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Abstract. The liver kinase B1 (LKB1)/5'-adenosine 
monophosphate-activated protein kinase pathway has been 
reported to facilitate glioma cell growth by improving growth 
conditions. To investigate the clinical significance of LKB1 
in human gliomas western blot analysis and quantitative 
polymerase chain reaction experiments were performed. The 
present study demonstrated that LKB1 expression was mark-
edly decreased at the messenger RNA and protein levels in 30 
freshly prepared glioma tissues, compared with non-neoplastic 
brain tissues (P<0.001). Subsequently, immunohistochemical 
analysis demonstrated that LKB1 immunostaining in 
180 glioma tissues was significantly decreased compared 
with that in the corresponding non-neoplastic brain tissues 
(P<0.001). Notably, this downregulation frequently occurred 
in high-grade gliomas, and statistical analysis revealed that 
low LKB1 expression was significantly associated with large 
tumor size (P=0.02), advanced World Health Organization 
grade (P=0.006) and low Karnofsky performance scale 
(P=0.01). The prognostic value of LKB1 expression in patients 
with glioma was additionally evaluated using Kaplan-Meier 
survival curves and Cox proportional hazards regression 
models. As a result, the overall survival time of patients with 
glioma with low LKB1 expression was shorter compared 
with that of patients with high LKB1 expression (P<0.001), 
and low LKB1 expression also indicated decreased survival 
time in patients with high-grade glioma (P<0.001). Collec-
tively, the present data indicated that the downregulation of 
LKB1 was closely associated with the malignant degree of 
human gliomas, exhibiting lower expression at a higher grade. 

Notably, LKB1 may serve as a potential prognostic biomarker 
for patients with glioma following surgery.

Introduction

Human glioma is located within the brain or spinal cord, and 
represents the most frequently occurring type of malignant 
central nervous system tumor (1). The annual incidence rate 
of gliomas has increased, and accounts for 1.9% of total 
tumor incidences in the world (2). Gliomas are characterized 
by rapid growth, high infiltration and difficulty in surgical 
resection, and the majority of patients with glioma are diag-
nosed at stage IV (3). Treatment strategies for human gliomas 
primarily consist of surgery, followed by radiotherapy and 
chemotherapy. However, this malignancy often has a high 
degree of malignancy, recurrence rate, multi-drug resistance 
and invasiveness, leading to poor efficacy and final clinical 
outcomes (3). The 5-year survival rate for patients with 
gliomas is poor. Particularly, the median survival of patients 
who have glioblastoma multiforme (GBM) ranges between 9 
and 12 months (4). Previous studies on molecular biology of 
tumors have indicated that human gliomas may be complex 
diseases caused by interactions among various genes, a series 
of multiple oncogene activation and tumor-suppressor inacti-
vation (5,6). Therefore, it is of great clinical significance to 
understand the molecular pathogenesis of gliomas in order to 
identify novel drug targets to improve treatment efficacy and 
enhance patients' survival.

Liver kinase B1 (LKB1), also termed serine/threonine 
protein kinase 11, is located on chromosome 19p13.3 and 
encodes a ~48 kDa serine/threonine protein kinase (7). 
LKB1 was originally observed to be mutated in Peutz-Jeghers 
syndrome, a rare cancer susceptibility syndrome featured by 
predisposition to gastrointestinal polyposis, mucocutaneous 
melanin pigmentation and multi-organ cancer suscepti-
bility (8). Functionally, LKB1 serves roles in multiple cellular 
processes, including cell structure control, cell cycle regulation, 
apoptosis and cellular metabolism (9). As a multifunctional 
protein, LKB1 acts as a key metabolic enzyme in the 5' 
adenosine monophosphate-activated protein kinase (AMPK) 
pathway, and its inactivation often leads to the activation of the 
mammalian target of rapamycin pathway, which is important 
for controlling cellular energy metabolism, cell survival and 
growth under metabolic stress such as nutrient deficiency (10). 
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Growing evidence shows that LKB1 acts as a tumor-suppressor 
gene by activating AMPK or AMPK-related kinases, which 
in turn regulate cell cycle, cell apoptosis, cell polarity and 
metabolism (11). In human gliomas, Godlewski et al (12) iden-
tified microRNA (miR)‑451 as a regulator of the LKB1/AMPK 
pathway, which may be a fundamental mechanism contrib-
uting to cellular adaptation in response to altered energy 
availability. Jiang et al (13) reported that probucol, which 
exerts antitumor activities at various stages of tumor initia-
tion, promotion and progression, suppressed human glioma 
cell proliferation in vitro via reactive oxygen species produc-
tion and LKB1-AMPK activation. Although these previous 
findings suggested that the LKB1‑AMPK pathway facilitates 
glioma cell growth, the clinical significance of LKB1 expres-
sion in large numbers of glioma patients remains unclear.

