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Abstract

Purpose NPC-1C is a chimeric immunoglobulin IgG1

developed from antigen tested in the Hollinshead tumor

vaccine trials that recognizes an immunogenic MUC5AC-

related tumor-associated antigen. In this article, we

describe the pre-clinical characterization of this antibody

that is currently being tested in human clinical trials.

Experimental design The specificity of NPC-1C for

pancreatic and colorectal cancer cell lines was tested by

flow cytometry assays and immunohistochemical staining.

Antibody-dependent cell cytotoxicity was measured using

a tumor cell line lysis assay. Anti-tumor efficacy and bio-

distribution were assessed in nude mice bearing human

pancreatic tumor xenografts.

Results Human tumor cell binding measured by flow

cytometry ranged from 52 to 94 % of cells stained posi-

tive with NPC-1C in three colorectal and one pancreatic

cell lines, while IHC demonstrated staining of 43 % of

colon cancers and 48 % of pancreatic cancer tissues, with

little or no cross-reactivity of NPC-1C with normal colon

or pancreas tissues. In vitro NPC-1C-mediated tumor cell

killing occurred in a median of 44.5 % of four colorectal

and three pancreatic tumor cell lines. In vivo anti-tumor

efficacy in a human pancreatic CFPAC-1 tumor xenograft

model was demonstrated with a twofold to threefold

reduction in tumor growth in the NPC-1C-treated mice

compared to saline and human IgG controls. Pharmaco-

dynamic studies indicate NPC-1C localizes in antigen-

positive tumors and has minimal uptake in normal mouse

tissues.

Conclusions NPC-1C, a chimeric monoclonal antibody that

reacts with a MUC5AC-related antigen expressed by pan-

creatic and colorectal tumor tissues, has promising preclinical

activity in pancreatic and colorectal adenocarcinoma.
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Introduction

Pancreatic cancer, the fourth leading cause of cancer-

related death in the US, and colorectal cancer, the second

leading cause of death across genders, are both in need of

new therapeutic options such as immunotherapy because

the current therapies for metastatic disease have modest

efficacy and significant toxicity [1]. Although cancer vac-

cines are under development for these malignancies, these

rely on induction of an effective immune response that may

be difficult to accomplish in the immunosuppressive

environment of advanced malignancy. Passive transfer of

monoclonal antibodies against tumor antigens offers an
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opportunity to target immune effectors directly against the

tumor.

Pancreatic and colon cancer tumor antigens that have

been the target of various immunotherapy strategies

include mesothelin (pancreatic) and CEA and MUC-1

(both) [2, 3]. Modest clinical efficacy of strategies to target

these antigens with immunotherapy suggests that there is a

need to identify a broader array of epitopes. An ideal target

would be one for which there is demonstrated immune

reactivity with clinical efficacy. In a phase I study, Hol-

linshead and colleagues immunized colorectal cancer

patients with semi-purified, membrane-bound, tumor-

associated antigens (TAA) derived from surgically resec-

ted, pooled allogeneic colon cancer specimens [4]. These

TAA were isolated from the cancer cell membranes by

repeated washings, followed by sonication to isolate

membrane-bound proteins, Sephadex G-200 chromatogra-

phy for further purification, and further refinement by

discontinuous gradient gel electrophoresis. Sera of vacci-

nated patients contained antibodies that could recognize

colon TAA, indicating that the TAA preparation is

immunogenic and that the pooled specimens contained

antibody targets [5]. In order to develop a therapeutic

antibody that could bind to colon cancer TAA, we immu-

nized mice with the Hollinshead TAA, generated hybrid-

omas from splenic B cells, screened the resulting

monoclonal antibodies for tumor cell binding by flow

cytometry, selected IgG-secreting clones, further charac-

terized the secreted antibodies by IHC and ELISA, and

then cloned the IgG genes in order to engineer a recom-

binant chimeric antibody called NPC-1C. The target of

NPC-1C has subsequently been found to be an aberrantly

glycosylated mucin, MUC5AC-related, which is preferen-

tially expressed in pancreatic and colorectal cancers [6].

Our goal was to assess the in vitro and in vivo activity of

NPC-1C in preclinical models in preparation for assessing

its safety and efficacy in clinical trials.

