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Mass spectrum analysis of membrane proteins reveals
that CASK, CD36 and EPB42 are differentially
expressed in pancreatic adenocarcinoma
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Abstract. Pancreatic cancer is one of the most life-threatening
malignancies worldwide. Despite advances in checkpoint
immunotherapy for patients with cancer, the current immu-
notherapies have demonstrated limited benefits for the
treatment of pancreatic cancer. Apart from the intricate
microenvironments that restrict T-cell function, membrane
proteins other than programmed death-ligand 1 may also
facilitate immune escape of tumor cells. The present study
investigated the membrane proteins of seven paired pancreatic
adenocarcinoma (PAAD) and adjacent normal tissues with
mass spectrometry, and identified 10 up-and eight downregu-
lated membrane proteins in PAAD. Together with the online
database analysis, the results showed that the CASK protein
was upregulated in PAAD samples and cell lines, and predicts
poor outcomes in patients with PAAD. Furthermore, the
results exhibited downregulated CD36 and EPB42 in PAAD
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samples and cell lines, and higher levels of CD36. EPB42
was shown to predict improved survival outcomes in patients
with PAAD. Overall, the results of the present study revealed
PAAD-specific membrane proteins as potential diagnostic
markers and drug-targets for the immunotherapy of pancreatic
cancer.

Introduction

Checkpoint immunotherapy has emerged as a promising
strategy for cancer treatments (1,2) particularly for the
treatment of melanoma (3) and lung cancer (4,5). Despite
the attempts made to utilize checkpoint immunotherapy for
pancreatic adenocarcinoma (PAAD) treatment, no clinical
benefits have yet been observed (6,7). It has been proposed
that the specific immunosuppressive tumor microenviron-
ment of pancreatic cancer is accountable for the limited
clinical benefit of immunotherapy (8,9). Immunosuppressive
myeloid cells are one of the numerous barriers in immuno-
therapy for pancreatic cancer (10), as well as high stromal
density (11). Hence, researchers established a combina-
tion of agents to facilitate checkpoint immunotherapy
in pancreatic cancer. It has been demonstrated that the
inhibition of interleukin 6 (IL-6) may enhance the effi-
cacy of programmed death-ligand 1 (PD-L1) in pancreatic
cancer (12). Dickkopf-3 neutralization also leads to an
improvement in the immunotherapy effect in pancreatic
cancer (13). However, there is the possibility that pancreatic
cancer cells are able to utilize other cell surface markers in
order to avoid checkpoint immunotherapy and thus facili-
tate disease progression.

The identification of cell surface markers for pancreatic
cancer provides therapeutic and diagnostic strategies. Through
the assistance of mass spectrometry, a cell surface proteo-
glycan, glypican-1, was found to be specifically enriched in
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pancreatic cancer cells and the associated exosomes (14),
which provided a non-invasive diagnostic and screening
tool to detect early stages of pancreatic cancer. Recently, it
has been confirmed that plasminogen receptor SI00A10 is
enriched on the pancreatic cancer cell surface and contributes
to cancer cell invasion (15). Consequently, it is important to
characterize novel pancreatic cancer-specific cell surface
markers that benefit immunotherapy by providing novel target
sites and improve patient survival through facilitating curative
surgical therapy via early diagnosis. To identify pancreatic
cancer-specific cell surface markers, the present study utilized
mass spectrometry and analyzed seven paired pancreatic
adenocarcinoma tissues and adjacent tissues. The analysis
led to the discovery of a novel panel of membrane proteins
that predict the survival outcome of patients with pancreatic
cancer, as well as potential diagnostic markers and therapeutic
targets for pancreatic adenocarcinoma.

Materials and methods

PAAD samples. All patients involved in the present study
provided written informed consent, and all procedures were
approved by the Ethics Committee of Chinese PLA General
Hospital (Beijing, China) in accordance with the Declaration
of Helsinki. All PAAD and adjacent normal tissues (=10 cm
from the tumor tissue) were obtained during surgeries between
July and August 2017 at the Department of Hepatobiliary and
Pancreatic Surgical Oncology. PAAD samples were confirmed
by two blinded independent pathologists (with 10 years
of experience with pathologic diagnosis of the pancreas)
from the Department of Pathology at Chinese PLA General
Hospital. The diagnostic criteria were based on clinical prac-
tice guidelines for pancreatic cancer issued by the National
Comprehensive Cancer Network (16). PAAD and adjacent
normal tissues were immediately dissected following surgery
and directly frozen at -80°C. Patient information are listed
in Table I.

