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Background: Liver kinase B1 (LKBI1) is a key regulatory protein of cellular metabolism,
proliferation, and polarity. The present study aimed to characterize the expression pattern of
LKBI in pancreatic neuroendocrine tumors (pNETs) and evaluate the relationship between
LKBI expression and prognosis in pNETs.

Patients and methods: We retrospectively analyzed the pathologic and clinical data of 71
pNET patients who underwent curative surgical resection in Guangdong General Hospital.
LKB1 mRNA and protein levels in tumor tissues and paired nontumor tissues were evaluated in
24 patients by quantitative real-time reverse-transcription polymerase chain reaction and Western
blot, respectively. Immunohistochemical expression of LKB1 in tumor tissues was detected in all
of the 71 patients, and the immunohistochemical expression level was re-coded in two classes (high
versus low/negative) and correlated with clinicopathological parameters and survival outcomes.
The association between LKB1 expression and clinicopathological characters was evaluated by
chi-square test and Student’s 7-test. Kaplan—Meier curves and log-rank test were used to analyze
the survival outcomes, including overall survival (OS) and disease-free survival (DFS).
Results: Compared to adjacent normal tissues, LKB1 mRNA level and protein expression level
in tumor tissues were both increased. The immunostaining of LKB1 was mainly found within
the cytoplasm. Overall, 52 of 71 (73.2%) cases were positive for LKB1 protein, which showed
either a diffuse staining pattern or a partial staining pattern. Decreased LKB1 expression was
correlated with older age (P=0.042), increased Ki-67 index (P=0.004), increased mitotic count
(P=0.001), and advanced histologic grade (P=0.001). Moreover, patients with low/negative
LKB1 expression had shorter OS and DFS than those with high expression.

Conclusion: Our results suggested that LKB1 expression could be a useful prognostic marker
for recurrence and survival in pNET patients who had received curative resection.
Keywords: pancreatic neuroendocrine tumors, liver kinase B1, LKB1, prognosis

Introduction

Pancreatic neuroendocrine tumors (pNETSs) are the second most common pancreatic
neoplasms behind ductal adenocarcinoma and account for about 1%—4% of all
pancreatic neoplasms.'?> Although pNETS are rare neoplasms, their incidence rate has
increased rapidly in recent years to about 1/100,000 yearly. The reason for a rapidly
increasing incidence rate of PNETs is not very clear. The most likely explanation is the
development of CT and other imaging techniques, as a result, the early diagnosis rate
increased rapidly, so the incidence is increasing.** Management of pNETs is challenging
because of their heterogeneous pathologic features and unpredictable clinical behav-
iors.” In pNET patients with curative resection, the prognosis is usually favorable but
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long-term outcomes after surgery vary widely,*” largely
depending on the biological characteristics of the tumor.!'
Knowledge about the prognosis of a pNET patient provides
support for the optimal management of pNETSs. Therefore,
it is critical to discover novel factors that are associated with
development, progression, and prognosis of pNETs.

Liver kinase B1 (LKB1), also known as STK 11, is widely
expressed in human tissues.'"'> LKB1 is a highly conserved
serine/threonine kinase that directly phosphorylates a
threonine residue at the activation loop of 14 kinases in the
AMPK (AMP-activated kinase) family,'*!* many of which
are coupled to cell metabolism, proliferation, and polarity.!>!¢
Inactivation of LKB1 is responsible for the Peutz—Jeghers
syndrome, which exhibits a predisposition to both benign
and malignant tumors in multiple organ systems.!''2 Besides,
LKBI has been classified as a tumor suppressor through
regulation of AMPK signaling in a variety of malignancies
including gastric cancer, pancreatic adenocarcinoma, breast
cancer, prostate cancer, ovarian cancer, cervical cancer, and
hepatocellular carcinoma.*?¢ A previous study had also
described an obvious downregulation of LKB1 in neuroen-
docrine tumors of the lung.”” However, the expression and
role of LKB1 in pNETs still remain unknown. Here, in the
present study, we aimed to assess the possible role of LKB1
as a factor of prognosis in pNET patients.

Patients and methods

Patients and samples

Our study included 71 patients who underwent curative
surgical treatment for pNETs between January 2000 and
July 2016 at the Department of General Surgery, Guangdong
General Hospital. None of them had ever received any
adjuvant therapy before surgery. This study was approved
by the Institutional Review Board of Guangdong General
Hospital, and written informed consents were obtained from
all patients. The tumor tissues were obtained during surgery.
Histological types and grades of all samples were determined
by experienced pathologists. The histology and clinical stages
were classified based on the seventh edition of the American
Joint Committee on Cancer staging system. Histological
grades of the tumors were classified according to the World
Health Organization 2010 classification system. The inclu-
sion criteria for patients were as follows: 1) localized pNET
lesions with radical resection; 2) pathological confirma-
tion of PNETSs by postoperative histopathology diagnosis;
3) no adjuvant therapy prior to surgery; 4) tumor does not
involve the celiac axis or the superior mesenteric artery or
exhibit distal metastasis; and 5) without history of other
malignancies. Patients who died during the perioperative

period were excluded. The follow-up information was
obtained through interview or telephone call.

