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Background: Recent evidences support that low expression of liver kinase B1 (LKB1) triggers
epithelial-mesenchymal transition (EMT) through induction of Zinc finger E-box binding homeobox
1 (ZEB1) expression, which downregulates E-cadherin in human lung cancer cell lines. However, the
clinicopathological significance of LKB1, EMT, salt-inducible kinase 1 (SIK1), ZEB1 and their relationship
in early stage non-small cell lung cancer (ES-NSCLC) patients remain to be determined. In this study, the
correlation among expression of LKB1, risk of distant metastasis, prognostic significance, and EMT in ES-
NSCLC after surgery was investigated by immunohistochemistry.

Methods: Case notes and pathology records of 103 patients with ES-NSCLC were retrospectively
analyzed. Immunohistochemical staining was employed to detect LKB1, EMT biomarkers (E-cadherin and
vimentin), SIK1 and ZEB1 expression in ES-NSCLC tissues.

Results: LKB1 expression is associated with distant metastasis after treatment (P=0.017). LKB1-high
expression group has better overall survival (OS) (P=0.000) and disease-free survival (DFS) (P=0.000). LKB1
expression is correlated with E-cadherin (r=0.231, P=0.019), vimentin (r=-0.225, P=0.022), SIK1 (r=0.218,
P=0.027) and ZEBI1 (r=-0.242, P=0.014).

Conclusions: Our findings suggest that LKB1-high expression is possibly associated with favourable
prognosis and LKB1 expression is correlated with EMT and expression of SIK1 and ZEBI.
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transition (EMT)
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Introduction approximately 85% of all diagnosed lung cancers (1). The
early stage non-small cell lung cancer (ES-NSCLC) in
our study was defined as completely resectable NSCLC in
worldwide, and non-small cell lung cancer (NSCLC) is pathological stage T1-4N0-1MO, according to the seventh
the most common type of lung cancer, accounting for edition of the American Joint Committee on Cancer staging

Lung cancer is the leading cause of cancer-related mortality
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manual. In general, it is believed that surgical resection is
a key element of ES-NSCLC treatment. And the leading
cause of treatment failure is metastasis, which accounts for
74% of all treatment failure (2).

Metastasis is a multistep process characterized by the
ability of cancer cells to invade into adjacent tissue, blood
vessels, lymphatic vessels, and distant tissue. Recent
evidences support that epithelial-mesenchymal transition
(EMT) allows the tumor cells to acquire invasive properties
and to develop metastatic growth characteristics (3-5).
Accordingly, EMT is also associated with the progression
and metastasis of many types of tumors, particularly
lung cancer (6). EMT is a process in which a non-motile
epithelial cell changes to a motile mesenchymal (fibroblast-
like) phenotype. The hallmark of EMT is the loss of
epithelial surface markers, most notably E-cadherin, and
the acquisition of mesenchymal markers, such as vimentin.

The tumor suppressor liver kinase B1 (LKB1), also
known as serine/threonine kinase 11 (STK11), was first
reported in Peutz-Jeghers syndrome patients (7). LKB1
is considered to be involved in the regulation of multiple
biological processes by activating a group of downstream
kinases, including AMP-activated protein kinase (AMPK)
or AMPK-related kinases (8). Salt-inducible kinasel (SIK1),
a member of the AMPK family, is a downstream target
of LKB1. Suppression of SIK1 increases the expression
of the transcriptional repressor zinc finger E-box binding
homeobox 1 (ZEB1), and inhibits the function and
expression of E-cadherin in lung alveolar epithelial cell
line and human renal proximal tubule cell line (9). ZEBI
has been identified as a key regulator of EMT (10) and the
low expression of LKB1 triggers EMT through induction
of ZEB1 expression, which downregulates E-cadherin
in human lung cancer cell lines (10,11). However, the
clinicopathological significance of LKB1, EMT, SIKI,
ZEB1 and their relationship in ES-NSCLC patients remain
to be determined. Therefore, we carried out this study to
explore the role of LKB1 in ES-NSCLC tissues and defined
its association with clinicopathological features and survival
of the patients. On the basis, we investigated the potential
relationship between LKB1 and EMT and the possible
effects of SIK1-ZEBI signaling.

