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Abstract

Objective—To evaluate Plectin-1 expression as a biomarker of malignant risk for intraductal
papillary mucinous neoplasms (IPMNSs).

Methods—~Plectin-1 immunohistochemistry (IHC) was performed retrospectively on surgical
(N=71) and cytology (N=33) specimens from Mayo Clinic Jacksonville and UCLA Medical
Center, including IPMNs with low grade dysplasia (LGD), high grade dysplasia (HGD), or an
associated invasive adenocarcinoma.

Results—Plectin-1 expression was increased in invasive adenocarcinoma compared to adjacent
in situ IPMN (p=0.005), as well as the /n sit HGD component of IPMNSs with invasive cancer
compared to HGD of IPMNSs without invasive cancer (p=0.02). Plectin IHC discriminated IPMNs
with invasive adenocarcinoma from non-invasive IPMN (area under the curve [AUC] of 0.79, 75%
sensitivity, 85% specificity), but was insufficient for discriminating HGD IPMN from LGD
IPMNSs in surgical resections (AUC 0.67, 56% sensitivity, 64% specificity) or fine needle
aspiration specimens (AUC 0.45).
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Conclusions—While Plectin-1 immunohistochemistry has insufficient accuracy to be used as a
definitive biomarker for malignant risk in the evaluation of IPMN biopsy or cytology specimens,
increased Plectin-1 expression observed in both invasive cancer and /n sitv HGD of malignant
IPMNs suggests it might be successfully leveraged as a cyst fluid biomarker or molecular imaging
target.
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Introduction

Intraductal papillary mucinous neoplasms of the pancreas (IPMNSs) are macroscopic cystic
or mass-forming neoplasms arising within the pancreatic ductal system that present along a
dysplastic spectrum of low grade dysplasia (LGD) to high-grade dysplasia (HGD) to
associated invasive pancreatic ductal adenocarcinoma (PDA)L2. The definitive treatment for
IPMN is surgical resection. Given the potential risks associated with surgery3:4, significant
efforts have been made to define robust clinical and imaging criteria that accurately
differentiate malignant/high risk IPMNs requiring surgical resection from benign/low risk
IPMNs that can be managed conservatively. While established guidelines are useful in
stratifying risk, they still do not accurately identify all patients who do or do not require
surgery 2=/, highlighting the need for additional criteria such as biomarkers to improve
diagnostic accuracy8-11. One such promising biomarker is Plectin-1, previously shown to be
expressed at later stages of pancreatic neoplastic progression, including high grade
pancreatic intraepithelial neoplasia and most invasive PDAs 1213 as well as in malignant
IPMNs14. To further address its potential clinical utility in IPMN, Plectin-1 expression was
assessed by immunohistochemistry (IHC) in a larger number of resected IPMN specimens to
better define its relationship with malignant progression. We also explored the use of
Plectin-1 IHC as an adjunct biomarker in endoscopic ultrasound-fine needle aspiration
(EUS-FNA) samples for which definitive IPMN diagnosis and grade had been established by
subsequent surgical resection.

MATERIALS AND METHODS

Samples and Data Collection

The study was performed with prior approval from the Institutional Review Boards of each
participating center. Two centers were involved in the study: Mayo Clinic Jacksonville
(MCJ) and University of California Los Angeles (UCLA). MCJ cases were selected from an
IPMN registry prospectively maintained since 1996 and included specimens accessioned
from 2006-2014. UCLA cases were identified by a pathology database search for IPMN
surgical resections accessioned from 2008-2012 in the archives of the Department of
Pathology and Laboratory Medicine. Demographic, clinical and radiographic information
relevant to patient management including clinical symptoms, duct involvement (branch duct
versus main duct), cyst size, and presence of mural nodules were collected from the clinical
databases of each center.
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For surgical samples, pathology reports and slides for each archival specimen were re-
reviewed to confirm diagnosis and select appropriate blocks for immunohistochemical
analysis. A spectrum of cases including IPMN with LGD, IPMN with HGD, and IPMN with
associated invasive PDA. In instances with an associated invasive PDA, sections were
chosen to simultaneously evaluate the /7 situ IPMN lesion and adjacent invasive PDA. For
cytology samples, surgically confirmed IPMN patients from the MCJ registry who had
undergone a preoperative EUS-FNA were first identified. A review of the hematoxylin and
eosin cytology slides was then performed to select cases with sufficient cellularity on the
cell block preparation. This prerequisite did not allow us to utilize the previously selected
surgical samples due to suboptimal cellularity in most of those paired FNA samples. After
appropriate FNA cases were identified, the corresponding paraffin-embedded cell blocks
were obtained for slide preparation.

