Journal of Gastrointestinal Surgery (2019) 23:966-974 _ SE?AFIF%
https://doi.org/10.1007/511605-018-3963-y % N
@ CrossMark

ORIGINAL ARTICLE

Circulating Leptin and Branched Chain Amino Acids—Correlation
with Intraductal Papillary Mucinous Neoplasm Dysplastic Grade

Michele T. Yip-Schneider'*3* . Rachel Simpson'* - Rosalie A. Carr'* - Huangbing Wu'* . Hao Fan® - Ziyue Liu®’ .
Murray Korc*®? . Jianjun Zhang > - C. Max Schmidt>3#8

Received: 13 April 2018 /Accepted: 31 August 2018 /Published online: 13 September 2018
© 2018 The Society for Surgery of the Alimentary Tract

Abstract

Background The most common type of mucinous pancreatic cyst that may progress to pancreatic cancer is intraductal papillary
mucinous neoplasm (IPMN). Low-risk IPMN with low-/moderate-grade dysplasia may be safely watched, whereas high-risk
IPMN with high-grade dysplasia or invasive components should undergo resection. However, there is currently no reliable means
of making this distinction. We hypothesize that blood concentrations of insulin resistance biomarkers may aid in the differenti-
ation of low- and high-risk IPMN.

Methods Plasma/serum was collected from consented patients undergoing pancreatic resection. IPMN diagnosis and dysplastic
grade were confirmed by surgical pathology. The study included 235 IPMN (166 low/moderate grade, 39 high grade, 30
invasive). Circulating levels of leptin, branched chain amino acids (BCAA), and retinol-binding protein-4 (RBP-4) were mea-
sured by enzyme-linked immunoassay and correlated with surgical pathology.

Results Circulating leptin levels (mean + SE) were significantly higher in patients with low/moderate IPMN than in high-grade/
invasive IPMN (15,803 1686 vs. 10,275+ 1228 pg/ml; p =0.0086). Leptin levels were positively correlated with BMI (=
0.65, p<0.0001) and were higher in females (» < 0.0001). Stratified analysis showed that mean leptin levels were significantly
different between low/moderate and high/invasive IPMNs only in females (24,383 +2748 vs. 16,295 +2040 pg/ml; p = 0.020).
Conversely, circulating BCAA levels were lower in low/moderate IPMN than in high-grade/invasive IPMN (0.38 +0.007 vs.
0.42+0.01 mM; p=0.011). No significant differences in RBP-4 levels were observed.

Conclusions Circulating leptin in females and BCAA correlates with IPMN dysplastic grade and, if combined with clinical
characteristics, have the potential to improve clinical decision-making.
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Abbreviations

IPMN  Intraductal papillary mucinous neoplasm
BCAA Branched chain amino acids

RBP-4  Retinol-binding protein-4

ELISA Enzyme-linked immunosorbent assay
PDAC  Pancreatic ductal adenocarcinoma
Introduction

Pancreatic cancer remains one of the deadliest cancers, sur-
passing breast cancer as the third leading cause of cancer
related death in the USA. In 2018, the American Cancer
Society estimates that pancreatic cancer will be diagnosed in
55,440 people and of these, 44,330 will die.! Although many
cases of pancreatic cancer occur sporadically, two groups of
patients are at increased risk of developing pancreatic cancer.
One group is patients with familial or hereditary pancreatic
cancer, and the other is patients with cystic lesions of the
pancreas.” > Cystic lesions of the pancreas are diagnosed in
increasing numbers due to the use of high resolution imaging
and increased awareness of pancreas cyst symptoms.”* In fact,
greater than 2% of American adults undergoing imaging for
an unrelated indication are incidentally found to harbor a pan-
creatic cyst.

Pancreatic cysts exhibit variable potential for malignant
transformation. The most common type of mucinous pancre-
atic cyst that has considerable potential to progress to invasive
pancreatic cancer is intraductal papillary mucinous neoplasm
(IPMN). While low-/moderate-grade IPMN are low-risk and
can be safely monitored, high-grade and invasive IPMN are
high risk and should be resected in fit patients. However, there
is currently no reliable means of predicting malignant potential
preoperatively. Although branch vs. main duct involvement
can aid in assessing IPMN malignant risk, it is unreliable by
itself. Additional clinical factors and imaging characteristics
may also be useful in prediction of [PMN malignant potential
but are not sufficient. Consensus guidelines incorporating clin-
ical and radiologic features predict malignant IPMN with sat-
isfactory sensitivity (>90%) but poor specificity (25-30%).>
Such low specificity results in an unacceptably high false pos-
itive rate. This may result in unnecessary resections of low-risk
IPMN with their concomitant risk of surgery-related morbidity
and mortality. Thus, discovery of biomarkers that correlate
with dysplastic grade and thereby differentiate low-risk
IPMN from high-risk IPMN would greatly facilitate patient
risk stratification and optimize clinical management.

