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Abstract

Heterotopic pancreatic parenchyma recapitulates the normal pancreas in extra-pancreatic locations
and on rare occasions can even give rise to pancreatic adenocarcinoma. The genetic signatures of
pancreatic adenocarcinoma and its precursor lesions are well characterized. We explored the
genetic alterations in precursor lesions (intraductal papillary mucinous neoplasms [IPMN],
pancreatic intraepithelial neoplasia [PanIN]) in patients with pancreatic heterotopias but without
concomitant pancreatic ductal adenocarcinomas. This allowed us to determine whether the
stereotypical dysplasia—infiltrating carcinoma sequence also occurs in these extra-pancreatic foci.
Seven cases of heterotopic pancreas with ductal precursor lesions were identified. These included
two IPMNs with focal high grade dysplasia and five PanINs with low to moderate grade dysplasia
(PanIN grades 1-2). Neoplastic epithelium was micro-dissected and genomic DNA was extracted.
Sequencing of commonly mutated hotspots (KRAS TP53, CDKN2A, SMAD4, BRAF, and GNAS)
in pancreatic ductal adenocarcinoma and its precursor lesions was performed. Both IPMNs were
found to have KRAS codon 12 mutations. The identification of KRAS mutations suggests a genetic
pathway shared with IPMN of the pancreas. No mutations were identified in our heterotopic
PanINs. One of the possible mechanisms for the development of dysplasia in these lesions is field
effect. At the time of these resections there was no clinical or pathologic evidence of a prior or
concomitant pancreatic lesion. However, a clinically undetectable lesion is theoretically possible.
Therefore, while a field effect cannot be excluded, there was no evidence for it in this study.
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1. Introduction

Invasive pancreatic ductal adenocarcinoma arises from a few distinct precursor lesions
including intraductal papillary mucinous neoplasm (IPMN), pancreatic intraepithelial
neoplasia (PanIN), mucinous cystic neoplasm, and intraductal tubulopapillary neoplasm
(ITPN). The genetics of invasive pancreatic ductal adenocarcinoma are well described, with
mutations correlating with different stages of disease and different morphologic entities [1].
Studies have supported a stepwise progression from precursor lesions to invasive pancreatic
adenocarcinoma with an activating mutation in codon 12 of KRASbeing a common and
early event. The other most commonly mutated genes, which increase in number and
prevalence (or frequency) with higher grades of dysplasia, are TP53, p16/CDKN2A, and
SMADA [2, 3]. The IPMN precursor pathway overlaps with the PanIN precursor pathway
with some significant differences. Whereas KRAS, GNAS, and RNF43 are frequently
mutated in IPMN, GNAS s rarely mutated in PanIN lesions [4]. In addition, the prevalence
of certain mutations in IPMN also associates with the different histologic subtypes. For
example, GNAS mutations are more common in the intestinal subtype (almost 100%) than in
the pancreaticobiliary (71%) and gastric subtypes (51%) of IPMNs [3, 5-8]. ITPN seems to
follow yet a different molecular pathway, with PIK3CA targeted more commonly, and KRAS
less frequently [9, 10].

Precursor lesions morphologically identical to IPMN and PanIN in the pancreas have
occasionally been reported in heterotopic pancreas [11, 12]. Only one other study has
examined the molecular changes associated with these lesions [11] and all of those lesions
were identified in patients with concomitant pancreatic cancer. Our study is the first and
largest study to examine these lesions in the absence of a known pancreatic cancer. We
identified 7 cases of heterotopic pancreas with varying degrees of dysplasia in IPMN and
PaniIN lesions in our consultation files. Invasive carcinoma was absent in all cases. The
purpose of this study was to examine these cases for mutations in a set of tumor suppressor
genes and oncogenes commonly targeted in invasive pancreatic cancer, and to compare
these changes to the well-characterized mutational profile of precursor lesions arising in the
pancreas. In addition, the immunohistochemical expression of mucin was also evaluated in
the IPMN cases.

