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To develop new diagnostic and therapeutic tools to specifically target pancreatic tumors, it is necessary to identify
cell-surface proteins that may serve as potential tumor-specific targets. In this study we used an azido-labeled
bioorthogonal chemical reporter to metabolically label N-linked glycoproteins on the surface of pancreatic cancer cell
lines to identify potential targets that may be exploited for detection and/or treatment of pancreatic cancer. Labeled
glycoproteins were tagged with biotin using click chemistry, purified by streptavidin-coupled magnetic beads,
separated by gel electrophoresis, and identified by liquid chromatography-tandem mass spectrometry (MS). MS/MS
analysis of peptides from 3 cell lines revealed 954 unique proteins enriched in the azido sugar samples relative to
control sugar samples. A comparison of the proteins identified in each sample indicated 20% of these proteins were
present in 2 cell lines (193 of 954) and 17 of the proteins were found in all 3 cell lines. Five of the 17 proteins identified
in all 3 cell lines have not been previously reported to be expressed in pancreatic cancer; thus indicating that novel cell-
surface proteins can be revealed through glycoprotein profiling. Western analysis of one of these glycoproteins, ecto-50-
nucleotidase (NT5E), revealed it is expressed in 8 out of 8 pancreatic cancer cell lines examined. Further,
immunohistochemical analysis of human pancreatic tissues indicates NT5E is significantly overexpressed in pancreatic
tumors compared to normal pancreas. Thus, we have demonstrated that metabolic labeling with bioorthogonal
chemical reporters can be used to selectively enrich and identify novel cell-surface glycoproteins expressed in
pancreatic ductal adenocarcinomas.

Introduction

Pancreatic cancer (PaC) is the fourth most common cause of
cancer-related deaths in the United States,1 and is projected to be
the second leading cause of cancer-related death by 2030.2 Detec-
tion is normally observed only in late stages of the disease; thus,
prognosis of patients upon diagnosis is extremely poor. Cur-
rently, the treatment for metastatic pancreatic cancer is with gem-
citabine and nab-paclitaxel (median survival 8.5 months) and
FOLFIRINOX (median survival 11.1 months).3-4 Due to the
overall poor clinical performance of these treatments, it is clear
that novel treatment strategies are needed for pancreatic cancer.

For decades, medical treatment for cancer has been
focused on systemic intravenous cytotoxic chemotherapy.

These drugs target rapidly dividing cancer cells as well as
cells of certain normal tissues like hair and the lining of the
gastrointestinal tract, which leads to undesirable side effects.
Although traditional cytotoxic chemotherapy remains the
treatment of choice for many malignancies, including pan-
creatic cancer, a shift toward targeted cancer therapy has
become more prevalent.5 These targeted therapies are now
used for the treatment of many types of cancer, including
breast cancer and lymphoma. Some of the molecular targets
of these therapies may be present in normal tissues, but they
are often mutated or overexpressed in tumors.5 Among the
earliest targeted therapies were antibodies directed against
cluster of differentiation 20 (CD20), a cell-surface marker
that is present on lymphoma and leukemia cells. Thus, an
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engineered chimeric monoclonal antibody, rituximab (Rit-
uxan), is now used for the treatment of non-Hodgkin’s lym-
phoma.5 Similarly, approximately 20% of breast cancers
carry an excessive number of HER2 receptors on their cell
surfaces, and breast cancers with this characteristic tend to
be among the most aggressive types. Targeting this cell-sur-
face receptor with a monoclonal antibody, trastuzumab (Her-
ceptin), has thus proven to be a clinically useful adjuvant
treatment of HER2-positive breast cancer. Currently, our
knowledge of the cell-surface proteins upregulated in pancre-
atic tumors is severely limited, thus impeding the develop-
ment of similar targeted therapies for pancreatic cancer.