Methods

Cell lines

Human tumor cell lines AsPC-1 (Pancreatic), CFPAC-1

(Pancreatic), CFPAC-1 (Pancreatic), PANC-1 (Pancreatic),

SW620 (Colorectal), LS174T (Colorectal), Colo-205

(Colorectal), SW480 (Colorectal), SW1463 (Colorectal),

GEO (Colorectal), OVCAR-3 (Ovarian), MCF-7 (Breast),

and SK-MEL (Melanoma) were purchased from American

Type Culture Collection (ATCC, Manassas, VA). Cell

lines were grown in RPMI or DMEM with 10 % HI-FBS

and maintained as recommended by ATCC. Cell lines were

banked and used for no more than 3 months in continuous

culture with weekly sub-culturing, after which a new vial

of cells from the bank was thawed for use in experiments.

Generation of NPC-1C antibody

A colon cancer TAA vaccine preparation was used as the

immunogenic material to generate monoclonal antibodies

in mice. Preparation of the vaccine from pooled allogeneic

colon cancer tissues has been described previously [4, 5].

The TAA preparation (approximately 100 lg per mouse)

was admixed with Complete Freund’s adjuvant (CFA) and

injected subcutaneously in the flanks of normal female

BALB/c mice. This was followed by three booster injec-

tions (approximately 50 lg per mouse) in incomplete

Freund’s adjuvant (IFA), separated by 2–3 weeks. Three

weeks after the final immunization, mouse serum was

tested by ELISA for antibody responses against the

immunizing antigen. Mice with potent serum ELISA

responses (OD450 values [0.3 at serum dilution of

1:10,000 or more) were used to generate immortalized

hybridoma cells by fusing the mouse splenic B cells with

the SP2/0-Ag14 myeloma cell line. All hybridoma cultures

were maintained in RPMI containing 10 % HI-FBS, 2 mM

glutamine, and 19 penicillin–streptomycin solution. The

cell cultures were expanded and re-tested by ELISA, and

monoclonal hybridoma cell lines were generated by well-

known limiting dilution culture techniques. Single-cell

clones were selected after approximately 2–3 weeks based

on robust reactivity to the immunizing Hollinshead antigen

by ELISA and isotypes that included mouse immuno-

globulin (IgG). Those clones were expanded and cell banks

were prepared and stored under liquid nitrogen.

Hybridoma cell culture medium was tested for the

expression of mouse IgG that was reactive with the

immunizing TAA preparation by ELISA and also by test-

ing against colon cancer cell line extracts by ELISA (ex.

HT-29, COLO-205, LS174T). Colon cancer cell extracts

were made using cell cultures that were 70–90 % conflu-

ent. The adherent cells were scraped from a culture flask,

washed once with PBS, then 0.1 % Triton X-100 was

added and cells were gently lysed to make the extraction of

cell membrane-associated proteins. Cell extracts were

stored at -70 �C. Following the initial screening by ELISA

methods, specific cell clones were further screened by

testing the cultured cell medium containing mouse IgG by

flow cytometry using several live, non-permeabilized

human colorectal and pancreatic tumor lines, including

AsPC-1, CFPAC-1, and LS174T. By FACS, a number of

positive cell clones were selected by their ability to bind to

the cell surface of live cells expressing native tumor anti-

gens. These clones were then expanded in culture flasks so

that larger quantities of the mouse IgG expressed by the

cells could be purified using standard protocols involving
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protein-A resins. The purified mouse IgG preparations,

including mAb NPC-1, were subjected to further analyses.

NPC-1 antibody was isotyped by testing culture medium

collected from cells using isotyping strips (Amersham-

Pharmacia) and by an ELISA-based isotyping kit (BD-

Pharmingen). Results from both tests showed the mouse

NPC-1 to express an IgG1 heavy chain and a kappa light

chain.

The nucleotide sequence of the genes encoding NPC-1

heavy chain (HC) and light chain (LC) was determined.

RNA extracted from 1 9 107 hybridoma cells was prepared

(RNeasy kit, Qiagen), and cDNA was synthesized using

reverse transcriptase. The polymerase chain reaction (PCR)

was used to amplify the specific HC and LC variable regions

using primers specific for mouse IgG1/Kappa genes that

hybridized to CH1 and CL domains. The amplified DNA

fragments were then cloned into a TOPO vector and sub-

jected to dideoxynucleotide chain-terminating DNA

sequencing reactions. After determining the sequences of

the variable regions, new primers were designed and used to

perform 50 RACE and 30 RACE experiments in order to

generate the full-length sequences of the HC and LC of

murine NPC-1. These sequences were found to be unique by

BLAST database search. The DNA sequences encoding the

heavy chain and light chain proteins were determined twice

using RNA extractions made at different passage numbers of

the hybridoma cells. Both sequence determinations resulted

in the identical DNA sequences, indicating that the

sequences were reproducible and authentic.

