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Abstract

Background: Tumor-associated glycoprotein (TAG)-72 is a pancarcinoma antigen that is
overexpressed in greater than 80% of colorectal adenocarcinomas. CC49 is a TAG-72-specific
antibody. The aim of the present study was to demonstrate selective imaging of colon tumors and
metastases with humanized TAG-72 antibody (anti-huCC49) conjugated to a near-infrared
fluorophore in orthotopic mouse models.

Methods: Anti-huCC49 was conjugated to near-infrared dye IR800CW. Mouse imaging was
performed with the Pearl Trilogy Small Animal and FLARE Imaging Systems. Subcutaneous
mouse models of colon cancer cell line LS174T were used to determine the dose of administration
and timing of imaging. Orthotopic mouse models of LS174T were established by surgical
orthotopic implantation of LS174T tumors onto the serosa of the cecum. Peritoneal carcinomatosis
models were established by injection of LS174T cells into the peritoneum of nude mice. Mice
were administered anti-huCC49-1R800 via tail vein injection. Mice were euthanized 72 hours later
and imaged after laparotomy.
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Results: Subcutaneous LS174T xenografts demonstrated optimal tumor detection 72 hours after
administration with 50 pg of anti-huCC49-1R800CW. Tumors were visualized with fluorescence
imaging with a mean tumor to liver ratio of 7.39 (SD 2.76). In the orthotopic model, metastases
smaller than 1 mm were fluorescently visualized that were invisible with bright light.

Conclusion: Anti-huCC49-1R800CW provides sensitive and specific imaging of colon cancer
and metastases at sub-millimeter resolution in metastatic nude mice models. This provides a
promising near-infrared probe for the imaging of colon cancer and metastases for pre-operative
diagnosis and fluorescence-guided surgery.

Keywords

Humanized Anti-TAG-72; Fluorescence Imaging; Near-Infrared Imaging; Colon Cancer;
Metastases

INTRODUCTION

Colorectal cancer is the third most common cancer diagnosed and the third leading cause of
cancer related death in men and women in the United States.! While surgery remains the
mainstay treatment for most patients with colorectal cancers, those who develop local
recurrence after surgical resection have a very poor prognosis.2 The most common causes of
recurrence are positive margin status and previously undetected metastases at the time of
surgery. Therefore, it is imperative to identify methods to decrease the rate of positive
margins after surgical resection and detect micro-metastases.?

Antibody-mediated fluorescence-guided surgery (FGS) can improve detection of tumor
margins and detect sub-millimeter metastases. The use of antibodies targeted to tumor-
specific surface antigens allows for specific fluorescence intraoperative tumor and
metastases imaging. Prior studies have identified antibodies that are effective at specific
detection of colon cancer in mouse models. An early study detected tumors in a patient
derived orthotopic (PDOX) mouse model with an anti-carcinoembryonic antigen (CEA)
conjugated to a dye emitting near-infrared wavelengths.3 Another studied utilized a
claudin-1 antibody conjugated to an 800 nm fluorescent dye and was able to detect colon
cancer as well as regional metastases in orthotopic mouse models.# Another study used a
humanized monoclonal antibody specific for CEA conjugated to a 700 nm fluorophore for
detection of orthotopic mouse models of colon cancer and demonstrated adequate intravital
imaging of tumors.5> Although the prior studies have validated the use of tumor specific
antibodies conjugated to near-infrared fluorophores for visualization of colon tumors and
metastases, the use of FGS for colorectal cancer remains an undeveloped field in the clinical
setting. Identification of further surface antigens that can be utilized for fluorescence
imaging can assist in the future advancement of FGS for colorectal cancers.

Tumor-associated glycoprotein (TAG)-72 is a pancarcinoma antigen that has been shown to
have overexpression in greater than 80% of colorectal adenocarcinomas.® Normal colon does
not generally express TAG-72, which makes this an ideal antigen to target for cancer-
specific imaging.” CC49 is a monoclonal antibody that specifically binds to TAG-72.8
HuCC49 is a humanized version of this antibody, which has been shown to target colon
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cancer cell lines and human colon cancer xenografts in mouse models with good affinity.8 A
variant of HUCC49 has been extensively studied in radiolabeling of colon cancer cell lines in
mouse models8? as well as human clinical trials and has been shown to be effective at
radiometrically localizing colon adenocarcinoma with no reported adverse effects,10.11.12

Since huCC49 has been effective at specific labeling of colorectal cancer and has a
demonstrated safety profile in clinical trials, it is an ideal candidate for near-infrared
fluorescence detection of tumors. A prior study assessed the efficacy of huCC49 conjugated
with near infrared dye cyanine?7, which demonstrated specific tumor labeling in murine
models of human cell-line colon adenocarcinoma.l® The aim of the present study is to
validate huCC49 conjugated to the near infrared fluorophore IRDye800 for imaging of
colorectal tumors in mouse models.

