
INTRODUCTION
The treatment of colorectal cancer has

consisted of fluoropyrimidine-based
chemotherapy for over 50 years. How-
ever, although the initial responses to
chemotherapeutic regimens are fre-
quently positive, their duration is often
brief and the majority of patients die
shortly after relapsing. Unlike chemother-
apeutics, antibody-based therapies can be
designed to target tumor cells specifically
via the recognition of antigens over-
expressed on their surface (1). The use of
monoclonal antibody (mAb) as a cancer
therapeutics agent has shown interesting
results in phase I/II clinical trials, and
several mAbs that predominantly act
by antibody-dependent cell-mediated cy-
totoxicity (ADCC) and complement-
dependent cytotoxicity (CDC) have been
approved for the treatment of cancer pa-
tients. These include chimeric IgG1 mAb
rituximab (Rituxan) binding to the B-cell
differentiation antigen CD20 for the treat-
ment of B-cell lymphomas (2,3), human-
ized IgG1 mAb trastuzumab (Herceptin)

targeting HER-2 (human epithelial
growth factor receptor type 2) (4), and
humanized IgG1 alemtuzumab (Cam-
path) targeting the differentiation antigen
CD52 for the treatment of B-cell chronic
lymphocytic leukemia (5-7). Several other
mAbs are currently at advanced stages of
clinical development. The treatment for
human colorectal cancer remains pes-
simistic, making the discovery and devel-
opment of a novel anti-human colorectal
carcinoma antibody both necessary and
significant.

Murine monoclonal antibody CAb
was generated in our laboratory to fight
against human colorectal cancer. Our
previous studies show that CAb could
be specifically directed against a cell 
surface-associated glycoprotein of colo-
rectal cancer cells (8) and possessed high
specificity to human colorectal cancer (9).
These results showed that CAb might
possess therapeutic potentiality in the
treatment for human colorectal cancer.
The successful preparation of the high
specificity and affinity anti-human colo-

rectal cancer antibody provides a new
approach for specific detection and ther-
apy of colorectal cancer. However,
murine mAb does not constitute an ideal
therapeutic agent. Its inherent immuno-
genicity in patients had hindered its long-
term administration in immunosuppres-
sive therapy (10), which resulted in rapid
clearance of the antibody and reduced
tumor targeting with subsequent dosing
(11). This has led to the development of
chimeric or humanized antibodies. We
reconstituted the murine monoclonal an-
tibody to a chimeric version by genetic-
engineering technology. The chimeric
antibody hCAb consists of the murine
variable regions, which bring about anti-
gen recognition, fused to the constant
or effector part of human antibody (12).
Meanwhile, hCAb has less immuno-
genicity than murine antibody CAb, en-
abling repeated antibody administration
and giving improved capacity to recruit
cytotoxic cells and complement. These
improvements have contributed to the
increased therapeutic efficacy of murine
antibody CAb.

In this study, we present the in vitro
and in vivo characteristics of the chimeric
antibody hCAb. Our study focuses not
only on the potential therapeutic mecha-
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nisms, but also on anti-tumor activity in
murine tumor xenograft models. hCAb
might serve as an effective and safe new
therapeutic in the treatment for human
colorectal cancer.

MATERIALS AND METHODS

Cell Culture
The various human colorectal cancer

cell lines (Hce-8693, SW480, and
HR8348) were cultured in DMEM me-
dium supplemented with 10% fetal
bovine serum at 37°C in a humidified
5% CO2 atmosphere.

Construction and Production 
of the Human-mouse Chimeric
Antibody-hCAb

CAb, a murine IgG1 against the human
colorectal cancer monoclonal antibody,
was recently developed in our laboratory
(13). In our previous paper (14), we re-
ported the construction and production of
human-mouse chimeric antibody hCAb.
Briefly, the variable region genes of the
murine monoclonal antibody CAb were
introduced into the expression vectors
pYR-GCEVH and pYR-GCEVL, which
contain the cDNA encoding the human
constant regions. The chimeric antibody
was produced by transfecting dihydrofo-
late reductase-deficient Chinese hamster
ovary cells (dhfr–CHO) with the recombi-
nant vector using lipofectamine transfec-
tion reagent following the manufacturer’s
instruction. Stable transfectants were se-
lected in the presence of G418 (Sigma) at
a concentration of 200 μg/mL, and were
subjected to amplification (stepwise incre-
ments in methotrexate (MTX, Sigma)
level, such as 3×10–8, 10–7, 10–6 M). Expres-
sion of the antibody was determined in
the culture medium by quantitative
ELISA. Finally, the recombinant antibody,
secreted by transfected CHO cells, was
purified from culture medium by affinity
chromatography on a protein A-Ceramic
Hyper DRF column (BioSepra).