Recent epidemiological and clinical evidence suggests a link
between cancer and insulin resistance, a metabolic disorder
characterized by increased circulating insulin levels and com-
monly associated with obesity and type 2 diabetes.® In particu-
lar, a high risk of pancreatic cancer is associated with sedentary
lifestyle, obesity, diabetes, and elevated circulating levels of

insulin and glucose.”'# We hypothesize that insulin resistance
may also correlate with malignant progression of IPMN, a well-
established precursor lesion to invasive pancreatic cancer. In the
present study, three reported biomarkers of insulin resistance
were evaluated in blood collected from patients diagnosed with
IPMN. Leptin, an adipokine produced by adipose tissue, is
involved in energy intake regulation and has been associated
with insulin resistance.'>'* Branched chain amino acids
(BCAA), comprised of leucine, isoleucine, and valine, positive-
ly correlate with risk of insulin resistance and type 2 diabetes.'™
'6 Retinol-binding protein-4 (RBP-4), another adipokine, also
contributes to the development of health conditions related to
insulin resistance.'” In the present study, we present novel ev-
idence that leptin and BCA A may hold promise as non-invasive
blood biomarkers of high-risk IPMN.

Materials and Methods

Patient Samples Blood samples were collected prospectively
from IPMN or pancreatic cancer patients at the time of endo-
scopic ultrasound and/or pancreatic resection at Indiana
University Health University Hospital between June 2003
and February 2017. The diagnosis was confirmed on surgical
pathology by a University Hospital staff pathologist and sub-
sequently reconfirmed by a pancreatic pathologist. Dysplasia
grade was assessed according to the World Health
Organization criteria. Demographic and clinical data for these
patients were gathered by retrospective review of a prospec-
tively generated database and supplemented through review
of electronic medical records. Healthy control blood samples
were obtained from friends or family accompanying patients
being treated at Indiana University Health University
Hospital. Demographic and anthropometric data from the
healthy controls were collected by using a risk factor ques-
tionnaire. After procurement, blood samples were placed im-
mediately on ice, processed to prepare plasma and/or serum,
and then aliquoted for storage at —80 °C. All patients and
healthy controls provided informed consent in accordance
with the Indiana University Institutional Review Board.

Assays Leptin, BCAA, and RBP-4 levels were determined
using commercially available enzyme-linked immunosorbent
assay (ELISA) kits from R&D (leptin, RBP-4; Minneapolis,
MN) and Abcam (BCAA, same lot number used for all tests;
Cambridge, MA). Samples were thawed on ice prior to assay.
Tests to determine whether freeze/thawing or assaying plasma
vs. serum samples affected the results were also performed.
The majority of banked samples were plasma; however, in
some cases, only serum was available. For a subset of patients
from whom both serum and plasma were collected, we con-
firmed that serum and plasma showed similar concentrations
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for leptin as well as for BCAA so that serum/plasma results
were analyzed together.

Statistical Analysis Demographic, anthropometric, and clinic-
pathologic characteristics of patients with low/moderate and
high/invasive IPMN were compared with ¢ test for continuous
variables and chi-square test for categorical variables.
Differences in blood levels of BCAA, leptin (sex-specific
and all), and RBP4 were examined with ¢ test or ANOVA
for two-group or multiple-group comparisons, respectively.
A p value of <0.05 was considered statistically significant.
Predictive accuracy of the biomarkers was determined by re-
ceiver operator characteristic (ROC) analyses.

Results

A total of 235 patients with pathologically confirmed diagno-
sis of IPMN were analyzed in the present study. Of these, 166
were classified as low-/moderate-grade IPMN and 69 as high-
grade/invasive IPMN. There were no significant differences in
the demographic and clinical characteristics of the patients,
including age, sex, race, serum tumor marker CA19-9, and
clinical pancreatitis, between the two groups (Table 1). A mar-
ginally significant difference in BMI was observed between
the two groups (p =0.05). Radiographic main duct involve-
ment was more common in high-grade/invasive IPMN than in
low-/moderate-grade IPMN (p <0.0001); main pancreatic

duct diameter was significantly larger in high-grade/invasive
IPMN (p < 0.0001).