MATERIALS AND METHODS

Animals

All studies were approved by the San Diego Veterans Administration Medical Center
Institutional Animal Care and Use Committee (IACUC, animal use protocol A17-020).
Nude (nu/nu) mice purchased from Jackson Lab (Bar Harbor, ME) were used for this study.
The animals were fed an autoclaved laboratory diet. All surgical procedures were performed
with anesthesia by intra-peritoneal injection of ketamine and xylazine reconstituted in
phosphate-buffered saline (PBS). Mice were treated with subcutaneous buprenorphine for
pain control after surgical procedures. At the conclusion of the study, mice were euthanized
with CO», inhalation, which was confirmed with cervical dislocation.

Antibody Conjugation

An Amicon 3 mL stirred cell (Millipore, Burlington, MA) was assembled using a 30 kDa
Ultracel Ultrafiltration disc (Millipore, Burlington, MA), placed on a stir table and attached
to a flow through collection reservoir connected to a vacuum pump. One mL of plasma
grade water (Fisher Scientific, Waltham, MA) was added to the stirred cell. Fifteen mL of
plasma water was added to the supply reservoir and attached to the stirred cell inlet. With the
impeller stirring, the plasma water was allowed to flow through the chamber using a light
vacuum to maintain a consistent chamber fluid level. Once the supply reservoir and chamber
were empty, 5 mg of the humanized anti-TAG-72 CC49 monoclonal antibody was added to
the chamber. The suspension was dialyzed with 10 diavolumes of conjugation buffer (20
mM sodium phosphate at pH 8.5). The IRDye-800CW-NHS (LI-COR Biosciences, Lincoln,
NE) was dissolved in conjugation buffer to a concentration of 10 mg/mL and added at a 10:1
molar ratio. The stirred cell was protected from light and the dye/antibody reaction stirred
for one hour at room temperature. Post conjugation dialysis was performed by flowing 10
diavolumes of post conjugation buffer (1X PBS at pH 7.2). The dialyzed mAb-dye conjugate
(ImL) was removed and filtered through a sterile low protein binding 0.2 pum syringe filter
(Pall Corporation, Port Washington, NY) into a sterile 2 mL amber glass vial (Fisher
Scientific, Waltham, MA). Protein concentration and degree of labeling was determined
using spectrophotometry at 280 nm and 780 nm as per dye manufacturer’s protocol.
Antibody-dye conjugate purity was assessed by HPLC size exclusion chromatography
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(Superdex200) (GE Healthcare Life Sciences, Chicago, IL) monitored at 280 nm and 774
nm.

Western Blotting

Tumor lysates were created using normal colon and colon cancer cell line LS174T (ATCC,
Manassas, VA) xenografts. Human normal colon was obtained under standard sterile
conditions in the operating room at UCSD Thornton hospital under UCSD IRB protocol
140046 with informed patient consent. Western blotting procedures were carried out at room
temperature. Protein samples were isolated and transferred to Trans Blot turbo Mini-size
nitrocellulose membranes (Bio-Rad, Cat. 1704270) using the Bio-Rad Trans-Blot Turbo
Transfer System. The membrane was then incubated with antibody conjugated with
IRDye800CW at 4°C overnight. The membrane was scanned with a LI-COR Odyssey
Infrared Imaging System model 9120 (LI-COR, Lincoln, NE) and detection and
quantification of band intensities was conducted using Image Studio Lite Version 5.2
software (LI-COR, Lincoln, NE). Bands were normalized to total protein by dividing the
intensity of the band by the intensity of the total protein from the same sample on the same
blot. p-actin was utilized as a standard.

Establishment of Orthotopic Colon Cancer Mouse Models

The human colon cancer cell line LS174T was utilized for establishment of subcutaneous
and orthotopic tumors. Mice were anesthetized and the skin was sterilized with a 70%
ethanol solution. LS174T cells (1x10%) reconstituted in Matrigel Matrix (Corning Life
Sciences, Corning, NY) were injected into the bilateral flanks of nude mice. Tumors grew
until they reached a volume of 50 mm3. Tumors were resected and sectioned into 1 mm
fragments. Subcutaneous models for imaging were established by surgical implantation of 1
mm LS174T tumor fragment into the bilateral flank of nude mice (n=3). A small incision
was made on the back of the mice and tumor fragment was directly implanted in the bilateral
flank. The skin was closed with 6-0 nylon suture (Ethicon Inc., Sommerville. NJ). Tumors
were allowed to grow until 5 mm in diameter. Orthotopic models of LS174T were then
established with nude mice (n=7). After intraperitoneal anesthesia, the abdomen was
sterilized with the 70% ethanol solution. A midline abdominal incision was made and the
cecum was carefully exposed. A 1 mm tumor fragment was implanted onto the serosa of the
cecum using 8-0 nylon suture (Ethicon Inc., Somerville, NJ). The cecum was then carefully
returned to the peritoneal cavity and the abdominal wall was closed with 6-0 nylon suture
(Ethicon Inc., Sommerville, NJ). Orthotopic implants grew until the tumor was palpable and
approximately 5 mm in diameter.14 Peritoneal metastases models were created by direct
injection of LS174T cells (1x105) reconstituted in PBS into the peritoneum of nude mice
(n=3). Tumors were allowed to grow for 4 weeks, when intra-peritoneal tumors became
palpable.