In the present study, western blotting and quantita-
tive polymerase chain reaction (qPCR) were performed to 
examine the expression of LKB1 at the protein and messenger 
RNA (mRNA) levels in 30 pairs of freshly prepared glioma 
and non-neoplastic brain tissues. Subsequently, immunohis-
tochemistry was used to validate the expression pattern of 
LKB1 protein in 180 patients with glioma. The associations 
between LKB1 immunoreactive scores and various clinico-
pathological characteristics were then statistically analyzed. 
Furthermore, the prognostic value of LKB1 expression 
in glioma patients was additionally evaluated using 
Kaplan-Meier survival curves and Cox proportional hazards 
regression models.

Materials and methods

Patients and tissue samples. The current study was approved 
by the Research Ethics Committee of The First Affiliated 
Hospital of Medical College, Shantou University (Shantou, 
China). All patients enrolled in the study provided written 
informed consent. All specimens were handled and made 
anonymous according to ethical and legal standards of The 
First Affiliated Hospital of Medical College, Shantou Univer-
sity, and were obtained under sterile conditions during surgery.

For western blotting and qPCR, 30 pairs of freshly 
prepared glioma and non-neoplastic brain tissues were 
obtained from the Department of Neurosurgery, The First 
Affiliated Hospital of Medical College, Shantou University 
(Shantou, China) between January 2010 and December 2014. 
The mean patient age was 50.6 years (range, 12-88 years), 
and 20 (66.67%) of them were male, while 10 (33.33%) 
were female. According to the clinicopathological criteria 
provided by the World Health Organization (WHO) (14): 
3 patients were WHO grade I as pilocytic astrocytomas; 
10 patients were grade II, including 5 patients with fibrillary 
astrocytoma, 3 patients with protoplasmic astrocytoma and 
2 patients with oligodendroglioma; 12 patients were WHO 
grade III, including 8 patients with anaplastic astrocytoma 
and 4 patients with anaplastic oligodendroglioma; and 
5 patients were WHO grade IV, all GBM.

For immunohistochemistry, 180 patients-derived 
paraffin-embedded glioma tissues were obtained from the 
Department of Neurosurgery, The First Affiliated Hospital of 
Medical College, Shantou University between January 2005 
and December 2014. The mean patient age was 50.8 years 

(range, 10-86 years). Of these patients, 110 (61.11%) were male 
and 70 (38.89%) were female. According to the clinicopatho-
logical criteria provided by WHO (14), 15 patients were WHO 
grade I as pilocytic astrocytomas; 55 patients were WHO 
grade II, including 25 patients with fibrillary astrocytoma, 
20 patients with protoplasmic astrocytoma and 10 patients 
with oligodendroglioma; 85 patients were WHO garde III, 
including 50 patients with anaplastic astrocytoma and 
35 patients with anaplastic oligodendroglioma; and 25 patients 
were WHO grade IV, all GBM. Follow-up data were completed 
for all 180 patients, with a median follow-up time of 32 months 
(range, 2-118 months). The clinicopathological characteristics 
are summarized in Table I. All patients did not undergo any 
other treatments prior to surgery.

qPCR. qPCR was performed to detect the expression of 
LKB1 mRNA in 30 pairs of freshly prepared glioma and 
non-neoplastic brain tissues. Total RNA was extracted from 
30 pairs of freshly prepared glioma and non-neoplastic brain 
tissues using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according to the manu-
facturer's protocol. The RNA was pretreated with DNase, and 
single-stranded complementary DNA was synthesized using 
the SuperScript First-Strand Synthesis System or RT-PCR 
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. Relative expression of LKB1 mRNA was 
determined using a SYBR Green PCR Master Mix (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) and an ABI 
7500 Real-Time PCR System (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), and normalized using GAPDH. The 
primer sequences used in the present study were as follows: 
LKB1 forward, 5'-AGG GAT GCT TGA GTA CGA ACC-3' 
and reverse, 5'-GTC CTC CAA GTA CGG CAC C-3'; GAPDH 
forward, 5'-TGA ACG GGA AGC TCA CTG G-3' and reverse, 
5'‑TCC ACC ACC CTG TTG CTG TA‑3'. PCR amplifications 
for each gene were repeated three times. The fold-change of 
each gene was calculated using the 2-ΔΔCq method (15,16).