To develop new diagnostic and therapeutic tools to specifi-
cally target pancreatic tumors, we sought to identify cell-sur-
face proteins that may serve as potential tumor-specific
targets. Since MS-based proteomics permit sensitive identifi-
cation and quantification of large numbers of peptides or
proteins, novel approaches have been developed to identify
the cell-surface proteome by quantitative MS, including lec-
tin-based methods, cell surface shaving, 2-phase separation,
and antibody-mediated membrane enrichment.6 Recently, a
novel technique has been developed by Bertozzi and cow-
orkers that utilizes modified sugars containing an azide moi-
ety for metabolic labeling of glycoproteins in living cells.7-8

Based on the Staudinger ligation, azide-containing structures
can be covalently attached to phosphine-labeled reporters in a
highly specific reaction.8 Since neither phosphine nor azide
occurs naturally in biomolecules, this approach is particularly
suited for complex biological systems, including living cells
and organisms. We have modified the glycan metabolic label-
ing technique9-10 by introducing a thiol-cleavable biotin con-
jugate in the click-chemistry reaction that provides robust
capture-and-release of the glycoproteins and enhances their
recovery for subsequent SDS-PAGE separation and MS-based
analysis. In this report, we have successfully employed this
modified procedure to identify cell-surface glycoproteins in
living pancreatic cancer cell lines, and demonstrated that
ecto-50-nucleotidase (NT5E/CD73) is overexpressed in pan-
creatic ductal adenocarcinomas (PDAC).

Results

Cell-selective labeling using azido-bioorthogonal chemical
reporters

To examine the selectivity of the metabolic labeling proce-
dure, equal amounts of protein lysates from MIAPaCa-2 cells
grown in the presence of either a control sugar (ManNAc) or
azido sugar (ManNAz) were separated by SDS-PAGE, trans-
ferred to PVDF membrane, incubated with HRP-conjugated
neutravidin, and biotinylated proteins were visualized by chemi-
luminescence (Fig. 1). Biotinylated proteins were detected across
the entire molecular weight range in the azido-sugar sample
(Fig. 1, Az), however, no proteins were detected in the control-
sugar sample (Fig. 1, Ac).

A thiol-cleavable biotin conjugate enhances protein recovery
To identify cell-surface proteins on pancreatic cancer cells,

we employed the metabolic labeling procedure with 3 pancre-
atic cell lines: BxPC-3, MIAPaCa-2, and Panc-1. Initially, we
used a non-cleavable biotinylation reagent
(phosphine-PEG3-biotin) for labeling the azide-containing
glycoproteins, which resulted in the identification of 958
unique proteins by MS/MS analysis of samples prepared
from BxPC-3 cells. Although the biotin-streptavidin system
provides a specific and strong interaction, which is ideal for
affinity purification, breaking this interaction requires harsh
conditions to release the captured biotinylated proteins.11

The harsh conditions required are not very efficient and lead
to deterioration of samples during release, both of which
adversely affect downstream applications including MS-based
analyses. To overcome this problem, we introduced a thiol-
cleavable biotin conjugate (DBCO-S-S-PEG3-biotin) in the
click chemistry reaction of the MIAPaCa-2 and Panc-1 sam-
ple preparations. This resulted in the identification of 2008
and 2327 unique proteins in the samples, respectively, thus
providing a more robust capture-and-release of the

Figure 1. HRP-neutravidin detection of biotinylated proteins in MIAPaCa-
2 cell lysates. Cell lysates prepared from MIAPaCa-2 cells grown in the
presence of either a control sugar (Ac) or azido sugar (Az) were separated
by SDS-PAGE, transferred to PVDF membrane, incubated with HRP-con-
jugated neutravidin, and biotinylated proteins were visualized by chemi-
luminescence. Molecular weights (kDa) of the protein standards are
indicated on the left.
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glycoproteins and enhanced protein recovery for subsequent
MS-based analysis compared with the samples prepared using
the non-cleavable biotinylation reagent.

Identification of cell-surface glycoproteins in pancreatic
cancer cell lines

MS/MS analysis of peptides from the biotin-labeled cell-sur-
face proteins in the 3 pancreatic cancer cell lines revealed 954
unique proteins in the azido-sugar samples that had a relative
abundance more than threefold above the control-sugar samples.
A comparison of the proteins identified in each sample indicated
that 20% of these proteins were present in 2 cell lines (193 of
954 proteins) and 17 of the proteins were found in all 3 cell lines
examined (Table 1). Consistent with the desired capture of gly-
coproteins, 16 of the 17 proteins identified in all 3 cell lines are
known or predicted to be membrane proteins or proteins that
would have transited through the Golgi apparatus and been can-
didates for N-linked glycosylation. Similarly, 13 of the mem-
brane proteins identified have been reported to be localized to
the plasma membrane. These results further support the utility of
using the metabolic labeling procedure to capture and identify
cell-surface proteins from living cells.