Flow Cytometry Analysis
To determine hCAb’s affinity to human

colorectal cancer cells, 3 groups of colo-

rectal cancer cell lines (Hce-8693, SW480,
and HR8348, 5×105 cells) were incubated
with 10 μg of hCAb or CAb or unrelated
control anti-cytomegalovirus IgG in the
dark for 1 h on ice. Cells were then washed
and labeled with FITC-conjugated anti-
human IgG (1:500 dilutions, hCAb
group) or FITC-conjugated anti-mouse
IgG (1:500 dilutions, CAb group and
unrelated control group) for 30 min on
ice in the dark, respectively. Three
washes were carried out again before
cytometric analysis. Data were processed
using the Cell Quest software (Becton-
Dickinson, USA).

Western Blot Analysis
Furthermore, we evaluated hCAb’s

specificity to human colorectal cancer
cells by Western blot analysis, SW480
and Hce-8693 cells were cultured for 72 h
respectively. Then cells were harvested,
washed twice with cold PBS, and lysed
in buffer (150 mM NaCl, 50 mM Tris-
HCL, 2 mM EDTA, 1% NP-40, and pH
7.4), containing protease inhibitors.
Equal amount of protein (30 μg/lane)
from lysate were subjected to SDS-PAGE
under reducing conditions on 10% acry-
lamide gels. After SDS-PAGE, proteins
were transferred to an ImmobilonTM-P
Transfer Membrane (Millipore Corpora-
tion, USA). Then, to block nonspecific
binding, the membrane was incubated in
PBS with 0.1% Tween-20 (T-PBS) contain-
ing 5% nonfat skim milk for 1h. Subse-
quently, the membrane was incubated
with chimeric antibody HCAb overnight
at 4°C, washed in T-PBS and incubated
with peroxidase-conjugated anti-human
IgG (Fc specific) antibody (Sigma) for 2
h. Protein on the membrane was visual-
ized using enhanced chemiluminescence
(ECL plus Western blotting detective sys-
tem, Amersham, UK).

Isolation of PBMCs from Blood
Peripheral blood mononuclear cells

(PBMCs) were prepared as described
elsewhere (15). Briefly, buffy coats from
standard blood donations were diluted
by adding PBS and were carefully
placed on top of 10 mL of lymphocyte

separation medium (Bio Whittaker) in
50-mL tubes. Tubes were then cen-
trifuged at 800g for 20min at room tem-
perature. Thereafter, the PBMCs were re-
covered from the plasma-medium
interface and were washed several times
with RPMI 1640 until the supernatant
was clear.

In Vitro Antibody-dependent 
Cell-mediated Cytotoxicity Assay

The capacity of chimeric antibody-
hCAb to induce effector cell-dependent
lysis of tumor cells was evaluated by
the standard 51Cr release assay as previ-
ously described (15-18). To more accu-
rately evaluate the results, several con-
trols were included: 1, an additional
control chimeric antibody (rituximab,
anti-CD20 chimeric antibody) was cho-
sen that does not react with colorectal
cancer cells; 2, a cell line (the human
glioblastoma cells U251) were used that
is negative for hCAb; 3, another control
assay in the absence of PBMC was also
performed. Target cells (1×106 cells,
SW480 or Hce-8693 or control U251
cells) were labeled for 2 h with 200 μCi
of Na2

