
Received: 2015.05.31
Accepted: 2015.08.13

Published: 2015.11.30

 1848   2   3   39

Low LKB1 Expression Results in Unfavorable 
Prognosis in Prostate Cancer Patients

 ABCD 1 Jianlei Lu*
 ADG 2 Peng Sun*
 CDE 3 Beibei Sun
 EFG 1 Chao Wang

  * Co-first author; Jianlei Lu and Peng Sun
 Corresponding Author: Peng Sun, e-mail: gaozhiyua@yeah.net
 Source of support: Departmnetal sources

 Background: The present study aimed to compare the expression of liver kinase B1 (LKB1) in prostate cancer (PCa) tissues 
and the paired adjacent tissues, then to evaluate the statistical relationship between LKB1 expression and 
prognosis of PCa patients.

 Material/Methods: The relative expression of LKB1 at mRNA level was detected by quantitative real-time polymerase chain reac-
tion (qRT-PCR). The expression of LKB1 at protein level was measured by immunohistochemistry (IHC) method. 
The relationship between LKB1 expression and clinicopathologic characteristics was estimated by chi-square 
test. Kaplan-Meier method was used to analyze the overall survival of PCa patients with different LKB1 expres-
sion. Cox regression analysis was performed to estimate the significance of LKB1 expression and clinicopath-
ologic characteristics in the prognosis of PCa patients.

 Results: The relative expression of LKB1 at mRNA level was significantly lower in PCa tissues than in the normal tissues 
(P<0.001). The LKB1 expression was proved to be affected by clinical stage (P=0.019) and PSA concentration 
(P=0.031) of PCa patients. Moreover, patients with negative LKB1 expression had shorter survival than those 
with positive expression. Cox regression analysis confirmed that LKB1 could be regarded as a prognostic bio-
marker for PCa patients (P=0.001, HR=3.981, 95% CI=1.698–9.336).

 Conclusions: The expression of LKB1 was lower in PCa tissues and might be a predictor for the prognosis of PCa patients.
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Background

Prostate cancer (PCa) is one of the most common cancers 
among men over 50 years old and is the sixth leading cause 
of cancer-related deaths world-wide [1,2]. Although its inci-
dence is higher in developed countries than in developing 
counties, it is still increasing in developing areas [3–5]. There 
are obvious regional and ethic differences in the pathogene-
sy of PCa. Currently, the diagnosis of PCa is mainly based on 
the combination of various procedures, and PCa is usually di-
agnosed as a localized disease [6,7]. Treatments for PCa pre-
dominantly include surgical castration, androgen-deprivation 
therapy (ADT), and radiation therapy (RT) [8,9]. However, these 
treatments have shortcomings and there is no effective strat-
egy to treat metastasis and recurrence of Pca that cannot be 
treated by surgery or radiation therapy. Therefore, an innova-
tive biomarker for therapies and prognosis of PCa patients is 
urgently needed.

Liver kinase B1 (LKB1), a serine/threonine kinase, is located at 
19p 13.3 of human chromosomes [10]. It is known as a tumor 
suppressor and many studies have demonstrated that LKB1 
plays an important role in regulating energy homeostasis, cell 
cycle progression, cell polarity, cell proliferation, senescence, 
DNA damage response, and differentiation [11–13]. It is also 
mutated in Peutz-Jeghers syndrome (PJS), which leads to an 
increasing risk of malignant tumors in multiple tissues [14]. In 
previous studies, LKB1 was reported to be a common mutat-
ed gene in various of cancers such as non-small cell lung car-
cinomas, cervical cancer, breast cancer, and pancreatic carci-
noma [15–18]. It was also confirmed that LKB1 was related 
with prostate neoplasia and could suppress proliferation and 
invasion of PCa [19,20]. However, its role in the prognosis of 
PCa had never been determined.

This study aimed to detect the LKB1 expression in PCa tis-
sues and the paired adjacent normal tissues both at mRNA 
level and protein level. Then we attempted to further explore 
whether LKB1 could serve as a prognostic factor for PCa pa-
tients, so as to understand the PCa progression, provide an 
efficient therapy method of Pca, and increase the survival 
rate of PCa patients.