Immunostaining and Histologic Scoring

Plectin-1 IHC was performed using SignalStain Boost IHC Detection Reagent per
manufacturer’s instructions (Cell Signaling Technology, Danvers, Mass). Detection was
performed following slide deparaffinizatin and rehydration, heat-induced antigen retrieval in
vegetable steamer for 20 minutes in citrate buffer (pH 6.0) and overnight incubation at 4
degrees Celsius with rabbit monoclonal anti-Plectin antibody [E398P] (ab32528, Abcam,
Cambridge, Mass) at 1:600 dilution. For IHC scoring, all surgical and cytological samples
were first independently reviewed by pathologists at each center (UCLA-DD; MCJ-MM, JJ)
using a semi-quantitative scoring system that accounts for staining intensity (0-3, where 0 is
negative, 1 is weak, 2 is moderate and 3 is strong) and percent epithelial cell staining (0 to
100%). In cases with an associated invasive PDA, the invasive PDA component and the /n
sit IPMN component were each scored separately. As described previouslyl3, nerve
provided an internal reference standard of moderate Plectin-1 staining intensity in surgical
specimens (intensity score of 2). A final composite histoscore ranging from 0 to 12 was
calculated using the intensity score (0-3) multiplied by a transformed percentage epithelial
cell staining score (0—4, based on the following percentages: <5%=0, 5-25%=1, 26-50%=2,
51-75%=3, 76-100%=4). The average of scores from each observer was used for analysis.
In instances of significant discrepancy in the compaosite histoscore (>3) between reviewers,
slides were jointly reevaluated by videoconference to arrive at a final consensus histoscore.

Statistical Analysis

The Stata 13 software for Mac OS X Lion (Stata Inc, College Station, Texas) was used to
manage data. The percentage, intensity and histoscore average values between centers were
calculated per slide. Descriptive statistic parameters including the median and interquartile
ranges were calculated for each of the three variables. The non-parametric test U Mann-
Whitney was used to compare quantitative variables due to the small sample size. The
receiver operating characteristic (ROC) curve was calculated to obtain the area under the
curve (AUC), as well as the optimal cut-off values for the different pathological outcomes.
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RESULTS

A total of 94 IPMN specimens were reviewed, including 71 surgical cases and 23 EUS-FNA
cytology cases. Demographic and clinical characteristics for these cohorts are summarized in
Table 1. A total of 71 surgical specimens were analyzed: 39 from MCJ and 32 from UCLA.
Overall, 51 cases of non-invasive IPMNSs (including 39 LGD and 12 HGD) and 20 cases
with invasive PDA were evaluated, for a final tally of 91 separately generated histoscores (71
IPMN + 20 additional histoscores for the invasive PDA component of malignant IPMNS).
By IHC, Plectin-1 showed heterogeneous expression in IPMNSs, including both cytoplasmic
and membranous staining pattern, with the presence of membranous expression typically
seen in association with higher levels of cytoplasmic expression (Figure 1). IHC expression
was determined semi-quantitatively using a modified histoscore accounting for staining
intensity and percent tumor cell staining. Observers were in agreement (histoscore difference
<3) for 65 (71%) of the scored samples. In 26 (29%) instances (6 LGD, 11 HGD and 9
invasive PDA), histoscore differences of =3 were resolved by group evaluation to reach a
final consensus histoscore.

A trend of increased Plectin-1 percentage staining was observed along the histologic
progression from LGD to HGD to invasive PDA (Figure 2). In contrast, staining intensity
was not significantly different between LGD and HGD, but was increased in IPMNs with an
associated invasive PDA (Figure 2). Although the composite histoscore did not differ
between LGD versus HGD for non-invasive IPMNS, Plectin-1 was increased in the /n situ
HGD component of invasive IPMNSs relative to LGD or HGD of non-invasive IPMNs (mean
histoscore of 5.5 + 3.3 versus 3.6 + 2.9, p=0.02) (Figure 2). Pairwise comparison of /in situ
IPMN versus patient-matched adjacent invasive PDA also showed a significant trend of
increased Plectin-1 staining in the invasive PDA (mean histoscore 5.5 + 3.3 versus 8.6 £ 4.0,
p=0.005, paired t-test). In receiver operating characteristic (ROC) curve analysis, Plectin-1
percentage staining and composite histoscore showed optimal diagnostic accuracy for
differentiating invasive PDA associated with IPMN from those IPMNs without invasive
PDA (Table 2). However, due primarily to a lack of specificity, Plectin-1 IHC showed
insufficient accuracy in discriminating LGD IPMN from HGD IPMN (Figure 3 and Table 2).

