most reactive with the pat ients '  tumors. 
It is obvious from our own studies in a series of  p r imary  
and metastat ic lesions obta ined s imultaneously or over a 
per iod  of  time, that appropr ia te  cocktails or  combinat ions  
of  MoAbs  can be selected for clinical use. 

While  the immunohis tochemical  phenotyping  of  tumor  
tissues of  a given patient  with a panel  of  MoAbs  is an im- 
por tant  step for selections of  appropr ia te  MoAbs  for anti- 
body-guided  therapy,  these selected MoAbs  may not  all 
act on viable tumor  synergist ically in terms of  b inding ac- 
tivity. Our recent studies by flow cytometric  analysis indi- 
cate that certain combinat ions  of  MoAbs  may give quanti-  
tat ively less b inding activity, such that the percentage of  
reactive cells a n d / o r  the intensity of  reactivity per cell 
were found to decrease as compared  with each single 
MoAb [5]. Thus, flow cytometric  analysis of  the immuno-  
histochemically selected MoAbs  against  pat ient  tumor  
cells is of  great value. For  those patients whose monodis-  
persed viable tumor  cells are not  readily avai lable or 
whose tumor  cells have not  been grown in vitro as short- 
term or long-term cultures, flow cytometric  studies with 
the pat ient  tumor  cells will not  be possible. However,  if  an 
avai lable al logeneic tumor  cell line of  a similar his totype 



85 

behaves in a like fashion with regard to immunohis to-  
chemical  b inding (when compared  with the pat ient  biopsy)  
in response to exposure to various combinat ions  of  reac- 
tive MoAbs,  we may be able to use the appropr ia te  refer- 
ence cell lines as an approx imate  in place of  pat ient  tumor  
cells and  select the best combina t ion  of  MoAbs  by flow 
cytometr ic  assessment. Experiments  are underway  to test 
this hypothesis.  

We have uti l ized the phenotyping  results presented 
herein to select two to five MoAbs  as cocktails for each of  
23 cancer pat ients  t reated through the Biological Therapy 
Institute. These patients have undergone  one or two cycles 
of  infusion with selected MoAbs  conjugated to doxorubi-  
cin. The results of  conjugat ion,  preclinical ,  and clinical 
studies are repor ted  elsewhere [35]. 

What  is the acceptable  level of  an ant i - tumor  MoAb in 
terms of  normal  tissue cross-reactivity for tumor  radio-  
imaging and therapeut ic  uses? This question has been a 
matter  of  great concern. It has been shown that  certain 
normal tissues reactive with anti-tumor MoAbs may be pro- 
tected and unavai lab le  to in vivo adminis tered MoAbs  be- 
cause of  their anatomical  sites and  the catabol ic  rate of  the 
MoAbs  in that par t icular  tissue site [6]. We have observed 
no kidney toxici ty in cancer patients in whom doxoru-  
bic in-conjugated MoAbs,  known to cross-react with tu- 
bules but  not  with glomeruli  of  the kidney,  were administer-  
ed in mil l igram to gram quantit ies [35]. Furthermore,  
even though several of  these ant ibodies  react with the cyto- 
p lasm of  normal  hepatocytes  and sweat glands, no clinical 
toxicities associated with these reactivities have been 
observed [35]. 

We continue to b roaden  our panel  of  MoAbs  for tumor  
typing. Over 50 ant ibodies  have been examined and 20 are 
now used routinely in our current typing panel.  Immuno-  
conjugates with doxorubic in ,  daunorubic in  and mitomy- 
cin C are being prepared  for further precl inical  and clini- 
cal studies in our pat ient-specif ic  drug immunoconjugate  
therapy program. 
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