
Multiple genes are hypermethylated in
intraductal papillary mucinous neoplasms
of the pancreas

Seung-Mo Hong1, David Kelly1, Margaret Griffith1, Noriyuki Omura1, Ang Li1,
Chung-Pin Li2, Ralph H Hruban1,3 and Michael Goggins1,3,4

1Department of Pathology, The Sol Goldman Pancreatic Cancer Research Center, Johns Hopkins Medical
Institutions, Johns Hopkins University, Baltimore, MD, USA; 2Division of Gastroenterology, Department of
Medicine, Taipei Veterans General Hospital, National Yang-Ming University School of Medicine, Taipei,
Taiwan; 3Department of Oncology, The Sol Goldman Pancreatic Cancer Research Center, Johns Hopkins
Medical Institutions, Johns Hopkins University, Baltimore, MD, USA and 4Department of Medicine, The Sol
Goldman Pancreatic Cancer Research Center, Johns Hopkins Medical Institutions, Johns Hopkins University,
Baltimore, MD, USA

Ductal adenocarcinoma of the pancreas is the fourth leading cause of cancer death and is usually diagnosed
late. Intraductal papillary mucinous neoplasms are an increasingly recognized precursor to invasive ductal
adenocarcinoma of the pancreas. Identifying the alterations in DNA methylation that arise during intraductal
papillary mucinous neoplasm development may facilitate the development of markers that could be used to
differentiate intraductal papillary mucinous neoplasms from non-neoplastic pancreatic cystic lesions.
Surgically resected intraductal papillary mucinous neoplasms and adjacent ductal adenocarcinomas were
microdissected from 50 patients. Normal pancreas was also obtained from 27 patients with intraductal papillary
mucinous neoplasms or pancreatic adenocarcinomas and 10 patients with well-differentiated pancreatic
endocrine neoplasms. Methylation-specific PCR was performed on isolated DNA for seven genes (SPARC,
SARP2, TSLC1, RELN, TFPI2, CLDN5, UCHL1) known to be commonly aberrantly methylated in pancreatic
ductal adenocarcinomas. The mean percentage of genes methylated in invasive ductal adenocarcinomas
arising in association with an intraductal papillary mucinous neoplasm (mean±s.d., 81±17%) was significantly
higher than that in noninvasive-intraductal papillary mucinous neoplasms (57±26%, P¼ 0.007) or peritumoral
normal epithelial cells (22±17%, Po0.0001). Carcinomas (intraductal papillary mucinous neoplasms with
carcinoma in situ or their associated infiltrating adenocarcinoma) had significantly more methylated genes
(71±19%) than low-grade (low and moderate dysplasia) intraductal papillary mucinous neoplasms (44±26%,
Po0.0001). The mean percentage of genes methylated in histologically normal pancreatic ductal cells from
patients with ductal neoplasia (22±17%) was significantly higher than in normal ductal cells from patients with
well-differentiated pancreatic endocrine neoplasms (4±7%, P¼ 0.002). Thus, aberrant DNA methylation
increases with histologic grades of intraductal papillary mucinous neoplasm. Low-level aberrant methylation
in the normal ductal cells is more prevalent in patients with ductal neoplasia than in controls without ductal
neoplasms and may contribute to carcinogenesis. The detection of aberrant methylation in pancreatic cystic
lesions could facilitate the diagnosis of intraductal papillary mucinous neoplasms.
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Infiltrating ductal adenocarcinoma of the pancreas
is the fourth leading cause of cancer death in United

States and is usually diagnosed at a late stage. The
detection and treatment of early stage pancreatic
ductal adenocarcinomas and its precursors is
perhaps the best way to reduce mortality from this
disease. Intraductal papillary mucinous neoplasms
(IPMNs) of the pancreas are an important precursor
to infiltrating ductal adenocarcinoma of the pan-
creas. Unlike pancreatic intraepithelial neoplasms
(PanINs) that are microscopic lesions of o5mm,
IPMNs are usually Z1 cm in size and can be
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detected by imaging.1 They are also being increas-
ingly identified as incidental lesions in patients who
undergo abdominal imaging.2 The natural history of
IPMNs is becoming better understood,1,3–5 with
endosonographic and other features being used to
predict their clinical behavior.6 Specifically, main-
duct IPMNs are more likely to progress to invasive
adenocarcinoma than branch-duct IPMNs, and
branch-duct IPMNs have a low malignant potential
until lesions are either 3 cm or more in size, are
associated with dilatation of the main pancreatic
duct, or are associated with symptoms such as
abdominal pain.4,6,7 IPMNs can be cured if they are
detected and resected before they progress to an
invasive adenocarcinoma,5,8 although continued
surveillance is necessary after resection as patients
occasionally develop metachronous IPMNs in their
remnant pancreas.9,10