For each HC and LC, molecular engineering was used to

fuse the mouse variable regions (including leader sequence,

CDR sequences, and framework sequences) in-frame with

human HC and LC IgG1 constant regions. The resulting

chimeric antibody was renamed NPC-1C. A mammalian

expression vector contains the murine dihydrofolate

reductase (dhfr) gene (pBF-dhfr vector purchased from

Biofactura, Rockville, MD) and utilizes the hCMV pro-

moter/enhancer region to efficiently transcribe the inserted

target IgG genes and the dhfr gene as a selectable marker

(pBF-dhfr). This vector provides a high level of antibody

production when expressed in dhfr gene-deleted Chinese

Hamster Ovary (CHO) cells. The NPC-1C gene constructs

were individually synthesized using codon sequences

optimized for CHO cells and containing the correct

restriction enzyme sites at the 50 and 30 ends for direct

cloning into the pBF-dhfr mammalian expression vector. A

bi-cistronic plasmid containing both HC and LC genes was

constructed such that approximately equivalent levels of

each gene product would be synthesized. The plasmids

were grown in LB-ampicillin (1 L) and purified by CsCl

ultracentrifugation (29) and transfected into CHO-DG44

cells (Invitrogen) using Lipofectamine 2000 (Invitrogen).

Stable NPC-1C expressing CHO cell lines were developed

by an amplification procedure by increasing the metho-

trexate concentrations up to 20 lM in the CHO cell culture

medium. Clones expressing high levels of functional anti-

body were selected and expanded.

Following several weeks of amplification using culture

medium containing methotrexate, assaying for IgG1 pro-

duction, and cloning the highest producing cell clones, the

4B7 clone was selected as the production cell clone. The

4B7 clone was adapted to serum-free growth conditions in

Opti-CHO (Invitrogen) and banked for manufacturing the

GMP-grade NPC-1C drug product.

Tumor binding assays

Flow cytometry was performed to assess tumor cell binding

by median fluorescence intensity compared to an isotype

control in human colorectal tumor cell lines (LS174T,

Colo-205, SW480) and pancreatic tumor cells (CFPAC-1).

A purified pooled human IgG isotype (Pierce) or a purified

human IgG1 isotype (Axxora, Farmingdale, NY, USA) was

included as a negative control. Tumor cells were harvested

by brief exposure to trypsin, or by scraping, washing twice

with cold PBS, then resuspension in cold PBS containing

0.1 % bovine serum albumin (BSA) at 3 9 106 cells/mL.

NPC-1C or isotype control antibodies were incubated with

0.1 mL of cells for 45 min on ice. Cells were washed once

with cold PBS and resuspended in 0.1 mL of PBS con-

taining 0.1 % BSA. A 1:100 dilution of FITC-labeled

rabbit anti-human IgG secondary (Pierce) was then incu-

bated with the cells for 45 min on ice in the dark. Cells

were washed twice with PBS and resuspended in 0.1 mL

and immediately analyzed using a flow cytometry instru-

ment (FACSort, Becton–Dickinson). Cells were exposed to

minimal light after the FITC-labeled reagent was incubated

with the cells. Data were analyzed using Cellquest soft-

ware. Both isotype controls reacted similarly when tested

against the human tumor cell lines by FACS with generally

less than 3 % binding to live cells. In human tissue staining

studies, biotin-labeled NPC-1C was tested along with a

human IgG1 isotype negative control (Axxora, Farming-

dale, NY, USA), by immunohistochemistry using Accumax

(Biocarta, San Diego, CA, USA) and CHTN (Cooperative

Human Tissue Network, Charlottesville, VA, USA) arrays.

Staining intensity was characterized on a scale of ?4

(highest intensity and widespread throughout the tissue

section) to 1? (lowest intensity and prevalence in tissue

section). Non-specific or lack of staining was characterized

as ‘‘weak’’ or ‘‘negative’’ staining.

ADCC assays

On the day prior to conducting an ADCC assay, PBMC

from healthy human donors were activated with 100 U/mL
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of human IL-2 mixed in RPMI/10 % HI-FBS overnight

(16–18 h). On the day of the ADCC assay, tumor target

cells were radiolabeled with 111-Indium (aqueous) for

30 min and then washed 3 times with PBS. The activated

PBMC were mixed with 20 lg/mL NPC-1C and

111-Indium-labeled target cells at various ratios of effector

to target cells (50:1, 25:1, and 12.5:1) in 96-well U-bottom

microtiter plates. Plates were centrifuged at 200 rpm for

2 min to initiate cell contact. Control wells were included

that had isotype antibodies, no antibodies (spontaneous

release), and wells on a separate plate that contained

radiolabeled target cells mixed with 0.1 % Triton X-100 to

lyse all cells (maximum release). After incubation at 37 �C

for 4-h, the supernatant was collected and counted for

radioactive Indium release into the culture medium.

