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Pancreatic cancer lated previously from a llama immune library, and an Fc conjugated version of this sdAb,
Gemcitabine to determine how they affect the pancreatic cancer cell line BxPC3. We also compared the
Angiogenesis effects of the antibodies to gemcitabine. Gemcitabine and 2A3 slowed down cancer cell pro-
MMP-9 liferation. However, only 2A3 retarded cancer cell invasion, angiogenesis within the cancer
BxPC3 mass and BxPC3 cell MMP-9 activity, three features important for tumour growth and metas-
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tasis. The 1Csos for 2A3, 2A3-Fc and gemcitabine were determined as 6.5 uM, 8 uM and
12 nM, respectively. While the 2A3 antibody inhibited MMP-9 activity by 33% compared
to non-treated control cells, gemcitabine failed to inhibit MMP-9 activity. Moreover, 2A3
and 2A3-Fc inhibited invasion of BxPC3 by 73% compared to non-treated cells. When condi-
tioned media that were produced using 2A3- or 2A3-Fc-treated BxPC3 cells were used in a
capillary formation assay, the capillary length was reduced by 21% and 49%, respectively.
Therefore 2A3 is an ideal candidate for treating tumours that over-express CEACAMS6.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Pancreatic cancer is the fourth leading cause of can-
cer death and its five-year survival rate is less than
5%." The majority of pancreatic malignancies are pan-
creatic ductal adenocarcinomas (PDA).” Most pancre-
atic cancer patients present themselves with a locally
advanced or metastatic disease that cannot be treated
by employing curative resection due to highly aggressive
local and regional invasion along with early metastasis.
Gemcitabine and erlotinib are the only agents that are
approved for treating pancreatic cancer. However, both
drugs induce a poor response in patients and their use
can result in patients developing multiple drug resis-
tance.”” Therefore, discovering new strategies for treat-
ing this disease is critically important.

Carcinoembryonic antigen-related cell adhesion mol-
ecule 6 (CEACAMO6) is a member of the carcinoembry-
onic antigen (CEA) family of
glycosylphosphatidylinositol anchored proteins. It is a
tumour-associated antigen over-expressed in many
malignant cells, such as pancreatic, lung and colon can-
cer cells. CEACAMG6 over-expression in pancreatic can-
cer cells can be as high as 20- to 25-fold of the normal
pancreatic cells.*” Elevated CEACAMG6 expression is
associated with pancreatic cancer cell adhesion, migra-
tion, invasion, metastasis, angiogenesis and drug resis-
tance.”’ Targeting CEACAMG6 to inhibit these
processes is logical since CEACAMG6 over-expression
is associated with many essential tumour cells func-
tions.*'” CEACAM6-specific RNA interference (RNAi)
decreases cancer cell proliferation, metastasis and angi-
ogenesis in pancreatic cancer.'' Monoclonal antibodies
that target CEACAMG6 block cell migration, adhesion
to endothelial cells and colonic cancer invasion.'”

In cancer, increasing extracellular proteolysis pro-
motes cancer growth, tissue invasion and metastasis.'”
A characteristic of PDA is the increase Matrix metallo-
proteinases (MMPs) activity, particularly MMP-2 and
MMP-9."* The MMP-2 and MMP-9 activity is corre-
lated with the degradation of extacellular basement
membrane, metastasis, invasion and growth in pancre-
atic cancer.'*'” It was also reported that reducing the
secretion and activity of MMP-2 and MMP-9 inhibited
cell invasion ability in pancreatic cancer cells.'®

Previously, we isolated and cloned an single domain
antibody (sdAb) (2A3), from an immune llama library.'’

This sdAb binds to CEACAMS6 on the cell surface. For
eventual in vivo studies, we created a heavy chain anti-
body (HCAD) by fusing this sdAb to an fragment crys-
tallisable (Fc) fragment (Fig. 1A). The HCAD version is
preferred due to its long half life in the circulation, and
its ability in inducing antibody dependent cellular cyto-
toxicity and complement dependent cytotoxicity. In this
study, we report on using the 2A3 antibody to inhibit
BxPC3 tumour cell proliferation and invasion, and
BxPC3 tumour cell-induced angiogenesis. We also com-
pare the effects of the 2A3 antibody with gemcitabine,
which is the drug that is used for standard pancreatic
cancer treatment.