The group that stands to benefit most from
methods to detect asymptomatic IPMNs is patients
with an inherited predisposition to pancreatic
cancer (those with a family history in multiple
family members or carriers of mutated familial
pancreatic cancer susceptibility genes).11 Indeed,
asymptomatic IPMNs have been detected and
treated in individuals with a family history of
pancreatic cancer who undergo screening.12,13

Molecular alterations that are thought to contri-
bute to IPMNs have been identified.14 Known
genetic alterations of IPMNs include mutations in
the KRAS2,15,16 TP53,17 STK11/LKB1,18 and PIK3CA
genes19 as well as widespread chromosomal losses.20

Unlike PanINs, IPMNs rarely inactivate DPC4/
SMAD4.21,22 Recent studies have also identified
numerous differentially expressed genes in
IPMNs.23,24 In principle, the detection of certain
differentially expressed genes in pancreatic fluids
could help in the diagnosis of these lesions,
although few genes have been evaluated for this
purpose.25–27 Numerous genes have been identified
that are aberrantly methylated and silenced in
pancreatic ductal adenocarcinomas28–32 and several
of these genes are known to undergo aberrant
methylation in IPMNs including CDKN1C/
p57KIP2, ppENK, p16, Cyclin D2, SOCS-1, RELN,
and TFPI2.29,31,33–35 These aberrantly methylated
genes are promising targets for the early detection
of pancreatic neoplasms. In this study, we evaluated
the methylation status of seven genes (SPARC,
SARP2, TSLC1, RELN, TFPI2, CLDN5, and UCHL1)
in a large panel of IPMNs and as well as in
peritumoral normal pancreatic ductal epithelia.

Materials and methods

Patients and Tissues

In total, 47 fresh-frozen IPMNs and 11 adjacent
infiltrating ductal adenocarcinomas were collected
from 50 patients with an IPMN who underwent
pancreatic resection at the Johns Hopkins Medical

Institutions. Patient samples were selected accord-
ing to the availability of stored tissues with
sufficient numbers of neoplastic cells. Fresh-frozen
normal pancreatic tissues from 27 patients with
ductal neoplasms (3 with IPMNs and 24 with an
infiltrating pancreatic ductal adenocarcinoma), and
10 patients with benign pancreatic endocrine neo-
plasms were used as controls. Hematoxylin and
eosin staining of frozen sections was performed to
assess the degree of dysplasia using criteria de-
scribed elsewhere.36–38 The grade of dysplasia of
IPMNs was classified into low grade, moderate, or
high grade.39

In addition, formalin-fixed paraffin-embedded
IPMN tissues were retrieved from 66 patients who
underwent surgical resection at our institution and
used to create tissue microarrays for immunohisto-
chemical analyses. All specimens were collected
and analyzed with the approval of the Johns
Hopkins Committee for Clinical Investigation.

Normal pancreatic ductal epithelial cells were
selectively microdissected from frozen sections
adjacent to IPMN, pancreatic ductal adenocarcino-
ma, or benign endocrine neoplasms using the PALM
micro laser system (Carl Zeiss microimaging Inc.,
North America, Thornwood, NY). Neoplastic cells
from IPMNs were carefully collected by meticulous
manual microdissection.