Cytotoxicity was calculated according to the equation: %

Specific lysis = [(experimental cpm release-spontaneous

cpm release)/(maximum cpm release-spontaneous cpm

release)] 9 100.

Animal anti-tumor efficacy studies

All studies involving animals were handled in accordance

with the NIH Policy on Human Care and Use of Laboratory

Animals and protocols were approved by the local IAC-

UCs. In an anti-tumor efficacy model, nude/nude mice on

BALB/c background (Charles River Laboratories, Durham

NC) were implanted subcutaneously in the hind flank with

a suspension of 3 9 106 cells of the human pancreatic

cancer cell line AsPC-1 or the human colorectal cancer cell

line LS174T (8–9 mice per group). Following harvest from

flasks, the cells were washed and resuspended in cold PBS

at 3 9 107/mL, kept on ice during transfer to the vivarium,

and injected through a 15-gauge needle (0.1 mL per

injection). Tumor masses were allowed to grow to

approximately 20–50 mm3, which occurred by 4–6 days.

The treatment phase included intraperitoneal injection of

200 lg (10 mg/kg) of research-grade NPC-1C or a nega-

tive control human IgG (purchased from Pierce, Rockford

IL), followed on the next day with an intraperitoneal

injection of IL-2-activated normal human PBMCs prepared

as described above (approximately 2 9 107 per mouse per

injection). Initial experiments showed polyclonal human

IgG to be equivalent to the specific human IgG1 isotype,

and because the former was available in more ample sup-

ply, polyclonal IgG was chosen for use as the control

reagent. Either two cycles, with antibody injections on days

5 and 8 (data shown in Supplemental Figure 1), or four

cycles, with antibody injections on days 4, 7, 10 and 13

(data shown in Fig. 2), of treatment were administered in

separate studies. Throughout the studies, the tumor growth

was monitored twice weekly by measurement with a cali-

per. Tumor volume was calculated using the equation:

Volume = (width2 9 length)/2. If a tumor reached

approximately 800 mm3, the mouse was killed according

to institutional IACUC guidelines, and otherwise, the study

was terminated at day 34 (data shown in Supplemental

Figure 1) or day 39 (data shown in Fig. 2). The colorectal

tumor line LS174T grows aggressively in nude mice and

this anti-tumor study was terminated on day 18 due to

many tumors in excess of 1,000 mm3, as per institutional

guidelines. Statistical analysis was performed using

ANOVA at various timepoints. P values of B0.05 were

considered statistically significant and are indicated with an

asterisk in Figs. 2 and 3.

Biodistribution studies

The biodistribution of the NPC-1C antibody was evaluated

in tumor-bearing mice using radiolabeled NPC-1C (by

Comparative Biosciences, Sunnyvale, CA). The pre-clini-

cal toxicology lot of NPC-1C was labeled on surface-

exposed tyrosines with 125-Iodine, using the chloramine-T

reaction method, to 0.2 mCi/mg, purified via gel filtration

chromatography, tested by ELISA for antigen binding, and

was shown to bind target antigen to acceptable levels.

Nude/nude mice (BALB/c background) were injected

subcutaneously in the hind flank with either human pan-

creatic tumors (4 9 106 cells per injection of CFPAC-1) or

colorectal tumors (2 9 106 cells per injection of LS174T)

to establish tumors. When tumors grew to approximately

50–150 mm3 volume (8 days for the CFPAC-1 tumors;

12 days for LS174T tumors), the mice were injected

intravenously via tail vein with the radioiodinated NPC-1C

(20 lCi/mouse in 0.1 mL volume). Mice were killed on

study day 1 (24 h), study day 2, study day 4, and study day

6. There were 5 males and 5 females for each time point

and for each tumor model. On necropsy days, mice were

exsanguinated and major organs (lungs, intestine, liver,

pancreas, spleen, kidneys, blood) including the subcuta-

neous tumor were collected. All tissues were weighed and

counted for radioactivity. The raw data and individual

tissue uptakes in % of injected 125I dose per gram of tissue

(ID/g) and in ratio of tissue-count to blood-count (T:B

ratio, cpm/g of tissue: cpm/g of blood) were calculated.

