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OBJECTIVES: Today, genetic biomarkers have been demonstrated to play an important role in identifying at-risk subjects for
familial or inherited cancers. We have identified a single-nucleotide polymorphism (SNP) that results in missplicing of the
cholecystokinin (CCK) receptor gene and expressing a larger mutated receptor in pancreatic cancer. The purpose of this study was
to evaluate the significance and specificity of this SNP as a potential biomarker in patients with pancreatic cancer compared with
other gastrointestinal (GI) cancers that also have CCK receptors.
METHODS: DNA was isolated and genotyped for the CCK receptor SNP from frozen tumor tissue from banked specimens of
patients with pancreas, gastric, or colon cancer and from human cancer cell lines. Genotype and allelic frequencies were
compared between the cancer cohort and two normal control databases using Fisher’s exact test and odds ratio (OR). The Kaplan–
Meier method was used to estimate the survival for patients with the CCK-B receptor SNP compared with those with the wild-type
genotype. Immunohistochemical staining of cancer cells was done to detect the mutated receptor.
RESULTS: Colon and gastric cancer patients had similar genotype frequencies for the CCK receptor SNP as that reported in the
normal population. In contrast, the prevalence of the SNP in subjects with pancreatic cancer was twice that of controls and other GI
cancers. Survival was adversely affected by the presence of the SNP only in those with pancreatic cancer. Immunoreactivity for the
mutated receptor was positive in pancreatic cancer tissues with the SNP but absent in other GI cancers.
CONCLUSIONS: A SNP of the CCK receptor is significantly increased in patients with pancreatic cancer but not in those with other
GI malignancies. Therefore, this SNP may be a potential biomarker for pancreatic cancer.
Clinical and Translational Gastroenterology (2016) 7, e134; doi:10.1038/ctg.2015.61; published online 7 January 2016
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INTRODUCTION

Pancreatic cancer carries a dismal prognosis1 with only
∼5–6% surviving 5 years.2 It is predicted that in the next
decade, deaths from pancreatic cancer will surpass those
from colon and breast cancer if the trend continues.3 One
reason for this poor outcome is that no adequate screening
tests or biomarkers have been identified to screen those at
risk.4 Carbohydrate antigen 19-9 is the only serologic
biomarker currently approved by the Food and Drug Admin-
istration (FDA) for the diagnosis of pancreatic cancer;
however, this biomarker lacks specificity and is usually only
elevated once the cancer becomes unresectable.5 Computer-
ized tomography is not sensitive enough to detect lesions in
the pancreas o2 cm that are deemed resectable.4 Another
approach that has been used in an attempt to detect
pancreatic cancer in “earlier” stages is endoscopic ultrasound
and fine-needle biopsy,6 especially in subjects with a history of
familial pancreatic cancer.7 Although screening family mem-
bers of those with pancreatic cancer is an approach that may
help improve earlier detection, unfortunately only ∼10% of the
reported pancreatic cancer cases are familial.8 Hereditary

conditions are associated with an increased risk of developing
pancreatic cancer7 including Lynch II syndrome, Peutz–
Jegher syndrome, familial atypical multiple mole melanoma,
hereditary pancreatitis, Gardner’s syndrome, and von Hippel–
Lindau syndrome. Family members with these hereditary
conditions are generally screened by either radiographic
imaging or endoscopic ultrasound for pancreatic cancer.
In the past couple of decades, with our increased knowledge

of the human genome, several mutations have been identified
and associated with pancreatic cancer. In contrast to other
malignancies, however, pancreatic cancer is extremely hetero-
geneous and contains numerous genetic alterations.9 Of the
somaticmutations found (which aremutationswithin the cancer
proper), point mutations in KRAS oncogene are the most
common and occur in up to 90% of all pancreatic cancers.10