As noted above, using a thiol-cleavable biotin conjugate dur-
ing the processing of the MIAPaCa-2 and Panc-1 cells enhanced
the recovery and number of proteins identified by GeLC-MS/
MS. Further, a comparison of the proteins identified in these 2
cell lines revealed 181 proteins in common, compared with only
20 and 26 proteins shared between BxPC-3 and MIAPaCa-2 and
Panc-1 cells, respectively. This discrepancy is likely due to the
poorer recovery of proteins from the BxPC-3 cell preparation
with the non-cleavable biotin reagent rather than a difference in
the cell-surface proteins residing on BxPC-3 cells, which further
illustrates the benefits of using the cleavable conjugate.

NT5E is expressed in all pancreatic cancer cell lines
examined

Since we detected NT5E in all 3 pancreatic cancer cell lines by
GeLC-MS/MS analysis, we sought to determine if it was simi-
larly expressed in other pancreatic cancer cell lines by western
blot analysis. Total cell lysates prepared from 8 pancreatic cancer
cell lines were resolved by SDS-PAGE and the expression of
NT5E was evaluated using an anti-NT5E antibody (Fig. 2).
NT5E was detected in each of the 8 cell lines, with lower levels
of protein detected in BxPC-3, Capan-1, and HPAF-I cells and
higher levels of protein in the other 5 cell lines. The western blot
results (Fig. 2) were consistent with the spectral counts obtained
by GeLC-MS/MS analysis (Table S1), namely, a low level of
NT5E was detected in BxPC-3 cells, while higher levels were
observed in Panc-1 and MIAPaCa-2 cells.

NT5E is overexpressed in human pancreatic ductal
adenocarcinomas

To examine NT5E expression in pancreas tissues, IHC was
performed on 19 tissue sections with PDAC and 12 sections with
normal pancreas tissue. NT5E expression was significantly higher
in the PDAC specimens compared with normal pancreas tissue

sections (Fig. 3). High cytoplasmic staining was detected in 11
of 19 PDAC specimens (Fig. 4A), while only 3 of 12 normal
pancreas tissues exhibited high expression – primarily associated
with Islets cells (Fig. 4C). Interestingly, 5 of the 8 PDAC speci-
mens designated as Low staining displayed intense focal luminal
staining (Fig. 4B), while only 2 of the normal pancreas tissues
categorized as Low exhibited High luminal staining (Fig. 4D).
Thus, there was a much stronger overall pattern of expression in
the benign and malignant lumen in cases that had cancer. In the
benign samples there was staining, but it was much more patchy
and weak. The potential clinical importance of NT5E overex-
pression in pancreatic tumors is highlighted by recent studies
that suggest NT5E may be a target for cancer immunotherapy
(reviewed in ref 12).

Discussion

Numerous gene profiling studies, including our own,13 have
been performed to identify genes differentially expressed in pan-
creatic tumors and cell lines.14-30 Although these studies have cer-
tainly increased our understanding of molecular pathways
activated or suppressed in pancreatic adenocarcinomas, transcrip-
tion analyses do not necessarily correlate with protein abundance,
and thus provide only an indirect measure of alterations in pro-
tein levels.31 Furthermore, the ability to identify cell-surface-resi-
dent proteins in these studies is indirect and highly dependent
upon the quality of the gene annotation data associated with the
bioinformatic analyses, and may not adequately reflect the pro-
teins displayed on the cell surface. Recently, advances in mass
spectrometry (MS)-based methods have provided a direct means
to protein-profile pancreatic tumors, cell lines, and bodily fluids
[reviewed in ref 32], as well as the secretome of pancreatic cell
lines.33 In spite of these efforts, a significant deficit remains in
our knowledge of the identity of cell-surface markers that are
upregulated in pancreatic tumors. Since a compendium of such
molecular targets is vital for the development of novel targeted
therapies, we utilized a bioorthogonal chemical reporter to meta-
bolically label N-linked sialoglycoproteins on the surface of 3
pancreatic cancer cell lines followed by attachment of a biotiny-
lated affinity probe using copper-free click chemistry. Cell-sur-
face glycoproteins were thereby selectively enriched and
identified from among highly abundant proteins present in the
cellular proteome.