Data were plotted for each tissue as the tissue localization

index (relative to blood) as a function of time of necropsy.

Where statistical analysis was judged to be useful in

interpreting the results, the following methods were

employed; P values of B0.05 were considered statistically

significant. For data from the multiple ([2) dosing groups,

Bartlett’s test for equal variances was used to determine

homogeneity. Where variance was homogeneous, one-way

analysis of variance (ANOVA) was used, followed by the

Dunnett’s multiple comparisons post hoc test if the

ANOVA was significant. For non-homogeneous variance,
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the Kruskal–Wallis (nonparametric) test was used, fol-

lowed by Dunn’s multiple comparisons post hoc test if the

Kruskal–Wallis was significant.

Results

NPC-1C binds to human colon and pancreatic cancer

cells

The ability of NPC-1C to bind to colorectal and pancreatic

cancer cell lines was assessed by flow cytometry. The NPC-

1C antibody was shown to bind to 50–90 % of cells within

the panel of human colorectal and pancreatic tumor cell lines

tested (Table 1). Importantly, the chimeric antibody retains

the tumor cell binding activity and specificity that was

observed with the murine antibody (Supplemental Table 1),

indicating that neither the (1) chimerization process nor (2)

recombinant expression of the NPC-1C antibody from CHO

cells disrupted its antigen specificity. To confirm the flow

cytometric studies and demonstrate localization of the NPC-

1C within tumors, immunohistochemical staining of normal

and malignant human tissues was performed. As demon-

strated in Supplemental Table 2, 43 % of colorectal cancer

specimens (21 of 48 total) and 48 % of the pancreatic cancer

specimens (52 of 108 total) stained positively with NPC-1C.

In most positive tissues, the staining pattern was observed to

include the cytoplasm, the membrane, and the secretory

product elaborated into the lumen by tumor cells. Repre-

sentative micrographs are shown in Fig. 1 to illustrate the

staining patterns observed in colorectal and pancreatic

tumor tissues, as well as the lack of cross-reactivity to nor-

mal colon and pancreas tissues. Although an exhaustive

analysis of other tumor types was not performed here, we did

note that 24 % of uterine cancers also stained for NPC-1C.

Only 1 of 4 normal colon and 0 of 3 normal pancreas

specimens stained for NPC-1C. Microarray data corrobo-

rating these immunohistochemical findings are shown in

Supplemental Table 3. In addition, 34 normal human tissue

samples from various organs were tested for cross-reactivity

with NPC-1C, with 2/3 colon, 3/3 small intestine, and 1/3

esophageal mucosa positive by IHC. Additionally, at higher

concentrations of 50 lg/mL, 1/3 salivary mucosa was

positive for cross-reactivity (data not shown).

We also confirmed that the NPC-1C binds to MUC5AC-

related as evidenced by mass spectrometry, sandwich

ELISA, and competitive ELISA. Mass spectrometry was

used for NPC-1C antigen identification in several NPC-1C

affinity-purified antigen preparations from different human

colorectal and pancreatic tumor cell lines (LS-174T,

CFPAC-1, and HT-29). The results of six mass spectrom-

etry experiments demonstrated repeatedly the presence of

MUC5AC-derived peptides in the NPC-1 immunopurified

preparations (data not shown). As shown in Supplemental

Table 4A,4B, sandwich ELISA in which either NPC-1C as

capture antibody, anti-MUC5AC as detection antibody or

anti-MUC5AC as capture antibody, NPC-1C as detection

antibody, and NPC-1C specific antigen can be detected in

both formats and in a dose-dependent manner. Perlecan 1

and 2 represent control extracellular matrix proteins. Sup-

plemental Figure 3 demonstrates specificity of NPC-1C

binding to pancreatic AsPC-1 cell line compared to ovarian

TOV-21G cancer cells by flow cytometry. Furthermore,

NPC-1C binds to 57–64 % MUC5AC expressed on

CFPAC-1 cells, but does not react to the MUC5AC on

A549 cells (lung adenocarcinoma epithelial cell line) in

flow cytometry, in which double staining of commercial

anti-MUC5AC antibodies (MAB2-11, 45M1) and NPC-1C

antibody was performed (Supplemental Figure 4). Com-

petitive ELISA was performed to confirm specificity of

NPC-1C binding to pancreatic MUC5AC (CFPAC-1) and

colorectal MUC5AC (LS174T) compared to A549 (lung

adenocarcinoma) and confirms the tumor specificity of the

NPC-1C antigen to colorectal and pancreatic adenocarci-

noma in contrast to the commercially available antibodies

against MUC5AC. In competitive assay, the plate was

coated with affinity-purified NPC-1 antigen from CFPAC-1

cells. Cell extract from CFPAC-1, LS174T, or A549

(1 mg/mL serially diluted) was added to the diluted NPC-

1C antibody (0.5 lg/mL). The antigens presented in

CFPAC-1 cells and LS174T cells compete with NPC-1C

affinity-purified antigen to bind to NPC-1C significantly,

not the antigen from A549 cells (Supplemental Figure 5).