Animal Imaging

Subcutaneous LS174T mouse models were utilized for dose and time-response imaging.
Mice were administered 25 pg, 50 g or 72 pg of anti-huCC49-IR800CW via tail vein
injection. Each mouse was imaged 24, 48 and 72 hours after administration to determine the
tumor-to-background ratio (TBR). Orthotopic models were then imaged 72 hours after tail
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vein administration of anti-huCC49-IR800CW on the Pearl Trilogy Small Animal Imaging
System (LI-COR, Lincoln, NE) and the FLARE Imaging System (Curadel, Natick, MA).
Mice were euthanized and laparotomy was performed for imaging of intra-abdominal
organs. Unconjugated IR800 dye was administered to one mouse with bilateral subcutaneous
LS174T flank tumors as a non-specific control.

Statistical Analysis

RESULTS

Imaging analysis was performed using Image Studio Software Small Animal Imaging
Analysis (LI-COR, Lincoln, NE). Statistical analysis was performed using SPSS version 24.
Maximum fluorescence signal was determined for tumor and liver for each mouse. TBR was
determined for various time points to determine optimal timing of imaging. Tumor to liver
ratio (TLR) was calculated using the maximum tumor and maximum liver signal in each
orthotopic mouse. Maximum tumor signal was compared to maximum liver signal using the
student’s t-test with 2-tailed significance and equal variances assumed. Significance cut-off
was pre-determined at p value < 0.001.

Western Blot

Western blotting was performed for normal colon and colon cancer cell line LS174T which
demonstrated expression of TAG-72 protein (Figure 1). Normal colon did not have
expression of TAG-72 protein.

Imaging of Subcutaneous Tumors

Three subcutaneous mouse models were used for dose and time response imaging. The mice
were given either 25, 50 or 75 pg of antibody-fluorophore conjugate. Non-invasive imaging
was performed on the mice 24 hours, 48 hours and 72 hours after tail vein administration of
anti-huCC49-1R800CW. The mouse that received 25 pg had minimal tumor signal at all time
points. After administration of 75 pg of anti-huCC49-1R800CW, tumor signal was high at all
time points. At 72 hours, intra-vital imaging demonstrated minimal liver signal. Further
imaging was obtained 72 hours after administration of 50 pg of anti-huCC49-1R800CW.
Tumor to background ratios (TBR) at 24, 48 and 72 hours were 2.83, 4.84 and 5.60,
respectively. Therefore, optimal timepoint for imaging after administration of 50 pg of APC
was 72 hours, which can be seen in Figure 2. Imaging of a control mouse with bilateral flank
subcutaneous LS174T tumors after administration of unconjugated IR800 dye demonstrated
non-specific fluorescence of the mouse without sequestration in the tumors.

Imaging of Orthotopic Tumors and Metastases

Intravital imaging was performed 72 hours after tail vein administration of anti-huCC49-
IRBOOCW. After mice were euthanized, laparotomy was performed and imaging confirmed
distinct tumor margins with minimal background signal. Analysis of all tumors images at 72
hours yielded a mean TLR of 7.39 (SD + 2.76). Mean tumor signal at 72 hours was
significantly higher than mean liver signal at this time point with mean values 1.249 and
0.175, respectively (p < 0.001, Cl = 0.59, 1.56). Multiple orthotopic models developed small
regional metastases that were detected with fluorescence imaging (Figure 3). The smallest
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metastases were less than 1 mm in diameter and invisible under bright light. Inspection of
intra-abdominal organs demonstrated no gross toxicity.

Peritoneal Metastases Imaging

Four weeks after tumor growth, mice were euthanized and laparotomy was performed. Mice
were imaged on the LI-COR Pearl Trilogy and the Curadel FLARE Imaging System for
comparison. While the Pearl Trilogy is a closed-space imaging system, the FLARE provides
dynamic fluorescence imaging, which improves detection of small metastases that are
otherwise invisible. FLARE imaging system enables fluorescence channel overlay on bright-
light images for easy distinction of tumor margins during FGS. Any area that demonstrated
fluorescence signal was carefully inspected after imaging to confirm the presence of tumor.
The distinction between tumor and surrounding tissue was readily visualized on merged
overlay imaging (Figure 4).