2. Material and methods
2.1. Protein expression and purification

The His tagged 2A3 sdAb was purified by employing
metal affinity chromatography as described.'® The 2A3
HCAD was cloned into a mammalian expression vector
pTTS and the protein was expressed and purified as
described.'”?" Briefly, 293-6E cells were grown in 293-
SFM (Invitrogen, Burlington, ON) and then transfected
with the pTT5 constructs using PEI as a transfection
agent. The cell culture medium was harvested after 5d
and 2A3-Fc¢ was purified by using a Protein G column
(GE Healthcare, Piscataway, NJ).

2.2. Cell culture

BxPC3 human PDA cells and Pancl cells were
obtained from ATCC (Manassas, VA). The BxPC3 cells
were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) 1640 and Pancl cells were cultured in
DMEM, both were supplemented with 10% complement
inactivated foetal bovine serum (FBS). Human umbili-
cal vein endothelial cells (HUVECSs) were obtained from
Invitrogen and were cultured in Medium 200 (Invitro-
gen) supplemented with 15% FBS and 2% low serum
growth supplement (Invitrogen). All of the cell culture
media contained 100 units/ml penicillin and 100 pg/ml
streptomycin. The cells were grown in a humidified incu-
bator with a 5% CO, supplemented atmosphere at
37 °C.
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Fig. 1. Expression and evaluation of 2A3 and 2A3-Fc. (A) Primary structure (top panel) and schematic drawing (bottom panel) of the single
domain antibody (sdAb) 2A3 and the heavy chain antibody (HCAb). sdAbs are the variable regions of camelid (e.g. llama) heavy chain antibodies.
They can be cloned and expressed either alone (in bacterial systems), or they can be cloned and expressed in a mammalian system in fusion with an
Fc fragment of an antibody (e.g. mouse Fc fragment). The sdAb 2A3 was subcloned into a mammalian expression vector pTTS with the mouse
Fc2b fragment as indicated. (B) The recombinant HCADb is approximately half the size of a conventional immunoglobulin G (IgG). The sdAb 2A3
and HCAD 2A3-Fc were expressed and purified to >95% purity (by SDS-PAGE) as described in methods.

2.3. Proliferation assay

Proliferation assays were performed using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (Sigma, Oakeville, ON). Cells at 5000 cells/well
were plated in 96-well plates (Falcon, Becton Dickinson,
NJ) and the antibodies were added to the wells 24 h
later. The cells were assayed for viability after 72 h.
Briefly, 20 il of MTT reagent was added to each well
to give a final concentration of 300 ug/ml. Four hours
later, the adherent cells were lysed by using 100 pl
dimethyl sulphoxide per well. The absorbance of the for-
mazan product was measured at 570 nm.

2.4. Gelatin zymography, MMP-2 and MMP-9 activity
assays

Gelatin zymography is used to detect the activity of
gelatinases, namely, matrix metalloproteinases MMP-2
and MMP-9.”' Briefly, conditioned media were
obtained from BxPC3 cell cultures that had been trea-
ted with 2A3 or gemcitabine. The media were applied
to a 10% sodium dodecyl sulphate—polyacrylamide gel
electrophoresis (SDS-PAGE) that was supplemented
with 1.5 mg/ml gelatin. SDS was removed from the
gel by washing four times with 2.5% Triton X-100
for 30 min at room temperature while gently shaking.”’
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The gel was then incubated in development buffer
which comprised 50 mM Tris—-HCI, 0.2 M NaCl,
5mM CaCl,, 5puM ZnCl,, 0.02% Brij-35 and 0.05%
NaNj at pH 7.4, overnight at 37 °C and was stained
with Coomassie blue. Clean bands that were produced
by MMP-2 and MMP-9 activity were visible against
the blue background after de-staining. The relative
activities of the gelatinases were determined by using
a densitometer (AlphaView, FluorChem SP, Alpha
Innotech Corporation, San Leandro, CA, United
States America (USA)).