Circulating leptin levels (mean + SE) were significantly
higher in patients with low-/moderate-grade IPMN than in
those with high-grade/invasive IPMN (15,803 £ 1686 vs.
10,275 + 1228 pg/ml, respectively; p =0.0086) (Fig. la;
Table 2). Additionally, leptin levels were higher in females
than in males (p <0.0001) and positively correlated with
BMI (»=0.65, p<0.0001). When stratified by sex, differ-
ences in mean leptin levels between low/moderate and high-
grade/invasive IPMNs were not statistically significant among
115 men (5886 + 892 vs. 5365 £912 pg/ml, respectively; p =
0.68) but were significant among 120 women (24,383 +2748
vs. 16,295 £2040 pg/ml, respectively; p =0.02) (Fig. 1b, c;
Table 2). When stratified by BMI, leptin levels differed sig-
nificantly between low/moderate and high-grade/invasive
IPMN in individuals with BMI 30 or greater (34,733 £4928
vs. 14,796 £ 2413 pg/ml, respectively; p = 0.0006) (Table 2).

To further investigate whether leptin levels correlate with ma-
lignant progression, additional blood samples were collected
from patients with conventional pancreatic ductal adenocarcino-
ma (PDAC) (n=103) and healthy controls (n =42) for compar-
ison. Measured leptin levels were significantly different when all
four groups were compared (P <0.0001) (Fig. 2). Specifically,
there was an overall decreasing trend in leptin levels (mean + SE)
across healthy controls (26,255 £4042 pg/ml), low-/moderate-
grade IPMN (15,803 + 1686 pg/ml), high-grade/invasive IPMN
(10,275 + 1228 pg/ml), and PDAC (10,394 + 1410 pg/ml), with
similar levels observed in the last two groups.

Table 1 Demographic and

clinical characteristics of patients Characteristics Low-/moderate-grade High-grade/invasive p value
with intraductal papillary IPMN IPMN
mucinous neoplasm (IPMN),
Indiana University Health N Mean (SE), % N Mean (SE), %
University Hospital, 2003-2017
Age (year) 166 66.5 (0.86) 69 66.4 (1.40) 0.96
Sex (%) 0.25
Male 77 46.4 38 55.1
Female 89 53.6 31 44.9
Race (%) 1.0
White 160 97.0 67 97.1
Others 5 3.0 2 29
BMI (kg/m?) 162 27.5(0.42) 68 26.0 (0.53) 0.05
Radiographic Duct involvement (%) <0.0001
Branch duct 96 58.5 16 23.1
Main duct 68 41.5 53 76.8
Main pancreatic duct diameter (mm) 152 5.0 (0.26) 65 8.5 (0.60) < 0.0001
CA19-9 (serum, U/ml) 143 27.64 (4.7) 60 461 (238) 0.074
Pancreatitis (%) 1.0
Yes 85 51.5 35 51.0
No 80 48.5 34 49.0

p value < 0.05 is written in italics
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Fig. 1 a Leptin levels (pg/ml; mean + SE, horizontal black lines) diagnosis of low-/moderate-grade or high-grade/invasive IPMN. b
determined by ELISA in relation to IPMN dysplastic grade. Plasma/ Leptin levels in males in relation to IPMN dysplastic grade. ¢ Leptin
serum was obtained from patients with a pathologically confirmed levels in females in relation to IPMN dysplastic grade

Circulating BCAA levels (mean + SE) were significantly ~ in high-grade/invasive IPMN (0.42+0.01 mM) (p=0.01)
lower in low-/moderate-grade IPMN (0.38 £0.007 mM) than  (Fig. 3; Table 2). When further stratified by BMI, BCAA levels
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Table 2 Circulating levels of
insulin resistance biomarkers in
patients with different dysplasia
grades of IPMN, Indiana
University Health University
Hospital, 2003-2017

differed significantly between low/moderate and high-grade/in-
vasive [IPMN in individuals with BMI greater than 25 but less

Biomarkers Low-/moderate-grade [IPMN High-grade/invasive IPMN p value
N Mean (SE) N Mean (SE)
Leptin (pg/ml)
All 166 15,803 (1686) 69 10,275 (1228) 0.0086
Male 77 5886 (892) 38 5365 (912) 0.68
Female 89 24,383 (2748) 31 16,295 (2040) 0.02
Normal (BMI <25) 53 5603 (1177) 32 6728 (1334) 0.54
Overweight (25 < BMI < 30) 70 11,897 (1308) 26 12,729 (2447) 0.75
Obesity (BMI>30) 43 34,733 (4928) 11 14,796 (2413) 0.0006
BCAA (mM)
All 166 0.38 (0.007) 69 0.42 (0.01) 0.01
Normal (BMI <25) 53 0.37 (0.015) 32 0.40 (0.017) 0.35
Overweight (25 < BMI < 30) 70 0.37 (0.011) 26 0.41 (0.022) 0.026
Obesity (BMI>30) 43 0.39 (0.015) 11 0.46 (0.052) 0.25
RBP4 (ng/ml) 50 41,660 (2662) 48 38,397 (2577) 0.38
HbAIC (%) 95 6.19 (0.10) 43 6.34 (0.22) 0.56