Methods
Patients

We retrospectively reviewed 103 NSCLC patients who
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underwent radical surgery between August 2012 and
December 2013 at the Affiliated Hospital of Xuzhou
Medical University. All the patients who were enrolled in
the study need to meet the following criteria: pathologically
confirmed ES-NSCLC (pT1-4N0-1MO0); complete
pulmonary resection and systematic node dissection.
Patients were excluded from the study due to the following
reasons: preoperative chemotherapy or radiotherapy;
positive surgical margins; a history of lung cancer; a second
primary cancer diagnosed within 5 years of lung cancer
duration; loss to follow-up or death within 1 month after
surgery. The patients with TXN2-3M0 NSCLC were
also excluded because it was highly heterogeneous, and
the optimal initial treatment of these patients was possibly
not surgery (10). Tumor tissues and matched surrounding
normal tissues (at least 5 cm away from the tumor lesions)
were obtained from the Pathology Department of the
Affiliated Hospital of Xuzhou Medical University. All
of the specimens were examined and evaluated by two
certified pathologists. Moreover, TTF-1 and P40 staining
were performed to confirm the histological type (12). The
pathological stage of each patient was diagnosed according
to the seventh tumor-node-metastasis (TNM) classification
of lung cancer. Whether the patient received adjuvant
chemotherapy and the choice of chemotherapy regimen
were determined by attending physicians according
to relevant guidelines, without any effect on patient
enrollment. The patients were followed until 8 December
2017. The follow-up period ranged from 1 to 64 months
(average: 47.1 months; median: 51.5 months). Disease-free
survival (DFS) and overall survival (OS) were calculated
from the date of initial surgery to the date of clinical or
pathological relapse or death. The patients were censored at
the time of their last cancer-free clinical follow-up or their
date of death not related to the lung cancer. This study was
approved by the Clinical Research Ethics Committee of
the Affiliated Hospital of Xuzhou Medical University (No.
XYFY2016-KL021). The study outcomes will not affect
the future management of the patients. Personal data of all
patients have been secured and prior informed consent was
obtained from each patient.

Immunobistochemistry

Formalin-fixed paraffin-embedded blocks from cancerous
tissues were cut into 4-pm sections. Immunostaining
was performed by the PV-9001 Polink-2 plus® Polymer
HRP Detection System. The tissue sections were first
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deparaffinized with xylene, following by rehydration with
serially decreasing concentrations of ethanol and immersion
in 3% H,0, for 10 minutes to abolish endogenous
peroxidase activity. Antigen retrieval was performed
using 10mM sodium citrate buffer (pH =6.0) followed by
diluting in phosphate-buffered saline (PBS). Sections were
incubated overnight at 4 °C with the primary antibodies,
including anti-LKB1 (D60C5F10; 1:250 dilution; Cell
Signaling Technology, Danvers, MA, USA), anti-SIK1
(bs-5252R; 1:150 dilution; Biotechnology, Beijing,
China), anti-ZEB1 (E2A7414-1; 1:150 dilution; enogene,
Nanjing, China), anti-E-cadherin (BS1097; 1:250 dilution;
Bioworld Technology Co., Ltd., MN, USA), anti-vimentin
(BS6007M; 1:200 dilution; Bioworld Technology Co., Ltd.,
MN, USA). The sections were washed and incubated with
Polymer Helper for 30 minutes. Then, the poly-HRP anti-
Rabbit IgG was used for 30 minutes at room temperature.
After the sections were washed three times with PBS, color
visualization was performed using 3,3'-diaminobenzidine

(DAB) and hematoxylin.