The majority of pancreatic cancers arise from histologic
precancerous lesions called pancreatic intraepithelial neopla-
sia (PanIN). The genetics of the PanIN lesions have been
studied, and researchers have found that KRAS gene
mutations and telomere shortening tend to appear first
(in PanIN-1 lesions), followed by the inactivation of p16/
CDKN2A (usually in PanIN-2), and finally the inactivation of
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TP53 and MAD4/DPC4 (typically in PanIN-3 lesions).11 Many
investigators have attempted to use KRAS mutations in
pancreatic fluid secretions, stool samples, and fine-needle
aspirates of pancreatic tissue to identify those at risk for
cancer.12 Unfortunately, KRAS has been found to be
nonspecific and elevated in noncancerous conditions such
as chronic pancreatitis.
Approximately 15% of pancreatic cancers arise from cystic

lesions in the pancreas called intraductal papillary mucinous
neoplasms and mucinous cystic neoplasms. Analysis of the
cystic fluid with mutational profiling13,14 has been useful to
identify potentially precancerous lesions. Whole-genome
sequencing of DNA from intraductal papillary mucinous neo-
plasms revealed a high frequency of mutations in the guanine
nucleotide-binding protein-α (GNAS).15 Recently, secretin-
stimulated pancreatic juice evaluation has shown a correlation
with KRAS and GNAS somatic mutations and risk of pancreatic
cancer.16 Although these mutated genes may be useful in
patients with morphological pancreatic abnormalities, they
require invasive endoscopic procedures fluid or tissue analysis.
An ideal biomarker would be one that can be easily found in

a blood or urine sample without performing invasive proce-
dures. Researchers have been performing large cohort
genome-wide association studies on blood samples from
patients with known pancreatic cancer in an effort to identify a

germline (or inherited) genetic alteration such as a
single-nucleotide polymorphism (SNP) that would predict
risk for pancreatic cancer. In these studies some “hot spot” loci
and SNPs have been identified, but the clinical correla-
tion to specific phenotypic protein mutations remains
undetermined.8,17

Using the candidate gene association study method, we
approached the problem of identifying a biomarker for
pancreatic cancer by examining a known mutated protein in
pancreatic cancer tissues and identifying the genetic aberra-
tion associated with the abnormal cancer receptor phenotype.
Growth of pancreatic cancer is stimulated by the actions of the
gastrointestinal peptides gastrin18,19 and /or cholecystokinin
(CCK)20,21 through the CCK-B receptor that is markedly
overexpressed in pancreatic cancer.22–24 This receptor is a G
protein–coupled receptor that is also overexpressed in
other gastrointestinal (GI) malignancies including gastric
cancer25–27 and colon cancer.26–30 We previously identified
the mutated form of the CCK-B receptor in pancreatic cancer
tissues31 that results from missplicing and retention of the
fourth intron (Figure 1a), leading to an additional 69-amino
acid insert to the third intracellular loop of this receptor, an area
involved in cell proliferation (Figure 1b). As this mutated CCK
receptor was found only in pancreas cancer and not in normal
pancreas tissue, we termed it the “CCK-C receptor,” for

Figure 1 Diagram of the splice CCK-C receptor. (a) Schematic of the cholecystokinin-B (CCK-B) receptor gene. All four introns of the CCK-B receptor gene are spliced in
normal tissues. The fourth intron of the CCK-B receptor is not spliced in pancreatic cancer cells that have the A-allele single-nucleotide polymorphism (SNP) mutation, creating
the CCK-C receptor isoform. This isoform retains the fourth intron that when translated to protein adds an additional 69 amino acids to the CCK-B receptor, changing its
phenotype. This larger mutant receptor is called the CCK-C receptor as it is only found in cancer. (b) Alternative splicing of the fourth intron of the CCK-BR gene adds 69 amino
acids in the third intracellular loop, the area involved with GTP-protein signaling. The conserved gastrin or CCK binding site is at the extracellular domain of the N-terminal. An
antibody was generated to the first 20 amino acids of the additional loop.
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cancer-associated receptor.32 Analysis of the DNA from
pancreas cancer tissues revealed that the mutated CCK-B
receptor was the result of a SNP (rs1800843) with a C4A
transition at position 32 within the fourth intron.33 In a cohort of
761 pancreatic cancer patients, we found that the survival of
those with the A-allele SNP genotype was significantly
shortened, suggesting that the mutated receptor is associated
with a more aggressive phenotype.34 Even when corrected for
stage of disease, the SNP was determined to be the most
important factor to predict survival from pancreatic cancer.34

As CCK-B receptors have also been associated with
normal GI mucosa as well as gastric cancer and colon
cancer,23,25,30,35 we studied the allelic frequency, survival, and
expression of the mutated CCK receptor in these subjects to
determine whether the germline SNP and CCK-C receptor we
identified are specific for pancreatic cancer and may serve as
a potential cancer biomarker for screening.

