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ABSTRACT

The moderately differentiated human colon tumor cell line, II1-29,

constitutive!) expresses low levels of the high molecular weight muchi,
tumor-associated glycoprotein 72 (TAG-72), and the Mr 180,000 carcino-

embryonic antigen (CEA) when grown as s.c. tumors in athymic mice. We
report that the in vivo administration of 7-interferon (IFN-7) resulted in a
time- and dose-dependent increase in both TAG-72 and CEA expression in
the 111-29 tumors. Immunohistochemical staining revealed a more homo
geneous TAG-72-positive tumor cell population after II V y. Furthermore,
both anti-TAG-72 and anti-CEA monoclonal antibodies (MAbs) showed
enhanced localization to the HT-29 tumors in mice treated with II V Â».

Using that experimental model, subsequent studies presented evidence
showing that the combination of IFN--y with I3II-CC49, an anti-TAG-72

MAb, resulted in a statistically significant improvement in therapeutic
efficacy when compared with '-"I-CC49 alone. For example, treatment
with 300 uCi of '"I-CC49 initially suppressed HT-29 tumor growth; how

ever, that reduction in tumor growth was transient as evidenced by the
emergence of additional tumor growth at later time points. In contrast, an
8-day treatment with IFN-7 in combination with 300 uCi '-"I-CC49 re

sulted in sustained suppression of HT-29 tumor growth. Thus, II V
in vivo can substantially increase the TAG-72 expression in human colon
tumor xenografts which leads to an increased tumor localization of anti-
TAG-72 MAbs and seems to be responsible for the enhanced antitumor
effects when IFN-7 was combined with IJII-CC49. The results provide

further evidence for including a biological response modifier, such as
IFN-7, which can increase the expression of specific tumor antigens
(i.e., TAG-72 and CEA) subsequently leading to a dramatic improvement
in the antitumor efficacy of a radionuclide-conjugated MAb.

INTRODUCTION

The use of agents that can alter the antigenic phenotype of a human
tumor cell population should now be considered in the development of
effective MAtr-based approaches to immunotherapy (1, 2). Tumor

cells that do not express, or express low quantities of, a surface
tumor-associated antigen will escape the cytotoxic effects of a thera-

peutically conjugated MAb due to their inability to bind the MAb. In
most cases, antigenic heterogeneity is a property associated with those
human tumor-associated antigens which are preferentially expressed
in human carcinomas. Two such antigens are TAG-72 and CEA. The

tissue distribution of CEA in malignant as well as normal adult tissues
is well documented (3. 4). TAG-72 is a high molecular weight mucin

the expression of which in a wide range of human carcinomas, in
cluding colorectal, gastric, breast, pancreatic, endometrial, ovarian,
prostate, and non-small cell lung, has been observed (5-7). Both

antigens can be considered oncofetal, since significant expression of
both has been documented in selected fetal tissues (6, 8, 9).
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In an attempt to circumvent the limitations associated with the
heterogeneous expression of TAG-72 and CEA, we and others have

presented experimental evidence that the level of expression of those
two antigens, as well as other human tumor antigens, can be aug
mented by recombinant human interferons (10-16). Earlier studies
reported that both IFN-a and IFN-y treatment of human colorectal

carcinoma cells increased the percentage of cells expressing CEA, as
well as the amount of CEA expressed per cell, resulting in a more
homogeneous expression of the tumor antigen within the tumor cell
population (10-14). The increased CEA expression was accompanied
by elevated levels of CEA-related mRNA transcripts (13-15), imply
ing that IFN-7 triggers changes at transcriptional and/or posttranscrip-

tional levels, which are responsible for the enhanced antigen expres
sion. In vivo studies showed that pretreatment of athymic mice with
either IFN-a or IFN-7 increased MAb tumor localization (17, 18).
Presumably, the ability of IFN-y to enhance MAb tumor localization

was one mechanism that could explain the delay of tumor growth in
athymic mice observed when an anti-CEA ^'Y-conjugated MAb was

administered in conjunction with IFN-y (18). Other studies have

shown the potentiation of antitumor activity of drugs conjugated to
MAbs or immunotoxins when administered in conjunction with an
interferon (19-21).

Because TAG-72 is not expressed constitutively by a majority of

human adherent tumor cell lines (22), its regulation by human inter
ferons has been documented using freshly isolated human tumor cells
from patients' ascites (23). Moreover, a recent phase 1A clinical trial

revealed that i.p. administration of IFN-y to patients diagnosed with

either ovarian or gastrointestinal carcinoma with secondary ascites
increased TAG-72 (as well as CEA) expression on the carcinoma cells
isolated from the ascites (24). In the present study, IFN-y adminis
tration significantly increased TAG-72 expression in moderately dif

ferentiated human colon tumor xenografts grown in athymic mice,
resulting in an enhanced tumor localization of anti-TAG-72 MAbs. By
including a schedule of IFN-y administration in combination with a
ml-conjugated anti-TAG-72 MAb, CC49, it was possible to demon

strate not only an improvement in the antitumor effects above that of
administering the '3'I-MAb alone but also, in selective instances, the

eradication of experimental human colorectal tumors grown in athy
mic mice.

MATERIALS AND METHODS

Cell Culture. Human colon tumor cell lines. M1P and DLD-I. were gen

erously provided by Dr. P. Thomas (Boston University School of Medicine,
Boston, MA). The LS174T colon tumor cell line was provided by Dr. P.
Noguchi (Bureau of Biologies. United States Food and Drug Administration,
Bethesda. MD), and the HT-29 cell line was obtained from the Breast Cancer

Task Force (National Cancer Institute, NIH, Bethesda, MD). The compositions
of the respective culture media for these four human colon carcinoma cell lines
have been published previously (14).

IFN-7 Administration. Recombinant IFN-7 (Immuneron) expressed in

Escherichia colt was generously provided by Biogen Research Corp.
(Cambridge, MA). The specific activity was 2.4 X IO7 antiviral units/mg, as

determined in a WISH/VSV cytopathic effect microtiter assay standardized
with IFN-7 (NIH, Bethesda, MD; reference standard number. Gy 23-901-530).
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Prior to injection, IFN-7 was diluted with saline to the appropriate concentra
tion, and 200 ul were administered i.p. Aliquots of IFN-7 were tested period

ically, and the antiviral titers remained essentially unchanged for up to 6
months with storage at 4Â°C.