Mass spectrometry (MS) analysis. PAAD and adjacent
normal tissues were homogenized in a homogenizer
(cat.no.JXSFTPRP-48; Shanghai Jingxin Medical Instruments
Co., Ltd.) at 120 Hz for 2 min, with 2, 2-mm steel beads in cell
lysis buffer (50 mM Tris-HCI, pH 7.5; 165 mM sodium chlo-
ride; 10 mM EDTA; 10 ug/ml aprotinin; 10 pg/ml leupeptin,
and 1% NP-40). Homogenized samples were lyophilized
overnight at 4°C with a Labconco Lyph-lock 1L (model
77400; Labconco Corporation). Protein samples were
digested in a 10 pug/ml sequencing grade-modified trypsin
(Promega Corporation) in 30% acetonitrile (ACN), 50 mM
ammonium bicarbonate, and 5 mM DTT overnight at 30°C.
Digested proteins were lyophilized overnight at 4°C and
dissolved in 0.1% formic acid. MS was performed as previ-
ously described (17).

An Agilent 1100 LC/MSD Trap XCT (Agilent Technologies,
Inc.) was used for high performance liquid chromatography and
MS/MS. Each sample (25 pl) was used and separated in columns
(Zorbax 300SB-C18; 75 um; 150 mm; Agilent Technologies,
Inc.). The Agilent 1100 capillary pump (Agilent Technologies,
Inc.) was operated under the following conditions: Solvent A,
0.1% formic acid; solvent B, ACN in 0.1% formic acid; column

flow, 0.3 pl/min; primary flow, 300 ul/min; gradient, 0-5 min;
2% solvent B, 60 min 60% solvent B; stop time, 60 min. Protein
identification was performed using the Agilent Spectrum
MILL MS proteomics workbench (Rev BI.07.00.208; Agilent
Technologies, Inc.) and the Swiss-Prot protein sequence
database search engine (http://kr.expasy.org/sprot/) and
the MASCOT MS/MS Ions search engine (http:/www.
matrixscience.com/search_form_select.html). The positive
identification criteria of proteins were set as follows: Protein
score, >10.0 and peak intensity score, >8% or peptide score.

Online analysis of candidate genes. Candidate genes
were analyzed using the GEPIA database and the default
settings (18). The Cancer Genome Atlas (TCGA) database
(https://portal.gdc.cancer.gov/) and The Broad Institute Cancer
Cell Line Encyclopedia (CCLE) database (https://portals.
broadinstitute.org/ccle) were screened for the potential genes
with default settings; the datasets were downloaded, and the
histograms were drawn using GraphPad Prism 5.0 (GraphPad
Software, Inc.).

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 5.0. For the comparison of protein levels
from MS data, all datapoints were presented, and two-tailed
Student's t-test was performed to analyze the differences. For
survival analysis, log-rank test, also termed the Mantel-Cox
test, was performed on GEPIA. P<0.05 was considered to
indicate a statistically significant difference.

Results

Upregulated membrane proteins in pancreatic adeno-
carcinoma. To identify novel pancreatic cancer specific
membrane proteins, total protein from seven paired PAAD
and adjacent normal tissues were subjected to mass spectrum
analysis, and membrane proteins were selected for further
analysis. The results demonstrated that the protein expres-
sion levels of CD2, CD55, CD109, CD276, transmembrane
and tetratricopeptide repeat containing 3 (TMTC3), trans-
membrane protein (TMEM) 70, TMEM165, TMEM179B,
TMEM231 and calcium/calmodulin-dependent serine
protein kinase (CASK) were the top 10 increased membrane
proteins in pancreatic cancer tissues compared with that in
adjacent normal tissues (Fig. 1). For further evaluation on
the potential of these 10 membrane proteins, the GEPIA
online database was used, so that the mRNA expression level
of these membrane proteins in pancreatic cancer samples
could be investigated. Notably, the mRNA expression levels
of all ten membrane proteins were upregulated in PAAD
samples compared with those in the adjacent normal tissues,
as illustrated in Fig. 2A, indicating the validity of the mass
spectrum data. Furthermore, overall survival time of patients
with PAAD, included in the GEPIA database was analyzed
and it was found that high protein expression levels of CASK
protein in patients with PAAD was significantly associated
with poor overall survival time (Fig. 2B) suggesting poor
outcome of patients with PAAD and high expression levels
of CASK.