Material and Methods

Patients and tissues specimens

Our study included 109 patients with PCa diagnosed at the 
Department of Urology Surgery of The Affiliated Hospital of 
Jining Medical College. None of them had ever received any 
chemical treatment or physical therapy before surgery. The 
present study was approved by the Ethics Committee of The 

Affiliated Hospital of Jining Medical College. All participants 
provided signed informed written consent in advance.

The tumor tissues and the paired adjacent tissues were col-
lected from PCa patients. All the specimens were biopsy mate-
rials and frozen in liquid nitrogen immediately, then the sam-
ples were stored at –80°C for RNA extraction. A follow-up of 
60 months was conducted. The overall survival time was de-
fined as the time from day of surgery to the day of death. The 
follow-up information was obtained via a telephone or ques-
tionnaire and was updated every 2 months. Patients who died 
from other disease or accident were excluded from our study.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA from fresh PCa tissues and the paired adjacent 
tissues were extracted and purified using RNeasy Mini Kit 
(QIAGEN) according to the manufacturer’s directions. Reverse 
transcription was performed with a ReverTra Ace qPCR RT Kit 
(Toyobo Bio-Technology, Japan) according to the manufac-
turer’s instructions. qRT-PCR reaction was carried out in the 
Applied Biosystems 7900 Fast Real-Time PCR system (Applied 
Biosystems, Foster City, California, USA). The GAPDH was used 
as endogenous control. The relative expression of LKB1 at mRNA 
level normalized to GAPDH was evaluated by comparative cy-
cle threshold (CT) method. All the experiments were conduct-
ed under optimal conditions and in triplicate.

Immunohistochemistry assay

Immunohistochemistry (IHC) was used to examine the expres-
sion of LKB1 at the protein level in all tissue samples. The tu-
mor tissues and adjacent tissues were fixed in 10% formal-
dehyde and embedded in paraffin. Then the paraffin sections 
were cut into 4-μm sections, and were dewaxed and rehydrat-
ed with xylene and graded alcohol, respectively. The sections 
were washed with buffer solution for 5 min and then added 
into the primary antibody at 4°C overnight. The second anti-
body was added into the sections after being washed again. 
Finally, coloration was performed with DAB. The results are 
presented as the percentage of the staining cells (0 to 100%) 
in tissues. Staining under 20% of the tissue cells or no stain-
ing was included in the negative group (–), while the others 
belonged to the positive group (+).

Statistical analysis

All data processing was carried out using SPSS 18.0 software. 
The difference in LKB1 expression between PCa tissues and 
adjacent tissues was analyzed by t test. The chi-square test 
was used to analyze the relationship between LKB1 expres-
sion and clinicopathological characteristics. The association 
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between LKB1 expression and overall survival, as well as the 
prognostic value of LKB1, were estimated by Kaplan-Meier and 
Cox regression analysis, respectively. P<0.05 was considered 
to be statistically significant.

Results

Low expression of LKB1 at mRNA level in PCa tissues

QRT-PCR was used to evaluate the expression of LKB1 in PCa 
tissues and the adjacent tissues. The expression level of LKB1 
was normalized to GAPDH. The result demonstrated that the 
relative expression of LKB1 at mRNA level in PCa tissues was 
0.59±0.25 (mean±SD), while that in the normal tissues was 
1.32±0.59 (mean ±SD). A significant decrease in the expres-
sion of LKB1 at the mRNA level was found in PCa tissues 
(Figure 1, P<0.001).