2. Materials and Methods

2.1. Patient and Tissues

Seven cases of heterotopic pancreas with precursor lesions (ductal epithelial dysplasia) were
identified from the consultation files of one of us (RHH). The study was conducted with the
approval of the Johns Hopkins Medicine Institutional Review Board.

2.2. Histology

All of the cases were reviewed and the dysplasia was categorized and graded by an expert in
pancreatic pathology (RHH) using the most recent World Health Organization guidelines
[13]. Briefly, PanIN was defined as small, usually < 5mm, non-invasive, flat or papillary
intraductal epithelial lesions. PanIN lesions were evaluated for the degree of cytologic and
architecture atypia and were divided into 3 grades: low grade including PanIN1A and 1B:
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1A is characterized by flat basally placed nuclei with abundant supranuclear cytoplasm, and
PanIN 1B lesions have a papillary or micropapillary architecture with pseudostratified
nuclei; intermediate-grade: PanIN 2 are predominantly papillary with accompanying nuclear
abnormalities consisting of loss of polarity, nuclear crowding, enlarged nuclei,
pseudostratification, and hyperchromasia; and high-grade lesions: PanIN 3 with
cribriforming, micropapillary, and lumenal shedding or budding of small clusters of
epithelial cells in association with nuclear changes consisting of dystrophic goblet cells, loss
of nuclear polarity, mitoses, prominent nucleoli, and necrosis. IPMN was defined as a
grossly visible intraductal mucin-producing cystic tumor forming papillary projections and
measuring = 1 cm in greatest dimension. IPMNs typically have longer papillae than PanINs.
IPMN can also be classified into low-grade, intermediate-grade, and high-grade dysplasia.
For similar appearing smaller lesions (0.5 to 1.0 cm), the term incipient IPMN has been used
[14-16].

2.3. Sequencing

3. Results

Dysplastic epithelium in each case was manually micro-dissected and genomic DNA was
extracted as described [17]. DNA sequencing of the frequently mutated regions of 50
cancer-related genes using the AmpliSeq Cancer Hotspot panel v.2 on the lon Torrent PGM
(Life Technologies, Inc, San Diego, CA) was performed as previously described [18]. This
panel includes genes commonly mutated in pancreatic ductal adenocarcinoma and precursor
lesions (KRAS, TP53, CDKN2A, SMAD4, BRAF, and GNAS). RNF43 is not included in this
panel.

3.1. Clinicopathologic Parameters

Detailed patient information is provided in Table 1. Precursor lesions in heterotopic foci
were identified in 7 patients, 6 male and 1 female, with ages ranging from 15 to 82. Five of
the lesions were incidentally identified following surgery for other lesions (Meckel’s
diverticula in cases 1-3 and a gastrointestinal stromal tumor in case 6 and small bowel
intussusception in case 7) and 2 were removed due to symptoms. In all of the cases both
pancreatic acinar tissue and ducts were present. Islets were present in only one case (case 7).
Both of the cases of IPMN showed minimal acute and chronic inflammation. Case 4 had a
PanIN2 lesion with associated chronic inflammation involving the heterotopic pancreatic
tissue. Inflammation was absent in all other cases with PanIN (cases 3, 5, 6, 7). Two of the
cases of Meckel’s diverticula were found to have IPMNs with focal high-grade dysplasia
arising in heterotopic pancreatic parenchyma. Both were of the gastric-foveolar type. One
was <1 cm (0.9cm) and therefore classified as an incipient IPMN. Five cases of PanIN with
grades ranging from 1 to 2 were identified, one in a Meckel’s diverticulum, one in the small
bowel causing an intussusception, and 3 in the stomach (Figure 1). None of the patients had
a history of co-existing pancreatic ductal adenocarcinoma.

