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ENHANCED TUMOR BINDING USING ANTI-TAG-72 MAbs

Table 4 MAb B72.3 and MAb CC49 immunoreactivity with pancreatic

adenocarcinomas
CC49 B72.3 Mucin Mucin staining
Case (++)° (++) (%)® (CC49/B72.3)
1 60 (20) 25(5) 40 75/10
2 55 (20) 30(10) 0 NA‘
3A° 45 (25) 20(10) 10 80/40
3B 65 (30) 40 (15) 10 80/60
4A° 50 (25) 35(15) 35 50/30
4B 45(25) 35 (20) 20 60/70
5 15 (5) 1(0) 10 40/0
6A/ 45 (15) 35(10) 90 90/70
6B 45(15) 35(10) 90 90/70
6C 45 (15) 35(10) 90 90/70
6D 90 (10) 80 (10) 90 90/70
6E 80 (20) 80 (30) 90 80/90
7 50 (20) 40 (20) 30 80/70
8A° 70 (40) 60 (20) 10 90/90
8B 80 (30) 70 (20) 30 90/90
9A° 35(15) 25(10) 0 NA
9B 20 (10) 10 (5) 0 NA
10 80 (60) 80 (60) 0 NA
11 0(0) 0(0) 0 NA
12 20 (10) 20 (5) 20 80/90
13 85(15) 90 (20) 70 80/90

“ Total percentage of reactive malignant cells (++, strong intensity).
Percentage of the tumor that is mucin.
¢ Percentage of the mucin stained with CC49/percentage of the mucin stained
with B72.3.
“ NA, not applicable.
¢ A and B, different blocks from the same patient.
/ A 10 E, different blocks from the same patient.

Table S MAb B72.3 and MAb CC49 immunoreactivity with breast and ovarian

adenocarcinomas
CC49 B72.3 Mucin Mucin staining
Case ++)° (++) (%) (CC49/B72.3)
Breast carcinomas

1 55(25)  5(1) 0 NA¢

2 65(25) 25(5) 5 90/70

3 35(10) 0(0) 0 NA

4 30(15) 5(5) 0 NA

5 75(35) 50(20) 0 NA

6A°¢ 90 (50) 70 (40) 50 90/70

6 55(20) 45(20) 30 80/50

7 70(25) 55(25) 0 NA

8 70 (50) 60 (30) 30 70/60

9 80(40) 70 (30) 0 NA
10A° 90 (70) 80 (60) 5 90/90
10B 90 (55) 90 (60) 0 NA
11 45(25) 35(20) 0 NA
12 70 (40) 65 (35) (1] NA
13 90 (60) 90 (30) 0 NA
14 1(0) 1(0) 0 NA
15 0(0) 0 (0) 0 NA

Ovarian carcinomas”

1 65(35) 50(20) 80 70/50
2 90 (65) 80 (55) 80 90/80
3 40 (30) 25(10) 0 NA
4 60 (40) 50 (30) 0 NA
5 35(15) 30(10) 0 NA
6 2(1) 1(0) 0 NA
7 5() 5(1) 0 NA

“ Total percentage of reactive malignant cells (++, strong intensity).

® Percentage of the tumor that is mucin.

€ Percentage of the mucin stained with CC49/percentage of the mucin stained
with B72.3.

¢ NA. not applicable.

‘ Different blocks of the same patient.

/Cases 1 and 2, mucinous cystadenocarcinoma; Cases 3 to 7, papillary serous
cystadenocarcinoma.

than B72.3 in 11 of 15 breast carcinomas. CC49 also showed
stronger reactivity with 4 of 7 cystadenocarcinomas of the ovary
(Table 5).

We have previously shown (17, 19) that B72.3 is more
strongly reactive with adenocarcinoma of the lung than other
types of lung cancer. The results of Table 6 support this finding
and demonstrate that CC49 also follows this pattern (Fig. 4).
Of the six adenocarcinomas reactive with B72.3, two were more
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Fig. 3. CC49 (4) and B72.3 (B) staining of serial sections of a breast carci-
noma. Although the pattern of staining is similar with both antibodies, CC49
stains mucin and a much greater number of cells. X 125.

strongly reactive with CC49, while one showed a slightly
stronger reactivity with B72.3.