Decreased expression of LKB1 at protein level in PCa 
tissues

The LKB1 protein expression of all PCa tissues and a random-
ly selected 70 cases of adjacent tissues were assayed by IHC 
method. Figure 2 shows that staining degree was obviously 
diminished in PCa tissues compared with adjacent tissues. To 
obtain an exact result of protein expression level of the LKB1 
gene in PCa patients, we analyzed the positive cell percentage 

Figure 1.  Relative expression of LKB1 at mRNA level was 
assessed by qRT-PCR in PCa tissues and adjacent 
normal tissues. The LKB1 expression was normalized 
to GAPDH. Expression level of LKB1 was significantly 
lower in PCa tissues compared to the adjacent normal 
tissues (P<0.001).
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Figure 2.  The expression of LKB1 protein in PCa tissues and adjacent tissues. The LKB1 protein expression level was lower in PCa 
tissues than in adjacent tissues (P<0.001). (A) Adjacent tissue; (B) PCa tissue; (C) Positive cell percentage.
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in the 2 tissues. We found that positive cell percentage was 
28.4% in PCa tissues and 81.4% in normal tissues. Both the 
staining degree and positive cell percentage indicated that the 
LKB1 protein expression in PCa tissues was significantly lower 
than that in the normal tissues (Figure 2, P<0.001).

Correlation between LKB1 expression and 
clinicopathological characteristics

The association between LKB1 expression and clinicopatho-
logical characteristics, including age, hematuria, urine reten-
tion, creatinine (µmol/L), clinical staging, and PSA (ng/ml), 
were evaluated to determine whether LKB1 participates in 
the development of PCa. The results showed that creatinine 
level (P=0.035), advanced clinical stage (P=0.019), and high 
concentration of PSA (P=0.031) were all related to low LKB1 
expression (Table 1). However, no clinical relevance was ob-
served between LKB1 and age, hematuria, or urine retention 
(Table 1, P>0.05).

Association between LKB1 expression and overall survival 
of PCa patients

During the follow-up, 47 of 78 (60.3%) patients with negative 
LKB1 expression died, whereas only 7 (22.6%) patients with 
positive LKB1 expression died. Kaplan-Meier analysis exhibited 

that patients with negative LKB1 expression had significant-
ly lower overall survival than those with positive LKB1 ex-
pression (Figure 3, log rank test, P<0.001). Multivariate Cox 

Clinical features Case (n)
LKB1 expression

c2 P
Negative (n) Positive (n)

Age 0.714 0.398

 £55 39 26 13

 >55 70 52 18

Hematuria 0.265 0.607

 Yes 57 42 15

 No 52 36 16

Urine retention 2.212 0.137

 Yes 58 45 13

 No 51 33 18

Creatinine (µmol/L) 4.469 0.035

 £110 46 28 18

 >110 63 50 13

Clinical staging 5.468 0.019

 T1+T2 51 31 20

 T3+T4 58 47 11

PSA (ng/ml) 4.645 0.031

 £6 56 35 21

 >6 53 43 10

Table 1. The relationship between LKB1 expression and clinicopathological characteristics of PCa patients.

Figure 3.  Kaplan-Meier analysis with the expression of LKB1 
showed that patients with negative expression of LKB1 
had a significantly shorter overall survival time than 
those with positive LKB1 expression (log-rank test, 
P<0.001).
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regression analysis showed that clinical features had no sig-
nificant relationship with the prognosis of PCa, but LKB1 ex-
pression (P=0.001, HR=3.981, 95%CI=1.698–9.336) was asso-
ciated with the prognosis of PCa patients (Table 2). Therefore, 
we inferred that these clinical features could not act as mark-
ers for PCa prognosis, but LKB1 might be a novel indicator for 
the prognosis of PCa patients.

Discussion

PCa is a malignant tumor that presents in the prostatic tissues 
of the males and is the result of disordered growth of pros-
tatic vesicle cells. Up to now, pathogens that induce PCa are 
still indefinite, which may be associated with the alteration of 
gene, such as the change of androgen receptor relative genes. 
It is usually a fatal disease for most patients diagnosed in ad-
vanced stages. Therefore, it is of great significance to explore 
effective diagnostic and prognostic markers for PCa.

