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detection and resection of human colon cancer in an orthotopic
nude mouse model
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Talamini, MD1, Robert M. Hoffman, PhD1,3, and Michael Bouvet, MD1,4
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3AntiCancer, Inc., San Diego
4San Diego VA Medical Center, San Diego

Abstract
Background and Objectives—The aim of this study was to evaluate a new fluorescently
labeled chimeric anti-CEA antibody for improved detection and resection of colon cancer.

Methods—Frozen tumor and normal human tissue samples were stained with chimeric and
mouse antibody-fluorophore conjugates for comparison. Mice with patient-derived orthotopic
xenografts (PDOX) of colon cancer underwent fluorescence-guided surgery (FGS) or bright-light
surgery (BLS) 24 hours after tail vein injection of chimeric anti-CEA antibody. Resection
completeness was assessed using postoperative images. Mice were followed for 6 months for
recurrence.

Results—The fluorophore conjugation efficiency (dye:mole ratio) improved from 3–4 to >5.5
with the chimeric CEA antibody compared to mouse anti-CEA antibody. CEA-expressing tumors
labeled with chimeric CEA antibody provided a brighter fluorescence signal on frozen human
tumor tissues (p=0.046) and demonstrated consistently lower fluorescence signals in normal
human tissues compared to mouse antibody. Chimeric CEA antibody accurately labeled PDOX
colon cancer in nude mice, enabling improved detection of tumor margins for more effective FGS.
The R0 resection rate increased from 86% to 96% with FGS compared to BLS.

Conclusion—Improved conjugating efficiency and labeling with chimeric fluorophore-
conjugated antibody resulted in better detection and resection of human colon cancer in an
orthotopic mouse model.

Keywords
colon cancer; orthotopic mouse models; chimeric antibody; fluorescence-guided surgery

Introduction
Surgical resection for colorectal cancer (CRC) has the greatest potential for cure. Since the
application of complete mesocolic excision for colon cancer surgery, local 5-year recurrence
rates have also decreased [1]. Furthermore, a proper oncologic approach in the surgical

Corresponding Author: Michael Bouvet, MD, Department of Surgery, Moores UCSD Cancer Center, 3855 Health Science Drive
#0987, La Jolla, CA 92093-0987, Phone: 858-822-6191, Fax: 858-822-6192, mbouvet@ucsd.edu.

NIH Public Access
Author Manuscript
J Surg Oncol. Author manuscript; available in PMC 2015 April 01.

Published in final edited form as:
J Surg Oncol. 2014 April ; 109(5): 451–458. doi:10.1002/jso.23507.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



treatment of patients with CRC that involves not only achieving negative microscopic
margins but also complete resection of metastatic tumor (R0 resection), can significantly
improve 5-year survival rates [2–6].

Despite the high R0 resection rates in patients with colorectal cancer (CRC), local and
distant recurrence is still a significant problem and has been cited as high as 34% [3,7,8].
One of the main causes of local recurrence is inadequate excision of the primary tumor or
draining lymph nodes. Furthermore, the prognosis of patients with local recurrence is poor
[9]. A real-time, reliable imaging technology for detection of positive surgical margins at the
time of surgery would result in improved outcomes.

We have previously shown improved detection and resection of primary pancreatic cancer
with a mouse-derived monoclonal fluorophore-conjugated antibody against carcino-
embryonic antigen (CEA) in open laparotomies in mouse models [10]. In another study, we
showed that fluorescence-guided surgery of green fluorescent protein (GFP)-expressing
human colon cancer increased complete resection resulting in cures in an orthotopic nude
mouse models [11,12]. The aim of the current study was to evaluate a fluorescent chimeric
mouse-human antibody against CEA in a patient-derived orthotopic xenograft (PDOX) nude
mouse model of colon cancer [13] for improved detection and resection, as a bridge to the
clinic.

Materials & Methods
Antibody conjugation

Chimeric and mouse monoclonal antibodies specific for CEA were obtained from Aragen
Bioscience, Inc. (Morgan Hill, CA). The antibody was labeled with the AlexaFluor 488 or
647 Protein Labeling Kit (Molecular Probes Inc., Eugene, OR) according to the
manufacturer’s instructions. Briefly, the monoclonal antibody was reconstituted at 2 mg/mL
in PBS. 500 μL of the 2 mg/mL solution plus 50 μL of 1M sodium bicarbonate was added to
the reactive dye and allowed to incubate for 1 hour at room temperature, then overnight at
4°C. The conjugated antibody was then separated from the remaining unconjugated dye on a
purification column by centrifugation [14]. Antibody and dye concentrations in the final
sample were determined using spectrophotometric absorbance with a Nanodrop ND 1000
spectrophotometer.

