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Abstract

Introduction—There are no reliable markers of dysplasia in patients with incidentally
discovered intraductal papillary mucinous neoplasms of the pancreas (IPMN). IPMN dysplasia
may be associated with mucin protein (MUC) expression and histopathologic subtype. We
hypothesize that MUC expression in cyst fluid and serum can identify lesions with high risk of
malignancy.

Methods—Cyst fluid and serum were collected from 40 patients during pancreatectomy for
IPMN between 2005 and 2009. Samples were grouped into low-risk (low-grade or moderate
dysplasia, n = 21) and high-risk groups (high-grade dysplasia or carcinoma, n = 19). Mucin
expression (MUC1, MUC2, MUC4, and MUC5AC) was assessed utilizing enzyme-linked
immunosorbent assays.

Results—MUC2 and MUCA4 cyst fluid concentrations were elevated in high-risk versus low-risk
groups (10 + 3.0 ng/ml vs. 4.4 + 1.2 ng/ml, p = 0.03; 20.6 £ 10.6 ng/ml vs. 4.5 + 1.4 ng/ml, p =
0.03, respectively). Corresponding serum samples revealed higher levels of MUC5AC in high-risk
compared with low-risk patients (19.9 + 9.3 ng/ml vs. 2.2 + 1.1 ng/ml, p = 0.04). Histopathologic
subtype was significantly associated with grade of dysplasia, and the intestinal subtype displayed
increased MUC2 cyst fluid concentrations (13.8 + 6.5 ng/ml vs. 4.1 £ 0.9 ng/ml, p = 0.02).

Conclusions—In this study, high-risk IPMN showed elevated cyst fluid concentrations of
MUC2 and MUC4, and increased serum levels of MUC5AC. High-risk IPMN also displayed a
distinct mucin expression profile in specific histologic subtypes. These data, if validated, may
allow surgeons to more appropriately select patients for operative resection.

Identification of intraductal papillary mucinous neoplasms of the pancreas (IPMN) has
increased in recent years, largely due to increased utilization of high-quality cross-sectional
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imaging.12 Management of IPMN has remained problematic due to an inability to determine
the degree of dysplasia in those presenting with radiographically equivocal lesions.3

It is presumed that IPMN evolve from low-grade dysplasia to carcinoma; however, the
frequency and timeframe for this progression remains unknown. Most surgeons would agree
that IPMN with high-grade dysplasia or carcinoma should be resected, but in the absence of
obvious radiographic findings, this pathologic information is generally not available
preoperatively. Endoscopically obtained fine-needle aspiration (FNA) samples of cystic
lesions have not been able to accurately predict levels of dysplasia nor confidently histotype
lesions. Cyst fluid carcinoembryonic antigen (CEA) levels have been found to be predictive
of mucinous lesions, but have not been found to correlate with degree of dysplasia.

Mucins (MUCs) are highly glycosylated proteins that lubricate and protect epithelial mucosa
and have various roles in homeostasis and carcinogenesis.>® At least 19 human MUC genes
have been distinguished by complementary DNA (cDNA) cloning, and
immunohistochemical MUC expression patterns can distinguish the different
histopathologic types of IPMN (gastric, intestinal, pancreatobiliary).”~18 The gastric subtype
of IPMN consists of cells resembling gastric foveolae and on immunohistochemical staining
typically expresses MUCS5AC but not MUC1 or MUC2. This subtype of IPMN is almost
uniformly low grade.1® The intestinal subtype of IPMN consists of cells resembling villous
adenomas and typically expresses MUC2, and the pancreatobiliary subtype of IPMN
consists of cells resembling biliary papillae and typically expresses MUC1. These subtypes
of IPMN frequently contain high-grade dysplasia.2%21 We hypothesized that the differential
expression of MUC proteins identified on immunohistochemical studies of tissue sections
may be reflected in the cyst fluid and allow for development of a MUC panel predictive of
cyst dysplasia.