Extraction and Bisulfite Treatment of DNA

Genomic DNA was extracted from the microdis-
sected samples with QIAamp DNA Micro Kit
(Qiagen Inc., Valencia, CA, USA) following the
manufacturer’s protocol. Extracted DNAwas quanti-
fied by either Quantifiler (Applied Biosystems,
Foster City, CA, USA) or PicoGreen Assay (using a
NanoDrop ND-3300 Fluorospectrometer, NanoDrop
Technologies, Wilmington, DE, USA). Microdis-
sected DNAwas treated by sodium bisulfite (Sigma,
St Louis, MO, USA) for 3 h at 701C as previously
described.40

Methylation-Specific PCR

The seven genes included in this study were
selected because they have been previously ob-
served to be frequently aberrantly methylated in
primary pancreatic ductal adenocarcinomas and
rarely methylated in normal pancreatic tissues.28–32

SPARC has been reported to be methylated in 88%
of pancreatic ductal adenocarcinomas,32 SARP2 in
95%,28 TSLC1 in 27%,30 RELN in 72%,31 TFPI-2 in
73%,29 CLDN5 in 93%,28 and UCHL1 in 100%.28

The methylation status of 50 CpG islands of the
seven target genes were detected by methylation-
specific PCR (MSP) as previously described.40 After
purification with the Wizard DNA clean-up system
(Promega, Madison, WI, USA), 1ml of bisulfite-
treated DNA was used for each 15 ml PCR reaction.
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The detection limit of each MSP assay was deter-
mined using the following concentrations of methy-
lated DNA (1ng, 500, 200, 100, 50, 25, 13, and 8pg
and 0pg). The lower limit of detection for methy-
lated DNA was 25pg for RELN, TFPI2, and UCHL1,
and 13pg for SPARC, TSLC1, SARP2, and CLDN5.
As we suspected that any methylation present in
normal pancreas tissues would be at lower concen-
trations than in IPMNs, we included more input
DNA when amplifying DNA from normal pancreas
than from the IPMNs. Thus, we generally used 7–
10ng DNA from manually microdissected normal
pancreatic ductal epithelia, 0.4–2ng for laser
capture microdissected normal pancreatic duct
DNA, and 0.05–2ng DNA from manually dissected
IPMNs (Figure 1). For seven IPMNs limited amounts
of tissue were available, so only 40–100 pg were
used for MSP for these IPMNs. These concentrations
of input DNAwere well above the limit of detection
of our MSP assays and there was no evidence of
lower detectable methylation in these cases than in
IPMNs with higher amounts of input DNA.

The primers used were designed previously to
detect the sequence differences between methylated
and unmethylated DNA as a result of bisulfite
modification, and each primer pair contained at
least four CpG sites to provide optimal specificity.
Primer sequences for seven genes analyzed in the
present study were described previously.28–32 PCR
conditions were as follows: (1) 951C for 5min; (2) 50
cycles of 951C for 20 s, 60–621C for 20 s, and 721C for
30 s; and (3) final extension of 4min at 721C. PCR
products (5 ml) were loaded onto 2.5% agarose gels
and visualized by ethidium bromide staining.

Immunohistochemistry

Immunohistochemical analysis of SPARC expres-
sion was performed as previously described.32,41

Briefly, tissue sections were deparaffinized and
hydrated in xylene and serial alcohol solutions,
respectively. Endogenous peroxidase was blocked
by incubation in 3% H2O2 for 10min. The antigen
retrieval step was carried out in a steam pressure
cooker containing preheated high pH antigen retrie-
val buffer (DakoCytomation, Glostrup, Denmark) at
951C, 20min. To minimize nonspecific binding of
antibodies, sections were incubated with a protein
blocker (DakoCytomation) for 10min, and stained
using the Envision Plus Detection method (DAKO,
Carpinteria, CA, USA). Primary anti-SPARC mono-
clonal antibody (clone ON1-1, Zymed Laboratories
Inc., San Francisco, CA, USA; 1:500 dilution) was
applied manually to the sections and incubated for
60min at room temperature. The remainder of the
procedure was performed using an automated
immunostainer (DakoCytomation). Immunostained
sections were lightly counterstained in with hema-
toxylin, dehydrated in ethanol, and cleared in
xylene. SPARC immunolabeling was categorized as

absent when the labeling was absent to trace
positive and the extent of labeling was less than
10% of cells. Immunolabeling was considered
positive (expressed) if the intensity was moderate
(þ þ ), to strong (þ þ þ ), and the extent was more
than or equal to 10% of cells. In most cases, the
IPMNs that expressed SPARC showed diffuse label-
ing of the majority of neoplastic cells.