Several molecular markers have been investigated in PCa tis-
sues as predictive biomarkers [21–26]. For example, Rajal et al. 
reported that ERG was overexpression in PCa and Xu et al. 
also verified that ERG played a prognostic role in prostatic ac-
inar adenocarcinoma [27,28]. Zheng et al. demonstrated that 
SFRP1 could be a prognostic biomarker in PCa patients [29]. 
In addition, LKB1 is a tumor suppressor gene with a molecu-
lar weight of 50 KD. It contains 10 exons and consists of ki-
nase domain, N terminal regulatory domain, and C terminal 
regulatory domain. It has been studied in various diseases and 
was confirmed to play crucial roles in different cell process-
es. For instance, in the study of Inge et al. the inactivation of 
LKB1 could sensitize NSCLC to pharmacological aggravation 
of ER stress, and another report by Inge et al. found that LKB1 
expression in NSCLC determined the sensitivity to 2-deoxy-
glucose [30,31]. Moreover, many studies suggested that the 
LKB1 gene may have a role in PCa, including the precursor le-
sions, as well as proliferation and invasion of PCa [19,20,32]. 
However, the association of the LKB1 gene with PCa develop-
ment remains unclear. In this study, we detected the expres-
sion of LKB1 in PCa tissues and adjacent normal tissues both 
at mRNA level and protein level. Our study results demonstrate 

that LKB1 expression was reduced in PCa tissues and it might 
be a tumor suppressor in PCa. This result was consistent with 
the trend in lung cancer [33].

As LKB1 expression was linked with various cancers, thus 
it might be a potential prognostic marker. A previous study 
found that loss of LKB1 protein expression may be useful as a 
prognostic marker for breast carcinoma [34]. To clarify wheth-
er LKB1 had been involved in the development of PCa and its 
prognostic value in PCa patients, we analyzed the relationship 
between LKB1 expression and clinicopathologic characteris-
tics as well as the overall survival of patients. It was shown 
that the LKB1 expression was related to clinical staging and 
PSA concentration tightly. In addition, Kaplan-Meier analysis 
shoed that the overall survival time of patients with low LKB1 
expression was shorter than in those with high LKB1 expres-
sion. Cox regression analysis determined that there was a sta-
tistically significant relationship between LKB1 expression and 
the prognosis of PCa patients, indicating that LKB1 could be a 
prognostic biomarker for PCa patients.

As with other tumor suppressor genes, it is also difficult to 
identify the patients with or without low LKB1 expression, and 
potential mechanisms of LKB1 in various tumors are still un-
known. Many studies have demonstrated that LKB1 functions 
in various cancers through the LKB1/AMPK signaling path-
way [35–37]. Young-Ok Son et al. illustrated that cadmium in-
duced autophagy through LKB1- AMPK signaling in skin epi-
dermal cells [38]. Brown et al. showed that LKB1 expression 
was inhibited by estradiol-17b in MCF-7 cells [39]. Therefore, 
we presumed that the effect of LKB1 on PCa might be relat-
ed to the LKB1/AMPK signaling pathway or estradiol-17b ap-
proach, but this hypothesis must be verified in further research.

Conclusions

In conclusion, LKB1 is a tumor suppressor in PCa via its de-
creased expression in PCa tissues. Statistical significance was 
found between LKB1 expression and the prognosis of PCa pa-
tients, suggesting that LKB1 may be a candidate prognostic 
marker for PCa patients.

Variable P value HR 95%CI

Hematuria 0.188 0.659 0.354–1.227

Urine retention 0.155 0.655 0.365–1.173

Clinical staging 0.442 1.255 0.703–2.240

LKB1 expression 0.001 3.981 1.698–9.336

Table 2. Multivariate analysis for prognostic factors in prostate cancer via cox regression analysis.