51CrO4 (Amersham Biosciences) at
37°C, washed 3 times and were resus-
pended in culture medium (1×105

cells/mL). Labeled cells were dispensed
in V-bottomed 96-well plates (5×103

cells, in 50 μL/well) and preincubated
(RT, 1 h) with 50 µL of 10-fold serial di-
lutions of hCAb or CAb or control anti-
body Rituximab in culture medium,
ranging from 100 μ/mL to 0.001 ng/mL
(final concentrations). Thereafter, PBMC
(2.5×105 cells/well), resulting in a final
volume of 200 μL, were added to the
wells, and cells were incubated at 37°C
overnight. The next day, supernatants
were collected and 51Cr release from
triplicates was measured. Percent spe-
cific lysis was calculated as 100% ×
(sample release – spontaneous re-
lease)/(maximal release – spontaneous
release); where maximal 51Cr release
was determined by adding 5% SDS to
target cells, and spontaneous release
was measured in the absence of sensitiz-
ing antibody and effector cells.
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In vivo Anti-tumor Activity Studies
Nude female BALB/c nu/nu mice (6-

week-old, 18.5-20.2 g) were used through-
out the studies. All procedures involving
animals and their care were conducted in
accordance with the regulations for ani-
mal welfare in China. The Ethics Commit-
tee of the Fourth Military Medical Univer-
sity approved all experiments.

For therapy trials, SW480 or Hce-8693
(8×106 cells) were suspended in 0.1 mL
normal saline and injected subcuta-
neously (day 0) in the right flank of the
mice, respectively. At day 5, when tu-
mors started to appear, the mice of every
xenograft modal were divided into 4
groups (6 in each group). At day 10,
when tumors were clearly detectable,
hCAb dissolved in normal saline was
administered intraperitoneally at doses
of 2.0 mg/kg of body weight for 5 times
at 72-h intervals. Control groups in-
cluded: left-untreated group, injected in-
traperitoneally with identical volumes of
normal saline; chemotherapy group,
5-fluorouracil administered intraperi-
toneally at doses of 20 mg/kg of body
weight for 5 times from day 10 to day 14;
and unrelated control antibody group,
rituximab administered intraperitoneally
at doses of 2.0 mg/kg of body weight for
5 times at 72 h intervals. During the pe-
riod of treatment, tumor sizes (V) were
measured with calipers and calculated

by the formula of rotational ellipsoid 
V = A×B2/2 (A is the axial diameter, B
the rotational diameter) (18). Moreover,
the inhibition rate (IR) of tumor growth
was calculated according to the follow-
ing formula: IR = [(Mean tumor volume
of nontherapeutic control – Mean tumor
volume of therapeutic group)/(Mean
tumor volume of nontherapeutic con-
trol)] × 100%.

Furthermore, toxicity was monitored
principally by loss in body weight, the
white blood cell (WBC) count, and platelet
counts. Hematoxylin and eosin stain was
performed to reveal tissue damage in
such vital organs as the heart, liver, spleen,
lung, and kidney in nude mice.

Statistical Analysis
Results were expressed as the mean ±

SD. The data were analyzed for signifi-
cance by Wilcoxon rank sum test, and
results were considered significant if
P < 0.05.

RESULTS

Construction and Characterization of
the Human-mouse Chimeric Antibody
hCAb

We generated the human-mouse
chimeric antibody hCAb by fusing the
Ig variable region with a human IgG1 Fc
domain. After amplification in MTX, and

purification by affinity chromatography,
the final yield of the chimeric antibody
was over 100 mg/L (Figure 1B) (13).
When hCAb was analyzed by SDS-PAGE
(Figure 1A), it was shown under reduc-
ing conditions, the size of heavy chains
are approximately 50 kDa, the size of
light chains approximately 21 kDa as ex-
pected. And a band of 140 kDa was
under nonreducing conditions. These re-
sults confirmed the correct structure of
the individual Ig chains, and demon-
strated the correct polypeptide assembly
of the heavy and light chains in the pro-
duction of the recombinant Ig molecules.

