


HUMAN MCA TO COLORECTAL CANCER
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Chart 2. Two MCA react with most colorectal tumors. The reactivity of 2 MCA
to paraffin sections of 15 colorectal tumors and air-dried Cytospin preparations of
dissociated tumors from 9 patients are compared. Shaded area, positive indirect
immunoperoxidase staining.

The present study utilized a different approach. Lymphocytes
were obtained from actively immunized patients that had been
determined, by delayed cutaneous hypersensitivity tests, to be
immunologically responsive to their autologous tumor (17). In
this prospectively randomized Phase II protocol, this induced
cell-mediated immune response has been associated with an
increase in the disease-free period and overall survival rate for

patients monitored for over 4 years (18). We speculated that, at
some point during the course of immunization, which was de
veloped primarily for stimulation of a strong cell-mediated im

mune response, there would be a transient humoral immune
response of some magnitude. In animal models, humoral immu
nity is present during the induction of cell-mediated immunity. In

our studies, the most productive fusions were obtained with PBL
taken 1 week after the first and 1 week after the second
immunization. In these vaccines, autologous tumor cells were
given admixed with BCG at a ratio of 107 viable tumor cells to
107 viable BCG organisms. Less success in terms of effective

fusions was achieved with the PBL obtained 1 week after the
third immunization, which used the vaccine that consisted solely
of tumor cells. No successful fusions with regard to demon
strated production of antibodies reactive with cell surface anti
gens were obtained in fusions made from patients before im
munization. We speculate that the increase in fusion efficiency
may be associated with the active immunizations augmented by
the adjuvant BCG. BCG is known to influence the depletion of
bone marrow reserves and thereby to affect the presence of
progenitor B-cells in circulation which normally would not be

present in peripheral blood of cancer patients or in lymph nodes
draining the sites of primary tumors.

Approximately 20% of the cultures tested produced human
immunoglobulin, with 15.6% of the MCA binding to colon tumor
cell antigens. MCA reactive with tumors were isolated from 7 of
the 10 immunized patients. Our results demonstrated that human
colon cancer is immunogenic and that the antigens recognized
are not individually specific but rather are expressed on tumors
from various patients. Antigenic diversity or complexity of antigen
expression has been reported to occur in carcinogen-induced

experimental tumors (24). Results with our MCA suggest that
colorectal tumors similarly appear to express multiple TAA. None
of the MCA isolated thus far detected an antigen common to all
of the tumors. However, a cocktail of appropriately complemen
tary antibodies potentially could achieve the broad reactivity
necessary for in vivo diagnosis and therapy. For example, 6a3-
1 and 7a2 would react with 14 of 15 tumor specimens and 9 of
9 dissociated tumor cell specimens. Other cocktails of this type
can be developed; however, clearly, we must have a broad range
of MCA selected from an extensive in vitro screen for testing a
large number of specimens in a variety of differentiation states
in order to utilize human MCA for therapeutic or diagnostic
purposes.

Most significant in our strategy is the high proportion of MCA
that appear to be reactive with tumor cell surface antigens. Cote
et al. (11, 12) found that 0.7% of human MCA generated by
hybrids of lymphocytes obtained from tumor-bearing patients

reacted with cell surface antigens. Similarly, in a recent study,
ImÃ¡nef al. (13) reported that none of 81 human MCA produced
by hybrids of lymphocytes (lymph node) obtained from breast
cancer patients reacted with tumor cell surface antigens. Fifteen
of the MCA did, however, react with cytoplasmic antigens. In
our studies, 8.7% (20 of 230) of MCA were found to bind to
tumor cell surface antigens as demonstrated by reactivity with
air-dried nonpermeabilized cells. Tumor cell surface-reactive
MCA were isolated from 6 of the 10 tumor-immunized patients.

These results compare favorably with another study in which
one of 10 lung cancer patients yielded MCA reactive with mem
branes isolated from cultured lung tumor cells (16). The high
frequency of tumor cell surface-reactive antibodies in our studies

probably results from our immunization procedures which allow
the recruitment of tumor-reactive B-cells in the cancer patients.

The antibodies isolated by our procedures, unlike human MCA
reactive with tumor cell membranes (15), react with sections of
tumor tissues.

In the present study, one-third of the cell lines were mouse-
human heterohybridomas based upon morphology and kary-
otypic analysis. In contrast, most of the MCA-synthesizing cell

lines were predominantly irregular in shape and grew in large
aggregates. These large cluster-forming cells were isolated in 11

fusions performed with PBL from 7 of 10 patients. Thus, they
appear to be quite common when our strategy of MCA devel
opment is used. Karyotype analysis demonstrated that these
cells contain, on the average, 46 chromosomes. G-banding of
the chromosomes confirmed that they were of human origin.
Thus, based upon the criterion of cell morphology, it appears
that most of the MCA-synthesizing cell lines are not hybridomas
but rather are transformed B-cells. Lymphoblastoid cells were
isolated at low frequency (10~7) when PBL from healthy donors

were cultured in the presence of a human cord blood leukocyte
feeder layer and were obtained from 32% of the patient samples
(25). In the absence of the feeder layer, the frequencies were
100-fold lower. There are several differences in our study: (a)

although the frequency of diploid cells is difficult to estimate
inasmuch as the diploid cells represent unfused B cells, in an
experiment where fusion was not performed, the frequency of
diploid cells was approximately 3 x 10~6, a 300-fold increase

over what would be expected in the absence of a human cord-

blood leukocyte feeder layer; (b) diploid cells have been obtained
from 7 of the 10 immunized patients [7 of the 8 (88%) most
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recent patients]. Finally, and most significantly, we found that
these diploid cells synthesize MCA that specifically react with
TAA. Thus, the increased frequency of isolation of diploid cells
and specificity of the secreted MCA are probably due to recruit
ment of these transformed cells during immunization. Our data
further demonstrate that these transformed B-cells, although

they express EBNA, are stable producers of human MCA, since
they have been shown to grow in continuous culture with increas
ing levels of MCA production for a period of approximately 12
months.