Monoclonal Antibodies. The details of production, isolation, and charac
terization of the anti-TAG-72 MAbs B72.3, CC49. and CC83 have been
reported (25. 26). All three MAbs recognize TAG-72, a high molecular weight
mucin. CC49 (IgGl ) and CC83 (IgGI ) were generated using purified TAG-72
and react with different TAG-72-binding epitopes than B72.3 (IgGl) (27).
COL-1 (lgG2a) and COL-6 (IgGl), which recognize the M, 180,000 CEA,

were generated by using extracts of colon carcinoma mÃ©tastasesand a primary
colon carcinoma (28). W6/32. an IgG2a. recognizes a monomorphic determi
nant of HLA antigens and was obtained from Cooper Biochemical, Inc. (West
Chester, PA). Other control antibodies used were MOPC-21 (IgGl), BL3

(IgGl). and UPC-10 (IgG2a), which are mouse myeloma proteins, obtained

from Litton Bionetics, Inc. (Charleston. SO.
Extract Preparation and Solid Phase RIA. Human colon tumor cell lines

were grown in T150 flasks, and the cells were scraped and pelleted by cen-

trifugation prior to extract preparation. Those same human colon tumor cells
were also grown as tumor xenografts in athymic mice and were excised and
weighed. Extracts were prepared from cell pellets and excised tumors as
previously described (22). Twenty ug of extract protein were dried to each well
of a 96-well plate, and the binding of '-M-labeled MAbs was performed as a

solid phase RIA as outlined previously (14, 22). Wells from the 96-well plates

were cut and counted using an LKB Riagamma (model 1274) gamma counter.
All assays included samples to which no primary MAb or irrelevant, isotype-
matched controls [i.e., MOPC-21 (IgGl), UPC-10 (IgG2a)] were added. The
range of cpm of those samples was 400-600 and was subtracted from the

samples of interest.
Quantitation of TAG-72 and CEA in Protein Extracts. TAG-72 and

CEA levels in protein extracts prepared from human colon carcinoma cell
pellets or from tumor xenografts excised from athymic mice were measured
using the double-determinant radioimmunoassay CA 72-4 RIA (Centocor, Inc.,

Malvem, PA) (29) and CEA radioimmunoassay monoclonal in vitro test kits
(Abbott Laboratories, Inc., Chicago, IL), according to manufacturer's instruc

tions. Cutoff value for positive extract TAG-72 levels was 6.0 units/ml (29).

Positive values for CEA were 5.0 ng/mg protein or higher. Protein extracts
were diluted initially to 1.0 mg/ml and assayed for TAG-72 and CEA levels.
Samples with TAG-72 or CEA levels above that for each respective standard

curve were reassayed using the appropriate dilutions. In all assays, internal low
and high standards for TAG-72 or CEA were included.

Fluorescent-activated Cell Sorting Analysis. The complete details for
fluorescent-activated cell sorting analysis have been published (14).

MAb lodination. MAb CC49 and the isotype-matched control. BL3, were
labeled with Na'25I or Na111! using the lodo-Gen method (Pierce Chemical.

Rockford. IL) (30). lodo-Gen was diluted in chloroform to 10 mg/ml, and

either 20 ul or 200 ul were added to 12 x 75 glass test tubes, dried under a
stream of nitrogen, and stored at 20Â°Cuntil use. For the radioimmunolocal-

ization and therapy studies. 40 and 250 jag, respectively, of each MAb were
adjusted to pH 7.2 with 0. l Msodium phosphate buffer and added with 0.5 and
5 mCi of Naml to each iodogen tube. After a 2-5-min incubation at room

temperature, the protein was removed from each lodo-Gen tube and separated
from unincorporated Na111! by gel filtration using a Sephadex G-25 (10-ml)

column. The protocol yielded labeled CC49 and BL3 with a specific activity of
15-30 uCi/ug and 55-70% of the input "M bound to the IgG. lodinated CC49

and BL3 were analyzed on discontinuous sodium dodecyl sulfate:polyacryla-
mide gels and by trichloroacetic acid precipitation. 131I-CC49 immunoreactiv-

ity was checked in a solid phase RIA using LS174T colon tumor and A375 (a
human melanoma (TAG-72-negative)] protein extracts. The immunoreactivity
of '-'I or mI-BL3 was also assessed in a solid phase RIA.

In Vivo MAb Localization Studies. Female athymic mice bearing tumors
with an average diameter of 0.5-0.8 cm were given a single i.p. injection of
approximately 5.0 uCi "'I-CC49 or COL-6 and 5.0 uCi of the isotype-matched
control BL3 MAb labeled with I25I. Mice were sacrificed 5 days later, and the

tumors, blood, livers, spleens, kidneys, and lungs were collected from each
individual mouse (5-8 mice/group). Individual tissues were weighed with an

analytical balance and the radioactivity measured in a gamma counter. The
percentage of the injected dose per g [%ID/g] as well as the radiolocalization
index [%lD/g (tumor) divided by %ID/g (normal tissue)] were calculated.

Tumor Therapy Studies in Athymic Mice. Four different therapy proto
cols were performed to evaluate the effects of mI-CC49 alone or in combi

nation with IFN-7 on the growth of human colon tumor xenografts in athymic

mice. In each protocol, female athymic mice (nu/nu) on a BALB/c background
were obtained from Charles River. Inc.. at 6 weeks of age and were inoculated
s.c with 1-2 x IO6 HT-29, LS174T, or DLD-1 cells. Tumor growth was

monitored by measuring the long and short axis for each tumor with a precision
caliper twice weekly and calculating the tumor volume as:

Volume =
(mm, short axis)2 X (mm, long axis)

When the average tumor volume had reached 50-75 mm1, the mice were

weighed and randomized into groups of 6-IO/group. Groups of mice which
received IFN-7 were given the cytokine for a total of 8 days and the radiola-
beled MAb was administered 4-5 days after beginning IFN-7 treatment. All

mice received between 5 and 30 jig of MAb which was calculated to allow for
comparisons of the varying radiation doses on tumor growth (31, 32). HT-29
tumor volumes in the control, untreated athymic mice increased 21.3- to
85.4-fold (mean. 33.3-fold) over 2 months. The specific explanations of each
of the protocols designed to evaluate "'I-MAb administration with or without

IFN-y are outlined in the appropriate figure legends or tables.
Statistical Analysis. Individual tumors were measured 1-2 times/week and

the volumes were calculated as explained previously. The tumor volumes
within each treatment group were compared at different days post '"I-MAb

administration for the statistical significance of the difference between groups
using the Wilcoxon rank sum test. All p values reported are two-sided and have

not been adjusted for the multiplicity of evaluation performed on the data. The
growth of individual tumors was also evaluated and were divided into two
categories: (a) TGI. defined as a <4.0-fold increase in tumor volume following
'"I-MAb administration: and (b) NETG, as defined by those tumors with
volumes that were unchanged or less than that measured at the time of '"I-

MAb administration. In some instances, individual mice were found to have
NET, defined by the inability to palpate tumor at the site of injection.