3726
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Lu J. et al.: 
Low LKB1 expression results in unfavorable prognosis in prostate cancer patients

© Med Sci Monit, 2015; 21: 3722-3727
CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License



References:

 1. Boyle P, Napalkov P: The epidemiology of benign prostatic hyperplasia and 
observations on concomitant hypertension. Scand J Urol Nephrol Suppl, 
1995; 168: 7–12

 2. Jemal A, Bray F, Center MM et al: Global cancer statistics. Cancer J Clin, 
2011; 61: 69–90

 3. Du LB, Li HZ, Wang XH et al: Analysis of cancer incidence in Zhejiang can-
cer registry in China during 2000 to 2009. Asian Pac J Cancer Prev, 2014; 
15: 5839–43

 4. Jung KW, Won YJ, Kong HJ et al: Cancer statistics in Korea: incidence, mor-
tality, survival and prevalence in 2010. Cancer Res Treat, 2013; 45: 1–14

 5. Siegel R, Ma J, Zou Z, Jemal A: Cancer statistics, 2014. Cancer J Clin, 2014; 
64: 9–29

 6. Ezquer A, Ortega Hrescak MC, Sanagua C et al: Transrectal doppler ultra-
sound during prostate biopsy: clinical utility and limitations. Actas Urol Esp, 
2015; 39: 13–19

 7. Karantanos T, Evans CP, Tombal B et al: Understanding the mechanisms of 
androgen deprivation resistance in prostate cancer at the molecular level. 
Eur Urol, 2015; 67: 470–79

 8. Joniau S, Spahn M, Briganti A et al: Pretreatment tables predicting patho-
logic stage of locally advanced prostate cancer. Eur Urol, 2015; 67: 319–25

 9. Yu EY, Getzenberg RH, Coss CC et al: Selective estrogen receptor alpha ag-
onist GTx-758 decreases testosterone with reduced side effects of andro-
gen deprivation therapy in men with advanced prostate cancer. Eur Urol, 
2015; 67: 334–41

 10. Zhao N, Wilkerson MD, Shah U et al: Alterations of LKB1 and KRAS and risk 
of brain metastasis: comprehensive characterization by mutation analysis, 
copy number, and gene expression in non-small-cell lung carcinoma. Lung 
Cancer, 2014; 86: 255–61

 11. Hezel AF, Bardeesy N: LKB1; linking cell structure and tumor suppression. 
Oncogene, 2008; 27: 6908–19

 12. Jansen M, Ten Klooster JP, Offerhaus GJ, Clevers H: LKB1 and AMPK family 
signaling: the intimate link between cell polarity and energy metabolism. 
Physiol Rev, 2009; 89: 777–98

 13. Vaahtomeri K, Makela TP: Molecular mechanisms of tumor suppression by 
LKB1. FEBS Lett, 2011; 585: 944–51

 14. Hemminki A, Markie D, Tomlinson I et al: A serine/threonine kinase gene 
defective in Peutz-Jeghers syndrome. Nature, 1998; 391: 184–87

 15. Ji H, Ramsey MR, Hayes DN, Fan C et al: LKB1 modulates lung cancer dif-
ferentiation and metastasis. Nature, 2007; 448: 807–10

 16. Zhang X, Chen H, Wang X et al: Expression and transcriptional profiling of 
the LKB1 tumor suppressor in cervical cancer cells. Gynecol Oncol, 2014; 
134: 372–78

 17. Zhuang Z, Wang K, Cheng X et al: LKB1 inhibits breast cancer partially 
through repressing the Hedgehog signaling pathway. PLoS One, 2013; 8: 
e67431

 18. Hezel AF, Gurumurthy S, Granot Z et al: Pancreatic LKB1 deletion leads 
to acinar polarity defects and cystic neoplasms. Mol Cell Biol, 2008; 28: 
2414–25

 19. Xu P, Cai F, Liu X, Guo L: LKB1 suppresses proliferation and invasion of 
prostate cancer through hedgehog signaling pathway. Int J Clin Exp Pathol, 
2014; 7: 8480–88

 20. Pearson HB, McCarthy A, Collins CM et al: Lkb1 deficiency causes prostate 
neoplasia in the mouse. Cancer Res, 2008; 68: 2223–32

 21. Wang X, Wen J, Li R et al: Gene expression profiling analysis of castration-
resistant prostate cancer. Med Sci Monit, 2015; 21: 205–12

 22. Han X, Zhang JJ, Yao N et al: Polymorphisms in NFKB1 and NFKBIA genes 
modulate the risk of developing prostate cancer among Han Chinese. Med 
Sci Monit, 2015; 21: 1707–15