Evaluation of immunobistochemical staining

Immunohistochemical staining was scored by two
pathologists independently and blind to the clinical and
pathological data. Disagreements between pathologists
were discussed jointly and resolved by consensus. The
score of immunoreactivity for the LKB1, SIK1, ZEB1 and
E-cadherin was evaluated semiquantitatively using the
product of staining intensity and the percentage of positive-
stained tumor cells (13,14). Staining intensity was graded as
follows: non-staining as 0, weak stain as 1, moderate stain as
2, and marked stain as 3. The percentage of stained tumor
cells was divided into five levels: non-staining as 0, 1-25%
as 1,26-50% as 2, 51-75% as 3, and >75% as 4. The results
were divided into 2 groups: high expression when the
results were >4, and low expression when the results were
<4 (13,14). Vimentin was a special marker protein which
expressed in stromal cells, but it did not express in the
epithelial tumor cells. Therefore, the protein expression of
vimentin was considered high if the percentage of positive
cells >0% (15).

Statistical analysis

All statistical analysis was performed using SPSS version 19
(IBM SPSS Statistics; IBM Corporation, NY, USA). The
association between LKBI1 status and clinicopathological
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parameters were analysed by chi-squared test and Mann-
Whitney U rank sum test. Correlation among LKBI,
SIK1, ZEB1 and EMT-related proteins was analysed by
chi-squared tests and Pearson correlation coefficient. All
statistical tests were two-tailed. Kaplan-Meier method with
the log-rank test and Cox proportional hazards regression
analysis were used to evaluate the survival data. A P value
of <0.05 was considered to be statistically significant for all
analyses.

Results

Correlations of LKBI expression with clinicopathologic
characteristics and rvisk of distant metastases

Immunohistochemical staining revealed that LKB1 protein
was moderately or strongly expressed, and a total of 72.82%
(75/103) of the ES-NSCLC patients had high expression
in tumor tissues (Figure I). In the 103 cases of ES-NSCLC
samples, the correlations among LKB1 expression,
clinicopathologic characteristics and risk of distant
metastases after treatment were shown in 7able 1. We found
that LKB1 expression was associated with tumor histology
(x’=5.176, P=0.023), differentiation (x’=5.507, P=0.019),
lymph node metastases (x'=5.864, P=0.015) and distant
metastases after treatment (x’=5.697, P=0.017) but not with
T stage, TNM stage, smoking status, patient gender and
age (Table 1).

Univariate and multivariate analyses indicate an

independent role of LKB1 in the prognosis of ES-NSCLC

According to the immunohistochemistry results, all patients
with ES-NSCLC were divided into 2 groups: LKB1-high
expression group and LKB1-low expression group. Log-
rank test revealed that high expression group had longer
OS (P=0.000) and DFS (P=0.000) than low expression
group (Figure 2) in Kaplan-Meier curves. Besides, 3-year
OS (65.33% wvs. 35.71%, P=0.007) and 3-year DFS
(50.67% wvs. 25.00%, P=0.019) in high expression group
were respectively higher than that in LKB1-low expression
group. The univariate Cox regression analysis indicated
that LKB1 expression together with lymph node metastasis,
distant metastases after treatment, and TNM stage were
significantly associated with OS and DFS respectively
(Table 2). In the multivariate Cox regression analysis, LKB1
expression (HR =0.442; 95% CI: 0.253 to 0.771, P=0.004)
and TNM stage (HR =1.52; 95% CI: 1.108 to 2.091,
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Figure 2 Survival of the ES-NSCLC patients. (A) Overall survival of the ES-NSCLC patients with high tumor LKB1 level (n=75) is
significantly better (P<0.05) than those with low LKBI level (n=28); (B) disease-free survival of the ES-NSCLC patients with high tumor
LKBI level (n=75) is significantly better (P<0.05) than those with low LKB1 level (n=28).