Plectin-1 IHC was next performed on cell blocks from 23 EUS-FNA specimens, including
18 LGD and 5 HGD IPMNs. Observers were in agreement (histoscore difference < 3) for 16
(70%) of the samples. Significant differences in histoscores for 7 cases (30%, including 5
LGD and 2 HGD) were resolved by group evaluation to reach final consensus score.
Plectin-1 IHC intensity, percentage and overall histoscores did not differ significantly
between LGD and HGD IPMN in EUS-FNA samples (Figure 2). Likewise, Plectin-1
histoscore lacked diagnostic accuracy in ROC analysis for distinguishing LGD and HGD
IPMN in EUS-FNA material (AUC=0.45, Supplemental Table 1).

We next addressed whether there was a correlation between Plectin-1 IHC expression and
established factors used to clinically assess malignant risk in IPMN, including: involvement
of the main duct, cyst size, presence of mural nodules, and clinical symptoms. No significant
correlations were observed in either the surgical or the cytology cohorts (p>0.20,
Supplemental Table 2). We next addressed the utility of Plectin-1 IHC specifically in the
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subset of branch-duct IPMNs in the surgical cohort (n=43) using an optimal histoscore cut-
off of 4 or greater. Although Plectin-1 IHC alone had insufficient accuracy in distinguishing
between malignant BD-IPMN and benign BD-IPMN in ROC analysis (AUC=0.75, 67%
sensitivity, 64% specificity; Supplemental Table 3), it demonstrated sensitivity and
specificity similar to established clinical criteria used to assess risk (Table 3). When
considered in combination with these clinical criteria, Plectin-1 histoscore reduced overall
sensitivity but improved specificity and positive predictive value for BD-IPMN with HGD or
invasive PDA (Table 3).

DISCUSSION

Present clinical and imaging criteria for assessing malignant risk in IPMN are not wholly
accurate®7 and could be improved through the further use of robust molecular or protein-
based biomarkers. Our findings here and those of prior studies indicate that increased
expression of Plectin-1 is a molecular harbinger of malignant progression that might be
suitably leveraged for the clinical assessment of IPMN either prior to and after surgery.
Plectin-1 is a complex high-molecular weight protein and important member of the
cytolinker or plakin family of proteins'®>16, Expressed in a wide variety of tissues, Plectin-1
anchors intermediate filaments to membrane proteins and physically regulates various key
cytoskeletal components!?:18, maintaining the structural integrity and cytoskeletal
architecture of cells and serving as a scaffolding platform for the positioning and regulation
of signaling complexes®-21, Plectin-1 was first proposed as a PDA biomarker after its
identification in a phage display screen of peptides able to bind PDA cell surface antigens2.
Subsequently, Bausch, et al., demonstrated Plectin-1 IHC expression in patient tissue
samples at later stages of dysplastic progression, including invasive PDA (100%), PanIN 3
(60%) and rarely PanIN 2 (4%), with no expression observed in normal pancreas, chronic
pancreatitis or PanIN1. For that cohort, Plectin-1 IHC accurately discriminated PanIN 3 and
PDA from normal pancreas, chronic pancreatitis or PanIN 1 with a sensitivity of 87% and
specificity of 98%13.

We observed no significant difference in Plectin-1 IHC expression between LGD and HGD
in non-invasive IPMNs, and Plectin-1 expression lacked sufficient sensitivity and specificity
(56% and 64%, respectively) to discriminate HGD from LGD in our cohort. In contrast, a
previously published study reported Plectin-1 expression accurately distinguished benign
(low or moderate grade dysplasia) from malignant IPMNs (HGD and invasive PDA) with
sensitivity and specificity of 83% and 84%7%4. This discrepancy in part reflects the way in
which patient groups were segregated for analysis in each study. Indeed, consolidating high
grade IPMN with or without invasive PDAC into one group versus benign IPMN improved
the diagnostic accuracy of Plectin-1 (AUC 0.72), with some increase in sensitivity (65%)
and no change in specificity (64%). It should also be noted that our study examined
Plectin-1 expression in a far larger number of benign IPMNs (39 versus 6 in the previous
study) and employed a semi-quantitative scoring system. The prior study dichotomized
Plectin-1 expression as positive or negative based on the presence of dysplastic epithelial
cells staining intensity equal or greater than that of nerve. Further technical issues specific to
our study include possible variations in staining arising from differences in handling and
processing of specimens at two institutions, although this concern is offset by the technical
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reproducibility of immunohistochemical staining at both institutions and use of nerve as an
internal reference standard to account for variations between individual samples. We also
noted some interobserver variability for the IHC scoring, highlighting that any clinically
deployed IHC would require the development of reliable reference standards and
reproducible scoring system to reduce such interobserver variability. Plectin-1 staining also
did not differentiate between LGD and HGD IPMNs (AUC of 0.45) in EUS-FNA cytology
specimens with a further concern that weak Plectin-1 staining was observed in non-
pancreatic contaminants, including gastric and duodenal epithelial cells (data not shown).
The paucicellular nature of most EUS-FNA specimens is a further factor limiting the use
Plectin-1 as an IHC-based biomarker for diagnostic cytology.