 23. Wang L, Xie PG, Lin YL et al: Aberrant methylation of PCDH10 predicts worse 
biochemical recurrence-free survival in patients with prostate cancer after 
radical prostatectomy. Med Sci Monit, 2014; 20: 1363–68

 24. Lin YL, Xie PG, Wang L, Ma JG: Aberrant methylation of protocadherin 17 
and its clinical significance in patients with prostate cancer after radical 
prostatectomy. Med Sci Monit, 2014; 20: 1376–82

 25. Niu WB, Gui SL, Lin YL et al: Promoter methylation of Protocadherin8 is an 
independent prognostic factor for biochemical recurrence of early-stage 
prostate cancer. Med Sci Monit, 2014; 20: 2584–89

 26. Bryniarski P, Paradysz A, Fryczkowski M: PSA mass as a marker of pros-
tate cancer progression after radical prostatectomy. Med Sci Monit, 2011; 
17(2): CR104–9

 27. Shah RB, Bentley J, Jeffery Z, DeMarzo AM: Heterogeneity of PTEN and 
ERG expression in prostate cancer on core needle biopsies: implications 
for cancer risk stratification and biomarker sampling. Hum Pathol, 2015; 
46: 698–706

 28. Xu B, Chevarie-Davis M, Chevalier S et al: The prognostic role of ERG im-
munopositivity in prostatic acinar adenocarcinoma: a study including 454 
cases and review of the literature. Hum Pathol, 2014; 45: 488–97

 29. Zheng L, Sun D, Fan W et al: Diagnostic value of SFRP1 as a favorable pre-
dictive and prognostic biomarker in patients with prostate cancer. PLoS 
One, 2015; 10: e0118276

 30. Inge LJ, Friel JM, Richer AL et al: LKB1 inactivation sensitizes non-small cell 
lung cancer to pharmacological aggravation of ER stress. Cancer Lett, 2014; 
352: 187–95

 31. Inge LJ, Coon KD, Smith MA, Bremner RM: Expression of LKB1 tumor sup-
pressor in non-small cell lung cancer determines sensitivity to 2-deoxyglu-
cose. J Thorac Cardiovasc Surg, 2009; 137: 580–86

 32. Chrisofos M, Papatsoris AG, Lazaris A, Deliveliotis C: Precursor lesions of 
prostate cancer. Crit Rev Clin Lab Sci, 2007; 44(3): 243–70

 33. Roy BC, Kohno T, Iwakawa R et al: Involvement of LKB1 in epithelial-mes-
enchymal transition (EMT) of human lung cancer cells. Lung Cancer, 2010; 
70: 136–45

 34. Fenton H, Carlile B, Montgomery EA et al: LKB1 protein expression in hu-
man breast cancer. Appl Immunohistochem Mol Morphol, 2006; 14: 146–53

 35. Mirouse V, Billaud M: The LKB1/AMPK polarity pathway. FEBS Lett, 2011; 
585: 981–85

 36. Fei W, Tian DR, Tso P, Han JS: Diet-induced obese rats exhibit impaired 
LKB1-AMPK signaling in hypothalamus and adipose tissue. Peptides, 2012; 
35: 23–30

 37. Luo L, Huang W, Tao R et al: ATM and LKB1 dependent activation of AMPK 
sensitizes cancer cells to etoposide-induced apoptosis. Cancer Lett, 2013; 
328: 114–19

 38. Son YO, Wang X, Hitron JA et al: Cadmium induces autophagy through ROS-
dependent activation of the LKB1-AMPK signaling in skin epidermal cells. 
Toxicol Appl Pharmacol, 2011; 255: 287–96

 39. Brown KA, McInnes KJ, Takagi K et al: LKB1 expression is inhibited by estra-
diol-17beta in MCF-7 cells. J Steroid Biochem Mol Biol, 2011; 127: 439–43

3727
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Lu J. et al.: 
Low LKB1 expression results in unfavorable prognosis in prostate cancer patients
© Med Sci Monit, 2015; 21: 3722-3727

CLINICAL RESEARCH

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License


