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MicroRNA Dissects Out Dangerous Pancreatic Cysts from
All the Rest
Ryan M. Thomas and Jason B. Fleming

Malignant transformation of pancreatic cysts occurs in only a fraction of patients. The diagnostic
dilemma is identifying which cysts pose a cancerous threat. Cyst fluid has been analyzed in a variety of
ways to answer this question but the microRNA (miRNA) profile of the fluid may finally hold the
answer. Clin Cancer Res; 18(17); 4482–4. 2012 AACR.

In this issue of Clinical Cancer Research, Matthaei and
colleagues provide evidence that examination of miRNAcould provide the needed testing approach to discern
malignant potential in cystic neoplasms of the pancreas
(1). Three different precursor lesions to invasive pancreatic
ductal adenocarcinoma (PDAC) have been described: pancreatic intraepithelial neoplasia (PanIn), intraductal papillary ductal mucinous neoplasm (IPMN), and mucinous
cystic neoplasms (MCN). Both IPMN and MCN manifest
as cystic lesions within the pancreas but represent only a
fraction of the large number of incidental cystic pancreatic
tumors identified in clinical medicine. The fluid within the
cyst can be sampled and tested, but predictive biomarkers
from cystic fluid have failed to accurately predict malignant
potential and ultimately guide clinical decision making
Surgical removal of a pancreatic cyst is the only effective
therapy, but this requires a pancreatectomy and the therapeutic risks of the procedure must be weighed against the
estimated malignancy risk posed by the cyst. For that reason,
accurate discrimination of the malignant or benign nature
of a cyst is a critical, unanswered clinical question. Current
practice broadly defines pancreatic cysts as serous or mucinous. Mucin-producing cystic neoplasms are considered
either premalignant, with potential to progress into invasive
cancer, or frankly malignant. Consequently, presence of
mucin is an important finding. Fortunately, it is typically
not difficult to detect mucinous lesions during pathologic
examination of direct smears of cyst contents obtained by
aspiration. However, distinguishing a cyst as mucinous is
insufficient for accurate decision making as the malignant
potential varies considerably within subgroups of mucinous neoplasms (2).
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IPMN tumors comprise 25% of cystic neoplasms and
show the greatest need for biomarkers to guide management. Although the available data are retrospective and
biased toward patients who received surgical resection,
these observations are the basis for current clinical management. Main duct IPMN, defined as segmental or diffuse
dilatation (>5 mm) of the main pancreatic duct, has a reported malignancy rate of roughly 62%, whereas branchduct IPMN, identified as round cystic tumors of more than
5 mm, has a much lower reported malignancy (24.4%;
ref. 3). For this reason, surgery is recommended for patients
with main-duct IPMN. For branch-duct IPMN, cyst size is
used as a surrogate for risk of malignancy, and therefore
surgical resection is recommended for patients with branchduct IPMN tumors of more than 3 cm. The clinical appearance of MCN tumors is very similar to that of branch-duct
IPMNs, but surgical resection is recommended for all MCN
regardless of size because malignant progression is considered inevitable. Discriminating a small branch-duct IPMN
from an MCN is difficult if not impossible, underscoring the
absence of critical biologic information about IPMN and
MCN. Specifically lacking is any knowledge about the
natural history of malignant progression within IPMN or
MCN tumors: Do all tumors within these broad categories
pose the same risk of malignant transformation? How long
does this take to occur?
Genetically engineered mouse models have advanced
our understanding of pancreatic cancer and provide a
molecular framework for its development. These studies
support the central role of oncogenic Kras in all 3 types
of precursor lesions. Expression of mutant Kras in the
mouse pancreas has been shown to induce PanIN lesions
and PDAC (4). Cystic lesions resembling IPMN or MCN
can be generated in the pancreas when oncogenic Kras
expression is combined with overexpression of TGFA or
the loss of the tumor suppressor gene SMAD4, respectively (5, 6). Advanced molecular pathologic techniques
have confirmed that nearly all human PanIN lesions
harbor Kras mutations, and recent studies show that Kras
mutations are detected within cyst fluid of 41% to 47%
of premalignant and 52% to 83% of malignant mucinous lesions (7, 8). However, is Kras mutation really the
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cysts requiring surgery needs to cut with a finer edge than
Kras.
Small RNAs could provide the needed edge. Unique in
their method of production and activation, small RNAs, 21
to 30 nucleotides in length, regulate transcription, chromatin structure, genome integrity, and most commonly,
mRNA stability. One class of small RNA, miRNA, is predicted to regulate at least one third of all human genes
(Fig. 1; ref. 10). Studies of miRNA expression in cancer have