Statistical Analysis

The mean number of methylated genes was
compared between IPMNs with and without asso-
ciated invasive pancreatic ductal adenocarcinomas,
between low-grade IPMNs (IPMN with low-grade
dysplasia or IPMN with dysplasia) and high-grade
IPMNs (IPMN with high-grade dysplasia and IPMNs
with an associated infiltrating pancreatic ductal
adenocarcinoma) and between IPMNs and normal
pancreata. We also averaged the percentage of genes
methylated out of the seven genes tested to get an
overall percentage of genes methylated in an
IPMN.28,42,43

Statistical analyses were performed using SPSS
version 11 (SPSS Inc., Chicago, IL, USA). Compar-
ison of means was performed using unpaired
Student’s t-test, Mann–Whitney, or one-way anal-
ysis of variance (ANOVA) tests. Pearson’s correla-
tions were performed to test the relationship
between age and methylation. Linear regression
analysis was performed to examine the relationship
between patient age and the number of methylated
genes. Associations between categorical variables
were examined using the Pearson’s w2- and Fisher’s
exact tests. A P-value of less than 0.05 was
considered statistically significant.

Results

Clinicopathologic Features of Cases

The demographic profiles of the 50 patients whose
IPMNs and associated infiltrating cancers were
analyzed for DNA methylation are shown in Figure
1. Of which, 39 patients had IPMNs without an
associated infiltrating adenocarcinoma and 11 pa-
tients had IPMNs with an associated invasive
pancreatic ductal adenocarcinoma, all tubular type
(colloid (mucinous) carcinomas were not included).
Both the IPMN and the associated infiltrating
cancer were available for analysis for 8 of the 11
patients (Figure 2). The 47 IPMNs included 12
with low-grade dysplasia (26%), 12 with moderate
dysplasia (26%), and 23 with high-grade dysplasia
(48%). Twenty-eight cases (59%) were classified as
main-duct type, eleven (24%) were branch-duct
type, seven cases (15%) were unknown, and one
(2%) was a combined main duct/branch-duct IPMN.
Nineteen cases were pancreatobiliary (40%), seven-
teen were gastric (36%), and eleven were intestinal
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Figure 1 Summary of methylation profiles of IPMNs, infiltrating ductal adenocarcinomas arising in IPMNs, and peritumoral normal
pancreatic tissues determined by MSP. Gray colored boxes, methylated alleles; open boxes, unmethylated alleles. M, methylated; U,
unmethylated; FA, failed to amplify; NA, not applicable.
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(24%) type by histologic type. All 12 gastric subtype
IPMNs had low-grade dysplasia (100%), whereas 8
of the 11 intestinal (73%) and 14 of the 19
pancreatobiliary (74%) IPMNs had high-grade dys-
plasia (Po0.001). There was no significant differ-
ence between other demographic features and the
histological subtypes.

Methylation Analysis

The DNA methylation profile of each IPMN and the
normal pancreatic tissues is shown in Figure 1.
Overall, the mean percentage of genes methylated in
the infiltrating pancreatic ductal adenocarcinomas
arising in association with an IPMN (7 genes� 11
samples¼ 77 possible genes per samples) was
81±17% (62 methylated genes per samples) higher
than in normal pancreas samples (22±17%; 42
methylated genes of a possible 189 genes per
samples, Po0.0001). The percentage of genes
methylated in the infiltrating pancreatic ductal
adenocarcinomas associated with an IPMN was also
higher than in the IPMNs without accompanying
invasive cancer (57±26%; t-test, P¼ 0.007). The
percentage of genes methylated in IPMNs (66±26%)
was higher than in normal pancreas (Po0.0001).
The mean percentage of methylated genes was also
compared according to grade of IPMN; IPMNs with
low-grade dysplasia (mean, 36±29%), moderate
dysplasia (52±20%), and high-grade dysplasia
(71±19%). The mean percentage of methylated
genes differed significantly among IPMN grades
(one-way ANOVA, Po0.0001). We then compared
the percentage of methylated genes within each
grade of IPMN. The mean percentage of methylated
genes was higher in IPMNs with high-grade dyspla-
sia than in IPMNs with moderate dysplasia (Mann–
Whitney U-test, Po0.0001). However, there was no
significant difference in the number of methylated
genes in IPMNs with low-grade dysplasia vs IPMNs
with moderate dysplasia (data not shown). Simi-
larly, low-grade IPMNs (IPMNs with low-grade