Tissue Sample Staining with Antibody Conjugates
Frozen human tumor and normal tissue arrays were purchased from Biochain Institute Inc.
(Newark, CA). The tissue array was initially fixed in ice-cold acetone for 2 min, then air-
dried and rehydrated with PBS. Slides were then incubated with 5% bovine serum albumin
(BSA; Sigma-Aldrich, St Louis, MO) for 1 hour at room temperature. Using 1 μg/mL
AlexaFluor 488 conjugated mouse or chimeric anti-CEA, or AlexaFlour 488 conjugated
isotype control IgG. Slides were stained and allowed to incubate for 2 hours at room
temperature. Prior to imaging, the slides were washed three times with PBS. An inverted
DE-300 fluorescence microscope (Nikon, Tokyo, Japan) was used to obtain images of the
antibody-stained slides.

Animal care
Female athymic nu/nu nude mice (AntiCancer, Inc, San Diego, CA) were bred and
maintained in a barrier facility on high-efficiency particulate air filtered racks. The animals
were fed with autoclaved laboratory rodent diet (Teckland LM-485; Western Research
Products, Orange, CA). All surgical procedures were performed under anesthesia with an
intramuscular injection of 100 μL of a mixture of 100 mg/kg ketamine and 10 mg/kg
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xylazine. For each procedure, 20 μL of 1 mg/kg buprenorphine was administered for pain
control. Euthanasia was achieved by 100% carbon dioxide inhalation, followed by cervical
dislocation. All animal studies were conducted in accordance with the principles and
procedures outlined in the National Institutes of Health (NIH) Guide for the Care and Use of
Animals under assurance number A3873-01.

Subcutaneous Tumor Implantation
A human patient CEA-expressing colon cancer was excised under standard sterile conditions
in the operating room by a surgical oncologist. After processing for histological evaluation
in the pathology lab, the tumor was placed in PBS and properly transferred per standard
protocols under an approved IRB with informed consent from the patient for generation of
xenograft models. Tumor fragments were implanted subcutaneously within 30 min of
harvesting over the right and left upper and lower flanks in female nu/nu mice between 4
and 6 weeks of age. Subcutaneous tumors were allowed to grow for 2–4 weeks until large
enough to supply adequate tumor for orthotopic implantation.

Labeling of CEA-Expressing Human Patient Colon Tumor
A small portion of human patient CEA-expressing tumor not implanted into nude mice, was
stored in OCT and later sectioned for fluorescence labeling with either the chimeric, mouse
or control IgG antibody. Eight-micrometer thick sections of the frozen sample were fixed
onto slides in preparation for staining. The slides were prepared and stained similar to the
tissue arrays described earlier.

Orthotopic Tumor Implantation
Orthotopic human colon cancer xenografts were established in nude mice by direct surgical
implantation of single 1 mm3 tumor fragments from the subcutaneous xenografted tumors
[13,15]. The cecum was delivered through a small 6 to 10-mm midline abdominal incision
and the tumor fragment was sutured to the mesenteric border of the cecal wall using 8-0
nylon surgical sutures. Upon completion, the cecum was returned to the abdomen and the
incision was closed in two layers using 6.0 Ethibond non-absorbable sutures (Ethicon Inc.,
Somerville, NJ).

Tumor Resection
A total of 43 mice were used in the experiments; 22 of them underwent fluorescence-guided
surgery (FGS) and the other 21 mice underwent bright light surgery (BS). Timing of surgical
resection was dependent on a specific tumor size criterion of 2–4 mm diameter after
implantation. The human patient colon tumor displayed variable growth rates resulting in a
variation in time points of tumor resection. Two to four weeks following orthotopic
implantation, tumor-bearing mice were randomly assigned to the bright light surgery (BS)
group or to the fluorescence-guided surgery (FGS) group. Use of a human patient colon
cancer provided a heterogeneous orthotopic mouse population more representative of
clinical CRC than the use of a cell line.