NPC-1C induces ADCC

Since the chimerized NPC-1C antibody contained human

IgG1 constant regions, it was expected to mediate anti-

body-dependent cellular cytotoxicity (ADCC) activity

against several antigen-positive colorectal and pancreatic

tumor cell targets in vitro [7]. As demonstrated in Sup-

plemental Table 5, NPC-1C induced ADCC of the

Table 1 Quantification of chimeric NPC-1C binding to various

tumor cell lines by flow cytometry, values representing percentage of

cells stained with median fluorescent intensity value in parentheses

Tumor cell line % Cells stained (mfi)

Isotype control NPC-1C

LS174T colorectal 3.85 (35) 89.72 (103)

Colo-205 colorectal 2.33 (34) 94.67 (175)

SW480 colorectal 3.38 (56) 58.98 (118)

CFPAC-1 pancreatic 1.79 (25) 52.56 (59)

Three colorectal and one pancreatic tumor cell line were assessed for

binding by NPC-1C and an IgG1 isotype control by flow cytometry.

Experiment performed once
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colorectal and pancreatic cancer cells lines but not mela-

noma or prostate cancer cell lines. These in vitro results

demonstrate that the NPC-1C antibody is capable of

binding to the specific MUC5AC-related target antigen and

directing antibody-dependent cell cytotoxic activity in the

presence of normal human PBMCs.

In vivo anti-tumor efficacy studies

The NPC-1C antibody was tested for anti-tumor efficacy

using the human AsPC-1 pancreas tumor xenograft model

in nude mice. As shown in Supplemental Figure 1, tumor

growth inhibition was observed during the antibody treat-

ment phase of the study, and the difference between the

NPC-1C-treated mice and the control groups was statisti-

cally significant beginning on day 13 and continuing for the

remainder of the study with P = 0.0072 by one-way

ANOVA (n = 9 per group).

This anti-tumor efficacy study was repeated in a separate

study using the same AsPC-1 pancreas tumor model and the

200 lg (10 mg/kg) dose of NPC-1C antibody. However, in

the second study, four cycles of treatment were administered

instead of two cycles. All other parameters were kept the

same as the previous study. The data are shown in Fig. 2

which demonstrates very similar growth inhibition in

response to treatment with NPC-1C. Tumor inhibition was

evident during the treatment phase of the study, and the

difference between the NPC-1C-treated mice and the human

IgG control mice was statistically significant beginning on

day 18 and continuing for the remainder of the study with

P = 0.0044 by one-way ANOVA (n = 8 per group).

Since it was observed that the LS174T colorectal tumor

cell line was a target in vitro in the ADCC assay, this tumor

model was used as a second xenograft model. The LS174T

cells were implanted subcutaneously in nude mice and the

same treatment regimen was administered to these mice. In

this aggressively growing tumor model, we observed a

twofold to threefold reduction in tumor growth in NPC-1C-

treated mice compared to the two control groups of mice

following the treatment cycles (Fig. 3). The anti-tumor

effect upon treatment with NPC-1C was significant on the

last day of measuring tumors with p = 0.0145 by one-way

ANOVA. However, many of the tumors in the control

groups were greater than 1,000 mm3 requiring the study to

be terminated.

Biodistribution

To evaluate in vivo biodistribution of the antibody, radio-

labeled NPC-1C was injected into nude mice bearing

established subcutaneous human pancreatic tumors

(CFPAC-1) or colorectal tumors (LS174T). The data in

Fig. 4 show that radiolabeled NPC-1C localized predomi-

nantly in the established tumor xenografts, and importantly,

Fig. 1 Immunohistochemical

staining of colon and pancreatic

tissue with NPC-1C (top).