dysplasia and IPMNs with moderate dysplasia,
n¼ 24) showed significantly less methylation
(44±26%) than high-grade IPMNs (IPMNs with
high-grade dysplasia and invasive adenocarcino-
mas; n¼ 23, 71±19%, Po0.0001). However, there
was no significant difference in the prevalence of
methylation between IPMNs with an invasive
adenocarcinoma (n¼ 8, 66±30%) and those without
invasive adenocarcinomas (n¼ 39, 55%±25%,
Mann–Whitney U-test), although this comparison
may be underpowered. In addition, there was no
difference in the mean number of methylated genes
between main-duct (4±2) and branch-duct (3±2)
IPMNs. The prevalence of aberrant methylation was
also compared for each histologic subtype of IPMN;
the mean percentage of genes methylated in gastric-
type IPMNs was 42±29%, intestinal-type 64±29%,
and pancreatobiliary-type 66±18%. Although the
mean percentage of methylated genes differed
significantly among histologic types of IPMN (one-
way ANOVA, P¼ 0.009) and was lower in gastric
than in intestinal or pancreaticobiliary, all gastric-
type IPMNs were low-grade adenomas, precluding
any comparisons of histologic type independent of
stage.

We next examined if there were any differences in
the prevalence of methylated genes in normal
pancreatic tissues by age, gender, or disease.
Methylation patterns did not differ by gender. The
mean percentage of methylated genes in normal
pancreatic ductal cells from patients with ductal
neoplasia (22±17%) was significantly higher than
in normal ductal cells from patients with well-
differentiated pancreatic endocrine neoplasms
(4±7%, Mann–Whitney U-test, P¼ 0.002). The
mean age of the patients that underwent analysis
of their normal pancreas (63±12years) was margin-
ally higher in those with ductal neoplasia than in
those with well-differentiated pancreatic endocrine
neoplasms (54±13years, P¼ 0.06). When we
matched these two groups by age comparing
methylation of normal pancreata in younger mem-
bers of the ductal neoplasia group (patients with an

Figure 2 Methylation profiles of intraductal papillary mucinous neoplasms and their associated invasive adenocarcinomas. Gray colored
boxes, methylated alleles; open boxes, unmethylated alleles.
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IPMNs or infiltrating ductal adenocarcinoma, and
an ageo70, mean age 56±7) to that of the endocrine
neoplasm group, there was still a significantly more
methylation in the ductal neoplasia group (1±1
genes) than in the endocrine neoplasm group
(0.3±0.5 genes, P¼ 0.002). Within the pancreatic
ductal adenocarcinoma group, there was a modest
correlation between patient age and the prevalence
of methylation in their normal pancreas (R¼ 0.34,
P¼ 0.08).