Immunohistochemical Staining. HT-29 tumors from untreated mice and
mice that received IFN-7 fÂ°r'"8 days were removed, fixed in 10% buffered

formalin, and embedded in paraffin. Sections (5 urn) were cut, and the reac
tivity of B72.3 and CC49 was determined using a modification of the avidin-
biotin-peroxidase complex method (Vectastain ABC kit; Vector Laboratories.

Inc., Burlingame. CA) (33). The test concentration of B72.3 and CC49 was 8
ug/slide. The control MAb, MOPC2I, was used at the identical concentration
on serial sections, and no reactivity was observed. Each slide was evaluated
independently for the presence of cell-associated diaminobenzidine precipitate,

which was indicative of MAb reactivity as described previously (33). The
evaluation of each slide consisted of selecting 3-5 fields that contained 50-100
tumor cells. The percentage of positive-staining cells was calculated as:

No. of positive-staining cells

Total no. of malignant cells
x 100

Strong staining intensity was scored as + + for the presence of intense, dark
brown immunoprecipitate (24).

RESULTS

A comparison of TAG-72 and CEA expression in extracts prepared

from three different human colon carcinoma cell types is listed in
Table 1. Of the extracts from the three cell lines, only the LS174T, a
well-differentiated colon carcinoma cell line (14), expressed measur
able quantities of TAG-72 in vitro. In accord with previously pub
lished data (22), the level of TAG-72 was increased approximately
16-fold (1, 332.8 versus 82.9 units/mg protein) when the LS174T cells

were grown as xenografts in athymic mice. One possible explanation
for the augmentation of TAG-72 in vivo has been the ability of the
LS174T cells to form 3-dimensional tumor matrices that establish

better cell to cell communications, which may contribute to the in
creased TAG-72 expression (22). TAG-72 was not detectable in ex
tracts prepared from the HT-29 cells grown in vitro. However, when
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Table I Comparison of the constitutive level ofTAG-72 and CEA expressed
in hunuiii colorecÃ®ulcarcinoma cells und Iunior xenografts

TAG-72 expression CEA expression

CellHT-29LSI74TDLD-ICellline"neg

82.9negXenograft''22.81,332.8negCell

line"36.4

278.6negXenograft''67.4179.4neg

"Cells from 5-10 confluent T-150 flasks were harvested from each cell line and
extracts prepared as outlined in "Materials and Methods." The protein concentration of

each extract was determined and subsequently adjusted to a final concentration of 1-2 mg
protein/ml. The TAG-72 and CEA levels were determined using the commercially avail
able double-determinant RIA kits. Values represent the mean of 2â€”4determinations for
each cell line. TAG-72 negative, <6 units/ing protein; CEA. negative, <5.() ng/mg protein.

' Each human colon tumor cell was grown as s.c. tumor in athymic mice as outlined
in "Materials and Methods." After approximately 7-14 days growth (tumor volume range.
65-144.7 mm'), the tumors were excised and minced, and extracts were prepared as

described previously. The TAG-72 and CEA levels were measured and the appropriate
cutoff values used as described in Footnote a. Values represent the mean of 5-8 deter
minations for each cell line.

the HT-29 cells were grown as s.c. tumors in athymic mice, low, but
detectable, TAG-72 levels (22.8 units/mg protein) were observed.
Thus. TAG-72 expression seems to undergo the same type of in vivo
modulation in the HT-29 cells as was first described for the LS174T
tumor cells. The amount of TAG-72 in the HT-29 tumor extracts was

approximately l/6()th of that measured in the LSI74T tumor extracts
(Table 1). The poorly differentiated colon tumor cell, DLD-1, did not
express TAG-72 either in vitro or in vivo.

Constitutive CEA expression was higher in cell and tumor extracts
prepared from the highly differentiated LS174T than the moderately
differentiated HT-29 cells (Table 1). In contrast, OLD-1 cells or tumor

xenografts did not constitutively express CEA.
The relative binding levels of I25I-CC49 to HT-29, LS174T, and

DLD-I tumor extracts and extracts prepared from six different human

colon carcinoma biopsies were compared (Fig. 1). The differences in
TAG-72 levels among the three colon tumor xenografts seemed to be

reflected in comparable differences in CC49 binding. For example, 40
ug of LS174T and HT-29 tumor extracts bound approximately 55 and
14%, respectively, of the '2<iI-CC49 added in a solid phase RIA. CC

49 was not reactive with extracts prepared from the TAG-72-negative
DLD-1 tumors (Fig. 1). CC49 binding to extracts prepared from two

of six human colon carcinoma biopsies resembled that of the LS174T
tumors, approximately 50-60% of the input I25I-CC49 bound, indi

cating high TAG-72 expression. Extracts from three other human
colon carcinoma biopsies and from the HT-29 tumor xenografts bound
between 5 and 20% of the input 125I-CC49, indicating a lower level of

TAG-72. CC49 binding was not detectable in extracts from one human

colon carcinoma biopsy (Fig. 1).
We investigated whether the differences in TAG-72 expression

measured in the extracts from HT-29, LS174T, and DLD-1 tumors

correlated with the antitumor effects observed in athymic mice fol
lowing the administration of '-"I-CC49. Mice bearing HT-29,

LS174T. or DLD-I tumor xenografts were given a single injection of
90 or 230 uCi of CC49 or the isotype-matched, control MAb, BL3, on
day 0 at which time the range of tumor volumes was 50-90 mm3.

Tumor growth was monitored to day 44 (Fig. 2). During that period,
the average increases measured in the volumes for HT-29, LS174T,
and DLD-I tumors in mice receiving saline were 39.9-, 97.1-, and
42.8-fold, respectively. The growth of LS174T tumors was substan

tially reduced by the administration of 90 or 230 pCi CC49 (Fig. 2ÃŸ),
whereas the growth of HT-29 (Fig. 14) and DLD-1 (Fig. 2C) tumors

remained comparatively unchanged. For example, while the average
increase of LS174T tumor volume in mice receiving saline was 97.
1-fold, the increase in mice treated with 90 or 230 uCi I3II-CC49 was

2.8- and 1.4-fold, respectively. Tumor growth inhibition as catego

rized as TGI or NETG was observed for LS174T tumors in 9 of 10

mice treated with 90 uCi '-"I-CC49. The administration of 230 uCi
I3II-CC49 resulted in NETG in all 10 mice. In contrast, treatment of

mice bearing HT-29 or DLD-I tumors with 90 or 230 uCi of mI-CC

49 did not substantially reduce tumor growth (Fig. 2, A and C). For
example, the average increase in the HT-29 tumor volume in mice
treated with 230 uCi of I3II-CC49 was 17.1-fold, which represents

approximately a 20% reduction in the average tumor volume when
compared with saline-treated mice. Similar results were observed for
the DLD-1 tumor-bearing athymic mice (Fig. 1C). Administration of
the control MAb, I3II-BL3, an isotype-matched, control MAb, did not

alter the growth of any of the three colon tumor xenografts. The
relative differences in TAG-72 content among the three colorectal
tumor xenografts, LSI74T, HT-29, and DLD-1, correlated well with
the antitumor effects mediated by IMI-CC49.