Pancreatic cyst fluid aspirates and serum samples were prospectively collected at time of
resection from 40 of 147 patients with IPMN between 2005 and 2009. Patients were
preoperatively consented to an institutional review board (IRB) tissue collection protocol,
and a waiver of authorization was obtained from the institutional IRB prior to data review.
Serum samples were collected at time of preadmission testing, which generally occurred
within 2 weeks of operation. Cyst fluid was obtained at time of resection. Resected
specimens were immediately transported to the Memorial Sloan-Kettering Cancer Center
(MSKCC) tumor procurement facility in the Department of Pathology, where cyst aspiration
was performed by a surgeon, pathologist or technician. Cyst fluid was aspirated with an
18-21-gauge needle, divided into 500-ul aliquots, and stored at — 80°C. All analyses were
performed on samples with no prior freeze—thaw cycles.

Samples were divided into low-risk (low-grade and moderate dysplasia) and high-risk
groups (high-grade dysplasia and invasive carcinoma). All histopathology was
independently reviewed and assessed by a single dedicated gastrointestinal (GI) pathologist
(N.K.) for IPMN subtyping and to determine the degree of cyst dysplasia. Gastric subtype
was defined by flat epithelium or thick finger-like papillae similar to gastric foveolae, apical
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cytoplasmic mucin, and basal nuclei. Intestinal subtype was characterized by well-formed
villous papillae lined by cells with elongated, pseudostratified nuclei, resembling colonic
villous adenomas. Pancreatobiliary subtype was defined by the presence of arborizing
papillae similar to biliary papillary neoplasms, and cytologic atypia with enlarged
hyperchromatic nuclei. Grading of dysplasia in IPMN was based on the most severe degree
of dysplasia identified. Low-grade dysplasia was characterized by basal nuclei and
intracellular mucin, whereas in moderate dysplasia there was full-thickness nuclear
pseudostratification with mild to moderate nuclear atypia. High-grade dysplasia was
distinguished by significant cytologic atypia, complex disorganized architecture, and tufting.
In the setting of invasive carcinoma, tubular morphology was characterized by glandular
structures with stromal invasion and a general lack of mucin, while colloid carcinoma
contained > 80% mucin.

Expression of the mucins MUC1, MUC2, MUC4, and MUC5AC was quantified utilizing
enzyme-linked immunosorbent assays (ELISAs; USCN-life, China). All samples were run
according to manufacturer's guidelines. Cyst fluid viscosity was noted at time of ELISA and
determined to be “thick” if the fluid was unable to be aspirated into a 200-pl pipette tip.
Thick samples were diluted with phosphate-buffered saline (PBS); all others were run neat.
Absorbance was read at 450 nm.

Differences between groups were assessed utilizing analysis of variance (ANOVA) and t
test calculations. Values are expressed as mean + standard error of the mean (SEM).

Patient Demographics and Cyst Characteristics

This study included 27 women (67%) and 13 (33%) men. Invasive carcinoma was identified
in five cysts, 14 had high-grade dysplasia (HGD), 15 had moderate dysplasia, and six had
low-grade dysplasia. There were 19 “high-risk” and 21 “low-risk” cysts. Serum samples
were available from 12 patients with high-risk cysts and 14 patients with low-risk cysts.
Radiographic and histopathologic findings of the 40 patients are presented in Table 1.
Average cyst diameter on radiology was 4.2 cm (range: 1.2-23 cm, median: 3.0 cm). Mean
cyst diameter was 5.5 cm for high-risk cysts and 2.9 cm for low-risk cysts. Though cyst size
was not a significant predictor of high-risk lesions as a continuous variable, when
dichotomized at 4.0 cm, cyst diameter was associated with high-risk lesions (p = 0.02).

The majority of cysts were branch duct IPMN (n = 19). Eighteen (95%) of the branch duct
lesions were of gastric subtype and one contained oncocytic features. Three of 19 (16%) of
branch duct cysts were in the high-risk group. There were 12 main duct lesions and 9 mixed
(branch and main duct) cysts. All cysts with invasive disease were main duct IPMN, and
main duct IPMN was associated with high-risk lesions (p = 0.03).

The majority of lesions (33/40, 83%) were radiographically equivocal without clear signs of
an associated mass or nodularity. Solid components were seen in two cysts with invasive
cancer and two cysts with high-grade dysplasia. Nodularity was observed in one cyst with

Ann Surg Oncol. Author manuscript; available in PMC 2014 November 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Maker et al. Page 4

invasive cancer, one cyst with high-grade dysplasia, and one cyst with low-grade dysplasia.
There were no cysts with moderate dysplasia and a solid component or nodularity.