All mice received a tail vein injection of 75 μg of chimeric anti-CEA-Alexa 488 24 hours
prior to planned resection of the colon tumor. This was to allow for accurate assessment of
preoperative tumor burden for comparison among the surgical groups. Prior to resection of
the colon tumor, mice were anesthetized as described, and their abdomens were sterilized.
The cecum was delivered through a midline incision and the exposed colon tumor was
imaged preoperatively with an OV-100 Small Animal Imaging System (Olympus Corp,
Tokyo Japan), under both standard bright field and fluorescence illumination [16]. Resection
of the primary colon tumor was performed using an MVX-10 fluorescence-dissecting
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microscope (Olympus Corp) [17] under bright light illumination for the BS group and under
fluorescence illumination, through a GFP filter (excitation HQ 470/10m, emission
525/50m), for the FGS group. The cecal stump was then sutured closed in a running fashion
with 8-0 nylon surgical sutures [11]. Postoperatively, the surgical resection bed was imaged
with the OV-100 under both standard bright-field and fluorescence illumination to assess
completeness of surgical resection.

Post-surgical animal imaging
In order to assess for recurrence and to follow tumor progression postoperatively, the mice
were injected with an anti-CEA antibody conjugated to Alexa 647. Mice were first imaged
at two weeks and then at one month postoperatively, and monthly thereafter. Imaging took
place 24 and 48 hrs after tail vein injection of the chimeric antibody conjugate. Whole body
imaging of the mice was performed with the OV-100 containing an MT-20 light source
(Olympus Biosystems, Planegg Germany) and DP70 CCD camera (Olympus Corp.) [16].
The mice were followed for 6 months postoperatively or until premorbid, whichever
occurred first, at which point the mice were sacrificed 24 hours after intravenous injection of
the chimeric anti-CEA-647 antibody. Intravital and ex vivo images were taken to evaluate
the presence of local and/or distant recurrence. Premorbidity was determined by the degree
of ascites, cachexia and/or mobility on a scale of 0 to 4 (4 being the highest grade). When
ascites and cachexia and/or mobility reached a grade of 4, the mouse was sacrificed. All
images were analyzed with Image J v1.440 (National Institutes of Health, Bethesda, MD).

Tissue histology
For correlation of surgical findings with histology, tumor samples were removed with
surrounding normal tissues at the time of resection. Fresh tissue samples were fixed in Bouin
solution and regions of interest embedded in paraffin prior to sectioning and staining with
H&E for standard light microscopy. H&E-stained permanent sections were examined using
a BX41 microscope (Olympus Corp) equipped with a Micropublisher 3.3 RTV camera
(QImaging, Surrey, B.C., Canada). All images were acquired using QCapture software
(QImaging) without post-acquisition processing.

Data processing & statistical analysis
PASWStatistics 18.0 (SPSS, Inc.) was used for all statistical analyses. Tumor burden was
expressed as mean ± SEM. A Student’s t-test was used to compare continuous, normally-
distributed variables between two groups; a nonparameteric Wilcoxon rank sum test was
used to compare treatment groups with data that were not normally distributed. Comparisons
between categorical variables were analyzed using Fisher’s exact tests. A p-value of ≤0.05
was considered statistically significant for all comparisons.

Results
Conjugation Efficiency

The conjugation efficiency of the chimeric anti-CEA antibody was compared to the mouse
antibody. Conjugation consistently resulted in a dye to mole ratio of 3–4 when using the
monoclonal mouse antibody. Conjugating the chimeric form of the anti-CEA antibody to
Alexa 488 resulted in ratios >5.5 and >10 when conjugating to Alexa 647. Thus the chimeric
antibody resulted in improved conjugating efficiency.

Labeling Efficacy of Frozen Human Tissue Arrays with Chimeric vs Mouse Antibody
Prior to testing the chimeric antibody in our mouse models of CEA-expressing human colon
cancer, preliminary in vitro staining studies were carried out. Frozen human tumor and
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normal tissue arrays were stained with either the mouse or chimeric anti-CEA-Alexa 488
antibody (Figure 2a and 2b, respectively). Images were taken and the level of fluorescence
signal intensity was measured. Both antibodies demonstrated specific labeling to CEA-
expressing colon, lung and pancreas tumor tissue. Furthermore, normal liver and lung tissue,
and even less so, pancreas tissue, demonstrated minimal fluorescence labeling with both
antibody forms.

For more objective comparison, fluorescence signal intensity was calculated from the
fluorescence microscopy images taken of each positively stained sample. Tumor tissue from
colon, pancreas and lung stained with the chimeric antibody conjugate had significantly
greater overall mean fluorescence signal intensities compared to the respective samples
stained with the mouse antibody conjugate (95.2 ± 6.02 vs 71.0 ± 5.93; p=0.046), indicating
improved binding and thus greater sensitivity of the chimeric antibody in labeling CEA-
expressing tumors compared to the mouse antibody (Figure 3a).