biomarker needed for clinical discrimination? Autopsy
studies have identified that progressive PanIN lesions
(PanIN II) are present in the pancreas of 96% of individuals after 40 years of age (9). PanIN III lesions, the
last stage before noninvasive cancer, were conspicuously
absent in the autopsy study. Thus, clear identification
and demarcation of PanIN III lesions versus others is the
"sweet spot" for any early PDAC detection strategy. This
suggests that the molecular knife used to dissect out the
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Figure 1. Schematic for the potential utilization of miRNA in risk stratifying patients with cystic neoplasms of the pancreas. On the basis of the malignant
potential of the cells lining the cyst cavity, transcription of miRNA genes occurs yielding pre-miRNA that are subsequently exported from the nucleus into the
cytoplasm of the cell. An enzymatic cleavage occurs by the "Dicer" enzyme that removes the hairpin loop, leaving a double-stranded structure that
subsequently separates, yielding the mature miRNA. Typically, only 1 of the 2 strands is involved in subsequent gene regulation that can involve mRNA
cleavage, translational repression, or other regulatory processes. A portion of the miRNA is shed from the cell into the cyst lumen, which ultimately can be
aspirated during endoscopic ultrasound and measured, potentially giving insight into the malignant potential of the cells on the basis of their miRNA proﬁle.
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identified an extraordinary diversity of miRNA species
across cancers prompting investigators to hypothesize that
a modest number of miRNAs (200 in total) might be
sufficient to classify all human cancers. In addition, investigators have learned that testing using miRNA is entirely
feasible, facilitated by their size and ability to remain intact
in routinely collected, formalin-fixed, paraffin-embedded
(FFPE) clinical tissues (11). Importantly, Yu and colleagues
have recently reported that expression patterns of specific
miRNA can achieve the critical discrimination between
PanIN II and PanIN III lesions (12).
Matthaei and colleagues have harnessed the miRNA
approach to examine cystic lesions of the pancreas and
identify cysts likely to need surgical removal versus those
that can usually be observed. To show this, they first
microdissected low-grade and high-grade dysplasitic cells
from FFPE IPMN samples, identified differentially
expressed miRNA candidates, and validated them using
separate FFPE samples. Similar differential patterns of
miRNA were identified within fluid aspirated from pancreatic cystic neoplasms. From these experiments, Matthaei
and colleagues identified a subset of 18 miRNAs that segregated cysts typically requiring surgery (e.g., high-grade
IPMN) from less-malignant lesions that can be observed
(e.g., low-grade IPMN and serous cystadenoma). A logistic
regression model was then formulated using 9 miRNAs,
and this predicted cyst pathology treated with resection

versus observation with a sensitivity of 89% and a specificity
of 100%.
The work presented by Matthaei and colleagues suggests
a method for risk stratification of patients with pancreatic
cystic neoplasms that could solve the clinical dilemma. As
with any advance, real-time, prospective testing of this
application will be necessary before adoption of this
approach in clinical practice can be endorsed. Nevertheless,
these data implicate miRNA expression patterns as a powerful tool that can help clinicians know when surgery is the
right therapy for cystic lesions in the pancreas.
Disclosure of Potential Conﬂicts of Interest
No potential conflicts of interest were disclosed.