Immunohistochemistry (IHC)
IHC was used to examine the expression of LKB1 at the
protein level in formalin-fixed paraffin-embedded primary
specimens. Slides (4 um thick, two serial sections for each
sample) were dewaxed and rehydrated with xylene and graded
alcohol, respectively. The activity of endogenous peroxidase
was quenched by 10-minute incubation in a mixture of 3%
hydrogen peroxide at room temperature. Nonspecific binding
was blocked by incubation in 3% bovine serum albumin in
phosphate-buffered saline (PBS). Slides were then incubated
with LKB1 antibody (monoclonal mouse antibody, 1:100
dilution; Abcam, Cambridge, UK). Following additional wash
with PBS, secondary antibody was added to the sections.
LKB1 immunostaining results were examined micro-
scopically by two pathologists independently. Expression
level of LKB1 was classified according to the intensity of
staining and the percentage of positively stained cells through
evaluating 10 randomly selected high-power fields. Sections
with strong immunostaining in >50% of cells were drawn
in high-expression group; otherwise, sections with strong
immunostaining in =50% of the cells and/or weak staining
were drawn in low-expression group. Disagreements between
pathologists regarding immunohistochemical staining were
resolved through discussion.

Quantitative real-time reverse-
transcription polymerase chain
reaction (QRT-PCR)

qRT-PCR was used to examine the expression of LKB1 at
the RNA level in frozen tumor tissues and paired adjacent
normal specimens from a total of 24 consecutive patients
receiving surgical treatment between June 2014 and
July 2016. Total RNA was extracted from frozen tissues using
TRIzol reagent (Thermo Fisher Scientific, Waltham, MA,
USA). qRT-PCR was performed for LKB1 with GAPDH
as an internal control. After RNA intensity and purity were
quantified, RNA was then converted to cDNA from 1 pug RNA
using PrimeScript reagent kit (Takara, Tokyo, Japan). The
PCR amplification was performed by using a SYBR Premix
Ex Taq II kit (Takara) and analyzed using a Roche Light-
Cycler (Hoffman-La Roche Ltd., Basel, Switzerland). Primer
sequences used for LKB1 and GAPDH were as follows:
LKBI1 forward: 5’-GAGCTGATGTCGGTGGGTATG-3,
LKBI1 reverse: 5-CACCTTGCCGTAAGAGCCT-3’;
GAPDH forward: 5-GTCGGAGGCAACATCACC-3’,
GAPDH reverse: 5-GTCCAAATGCGGGAACAG-3'.
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The relative RNA expression in samples was determined
using the comparative delta-delta CT method (2—-AACt) and
the fold change in gene expression of tissues was calculated
using the standard AACt method.

Western blot

The level of LKB1 protein was determined by Western blot
analysis in paired tumor and adjacent normal specimens.
The total protein was extracted from frozen specimens
using a protein extraction kit (Hoffman-La Roche Ltd.) and
quantified using a bicinchoninic acid assay according to
standard protocols. Equivalent amounts of proteins were
separated by SDS-PAGE and transferred to polyvinylidene
fluoride membranes for immunoblotting. The membranes
were blocked in 5% fat-free milk and then incubated with
the primary antibodies overnight at 4°C. LKB1 antibody
(monoclonal mouse antibody, 1:500; Abcam) and GAPDH
antibody (monoclonal mouse antibody, 1:1,000; Abcam)
were used at the indicated dilutions. After incubation with
a horseradish peroxidase-conjugated secondary antibody,
signals of horseradish peroxidase were detected by enhanced
chemiluminescence detection reagents.

Statistical analysis

All analyses were performed with Statistical Product and
Service Solutions software package 17.0 (SPSS Inc., Chicago,
IL, USA). Frequency variables were compared by chi-square
test, and continuous variables were compared using the
Student’s t-test. Survival outcome was analyzed in terms of
overall survival (OS) and disease-free survival (DFS). Sur-
vival curves were compared using the Kaplan—Meier method
and tested by the log-rank test. A P-value of less than 0.05 in
a two-tailed test was considered statistically significant.

Results
LKBI mRNA and protein expression in
pNET tissues and corresponding adjacent

normal tissues

We examined LKB1 mRNA and protein expression in 24
frozen pNET tissues versus surrounding normal tissues
obtained from the same patients by qRT-PCR and Western
blot, respectively. As shown in Figure 1A, the expression
level of LKB1 mRNA in pNET tissues was decreased
compared with that in corresponding normal tissues and the
difference was significant (P<<0.001). To confirm LKBI1
expression at protein level, LKB1 protein expression was
measured by Western blotting in the same samples, and
results confirmed that LKB1 proteins were indeed down-
regulated in cancer tissues (Figure 1B).
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Figure 1 LKBI mRNA and protein levels in pNET tissues and paired normal
tissues.