We examined the progression of individual gene
methylation with neoplastic grade. We determined
if there was any significant difference in the
prevalence of methylation individual genes by
neoplastic grade (low-grade dysplasia, moderate
dysplasia, high-grade dysplasia, and infiltrating
pancreatic ductal adenocarcinoma). There was a
significant difference in prevalence in the methyla-
tion of SARP2 (P¼ 0.02, w2-test), TSLC1 (P¼ 0.03),
TFPI2 (P¼ 0.001), UCHL1 (P¼ 0.03), and CLDN5
(P¼ 0.06) by neoplastic grade, but not of methyla-
tion SPARC (P¼ 0.47) or RELN (P¼ 0.24). We
then analyzed methylation prevalence by grade.
Low-grade IPMNs (low-grade dysplasia, moderate
dysplasia) (n¼ 24) were compared to advanced
neoplasms (IPMNs with high-grade dysplasia and
IPMNs associated with an invasive adenocarcinoma;
n¼ 34). Aberrant methylation of SARP2 (P¼ 0.004),
TSLC1 (P¼ 0.04), TFPI2 (Po0.0001), CLDN5
(P¼ 0.01), and UCHL1 (P¼ 0.02) were detected more
often in the more advanced lesions than in the low-
grade IPMNs (Figure 1). Within the IPMNs, aberrant
methylation of SARP2 (P¼ 0.01) and TFPI2
(Po0.0001) were detected more often in high-grade
IPMNs (IPMNs with high-grade dysplasia, n¼ 23)
than in those with low-grade IPMNs (low-grade
dysplasia, moderate dysplasia; Figure 1) and aber-
rant methylation of TSLC1 (Po0.0001) was detected
more often in high-grade IPMNs (IPMNs with high-
grade dysplasia) than in IPMNs with low-grade
dysplasia.

SPARC Expression Analysis

We also determined if aberrant methylation in
IPMNs was associated with gene silencing. We
examined expression of SPARC by immunohisto-
chemistry in 66 IPMNs (Table 1 and Figure 3).
SPARC expression was observed in 50% of IPMNs
with low-grade dysplasia (4 of 8) and IPMNs with
moderate dysplasia (12 of 24), but in only 20% of
IPMNs with high-grade dysplasia (7 of 34; w2-test,
P¼ 0.04). Loss of SPARC expression was not
associated with clinicopathologic factors such as
histologic subtype or IPMN location.

Discussion

In this study, we demonstrate that aberrant DNA
methylation is a common feature of IPMNs and

increases with histologic grade. We find that overall
prevalence of methylation in IPMNs with high-grade
dysplasia is similar to that observed for associated
pancreatic ductal adenocarcinomas. We also find
that the prevalence of methylation in IPMNs with
high-grade dysplasia was significantly higher than
that in IPMNs with moderate dysplasia. Overall,
these results indicate that for our gene panel
aberrant methylation increases in prevalence
through increasing histologic grades and is largely
complete prior to the onset of invasive adenocarci-
noma.

We also find that patients with ductal neoplasia
have more low-level aberrant methylation of our
gene panel in their normal pancreatic ductal
epithelial cells than do patients with pancreatic
endocrine neoplasms. This finding was observed
even when we controlled for age. These results
suggest that the propensity to develop aberrant
methylation in histologically normal tissues is not
merely a function of age and may predispose
patients to the development of ductal neoplasia.
These results expand previous findings in which we
demonstrated patients with pancreatic adenocarci-
noma have a higher prevalence of methylated DNA
in their normal duodenum than patients with
pancreatitis.42 Similarly, studies in other organ
systems indicate that adjacent mucosa from patients
with adenocarcinoma contain more aberrant methy-
lation than matched controls. In principle, the
detection of such low-level methylation in histolo-
gically normal tissues could be used to stratify an
individual’s cancer risk but large long-term prospec-
tive studies would be required using an as-yet-to-be-
defined optimal marker panel to test this hypothesis.

We also demonstrate that IPMNs show frequent
loss of expression of the protein product of SPARC,
and that this loss is more common in high-grade
IPMNs than in lower grade IPMNs. We have

Table 1 SPARC protein expression of IPMNs

SPARC expression
Minimal or absent Present Total P-value

Histologic grade
Low grade 4 4 8 0.04*
Moderate 12 12 24
High grade 27 7 34

Histologic subtype
Pancreatobiliary 22 14 36 0.86
Intestinal 14 6 20
Gastric 5 2 7
Oncocytic 1 0 1
Unclassified 1 1 2

Location
Main duct 27 10 37 0.36
Branch duct 9 9 18
Combined 4 3 7
Unknown 3 1 4

*Significant at the level of Po0.05 (adenoma+borderline vs CIS).
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previously demonstrated that aberrant methylation
of SPARC in pancreatic cancers is associated with
gene silencing32 and interference with tumor stro-
mal interactions.32,41 The prevalence of SPARC
methylation in IPMNs with moderate or high-grade
dysplasia was similar to the prevalence in infiltrat-
ing pancreatic ductal adenocarcinomas (88%).32