METHODS

Patient cohort. Surgical specimens were obtained from the
tumor bank from the Penn State Cancer Institute from
patients who underwent resection for potentially and curable
pancreatic, gastric, or colon cancer. Control tissues were
from subjects who had surgery for benign conditions of the
pancreas including pancreatitis, pseudocysts, or benign
pancreatic strictures and from deceased donors with normal
pancreas tissues. All subjects or family members signed
consent at the time of surgery to have their tissues
deidentified from personal identifiers and banked for future
research. Subjects with cancer also agreed for follow-up by
clinic appointments or phone call for status evaluation and
survival analysis. The protocol for tissue analysis and use of
associated demographic information from the tumor bank or
from procured pancreas tissues for transplantation was
approved by the institutional research committee at the
Pennsylvania State University.

Tumor DNA analysis. DNA was isolated from tissue or
cancer cells using the DNeasy (Qiagen, Valencia, CA).
Genotyping was done for the CCK-B receptor using a
TaqMan SNP Genotyping Assay (ID C__22273290_10)
(Applied Biosystems, Grand Island, NY). The SNP asso-
ciated with the mutated receptor,33 rs1800843, was evaluated
with the C-allele representing the wild-type receptor and the
A-allele indicating the SNP transition.

Evaluation and detection of the mutated CCK receptor.
Pancreatic and colon cancer cell lines were obtained from the
American Type Culture Collection (ATCC, Manassas, VA) and
grown in vitro in the appropriate cell culture medium. Cultured
log-phase cancer cells were grown on glass coverslips, fixed,
and reacted with a monoclonal antibody selective for the
mutated CCK-C receptor33 (1:100) overnight at 4 °C and an
anti-murine IgG AlexaFluor 488 (Life Technologies, Frederick,
MD) secondary antibody (1:2,000) at room temperature for
2 h. After antigen retrieval procedures, tissues were reacted
with the CCK-C monoclonal antibody (1:200) and
immunoreactivity was identified using Envision+labeled

polymer/ horseradish peroxidase (Dako Cytomation,
Carpinteria, CA). There is no crossreactivity of the CCK-C
monoclonal antibody with the wild-type normal CCK-B
receptor.33 Cellular immunofluorescence was examined on
a Leica (Leica Camera Inc., Allendale, NJ) TCS SP2 AOBS
confocal microscope. Nuclei were visualized with Hoechst
33342 (Pierce Thermo Scientific, Rockford, IL).

Statistical analysis. Genotypic and allelic frequencies in
each population of cancer (pancreatic, gastric, and colon) vs.
noncancer (benign) controls from both our local Pennsylvania
tissue bank and controls from the National Center for
Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/)
1000 Genome database normal control cohort were evaluated
by Fisher’s exact test using a two-sided, 0.05 significance level.
The impact of A-allele SNPon the risk of pancreatic cancer over
other GI cancers or no cancer controls was analyzed by logistic
regression. The OR corresponding to each copy increase of the
A-allele SNP is used to quantify its effect.
The Kaplan–Meier method was used to estimate the

survival curve for patients with pancreatic, gastric, or colon
cancer with the mutant SNP, an A-allele (A/A or A/C)
compared with survival of those cancer patients with the
wild-type C/C genotype by examining the 95% confidence
interval for median survival of patients. The log-rank test was
used to compare the difference between the two groups.

RESULTS

Patient demographics. Patients examined included N=37
with colon cancer, N= 42 with gastric cancer, and N= 51 with
pancreatic cancer. The average age of the normal cohort
(N=59) from Pennsylvania was 59±3.2 years, similar to that of
the other gastrointestinal cancer controls. Genotype frequency
was evaluated according to age at the time of cancer diagnosis
in order to determine if those with the SNP may develop cancer
earlier in life. In subjects with other GI cancers (gastric and
colon) the mean age at cancer diagnosis for those with the
wild-type receptor genotype (CC) was 61±2.5 years compared
with 61.7±6.5 years for those with the mutated genotype (AA
or AC). This difference was not statistically significant
(P=0.83), suggesting that having the CCK receptor SNP does
not appear to be associated with earlier occurrence or
diagnosis of colon or gastric cancer. Although the age at the
time of diagnosis of pancreatic cancer for those with the A-allele
SNP (AA or AC) was earlier (64.9±4.9 years) compared with
the age of those with the CC genotype (71±2.4 years), this
difference was also not significant (P=0.17).
Gender did not influence the frequency of genotype in other