An antibody conjugate’s ability to specifically identify tumor tissue from normal
surrounding tissue in which the tumor resides is the most important indication of the
accuracy of the antibody. Normal pancreas, colon and lung tissue of the frozen human tissue
array demonstrated low levels of fluorescence staining with both forms on the anti-CEA
antibody. The mean fluorescence signal intensity of normal tissue samples was calculated
for comparison. The chimeric form yielded consistently lower signals compared with the
mouse antibody (normal colon tissue: 4.3 vs 5.4, respectively; normal pancreas tissue: 1.5 vs
2.7, respectively; normal lung tissue: 12.1 vs 13.7, respectively) (Figure 3a). Despite having
a greater dye:mole ratio and thus better conjugating efficiency, the specificity of the
chimeric antibody resulted in a lower fluorescence signal in normal human tissue.

Labeling Efficacy of Human CEA-Expressing Colon Tumor
The next objective was to evaluate labeling efficacy of the chimeric antibody in a patient-
derived orthotopic xenograft (PDOX) mouse model of CEA-expressing colon cancer. Prior
to any in vivo labeling, we compared binding of the two different antibodies to the PDOX
frozen sections (Figure 3b). We also compared the anti-CEA-Alexa 488 antibodies to a
negative control, IgG-Alexa 488, antibody. The fluorescence signal intensity generated by
labeling the tumor tissue increased from 59.7 with the mouse antibody to 80.4 with the
chimeric antibody (p<0.001). As expected, there was very minimal labeling with the
negative control IgG antibody.

Subcutaneous models of the CEA-expressing human patient colon tumor were generated in
nude mice by implanting fragments of the freshly excised tumor just below the skin into
upper and lower bilateral flanks. Tumor was allowed to grow for 4 weeks prior to any
testing. Twenty-four hours prior to imaging, mice harboring subcutaneous tumors were
injected via tail vein with 75 μg of either the anti-CEA-Alexa 488 chimeric antibody or
mouse antibody. Initially, whole body imaging was performed and then skin flaps were
generated and images with the OV-100 were obtained (Figure 4). Fluorescence signal
intensities of fluorescently-labeled tumors were calculated from the skin flap images. The
average fluorescence signal intensity increased from 95 yielded by labeling with the mouse
antibody to 106 with the chimeric antibody (p=0.083). Lack of statistical significance was
most likely due to lack of statistical power with a low sample number.

Fluorescence-Guided Surgery with Chimeric Antibody
The final objective was to evaluate the efficiency of the chimeric antibody conjugate for
FGS in the PDOX model. The chimeric antibody conjugated to Alexa 488 demonstrated
accurate and specific labeling of the orthotopic tumor in the PDOX model. The sensitivity
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and specificity of the antibody permitted visualization of sub-millimeter, microscopic tumor
deposits along the wall of the cecum (Figure 5) that were not visualized in the bright field
images. A complete resection was evident by the absence of any fluorescence signal in
postoperative images. The improved visualization and real-time detection of tumor with
fluorescence labeling of the chimeric antibody permitted an increase in complete resection
rates compared to standard bright light surgery from 85.7% to 95.5% (Figure 6).

Discussion
Surgical resection of all cancerous tissue when possible and achieving an R0 resection is the
single most important factor that offers the best opportunity for cure and thus long-term
survival in patients. While true for most solid cancers, this is particularly important in
colorectal cancer. Campos, et al. [3] described the significant impact on survival of
achieving an R0 resection through a radical resection in patients with locally advanced
colorectal cancer. In addition, the standardization of complete mesocolic excision as a
surgical technique for patients with colon cancer in some institutions has subsequently
reduced local 5-year recurrence rates and improved survival [1,18,19]. Furthermore,
resection of liver and pulmonary metastases in selected cases with intent for cure has
significantly enhanced 5-year survival rates [4,6,20,21]. Being one of the most frequent
malignant tumors in the Western world, with a incidence of local invasion or adhesion to
surrounding organs in 5–20% of cases [3], or metastasis to the liver in up to 25% of patients
at time of diagnosis [22], and in which recurrence is still a significant issue after curative
intent, improved operative strategies are needed to enhance to a surgeon’s ability to achieve
an R0 resection.