Histopathologic Subtype and Dysplasia

All 21 of the low-risk cysts (low-grade and moderate dysplasia) were of gastric
histopathologic subtype. Of the 14 cysts with HGD, four were intestinal, six were
pancreatobiliary, two were gastric, and two had oncocytic features. Of the five cysts with
invasive carcinoma, four were of intestinal subtype and one was pancreatobiliary. All
intestinal, pancreatobiliary, and oncocytic cysts also contained gastric epithelium. All of the
intestinal and pancreatobiliary cysts (n = 15) were in the high-risk group (Table 2).

Histopathologic Subtype and MUC Expression

Gastric cysts (n = 23) expressed lower levels of MUC2 (4.3 + 1.1 vs. 10.8 £ 3.3 ng/ml, p=
0.02), MUC4 (5.1 £ 1.5 vs. 27.6 £ 11.9 ng/ml, p=0.02), and MUC5AC (23.5 + 4.4 vs. 48.0
+ 14.1 ng/ml, p = 0.04) compared with nongastric cysts (n = 17) (Fig. 1). There was no
difference in MUCL expression, with very low or undetectable levels in the majority of
cysts.

Intestinal cysts (n = 8) contained higher levels of MUC2 (13.8 £ 6.5vs. 5.4 + 1.1 ng/ml, p=
0.03) and tended to have increased levels of MUC4 (31.9 + 23.2 vs. 10.3 £ 3.4 ng/ml, p=
0.054) compared with nonintestinal cysts (n = 32) (Fig. 2). Pancreatobiliary cysts were not
significantly associated with a distinct mucin profile (n = 6).

Degree of Cyst Dysplasia and MUC Expression

MUC1 expression was very low in the cyst fluid across all groups of IPMN (mean 0.8 ng/
ml), and there was no correlation between MUC1 level and degree of cyst dysplasia.
MUCBSAC expression was much higher than MUC1 across all IPMN groups (mean 33.9 ng/
ml), but there was no association between level of dysplasia and MUC5AC expression.

MUC2 and MUC4 levels tended to cluster by degree of dysplasia, with higher levels of
expression in highly dysplastic and invasive cysts. High-risk cysts (n = 19) had increased
expression of MUC2 (10.0 £ 3.0 vs. 4.4 + 1.2 ng/ml, p = 0.03) and MUC4 (20.6 + 10.6 vs.
4.5 + 1.4 ng/ml, p = 0.03) compared with low-risk cysts (n = 21) (Fig. 3).

MUC Expression in Serum

Serum levels of MUCS5AC were not different between individual levels of cyst dysplasia,
but they were elevated in patients with high-risk cysts compared with low-risk cysts (17.9 +
9.3vs. 2.2 £1.1 ng/ml, p=0.025). There was no difference in serum levels of MUCs 1, 2 or
4 between the groups, and serum levels of MUCs were not associated with histopathologic
subtype (Fig. 4).

Cyst Fluid Thickness and Level of Dysplasia

Ten of 40 cyst samples were determined to be thick (not able to be aspirated through a 200-
ul pipette). Seven of these were from cysts with high-grade dysplasia, one from a cyst with
low-grade dysplasia, and two from moderately dysplastic cysts. Presence of thick cyst fluid
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was associated with high-grade dysplasia (p = 0.007) with a positive predictive value of
70%.

Discussion

Current management guidelines for patients who present with incidentally discovered IPMN
are based primarily upon radiographic findings. When the main pancreatic duct is dilated,
high-grade dysplasia or invasive carcinoma has been reported to occur in approximately
50% of patients and resection is generally recommended.?2:23 When patients present with
isolated branch duct disease, the risk of high-grade dysplasia or invasive carcinoma appears
to correlate with the presence of a solid component and cyst size. In the absence of a solid
component and size <3 cm, the risk of high-grade IPMN is generally <5% and radiographic
observation is warranted in selected patients.24:25 Better markers of dysplasia may allow for
safe monitoring of these lesions even in the setting of radiographic concern, and identify
high-risk lesions for resection with benign radiographic characteristics.