Several other types of malignancies were also tested for
reactivity with B72.3 and CC49 and were shown to be weakly
reactive with both; these include prostate carcinoma (5 of 6
were weakly positive with both MAbs), bladder carcinoma (of
9 tested, 6 were weakly positive with B72.3 and 4 weakly
positive with CC49), and squamous cell carcinoma of the esoph-
agus (1 of 3 weakly positive with both MAbs). The following
malignancies were negative with both MAbs: renal carcinoma
(n = 3), melanoma (n = 3), astrocytoma (n = 3), oligoastrocy-
toma (n = 1), osteosarcoma (n = 1), leukemia (n = 1), and
lymphoma (n = 2).

CC49 versus B72.3. Table 7 summarizes the reactivities of
CC49 and B72.3 in serial sections of biopsies of gastrointes-
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ENHANCED TUMOR BINDING USING ANTI-TAG-72 MAbs

Table 6 MAb B72.3 and MAb CC49 immunoreactivity with lung carcinomas

CC49 B72.3 Mucin  Mucin staining

Case Diagnosis ++)*  (++) (%)  (CC49/B72.3f

1 Squamous cell CA  35(20) 25(10) 0 NA

2 Squamous cell CA 10 (5) 5(5) 0 NA

3 Squamous cell CA 5(1) 1(1) 0 NA

4 Squamous cell CA 5(5) 1(1) 0 NA

S5 Squamous cell CA 10 (10) 10(10) 0 NA

6 Squamous cell CA 1(1) 0(0) 0 NA

7 Squamous cell CA 1(1) 1(1) 0 NA

8 Squamous cell CA 0(0) 0(0) 0 NA

9  Adenocarcinoma 4030) 5(5 0 NA
10 Adenocarcinoma 90 (60) 70 (50) 0 NA
11 Adenocarcinoma 10 (5) 1(1) 0 NA
12 Adenocarcinoma 85 (60) 85 (60) 15 90/90
13 Adenocarcinoma 15(10) 15(10) 30 90/90
14  Adenocarcinoma 20 (10) 25(15) 0 NA
15 Adenocarcinoma 0(0) 0(0) 0 NA
16  Adenosquamous CA 0(0) 0(0) 0 NA
17  Adenosquamous CA 0(0) 0(0) 0 NA
18 Large cell undifferen- 5(5) 25(5) 0 NA

tiated

19  Large cell undifferen- 2 (2) 1(1) 0 NA

tiated

“ Total percentage of reactive malignant cells (++, strong intensity).
Percentage of the tumor that is mucin.
€ Percentage of the mucin stained with CC49/percentage of the mucin stained
with B72.3.
9 CA, carcinoma; NA, not applicable.

tinal, ovarian, breast, and lung adenocarcinomas in which at
least 20% of the cells were reactive with one of the MAbs. This
value was chosen since it approximates those tumors that would
be positive via gamma scanning using immunoscintigraphy (28,
30). Of 48 such tumors, 35 (73%) showed more reactive cells
with CC49 than B72.3. In only one case (2%) was the reciprocal
seen. : .

MAbs CC112. MAb CC112 has previously been shown* to
react with the TAG-72 antigen, but to an epitope distinct from
that detected by CC49 and B72.3. CC112 was tested for reac-
tivity and compared with B72.3 in serial sections of the follow-
ing paraffin-embedded normal tissues: colon (n = 10), appendix
(n = 1), small bowel (n = 1), stomach (n = 1), esophagus (n =
1), gall bladder (n = 1), liver (n = 1), pancreas (n = 1), salivary
gland (n = 1), kidney (n = 1), bladder (n = 1), ovary (n = 1),
uterus (n = 1), testis (n = 1), cervix (n = 3), spleen (n = 1),
lymph node (n = 1), bone marrow (n =1), thyroid (n = 1),
adrenal (n = 1), lung (n = 1), breast (n = 1), brain (n = 1), and
heart (n = 1). Positive reactivity was observed in the small
bowel (15% of cells positive with both B72.3 and CC112),
stomach (20% of cells positive for both MAbs), salivary gland
(2% of cells positive with CC112, B72.3 was negative), secretory
endometrium showed 40% of reactive cells with both MAbs,
testis (15% of Leydig cells were reactive with both MAbs), and
lung (20% of cells positive in bronchial epithelium for CC112
and B72.3).