3.2. Mutational Analysis

Both cases of IPMN harbored activating mutations in KRASat codon 12 (both p.G12D, the
most common type of KRAS mutation in pancreatic neoplasia)[19]. GNAS mutations were
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not present in the IPMNs. No mutations were identified in any of the cases of PanIN. All
lesions were wildtype for TP53, CDKN2A, SMAD4, BRAF, and GNAS,

4. Discussion

Heterotopic foci of pancreatic tissue may develop invasive ductal adenocarcinoma or its
precursor lesions, histologically identical to those in the pancreas [20-22]. These foci
provide an opportunity to study the development of these lesions in pancreatic tissue away
from the confines and the microenvironment of the pancreas. Our analysis targeted
mutational changes in precursor lesions in heterotopic pancreatic parenchyma. None of our
lesions had an identifiable associated invasive ductal adenocarcinoma either in the
heterotopic focus or in the pancreas, although the possibility of a clinically undetectable
lesion cannot be excluded. The identification of clonal KRAS mutations in the IPMNs
suggests a genetic pathway shared with IPMN of the pancreas. In addition, these IPMNs
were of the gastric-foveolar subtype that, in the pancreas, most frequently carries mutations
of KRASand are less likely to harbor mutations in GNAS. GNAS mutations are more
commonly found in the intestinal subtypes. We were unable to assay for RNF43, which has
recently been recognized as a gene frequently mutated in IPMN [4].

No mutations were identified in any of our five PanIN lesions. In the only prior molecular
study of PanIN occurring in heterotopic foci, three of the six cases harbored activating KRAS
mutations at codon 12 [11]. All of those patients had concomitant invasive ductal
adenocarcinoma of the pancreas bearing the same mutation. Although our case numbers
were small, the lack of mutations in PanINs arising in heterotopic pancreatic parenchyma
differs from similar lesions in orthotopic pancreatic parenchyma. In the pancreas essentially
all PanIN lesions harbor a KRAS mutation, even in low grade lesions (PanIN-1) [23]. Higher
grade lesions are associated with additional mutations such as CDKNZ2A inactivation [24],
which was also not present in our cases. Interestingly, the control group in the Zhang study
consisted of thirty-two cases of heterotopic pancreas of the upper gastrointestinal tract
without associated PDAC, a group corresponding more closely to our cases [11]. Two out of
the thirty-two of these control cases reportedly had PanIN-1A and both were KRASwild
type. No further details of mutational profiling were provided. Our five PanIN cases and the
two controls with similar findings from the Zhang study raise the possibility that PanIN in
heterotopic pancreas does not follow the same pathway as its analogue in the orthotopic
pancreas. In concert with this, the Zhang cases with KRAS-mutated heterotopic PanIN and
co-existing pancreatic ductal adenocarcinoma could be attributable to a widespread “field
effect”.

The development of ductal adenocarcinoma in heterotopic pancreatic parenchyma is rare,
with approximately 31 cases reported in the literature [25-27]. In only one case has
molecular analysis been reported; a KRAS mutation at codon 12 was identified [28]. There
was no mention of adenocarcinoma precursor lesions in that study. The finding of at least
one instance of a KRAS mutated adenocarcinoma arising in heterotopic pancreatic tissue
raises the possibility that at least a subset of these lesions may follow a pathway similar to
that of pancreatic ductal adenocarcinomas.
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A meta-analysis of studies performed mostly in the 1990°s pointed out that the incidence of
KRAS mutation in PanIN1 depended heavily on the type of assay [29]. This was confirmed
by the more recent study by Kanda et al. which demonstrated a higher rate of KRAS
mutation (99%) using a combination of laser-capture microdissection with pyrosequencing
and melt curve analysis [23]. Their reported limit of detection was approximately 5% mutant
alleles. We believe our careful manual microdissection has a roughly equivalent ability to
enrich for mutated tumor alleles, and our limit of detection is superior at 1% mutant alleles
[18].

The rarity of these lesions is the major shortcoming of our study. Our numbers are small and
statistical analysis is not possible. However, closer attention to these precursor lesions may
provide information on the development of neoplasia in a setting distinct from that in the
pancreas.
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Figure 1.
A) IPMN arising in Meckel’s diverticulum, H&E x40, B) High power view of high grade

dysplasia in IPMN, H&E x400, C) PanIN-1 in stomach, H&E x40 D) High power view of
low grade dysplasia in PanIN-1, H&E x200.
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