In this study we examined the cell-surface glycoproteome of
cultured cell lines derived from pancreatic cancers as surrogates
for human tumors, similar to the strategy employed for bio-
marker discovery of the pancreatic cancer secretome.33 The use
of cultured cell lines provides a means to employ metabolic label-
ing with bioorthogonal chemical reporters specifically to capture
cell-surface glycoproteins, a task that is not feasible using tissue
samples. Since cultured cell lines only serve as models of human
tumors, we have analyzed 3 different cell lines in an attempt to
catalog cell-surface markers that accurately reflect the proteins
displayed on tumors.
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The expression of several of the cell-surface glycoproteins
identified in all 3 cell lines has been appreciated for some time in
pancreatic cancer through DNA microarray or proteomic profil-
ing, RT-PCR expression analysis, or immunohistochemistry,
including basigin (BSG/EMMPRIN/CD147),34-36 CD44,14,37-39

EGFR,40-42 and 5 integrins – ITGA3, ITGA5, ITGA6, ITGB1,

and ITGB4.17,22,33,43-45 It is particularly noteworthy that basi-
gin-targeted therapy46 and EGFR-targeted therapy (reviewed in
ref 47) have been investigated for pancreatic cancer, underscoring
the importance of identifying novel cell-surface proteins as poten-
tial targets for pancreatic cancer therapy.

The ability to identify pancreatic cancer cell-surface proteins is
further highlighted by the detection of ecto-50-nucleotidase
(NT5E/CD73) in the 3 pancreatic cancer cell lines (Table 1).
NT5E is a glycosylphosphatidylinositol (GPI)-anchored ecto-
enzyme that catalyzes the conversion of extracellular nucleotides
to membrane-permeable nucleosides. It has been reported to be
overexpressed in several solid tumors including breast,48-49 ovar-
ian,50 and endometrial51 cancer. NT5E was also purified and
characterized from a human pancreatic cancer cell line, PaTu II,
and its immunolocalization to the plasma membrane in both cul-
tured cells and normal human pancreatic tissue was verified using
monoclonal antibodies prepared using the purified protein.52-53

Using DNA microarrays, the NT5E transcript has been identified
both in pancreatic cancer cell lines, including BxPC-3 and MIA-
PaCa-2, and PDAC specimens;17,25 however, its expression in
human pancreatic tumor specimens by IHC had not been previ-
ously examined. Following its identification in this study by
GeLC-MS/MS in 3 pancreatic cancer cell lines, we have verified

Table 1. Summary of proteins identified in 3 cell lines

BxPC-3 MIAPaCa-2 Panc-1

UniProt
ID

Gene
Symbol AltName Name Locationa

Membrane
Organizationb Acc Azd FCe Ac Az FC Ac Az FC PCDf

P35613 BSG CD147,
EMMPRIN

Basigin PM Type I 0 14 4.8 0 472 8.6 0 213 7.3 Y

P21589 NT5E CD73 50-nucleotidase PM GPI 0 6 4.0 0 235 7.9 6 80 2.2 N
P26006 ITGA3 CD49c Integrin a-3 PM Type I 0 20 5.2 0 197 7.7 6 157 2.9 Y
O00592 PODXL PCLP Podocalyxin PM Type I 0 23 5.3 0 170 7.5 0 9 4.2 Y
Q15758 SLC1A5 Neutral amino

acid transporter B(0)
PM Multipass 1 18 2.7 0 129 7.3 7 91 2.2 N

P23229 ITGA6 CD49f Integrin a-6 PM Type I 0 13 4.8 0 108 7.1 11 125 2.1 Y
P08648 ITGA5 CD49e Integrin a-5 PM Type I 0 3 3.3 0 72 6.7 0 69 6.2 Y
P05556 ITGB1 CD29 Integrin b-1 PM Type I 0 69 6.4 15 326 3.2 51 533 2.0 Y
Q10471 GALNT2 Polypeptide