Next, the mRNA expression level of CASK was analyzed
in from the CCLE database and found that CASK was
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Table I. Information of the patients with pancreatic adenocarcinoma.

Sample no. Sex Age, years Pathological type
P1 Male 73 Moderately differentiated
P14 Male 45 Moderately-poorly differentiated
P22 Male 53 Moderately-poorly differentiated
P32 Male 75 Moderately differentiated
P36 Male 50 Moderately-poorly differentiated
P40 Male 50 Poorly differentiated
P45 Female 57 Moderately differentiated
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Figure 1. Upregulated membrane proteins in PAAD. The protein expression level of 10 upregulated membrane proteins revealed using mass spectrum in

PAAD. PAAD, pancreatic adenocarcinoma.

upregulated in PAAD cell lines (ranking 10th) compared with
that in other types of cancer cells (Fig. 3A) and the relative
mRNA expression level of CASK was upregulated in most
PAAD cell lines (Fig. 3B).

Taken together, the data showed that CASK was increased
in PAAD samples and cell lines and was associated with of
poor outcome in patients with PAAD.

Downregulated membrane proteins in pancreatic adenocar-
cinoma. Subsequently, the downregulated membrane proteins
were analyzed in the mass spectrum data and eight proteins
were significantly decreased, CD36, TMEM41B, TMEM?205,
TMEM214, erythrocyte membrane protein band 4.2 (EPB42),
family with sequence similarity 174 member B (FAM174B),
transmembrane and ubiquitin-like domain-containing 1
(TMUBI1), and vesicle-associated membrane protein 5
(VAMPS) in pancreatic cancer tissues compared with that
in adjacent normal tissues, as illustrated in Fig. 4. Following
validation of the mRNA expression level of these genes using
the GEPIA database, it was found that the mRNA expression
levels of these genes were not significantly downregulated

in PAAD samples compared with normal tissues (Fig. 5A);
however, it was observed the mRNA levels of TMEM205
and VAMPS were upregulated in PAAD, which suggested a
complicated posttranscriptional regulation of these potential
membrane markers in PAAD. Notably, low expression level of
CD36 or EPB42 was associated with poor overall survival of
patients with PAAD (Fig. 5B) suggesting that the reduction of
CD36 or EPB42 was associated with poor outcome in patients
in PAAD.

Furthermore, the mRNA expression level of CD36 and
EPB42 in the CCLE database was investigated and it was
found that both CD36 or EPB42 were decreased in PAAD cell
lines compared with that in other types of cancer cell lines
(Figs. 6A and 7A, respectively). Furthermore, the mRNA
expression levels of CD36 and EPB42 were decreased in most
PAAD cell lines (Figs. 6B and 7B, respectively). Therefore,
the results in the present study suggested that the downregula-
tion of CD36 and EPB42 in PAAD samples predicted poorer
survival outcomes in patients with PAAD, and upregulation
of CASK predicted poorer survival outcomes in patients
with PAAD.
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Figure 2. mRNA expression analysis of the upregulated membrane proteins in PAAD. (A) mRNA expression levels and (B) association between patient overall
survival time and the mRNA expression level of the 10 upregulated membrane proteins from the GEPIA database. “P<0.05. Red, tumor tissue; grey, normal
tissue. PAAD, pancreatic adenocarcinoma; T, tumor; N, normal.