2.5. Matrigel invasion assay

The assay was carried out by using bio-coated Matri-
gel invasion chambers (BD Biosciences, Bedford, MA).
Each chamber consisted of an 8 pum pore size PET mem-
brane which had a thin layer of Matrigel basement.
BxPC3 cells were detached with cell dissociation buffer
(Invitrogen) and then they were centrifuged at 300g
for 5 min. The cells were re-suspended in RPMI medium

and seeded on the tops of insert wells at 1 x 10° cells/
well density and cultured at 37 °C in a humidified CO,
chamber. After 20h, the non-invasive cells were
scrubbed from the top of the insert well using a cot-
ton-swap. The invasive cells that were on the bottom
surface were stained with Calcein AM (Invitrogen) and
were photographed with an Olympus BX51 microscope.
All of the experiments were performed in triplicate.

2.6. Angiogenesis test

Approximately 200 pl of Geltrex reduced growth fac-
tor basement membrane matrix (Invitrogen) was plated
onto a 9 mm diameter cell culture insert well which had
a 0.45 ul pore size (Millipore, Billerica, MA). The matrix
was then polymerised at 37 °C for 30 min. Conditioned
media from BXPC3 cells treated with 2A3 antibody for
24h were used to re-suspend HUVECs at 1 x 10°
cells/ml. HUVEC cells were then seeded onto the poly-
merised matrix at 5 x 10* cells per well. The cells were
cultured at 37 °C for 16 h and then stained with Calcein

(A)
Control: VTI1-Fc CEACAM 6: 2A3Fc
(B) BxPC-3 HUVECs
A A
f ™ I d ]
cell medium cell medium

CEACAM6 —> '

Fig. 2. Expression level of carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6) by BxPC3 and human umbilical vein
endothelial cells (HUVECs) and in their conditioned media. (A) We used 2A3-Fc antibody conjugated with Alexa Fluor 594 for
immunocytochemistry to visualise CEACAMG6 expression on BxPC3 cell surface (red, right). An isotype control VT11-Fc was used as a negative
control (left). 4',6-diamidino-2-phenylindole (DAPI) was used as nuclear stain (Blue). (B) While BxPC3 cells showed very high levels of CEACAMG6
expression, we were not able to detect CEACAMBG6 in the culture medium. We could not detect expression of CEACAM6 on HUVEC cells by
Western blotting. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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AM (Invitrogen) for 30 min. Photographs were taken by
employing fluorescence microscopy (Olympus BX51).
Three fields were randomly chosen and the lengths of
the capillaries in each field were measured.

3. Results
3.1. Antibody cloning, expression and purification

The sdAb 2A3 was expressed by using an Escherichia
coli (E. coli) expression system. The protein was purified
by immobilised metal affinity chromatography. More
than 25 mg of >95% pure proteins were obtained per
litre of culture.

The HCADb 2A3-Fc was cloned into pTTS5 expression
vector and later transfected into 293-6E cells (Fig. 1).
The expressed protein was then purified from the culture
medium using a Protein G column. More than 30 mg of
>95% pure protein were obtained per litre of culture
(Fig. 2, left).

3.2. CEACAM-6 expression in BxPC3 and HUVECs
cells

We examined CEACAMG6 expression in BXPC3 cells
and HUVEGC:s and in conditioned culture media. BxPC3

cells had very high expression levels that were detected
by Western blotting of cell lysates, fluorescence-acti-
vated cell sorting (FACS) analysis, and immuno-histo-
chemical staining (Fig. 2). We could not detect
CEACAMG6 expression in HUVECs, neither could we
detect any CEACAMG6 in the culture media of either
type cells (Fig. 2B). Moreover, CEACAMSG6 expression
was absent from the control tumour cell line Pancl.
The absence of CEACAMSG6 in the conditioned media
made the following evaluation more straightforward
because soluble CEACAMG6 antigen in the medium
might neutralise and block the antibody from targeting
the antigen on the cell surface.