N-acetylgalactosaminyl
transferase 2

Golgi Type II 1 4 1.2 0 35 6.0 1 39 3.2 Y

P16070 CD44 CD44 antigen PM Type I 0 18 5.1 14 1354 4.7 1 578 5.9 Y
Q14126 DSG2 CDHF5 Desmoglein-2 PM Type I 0 29 5.6 0 31 5.8 1 33 3.1 Y*

Q9BRK5 SDF4 CAB45 45 kDa calcium-binding protein Golgi 0 3 3.3 0 26 5.7 1 19 2.5 Y
P11279 LAMP1 CD107a Lysosome-associated membrane

glycoprotein 1
PM Type I 0 8 4.3 2 16 2.1 0 28 5.3 N

O00214 LGALS8 Galectin-8 Secreted 0 2 2.9 4 74 3.0 0 20 5.0 N
P16144 ITGB4 CD104 Integrin b-4 PM Type I 2 24 2.3 4 48 2.6 0 16 4.8 Y
P00533 EGFR HER1 Epidermal growth factor

receptor
PM Type I 3 12 1.2 7 352 4.0 48 477 2.0 Y

O15118 NPC1 Niemann-Pick C1 protein Late endo Multipass 0 3 3.3 1 35 3.6 7 47 1.6 N

aPM – Plasma membrane, Late endo – Late endosome.
bType I – Type I membrane protein, Type II – Type II membrane protein, Multipass –Multipass membrane protein, GPI – GPI-anchored membrane protein.
cSpectral count in control-labeled sugar (ManNAc).
dSpectral count in azido-labeled sugar (ManNAz).
eln(fold change Az/Ac).
fReported in Pancreatic Cancer Database (pancreaticcancerdatabase.org).
*reported as decreased in pancreatic ductal adenocarcinoma.

Figure 2. Ecto-50-nucleotidase (NT5E) is expressed in pancreatic cancer
cell lines. Western blot showing the endogenous expression of NT5E in
various human pancreatic cancer cell lines. Lane 1: AsPC-1; Lane 2: BxPC-
3; Lane 3: Capan-1; Lane 4: HPAF-1; Lane 5: Hs766T; Lane 6: MiaPaCa-2;
Lane 7: Panc-1; Lane 8: Suit-2. In each lane, 20 mg of total cell lysate was
loaded and detected with anti-NT5E antibody (upper panel). The same
blot was stripped and re-probed for b-actin showing the loading control
(lower panel). Molecular weights (kDa) of the protein standards are
indicated on the left.
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its expression by western blot in 5 additional pancreatic cancer
cell lines. Further, we have demonstrated that it is overexpressed
in human PDAC tissue specimens compared with normal pan-
creas tissue. Of particular importance to its expression in tumors
is the NT5E-mediated production
of adenosine from AMP, which
has been implicated in tumor-asso-
ciated immunosuppression.54

Our profiling studies also
revealed additional potential cell-
surface targets such as neutral
amino-acid transporter B(0)
(SLC1A5), lysosome-associated
membrane protein glycoprotein 1

(LAMP1), galectin-8 (LGALS8), and Niemman-Pick C1 protein
(NPC1), whose expression have not been thoroughly examined
in pancreatic cancer (Table 1). Although we utilized an enrich-
ment strategy to detect N-linked glycoproteins metabolically
labeled with an azido sugar moiety, proteins lacking an N-linked
glycosylation motif, such as galectin-8, were also identified.
Although galectin-8 itself has not been reported to be glycosy-
lated, it contains 2 carbohydrate recognition domains and has
been shown to bind to a subset of cell-surface glycoproteins of
the integrin family;55-56 thus, it may have been captured indi-
rectly via its association with glycoproteins that were azido-
labeled.