Normal human pancreas and

colon tissues were shown not to

stain with NPC-1C in the same

study (bottom)
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not in other non-target tissues examined. In the pancreatic

CPFAC-1 tumor model (Supplemental Figure 2), NPC-1C

uptake was statistically higher in tumors than in any other

tissue type at all timepoints, except when compared to those

in blood in females only on day 6. Interestingly, mice har-

boring the colorectal LS174T tumor (Fig. 4) demonstrated

NPC-1C uptake that increased in both sexes reaching the

highest levels on day 6. The uptake was statistically higher in

tumors than in any other tissue type examined at any time-

point during the study. Overall, CFPAC-1 has decreased

uptake compared to LS174T as would be expected given

lower NPC-1C staining at baseline in the former. These

studies indicate that NPC-1C localizes to the tumor site

following IV administration. Representative micrographs

indicative of immunohistochemical grading (0–4?) of

NPC-1C positivity in colon tissue used in pre-clinical

studies are shown in Supplemental Figure 6.

Discussion

Monoclonal antibodies play an integral role in the treat-

ment of cancer, but for pancreas and colon cancer either

there are no available agents (pancreas) or the available

agents have modest activity (colorectal). Cetuximab and

panitumumab are anti-epidermal growth factor receptor

(EGFR) monoclonal antibodies that have single agent

activity in kras wild-type colorectal cancer. However,

responses are limited to those patients with wild-type kras

and are of limited clinical benefit (1–2 months) [8, 9].

Bevacizumab is a monoclonal antibody that binds vascular

endothelial growth factor (VEGF) and has a demonstrable

4-month overall survival advantage when used with com-

bination chemotherapy. Unfortunately, bevacizumab has

limited single agent activity and is associated with serious

adverse events such as bowel perforation, hypertension,

and thromboembolic phenomena [10]. Thus, development

of novel targeted therapies for colorectal and pancreatic

cancer is needed.

We developed an antibody-based strategy for the treat-

ment of colon cancer that would induce ADCC specifically

against antigen-positive tumor cells without toxicity to

normal tissues. To generate such an antibody, we utilized a

colon cancer vaccine containing human colon tumor tissue-

derived antigens (the Hollinshead colon cancer vaccine) to

generate antibodies in mice. These antigens were shown

previously to illicit an immune response in humans with

development of delayed-type hypersensitivity (DTH)

reactions with increased endogenous vaccine-reactive

antibody production. From mice vaccinated with these

antigens, we developed hybridomas from which we

Fig. 2 A comparison of model subcutaneous pancreatic (AsPC-1)

tumor volume in mice over time with saline control, human IgG

control, and 4 doses of NPC-1C (n = 8 per group). Tumor volume

was assessed every 3–4 days in each mouse cohort, with reduction in

tumor volume in the NPC-1C-treated cohort relative to the control

groups. Mice received antibodies or saline on days 4, 7, 10, 13

followed by normal human PBMC on days 5, 8, 11, 14. All injections

were intraperitoneal. Eight mice in each cohort, each data point

represents the mean tumor volume for all mice in a cohort at a given

time point. Asterisk indicates point at which p \ 0.05 by ANOVA

between groups. Experiment performed once. IgG, immunoglobulin

G; PBMC, peripheral blood mononuclear cells. The human IgG

control was selected for use in the in vivo mouse studies because of

the ease to procure and prepare this reagent for injection. The

immunoreactivity as a negative control of the purified human IgG

control (Pierce) against human AsPC-1 cells was shown in flow

cytometry experiments to be similar to that of purified human IgG1-

specific isotype (Axxora)

Fig. 3 A comparison of model subcutaneous colorectal (LS174T)

tumor volume in mice over time with saline control, human IgG

control, and 4 doses of NPC-1C (n = 9 per group). Tumor volume

was assessed every 3–4 days in each mouse cohort, with reduction in

tumor volume in the NPC-1C-treated cohort relative to the control

groups. Mice received antibodies or saline on days 4, 7, 10, 13

followed by normal human PBMC on days 5, 8, 11, 14. All injections

were intraperitoneal. Nine mice in each cohort, each data point

represents the mean of tumor volume for all mice in a cohort at a

given time point. Asterisk indicates point at which p \ 0.05 by

ANOVA between groups. Experiment performed once. IgG immu-

noglobulin G, PBMC peripheral blood mononuclear cells
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eventually selected the candidate antibody NPC-1. Our

preclinical data demonstrated that the engineered chimeric

(mouse/human IgG1) NPC-1C could bind to colon cancer

cell lines and tissues. In addition, we also observed that

NPC-1C cross-reacted with many pancreatic cancer tissues,

with little or no immunoreactivity to normal colon and

pancreas tissues. NPC-1C was also shown to induce ADCC

in vitro and slowed the progression of aggressive human

tumor xenografts in vivo. There are several important

aspects of the preclinical studies reported herein. We

determined that NPC-1C was expressed in tumor tissue but

minimally expressed in normal tissues. This should permit

selectivity in human clinical trials, limiting off-target-

related toxicity.