Elevated cyst fluid CEA levels have been shown to distinguish mucinous from nonmucinous
cysts with an approximate 80% accuracy.28 Cyst fluid CEA, however, has not been shown
to be a marker of dysplasia, and we have found that degree of CEA elevation is not
associated with in situ or invasive IPMN.27:28

In the current study we have further demonstrated that the histopathologic subtype of IPMN
is associated with the degree of dysplasia. Gastric cysts were more likely to be low-risk
cysts (91% of all low-risk cysts), and intestinal and pancreatobiliary subtypes were more
likely to be high-risk cysts (79% of all high-risk cysts). Histologic subtype correlated with
cyst fluid MUC expression, with decreased MUC2, MUC4, and MUCS5AC in gastric cysts
and elevated MUC?2 in intestinal cysts. Furthermore, elevated MUC2 and MUC4 cyst fluid
concentrations were associated with high-grade dysplasia and carcinoma, and elevated
serum MUCS5AC was associated with high-risk cysts. Others have stained for mucins in
IPMN and pancreatic juice; however, this is the only report we know of that quantifies
MUCL, 2, 4, and 5AC in this setting.

Though it is not clear whether cysts transform from benign to malignant through a
progression of histologic subtypes, or if they are phenotypically predisposed to malignant
change, it has been recognized that the subtype of IPMN is associated with the degree of
cyst dysplasia and distinct mucin staining profiles.10.19.29-31 The gastric subtype
histologically resembles gastric foveolar cells, often contains low-grade dysplasia, and stains
for MUC5AC.1? The intestinal subtype resembles villous intestinal neoplasms, often
contains moderate to high-grade dysplasia, and stains for MUCs 2, 4, and 5AC.1° The
pancreatobiliary subtype resembles biliary papillary neoplasms, often contains moderate or
high-grade dysplasia, and stains for MUCs 1, 4, and 5AC.19:32 The two types of invasive
cancer encountered in IPMN, tubular carcinoma and colloid carcinoma, differ histologically
in the amount of mucin in the cysts, and typically stain for MUC1 and MUC2,
respectively.31 Consistent with these observations, all of our low-grade and moderately
dysplastic cysts were of the gastric subtype and all of the intestinal and pancreatobiliary
subtypes were found in cysts with high-grade dysplasia or carcinoma. We found low levels
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of expression of all MUCs in the gastric subtype, and this correlated with branch duct
phenotype, and low malignant potential, therefore implying that MUCs 2 and 4 may be
increasingly expressed with higher levels of dysplasia.

MUCL1 is a transmembrane signal transducer molecule. It is commonly expressed in PanIN-3
(not in 1 or 2) and ductal adenocarcinoma, and found only rarely in noninvasive,
nonpancreatobiliary-type IPMN and colloid carcinoma. MUCL1 overexpression, aberrant
intracellular localization, and changes in glycosylation are associated with aggressive
phenotype. Consistent with studies of cyst epithelium, we found cyst fluid MUC1
expression to be infrequent in IPMN.” Since we found only minimal MUC1 cyst fluid
expression in all histologic subtypes, it likely has minimal translocation or secretion into the
cyst fluid, and is not a useful marker in this setting.

MUC?2 is a secretory mucin prominent in the gut and secreted from goblet cells. It provides
an insoluble mucous barrier and protects intestinal epithelium. It is not expressed in normal
pancreatic tissue but is expressed in intestinal-type IPMN and colloid carcinoma, a less
aggressive lesion that arises in association with IPMN.>20.21 Similar to the findings of
MUC?2 staining in intestinal-type cysts, we found cyst fluid MUC2 to be a marker of the
intestinal subtype, and further, have found it to be a marker of high-grade dysplasia/invasive
cancer,’-14.32