Table 2 Univariate and multivariate analysis of LKB1 expression and clinicopathological variables for OS and DFS in early stage non-small cell

lung cancer patients

oS DFS

Variables Category Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR [95% Cl] P HR [95% CI] P HR [95% CI] P HR [95% CI] P

Sex Male vs. 1.140 0.606 NA - 0.907 0.684 NA -

female [0.692-1.879] [0.568-1.449]

Age (years) <60 vs. =60 1.008 0.976 NA - 1.031 0.895 NA -
[0.615-1.650] [0.651-1.635]

Smoking status  Yes vs. no 0.926 0.743 NA - 0.946 0.793 NA -
[0.586-1.461] [0.625-1.431]

Histological type Scc vs. Ad 1.191 0.453 NA - 1.130 0.563 NA -
[0.754-1.881] [0.747-1.710]

Tumour stage T1vs. T2 vs. 1.375 0.024 1.076 0.672 1.192 0.182 NA -

T3vs. T4 [1.043-1.814] [0.767-1.508] [0.921-1.541]

Lymph node No vs. yes 2.138 0.001 0.684 0.336 1.840 0.005 0.843 0.632

metastasis [1.346-3.397] [0.316-1.482] [1.197-2.827] [0.422-1.686]

Distant metastasis No vs. yes 2.032 0.004 1.399 0.202 3.002 0.000 2.480 0.000

after treatment [1.261-3.273] [0.836-2.343] [1.904-4.732] [1.546-3.978]

Differentiation Well vs. poor 1.568 0.078 NA - 1.425 0.135 NA -
[0.951-2.586] [0.896-2.265]

TNM stage lvs. llvs. llla 1.867 0.000 1.5622 0.010 1.586 0.000 1.171 0.288
[1.409-2.473] [1.108-2.091] [1.224-2.055] [0.875-1.566]

LKB1 expression High vs. low 0.308 0.000 0.442 0.004 0.281 0.000 0.339 0.000
[0.189-0.501] [0.253-0.771] [0.176-0.450] [0.209-0.551]

LKB1, liver kinase B1; OS, overall survival; DFS, disease-free survival; HR, hazard ratio; Cl, confidence interval; NA, not adopted; Scc,
Squamous cell carcinoma; Ad, Adenocarcinoma
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Table 3 Correlations among LKB1, SIK1and ZEB1 expression

SIK1 ZEBA
Variables
H L r P H L r P

LKB1 0.218 0.027 -0.242 0.014
H 34 41 36 39

L 6 22 21 7

SIK1 -0.206 0.037
H - - - - 17 23

L 40 23

LKBH1, liver kinase B1; SIK1, salt-inducible kinase 1; ZEB1,
Zincfinger E-box Binding Homeobox 1; H, high expression; L,
low expression; r, correlation coefficient.

P=0.010) were independent prognostic factors for OS.
Accordingly, LKB1 expression (HR =0.339; 95% CI: 0.209
to 0.551, P=0.000) and distant metastasis after treatment

(HR =2.480; 95% CI: 1.546 to 3.978, P=0.000) were
independent prognostic factors for DFS (Table 2).

LKB1 expression is negatively corvelated with EMT

E-cadherin expression was observed at membrane. Vimentin
was localised to stromal structures as well as the cytoplasm
of neoplastic tissues. In the 103 cases of ES-NSCLC
samples, the high expression of E-cadherin was observed in
76.70% (79/103) of lung cancer samples (Figure I), whereas
E-cadherin-low expression was observed in the other
23.30% (24/103) of cases. Vimentin-high expression was
observed in 35.92% (37/103) lung cancer samples (Figure I),
whereas it was low in the other 64.08% (66/103) of cases.
LKBI1 expression was positively correlated with E-cadherin
(r=0.231; P=0.019) but negatively correlated with vimentin
(r=—0.225; P=0.022).

LKBI1 expression is positively correlated with SIK1 but
negatively correlated with ZEBI

SIK1 expression was observed at cytoplasm and nuclear,
and ZEB1 was localised to nuclear of the neoplastic tissues.
In the 103 cases of NSCLC samples, the high expression
of SIK1 was observed in 38.83% (40/103) of lung cancer
samples (Figure 1), whereas SIK1-low expression was
observed in the other 61.17% (63/103) of cases. As shown
in Table 3, LKB1 expression was positively correlated with
SIK1 (r=0.218; P=0.027) but negatively correlated with
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ZEB1 (r=-0.242; P=0.014).