hCAb Possesses the High Specificity
and Affinity to Colorectal Cancer Cell
Lines

The specific binding of hCAb with co-
lorectal cancer cells was evaluated by
flow cytometry. To more accurately de-
scribe the results, 2 parameters were
used: the mean fluorescence intensity
(MFI) and the percentage of positive
staining cells. Figure 2 shows hCAb’s
binding ability to colorectal cancer cell
lines. These results confirm that the
chimeric antibody-hCAb possesses the
high specificity and affinity to colorectal
cancer cell lines. And the mouse mAb
CAb shows similar binding characteris-
tics. However, the unrelated control anti-
cytomegalovirus IgG can’t bind with co-
lorectal cancer cell lines. Moreover, west-
ern blot also confirmed that hCAb can
bind with human colorectal cell lines. The
molecular weight (Mol.) of target antigen
is approximate 200 KDa (Figure 3).

hCAb is a Very Potent Inducer of
ADCC In Vitro

Besides the high specificity and affin-
ity to colorectal cancer cell lines, therapy
by hCAb may also operate by inducing
immune effector-mediated killing of
tumor cells. Therefore, we tested
whether hCAb can induce ADCC.

We chose 2 different human colorectal
cancer cell lines of various antibody tar-
geted antigen densities. Freshly isolated
human PBMC were used as effector cells
at an E:T ratio of 50:1, and 51Cr release
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Figure 1. HPLC chromatogram and SDS-page of purified chimeric antibody hCAb. A: SDS-
page of purified hCAb. hCAb was run under reducing (lane 2) and non reducing (lane 3)
conditions. Molecular weight standards were in lane 1; B: HPLC chromatogram of hCAb.



was measured for assessing cytotoxicity.
Figure 4 shows representative example
of ADCC dose-response curves derived
from SW480 and Hce-8693 cells. Appar-
ently, hCAb is a very potent inducer of
ADCC. The maximal specific lysis was
observed 51.98% and 58.36% for SW480
cells and Hce-8693 cells, respectively.
This result suggests that ADCC might
play an important role in anti-tumor ac-
tivity of this chimeric antibody in vivo.
Meanwhile, because the effector parts of
murine antibodies are homologous to
those of humans, CAb possesses some of
weaker capacity for induction of ADCC.
And there was no induction of ADCC in
control groups (Figure 4).

Anti-tumor Activity in Murine Tumor
Xenograft Models

The in vitro experiments described
above demonstrate potential mecha-
nisms for inhibition of tumor growth.
We further evaluated hCAb’s potential
therapeutic roles using 2 mouse tumor
models, which are more relevant to the
clinical condition than the in vitro assays
because the xenograft models include

three-dimensional tumor growth, con-
trolled by growth factors, tumor vascu-
larization, distribution of the antibody
in the body, and presence of immune ef-
fector systems.

As shown in Figure 5, although mice
in the untreated control group devel-
oped steadily growing tumors, all mice
treated with hCAb, were fully protected
against tumor growth. In SW480
xenograft model, the tumors growth
rate in the untreated control group was
very rapid; with mean volume quadru-
pling times was 22.1 days, and the mean
volume quadrupling times in 5-fluo-
rouracil and rituximab group were 27.6
days and 21.6 days, respectively. In
contrast, the tumor growth rate in the
hCAb treated group showed growth
delay; tumor volume never quadrupled.
Meanwhile, similar results were ob-
served in Hce-8693 xenograft model.
Treatment with hCAb induced a dra-
matic reduction in tumor volume. When
compared with the untreated control
group, the inhibition rate (IR) of tumor
growth in hCAb group was 70% and
73% in SW480 and Hce-8693 models, re-

spectively, which shows the therapeutic
efficacy of hCAb to Hce-8693 model
was better than that to SW480 model.
On the other hand, rituximab possessed
no therapeutic action.

During the period of treatment, the an-
imals did not show signs of wasting or
other visible signs of toxicity, (Figure 6).
Microscopic observation revealed no ob-
vious tissue damage in such vital organs
as the heart, liver, spleen, lung, and kid-
ney in any nude mice. On the other hand,
although 5-fluorouracil possessed some
therapeutic action (reduction approxi-
mately 40% in tumor volume), it also
caused myelosuppressive side effects,
such as violent decrease of WBC and
platelets. These results showed that
hCAb possessed more efficient and safer
therapeutic action in the treatment for
human colorectal carcinoma when com-
pared with 5-fluorouracil.