Western blot analysis. Western blot analysis was performed 
to detect the expression of LKB1 protein in 30 pairs of 
freshly prepared glioma and non-neoplastic brain tissues. 
Tissue samples were ground with liquid nitrogen and lysed 
at 48˚C for 30 min in lysis buffer (50 mM Tris, pH 7.4, 
100 mM NaCl2, 1 mM MgCl2, 2.5 mM Na3VO4, 1 mM 
phenylmethylsulfonyl fluoride, 2.5 mM EDTA, 0.5 % Triton 
X-100, 0.5% NP-40, and 5 mg/ml each of aprotinin, pepstatin 
A and leupeptin), and centrifuged at 10,000 x g for 30 min 
to collect the supernatant. Protein concentration was deter-
mined using the Bradford method. An equivalent amount of 
protein from each sample was separated by 10% SDS-PAGE 
and then transferred to a polyvinylidene fluoride membrane 
(EMD Millipore, Billerica, MA, USA), followed by incuba-
tion in blocking buffer (PBS containing 5% nonfat milk) 
for 2 h at room temperature. Subsequently, the membrane 
was incubated with a goat polyclonal antibody against 
LKB1 (dilution, 1:200; catalogue no., sc-5638; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) overnight at 4˚C. Next, 
the membrane was washed twice with PBS for 5 min and 
incubated with secondary horseradish peroxidase-conjugated 
rabbit anti-goat immunoglobulin G (IgG) antibody (dilution, 
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1:1,000; catalogue no., sc-2949; Santa Cruz Biotechnology, 
Inc.) for 2 h at room temperature. GAPDH was detected using 
a specific goat polyclonal antibody (dilution, 1:500; catalogue 
no., sc-20358; Santa Cruz Biotechnology, Inc.) as a loading 
control. Proteins were visualized using an enhanced chemilu-
minescence reagent (Santa Cruz Biotechnology, Inc.). Relative 
expression of LKB1 protein was normalized to GAPDH. The 
experiments were repeated three times.

Immunohistochemistry. Immunohistochemistry was 
performed to detect the expression pattern and subcel-
lular localization of LKB1 protein in 180 pairs of 
paraffin‑embedded glioma and non‑neoplastic brain tissues. 
Tissue sections were dewaxed in xylene, rehydrated using 
graded alcohol and soaked in 0.3% hydrogen peroxide to 
block endogenous peroxidase activity. The sections were then 
rinsed in PBS, pH 7.2, and 10% goat serum (Gibco; Thermo 
Fisher Scientific, Inc.) was applied for 1.5 h at room tempera-
ture to block nonspecific reactions. The aforementioned 
goat polyclonal antibody against LKB1 was incubated with 
the tissue sections overnight at 4˚C. Negative control slides 
were processed in parallel using a nonspecific IgG (dilution, 
1:1,000; catalogue no., sc-2949; Santa Cruz Biotechnology, 
Inc.) at the same concentration as the primary antibody. 
Subsequent to being rinsed in PBS, the peroxidase reaction 

was visualized by incubating the sections with a solution 
containing 0.1% phosphate buffer, 0.02% 3,3'-diaminoben-
zidine tetrahydrochloride and 3% H2O2. Finally, the sections 
were counterstained with hematoxylin, dehydrated and 
mounted in mounting resin.

The immunohistochemical results were evaluated by 
two independent pathologists blinded to the patients' clini-
copathological characteristics. The immunoreactive scoring 
(IRS) of LKB1 expression was calculated by combining the 
intensity and the percentage of positive cells. The percentage 
of positive cells was as follows: 0-5% scored 0; 6-35% scored 
1; 36-70% scored 2; and >70% scored 3. The staining inten-
sity was as follows: No staining scored 0; weakly staining 
scored 1; moderately staining scored 2; and strongly staining 
scored 3. The final IRS was designated as low or high expres-
sion using the percentage of positive cell score x staining 
intensity score.