Italics, p value < 0.05

BCAA branch-chain amino acids, RBP4 retinol-binding protein 4

than 30 (0.37+0.011 vs. 0.41 £0.022 mM, respectively; p =
0.026) (Table 2). In contrast, there was no significant difference
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Fig. 2 Circulating leptin levels (pg/ml; mean + SE, horizontal black lines) compared among healthy controls, low/moderate dysplastic grade IPMN,
high-grade/invasive IPMN, and pancreatic ductal adenocarcinoma (PDAC)
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Fig.3 BCAA levels (mM; mean + SE, horizontal black lines) determined by ELISA in plasma/serum collected from patients with low/moderate or high-

grade/invasive [IPMN

in RBP-4 levels between the two groups (p =0.38) (Table 2).
HbAlc, a measure of average blood glucose levels over 6—
8 weeks and indicator of diabetes, did not significantly differ
between the two groups (p = 0.56) (Table 2). Similarly, no sig-
nificant difference was observed for two additional biomarkers of
insulin resistance, adiponectin, and C-peptide between the two
groups (data not shown).

To assess the performance of combined leptin/BCAA as an
indicator of IPMN dysplasia, ROC analysis was performed and
revealed an AUC of 0.61 (Table 3). We also determined the
performance of two relevant clinical markers, serum CA19-9
level and main pancreatic duct (MPD) diameter, which demon-
strated individual AUCs of 0.62 and 0.75 respectively.

Combining leptin/BCAA with either CA19-9 or MPD diameter
resulted in improved AUCs of 0.65 or 0.77 respectively. An
IPMN risk prediction model consisting of leptin, BCAA, and
both clinical markers exhibited the highest AUC of 0.81.

Discussion

Obesity, prediabetes, and type-2 diabetes are conditions that
are commonly associated with insulin resistance, defined by
an inadequate response in target tissues to normal circulating
insulin levels.'® Since insulin resistance has been associated
with an elevated risk of pancreatic cancer, insulin resistance
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Table 3 Predictive accuracy of

leptin, BCAA, CA19-9, and MPD Prediction models Number AUC? 95% C1

diameter for IPMN dysplasia

(high-grade/invasive IPMN vs. Leptin, BCAA 235 0.61 0.53-0.69

low-/moderate-grade IPMN) CA19-9 (serum) 204 0.62 0.53-0.71
Main pancreatic duct (MPD) diameter 217 0.75 0.69-0.82
Leptin, BCAA, and CA19-9 204 0.65 0.57-0.73
Leptin, BCAA, and MPD diameter 217 0.77 0.70-0.83
Leptin, BCAA, CA19-9, and MPD diameter 187 0.81 0.74-0.87

# Area under the receiver operating characteristic curve

may also play a role in the malignant transformation of its
precursor lesions.”'*!? In the present study, we investigated
this clinically relevant question in 235 patients with a specific
type of these precursor lesions, [IPMN.

The insulin resistance biomarkers that were evaluated in this
group of pathologically confirmed IPMN included leptin,
BCAA, RBP-4, HbAlc, adiponectin, and c-peptide. We dem-
onstrated that circulating leptin levels were significantly higher
in low-/moderate-grade IPMN than in high-grade/invasive
IPMN. We further investigated the correlation between leptin
and malignant progression by analyzing blood samples collect-
ed from patients diagnosed with pancreatic ductal adenocarci-
noma and healthy controls. Although leptin level correlated
with IPMN dysplastic grade specifically in females, this was
not observed when the cancer and healthy groups were includ-
ed in the analysis (data not shown). A significant correlation
was only demonstrated when males and females were consid-
ered together, possibly due to the relatively small number of
healthy controls that were available for this study. Nevertheless,
overall, our results revealed that mean circulating leptin levels
were highest in healthy controls, intermediate in the low/
moderate IPMN group, and lowest in patients with high-
grade/invasive IPMN or pancreatic ductal adenocarcinoma.
This stepwise decline suggests that leptin levels may reflect
malignant progression from normal pancreatic tissue through
precancerous lesions to invasive pancreatic cancer. In support,
others have reported reduced plasma or serum leptin levels in
pancreatic cancer patients compared to healthy controls or pa-
tients with type-2 diabetes.”’>*' Adipose wasting accompanies
muscle catabolism in cancer cachexia, and an association be-
tween lower leptin levels and cancer cachexia has also been
described.”*** To confirm whether circulating leptin is an indi-
cator of [IPMN malignant transformation, prospective cohort
studies should be conducted in which leptin levels are deter-
mined in serial blood samples collected from patients under
surveillance for presumed low-risk IPMN, a percentage of
whom will go on to develop high-risk IPMN.