Since previous reports had shown that in vitro treatment of HT-29
cells with IFN-y increased CEA and HLA antigen expression (13, 14),
we were interested in whether in vivo IFN-y administration could
augment TAG-72 and/or CEA expression in HT-29 tumors grown in

athymic mice. In the initial studies, groups of athymic mice bearing
HT-29 tumors were given a single i.p. injection of 0.25-2.5 X IO6

units of IFN-y, the tumors were harvested 36 h later, and extracts were
prepared and analyzed for the binding of I25I-CC49, COL-1, and

W6/32 (Fig. 3). As shown in Fig. 3A, CC49, COL-1, and W6/32
binding, respectively, to HT-29 tumor extracts increased in a dose-
dependent manner following IFN--y. For example, a single i.p. admin
istration of 0.25, 0.5, 1.0. and 2.5 X 10h units of IFN-y increased the
cpm/10 ug HT-29 tumor extract protein of I25I-CC49 bound approx

imately 1.1-, 1.4-, 1.9-, and 2.0-fold, respectively. Similar increases
occurred with COL-1 and W6/32 binding. Pharmacokinetics of
plasma IFN-y following the i.p. administration of 5 X IO5 units

revealed peak plasma levels of 800-1400 units 0.5-1 h following
injection, which fell to <10 units 8-12 h after injection (data not
shown). Moreover, as shown previously (Fig. 3). 5 X IO5 units IFN-y

resulted in a small, but discernible, increase in MAb binding to HT-29

tumor extracts. Those results provided the rationale to administer 5 X
IO5 units IFN-y twice/day with an 8-h interval. IFN-y administration

i.p. to athymic mice carrying LS174T tumors resulted in no measur
able change in the binding of the three MAbs (Fig. 3, insets), which
agrees with previously published data describing the insensitivity of

60-
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Fig. I. Comparison of the binding of ' 25I-CC49 to extracts of HT-29 (â€¢).LS174T (â€¢).
and DLD-I (A) tumor xenografts and human colon tumors (â€”). Forty-0.31 ug of each
extract were dried to wells of a 96-well plate, and 2 X 10s cpm of I25I-CC49 were added
to each well and incubated overnight at 4Â°C.The data presented are from a representative

experiment that was repeated 3^1 times.
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Fig. 2. Comparison of the antilumor effects of'"I-CC49 on HT-29 Ml. LS174T (ÃŸ). and OLD-1 IC) xenografts in athymic mice. Mice were inoculated s.c. with 1-2 X 10" HT-29,

LS174T. or OLD-1 cells. Six days later the mice were weighed, the long and short axes of each tumor were measured, and the individual tumors volumes were calculated as outlined
in "Materials and Methods." The average volumes of the HT-29. LS174T. and OLD-1 tumors were 72.5. 62.1. and 76.5 mm', respectively. At Ihat time, the mice were also randomi/cd
into 5 groups ( 10 mice/group). Forty-eight h later (day 0, arrows), mice were given i.p. either 90 or 230 uCi of '-"1-0049 or BL3 (protein amounts ranged from 5 to 27 ug) in 250
ul. Control mice (â€¢)received an equal volume of saline. The average tumor volumes were determined for the groups of mice treated with 90 uCi of ' "I-CC49 (A). â€¢¿�.average tumor
volumes from mice given 230 uCi '"I-CC49; A. D, HT-29 tumor volumes from mice treated with 90 or 230 uCi "'I-BL3, respectively. Tumor size was measured for each mouse
1-2 limes/week; each point represents the average calculated tumor volume for each group of mice.

the LSI74T cell to antigen changes induced by IFN--y (13, 14). Sub

sequent studies were done to determine the time-dependent changes in
TAG-72 in HT-29 tumor xenografts. accompanying a I-, 4-, 6-, or
8-day treatment with 5 X IO5 units of IFN--y twice a day (Table 2).

IFN-y treatment increased the TAG-72 concentration (units/mg pro
tein) in HT-29 tumor extracts in a time-dependent manner. For exam
ple, after an 8-day IFN-y treatment schedule, the TAG-72 content in
the HT-29 cells was increased 3.5-fold above that measured in HT-29
tumors from saline-treated mice (i.e., 13.8 versus 48.8 units/mg pro
tein). IFN-y treatment caused a 7.8-fold increase in the total amount
of TAG-72. Comparable increases in the percentage of TAG-72-pos-

itive cells as well as the intensity of immunoperoxidase staining were
observed using B72.3 and CC49 in the tumors from mice given IFN-y

for 1 to 8 days (Table 2). For example, approximately 45% of the
HT-29 tumor cells from saline-treated athymic mice were CC49 pos
itive, and of those TAG-72-positive cells. 5% exhibited a strong
staining intensity. IFN-y administration for I, 4, 6, and 8 days in
creased the percentage of CC49-reactive HT-29 tumor cells as well as

the percentage of that cell population that stained strongly for the
antigen (Table 2). After an 8-day IFN-y treatment, 90% of the HT-29
tumor cells expressed TAG-72, and 45% of those tumor cells had a
high staining intensity, suggesting a more homogeneous TAG-72-
expressing tumor cell population. An 8-day treatment with IFN-y also
enhanced the localization of "'I-CC49 to the HT-29 tumors, as de

termined by the %ID/g localized to the tumor and the radiolocalization

index (Table 3). IFN-y treatment did not enhance the localization of
I25I-BL3, an isotype-matched irrelevant MAb to the HT-29 tumor
xenografts (Table 3), or 131I-CC49 to the TAG-72-negative DLD-1

tumors (data not shown). An 8-day IFN-y treatment also enhanced
CEA concentration in the HT-29 tumor extracts approximately 2.0-

fold (57.7 versus 116.7 ng CEA/mg protein), which was accompanied
by an enhanced localization of IMI-COL-6 (Table 3).