3.3. Inhibition of BxPC3 cell proliferation and MM P-9
activity by anti-CEACAMG6 antibodies

Inhibition of cell proliferation of BxPC3 by 2A3 and
2A3-Fc was tested by MTT assay. verotoxinl sdAb Fc
fusion (VTI1-Fc), an isotype control HCADb that does
not bind to CEACAMS6 was used as a negative control.
The 2A3 antibody at 50 pg/ml inhibited approximately
27% of cell proliferation in contrast to starvation med-
ium control (Fig. 3A). The inhibition effect of 2A3-Fc
was also tested at a concentration of 360 pg/ml. This
concentration was chosen because it has the same molar
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Fig. 3. Inhibition of BXxPC3 cell proliferation and MMP-9 and MMP-2 activities by single domain antibodies (sdAbs). (A) Anti-carcinoembryonic
antigen-related cell adhesion molecule 6 (CEACAMG6) antibodies were tested in MTT assays for their effect on BXPC3 cells proliferation. About
50 pg/ml of sdAb or 360 pg/ml of heavy chain antibody (HCAD) were used to treat the tumour cells. VTI1-Fc, an isotype control HCAD that does
not bind to CEACAMG6 was used as a negative control. The cells were allowed to grow for 72 h, after which the MTT assays were performed. (B)
MMP-9 and MMP-2 activities were examined by gelatin zymography. The 2A3 and 2A3-Fc antibodies showed significant reduction in MMP-9
activity in the media from BxPC3 cells. The zymography assays were performed on medium aliquots taken from BxPC3 cultures at the time the

proliferation assays were started.
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concentration of 50 ug/ml of 2A3. 2A3-Fc had obvi-
ously better inhibition effect, inhibiting 55% of BxPC3
cell proliferation. On the other hand, 2A3 antibody
treatment had no effect on the proliferation of Pancl
control cells. The 2A3/2A3Fc¢ antibodies were used to
test their influence on MMP-2 and MMP-9 activity.
Results indicate that both 2A3 and 2A3-Fc were able
to reduce MMP-9 level, but not MMP-2 activity
(Fig. 3B).

3.4. Anti-CEACAMG6 sdAb decreased proliferation and
MMP-9 activity in BxPC3 cells in a dosage-dependent
manner

We further determined whether the inhibition of
BxPC3 cell proliferation and MMP-2 or MMP-9 activ-
ity is dose dependent. The effect of gemcitabine was also
tested. The 2A3 and 2A3-Fc antibodies and gemcitabine
decreased BxPC3 cell proliferation to less than 10% at
dosages of 25 uM and 50 nM, respectively. The half
maximal inhibitory concentration (ICses) for 2A3,
2A3-Fc and gemcitabine were determined as 6.5 uM,
8 uM and 12 nM, respectively (Fig. 4A).

Anti-CEACAMS6 antibodies down-regulated MMP-9
activity, but not MMP-2 activity in the BxPC3 cells
(Fig. 4B). The culture medium MMP-9 activity of 2A3
treated BxPC3 was down-regulated by 33% compared
to non-treated cells (Fig. 4B). Gemcitabine decreased
BxPC3 cell proliferation more effectively than did the
sdAb. However, this effect was only a result of cell tox-
icity. We did not detect an effect on MMP-9 activity. On
the contrary, a slightly increased MMP-9 activity was
detected for the BxPC3 cells that were treated with
gemcitabine.

3.5. Anti-CEACAMG6 sdAb inhibited BxPC3 invasion

BxPC3 cells that were cultured in starvation medium
(RPMI 1640 with 0.1% FBS) were able to degrade the
matrigel and migrate through the basement membrane.
The invasiveness was reduced for BXxPC3 cells that were
treated with anti-CEACAMS6 antibody 2A3, compared
to the control (non-treated) cells (Fig. 5, top). The inva-
siveness of the cells that were treated with 40 uM of 2A3
or 2A3-Fc decreased to 27.4% (27.4+8.4% and
27.4 +4.8%, respectively) (Fig. 5, bottom). Thus,
BxPC3 cell invasiveness can be modulated by targeting
CEACAMBG6 using 2A3 antibody.