Authors' Contributions
Conception and design: R.M. Thomas, J.B. Fleming
Development of methodology: R.M. Thomas
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): R.M. Thomas
Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): R.M. Thomas
Writing, review, and/or revision of the manuscript: R.M. Thomas, J.B.
Fleming
Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): R.M. Thomas, J.B. Fleming
Study supervision: R.M. Thomas, J.B. Fleming
Received July 13, 2012; accepted July 18, 2012; published OnlineFirst
August 23, 2012.

References
1.

2.

3.

4.

5.

6.

4484

Matthaei H, Wylie D, Lloyd MB, Dal Molin M, Kemppainen J,
Mayo SC, et al. miRNA biomarkers in cyst ﬂuid augment the
diagnosis and management of pancreatic cysts. Clin Cancer Res
2012;18:4713–24.
Katz MH, Mortenson MM, Wang H, Hwang R, Tamm EP, Staerkel G,
et al. Diagnosis and management of cystic neoplasms of the pancreas:
an evidence-based approach. J Am Coll Surg 2008;207:106–20.
Tanaka M, Fernandez-Del Castillo C, Adsay V, Chari S, Falconi M,
Jang JY, et al. International consensus guidelines 2012 for the
management of IPMN and MCN of the pancreas. Pancreatology
2012;12:183–97.
Hingorani SR, Petricoin EF, Maitra A, Rajapakse V, King C, Jacobetz
MA, et al. Preinvasive and invasive ductal pancreatic cancer and its
early detection in the mouse. Cancer Cell 2003;4:437–50.
Izeradjene K, Combs C, Best M, Gopinathan A, Wagner A, Grady WM,
et al. Kras(G12D) and Smad4/Dpc4 haploinsufﬁciency cooperate to
induce mucinous cystic neoplasms and invasive adenocarcinoma of
the pancreas. Cancer Cell 2007;11:229–43.
Siveke JT, Einwachter H, Sipos B, Lubeseder-Martellato C, Kloppel G,
Schmid RM. Concomitant pancreatic activation of Kras(G12D) and

Clin Cancer Res; 18(17) September 1, 2012

Tgfa results in cystic papillary neoplasms reminiscent of human IPMN.
Cancer Cell 2007;12:266–79.
7. Khalid A, Zahid M, Finkelstein SD, LeBlanc JK, Kaushik N, Ahmad N,
et al. Pancreatic cyst ﬂuid DNA analysis in evaluating pancreatic cysts:
a report of the PANDA study. Gastrointest Endosc 2009;69:1095–102.
8. Shen J, Brugge WR, Dimaio CJ, Pitman MB. Molecular analysis of
pancreatic cyst ﬂuid: a comparative analysis with current practice of
diagnosis. Cancer 2009;117:217–27.
9. Ito R, Kondo F, Yamaguchi T, Kato K, Sakai Y, Saisho H, et al.
Pancreatic intraepithelial neoplasms in the normal appearing pancreas: on their precise relationship with age. Hepatogastroenterology
2008;55:1103–6.
10. Zamore PD, Haley B. Ribo-gnome: the big world of small RNAs.
Science 2005;309:1519–24.
11. Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, et al.
MicroRNA expression proﬁles classify human cancers. Nature
2005;435:834–8.
12. Yu J, Li A, Hong SM, Hruban RH, Goggins M. MicroRNA alterations
of pancreatic intraepithelial neoplasias. Clin Cancer Res 2012;18:
981–92.

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on January 16, 2022. © 2012 American Association for Cancer Research.

Published OnlineFirst August 23, 2012; DOI: 10.1158/1078-0432.CCR-12-2089

MicroRNA Dissects Out Dangerous Pancreatic Cysts from All the
Rest
Ryan M. Thomas and Jason B. Fleming
Clin Cancer Res 2012;18:4482-4484. Published OnlineFirst August 23, 2012.

Updated version
Supplementary
Material

Cited articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-12-2089
Access the most recent supplemental material at:
http://clincancerres.aacrjournals.org/content/suppl/2012/08/27/1078-0432.CCR-12-2089.DC1

This article cites 12 articles, 3 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/18/17/4482.full#ref-list-1

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/18/17/4482.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on January 16, 2022. © 2012 American Association for Cancer Research.