Those results provided the basis to investigate whether the in
creased TAG-72 expression as a result of administering 5 X 10s units

IFN-y i.p. twice a day for 8 days could augment the antitumor effects
of '"I-CC49 in the HT-29 tumor model. In the initial study, IFN-y

treatment was started on day -4, at which time the average HT-29
tumor volume was 65 mm', and was continued until day 3. One
hundred or 200 pCi of '"I-CC49 or BL3 were administered on day 0,

and the tumor volumes for individual mice were measured until day
40 (Table 4). IFN-y treatment alone reduced the average HT-29 tumor
volume by 30%, when measured 2 days following the 8-day treatment

(data not shown). However, when those same mice were sacrificed on
day 40, the HT-29 tumor volumes (P = 0.46) and wet weights were
not statistically different than those of the saline-treated mice. IFN-y,
therefore, induces some cytostatic effects on the HT-29 tumors result

ing in a measurable, but transient, reduction in tumor volume, which
is consistent with a previously published report (34). The administra
tion of unlabeled CC49 (15 ug) had no detectable effect on HT-29
tumor growth (Table 4). However, the median HT-29 tumor volume in

Fig. 3. IFN--y-induced changes in the binding of
CC49 (A I. COL-1 (fl ). and W6/32 (O to HT-29 and
LS 174T (m.vc/.v) tumor extracts. Athymic mice bear
ing HT-29 and LSI74T tumors were given a single
i.p. injection (if 1FN-7 at the indicated doses and
sacrificed 36 h later. Extracts were prepared, and the
solid phase RIA was performed as outlined in "Ma
terials and Methods." Data are the means (SD

Â±15^) from groups of 3-4 mice from a represen
tative experiment; 3 separate experiments were per
formed.

C =If
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A - CC 49 B - COL-1 C - W6/32
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Table 2 Changes in TAG-72 expression in HT-29 lumar xenografts after
IFN-y treatment

TAG-72expressionHT-29

tumorextractsDays

IFN-ySaline''

1
4
6
gTumor

wt
(mg)I.V7.5

149.5
130.7
125.5
111.6Units

TAG-72/mg
protein13.8

14.4
29.9
37.748.8Total

TAG-72
(units)'29.2

38.7
114.6
238.9
228.6Immunohisiochemical

staining**B72.3

( + +)10

(0)
15 (0)
25 (5)
55(10)
50(15)CC49(

+ +)45

(5)
75 (30)
75 (35)
85 (35)
90(45)

" Athymic mice hearing HT-29 tumors were given twice a day i.p. injections of 5 X IO5

units IFN-y for I, 4, 6, or 8 days. Twenty-four h after the final treatment, the mice were
sacrificed, and tumors were excised, weighed, and sectioned into two equal portions. One
portion was frozen and used later for measurement of TAG-72 content using the CA 72-4
double-determinant RIA, and the remaining tumor sample was fixed in buffered formalin
for subsequent analysis of TAG-72 expression using immunohistochemical staining.

* The percentage of tumor cells staining with either B72.3 or CC49 was determined as:

% of MAb-reactive tumor cells

Total no. of tumor cells
â€¢¿�X100

Numbers in parentheses, percentage of TAG-72-reactive cells staining with strong inten
sity ( + + ).

'Total TAG-72 levels in (he tumor extracts were determined using the formula TAG-

72/mg protein/total mg extract protein.
'' Each group contained four mice. The values shown are the means of each group.

mice treated with 100 |jCi CC49 was reduced by approximately 47%
when compared with that of the saline-treated mice. Furthermore, the
median HT-29 tumor volume in mice treated with 100 uCi IMI-CC49

and IFN-y was further reduced to 30% of the saline-treated group and,

in addition. TGI was observed in 2 of 10 mice. Similar results

were observed in the group of HT-29 tumor-bearing mice treated with
200 uCi mI-CC49. The most dramatic suppression of tumor growth
was measured in mice treated with 200 uCi |;||I-CC49 and IFN-y

(Table 4). Median HT-29 tumor volume was approximately 10% of

the saline group, TGI was observed in 7 of 10 mice, and 2 of those
mice had no palpable tumors (NET) (Table 4). I3'I-BL3 alone or in

combination with IFN-y had no measurable effect on the HT-29

tumors.
Tumor-bearing mice were treated with a higher dose (300 uCi) of

I3II-CC49 or BL3, and the effects with and without IFN-y on tumor

growth were evaluated. Fig. 4 illustrates the effects of 300 uCi BL3
(Fig. 4A) alone or with IFN-y (Fig. 4B) as well as the effects of 300
uCi CC49 Â±IFN-y (Fig. 4, C and D, respectively) on HT-29 tumor
growth. Changes in HT-29 tumor growth were evaluated at 21 and 68
days post-MAb administration (Table 5). The median HT-29 tumor
volume in the saline-treated mice was 580 mm3, which was a 28.0-

fold increase 21 days post-MAb administration, and, at that time,

tumor growth inhibition was observed in 8 of 10 mice treated with 300
pCi CC49 (Fig. 4C; Table 5). While tumor growth inhibition was
observed in all nine mice treated with 300 uCi CC49 and IFN-y, two

of those mice had no evidence of tumor (Fig. 4D; Table 5). Tumor
reduction was detected in a single mouse treated with 300 uCi BL3
and IFN-y, but by day 34 post-MAb administration, that and other
HT-29 tumors from mice treated with BL3 alone and in combination
with IFN-y had continued to grow, became necrotic, and necessitated

the sacrifice of the mice. We continued to monitor the growth of
HT-29 tumors in mice that received 300 uCi CC49 alone and in
combination with IFN-y for up to 68 days post-MAb administration.
By that time, all eight HT-29 tumors in mice treated with 300 uCi CC

Table 3 IFN-y effects on CC 49 and COL-6 localization to HT-29 tumor xenografts"

Tumor Tissue

Monoclonal antibody localization

CC49 COL-6

Untreated + IFN-7 Untreated HFN-y

ID/g Rl ID/g RI ID/g Rl ID/g Rl

HT-29 TumorBloodLiverSpleenKidneyLung11.12.51.01.80.71.04.4(0.3)11.5(1.1)6.2(1.6)15.4(1.2)11.4(0.7)17.82.10.92.00.70.88.5(0.3)20.3

(0.8)8.9(1.3)26.6(1.4)22.9(0.9)14.13.41.20.80.91.44.212.1(0.3)16.7(1.2)16.1

(1.7)9.7(1.4)25.03.21.10.90.91.37.9

(0.6)22.9(1.1)28.7(1.7)28.1

(1.5)19.4(1.1)

" Athymic mice bearing HT-29 tumors (average volume, 112 mm3) were treated for 8 days with IFN-> as outlined in "Materials and Methods." Seventy-two h after the first IFN-y

administration, each untreated and IFN-y-treated mouse received approximately 5pCi of I3II-CC49 or COL-6 as well as 5pCi of 125I-BL3. Mice were sacrificed
5 days later, and the percentage of injected dose/gram (% ID/g) and the radiolocalization index (RI) for CC49 and COL-6 was determined for each mouse (10 mice/group). Values
represent the mean of each group, with a SD of Â±10%.Numbers in parentheses, RI of '-^I-BLÃ•.