MAD CC112 reacted stronger than B72.3 to serial sections
of 6 of 13 (46%) colorectal carcinomas; both MAbs reacted
similarly, however, to lung carcinomas (Table 8). As seen in
Table 9, MAb CC112 reacted more strongly to 6 of 10 ovarian
carcinomas. In one of 10 breast carcinomas, B72.3 reacted to
more cells (50% versus 30%) than CC112, but in another tumor
(No. 1), which had less than 1% cells positive with B72.3, 95%
of cells stained intensely with CC112. In summary, of 21
adenocarcinomas of the colon, breast, lung, and ovary that had
at least 20% of tumor cells reactive with both MAbs, B72.3
reacted with more tumor cells in only 2 cases, while CC112
reacted with more tumor cells than B72.3 in 11 (52%) cases.

DISCUSSION

We have previously shown that, while MAb B72.3 demon-
strates some reactivity with fetal and normal adult tissues, it

-

Fig. 4. Lung adenocarcinoma reacted with B72.3 and CC49. Almost 80% of
the cells are positive with CC49 (4), whereas less than 10% are stained with
B72.3 (B). Arrows indicate anthracosis which can be distinguished as black versus
reddish brown of the diaminobenzidine in the actual stained slide preparation. x
62.5.

Table 7 Differences between CC49 and B72.3 staining of carcinomas that showed
at least 20% reactive cells

CC49 = CC49 > CC49 <

Organ Total B72.3 B72.3 B72.3
Colon 9 2 7 0
Breast 13 2 11 0
Ovary 5 1 4 0
Pancreas 11 3 8 0
Stomach 4 2 2 0
Lung 6 2 3 1
Totals 48 12 (25)° 35(73) 1(2)

“ Numbers in parentheses, percentage.
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ENHANCED TUMOR BINDING USING ANTI-TAG-72 MAbs

Table 8 MAb CC112 and MAb B72.3 reactivity with colon and lung

adenocarcinomas
CC112 B72.3 Mucin  Mucin staining
Case (+4)°  (+4) (%)  (CC112/B72.3)
Colon adenocarcinomas .
1 60 (35) 10(5) 5 85/50
2 95(90) 40 (40) 10 95/85
3 60 (30) 30(15) 15 95/95
4 85(75) 50 (40) 5 95/70
5 95 (85) 65(55) 80 95/80
6 55 (55) 40 (40) 15 80/60
7 95(70) 90 (45) 25 95/90
8 40 (40) 40 (40) 25 70/60
9 <1(1) <1(1) 0 NAY
10 5(5 5(5) 1 1/1
11 1(1) 1(1) 15 30/1
12 30(30) 30(25) 70 50/40
13 80 (80) 80 (80) 5 S/NE
Lung carcinomas®
1 35(30) 30(30) >5 40/30
2 90 (85) 85(80) 0 NA
3 95(95) 90(85) 30 50/40
4 <1(1) <1(1) 0 NA
] 40 (20) 25(20) 0 NA
6 15 (5) 10(1) 0 NA
7 <1l(<1) <I1(1) 0 NA
8 1(1) 1(1) 0 NA
9 45(25) 40(20) 0 NA
10 0 0(0) 0 NA

“ Total percentage of reactive malignant cells (++, strong intensity).

5 Percentage of the tumor that is mucin.

¢ Percentage of the mucin stained with CC112/percentage of the mucin stained
with B72.3.
“ NA, not applicable; NE, not evaluable.
€ Cases 1 to 4, adenocarcinoma; Cases 5 to 8, squamous cell carcinoma; Case

9, q carci Case 10, small cell carcinoma.

Table 9 MAb CC112 and MAb B72.3 reactivity with ovarian and breast

adenocarcinomas
CC112 B72.3 Mucin  Mucin staining
Case ++)°*  (++)  (%)® (CC112/B72.3f
Ovarian adenocarcinomas?
1 80 (70) 5() 50 50/1
2 55(20) 10(5) 50 50/15
3 30(25) 95(10) 75 85/85
4 80 (75) 55(35) 50 30/30
s 1(1) 1(1) 70 1/0
6 25 (25) 5(5 0 NA*
7 5(5 1(1) 0 NA
8 85(75) 65 (60) 0 NA
9 60 (60) 50 (50) 0 NA
10 <l (<1) <1(<1) 0 NA
Breast carcinomas
1 95(95) <1(0) 0 NA
2 60 (55) 40 (35) 0 NA
3 2(2) 0(0) 0 NA
4 50 (30) 50 (40) 0 NA
5 5(3) 5(5) 0 NA
6 <1(1) <I1() 0 NA
7 <1(1) <1(1) 0 NA
8 <1(1) <1(1) 0 NA
9 0(0) 0(0) 0 NA
10 30 (30) 50 (50) 0 NA

“ Total percentage of reactive malignant cells (++, strong intensity).