Statistical analysis. SPSS software version 11.0 for Windows 
(SPSS, Inc., Chicago, IL, USA) was used for the statistical 
analyses. All data obtained from experiments were expressed 
as the mean ± standard deviation. The differences of 
LKB1 mRNA and protein expression between glioma and 
non-neoplastic brain tissues were evaluated by Student's 
paired t-test. Spearman's rank correlation analysis was used 

Table I. Association of LKB1 expression with clinicopathological characteristics in human glioma.

Clinicopathological characteristics Patients, n (%) LKB1-low, n (%) P-value
 
Age, years
  <50 88 (48.89) 45 (51.14) NS
  ≥50 92 (51.11) 47 (51.09) 
Gender   
  Male 110 (61.11) 56 (50.91) NS
  Female 70 (38.89) 36 (51.43) 
Tumor size, cm   
  <5 108 (60.00) 40 (37.04) 0.020
  ≥5 72 (40.00) 52 (72.22) 
Tumor location   
  Supratentorial 160 (88.89) 82 (51.25) NS
  Subtentorial 20 (11.11) 10 (50.00) 
Karnofsky performance scale   
  <90 100 (60.00) 72 (72.00) 0.010
  ≥90 80 (40.00) 20 (25.00) 
WHO grade   
  I 15 (12.00) 0 (0.00) 

0.006  II 55 (36.00) 15 (27.27) 
  III 85 (42.00) 52 (61.18) 
  IV 25 (10.00) 25 (100.00) 
Tumor recurrence   
  Absent 118 (65.56) 62 (52.54) NS
  Present 62 (34.44) 30 (48.39) 

LKB1, liver kinase B1; NS, no significance difference; WHO, World Health Organization.
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to analyze the correlation between the level of LKB1 mRNA 
and protein expression. The associations between LKB1 
expression and various clinicopathological features were 
analyzed by the χ2 test. Kaplan-Meier survival plots were 
constructed to analyze survival data. Univariate and multi-
variate analyses were performed using Cox's proportional 
hazards model. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Downregulation of LKB1 mRNA and protein in glioma tissues. 
LKB1 expression was markedly decreased at the mRNA (tumor 
vs. normal, 1.96±0.59 vs. 3.66±0.92; P<0.001; Fig. 1A) and 
protein (tumor vs. normal, 1.89±0.54 vs. 3.71±0.87; P<0.001; 
Fig. 1B) levels in 30 freshly prepared glioma tissues, compared 
with non-neoplastic brain tissues. Spearman's rank correlation 
analysis revealed that the expression levels of LKB1 mRNA 
in glioma tissues were closely correlated with those of LKB1 
protein in gliomas (r=0.32; P=0.02; Fig. 1C). Notably, the 
present results indicated a relatively lower expression level of 
LKB1 mRNA and protein in freshly prepared high-grade glioma 

tissue samples (WHO grades III-IV) compared with those in the 
low-grade glioma samples (WHO grades I-II; Fig. 1D).

The positive expression of LKB1 protein was examined 
in 36/180 (20.00%) gliomas in the present cohort (Fig. 2A), 
and markedly strong LKB1 protein expression was observed 
in 132/180 (73.33%) non-neoplastic brain tissue samples 
(Fig. 2B). Statistically, the IRS of LKB1 protein expression 
in gliomas was significantly decreased compared with that 
in the corresponding non-neoplastic brain tissues (tumor vs. 
normal, 2.38±1.00 vs. 4.38±1.19; P<0.001; Fig. 2C). Notably, 
the expression of LKB1 in high-grade glioma was decreased 
compared with that in low-grade glioma (P<0.01; Fig. 2D).

Downregulation of LKB1 protein is associated with aggres-
sive tumor progression of human gliomas. To explore the 
clinical significance of LKB1 downregulation in human 
gliomas, the associations between LKB1 and various clinico-
pathological parameters of glioma patients was statistically 
analyzed. The median value (2.31) of the IRS of LKB1 protein 
expression in glioma tissues was used as a cut-off point to 
divide all 180 patients with glioma into low LKB1 expression 
group (LKB1-low; n=98) and high LKB1 expression group 