Table 4 Comparison of the effects of Li'l-CC49 and IFN-y on Â¡hegrowth of HT-29 tumor xenografts"

MAbSalineCC49BL3No.
of

mice10to610IIIII)III10101010Dose(uCi)Unlabeled100rao200200100100200200No.
that

died Â±IFN-y12

+011

+11

+00

+10

+HT-29

tumor growth kinetics at following tumor volume(mm')''Median9138378724H4274274108839711784TOORange450-1350331-1215400-1408147-98024-365147-7200-720400-1509331-1172450-1324301-1148TGICNoneNoneNoneNone227NoneNoneNone1NET'NoneNoneNoneNoneNoneNone2NoneNoneNoneNone

"Female athymic mice were given injections of 10* HT-29 cells and after 6 days the average tumor volume was 65 mm-'. Mice were then randomized into II groups (6-10
mice/group). Five groups of mice were given IFN-y for 8 days. The '"l-labeled MAbs were administered to the appropriate treatment groups on the fourth day of IFN-y treatment.
A single group of 10 mice received IFN-y alone, and another group of 6 mice received 15 ug of unlabeled CC49. Tumor size was measured and the individual tumor volumes were
calculated 1-2 times/week.

h The median HT-29 tumor volume as well as the range are presented for each group.
' The explanations for TGI and NET were outlined in "Materials and Methods."
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IMPROVED IMMUNOTHERAPY WITH IFN-y

Fig. 4. Comparison of the antitumor effects me
diated by the administration of 300 uCi CC49 or
BL3 alone or in combination with IFN-y. Athymic
mice were given injections of IO6 HT-29 cells.

Seven days later the average tumor volume ranged
from 41.3 to 59.6 mm1, at which lime the mice were

randomized and divided into 5 groups of 10 mice/
group. Two groups of 10 mice received IFN-y for 8

days, beginning on day -4 and continuing to day 3.
Three hundred (300) \id of either ml-CC49 or

13II-BL3 were administered on day 0 (arrow). By

day 36 post-MAb administration, tumors of the sa
line-treated, mI-BL3-treated, and I31I-BL3 plus

IFN-y-treated mice had become large and necrotic

necessitating sacrifice of the animals. Mice given
300 nCi mI-CC49 alone or in combination with

IFN-y were followed to day 68 post-MAb. A and B,

HT-29 tumor volumes of individual mice treated
with 3(X) uCi BL3 with (fi) or without (A) an 8-day

IFN-7 treatment. Data shown in C and D represent
the growth of HT-29 tumors in mice treated with

300 uCi CC49 alone and in combination with
IFN-y. , average tumor volume of 10 HT-29

tumor-bearing mice treated with saline; each solid
line represents HT-29 tumor volume for each athy-

mic mouse. Solid horizontal linen (B and D), those
days of IFN-y treatment (i.e., days -4 to +3). /,

death of a mouse. Data analyses are summarized in

Table 5.
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Table 5 Evaluation of the sustained effects of '"I-CC49 and IFN-y on the growth of HT-29 tumor xenografts

HT-29 tumor growth"

21 dayspost-MAbMAbSaline

CC49
CC49
BL3
BL3No.

of
mice10

9
9
99Dose

(nCi) Â±IFN-Y300300

+
300
300 +No.

that
died1

0
02Tumor

volume(mm3)Median580

108
52

487
411Range271-1172

50-181
0-211

284-936
117-501TGI0

8
9
01NET0

02

0
0No.

that
diedN/A'o-'0N/A'

N/A'68

dayspost-MAbTumor

volume(mm3)MedianN/A

704
21N/A

N/ARangeN/A

143-1914
0-1227N/A

N/ATGIN/A

0
5N/A

N/ANETN/A

0
3N/A

N/A
" The experimental setup was described in the legend to Fig. 4.
h Explanations for the various analyses of changes in HT-29 tumor growth as a result of MAb Â±IFN--y were outlined in Table 5. At the time of MAb administration, the average

tumor volume among the five groups ranged from 41.3 to 59.6 mm1.
' Athymic mice bearing HT-29 tumors that were treated with saline, ' "I-BL3, or ' "I-BL3 and IFN-7 were sacrificed 34 days following MAh administration. At that time, the average

tumor volumes for each of the three groups were 1302, 816, and 600 mm\ respectively. N/A, not applicable.
''Two mice were sacrificed 57 days after '"I-CC49 administration due to the presence of large, necrotic tumors.

49 that were considered growth inhibited at day 21 had resumed
growing (Fig. 4C). For comparison, of the nine mice treated with 300
pCi '-"I-CC49 and IFN--y whose tumor volume fell into the TGI

category on day 21, at 68 days post-MAb, five remained TGI, and

three of those mice had NET. Table 6 summarizes the results of the
statistical analysis of the changes measured in HT-29 tumor growth
among the different groups of mice at various days post-MAb.
Changes in HT-29 tumor volume in the I3'I-BL3 plus IFN--y group

Table 6 Results of Wileoxon analysis (two-sided P values) of '"l-MAb treatment
of HT-29 tumor xenografts with and without IFN-y

Days
post-MAb2139485564131I-BL3vs."'I-BL3

+
IFN-YP

=0.10NDNDNDND'"I-BL3VJ.I3II-CC49P<0.005NDNDNDND1:<11-CC49vs."M-CC49+

IFN-yP

=0.06P
=0.07P
=0.07P
=0.08P
= 0.12

were not statistically different that those measured in the '"I-BL3

group indicating that IFN-ydoes not significantly inhibit HT-29 tumor
growth. Mice treated with 300 '"I-CC49 had statistically signifi

cantly smaller tumors than those receiving the same uCi dose of
'â€¢"I-BL3.Interestingly, even although the median HT-29 tumor vol
ume of the group of mice treated with 300 uCi '"I-CC49 and IFN-7
was substantially lower than that of the L11I-CC49-treated group
(21 versus 704 mm') and TGI was observed for 5 of 9 tumors of mice

receiving the combination treatment, the difference was not statisti
cally significant (P > 0.05).