MUCA4 is a transmembrane ligand for ErbB-2 and is involved in cell-cell and cell-
extracellular matrix interactions.33 It participates in tumor growth and metastases by directly
altering cell properties and modulating ErbB-2 expression.34 It is not expressed in normal
pancreas, may be expressed more frequently in high-grade and invasive IPMN, and has been
associated with worse overall survival in pancreas cancer.>21:3536 Qur data support that
MUCA4 is secreted into the cyst fluid and expressed at higher concentrations in high-risk
cysts, consistent with studies that implicate MUC4 in the development of IPMN.37 Like
MUC1, MUC4 is a membrane protein. However, whereas MUCL acts as a docking protein,
MUCH4 is a receptor ligand, which may account for its higher level of expression.38 It is
possible that an increase in MUC4 in high-risk cysts is reflective of activation of the ErbB-2
signaling pathway that may transform borderline cysts to a malignant phenotype.3’

MUCSAC is a secretory mucin expressed on the gastric mucosa.3? It is not detected in
normal pancreas, but is seen in all types of IPMN and PanINs, though the degree to which
MUCSAC is expressed has not been confidently quantified.10-19:31.40 Our study is one of the
first to quantify mucin concentrations, and consistent with other studies that
immunohistochemically identified MUCS5AC in cyst epithelium, we also found cyst fluid
expression of MUC5AC in all histologic subtypes of IPMN and across all levels of
dysplasia.2! There was no significant difference in cyst fluid MUCSAC levels between the
groups. Though cyst fluid MUCS5AC did not discriminate between high- and low-risk cysts,
it did discriminate between gastric and nongastric cysts. However, serum levels of
MUCS5AC were elevated in high-risk cysts compared with low-risk cysts. Gastric subtype is
a component of all cysts, and it is unclear why MUC5AC was more likely to be present in
serum of patients with high-risk lesions. It is possible that MUCS5AC is more likely to be
secreted when the lesion becomes high grade, as was seen in the cyst fluid of intestinal and

Ann Surg Oncol. Author manuscript; available in PMC 2014 November 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Maker et al.

Page 7

pancreaticobiliary cysts, but this remains to be elucidated. It is not clear why MUC 2 and 4
were not also differentially expressed in serum. Serum is easier than cyst fluid to acquire
and would be the ideal medium to identify a biomarker of high-risk IPMN. The serum
studies were performed on a small set of patients, and further studies need to be done to
validate these findings, as they may corroborate that MUC5AC overexpression is an early
event in IPMN progression. 40

Thick cyst fluid is likely a reflection of higher mucin and glycoprotein expression. We
measured the viscosity of cyst fluid using a simple test of whether it could be aspirated with
a 200-11 pipette tip and found that thick samples were significantly associated with highly
dysplastic cysts. It is likely that increased secretion of mucins into the cyst fluid accounts for
this observation, and it may be that MUC2 and/or MUC4 are responsible for the increased
viscosity, since they were independently found to be associated with high-risk cysts. Further
studies evaluating cyst fluid viscosity need to be performed.

In conclusion, high-risk IPMN were associated with distinct histopathologic subtypes and
mucin profiles. This study introduces cyst fluid MUC2 and MUC4, and serum MUC5AC, as
potential biomarkers of dysplasia in IPMN worthy of further study. These data, if validated,
may allow surgeons to more appropriately select patients for operative resection.
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Fig. 1.
Gastric subtype correlated with MUC expression. Expression of MUCs 2, 4, and 5AC were

significantly decreased in gastric (n = 23) compared with nongastric cysts (n=17). * p<
0.05
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Fig. 2.

Intestinal subtype correlated with MUC expression. Expression of MUC2 and MUC4 were
increased in intestinal compared with nonintestinal cysts (p = 0.03* and 0.054, respectively)
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Degree of Dysplasia Pancreatic Cyst Fluid Concentration (ng/mL)
MUC 2* MUC 4*
Carcinoma or High Grade Dysplasia 10 20.6
Low or Moderate Grade Dysplasia 4.4 4.5
* p<0.05
Fig. 3.