Discussion

The primary treatment for ES-NSCLC is surgical resection,
and metastasis has been recognized as the leading cause of
treatment failure and poor clinical outcomes in ES-NSCLC
patients after surgery (16). Evidences suggest that EM'T
is a crucial progress conferring malignant cells invasion
and metastasis abilities with low expression of polarity and
adhesion and acquisition of a mesenchymal phenotype and
mobility (17,18). In this study, we elucidated the clinical
significance of LKB1 in ES-NSCLC by studying the EMT
marker protein and its regulatory signaling.

LKB1 plays an important role in multiple biological
processes, including cell growth, cell cycle progression,
cell polarity and metabolism (19,20). According to the data
from the TCGA cohort, inactivation of LKB1 was detected
in approximately 2% lung squamous cell carcinoma and
17% lung adenocarcinoma (21,22). Ji et al. reported that
LKBI1 alteration was detected in 19% lung squamous cell
carcinoma and 34% lung adenocarcinoma (23). In this
study, the results in lung squamous cell carcinoma and lung
adenocarcinoma are 17.31% (9/52) and 37.25% (19/51)
respectively, similarly to what Ji er a/. reported. The data
from our study and TCGA cohort are inconsistent, possibly
because of ethnic difference and sample size.

A recent study showed that distant metastasis is a major
cause of treatment failure of ES-NSCLC, which is closely
associated with PFS and OS (2). Several studies i vivo and
in vitro suggest that LKB1 is a critical barrier to lung cancer
metastasis (24,25). In this study, our results indicated the
risk of distant metastasis in LKB1-low expression group
(50.00% wvs. 25.33%, P=0.017) was higher than that in
high expression group, consistent with previous studies
(24,25). Calles er al. reported that patients with LKB1
loss had higher number of metastatic sites at the time of
diagnosis of stage IV disease and developed brain metastasis
more frequently (26). The correlation between LKBI1
expression and location of distant progression needs further
investigation.

LKBI has been shown to be a valid prognostic marker
of lung cancer (26,27). However, its clinical significance
in ES-NSCLC remains unknown. In this study, we
semiquantitatively examined the expression of LKB1
and analysed the correlations among LKB1 expression,
clinicopathological parameters in postoperative patients
with ES-NSCLC for the first time. Furthermore, we
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demonstrated that patients with LKB1-high expression
had higher 3-year OS and DFS than LKB1-low expression
patients. Multivariate Cox regression analysis confirmed
that LKB1 expression was independent predictor for
longer OS and DFS. These data suggest LKBI is a clinical
biomarker independently associated with prognosis in ES-
NSCLC.

EMT is a critical event in the invasion, progression and
metastasis of epithelial cancers. A hallmark of EMT is down-
regulation of epithelial markers such as E-cadherin and
up-regulation of mesenchymal markers like vimentin (28).
Roy et al. (11) blocked the expression of LKBI gene in
lung cancer cells and observed up-regulated expression of
ZEBI concurrently with induction of EM'T; while silencing
ZEBI expression showed opposite effects, demonstrating
that LKB1 inactivation triggers EMT in lung cancer cells
through the induction of ZEBI. Yao er al. (24) reported
that Re-expression of LKBI1 in radioresistant NSCLC
cells line A549R caused increased expression of SIKI,
decreased expression of ZEB1 and a reversal of EMT, while
knockdown of LKB1 in H1299R cells caused decreased
expression of SIK1 and increased expression of ZEB1 and
promoted the EMT phenotype. These results suggest that
LKB1-SIK1 signaling suppresses EMT by repressing the
expression of transcriptional factor ZEB1. Accordingly,
our results about the association among LKBI1, EMT
markers, SIK1 and ZEB1 were partly compatible with
abovementioned findings, and association between EMT
and expression level of SIK1 and ZEB1 should be further
investigated.

For the first time to our knowledge, we revealed that
LKBI1 expression was an independent favourable prognostic
indicator in patients with ES-NSCLC, which was related
with lower risk of distant metastasis. Furthermore, our
findings demonstrated that the level of LKB1 expression
was correlated with EMT and expression of SIK1 and
ZEB1. More studies are needed to confirm the underlying
mechanism involving LKB1, SIK1, ZEB1 and EMT in ES-
NSCLC.
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