3.6. Anti-CEACAMG6 sdAb decreased BxPC3 induced
HUVECs angiogenesis

The in vitro capillary formation assay was used to test
the ability of media of sdAb-treated BxPC3 cells to inhi-
bit HUVECs angiogenesis. For the anti-angiogenesis
assay, tumour-induced angiogenesis was suppressed sig-
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Fig. 4. In vitro proliferation and gelatinase activity assays. (A)
Percentage of proliferating BxPC3 cells after being treated with
various amounts of 2A3 or 2A3-Fc and gemcitabine for a 72 h. Cell
proliferation in starvation medium is used as control. Data were
collected from five repeated experiments and normalised. The ICsgs for
2A3, 2A3-Fc and gemcitabine were calculated as 6.5 pM, 8 uM and
12 nM, respectively. (B) Top panel, MMP-2 and MMP-9 activities
were examined by gelatin zymography. 2A3/2A3Fc, but not gemcit-
abine, inhibited MMP-9 activity. MMP-2 activity was not affected by
the treatment. Bottom panel, The scale of MMP-9 activity reduction
caused by 2A3/2A3-Fc treatment.

nificantly when 2A3- and 2A3-Fc-treated BxPC3 culture
medium inhibited endothelial cell capillary-like structure
formation (Fig. 6). After 24 h, media from BxPC3 cells
that were treated with 2A3 or 2A3-Fc significantly
inhibited HUVECs from forming capillary-like struc-
tures (Fig. 6A, top). The 2A3 inhibited 21% of endothe-
lial cell angiogenesis. In addition, 49% of angiogenesis
was inhibited by 2A3-Fc. In contrast, the inhibitory
effects on angiogenesis were not observed when culture
medium from gemcitabine-treated BxPC3 cells was used
(Fig. 6, bottom). Therefore sdAb 2A3 and the corre-
sponding HCAb (2A3-Fc) likely can promote anti-
angiogenic effects which are mediated by BxXPC3 tumour
cells.
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Fig. 5. Inhibition of BXPC3 invasion by single domain antibodies (sdAbs). Top panel, BxPC3 invasion activity was inhibited by 2A3/2A3-Fc-
treatment. Cells from three random selected fields were counted and normalised against a starvation medium control. The invasive cells on the
bottom surface were stained with Calcein AM and photos were taken at 100 x magnification. Bottom panel, scale of the reduction of BxPC3 cells by

2A3 and 2A3-Fc. The invasive cells on the bottom surface were stained with Calcein AM and counted by fluorescence microscopy. All experiments
were performed in triplicate. ** P < 0.01.
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Fig. 6. Inhibition of angiogenesis by 2A3 and 2A3-Fc. Top panel, conditioned media from BxPC3 cells that were treated with 2A3 or 2A3-Fc
inhibited tubule formation by human umbilical vein endothelial cells (HUVECS) during a tubule formation assay. Bottom panel, capillary-like tube
formation (angiogenesis) was inhibited by 2A3 or 2A3-Fc. Single domain antibody (sdAb) 2A3 inhibited tubule formation by 21% and 2A3-Fc
inhibited tubule formation by 49%. Three fields that were randomly chosen were captured and the length of the capillary in each field was
measured. ** P <0.01 in 2A3 and " P <0.001 in 2A3-Fc.
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4. Discussion

The majority of cancers deaths are due to metastatic
cancer cells and outgrowths of tumours at distant sites.
Cancer cell invasion into peripheral tissues allows the
cells to enter the circulation. They then anchor onto sec-
ondary tissues and organs: this step is essential for
tumour metastasis. Inhibiting invasion is a key step for
decreasing cancer cell metastasis. CEACAMG6 over-
expression in pancreatic cancer tissues promotes pancre-
atic cancer cell invasion, metastasis and angiogenesis.*
6.8.22.23 Recently, CEACAMG6 has become a target for
pancreatic cancer therapy.'”'>?**> The sdAb 2A3 and
its HCAD version 2A3-Fc can block the CEACAMG6
antigen, and decrease its invasiveness. An important
advantage of antibody therapy compared to chemother-
apeutic agents is that antibodies are more specific for
tumours that over-express tumour antigens. Therefore
this might result in reduced general cell toxicity and can-
cer cell chemo-resistance.