DISCUSSION
Targeted therapies are the focus of

much research in oncology. After the de-
velopment of imatinib for the treatment
of chronic myeloid leukemia, biological
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Figure 2. Flow cytometry analysis of hCAb’s binding ability to colorectal cancer cell lines. The FACS Results were measured in 3 independent ex-
periments and expressed as the mean ± SD. A: The FACS data; B: Detection of hCAb’s binding ability to Hce-8693 cell lines by FCM. Hce-8693
cells were stained with hCAb (B1), CAb (B2) or anti-cytomegalovirus IgG (B3), respectively, and then were analyzed by flow cytometry.



therapies that target tumor-associated
antigens give hope for improvement of
survival in many cancers (19). The use of
monoclonal antibodies could be another
approach to improve prognosis of patients
with cancer (20). This study explored a
new therapeutic agent for human colorec-
tal cancer. We investigated the characteris-
tic of chimeric antibody hCAb and its po-
tential therapeutic mechanisms.

In the treatment of colorectal cancer,
the most commonly targeted antigens
include epidermal growth factor recep-
tor (EGFR), vascular endothelial growth
factor (VEGF), carcinoembryonic antigen
(CEA), TAG-72, A33, Ep-CAM, EphB2,
and so on. Moreover, several novel
drugs like cetuximab and bevacizumab,
whose target antigens are EGFR and
VEGF, respectively, have been approved
by the US Food and Drug Administra-
tion (FDA) for the treatment of metasta-
tic colorectal cancer (21-23). These anti-
body agents such as cetuximab and
bevacizumab have improved the treat-
ment for human colorectal cancer, how-
ever, the therapy remains challenging,
especially taking into consideration the
toxic effects and high costs of these med-
ication. One of the limitations of these
antibody agents is the necessity of iden-
tifying a particular receptor or target.
When compared with these antibody
agents, hCAb has several advantages.
First, hCAb possesses high specificity to
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Figure 3. Western blot analysis of hCAb’s
specificity to colorectal cancer cell lines.
Two cell lines (SW480 and Hce-8693) were
chosen. Western blot confirmed that
hCAb can bind with human colorectal
cell lines. The molecular weight of the tar-
get antigen is approximately 200 KDa.

Figure 4. ADCC of hCAb against human colorectal cancer cell lines. Each data point
represents the mean± SD specific lysis (%) measured in 3 independent experiments. Per-
cent specific lysis was calculated as 100% × (sample release – spontaneous release)/
(maximal release – spontaneous release); where maximal 51Cr release was determined
by adding 5% SDS to target cells, and spontaneous release was measured in the ab-
sence of sensitizing antibody and effector cells. *Results were considered significant (P <
0.05, versus control groups).



human colorectal cancer. The previous
immunohistochemistry assay showed
that colorectal cancer was strong posi-
tive for CAb (+++, 79.3%), gastric adeno-
carcinoma and lung cancer were weak
positive for CAb (+/±, 15%, 23.1% re-
spectively). CAb did not react with nor-
mal and embryo tissue/cells, as well as
other tumor tissue(9). The chimeric anti-
body hCAb has similar binding charac-
teristics. These results also demonstrate
that the particular antigen of hCAb is
both stably and homogeneously ex-
pressed by colorectal cancer tissue/cells,

and is expressed negligibly in healthy
tissue.

However, many other antigens that
are recognized by monoclonal antibodies
are expressed not only by malignant
tissue/cells, but also by healthy tissue/
cells. For example, A33 antigen is a trans-
membrane protein expressed in normal
human colonic and small bowel epithe-
lium as well as colon cancer (24). EphB2

is expressed on normal cells and a vari-
ety of human cancer cell lines (25). Ep-
CAM is an epithelial cell-adhesion mole-
cule implicated in the transport of cal-

cium across the cell membrane that is ex-
pressed in normal epithelial tissues and
in numerous tumor including carcino-
mas of the colon, rectum, pancreas, and
stomach (26-28). EGFR, VEGF, CEA and
TAG-72 have a broad spectrum beside
colon cancer. The toxicity that might
arise from targeting these antigens re-
mains to be determined.