In light of the promising results with low tumor burden, additional
investigations were carried out using well-established HT-29 tumor
xenografts treated with a multiple-dosing schedule of "'I-CC49 or
'"I-BL3 alone or in combination with IFN-y. HT-29 tumor-bearing

mice were given the first injection of 150 or 300 |uCi of CC49 or BL3
on day 0 when the average tumor volume was approximately 350 mm1
(Fig. 5). A 350-mm' HT-29 tumor has a wet weight of approximately

200 mg, which is 1.0% of the weight of a 20-g athymic mouse. At day
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Fig. 5. Effects of multiple treatments of '"I-CC
49 alone or in combination with IFN-y on the
growth of established HT-29 xenografts. Athymic
mice were given injections of 1.5 X 10" HT-29

cells, and 12 days later the tumors were measured
and the mice were weighed and randomized into
groups of 10. IFN-y was given for 8 days, begin
ning on day -4 and continuing to day 3. and the
initial injection of '"I-CC49 or BL3 was adminis

tered on day 0. On day 0. the average tumor volume
was 352.8 mnv\ Mice were given IFN-y from days
10 to 15, and the second i.p. injection of I3II-

labeled MAb was given on day 14. Individual tu
mor volumes were measured until day 49. TGI was
defined as those tumors with volumes less than the
volume measured on day -9, at which time the
average tumor volume was 132 mm1 and was 37%

of the average tumor volume on day 0. A and B,
HT-29 tumor volumes of individual mice that re
ceived two injections of 150 uCi CC49 alone and
with IFN-y. Data shown in C and D represent the
growth of HT-29 tumors in mice that received two
injections of 300 uCi CC49 alone and with IFN-y.
Arrows, days (0 and 14) of i.p. MAb administra
tion. , average tumor volume of 10 saline-
treated mice; each solid line, HT-29 tumor volume
for each individual athymic mouse. Solid horizon-
la/ lines (B and D), days of IFN-y treatment. I,

death of a mouse. Data are summarized in Table 7.

E

2000

1500

1000

500-

B-150||CI 49Â»

2000-

1500-

1000-

500-

29, the median HT-29 tumor volume in the saline-treated mice was
2368 mm1 (range 1744-3599 mm'). IFN-y treatment alone resulted in

no significant reduction in HT-29 tumor growth (Table 7). Tumor

growth inhibition was observed in 1 of 8 mice treated twice with
150 uCi CC49 (Fig. 5A). and IFN-y addition increased the number of

tumors the growth of which was inhibited (TGI) to 7 of 10. 3 of which
had NETG (Fig. 5ÃŸ;Table 7). The administration of 300 uCi CC49 X
2 inhibited HT-29 tumor growth in 6 of 9 mice, and one of these had
NETG. IFN-y addition to that schedule resulted in a median tumor
volume of 39 mm3 and TGI in all 10 mice, 9 of which had NETG

(Table 7). Administration of BL3 alone or in combination with IFN-y

had no comparable antitumor effects. Table 8 summarizes the results
of statistical analysis for comparing '-"I-CC49 effects with and with

out IFN-y on HT-29 tumor growth. The results show a significant
advantage of combining IFN-y with either 150 or 300 uCi of I3'I-

CC49, beginning on day 25 and continuing until day 39. In addition,
the analysis revealed similar HT-29 growth suppression in the groups
of mice treated with 300 uCi I3II-CC49 and those treated with 150 uCi
131I-CC49 and IFN-y.

DISCUSSION

TAG-72 and CEA are oncofetal antigens with a pattern of expres

sion that can be, at times, highly heterogeneous in a variety of human
carcinomas (3-6, 9). Ways to circumvent that tumor antigen hetero

geneity with the use of human interferons have been the focus of

Table 7 Effects of multiple dose schedules of '-"I-CC49 and IFN-y on the growth of established HT-29 tumors

Dose ((iCi) HT-29 tumor growth"

GroupSalineIFN-yCC49BL3(iCi
Xno.injectionsN/AN/A150

X2150
X2300
X2300
X2150

X2150
X2300
X2300
X 2TotalpCi

Â±IFN-yN/AN/A

+300300

+600600

+300300

+600600

+No.

that
died112010(1111Tumor

volume(mm1)''Median23681103264638646839214322071467888Range1

744-3599459-4365565-29440-181576-21920-681695-3167637-3169554-2884568-4320TGI00176100000NETGr0(103190000

" The experimental setup was described in the legend lo Fig. 5.
h Values represent the median as well as the range of the tumor volumes for each group ( 10 mice/group) as measured on day 29 or 39 after ' "I-MAb administration. Groups of

mice that received saline or BL3 were sacrificed on day 29 due to the presence of large, necrotic tumors.
* NETG was defined in "Materials and Methods" [i.e., the number of individual HT-29 tumors with volumes that on day 29 or 39 were < that measured pre-MAb (day -9)]. Range

of HT-29 tumor volumes on day -9 was 124.2-157.2 mm3 (mean, 132.3 mm3).
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Table 8 Results of statistical analysis (Mo-sided P values) of the effects of "'l-MAh

Â±IFN-y on the growth of HT-29 tumors in athymic mice

Daysposl-MAb"7

1225

32
39CC49U50)"

vs. CC49U50)
+IFN-yP

= 0.36
P = 0.10
P = 0.001
P = 0.004
P = 0.005CC49

(300)
vs. CC49 (300)

+IFN-yP

= 0.71
P = 0.08

P < 0.005
P = 0.001

P < 0.001CC49050)

-t- IFN-y vj.

CC49(300)P

= 0.76
P = 0.55
P = 0.82
P = 0.46
P = 0.46

" The Wilcoxon rank sum test was done on individual HT-29 tumor volumes for the
days indicated after the first "'I-MAb administration. The second "'I-MAb treatment

was given on day 14.
'' The number in parentheses represent the uCi doses of CC49.

numerous experimental studies (1, 10-18). It has been postulated that

the ability to enhance the level of tumor antigen expression by a
human carcinoma cell population will improve the targeting and, thus,
the diagnostic and therapeutic efficacy of a MAb. The present study
(a) describes a human colon carcinoma (HT-29) experimental athymic

mouse model system that constitutively expresses low, but measur
able, levels of TAG-72 and CEA; (b) establishes that in vivo IFN-y
treatment increases the TAG-72 and CEA expression in the HT-29

tumors, which substantially improves MAb tumor localization; and
(c) presents evidence that the increased tumor uptake of an anti-
TAG-72 MAb as a result of IFN-y administration significantly aug
ments the antitumor effects of the I3ll-labeled MAb.