Our study also found that circulating BCAA levels were
lower in low-/moderate-grade IPMN than in high-grade/inva-
sive IPMN. Significant differences in BCAA as well as leptin
were observed between low- and high-risk IPMN in over-
weight (25 <BMI < 30) or obese (BMI>30) subjects,

@ Springer

respectively. In contrast, no differences in HbA1C,
adiponectin, or C-peptide were detected between the two risk
groups. Interestingly, Mayers et al. detected elevated plasma
BCAA levels in prediagnostic pancreatic cancer samples, 2 to
5 years prior to diagnosis, compared to healthy controls™; in
theory, these patients harbor a precursor lesion such as IPMN
at some stage along the continuum of malignant transforma-
tion. The authors propose that the elevated plasma BCAA
may be due to increased tissue protein breakdown during the
early stages of PDAC development.

To our knowledge, this is the first report that circulating
levels of leptin and BCAA are associated with dysplastic grade
of IPMN. This represents an extension of our research work in
this area as our laboratory has previously identified and validat-
ed a biomarker of IPMN dysplasia in pancreatic cyst fluid—
prostaglandin E2.** A major advantage of blood-based bio-
markers is that blood collection is relatively less invasive and
more cost-effective compared with endoscopic ultrasound-
guided fine needle aspiration (FNA) of IPMN for procurement
of cyst fluid. An active search for biomarker candidates associ-
ated with IPMN malignant risk is ongoing at the DNA level as
well in pancreatic cyst fluid and blood.® Other recently report-
ed blood-based biomarkers of IPMN dysplasia include
microRNAs (mi-RNA) and MUCSAC27’28; however, these re-
sults need to be validated as they were obtained from a small
number of patients (n <43 for both studies).

Since circulating levels of leptin and BCAA are likely influ-
enced by individual body composition and metabolism, we hy-
pothesize that a longitudinal comparison of these biomarkers in
an individual patient may more accurately reflect their temporal
change in response to dysplastic progression. These dynamic
changes in an individual, rather than absolute cutoff values,
may hold the most promise as reliable predictors of IPMN ma-
lignant transformation. Limitations of the present study include
its cross-sectional nature and reliance on blood samples from a
single institution. Further validation of our findings in a larger,
prospective multi-institution study is warranted. Moreover, all
study patients underwent surgical resection and therefore may
not be representative of the overall population of both surveil-
lance and surgical patients who might benefit from such testing.
With respect to patients in the present study, the indications for
surgery were largely based upon criteria outlined in the 2006 and
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subsequent 2012 Consensus Guidelines. Some patients resected
earlier in our series would not be resected now because large
branch-duct IPMN without other worrisome features are more
likely to be followed based upon the current guidelines.

The work presented here does not support the use of the
identified biomarkers as a stand-alone test at this stage.
Therefore, we evaluated the diagnostic performance of
leptin/BCAA together with relevant clinical characteristics,
specifically serum CA19-9 and main pancreatic duct (MPD)
diameter. CA19-9 is a known serum tumor marker associated
with pancreatic cancer that has been shown to differentiate
between invasive and benign IPMN.* Our laboratory has also
recently reported that serum CA19-9 is a predictor of invasive
progression in main-duct involved IPMN.** MPD diameter is
another established risk factor in the 2012 International
Consensus Guidelines.” We report an AUC of 0.81 for the
IPMN risk prediction model consisting of leptin/BCAA, se-
rum CA19-9, and MPD diameter.

Conclusion

In conclusion, we have identified circulating leptin in females
and BCAA as promising non-invasive biomarkers of malignant
IPMN. We anticipate that longitudinal monitoring of these bio-
markers in combination with clinical features can increase the
accuracy of the preoperative risk stratification of patients with
IPMN. Such a strategy will improve clinical management by
limiting pancreatic resection in low-risk [IPMN and promoting
timely resection of high-risk IPMN in fit patients.
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