Notes: (A) The mRNA levels of LKBI were examined via qRT-PCR in 24 pairs
of pNET tissues and corresponding nontumorous tissues. GAPDH was used as an
internal control. Relative gene expression was determined using the comparative
delta-delta CT method, and data are presented as AACt (P<<0.001, paired Student’s
t-test). (B) Representative Western blot images of LKBI protein level in pairs of
pNET tissues (T) and corresponding nontumorous tissues (N).

Abbreviations: LKBI, liver kinase Bl; pNET, pancreatic neuroendocrine tumor;
qRT-PCR, quantitative real-time reverse-transcription polymerase chain reaction.

LKBI immunohistochemistry

The LKBI1 protein expressions of all pNET tissues were
assayed by IHC method. The immunostaining of LKB1 was
mainly found in the cytoplasm. The LKB1-positive pNET
tissues displayed either a diffuse staining pattern or a partial
staining pattern. Overall, 52 of 71 (73.2%) cases were posi-
tive for LKB1 protein but at a different degree, and 19 of
71 (26.8%) cases had a totally negative expression. As shown
in Figure 2, to obtain an exact result of LKB1 expression
level, 71 cases of pNET patients were divided into two
groups based upon the percentage of immunostaining and
the intensity of immunostaining. Tissues with strong LKB1
staining in more than 50% tumor area were assigned to the
high-expression group (n=33); tissues with strong LKBI1
staining in less than 50% tumor area, tissues with weak
LKBI1 staining, and those with totally negative staining were
assigned to the low-expression group (n=38).

Correlation between LKBI expression

and clinicopathological characteristics

As shown in Table 1, the association between LKB1 expres-
sion and clinicopathological characteristics, including age,
gender, tumor size, tumor location, functionality, margin
status, differentiation, Ki-67 index, mitoses count, and
histologic grade, was evaluated. The results showed that high
LKBI expression was correlated with older age (P=0.042),
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Figure 2 Immunohistochemical staining results of LKBI expression in pNET tissue samples.

Notes: (A-E) Representative images of LKBI expression in pNET tissues. (A) Tissue with diffused strong LKBI staining; (B) tissue with strong LKBI staining in more than
50% tumor area; (C) tissue with strong LKBI staining in less than 50% tumor area; (D) tissue with disused weak LKB| staining; (E) tissue with weak LKBI staining in less than
50% tumor area; and (F) a sketch illuminating the classification method of LKBI immunostaining in pNET tissues. Magnification for these images is 100x.

Abbreviations: LKBI, liver kinase Bl; pNET, pancreatic neuroendocrine tumor.

higher Ki-67 index (P=0.004), increased mitoses count
(P=0.001), and advanced histologic grade (P=0.001).

Association between LKB| expression

and prognosis of pNET patients

To further evaluate the prognostic value of LKB1 in pNET
patients, the Kaplan—Meier analysis and log-rank test were
performed. Results showed that patients with low LKBI
expression had a significantly decreased OS and DFS than
those with high LKB1 expression (P=0.0021, P=0.009,
respectively, log-rank test; Figure 3A and 3B). We further
determined the correlation between LKB1 expression
and prognosis in patients with non-functional pNETs
(NF-pNETs). Kaplan—Meier curve showed that OS was
shorter in NF-pNET patients with lower LKB1 expression,
but the difference was not significant (P=0.121, log-rank
test; Figure 3C); meanwhile, the DFS rate of patients with
high LKBI1 expression was significantly higher than that
of patients with low LKB1 expression (P=0.036, log-rank
test; Figure 3D).

Discussion

LKB1 has emerged as a critical tumor suppressor in many
cancer types.” The downstream signaling of LKB1, mainly
including AMPK (adenosine monophosphate activated
protein kinase), MARK (microtubule affinity regulating

kinase), SAD (synapses of the amphid defective, also known
as brain selective kinase [BRSK]), and SIKs (salt-inducible
kinases), has been attributed to a wide diversity of essential
biological processes in tumor, such as cell metabolism,
polarity, differentiation, and proliferation.?’ It has been well
identified that loss of LKBI1 is related to poor prognosis
in different types of cancer.*® Downregulation of LKBI in
neuroendocrine tumors of the lung has been reported nearly
a decade ago,”” but the role of LKB1 in neuroendocrine
tumors remains unclear. To our knowledge, this is the first
study to investigate the correlation between LKB1 expression
and clinicopathological features and prognosis in pNETs.
We discovered a possible prognostic value for LKB1 expres-
sion in human pNETs.

