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Gastric- and intestinal-type IPMN: two of a kind?
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Intraductal papillary mucinous neoplasms (IPMNs) are pre-
cursor lesions to pancreatic cancer. They consist of cystically
dilated ducts that are clinically detectable by imaging and are
lined by neoplastic epithelium. Their detectability, relative
frequent occurrence in the population, and risk for progression
into pancreatic cancer, a disease with a dismal prognosis, have
resulted in a clinical need for a better understanding of these
lesions. In order not to overtreat patients, risk stratification of
IPMN and either conservative management or prophylactic
treatment is considered the preferable strategy.

IPMNs can be classified into different subtypes, based on
the expression of specific mucins and the morphological re-
semblance to the epithelium of other gastrointestinal organs:
gastric-type, intestinal-type, and pancreatobiliary-type. Some
studies suggest that these subtypes are associated with specific
molecular pathways and with different risks of malignant pro-
gression and different prognosis, making them an interesting
feature for risk stratification. Generally, gastric-type IPMNs
are low-grade and associated with the smallest likelihood of
invasion, pancreatobiliary-type IPMNs are high-grade and as-
sociated with the highest likelihood of invasion, and
intestinal-type IPMNs are high-grade and associated with mu-
cinous “colloid” adenocarcinomas (see Fig. 1) [1, 2].
However, subtyping of IPMNs is often not so clear cut as
different subtypes can be mixed in one IPMN and high inter-
observer variability is known [3]. Moreover, it has been sug-
gested that gastric- and pancreatobiliary-type IPMNs are the
same entity but with different grades of dysplasia (see Fig. 1)
[4]. Omori et al. studied 60 cases of intestinal-type IPMN in an
effort to elucidate the molecular mechanisms of the

development and the progression of these IPMNs from low-
grade to high-grade dysplasia.

The study by Omori et al. shows interesting dynamics in
the development of IPMNs and pancreatic cancers. Based on
their observations in tissue slides, they hypothesize the transi-
tion from gastric-type IPMN to intestinal-type IPMN.
Although the claim to see evolutionary dynamics in tissue
slides, fixed in time, is subjective, the authors have tried to
substantiate their claims with auxiliary techniques.

Historically, pathologists have used (immuno)histochemistry
to investigate the common expression of certain molecules to
infer a (clonal) relationship between cells, based on the herita-
bility of epigenetic programs. Omori et al. describe shared ex-
pression of CDX2 in both gastric-type IPMN and intestinal-type
IPMN. This observation provides evidence for a clonal relation-
ship between these lesions.

Omori et al. did an attempt to further substantiate the mor-
phologically assumed clonal relationships between gastric-
type and intestinal-type IPMN by mutation analysis of com-
monly mutated driver genes (GNAS and KRAS). Importantly,
shared mutations in genes like GNAS and KRAS provide only
limited evidence of clonal relatedness, as the same hotspot
mutation in these genes can easily be seen in unrelated lesions
through two different molecular events. In contrast, multiple
shared passenger mutations (e.g., synonymous mutations) that
do not influence the fitness of a clone, or mutations in driver

Fig. 1 Schematic figure of the different proposed evolutionary
trajectories in IPMN
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genes without mutational hotspots, provide stronger evidence
for clonal relatedness between two samples. The probability
that two separate molecular events result in the same mutation
and grow out to detectable variant allele frequencies (VAFs) is
extremely small.

Although not adding to the evidence of clonal relatedness,
Omori et al. also showed presence of RNF43 mutations in 8/
14 intestinal-type IPMNs, which were not present in adjacent
gastric-type IPMN. Assuming that gastric-type IPMN and
intestinal-type IPMN are indeed clonally related, accumula-
tion of these extra mutations can be interpreted as further
evolution of these lesions and thus directionality. RNF43 is
an ubiquitin ligase that suppresses Wnt/β-catenin signaling.
The unopposed Wnt pathway in intestinal-type IPMNs is also
illustrated by aberrant expression of β-catenin in 80% of the
intestinal-type IPMNs.

As fashionable in current scientific literature, Omori et al.
connected the different observations in a coherent story.
CDX2 is presented as the protagonist in the transition from
gastric-type IPMN to intestinal-type IPMN. The expression of
this marker is described to precede the expression of MUC2,
another intestinal marker. Furthermore, Omori et al. show that
CDX2 increases both the expression of p21, an inhibitor of
cell proliferation, and cell proliferation itself (indicated by Ki-
67) albeit in different cellular compartments, suggesting a piv-
otal role for these events in the acquisition of the intestinal
phenotype at the morphological level. The relationship be-
tween CDX2 and p21 has been described in the literature:
p21 is a transcriptional target of CDX2 [5]. However, several
important questions remain unanswered, such as the mecha-
nism of CDX2 activation during progression and how CDX2
promotes cell proliferation, since evidence coming from stud-
ies in colon cancer rather suggests a tumor-suppressing role of
CDX2 [6].

A more general remark to the proposed theory of Omori
et al. is that the de novo expression of multiple cell-
differentiation markers during tumor progression is an oddity
elsewhere in the body. During neoplastic progression, clones
accumulate somatic mutations and most mutations are delete-
rious. This phenomenon continues in cancers and is often
mentioned as the reason for “dedifferentiation” and loss of
differentiation markers. However, de novo gain of expression
of different markers can be seen in metaplasia. An exact copy
of this phenomenon is seen in the stomach, where gastric
epithelium can show intestinal metaplasia during its progres-
sion to gastric cancer. Additionally, CDX2 has also been im-
plicated in intestinal metaplasia of the stomach [7–9].

In summary, Omori et al. combined (immuno)histochemistry
andmolecular analyses to investigate themolecular mechanisms
during progression of IPMNs. They provide for the first time

some evidence that gastric-type and intestinal-type IPMN are
clonally related and that CDX2 is an early marker of transfor-
mation from gastric-type IPMN to intestinal-type IPMN. Further
studies are necessary to definitively confirm the clonal relation-
ship and the evolutionary directionality between gastric-type
and intestinal-type IPMNs and address mechanisms behind
CDX2 activation.

If a critical amount of evidence eventually shows the pro-
posed clonal relationship between gastric-type, intestinal-
type, and, possibly, pancreatobiliary-type IPMN, a nomencla-
ture update will be warranted, since the current naming does
not infer a clonal relationship. Gastric-type IPMN is already
known to be associated with low-grade dysplasia, while
intestinal-type and pancreatobiliary-type IPMN are associated
with high-grade dysplasia. Changing to a nomenclature,
which infers a clonal relationship and is based on the grade
of dysplasia, might be more informative about the risk for
malignant transformation.
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