Previously we have used cell-surface capture6,57,58 to analyze
the cell-surface glycoproteome of BxPC-3 cells.59 In this proce-
dure, membrane glycoproteins are labeled with a bi-functional
biocytin hydrazide linker prior to streptavidin capture of biotiny-
lated glycopeptides.6,57,58 In the current study, using metabolic
labeling to capture glycoproteins, we identified 8 proteins that
were also found by cell-surface capture, including BSG, ITGA3,
SLC1A5, ITGB1, and DSG2 that were found to be expressed in
MIAPaCa-2 and Panc-1 cells (Table 1). Between these 2 differ-
ent approaches for identifying cell-surface glycoproteins, we
found the metabolic labeling procedure to be far superior based
on the number of proteins identified by each method as well as
in the reduction in manipulations required prior to MS analysis.
Further, the cell-surface capture procedure is reliant solely on the
MS identification of the glycopeptides released by endoglycosi-
dase cleavage following streptavidin capture, whereas the meta-
bolic labeling procedure enables identification of peptides
derived from the entire captured glycoprotein following trypsin

Figure 3. Ecto-50-nucleotidase (NT5E) is significantly overexpressed in
pancreatic ductal adenocarcinoma compared to normal pancreas tissue.
Intensity and distribution of cytoplasmic and luminal staining for NT5E
was evaluated in sections of pancreatic ductal adenocarcinoma (PDAC,
n D 19) and normal pancreas (n D 12) tissue samples (see Methods). The
combined IHC score (cytoplasmic C luminal) determined for each sam-
ple is depicted along with the median score and interquartile range for
each group (horizontal bars). Two PDAC specimens did not contain lumi-
nal features, and their combined IHC scores were consequently right
censored at the value of their cytoplasmic composite score (open circles).
The score difference between the groups was assessed for statistical sig-
nificance at P<0.05 via 2-sided Wilcoxon test for right-censored data.

Figure 4. Representative pancreatic
tissues sections stained for NT5E.
(A) High NT5E cytoplasmic staining
was observed in 11 of 19 PDAC sec-
tions, (B) while 5 of 8 PDAC sections
with Low cytoplasmic exhibited
intense focal luminal staining.
(C) Three of 12 normal pancreas tis-
sue sections exhibited High cyto-
plasmic NT5E staining, concentrated
primarily in the Islet cells, and (D) only
scattered positive NT5E staining was
observed in the 9 Low NT5E staining
normal pancreas sections, with only 2
exhibiting focal luminal staining in
the ducts. Magnification 200x.
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(or other proteolytic) digestion. Intuitively, this should enhance
both the total number of peptides analyzed as well as the confi-
dence in the protein identifications obtained by MS analysis.

In an effort to detect cell-surface proteins that may be used to
target pancreatic tumors for diagnostic and therapeutic purposes,
we have used a bioorthogonal chemical reporter to selectively
enrich and identify sialoglycoproteins expressed on pancreatic
cancer cell lines. By comparing the resulting glycoprotein profiles
among 3 pancreatic cancer cell lines, we have identified cell-sur-
face proteins that have been previously reported to be overex-
pressed in PDAC as well as novel glycoprotein targets.
Additional glycoproteins may be revealed through the use of
other azido-labeled metabolic precursors (e.g., N-azidoacetylga-
lactosamine to label O-linked glycoproteins). Similarly, profiling
additional pancreatic cancer cell lines may identify proteins
excluded in the current study that were only present in one of the
3 cell lines examined.

Materials and Methods

Cell lines and cell culture
Pancreatic cancer cell lines BxPC-3 (ATCC, CRL-1687),

MIAPaCa-2 (ATCC, CRL-1420), and Panc-1 (CRL-1469) were
obtained from the American Type Culture Collection. Cells were
maintained in Dulbecco’s Modified Eagle’s Medium (Mediatech,
10–017-CV) supplemented with 10% fetal bovine serum
(Atlanta Biologicals, S11150) at 37�C in a 5% CO2/air
environment.