Discussion 18 aberrantly expressed cell surface proteins were identified

in seven paired PAAD and adjacent normal tissues. Further
Pancreatic cancer exhibits a highly fatal malignancy, which  analysis using an online database validated the mass spec-
obstructs current immunotherapy (10). In the present study, trum results, even without performing large-scale benchwork
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Figure 3. mRNA expression level of CASK in various types of cancer and pancreatic cancer cell lines. mRNA expression level of CASK in (A) various types
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validations. Among the upregulated membrane proteins, there
was a significant increase in CASK in patients with PAAD,
revealed by the online database. CASK was initially identified
as an interactor of neurexins in neuronal cells (19). It has been
established that CASK is a membrane-associated guanylate
kinase, which can enter the nucleus and acts as a coactivator
to induce transcription of cerebrocortical development-related
genes, and whose mutation resulted in microcephaly and
hypoplasia of the brainstem and cerebellum (20,21). Notably,
a previous study showed that CASK and its target gene, reelin,
were co-upregulated in human esophageal carcinoma (22).
Furthermore, it has been proven that CASK was increased in
gastric cancer cells and promoted their proliferation and inva-
sion (23). Therefore, it is important to further investigate the
role of CASK in pancreatic cancer carcinogenesis.

The results in the present study also demonstrated the
increase of CD2 in PAAD samples, while a recent report
investigated the dose escalation of the anti-CD2 monoclonal
antibody in aggressive peripheral T-cell lymphomas (24).
Although in the present study the upregulation of CD2 was not
associated with survival, testing this antibody may be signifi-
cant for the treatment of pancreatic cancer since it provides
novel insights into immunotherapy. Furthermore, it was found
that CD55 was increased in patients with pancreatic cancer
recruited into the study and from the online database. It has
been recently proposed that CD55 regulated anticancer drug
resistance in endometrioid tumors (25) and cervical cancer (26).
All these data suggested an oncogenic role of the membrane
protein CDS55. Notably, CD276 (B7-H3), which is an important
immune checkpoint member of the B7 and CD28 families (26),
was also increased in patients with pancreatic cancer. It has
been shown that CD276 protein expression was increased in
pancreatic cancer tissues and CD276 could block CD8* T-cell
infiltration to induce an antitumor effect (27). The results
from the present study provided independent evidence that
CD276 was upregulated in PAAD and further strengthened the
possibility to develop immunotherapy and chemotherapy by
targeting CD276. Furthermore, CD109, TMTC3, TMEMI165,
and TMEM179B were also increased in PAAD despite their
roles in cancer being elusive. Therefore, these targets may
serve as novel diagnostic markers and therapeutic targets when
appropriate validations are provided.

In addition to the upregulated membrane proteins, eight
downregulated membrane proteins were identified in patients
with PAAD. TMEM?205 was significantly downregulated in
PAAD, and it has been reported that TMEM?205 was associ-
ated with cisplatin resistance in PAAD (28,29). However, the
genuine function of TMEM205 requires further investigation.
The mass spectrum data revealed that VAMPS, the function of
which in cancer is still largely unknown, was downregulated in
PAAD samples. It is important to further dissect the biological
function of TMEM?205 in PAAD cell lines. Notably, the results
in the present study revealed the decrease of CD36 and EPB42
in the seven patients with PAAD, while low expression level of
CD36 and EPB42 was associated with poor outcome in patients
with PAAD. CD36 is a critical fatty acid receptor, which initi-
ates the metastasis of human oral carcinomas (30). Importantly,
silencing of CD36 also impaired metastasis in human mela-
noma- and breast cancer-derived tumors (30). With respect to
the mRNA and protein expression levels of CD36 in PAAD,

revealing the role of CD36 in PAAD metastasis may provide a
novel strategy for PAAD treatment. The inconsistent expression
pattern of CD36 may result from the variety of patient samples.
Further in-depth analysis is required to characterize the role of
CD36. On the other hand, the role of EPB42, a crucial protein
in hereditary spherocytosis (31), in cancer is less well-known.
The mRNA expression levels of CD36 and EPB42 were not
statistically significantly decreased from the GEPIA database;
however, this could be due to post-transcriptional regulation.
In addition, a larger cohort of samples from different databases
may also be required to validate the results.

In summary, the results of the present study identified
multiple aberrantly expressed membrane proteins in patients
with PAAD, which may provide novel diagnostic markers and
drug targets for the immunotherapy of pancreatic cancer.
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