MUC2 and MUC4 expression by degree of cyst dysplasia. Levels of MUC2 and MUC4
were significantly elevated in high-risk cysts compared with low-risk cysts. Mod moderate
dysplasia, HGD high-grade dysplasia, Ca invasive cancer
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Fig. 4.
Serum levels of MUCS5AC. Serum levels of MUC5AC were elevated in patients with high-

risk cysts compared with low-risk cysts (17.9 + 9.3 vs. 2.2 £ 1.1 ng/ml, p = 0.025) in a small
number of patients (high risk, n =12, low risk, n = 14). Data points from the three serum
samples of patients with invasive IPMN are denoted by crosses

Ann Surg Oncol. Author manuscript; available in PMC 2014 November 23.



Page 14

Maker et al.

NIH-PA Author Manuscript

LC youelg Juse aJelspoiN N 8¢
0¢C youelg JuIseD dJeJspoN 4 L2
ST urew pue youeig o115 aYelapolN 4 9z
[ youelg Juses aJelspoiN 4 S¢
€ youelg pINS:) aJeJapoN Y74
S youelg Juse 3JelapoiN 4 €
LT youelg Juses aJelspoiN 4 2
0e urew pue yaueig pINS:) ayeJapoN 4 TZ
T¢ areuroun Juse 3JelapoiN 4 0¢
ST youeig aLse doH 4 67
0'€e urey [eunsalu| dsH N 8T
0¢e youelg Juse dsH 4 LT
0L ulelN  AJeljiqolealoued [ed04 pue [eUlISaIU| asH 4 91
6'S urew pue yaueig AJeljiqoyeasoued [e20) pue J1ISED aoH N ST
Sy urew pue youeig AJeljigoyeaioued pue oLises aoH 4 91
[ urew pue youelg Aueijiqoleasoued pue 911D asH 4 €1
92 urew pue yaueig AJeljiqoyeasoued [e20) pue J1ISED aoH 4 2T
0e urey [eunsaju| dsH N 1T
ST ureN Aserjiqoyesioued pue oLise aosH W 0T
oy urepy 2n4200uQ asH N 6
0¢C utew pue youeig [eunsaju| dsH N 8
6C youelg 911A000U0 pue J11ISeD) doH N L
02 urey [eunsajuj dsH N 9
00T urepy AJeljigoyeaioued pue oLises BwiouioIR) 4 g
g2 ure |eunsaiu| ewoulde) 4 4
8T urepy [eunsaju| BwouidIR) 4 €
19 urepy [eunsau| BwiouioIR) 4 z
g2 ure |eunsaiu| ewoulde) N T
(wo) eRWeIp 84D adA110n@ adAigns oiBojosiH  ese|dsAp Josebeg  xes

T alqel

NIH-PA Author Manuscript

solyde JGowsp 1uB1Ted

NIH-PA Author Manuscript

Ann Surg Oncol. Author manuscript; available in PMC 2014 November 23.



Page 15

Maker et al.

NIH-PA Author Manuscript

alew W ‘aeway 4

02 youeig ouIsen Mo 4 ov
44 Yyouelg JLseo Mo 4 6¢
(a4 youelg Juseo Mo7 4 8¢
[ urew pue youelg a11se MO 4 /e
ST Yyouelg JLseo Mo N 9¢
e youelg Juseo Mo7 4 G
¥% youeig oL1seD a1eIapON 4 ve
vz youeig auseD aJeIapolN 4 ¢€¢
Se urew pue youelg alseD ajeIapoN 4 €
09 youeig oL1seD a1eIapON 4 1€
Sz youeig auseD alelopoN N OF
6'¢ ureN Juseo d1eJspoN 4 6¢
(wo) eBWeIp LD adA1 1ng adAignsoibojosIH ese|dsAp JoaslBeg XeS

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Surg Oncol. Author manuscript; available in PMC 2014 November 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Maker et al.
Table 2
Dysplasia correlated with histopathologic subtype
Degree of dysplasia Histologic subtype
Intestinal®  Pancreatobiliary®  Gastric®
Carcinoma or high-grade dysplasia  100% (8/8)  100% (7/7) 9% (2/23)
Low- or moderate-grade dysplasia 0% 0% 91% (21/23)

Page 16

All cysts harboring the intestinal or pancreatobiliary subtype were found to be high-risk cysts containing high-grade dysplasia or invasive cancer.

The majority of gastric cysts were low-risk cysts. All of the low-risk cysts were of gastric subtype

8 <0.05
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