GI cancers. Of those with either gastric or colon cancer with
the wild-type CC genotype, 49% were female and 51% were
male. There was equal distribution of gender type among
those with the A-allele and other GI cancers; i.e., 50% were
male and 50% were female. In the pancreatic cancer cohort,
there was an increased percentage of males (64%) with the
A-allele SNP compared with females with the A-allele (36%).

Frequency of the CCK- B SNP in GI cancers and normal
controls. Ancestry genotyping was not performed but the
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self-described ancestry for race /ethnicity according to
patients most closely resembled the Agilent population in
the NCBI database. Therefore, the frequency of the
rs1800843A allele in our cancer patient cohort was compared
with the frequency of the A-allele in two normal control
cohorts. The first normal cohort included 905 subjects and
was selected from the 1000 Genome cohort of the NCBI
website for this SNP in the normal Agilent population (http://
www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=
1800843), and the second normal control cohort, as
previously reported,33 included 59 subjects without cancer
from a similar geographic, racial, and ethnic distribution as
the cancer cohort (Central Pennsylvania). Genotype and
allelic frequency for either the mutated CCK receptor SNP or
the wild-type receptor is shown in Table 1. Genotyping
distribution of the 37 colon cancer revealed AA=1, AC=8,
and CC=28 and the 42 gastric cancer specimens revealed
AA=2, AC=8, and CC=32. These GI cancers had similar
genotype frequency to that reported for the normal subject
cohort from central Pennsylvania population (AA=2, AC=
10, and CC=47) and to the distribution of the NCBI
database. In contrast, patients with pancreatic cancer had a
significantly increased frequency of the SNP with the A-allele;
nearly double that of the frequency in normal controls and
colon or gastric cancer (Table 1). The frequency of the SNP
and having AA or AC genotype was over 40% in those with
pancreatic cancer compared with 26% of controls. The allelic
frequency of the A-allele in normal controls (14.7%) is,
however, comparable to the A-allelic frequency in both gastric
(14%) and colon cancers (14%). In contrast, the A-allelic
frequency is increased to 25% in pancreatic cancer subjects.
The risk of pancreatic cancer was 2.74 times increased with
one or two copies of the A-allele (P=0.0192) compared with
the CC wild type.
Table 2 shows the specificity of the A-allele SNP in

pancreatic cancer compared with each of the cohorts. The
frequency of the A-allele is significantly increased in pancrea-
tic cancer compared with other GI malignancies (OR 1.90;

P= 0.0349). Furthermore, having the A-allele SNP is also
significantly increased in pancreatic cancer compared with
both normal control noncancer cohorts (OR 2.21; P= 0.0214
and OR 1.65; P=0.0389, respectively). There was no
significant difference in the prevalence of the SNP among
gastric and colon cancer subjects compared with the normal
controls (P= 0.643).

Relationship of the CCK-B receptor SNP on patient
survival. Time to death or last censored visit date was
recorded for all cancer subjects. The role of the A-allele SNP
expression on patient survival was evaluated in each
respective cancer type to survival of those with the wild-
type CCK receptor. As so few subjects were homozygote for
the A-allele (AA), analysis was performed by combining
subjects with either one (AC) or two A-alleles (AA) to that of
the CC wild type. We previously demonstrated that protein
expression of the CCK-C receptor occurs with expression of
just one A-allele,33 and hence the phenotype of the protein
expression is the same whether the subject is homozygous or
heterozygous for the A-allele. Patients with pancreatic cancer
who expressed the SNP and at least one A-allele had a
significant shortened survival (P= 0.001) compared with
pancreatic cancer subjects without the transition or wild-
type genotype (CC) (Figure 2a). In contrast, the presence of
an A-allele did not affect survival in those with gastric cancer
(P= 0.352; Figure 2b) or those with colon cancer (P=0.811;
Figure 2c). As stage of disease at diagnosis also influences
survival, we conducted a multivariate analysis to correct for
stage of disease. The hazard ratio for survival difference in
those with the A-allele SNP compared with the CC genotype
after correcting for stage of disease was significantly
increased (hazard ratio=3.6; P= 0.0004), indicting that
having the A-allele SNP independently (independent of
stage) predicts for a shorter survival from pancreatic cancer.