The aberrant methylation of the other genes in our
panel may have functional consequences in the
progression of IPMNs. For example, TSLC1/IGSF1
encodes a protein with structural homology to cell
adhesion molecules and may be involved in inter-
cellular interactions.30 Methylation of TSLC1 was
only observed in IPMNs with moderate or higher
grade dysplasia suggesting its detection in pancrea-
tic cystic lesions could be useful for predicting a
more advanced grade of IPMN. This finding mirrors
our previous results of methylation profiles of
PanINs, in which methylation was observed only
from PanIN-3 lesions.30 TFPI2 (tissue factor pathway
inhibitor 2) encodes a serine proteinase inhibitor
that is frequently inactivated by aberrant methyla-

tion in pancreatic adenocarcinomas.29 Reelin, the
protein product of RELN is a key regulator of
neuronal migration, is also commonly silenced in
pancreatic ductal adenocarcinomas and epigenetic
treatment of pancreatic cancer cells restores RELN
expression and significantly inhibits tumor cell
migration. We have previously demonstrated that
IPMNs often show loss of expression of the protein
product of RELN. The protein product of CLDN5
(claudin 5) is a component of tight junctions, and
was methylated in 81% of pancreatic ductal adeno-
carcinomas (35 of 43) and in 42% (10 of 24) of juice
samples from patients with pancreatic ductal ade-
nocarcinomas. SARP2/SFRP1 (secreted apoptosis-
related protein 2) is a member of SARP genes family
that counteracts the Wnt oncogenic signaling path-
way and is considered to be involved in apoptosis.
UCHL1/PGP9.5 is known to be methylated in several
other cancers, including esophageal, stomach, and
head and neck cancers.

Non-neoplastic cysts of the pancreas are relatively
common, and it can be difficult to distinguish a

Figure 3 Sparc protein expression in normal pancreatic ductal epithelial cells and IPMNs. (a) Sparc labeling in normal pancreatic ductal
epithelial cells (� 20). (b) An IPMN with low-grade dysplasia shows strong Sparc positivity in tumor cells (�20). (c) An IPMN with
moderate dysplasia shows weak sparc positivity in tumor cells (�20). (d) An IPMN with high-grade dysplasia demonstrated loss of
Sparc labeling (�20). Occasional fibroblasts in stroma in each figure show strong Sparc expression are used as internal positive controls.
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neoplastic cyst that may progress to invasive cancer
from a non-neoplastic cyst that does not require
treatment. Our results indicate that a DNA methyla-
tion panel may be helpful in facilitating the
detection of IPMNs and differentiating neoplastic
IPMNs from non-neoplastic cystic lesions. We have
previously demonstrated that pancreatic fluids such
as pancreatic juice could be used as a source of
molecular markers of pancreatic neoplasia.43,44

Quantitative methylation analysis of pancreatic
juice can distinguish patients with pancreatic
cancer from patients with non-neoplastic pancreatic
disease with high accuracy. A panel of DNA
methylation and other molecular markers are being
evaluated for their utility to detect neoplasia in
patients undergoing screening because of a strong
family history of pancreatic cancer.11,43,45

Ultimately, it may be possible to infer the likely
histological grade or risk of progression of a
neoplastic cystic lesion based on a panel of
molecular markers. In such a scenario, the analysis
of fine needle aspirates to detect a threshold
concentration of accurate aberrant DNA methylation
or other markers whose behavior in different grades
of resected IPMNs had been extensively character-
ized, could be useful in predicting their histological
grade prior to resection. Such an application would
require a panel of markers with high specificity for
each grade, those with characteristics such as
methylated TSLC1 that was predictive of having an
IPMN of moderate grade or higher.

In summary, we find aberrant methylation of a
seven-gene panel is a common feature of IPMNs and
increases with histologic grade. The detection of
aberrant methylated genes may help in the early
detection and diagnostic evaluation of cystic lesions
of the pancreas. Aberrant methylation in the normal
pancreas is detected more often in patients with
ductal neoplasia than in controls without ductal
neoplasms and may therefore to contribute to
carcinogenesis.
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