In addition, peritoneal carcinomatosis from colorectal cancer is associated with a
significantly poor survival ranging from 5 to 7 months. Historically, there have been few
therapeutic or palliative options available to these patients [23–25]. Cytoreductive surgery
(CRS) combined with hyperthermic intraperitoneal chemotherapy (HIPEC) has been shown
in clinical trials to significantly improve median survival compared to systemic
chemotherapy alone or with palliative surgery [26,27]. The recently published Dutch trial
[28], in which 960 enrolled patients underwent CRS and HIPEC, demonstrated tolerable
morbidity with improved survival. The survival advantage of CRS with HIPEC over
systemic chemotherapy with palliative surgery can be attributed to significant debulking of
tumor. The improved survival advantage experienced by the enrolled patients parallels the
complete resection rates achieved in these trials. Fluorescence-guided surgery provides the
operating surgeon with real-time, objective means of identifying not only tumor margins but
also metastatic lesions and peritoneal deposits which enhance the surgeon’s ability to
completely resect all visible tumor.

Another potential impact of fluorescence-guided surgery lies in laparoscopic approach to
resect colorectal cancer. The surgeon must rely on preoperative imaging, colonoscope
findings and ink markings to locate the tumor intraoperatively. While colonoscopy is a
highly sensitive modality used for colorectal cancer screening, it has been reported in the
literature to have a miss rate as high as 24% [29–31]. In these studies evaluating the efficacy
of colonoscopy as a screening tool, it was the smaller (<1 cm) and right-sided adenomas that
were more likely to be missed, calling for further improvement of colonoscopic techniques
and technologies. Fluorescently labeling tumor can enhance detection and localization of
tumor on colonoscopy and during laparoscopic surgery where visual cues without tactile
sense are the only tools available to the gastroenterologist or surgeon.

In a previous study, we demonstrated improved surgical outcomes with fluorescence-guided
surgery in mouse models of human colon cancer in which a higher rate of complete
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resection was achieved that translated into longer overall survival [11]. Recurrence rates
were significantly decreased by FGS and mice in the FGS group experienced longer disease-
free survival. We also demonstrated significantly greater tumor reduction and debulking in
mouse models of peritoneal carcinomatosis of human colon cancer. However, the human
colon cancer lines used in this study were genetically engineered in vitro to express GFP
before implantation in mouse models. In a more recent study, we used fluorophore-
conjugated monoclonal mouse antibodies against CEA to fluorescently label CEA-
expressing pancreatic cancer for surgical resection in mouse models [32]. Again, we
demonstrated improved surgical outcomes with a more clinically-applicable method of
fluorescence-guided surgery, with the use of fluorophore-conjugated antibodies.

The aim of the present study was to develop a more clinically relevant antibody that
maintained its sensitivity and specificity to the target for future use in human patient trials of
FGS. As non-human proteins, monoclonal mouse antibodies tend to evoke an immune
reaction when administered to humans. Creating a “fusion” protein allows introduction of
segments of human constant domains while maintaining important properties from the
“parent” mouse protein, eliminating most of the potentially immunogenic portions of the
antibody without compromising its specificity for the intended target [33]. There are
currently several chimeric protein FDA-approved drugs available for clinical use, such as
Rituximab (Rituxan), Basiliximab (Simulect), and Infliximab (Remicade) with many more
currently being developed for cancer therapy [34–36].

The ability to visualize primary tumor as well as small satellite tumors near the surgical
margin that virtually go undetected under standard bright light surgery has had a significant
impact in surgical outcomes in mouse models [10,11,14,37–43]. We demonstrated in the
current study that failure to remove these small deposits in the BLS group resulted in
recurrence in a matter of months. Providing a more objective method of detecting tumor
intraoperatively for better delineation of tumor from normal surrounding tissue can permit a
more precise excision. Future experiments will determine whether the fluorescently labeling
the tumor will also reduce the operative time.

The patient colon tumor used was not genetically fluorescent and therefore postoperative
follow-up to assess for local and distant recurrence proved difficult. To address this,
monthly injections of the anti-CEA-Alexa 647 antibody were given intravenously and whole
body imaging was performed at 24 and 48 hour time points. Repeated injections however
resulted in saturation of the tumor antigen and with natural dissociation of the conjugate dye
from the antibody and therefore fluorescence labeling became less accurate for tumor
detection upon whole body imaging. However, this study demonstrated improved labeling of
CEA-expressing tumor tissue with the chimeric form of an anti-CEA-Alexa 488 antibody to
the mouse form previously used in animal studies. The current study further demonstrated
the utility of chimeric antibodies for future large animal studies and subsequent human trials
to evaluate the clinical efficacy of fluorescence-guided surgery. Although the standard
segmental colon-cancer resection in early disease may not need fluorescence labeling of the
tumor, resection of locally-advanced disease as well as local, regional and metastatic
recurrent disease should be greatly improved with the labeling techniques described in the
present study.