The relationship between LKB1 expression levels and
certain clinicopathological parameters was evaluated. Pre-
vious research revealed that LKBI1 acts as a critical barrier
to pulmonary tumorigenesis through inhibiting cell differ-
entiation and epithelial-mesenchymal transition.*’ LKB1
has also been implicated in regulating the differentiation
of a number of other cell types, such as colonic epithelial
cancer cell, pancreatic endocrine cell, endothelial progenitor
cell, and neuronal cells.?>** AMPK/mTOR pathway, a key
downstream signal pathway of LKB1, was implicated as the
most important mediator of LKB1-induced regulation of
cell differentiation.’” More importantly, the role of mTOR
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Table | Correlation between LKBI expression and clinicopathological features in patients with pNET

Variables Patients LKB1 expression levels P-value®
(n=T1) High Low or negative
(n=33) (n=38)
Age, years (mean £ SD) 45.2£17.5 40.3£15.1 49.11£17.6 0.042
Gender 0.088
Female 29 17 12
Male 42 16 26
Tumor size, cm (mean + SD) 3.3+2.10 2.70+1.73 3.75+2.33 0.307
Median (upper and lower quartiles) 2 (0.4-7) 3.45 (0.8-9)
Function 0.085
Functional 31 18 13
Non-functional 40 15 25
Location 0.925
Head/uncinate 34 16 18
Body and/or tail 37 17 20
Margin status 0.348
RO 70 33 37
RI1 | 0 |
Differentiation 0.072
Well/moderate 64 32 32
Poor 7 | 6
Ki-67 index, % 0.004
=2 39 25 14
3-20 26 7 19
>20 6 | 5
Mitotic count, per 10 HPF 0.001
<2 38 28 10
2-20 25 4 21
>20 8 | 7
G grade® 0.001
Gl 31 24 7
G2 30 7 23
G3 10 2 8

Note: “The histologic grade was classified according to WHO 2010 classification system; “t-test for continuous variables and chi-square test for categorical variables.
Abbreviations: LKBI, liver kinase BI; pNET, pancreatic neuroendocrine tumor; HPF, high power field; WHO, World Health Organization.

pathway in pNETSs has been well established.*®** A whole-
genome analysis with large sample size showed that mTOR
signaling is one of the most common pathways displayed
in somatic mutations.** Additionally, several key negative
regulators of the mTOR pathway have been identified to be
downregulated in most of the primary pNETs, such as TSC2
and PTEN.* In a previous study, marked reduction of LKB1
expression in high-grade neuroendocrine tumors of lung was
observed.?” Our study revealed a similar result that reduced
LKBI1 expression in pNET was correlated with increased
Ki-67 index, mitotic count, and advanced histologic grade.
The relationship between LKB1 expression levels and
prognosis in pNET patients was also evaluated. Our study
revealed that patients with a low level of LKB1 expression
had significantly decreased OS and DFS. Additionally, our
study revealed a similar phenomenon in the subgroup of
patients with NF-pNET, in whom the recurrence is usually

insidious due to the absence of endocrine symptoms. Our
findings provided a potential additional marker that could
help to guide the follow-up strategy. For example, among
the pNET patients exposed to the same clinicopathological
risk factors, such as histologic grade and tumor size, the
cases with low LKB1 expression should be evaluated more
carefully and frequently.

Limitations

There are some limitations in this study. First, our cohort
included patients treated at our institution during an extended
period of more than 16 years. The follow-up program was
not standardized for every patient during the long time. For
example, a less strict follow-up strategy may bias the time
to detect recurrence. Second, due to the low incidence of
pNETs, it is hard to obtain a cohort of large size in a single
institution. Therefore, it is difficult for the sample size of this
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Figure 3 Correlation between LKB| and survival outcomes tested by Kaplan—Meier analysis and log-rank test.

Notes: (A) Patients with low/negative expression of LKBI had a significantly decreased OS than those with high expression (log-rank test, P=0.0021). (B) Patients with
low/negative expression of LKBI had a significantly decreased DFS than those with high expression (log-rank test, P=0.009). (C) In patients with non-functional pancreatic
neuroendocrine tumors (NF-pNETs), decreased LKBI| expression was associated with poor OS (log-rank test, P=0.121). (D) In patients with NF-pNETSs, decreased LKBI

expression was associated with significantly shorter DFS (log-rank test, P=0.036).

Abbreviations: LKBI, liver kinase Bl; OS, overall survival; DFS, disease-free survival.

study to reach the standard recommendations for Cox regres-
sion analysis. The abovementioned limitations are difficult to
overcome given the low incidence and long course of pNETSs.
Further prospective and multicenter trials are warranted to
discover prognosis factors for PNETs and reveal underlying
mechanisms involved in the development of this tumor.
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