Expression of the mutated CCK receptor phenotype. We
previously raised a monoclonal antibody to the 69-amino acid

Table 1 Genotype and allelic frequency of the CCK receptor SNP in gastrointestinal cancers

Tissue type N=number of patients A/A genotype (%) A/C genotype (%) C/C genotype (%) A-allelic frequency (%)

Colon cancer N=37 2.7 21.6 75.7 14
Gastric cancer N= 42 4.8 19 76.2 14
Pancreatic cancer33 N=51 9.8 31.4 58.8 25
Normal controls N=905a and N=59b 2.8 23.8 73.4 14.7

CCK, cholecystokinin; SNP, single-nucleotide polymorphism.
aNormal controls without cancer from the National Center for Biotechnology Information (NCBI) 1000 Genome database Agilent population.
bNormal controls from the Pennsylvania (PA) database.

Table 2 Logistic regression analysis of the impact of A-allele SNP on the risk of pancreatic cancer over other GI cancers or no cancer controls

Condition Comparator Odds ratio and 95% confidence limits (for increase of one
copy of A-allele SNP)

P-value

Pancreatic cancer Other GI cancer (colon/gastric) 1.90 (1.04–3.43) 0.0349
Pancreatic cancer Pennsylvania no cancer control cohort 2.21 (1.15–4.53) 0.0214
Pancreatic cancer NCBI no cancer control cohort 1.65 (1.01–2.63) 0.0389
Other GI cancer (colon/gastric) Pennsylvania no cancer control cohort 1.17 (0.60–2.27) 0.643

GI, gastrointestinal; NCBI, national center for biotechnology information; SNP, single-nucleotide polymorphism.
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segment of the mutated CCK receptor that reacts only to the
variant receptor and with the normal CCK-B receptors.33 Two
colon cancer cells lines (HCT-116 and HT-29) frequently used
in the laboratory for in vitro and preclinical experiments were
genotyped. The HCT-116 cells were homozygous for the
A-allele (AA) and the HT-29 colon cancer cells were
homozygous for the wild-type C-allele (CC). Immunohisto-
chemical staining of HCT-116 cells (Figure 3a) and HT-29
cells (Figure 2b) failed to demonstrate any immunoreactivity
to the CCK-C antibody regardless of the genotype of the CCK
receptor. This finding indicates that even if the SNP was
present in the colon cancer cell DNA, these cancer cells do
not express the altered receptor, suggesting that the
missplicing and abnormal receptor phenotype is specific for
pancreatic cancer. In Figure 3c, COS cells that lack the CCK-
C receptor were transiently transfected with the receptor and
demonstrate positive immunoreactivity to the fluorescent
antibody by confocal microscopy.
Immunohistochemical staining with the CCK-C monoclonal

antibody demonstrated reactivity in a pancreas cancer tissue of
a subject with the A-allele SNP (Figure 4a). However, the
immunoreactivity was negative from a normal (benign) human
pancreas that was genotyped to be homozygote for A/A
(Figure 4b) but without cancer. These results support that the
phenotype of themutated receptor is only found in the pancreas
of A-allele SNP subjects once cancer is present.

DISCUSSION

In this study we have shown that a SNP of the CCK-B
receptor occurs with an increased prevalence in subjects

with pancreatic adenocarcinoma compared with other GI
cancers and may therefore be a novel genetic marker used
to screen those at increased risk for familial pancreatic
cancer. As normal gastrointestinal mucosa expresses CCK-B
receptors,36 and also other cancers arising from GI epithelium
also express CCK-B receptors,27,37 it was important to
evaluate these tissues as controls. This study demonstrated
that a SNP (an inherited gene) that results in amutated CCK-B
receptor is associated with pancreatic cancer and not colon or
gastric cancer. The frequency of the A-allele SNP in patients
with colon or gastric cancer was the same as the prevalence of
this SNP in the normal controls. Because the A-allele SNP
was found more often in male subjects, this suggests that
males with the CCK receptor A-allele SNP may be at greater
risk of developing pancreatic cancer than females. As this
anomaly is inherited, it is possible that evaluation for this SNP
in blood DNA or a buccal mucosa DNA sample from patients
with a family history of pancreatic cancer may increase the
ability to identify those patients who require more intensive or
invasive screening endoscopic procedures.
Limitations to this study include the fact that the sample size