Conclusion
A chimeric fluorophore-conjugated CEA antibody demonstrated more effective labeling of
human CEA-expressing cancer in tissue arrays and in PDOX nude models of human patient
colon cancer. Fluorescently labeling tumor with the chimeric antibody permitted real-time
detection of tumor margins that resulted in better complete resection rates in PDOX models.
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The improved effectiveness of the chimeric fluorophore-conjugated anti-CEA antibody
should enable fluorescence-guided surgery of cancer in the clinic.
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Figure 1. Process of chimerization of anti-CEA antibody
This diagram represents the process of making a mouse-human chimeric anti-CEA antibody
(Aragen Biosciences, Inc.).
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Figure 2. Frozen tumor and normal tissue array stained with mouse or chimeric anti-CEA- 488
A) This frozen tumor and normal human tissue array were labeled with the mouse anti-
CEA-Alexa 488 antibody. Although there is some background labeling of normal liver and
lung tissue, the fluorescence signal intensity is much greater in the labeled colon, lung and
pancreas tumor tissues. N, normal; T, tumor B) In frozen tumor and normal human tissue
array stained with the chimeric anti-CEA-Alexa 488 antibody, there was minimal labeling in
the normal liver and lung tissue but significantly greater fluorescence signal intensity in
labeled colon, lung and pancreas tumor tissues. N, normal; T, tumor
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Figure 3. Fluorescence signal intensity of labeled frozen tumor and normal tissue by the mouse
and chimeric anti-CEA antibodies
A) Staining of CEA-expressing frozen tumor tissue samples with the chimeric antibody
conjugate gave a brighter fluorescence signal compared to staining with the mouse antibody
conjugate (p=0.046). Despite the higher dye:mole ratio obtained with the chimeric antibody
conjugate, a lower fluorescence signal intensity was consistently observed in the chimeric
antibody-stained normal human tissue samples compared to mouse antibody-stained tissue.
However, given the significantly brighter signal of chimeric antibody-labeled tumor, the
contrast between normal tissue and tumor tissue achieved with the chimeric antibody was
greater. N, normal. B) The human colon cancer tumor used to generate the PDOX nude-
mouse models was stained with either mouse or chimeric anti-CEA-Alexa 488 antibody and
compared to a negative control IgG-488 antibody. The chimeric antibody (b) demonstrated
improved binding to the CEA-expressing colon cancer and thus yielded a significantly
brighter fluorescence signal (p<0.001) compared to the sample labeled with the mouse
antibody conjugate (a). As expected, there was no binding with the IgG-488 antibody.
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Figure 4. In situ labeling of subcutaneous implanted CEA-expressing human colon tumors with
the anti-CEA chimeric antibody
Labeling with the chimeric anti-CEA antibody yielded a brighter fluorescence signal in the
subcutaneous mouse models of the CEA-expressing patient colon cancer, increasing the
fluorescence signal intensity from 95 with the mouse antibodies to 106 with the chimeric
antibodies.
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Figure 5. In situ labeling of CEA-expressing human colon cancer in orthotopic mouse models
with the chimeric anti-CEA antibody
The chimeric antibody bound to the colon tumor thereby fluorescently labeling the tumor.
As indicated by the white arrow, small microscopic, sub-millimeter tumor deposits were
easily visualized by labeling with the chimeric antibody.
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Figure 6. Pre- and postoperative images under fluorescence guided and bright-light surgery
Fluorescence-guided surgery (FGS) with the chimeric antibody improved real-time detection
of tumor margins thereby increasing complete resections in the FGS group compared to the
bright light surgery (BLS) group from 85.7% to 95.5%, respectively. Small tumor deposits
(indicated by white arrows) remained in a mouse from the BLS group. The absence of any
fluorescence signal in the mouse in the FGS group indicates a complete resection. The
corresponding preoperative bright field images are on the left to better illustrate the
difficulty of identifying tumor margins without fluorescence labeling. White arrows indicate
tumor lesions in the wall of the cecum.
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