The ability of IFN-y to enhance CEA expression on the surface of
human carcinoma cells is well established (13-16). In contrast, the
study of TAG-72 augmentation by IFN-y has been more difficult since

most adherent human tumor cell lines do not constitutively express
that high molecular weight mucin (22). Furthermore, earlier studies
showed that, unlike its ability to induce de novo HLA class II antigen
expression (35), IFN-y cannot induce de novo TAG-72 or CEA ex

pression on either human normal or tumor cells (13, 14). Our initial
observations revealed that HT-29 tumor xenografts expressed low, but
measurable, levels of TAG-72. The mechanism(s) responsible for the
emergence of those TAG-72-positive HT-29 tumor cells is unknown

but is believed to be similar to those mediating the substantial increase
in TAG-72 levels when LS174T cells are grown as xenografts in
athymic mice (22). Nonetheless, the constitutive level of TAG-72
expression in the HT-29 and LS174T and the lack of expression in
DLD-1 tumor xenografts correlated well with the antitumor effects
observed after administering either 90 or 230 pCi of '"I-CC49. Spe
cifically, the inability of either 90 or 230 uCi of "'I-CC49 to signif

icantly inhibit either HT-29 or DLD-1 tumor growth seemed to be in
accord with the low, heterogeneous, and the absence of TAG-72

expression, respectively.
The HT-29 athymic mouse tumor model presented an opportunity

to investigate whether the changes in TAG-72 expression induced by
IFN-y could improve the antitumor efficacy of an anti-TAG-72 MAb.
Dose- and time-dependent studies revealed that an 8-day treatment
with 10ftantiviral units IFN-y/day resulted in a significant increase in

TAG-72 and CEA expression as well as in an enhanced tumor local
ization of anti-TAG-72 and CEA MAbs. Serum IFN-y levels during
the 8-day treatment ranged from 90 to 150 units/ml, levels which are

achievable and well tolerated in patients (36. 37). We chose to ad
minister the "'I-labeled MAbs on the fifth day after the beginning of

IFN-y. Previous in vitro studies (13, 14) showed that the maximum
increase in surface antigen expression occurred 72-96 h after IFN-y
addition, and the present in vivo results revealed increased TAG-72

levels as well as enhanced immunohistochemical staining of B72.3 or
CC49 after 4-5 days of IFN-y. Thus, the "'I-MAbs were adminis

tered at a time of enhanced TAG-72 expression and the IFN-y treat
ment was maintained for an additional 3-4 days during which time the

increased tumor antigen expression coincided with maximum serum

'â€¢"I-MAblevels. Thus, this experimental model resulted in the max

imum targeting of the MAbs when IFN-y treatment had substantially
increased TAG-72 expression, allowing for the evaluation of the po
tential adjuvant effects of IFN-y when given in combination with
13II-CC49.

The initial studies provided convincing evidence that the addition of
IFN-y to an experimental therapeutic protocol substantially enhanced
the antitumor effects of '-"I-CC49 when administered at 100-300

uCi/mouse. IFN-y effects seemed to be directly related to its ability to
enhance the level of TAG-72 expression in the HT-29 tumors, since no
increase in the localization of mI-CC49 to normal tissues or of
Â°'I-BL3 to tumor tissue was observed with IFN-y treatment. The
administration of 300 \iCi "'I-CC49 alone resulted in TGI of 8 of 9

HT-29 tumors measured at 21 days after MAb administration. Sub

sequently, all eight tumors began to grow at a rate similar to those of
the saline-treated animals. Those observations suggest that the admin
istration of 300 uCi '-"I-CC49 alone induced a certain amount of cell

death, but viable tumor cells continued to grow, albeit initially at a
slower rate. That delay in the HT-29 tumor growth was reminiscent of
that reported for WiDr tumors treated with IFN-y and an anti-CEA
MAb labeled with **'Â¥(18). The most dramatic antitumor effects were

observed when IFN-y was combined with 300 uCi '"I-CC49:

2 mice had no palpable tumor 10 days after MAb administration and
remained tumor free for 58 days, and a third mouse became tumor free
65 days after CC49 administration. The tumor volumes of two other
mice were also substantially reduced. The findings suggest that com
bining IFN-y with '-"I-CC49 induced sufficient cell killing within the

HT-29 tumor xenograft that not only reduced the tumor volume but, in

33% of the mice, also eradicated any detectable tumor. In most cases,
the reduction in tumor volume and the occurrence of tumor-free mice

were sustained for >2 months. In a subsequent study, well established
HT-29 tumors were treated with 2 separate regimens of 300 uCi CC
49 alone or in combination with IFN-y. The results indicate that by
combining IFN-y with mI-CC49, a statistically significant improve

ment in antitumor effects can be demonstrated over administering
'â€¢"I-CC49alone. Additional studies are needed to determine whether

multiple treatment (2 or more) of a MAb, or a combination of MAbs,
with IFN-y could be effective in eliminating established tumors in this

model system.
The primary toxic side effects associated with the administration of

a '''[-conjugated MAb have been in bone marrow and have become

an important consideration in the clinical evaluation of therapeutically
labeled MAbs. Previous studies showed that fractionation of a total
uCi dose can still effectively suppress human colon xenografts in
athymic mice, with substantially reduced bone marrow toxicity from
that observed in mice given a single high dose of the radionuclide-

conjugated MAb (38). Data summarized in Table 8 suggest that an
equivalent amount of inhibition of HT-29 tumor growth was observed

in those mice treated with two doses of 300 uCi CC49 or 150 uCi CC
49 with IFN-y. Therefore. IFN-y treatment permitted the administra
tion of one-half of the pCi dosage of the MAb without compromising

its antitumor effects. These observations provide evidence that another
possible advantage of IFN-y treatment would be the ability to deliver

an equivalent amount of tumor killing by the administration of a lower
dose of the radionuclide. thus further reducing bone marrow and other
toxicities.

In previous clinical studies the administration of interferon im
proved the distribution of a radiolabeled MAb to melanoma tumors
without an accompanying increase of antibody in normal tissues (39).
More recently, the intracavitary administration of IFN-y was found to
significantly enhance the level of TAG-72 and CEA expressed on the

surface of human tumor cells in malignant ascites from patients di
agnosed with metastatic ovarian or colorectal carcinoma (24). The
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present results indicate that combining IFN-y with '"I-CC49 can

substantially reduce or eliminate the tumor burden in other mice
bearing well established HT-29 tumor xenografts. The data support

further investigations to determine whether combining a radiolabeled
MAb with IFN-7 might have some therapeutic benefit in an adjuvant

setting in patients with minimal residual disease. The ability to sub
stantially reduce the volume of well established HT-29 tumors leads

one to hypothesize that this same combination may be effective for the
treatment of primary and/or recurrent colorectal carcinoma. In con
clusion, the expression of other human tumor antigens can be en
hanced by IFN--V. In addition to CEA (18), the expression of the
human mammary epithelial antigen recognized by MAb DF3 (40),'

several melanoma-associated antigens (21, 39), a M, 110,000 antigen

recently described in human gastric carcinoma cells (41), and other
human tumor antigens can be up-regulated with IFN--y treatment.

Therefore, additional studies are needed using those other human
tumor antigen systems to evaluate the effects of cytokine-mediated
antigen augmentation in a MAb-based therapeutic setting.
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