was small and included subjects from one site. Possibly, if a
much larger cohort of colon and gastric cancer subjects were
screened, the prevalence of the SNP may increase in these
malignancies. Although the frequency of the CCK receptor
SNP was very high in those with pancreatic cancer, the control
subjects in this investigation showed an A-allelic frequency of
∼ 14% for the SNP. In addition, as the SNP is found in control
subjects without cancer, although at a lower frequency, the
CCK-BR SNP by itself most likely would not be an adequate
biomarker for pancreatic cancer. Perhaps, the inclusion of the

Figure 2 Survival according to genotype of the cholecystokinin (CCK) receptor. (a) Pancreatic cancer patients with the AA or AC genotype had a significantly shortened
survival compared with those with the wild-type (CC) genotype of the CCK receptor (***P= 0.0001); (b) CCK receptor genotype has no influence on survival of subjects with
gastric cancer and; (c) CCK receptor genotype also does not have effect on survival of subjects with colon cancer. NS, not significant.
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CCK-BR SNP in a panel of blood biomarkers would be more
effective and would increase the sensitivity compared with
using this SNP or other individual biomarkers alone. Long-
term studies would help determine whether those in the
“normal population” with the SNP may be at increased risk for
development of pancreatic cancer.
Identification of germline or inherited genetic alterations

such as SNPs has changed how we screen family members
for cancer risk. Some classic example of germline mutations
used as biomarkers for screening of familial cancers include
the APC gene in familial adenomatous polyposis,38 BRCA-1
mutations in ovarian cancer,39 and RET mutations in
medullary carcinoma of the thyroid.40 The germline mutation
BRCA2 that has been associated with inherited breast
cancer41 with a frequency of 35% has also been identified in
pancreatic cancer.42 Although we often screen patients who
have family members with pancreatic cancer for the BRCA2
mutation, BRCA2 alterations have only been reported to occur

with a very low frequency (4.1–5.6%) in pancreatic cancer,43,44

and hence it is found more often in breast cancer. Based upon
what we know about BRCA2 and other germline mutations, we
know that some germlinemutationsmay increase cancer risk in
other tissues but have the highest specificity for a particular
organ site (i.e., BRCA2 with breast cancer). Our investigation
showed that the CCK receptor germline A-allele SNP occurs in
nearly 40% of those we evaluated with pancreatic cancer,
making this genetic biomarker very significant. The frequency
of the A-allele SNP in this study was similar to that we
previously found in a larger cohort including 931 patients,34

suggesting that this value is reproducible and accurate.
Although historically, evidence for a major gene influencing
the risk of pancreatic cancer has been suggested based upon a
hospital-based segregation and computational analysis,45 this
“unknown” major gene has not been described. Herein, we
report a germline inherited mutation of the CCK receptor that
has an increased association with pancreatic cancer.

Figure 4 CCK-C monoclonal antibody only reacts in cancer tissues. (a) Immunohistochemical reaction of a human pancreatic cancer specimen from a patient with the
A-allele single-nucleotide polymorphism (SNP) showing positive reactivity with a 1:200 dilution of a cholecystokinin-C (CCK-C) receptor monoclonal antibody. (b) Normal
pancreas from a subject without cancer and with the A-allele SNP does not express the CCK-CR phenotype when reacted with the same CCK-CR antibody.

Figure 3 Cancer cell immunoreactivity with the cholecystokinin-C (CCK-C) receptor antibody. (a) The CCK-C antibody fails to show reactivity in HCT-116 human colon cancer
cells that are AA genotype. (b) The HT-29 human colon cancer controls are wild-type genotype CC and serve as the negative colon. Nuclei are stained blue with Hoechst. (c) COS
cells that do not express the receptor were transiently transfected with the CCK-C receptor and immunohistochemistry reveals positive fluorescence by confocal microscopy.

A Novel Biomarker for Pancreatic Cancer
Alsubai et al.