Metabolic labeling cells
For each cell line, 4 10-cm dishes were seeded with cells (106/

dish) in growth medium. The following day, 10 mM N-azidoa-
cetylmannosamine-tetraacylated prepared in DMSO (Ac4Man-
NAz, Thermo Fisher Scientific, 88904) was added to 2 dishes of
cells to yield a final concentration of 50 mM azido sugar.
The remaining 2 dishes received 10 mM N-acetyl-D-mannos-
amine (Sigma-Aldrich, A8176) as a control. After 72 h, the cells
were washed twice with phosphate-buffered saline (PBS) then
treated with culture medium containing 200 mM of either EZ-
Link Phosphine-PEG3-Biotin (Thermo Fisher Scientific, 88901)
or DBCO-S-S-PEG3-Biotin (Click Chemistry Tools, A112)
conjugate suspended in DMSO to selectively tag glycoproteins
on the surface of live cells. After four hours, the cells were washed
twice with PBS, PBS containing 1 mM EDTA was added to the
plates, and the cells were harvested by scraping. The cell suspen-
sions from each sample (azido sugar or control sugar) were
pooled, collected by centrifugation, washed twice with PBS, and
lysed with RIPA buffer (1 mM EDTA, 1% NP-40, 0.5% deoxy-
cholate, 0.1% SDS in PBS) followed by sonication.

Western blot
The protein concentration of each lysate was determined by

bicinchoninic acid (BCA) assay (Sigma-Aldrich, BCA-1). To
detect biotin-labeled proteins, equal amounts of each sample
(10 mg of total protein) were separated by gel electrophoresis (in

the absence of reducing reagent when the thiol-cleavable linker
was used) using 4–12% gradient Bis-Tris NuPage gels (Life
Technologies, NP0321) and transferred to a PVDF membrane.
The membrane was blocked with a 5% non-fat milk solution in
PBS, pH 7.4, containing 0.1% Tween-20 (PBST) then incu-
bated overnight at 4�C with Pierce High Sensitivity NeutrAvi-
din-HRP (Thermo Fisher Scientific, 31030) diluted 1:10,000
with 2% non-fat milk/PBST. After washing with PBST, the bio-
tinylated proteins were visualized by chemiluminescence using
ECL plus reagent (GE Healthcare, RPN2133) and a ChemiDoc
XRS image documentation system and Quantity One analysis
software (Bio-Rad).

To detect NT5E in pancreatic cancer cell line lysates, equal
amounts (20 mg) of each total cell lysate was separated using a
4–12% gradient Bis-Tris NuPage gel, transferred to PVDF mem-
brane, and blocked with 5% non-fat milk solution for 1h at room
temperature. The blot was incubated with a polyclonal sheep
anti-NT5E antibody (R&D Systems, AF5795) at a dilution of
1:500 at 4�C overnight on a rocking platform. The blot was
washed 3 times with 1x Tris-buffered saline containing 0.1%
Tween-20 (TBST) and subsequently incubated with donkey
anti-sheep HRP-conjugated secondary antibody (Santa Cruz, sc-
2473) for 1h at a dilution of 1:5000 at room temperature. The
blot was washed 3 times with TBST and incubated with Lumi-
nata Forte Western HRP substrate (Millipore, WBLUF0100) for
5 min and the signal was detected with a Bio-Rad imaging sta-
tion. To determine the loading control, the blot was stripped and
blocked with 5% non-fat milk solution for 1h and incubated
with anti-b-actin mouse monoclonal antibody (Santa Cruz Bio-
technology, sc-47778) in 5% non-fat milk solution for 1h at
room temperature and the signal was detected after incubating
with HRP-conjugated goat-anti-mouse antibody (Santa Cruz
Biotechnology, sc-2005).