Figure 1. Downregulation of LKB1 mRNA and protein expression in glioma tissues. LKB1 expression was markedly decreased at (A) mRNA (tumor vs. 
normal, 1.96±0.59 vs. 3.66±0.92; P<0.001), and (B) protein (tumor vs. normal, 1.89±0.54 vs. 3.71±0.87; P<0.001) levels in 30 freshly prepared glioma tissues, 
compared with that in non-neoplastic brain tissues. (C) Spearman's rank correlation analysis revealed that the expression levels of LKB1 mRNA in glioma 
tissues were closely correlated with those of LKB1 protein in gliomas (r=0.32; P=0.02). (D) Relatively lower expression levels of LKB1 mRNA and protein 
were observed in freshly prepared high-grade glioma tissue samples (WHO grades III-IV) compared with those in low-grade glioma samples (WHO grades 
I-II). *P<0.05. LKB1, liver kinase B1; WHO, World Health Organization; mRNA, messenger RNA.
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(LKB1-high; n=82). Table I summarizes the associations 
between LKB1 expression and various clinicopathological 
parameters of glioma patients. As a result, low LKB1 expres-
sion was significantly associated with large tumor size 
(P=0.02; Table I), advanced WHO grade (P=0.006; Table I) 
and low Karnofsky performance scale (P=0.01; Table I). No 
significant associations of LKB1 with patients' age, gender, 
tumor location or recurrence were observed (Table I).

Downregulation of LKB1 protein predicts poor prognosis in 
patients with gliomas. To additionally evaluate the prognostic 

implication of LKB1 downregulation in human gliomas, 
univariate and multivariate analyses using the Cox's propor-
tional hazards model were constructed, including patients' age, 
gender, tumor size, tumor location, WHO grade, Karnofsky 
performance scale, tumor recurrence and LKB1 expression. 
Kaplan-Meier survival plots in Fig. 3A revealed that the 
overall survival of glioma patients with low LKB1 expression 
was clearly shorter compared with that of patients with high 
LKB1 expression (P<0.001). Notably, the subgroup analysis 
based on WHO classification demonstrated that low LKB1 
expression indicated a poorer survival in high-grade glioma 

Figure 2. Immunostaining of LKB1 protein in glioma tissues. (A) Weak immunostaining of LKB1 protein in glioma tissues (magnification, x200). (B) Strong 
immunostaining of LKB1 protein in non‑neoplastic brain tissue samples (magnification, x200). (C) Statistically, the IRS of LKB1 protein in gliomas was 
significantly decreased compared with that in the corresponding non‑neoplastic brain tissues (tumor vs. normal, 2.38±1.00 vs. 4.38±1.19; ***P<0.001). (D) The 
expression of LKB1 in high-grade glioma was decreased compared with that in low-grade glioma (**P<0.01). LKB1, liver kinase B1; IRS, immunoreactive 
scoring.

Figure 3. Kaplan-Meier survival curves of glioma patients. (A) Overall survival of all 180 glioma patients with LKB1 protein expression: High vs. low. 
(B) Overall survival of high-grade glioma patients with LKB1 protein expression: High vs. low. (C) Overall survival of low-grade glioma patients with LKB1 
protein expression: High vs. low. LKB1, liver kinase B1.
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patients (P<0.001; Fig. 3B), but not in low-grade glioma 
patients (Fig. 3C). Additionally, the results of univariate 
and multivariate analyses revealed that LKB1 expression 
(P<0.001), WHO grade (P<0.001) and Karnofsky performance 
scale (P=0.01) were independent prognostic factors for overall 
survival of glioma patients (Table II).

Discussion

Human gliomas, as a group of highly aggressive, angiogenic 
and incurable malignancies, exhibit poor clinical outcomes (3). 
Thus, there is an urgent requirement to screen novel and 
efficient molecular markers for diagnosis and prognosis in 
patients with gliomas, and to develop new therapeutic strat-
egies. In the current study, decreased expression of LKB1 
mRNA and protein levels in glioma tissues were observed, 
compared with those in adjacent normal brain tissues. Subse-
quently, immunohistochemistry was performed to observe the 
expression of LKB1 protein in glioma tissues of different stage 
based on complete follow-up data and in the corresponding 
non-neoplastic brain tissue specimens. The present data 
demonstrated that the mean IRS of LKB1 protein expression 
in glioma tissues, particularly in high-grade glioma tissues, 
was significantly increased compared with that in the corre-
sponding non-neoplastic brain tissues. These observations 
strongly suggest that the evaluation of LKB1 expression using 
immunohistochemistry discriminated between glioma and 
non-neoplastic brain tissues. In addition, LKB1 downregula-
tion was significantly associated with larger tumor size, higher 
WHO grade and lower Karnofsky performance scale. Notably, 
the results revealed that LKB1 downregulation appeared to 
be an independent prognostic factor for overall survival in 
glioma patients, indicating that the detection of LKB1 may 
be valuable for the production of individual therapies and for 
the identification of patients who may or may not benefit from 
close monitoring subsequent to surgery. Additional research is 
required to validate these findings.