6

Clinical and Translational Gastroenterology



In order for a mutation to have clinical relevance, its
presence or expression should influence the phenotype or
survival of a cancer. In our study, survival of pancreatic cancer
patients with the CCK receptor gene SNP was significantly
shortened comparedwith thosewith the wild-genotype CCK-B
receptor. However, the presence of this alteration did not
influence survival of those with other GI cancers. We
rationalize that the reason for the absence of survival
difference in gastric and colon cancer patients having the
CCK-B receptor SNP mutation is related to the lack of protein
expression as demonstrated by our immunocytochemical
experiments. Although the SNP is present in a small portion of
the normal population and also in those with other GI
malignancies, it appears that only in pancreatic cancer does
the C4A transition result in translation of a unique protein
receptor type. This unique difference supports the specificity
of this germline mutation as a biomarker for pancreatic cancer.
The CCK-B receptor is a classic seven-transmembrane

spanning G protein–coupled receptor.36,46 The missplicing of
the fourth intron that occurs results in translation of this intron
into an additional 69 amino acids that are added to the third
intracellular loop of the receptor.32 Although the fourth intron
SNP describe herein does not alter the ligand binding site, the
extended third intracellular loop of the receptor is the part of
the receptor that interacts with G proteins and is crucial for
intracellular signaling and cell proliferation.47 Therefore, it is
conceivable that the change in the third intracellular loop of the
CCK-B receptor may activate cell proliferation and shorten
survival. Indeed, when this extended segment of the receptor
is downregulated by RNA interference techniques in pancreas
cancer cells in the lab,48 growth is markedly inhibited, implying
the importance of this added protein segment to the third loop
in cell proliferation. The expression of this mutated receptor in
pancreatic cancer may be related to the aggressive nature of
this disease and poor prognosis.
Currently, there are no adequate screening tests to evaluate

patients who are not invasive. Imaging tests such as magnetic
resonance and computerized tomography are useful for
staging pancreas cancer, and endoscopic ultrasound is more
sensitive to identify smaller lesions that could be amenable to
fine-needle aspiration,49 but the ideal biomarker would be
noninvasive, without ionizing radiation, and inexpensive.4With
the advancement in genetic technology, many have been
searching for a gene associated with pancreatic cancer.8,17

In conclusion, we have evaluated the specificity of an
A-allele SNP of the CCK receptor for pancreatic cancer, a
receptor known to stimulate growth of pancreatic cancer when
activated. As this genetic alteration is found at a high
frequency in this malignancy and is also associated with a
protein phenotype, its presence may be very useful in
screening those at risk for pancreatic cancer. The lack
of protein expression and phenotypic changes (survival) in
subjectswith gastric or colon cancer with this SNP significantly
increase its specificity for pancreatic cancer. Perhaps, adding
the CCK-B receptor SNP to genetic screening will help identify
those subjects who will need close surveillance in order to
diagnose pancreatic cancer in the early or precancerous state.
Through continued research together with improved scientific
technologies, there is hope for better tests to improve the
outcome of patients with pancreatic cancer.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE
✓ Pancreatic cancer has a poor prognosis, in part because it

is not diagnosed in the early stages due to the lack of
biomarkers.

✓ Carbohydrate antigen 19-9 (CA19-9) is the only Food and
Drug Administration (FDA)–approved blood test for
pancreatic cancer but it lacks specificity and sensitivity in
early stages.

✓ Very few germline mutations have been identified with
genetic analysis to screen subjects with a family history of
pancreatic cancer or those who are at increased risk due to
chronic inflammation.

✓ Cholecystokinin (CCK) receptors are present and
overexpressed in pancreatic, colon, and gastric cancers,
and when activated stimulate growth of these
gastrointestinal (GI) malignancies.

WHAT IS NEW HERE
✓ A germline mutation (single-nucleotide polymorphism,

SNP) for the CCK-B receptor is found in ∼ 40% of cases of
pancreatic cancer.

✓ The frequency of the SNP is significantly increased in
subjects with pancreatic cancer compared with other GI
cancers and normal noncancer controls.

✓ Noncancer controls and subjects with either colon or
gastric cancer with the SNP do not express the mutated
receptor, hence demonstrating its specificity for pancreatic
cancer.

✓ The CCK receptor SNP may serve as a new biomarker to
screen high-risk subjects for risk or early detection of
pancreatic cancer.
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