% Percentage of the tumor that is mucin.

¢ Per ge of the d with CC112/percentage of the mucin stained
with B72.3.

“ Cases 1 to 4, mucinous adenocarcinomas; Cases 4 to 10, papillary serous
adenocarcinomas.

€ NA, not applicable.

demonstrates a differential reactivity for many of the common
carcinoma types (4-25). These findings have led to several areas
of potential clinical utility. A serum assay has been developed
that detects the reactive antigen TAG-72 in the serum of
approximately 60% of carcinoma patients (26). Recently, a
double determinant RIA, termed CA 72-4, which utilizes both
MADbs B72.3 and CC49 has been developed. This assay has
been shown to complement carcinoembryonic antigen (CEA)

in detecting patients with metastatic gastric cancer (36). B72.3
has been used in immunohistochemical and immunocytochem-
ical studies by several groups as a potential aid to detect
carcinoma cells and to aid in differential diagnoses (4-25).
Radiolabeled B72.3 has been administered to over 500 patients
to date and has been shown to detect approximately 70% of
carcinomas including several different tumor types (27-33).
There is no a priori reason to have assumed that B72.3 would
be the optimal MAb with reactivity to TAG-72. We have
purified TAG-72 several thousandfold from a colon carcinoma
xenograft and used the purified TAG-72 as immunogen to
prepare second generation anti-TAG-72 MAbs (given the CC
designation). These MAbs have been described in detail else-
where (34), and the 28 studies have been shown to all react
with unique epitopes. Several of the CC MAbs (including CC49,
CC83, and CC92) have been shown to have a higher K, than
B72.3 (34) and, when radiolabeled, localized the LS-174T colon
carcinoma xenograft more efficiently than B72.3 (35). Ques-
tions unanswered prior to this study were whether any of the
CC MADs react to more tumors of a given type or tumor cells
within a given mass than B72.3, and if they react with more
cells within normal tissues, inflammatory tissues, and benign
tumors. We have used CC49 as a prototypic CC MAD to help
answer these questions, although each MAb must be evaluated
independently, if they are ever to be considered for clinical
utility. The results reported here demonstrate (a) a similar
reactivity of MAbs B72.3 versys CC49 with most normal adult
tissues and most inflammatory and benign lesions (see Tables
1 and 2 for details and exceptions); () a superior reactivity of
MAD CC49 in terms of percentage of carcinoma cells reagtive,
intensity of cellular reactivity, and reactivity to tumor-associ-
ated mucin in approximately two-thirds of numerous carcino-
mas of the colon, breast, ovary, lung, stomach, and pancreas
(Tables 3 to 6); and (c) increasing the concentration of B72.3
does not increase reactivity to that achieved with CC49. This
latter finding can be explained by the possibility that the epitope
reactive with CC49 is either more abundant or more accessible
than that reactive with B72.3 or to the higher K, of MAb CC49.
Both antibodies have very low reactivity with normal tissues;
however, in some tissues, both normal and inflammatory (Ta-
bles 1 and 2), CC49 was slightly more reactive than B72.3. One
could speculate, however, that, since CC49 has a higher K, than
B72.3, it should also show higher reactivity to all normal tissues
as is the case for most tumors. This, however, was not borne
out in the results reported here. This finding could be due to
the following: (a) CC49 and B72.3 recognize different epitopes
on TAG-72 which could have different spatial presentation in
tumor versus normal cells; and/or (b) there could be more
clustering of the epitope of CC49 on tumor cells versus normal
tissues (37).

We have also conducted studies using CC112 to demonstrate
that CC49 may not be alone in its potential advantage over
B72.3. One finding that should be emphasized is that, while the
CC MADbs were more reactive than B72.3 in most cases, B72.3
did not appear in any case to react with a different population
of cells within a tumor mass; i.e., cells positive with B72.3 were
usually also positive with CC49, and an additional population
was positive with CC49 in many cases. These findings suggest
that the use of B72.3/CC MAD cocktails may not be warranted.
Whether the results reported here translate into more efficient
diagnostic and therapeutic uses of the second generation anti-
TAG-72 MAbs will obviously necessitate further investigations;
however, these results do support the concept that MAbs di-
rected against the TAG-72 antigen, other than MAb B72.3,
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ENHANCED TUMOR BINDING USING ANTI-TAG-72 MAbs

may eventually prove useful in one or more aspects of the
diagnosis or therapy of carcinomas and the study of human
carcinoma cell populations.
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