Proteolytic degradation of extracellular matrix
(ECM) is critical for cancer cell migration and for cancer
cells to enter the circulation. MMP-2 and MMP-9 are
expressed highly in human pancreatic cancer tissues.”
MMP-2/MMP-9 mediated extra-cellular matrix degra-
dation leads to cancer cell invasion and metastasis. Its
association with cancer progression has also been an
important principle of cancer research.'> MMP-9 is
associated with ECM turnover and cell migration
through the ECM. It is a key enzyme that regulates can-
cer cell invasion and metastasis.”’** MMP inhibitors
have been used in combination with gemcitabine to treat
pancreatic cancer patients.”® In animal models, gemcita-
bine and MMP inhibitor combinational therapy can be
used to reduce cancer implantation and improve sur-
vival compared with using gemcitabine or the inhibitor
alone. However, the results of clinical trails which
involved using MMP inhibitors to treat patients were
not significant.””’** The poor clinical data may be attrib-
utable to the lack of MMP species specificity of the
inhibitors that were used. In this study, the 2A3 anti-
body inhibited MMP-9 activity in culture medium that
was derived from BxPC3 cells but it had no effect on
MMP-2 activity. Although gemcitabine profoundly
affects cell survival, it does not affect MMP-2 and
MMP-9 activity in BXxPC3 cells. The effect of gemcita-
bine on MMP-2 and MMP-9 was similar to that which
was noted in previous reports, where MMP-9 expression
did not change in pancreatic tumour tissues of gemcita-
bine-treated mice.”' There is no significant difference in
serum MMP-2 activity between gemcitabine-treated
and control mice.”® In this study, in addition to inhibit-
ing cell proliferation, MMP-9 activity in the culture
medium was down-regulated by 2A3 and 2A3-Fc. A
5 uM dosage of sdAb 2A3 reduced MMP-9 activity by
~25%. On the other hand, 2A3 reduced BxPC3 invasive-

ness by ~73%. Except for its cell toxicity effect, gemcit-
abine did not affect MMP activity or invasion. It even
increased MMP-2/MMP-9 activity slightly (~10%) at
high dosages.

Angiogenesis is another critical step in the progres-
sion of pancreatic cancer. Relatively complex and dense
micro-vessels are localised in pancreatic cancer tissue.
Highly vascular tumours are associated with an
increased risk of hepatic metastasis and a poor survival
rate.”> We tested the ability of conditioned media from
BxPC3 cells to inhibit capillary-like structures from
being formed by endothelial cells (angiogenesis)
in vitro. From our data for a matrix tubule formation
assay we found that conditioned media from 2A3- and
2A3-Fc-treated BxPC3 cells decreased the total tube
length significantly (the tubing formation activity was
reduced by ~21%). In contrast, gemcitabine was not
found to have such effect, which is consistent with report
from others.™ Based on report that CEACAMG plays a
role in invasion and angiogenesis in pancreatic cancer,
our results suggest that this function can be blocked
by 2A3 or 2A3-Fc antibodies. Furthermore, anti-angio-
genic agents permit better delivery of gemcitabine into
tumour vascular and interstitial spaces.”” Our results
suggest that anti-CEACAMG6 sdAbs have such func-
tions. We also would like to note that the effects of the
2A3 antibody described in this paper are not limited
to BxPC3 cells. Testing other cell line that over express
CEACAMS6 (e.g. MCF7 and ZR-75-30) have shown
similar effects to those seen in BxPC3 (non-published
data).

In conclusion, treating BxPC3 tumour cells with 2A3/
2A3-Fc reduces cell proliferation, invasion and MMP-9
activity. Such treatment also reduces the ability of the
conditioned media of pancreatic tumour cells in promot-
ing HUVEC cell angiogenesis. In contrast, gemcitabine
only affects BXPC3 cells proliferation but does not affect
MMP activity and does not reduce HUVEC capillary-
like structure formation. Therefore the 2A3 antibody
can be a useful addition to gemcitabine in treating pan-
creatic cancer.