We have recently determined that the target antigen for

NPC-1C is a glycoprotein variant of human MUC5AC. The

MUC5AC gene has been reported to be expressed mainly

in the surface epithelium of normal gastric mucosa (fove-

olar cells) and normal airway epithelium (bronchial sub-

mucosal cells). This is in contrast to MUC1, which is

expressed on the apical epithelium of breast, respiratory,

digestive and genitourinary organs, and MUC2 which is

expressed in goblet cells of the colon and small intestine

[11]. Considered an oncofetal protein, MUC5AC is also

expressed in the fetal and pre-cancerous colonic mucosa,

but to a lesser extent in normal adult colon [12]. The gene

was also shown to be overexpressed in epithelial mucosal

cells in inflammatory conditions such as chronic obstruc-

tive pulmonary disease and H. pylori infections of the GI

tract [13, 14]. These conditions lead to excessive mucus

secretion by respiratory and gastrointestinal epithelial

mucosa associated with abundantly glycosylated MUC5AC

glycoprotein. Overexpression of MUC5AC has also been

shown to be associated with pancreatic and colorectal

cancer [15, 16]. However, it is believed that unlike in

normal tissues and the inflammatory conditions noted

above where native MUC5AC is expressed or overex-

pressed, in pancreas and colon tumors, MUC5AC was

reported to be expressed in an aberrantly glycosylated

form. Thus, it appears that NPC-1C antibody can dis-

criminate between the native MUC5AC and the aberrantly

glycosylated variant MUC5AC. Studies are underway to

identify the chemical nature of the epitope for NPC-1C and

to reveal the difference in glycosylation pattern of native

MUC5AC and the variant MUC5AC to which NPC-1C

binds.

The feasibility of therapeutically targeting a mucin is

supported by the fact that several other mucins are cur-

rently being investigated as targets for monoclonal anti-

body directed therapy. MUC1 (CA 15-3) is a poor

prognostic marker identified initially in breast cancer but is

also a marker for aggressive prostate, lung, and thyroid

cancer [17, 18]. DMC209 is a monoclonal antibody against

MUC1 that is being evaluated for use in clinical trials.

MUC16 (CA-125) is an important marker in ovarian can-

cer, and multiple monoclonal antibodies and immunocon-

jugates are being evaluated for use in the treatment of this

disease expressing CA125 [19]. Given the specificity of

binding of NPC-1C to malignant colonic and pancreatic

epithelium, a clinical trial is underway to study the dosing

and efficacy of this antibody. Furthermore, with the success

of radioimmunoconjugates such as [Y-90] ibritumomab

and [I-131] tositumomab in relapsed/refractory follicular

lymphoma and drug-antibody conjugates such as T-DM1 in

refractory HER2? breast cancer, therapeutic conjugation

strategies with this antibody are being explored [20, 21].

In summary, we developed a novel antibody by immu-

nizing mice with a colon cancer vaccine that was used

Fig. 4 Comparative

localization of NPC-1C into

various tissues in mice,

including model subcutaneous

colorectal cancer (LS174T)

indexed to blood at 1.000.

Localization of the antibody to

tumor increased with time,

highest at day 6. Ten mice (5

male, 5 female) in each group

were assessed over 6 days

period. Experiment performed

once. Sm small, Lrg large, Intest
intestine
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previously in human clinical trials and shown to be safe

and elicit anti-tumor activity in patients treated with the

vaccine. The murine antibody (NPC-1) was chimerized to

be a human IgG1 isotype (NPC-1C) by genetic engineering

and expressed by a recombinant CHO cell line. The puri-

fied NPC-1C showed anti-tumor activity against both colon

and pancreatic cancer cell lines in vitro and in xenografted

tumors in vivo. The specificity of NPC-1C was demon-

strated by flow cytometry and immunohistochemistry,

which revealed NPC-1C to bind predominantly to tumor

tissues with little or no cross-reactivity to normal colon and

pancreas tissues. In vivo biodistribution studies in tumor-

bearing mice showed localization and time-dependent

accumulation of the antibody at the site of the established

tumors. Based on these results, a Phase 1/2a clinical trial is

ongoing in patients with advanced pancreatic and colo-

rectal adenocarcinoma.
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