Mass spectrometry
The protein concentration was determined by BCA assay, and

equal amounts of protein from each sample (azido sugar or con-
trol sugar) were mixed overnight with streptavidin-coupled mag-
netic beads (Life Technologies, Dynabeads streptavidin M-280)
pretreated with Pierce protein-free T20 (PBS) blocking buffer
(Thermo Fisher Scientific, 37573). After extensive washing in
RIPA buffer, the captured proteins were released in SDS-PAGE
sample buffer containing thiol, resolved on 4–12% Bis-Tris
NuPAGE gels, and stained with SimplyBlue SafeStain (Life
Technologies, LC6060). For GeLC-MS/MS analysis, each gel
lane was cut into 23 equal sections and subjected to in-gel trypsin
digestion. 60 Peptides were analyzed by nanoflow LC-MS/MS
with a Thermo Orbitrap Velos mass spectrometer equipped with
a Waters nanoACQUITY LC system. 61-62 Specifically, high res-
olution/accurate mass spectra of intact peptides were collected
with the Orbitrap mass analyzer, while tandem mass spectra of
fragmented peptides were rapidly collected with the linear ion
trap. Proteins were identified from MS/MS spectra by database
searching using the Mascot search engine (Matrix Science, on-
site license) with a peptide mass tolerance of 2 ppm, fragment
mass tolerance of §0.5 Da, a maximum of 2 missed tryptic
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cleavages, and fixed carbamidomethylation of cysteine modifica-
tion and variable deamidation and oxidation modifications. The
Mascot results were uploaded into Scaffold 4 for viewing the pro-
teins and peptide information. A protein false discovery rate of
1% was used as the cutoff value, and spectral counts were
exported into an Excel spreadsheet for quantitative analysis.

Quantitative analysis of protein levels
The relative amount of proteins identified by GeLC-MS/MS

was determined by calculating a Normalized Spectral Abundance
Factor (NSAF).63-64 Prior to log transformation, the entire spec-
tral data set was shifted by adding 0.1 to every value to account
for proteins with spectral counts of zero in some samples. To
reduce further analysis of background proteins, the list of pro-
teins identified in each cell line was filtered to include only pro-
teins identified in the azido-labeled samples that had an NSAF at
least threefold higher than the control sugar sample. Proteins
were also excluded that had less than 5 spectral counts in at least
one sample examined.

Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue blocks from 12

non-malignant pancreas and 19 pancreatic adenocarcinoma tis-
sues were prepared for immunohistochemical analysis. Represen-
tative hematoxylin and eosin-stained sections from each tissue
were evaluated by microscopic analysis. Sections (4 mm) were
deparaffinized and rehydrated in xylene followed by graded etha-
nol. Antigen retrieval was performed in a pressure cooker using
10 mM citrate, pH 6.0, for 20 minutes. Endogenous peroxidase
activity was quenched by hydrogen peroxide treatment followed
by serum-free protein block (DakoCytomation, X0909). Sections
were incubated with a rabbit anti-NT5E antibody (Sigma-
Aldrich, HPA017357), diluted 1:1500 in antibody diluent
(DakoCytomation, S0809), overnight at 4�C. Immunoreactive
staining was detected using a DAKO LSABC peroxidase system
(DakoCytomation, K0679) followed by hematoxylin 2 counter-
stain (Richard-Allen Scientific, 7231). The cytoplasmic and
luminal staining intensity for the NT5E protein and the percent-
age of positive cells in each location was scored by a pathologist
(CMQ), and a composite score for each cellular location was cal-
culated as follows. The staining intensity for the NT5E protein
was assigned a score from 0 to 3 based on staining, with 0 indi-
cating no staining; 1C, weakly positive; 2C, moderately positive;
and 3C, strongly positive. The percentage of positive cells was
scored as: 0, no positive cells; 1C, 1–25% positive cells; 2C, 26–

50% positive cells; 3C, 51–75% positive cells; 4C, >75% posi-
tive cells. The composite score was calculated as the product of
the staining-intensity score and the positive-percentage score,
and thus ranged from 0 to 12. Staining with composite scores <
6 was categorized as Low, while staining � 6 was categorized as
High. The acquisition and use of archived, paraffin-embedded
human tissue samples in this study were reviewed and approved
by the UAMS Human Research Advisory Committee.

Statistical analysis
Each sample’s cytoplasmic and luminal composite scores were

added together to yield a combined IHC score. If a sample’s
luminal features were missing, its combined IHC score was con-
sidered to be right-censored at the value of its cytoplasmic com-
posite score. The PDAC and Normal samples were compared
statistically at a P<0.05 significance level for the group difference
in combined IHC scores via 2-sided Wilcoxon test, a generaliza-
tion of the Mann-Whitney U test to right-censored data. All sta-
tistical analysis employed Prism 6 (GraphPad Software, Inc., La
Jolla, CA USA) and SAS v9.3 (The SAS Institute, Cary, NC).
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