Conflict of interest statement

None declared.

Acknowledgement

This project was supported in part by an NSC Grant
(97-2112-M-009-009-YM3), the ATU-MOE Project,
Taiwan, ROC and GHI program (NRC Canada). We
thank Taiwan (NSC)-Canada (NRC) cooperation
program. We thank Helix Biopharma for providing
the recombinant CEACAMSG.



T.-M. Cheng et al. | European Journal of Cancer 50 (2014) 713-721

References

—_

[\S)

W

w

~

oo

]

10

1

—_

12

13

14

16

Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2009. CA
Cancer J Clin 2009;59(4):225-49.

Stathis A, Moore MJ. Advanced pancreatic carcinoma: current
treatment and future challenges. Nat Rev Clin Oncol
2010;7(3):163-72.

Arlt A, Gehrz A, Muerkoster S, et al. Role of NF-[kappa]B and
Akt//PI3K in the resistance of pancreatic carcinoma cell lines
against gemcitabine-induced cell death. Oncogene
2003;22(21):3243-51.

Han H, Bearss DJ, Browne LW, et al. Identification of differen-
tially expressed genes in pancreatic cancer cells using cDNA
microarray. Cancer Res 2002;62(10):2890-6.

Tacobuzio-Donahue CA, Maitra A, Olsen M, et al. Exploration of
global gene expression patterns in pancreatic adenocarcinoma
using cDNA microarrays. Am J Pathol 2003;162(4):1151-62.
Riley CJ, Engelhardt KP, Saldanha JW, et al. Design and activity
of a murine and humanized anti-CEACAMS6 single-chain variable
fragment in the treatment of pancreatic cancer. Cancer Res
2009;69(5):1933-40.

Blumenthal RD, Hansen HJ, Goldenberg DM. Inhibition of
adhesion, invasion, and metastasis by antibodies targeting CEA-
CAM6 (NCA-90) and CEACAMS (carcinoembryonic antigen).
Cancer Res 2005;65(19):8809-17.

Duxbury MS, Ito H, Benoit E, et al. Overexpression of CEACAM6
promotes insulin-like growth factor I-induced pancreatic adeno-
carcinoma cellular invasiveness. Oncogene 2004;23(34):5834-42.
Duxbury MS, Ito H, Benoit E, et al. A novel role for carcinoem-
bryonic antigen-related cell adhesion molecule 6 as a determinant
of gemcitabine chemoresistance in pancreatic adenocarcinoma
cells. Cancer Res 2004;64:3987-93.

Strickland LA, Ross J, Williams S, et al. Preclinical evaluation of
carcinoembryonic cell adhesion molecule (CEACAM) 6 as
potential therapy target for pancreatic adenocarcinoma. J Pathol
2009;218(3):380-90.

Duxbury MS, Matros E, Ito H, et al. Systemic siRNA-mediated
gene silencing: a new approach to targeted therapy of cancer. Ann
Surg 2004;240(4):667-76.

Blumenthal RD, Hansen HJ, Goldenberg DM. Inhibition of
adhesion, invasion, and metastasis by antibodies targeting CEA-
CAM6 (NCA-90) and CEACAMS (CEA). Cancer Res
2005;65:8809-17.

Kessenbrock K, Plaks V, Werb Z. Matrix metalloproteinases:
regulators of the tumor microenvironment. Cell 2010;141(1):52-67.
Giannopoulos G, Pavlakis K, Parasi A, et al. The expression of
matrix metalloproteinases-2 and -9 and their tissue inhibitor 2 in
pancreatic ductal and ampullary carcinoma and their relation to
angiogenesis and clinicopathological parameters. Anticancer Res
2008;28(3B):1875-81.

Armstrong T, Packham G, Murphy LB, et al. Type I collagen
promotes the malignant phenotype of pancreatic ductal adenocar-
cinoma. Clin Cancer Res 2004;10(21):7427-37.