Second, recent studies have shown
that immunohistochemical staining of
hCAb correlates with therapeutic effi-
cacy. That also can be verified by in vitro
and in vivo assay. hCAb’s binding ability
with Hce-8693 cells was stronger than
that with SW480 cells. And the maximal
specific lysis of ADCC induced by hCAb
was observed to be higher for Hce-8693
cells. Meanwhile, the therapeutic efficacy
of hCAb to Hce-8693 model was better
than that to SW480 model. Nevertheless,
many other antibodies don’t respond as
well. For instance, the observation by
Lenz et al. (29) supported recent concern
about the reliability of EGFR staining to
predict the response to cetuximab ther-
apy. A considerable proportion of pa-
tients with high EGFR expression did not
respond to cetuximab treatment, and yet
patients with low expression of EGFR
did respond. Thus, markers are needed
to predict responders to EGFR target
monoclonal antibody therapy. Third, no
circulating antigen of hCAb is detected
in the serum of cancer patients, which
demonstrates that there is little or no
soluble form of the target antigen (to
avoid rapid antibody clearance). On the
other hand, many other antigens can be
detected in the serum of cancer patients.
CEA, for example, belongs to the CD66
immunoglobulin superfamily that com-
prises highly homologous molecules ex-
pressed on several normal tissues as
well as in the serum of patients, which
limits CEA as target antigen, especially
in radioimmunotherapy (RIT) (30).

In our previous study (10), to obtain a
specific anti-colorectal cancer antibody, we
immunized mice with human colorectal
adenocarcinoma tissues. Although the tra-
ditional method of preparation of mono-
clonal antibodies is using purified pro-
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Figure 5. Growth kinetics of xenograft models. Animals were treated with hCAb or 
5-fluorouracil or rituximab or left untreated. Data points represent 6 animals in each
group. (A: SW480 xenograft model; B: Hce-8693 xenograft model).*Results were consid-
ered significant (P < 0.05, versus untreated control groups).



teins to immunize mice, the prepared
antibodies sometimes can’t bind with the
natural antigen proteins, because their
spatial structures differ from the purified
antigens’. Moreover, expression of the pro-
tein is time-consuming and labor-intensive.
Thus we chose human colorectal adeno-
carcinoma tissues to immunize mice and
obtained a monoclonal antibody CAb that
possessed high specificity to human colo-
rectal carcinoma. Furthermore, we have
identified CAb’s target antigen as a colo-
rectal cancer associated Mol. 200 KDa

glycoprotein. The study on the exact struc-
ture of the antigen is ongoing.

Previous reports have shown the ro-
dent antibodies are immunogenic in
humans, making them less suitable for
therapy (31). To make the best use of
antibodies, we reconstituted the murine
monoclonal antibody CAb to a chimeric
version hCAb by genetic engineering
technology. Fortunately, the chimeric an-
tibody hCAb not only retains the parent
antibody’s binding characteristics, but
also has the ability to mediate in vitro

ADCC, which has been verified by 51Cr
release assay. Moreover, we further eval-
uated hCAb’s potential therapeutic roles
using mouse models. More data could be
gathered using multiple colorectal cancer
cell lines with different binding ability to
hCAb, therefore in our study we chose 2
different colorectal carcinoma xenograft
models. hCAb was effective in both
models. The treatment with hCAb in-
duced a dramatic reduction in tumor
volumes. Furthermore, during the period
of treatment, hCAb possessed more effi-
cient and safer therapeutic action in the
treatment for human colorectal cancer
when compared with 5-fluorouracil. No
weight loss, other visible signs of toxic-
ity, or obvious tissue damages in vital
organs were detected. In addition, the
WBC and platelet counts were within
normal scope. On the other hand, we
observed more severe toxicity by 5-
fluorouracil which caused myelosuppres-
sive side effects, such as violent decrease
of WBC and platelet counts.

Taken together, the data reported here
suggest hCAb is a promising new anti-
cancer agent. It is a chimeric immunoa-
gent, hence presumably with reduced or
no immunogenicity. In addition, it en-
dures a much longer serum half-life in
vivo when compared with its Fab, and
it is effective in inhibition of target tumor
cell growth both in vitro and in vivo.
Moreover, hCAb might be used in ra-
dioimmunotherapeutic approach, and
the radioimmunotherapy (RIT) studies
are ongoing.
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