LKB1, a serine/threonine kinase, has been indicated to 
function as a tumor suppressor in various human cancers 

via regulating cancer cell growth, metabolism, survival and 
polarity (17). Mutations of LKB1 protein, such as K78I, 
D17GN, W308C and L67P, result in the loss of its kinase 
activity, and have been identified in different cancers, including 
malignant melanoma, head and neck squamous cell carci-
noma, breast cancer, lung cancer, hepatocellular carcinoma, 
pancreatic and biliary carcinoma, colorectal cancer, cervical 
adenocarcinoma and testicular cancer (18-22). In addition, 
LKB1 expression has been documented to be regulated 
through epigenetic modification, such as hypermethylation 
in gene promoter CpG islands and global demethylation of 
the genome, transcriptional regulation and post-translational 
modification, such as phosphorylation, prenylation and 
ubiquitination (20). Aberrant expression of LKB1 gene and 
protein has been observed in multiple malignancies. For 
example, Huang et al (23) reported that LKB1 expression was 
decreased in hepatocellular carcinoma samples, and noticed 
that loss of LKB1 expression was significantly associated 
with aggressive clinical features and poor disease-free and 
overall survival. He et al (24) indicated that LKB1 loss at 
transcriptional level promoted tumor malignancy and poor 
patient outcomes in colorectal cancer. Yang et al (25) reported 
that the protein expression levels of LKB1 were significantly 
reduced in six pancreatic ductal adenocarcinoma cell lines 
and downregulated in 31.3% of pancreatic ductal adenocarci-
noma lesions, compared with those in matched non-tumorous 
tissues. The authors also confirmed that decreased LKB1 
expression predicted poor prognosis in pancreatic ductal 
adenocarcinoma. Shen et al (26) demonstrated that low LKB1 
protein expression correlated with higher histological grade, 
larger tumor size, progesterone receptor status, presence of 
lymph node metastasis, higher relapse rate and poorer overall 
survival time. Jiang et al (27) revealed that the expression 
levels of LKB1 mRNA and protein were significantly 
reduced in non-small cell lung cancer tissues compared with 
those in the matched surrounding normal lung tissues, and 
determined that reduced expression of LKB1 was associated 
with poor survival of non-small cell lung cancer patients. 
Similar results were also obtained by the present analyses 

Table II. Association of various candidate prognostic factors with overall survival of 180 glioma patients, as evaluated by Cox 
regression analysis.
 
 Univariate analysis Multivariate analysis
 ------------------------------------------------------------- -------------------------------------------------------------
Variable Groups Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
 
Age, years <50 vs. ≥50 1.082 (0.568‑1.966) NS ‑ ‑
Gender Male vs. female 1.021 (0.553-1.922) NS - -
Tumor size, cm <5 vs. ≥5 1.168 (0.689‑2.139) NS ‑ ‑
Tumor location Supratentorial vs.  1.026 (0.581-1.938) NS - -
 subtentorial
Karnofsky performance scale <90 vs. ≥90 2.689 (1.291‑5.693) 0.010 2.043 (0.896‑4.338) 0.030
WHO grade I-II vs. III-IV 3.625 (1.673-7.932) <0.001 3.267 (1.392-6.581) 0.001
Tumor recurrence Absent vs. present 2.018 (0.819-3.983) NS - -
LKB1 expression Absent vs. present 3.348 (1.397-7.026) <0.001 3.022 (1.002-6.016) 0.001

WHO, World Health Organization; LKB1, liver kinase B1; NS, no significance; CI, confidence interval.
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regarding the expression pattern and clinical implication of 
LKB1 in human gliomas.

In conclusion, the current data indicated that downregula-
tion of LKB1 was closely associated with the malignant degree 
of human gliomas, displaying lower expression at a higher 
grade. Notably, LKB1 may serve as a potential prognostic 
biomarker for glioma patients following surgery.
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