Han F, Zhu H-G. Caveolin-1 regulating the invasion and expres-
sion of matrix metalloproteinase (MMPs) in pancreatic carcinoma
cells. J Surg Res 2010;159(1):443-50.

17

18

20

2

—_

22

23

24

25

26

27

28

29

30

3

—

32

33

721

Baral TN, Murad Y, Nguyen TD, Igbal U, Zhang J. Isolation of
functional single domain antibody by whole cell immunization:
implications for cancer treatment. J Immunol Methods 2011;371(1-
2):70-80.

Tanha J, Muruganandam A, Stanimirovic D. Phage display
technology for identifying specific antigens on brain endothelial
cells. Methods Mol Med 2003;89:435-49.

Zhang J, MacKenzie R, Durocher Y. Production of chimeric
heavy-chain antibodies. Methods Mol Biol 2009;525:323-36, xv.
Zhang J, Liu X, Bell A, et al. Transient expression and purification
of chimeric heavy chain antibodies. Protein Expr Purif
2009;65(1):77-82.

Birkedal-Hansen H, Yamada S, Windsor J, et al. Matrix metallo-
proteinases. Curr Protoc Cell Biol 2008, Chapter 10:Unit 10. 8.
Duxbury MS, Ito H, Benoit E, Ashley SW, Whang EE. CEA-
CAMSG6 is a determinant of pancreatic adenocarcinoma cellular
invasiveness. Br J Cancer 2004:1-7.

Blumenthal R, Leon E, Hansen H, Goldenberg D. Expression
patterns of CEACAMS5 and CEACAMG in primary and metastatic
cancers. BMC Cancer 2007;7(1):2.

Duxbury MS, Ito H, Zinner MJ, Ashley SW, Whang EE.
CEACAMG6 gene silencing impairs anoikis resistance and in vivo
metastatic ability of pancreatic adenocarcinoma cells. Oncogene
2004;23:465-73.

Duxbury MS, Ito H, Ashley SW, Whang EE. CEACAM6 as a
novel target for indirect type 1 immunotoxin-based therapy in
pancreatic adenocarcinoma. Biochem Biophys Res Commun
2004;317:837-43.

Haq M, Shafii A, Zervos EE, Rosemurgy AS. Addition of matrix
metalloproteinase inhibition to conventional cytotoxic therapy
reduces tumor implantation and prolongs survival in a murine
model of human pancreatic cancer. Cancer Res
2000;60(12):3207-11.

Xu D, McKee CM, Cao Y, et al. Matrix metalloproteinase-9
regulates tumor cell invasion through cleavage of protease nexin-1.
Cancer Res 2010;70(17):6988-98.

Bjorklund M, Koivunen E. Gelatinase-mediated migration and
invasion of cancer cells. Biochim Biophys Acta 2005;1755(1):37-69.
Coussens LM, Fingleton B, Matrisian LM. Matrix metallopro-
teinase inhibitors and cancer: trials and tribulations. Science
2002;295(5564):2387-92.

Longo R, Cacciamani F, Naso G, Gasparini G. Pancreatic cancer:
from molecular signature to target therapy. Crit Rev Oncol
Hematol 2008;68(3):197-211.

Kunnumakkara AB, Sung B, Ravindran J, et al. {Gamma}-
tocotrienol inhibits pancreatic tumors and sensitizes them to
gemcitabine treatment by modulating the inflammatory microen-
vironment. Cancer Res 2010;70(21):8695-705.

Semenza GL. Targeting HIF-1 for cancer therapy. Nat Rev Cancer
2003;3(10):721-32.

Schwarz RE, Konduri S, Awasthi N, Cafasso D, Schwarz MA. An
antiendothelial combination therapy strategy to increase survival in
experimental pancreatic cancer. Surgery 2009;146(2):241-9.



	Single domain antibody against carcinoembryonicantigen-related cell adhesion molecule 6 (CEACAM6)inhibits proliferation, migration, invasion and angiogenesisof pancreatic cancer cells
	1. Introduction
	2. Material and methods
	3. Results
	4. Discussion
	Conflict of interest statement
	Acknowledgement
	References