In this study Plectin-1 expression discriminated the /in sitt HGD component of IPMNs with
an associated invasive PDA versus HGD of IPMNs without invasive PDA, a finding of
importance when considering how Plectin-1 might be used as biomarker for assessing
malignant risk in IPMNSs. Plectin-1 fulfills many characteristics of an ideal molecular
biomarker for early PDA detection as outlined in a recent summative review of early PDA
detection??, including its altered pattern of expression associated with the progression of
incipient to early invasive cancer. While not observed in all high grade PanIN or IPMN
lesions, Plectin-1 expression appears uniformly increased in invasive PDA13, as well as in
the HGD component of cancer-associated IPMN. This suggests increased Plectin-1
expression is influenced by or directly involved at the later stages of stepwise progression
from high grade PanIN or IPMN to invasive PDA. Offering one explanation, Shin, et al,
recently showed PDA cells produce exosomes containing Plectin-1, leading to its cellular
redistribution, extracellular trafficking and presence in the circulation and with the ability to
promote tumor growth and cancer cell invasion?3. Such trafficking of Plectin-1 from cancer
cell-derived exosomes provides one viable explanation for increased Plectin-1 expression in
the /n situ HGD epithelium, as well as cyst fluid, of invasive IPMNSs. It is also notable that
Plectin-1 could be immunoprecipitated from cyst fluid samples of a small number of
malignant, but not benign, IPMN's in a previous study13. To the extent that percentage of
Plectin-1 staining in dysplastic lining epithelium provided the discriminatory power of
generated histoscores in our study and the fact that core biopsy or cytology specimens are
prone to sampling bias, quantitative cyst fluid measurements of Plectin-1 likely represent the
most sensitive and reliable assay to leverage its use as a diagnostic marker. Our efforts are
now focused on the development of a robust ELISA for Plectin-1 and the establishment of
quantitative thresholds that can be applied to a robust diagnostic assay in pancreatic cyst
fluid samples. Likewise, the high sensitivity and specificity of increased Plectin-1 for
invasive PDA in both the setting of PanIN and IPMN warrants its continued development as
a molecular imaging target or theranostic for pancreatic adenocarcinoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EUS-FNA

Figure 1.
Representative Plectin-1 IHC is shown for (a-f) surgical resection or (g-h) EUS-FNA

specimens of IPMN with LGD, IPMN with HGD, or invasive PDA arising from an IPMN.
Nerve (indicated by white arrowheads) provided an internal reference standared for
moderate staining intensity.
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Figure 2.
Semi-quantitative evaluation of Plectin-1 IHC expression for indicated grade of IPMN in (a-

¢) surgical resection or (d-f) EUS-FNA specimens. Box-plots show the median, interquartile
range and extreme values of Plectin-1 for the individual components of (a,d) staining
intensity, (b,e) percent tumor cell staining, or composite histoscore (c,f).
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Figure 3.
Receiver operating characteristic (ROC) curves for discriminating between HGD IPMN

versus LGD IPMN using Plectin-1 IHC in surgical resection specimens based an optimal
binary cut-off of (a) staining intensity, (b) percentage cell staining = 35%, or composite
histoscore = 4.
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Demographic and clinical characteristics of the surgical and cytology patient cohorts

Table 1

Variable Surgical cohort (%) | Cytology cohort (%)
Gender (n) 71 23
Male 36 (51) 7(30)
Age (n) 71 23
Mean + SD 69 £ 10 69+38
Duct involvement (n) 64 22
Branch duct 37 (58) 13 (59)
Main duct 10 (16) 4(18)
Mixed type 17 (26) 5 (23)
Cyst Size (n) 56 22
Mean + SD (mm) 31+17 25+ 19
Mural Nodules (n) 61 23
Yes 24 (39) 8 (35)
Symptoms (n) 69 23
Yes 38 (55) 11 (48)
Type of Symptoms (n) 38 11
Abdominal pain 12 (32) 5 (46)
Pancreatitis 5(13) 0
Jaundice 7 (18) 1(9)
Weight loss 10 (26) 3(27)
Jaundice and weight loss 4(11) 2 (18)
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Moris et al.

Accuracy of Plectin-1 IHC and established clinical variables for detecting high risk BD-IPMN.

Table 3

Test Sensitivity (%) | Specificity (%) | PPV (%) | NPV (%)
Plectin 67 64 57 72
Size >30mm 67 56 52 70
Mural Nodule 53 67 53 67
Symptoms 72 68 62 77
Plectin+Size>30mm 50 84 69 70
Plectin+Mural Nodule 47 88 73 70
Plectin+Symptoms 50 92 82 72

Plectin-1 IHC histoscore (cut point =4) was used to dichotomize malignant risk alone or in combination with indicated clinical variables.
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