The human MCA that we have developed exhibit marked
differences in reactivity with normal colonie mucosa. Quantitative
differences rather than strict qualitative differences in reactivity
were seen in many tests with matched tumor and noninvolved
mucosa cells obtained from the same patients. The occurrence
of a lower-level but detectable normal cell reactivity may be

attributed to the recognition of determinants associated with
minimal deviation from the normal condition, a situation that has
been associated with noninvolved mucosa cells some distance
removed from the primary tumor site (26, 27). The antibodies
were tested against various normal tissues such as breast, lung,
liver, and skin and were found to be negative.

An interesting and significant difference in the specific reactivity
of these MCA as compared to many mouse MCA generated
against human colon cancer is the absence of reactivity to well-

known tissue components, particularly CEA, frequently recog
nized by mouse MCA (7). We found no reactivity of these human
antibodies to CEA, blood group determinants, or histocompati-

bility antigens, suggesting that the human MCA specificity is
restricted to those structures recognized as immunogenic in the
autologous host. It is not unreasonable to expect that, when one
immunizes mice with human tumor cells, there would be sub
stantial antigenic competition resulting in the more abundant and
more predominant tissue type and differentiation antigens suc
cessfully competing with relatively minor TAA for immune re
sponsiveness by the host. Thus, autologous immunization of
humans may result in the elicitation of antibodies against the
group of antigens normally poorly immunogenic in mice. This
evidence suggests that humans and mice may respond to differ
ent TAA. Another apparent difference between human and
mouse MCA is the patterns of labeling. Previous studies with
mouse MCA have demonstrated that there is often a heteroge
neous labeling of cells within tumor sections. This pattern of
reactivity has been attributed by some authors to antigenic
heterogeneity of tumor cells (28, 29). In contrast, the human
MCA developed by our strategy were homogeneous in terms of
their reactivity to tumors to which they did react. A similar finding
has been made by Kan-Mitchell ef al.,3 who have found homo

geneous reactivity of melanoma and colon tumors with the
human MCA that they have developed. A plausible explanation
for the heterogeneous staining of mouse MCA is that it is a
reflection of the murine immune recognition of phase- or cell
cycle-specific differentiation antigens abundant on the tumor cells

rather than putative TAA.
Specificity aside, only MCA that can be produced in appropri

ate quantities can be considered clinically relevant. The diploid
lymphoblastoid cells tend to produce increased rather than de
creased amounts of MCA over time and have been kept in

3J. Kan-Mitchell and M. Mitchell, personal communication.

continuous culture for almost 1 year. The human-mouse het-

erohybridomas, although less stable than the diploid lines, should
be able, with frequent recloning, to produce sufficient quantities
of monoclonal antibody for clinical use.

Immunization of patients with autologous tumor cell vaccines
in an active specific immunotherapy protocol provides a unique
source of B-cells that can be used to generate human MCA

reactive with tumor cell surface antigens for the In vivo diagnosis
and Â¡mmunotherapyof cancer. Furthermore, as demonstrated in
our studies of monoclonal autoantibodies (30), these tumor-
specific MCA should be useful as probes for the isolation and
characterization of TAA relevant to human immunity to cancer.
Biochemical characterization and purification of antigens recog
nized by these human MCA are now in progress.

Other questions bearing on the ultimate in vivo application of
MCA include their ability to enter the extravascular environment
of a tumor, recognize tumor-specific structures, and bind with

sufficient avidity to be effective carriers of antitumor drugs or
diagnostic reporter molecules. These questions are being ad
dressed in in vivo studies with colon tumor xenografts and in in
vitro studies on the binding avidity, epitope specificity, molecular
properties, and tissue distribution of recognized molecules. Pre
liminary findings indicate that the MCA are able to gain access
and bind to tumor cells in vivo. However, regardless of the final
outcome of these ongoing studies and how they reflect on the
usefulness of this first group of human MCA directed against
colorectal cancer, the strategies for MCA production described
here clearly can be applied to studies on many different types of
cancer. These human MCA can then be used as reagents for
specific applications in the same way and to the same extent
that mouse MCA are now selected for specificity, isotype, and
binding avidity.
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Fig. 1. Characterization of human MCA. A. chromosome spread of a cell with growth characteristics typical of hybridomas. x 1600. Note presence of both human
and mouse chromosomes. B, phase photomicrograph of a cluster-forming MCA-producingcell line, x 270. Note the aggregation and irregular shape of the cells. C, G-
banded chromosome spread of the cell line shown in B. x 1360. Note the absence of mouse chromosomes.D, 10% formalin-fixed,paraffin-embeddedsection of a colon
carcinoma reacted with human MCA 16-88 (4 Â»ig/ml),x 380. E. colon tumor, as in D, reacted with normal human IgM (4 tÂ¡g/m\).x 380. No staining is observed. F,
cryostat section of a colon tumor stained with human MCA 16-88. x 640. Note the intense label at the periphery of the tumor cells (arrows). G, cryostat section of the
coton tumor seen in F reacted with normal human IgM. x 640. H, cytocentrifuged preparationof air-dried, unfixed SW 1463 cells stained by human MCA 16-88. x 280.
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