DISCUSSION

The present study validates the use of humanized TAG-72 monoclonal antibody conjugated
with IR800 dye for sensitive and specific fluorescence imaging of colorectal cancer and
metastases at sub-millimeter in orthotopic mouse models. Dose and time response imaging
demonstrated high tumor-to-background ratio 72 hours after administration of 50 ug of
antibody-fluorophore conjugate. Orthotopic mouse models confirmed distinct tumor margins
with absent background signal and minimal liver signal, with a mean tumor to liver ratio of
7.39 at 72 hours after fluorescence antibody injection. Small regional metastases were
readily visualized with fluorescence imaging and peritoneal metastases were also imaged in
orthotopic mouse models. These small tumors were otherwise invisible prior to imaging.

Although occurring infrequently, positive margins after resection of primary colon cancer
can lead to poor outcomes. Previous studies have noted that radial margin positivity,
“defined as primary disease involvement at the cut edge of the mesentery or nonserosalized
portions of the colon,” is significantly associated with increased rate of recurrence, increased
mortality and worse overall survival.1> Improved detection of radial margin positivity will
lead to improved outcomes. The sensitivity of anti-huCC49-IR800CW to visualize tumor
nodules less than 1 mm in size makes this a promising probe for intraoperative imaging to
detect positive radial margins after resection.

With the introduction of minimally invasive surgical techniques, many operations for
colorectal cancer are now performed laparoscopically or robotically.1® While minimally
invasive approaches offer many advantages, one disadvantage is the loss of tactile function
of the surgeon as well as decreased visibility of the operative field. This becomes a challenge
in procedures that require adequate margins for a complete oncologic resection. Achieving
negative margins becomes even more challenging in cases of rectal cancer given the small
operative field created by the pelvis. Prior studies have demonstrated a circumferential
resection margin rate of 17.2%, which leads to worsened long-term outcomes.1”

Improved resection and subsequent decreases in the rate of recurrence can significantly
improve outcomes. Prior mouse studies have also demonstrated effectiveness of huCC49
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antibody conjugated to cyanine7 probe in subcutaneous mouse xenografts of colon cancer
cell line tumors.13 In the present study, we utilize IRDye800, which can be imaged on
current robotic and laparoscopic platforms commonly used in the operating room, which
makes the use of this probe easily translatable to current surgical techniques, in contrast to
Cyanine7 which is not readily visualized on currently minimally invasive platforms. In
addition, the present study utilized orthotopic mouse models, which provides greater clinical
translatability.

In the present study, we demonstrate that anti-huCC49-IR800CW specifically labels
colorectal tumor and provides distinct visualization of tumor margins. Sensitive detection
was achieved with fluorescent visualization of tumor nodules less than 1 mm in diameter.
Future mouse studies will provide insight to further applications for the anti-huCC49-
IRBOOCW probe in various presentations of colorectal cancer, including regional and hepatic
metastases. In addition, future studies involving fluorescence-guided surgery in mouse
models after administration of anti-huCC49-1R800CW can demonstrate effectiveness at
reducing recurrence and rate of positive margins after resection of colorectal tumors.

CONCLUSIONS

Humanized anti-huCC49-1R800CW provides sensitive and specific imaging of orthotopic
colon cancer and metastases in orthotopic nude mice models. This provides a promising
near-infrared probe for the imaging of colon cancer and metastases for pre-operative
diagnosis and fluorescence-guided surgery.
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Figure 1:
Western blot for TAG-72 expression. LS174T demonstrated expression of TAG-72 protein

while normal colon did not. p-actin was used as a standard.
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Figure 2:
Subcutaneous LS174T tumor time response imaging. Imaging on the Pearl Trilogy Small

Animal Imaging System was performed after administration of 50 pg of anti-huCC49-
IRB00CW. (a) 24 hours (TBR 2.83) (b) 48 hours (TBR 4.84) (c) 72 hours (TBR 5.60).
Highest fluorescence signal was seen when imaging was performed after 72 hours.
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Figure 3:
Intravital imaging of orthotopic LS174T model with multiple local metastases on the Pearl

Trilogy Small Animal Imaging System with fluorescent TAG-72 antibody. (a) Near-infrared
800 nm color imaging. (b) Near-infrared 800 nm grey scale imaging.
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Figure 4:
Intravital imaging of peritoneal carcinomatosis models on the FLARE Imaging System with

fluorescent TAG-72 antibody. (a) Bright-light imaging of peritoneal metastases. (b)
Fluorescence imaging of peritoneal metastases. (¢) Merged image with 800 nm channel
overlay on bright-light image.
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