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Abstract 

Background: Given recent results indicating that diminished LKB1 expression in laryngeal cancer 
correlates with shorter survival. We aim to perform an analysis estimate the role of decreased 
liver kinase B1(LKB1) and in the prognostication of human laryngeal squamous cell carcinoma 
(LSCC).  
Methods: We conducted a retrospective study and evaluate the expression of LKB1 and 
p16INK4a (p16) in 208 clinical advanced-stage LSCC tissue samples by using 
immunohistochemistry. The specimens were received at Sun Yat-sen University Cancer Center 
(Guangzhou, China). To evaluate the independent prognostic relevance of LKB1, univariate and 
multivariate Cox regression models were used, overall survival (OS) and distant metastasis-free 
survival (DMFS) were compared using the Kaplan–Meier method.  
Results: Immunohistochemical analyses revealed that 80/208 (38.5%) of the LSCC tissue samples 
expressed high LKB1. Low LKB1 expression was associated with a significantly shorter OS and 
DMFS than high LKB1 expression (P = 0.041 and 0.028, respectively; log-rank test), and there was 
a poorer OS in the p16-positive than p16-negative group. In the subgroup stratified by p16 status, 
the shorter OS were also seen with low LKB1 expression. Multivariate survival analysis indicated 
that high LKB1 expression was an independent prognostic factor for OS (hazard ratio [HR]: 1.628, 
95% confidence interval [CI]: 1.060–2.500, P = 0.026) and DMFS (HR: 2.182, 95% CI: 1.069–4.456, 
P = 0.032). 
Conclusions: Our data indicated that low expression of LKB1 was significantly associated with 
poor prognosis and it may represent a marker of tumor metastasis in patients with LSCC. When 
combined with p16, LKB1 was also of prognostic value. 
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Introduction 
Liver kinase B1 (LKB1) is a protein kinase, also 

known as serine/threonine kinase 11 (STK11) gene 
[1], which has been commonly identified as a critical 
cancer suppressor in many cancer cells. LKB1 is the 
key protein responsible for tumor suppression, cell 
growth regulation, and apoptosis promotion [2]. It is 
identified that LKB1 as a gene is responsible for the 
Peutz-Jeghers Syndrome (PJS), which displays an 
increased predisposition to malignant tumors in 
multiple tissues. PJS is an autosomal dominant 
disorder characterized by benign polyps in the 
gastrointestinal tract [3, 4]. Mutation of LKB1 usually 
be found in patients with PJS [5]. LKB1 may serves as 
a metabolic checkpoint to coordinate cell growth and 
survival with energy metabolism [6]. LKB1 deficiency 
induces the metabolic remodelling of energy through 
the downstream effectors of AMP-dependent protein 
kinase (AMPK), which is as a partner in cellular 
energy sensor of LKB1 [7, 8]. AMPK was 
phosphorylated by LKB1 when the AMP/ATP ratio is 
high [9], and plays vital roles in the maintenance of 
cell polarity and inhibits the inappropriate expansion 
of cancer cells, although they really have different 
roles in carcinogenesis. Cancer-associated 
epithelial-mesenchymal transition (EMT), which also 
influences cell metabolism is involved in epigenetics 
and differentiation of cancer, through which 
differentiate depithelial cancer cells reverse to an 
undifferentiated state [10, 11]. This reverse transition 
plays a key role in the formation of macroscopic 
metastases in different organs [12]. A study [10] found 
that anti-EMT therapies have great potential to 
reverse cancer cell dedifferentiation and retain them 
in a more differentiated epithelial state, even bring 
good opportunities to overcome resistance to 
conventional cancer treatments and inhibit cancer 
metastasis.  

Similarly, studies have demonstrated that low 
LKB1 protein expression is associated with worse 
overall survival (OS) in human cancers, such as 
colorectal cancer [13], lung cancer [14], breast cancer 
[15], hepatocellular carcinoma [16], and head and 
neck squamous cell carcinoma [17]. A meta-analysis 
[18] have revealed that decreased expression of LKB1 
protein was significantly associated with OS in 
relation to solid tumors (HR: 1.86, 95%CI: 1.42–2.42, 
P<0.001), but not for disease-free survival (DFS). In 
breast cancer, there is a discovery that 10% of 
metastases in hematopoietic system showed loss of 
LKB1 expression [19]. Zhuang et al. [21] have 
demonstrated that overexpression of LKB1 protein 
reduces breast cancer microvessel density and inhibits 
metastasis [20]. 

p16INK4a (p16), a cyclin-dependent kinase 
inhibitor that prevents retinoblastoma 
phosphorylation and blocks cell-cycle progression at 
the G1–S checkpoint, is involved in head and neck 
squamous cell carcinoma (HNSCC) pathogenesis [21]. 
It has found that p16 sometimes represent as a 
surrogate biomarker for HPV-associated HNSCC and 
can also indicate the prognosis [22]. 

Although the fact that the mechanism by which 
LKB1 acts as a tumour suppressor has yet been 
unclear and even some conflicting results have also 
been reported. Consequently, we initiated a study to 
evaluate the significance of decreased LKB1 
expression and in combination of p16 status to predict 
clinical outcomes in laryngeal cancer by using the 
immunohistochemistry (IHC) test method. 

Methods 
Patients and tissue specimens 

In this study, 208 paraffin-embedded LSCC 
tissue samples with previously untreated, surgically 
resectable, advanced-stage (Stages III and IV) LSCC 
were collected from Sun Yat-sen University Cancer 
Center (SYSUCC), Guangzhou, China. All patients 
were pathologically diagnosed and received surgery 
between May 1999 and December 2009. This study 
was approved by the Clinical Research Ethics 
Committee of SYSUCC.  

Immunohistochemistry 
We examined LKB1 and p16 expression in the 

208 human LSCC tissue samples using 
immunohistochemistry. The paraffin-embedded 
sections (4-um thick) were heated at 60 °C for 2 hours 
and deparaffinized in xylene. Antigen retrieval was 
performed using EDTA (PH 8.0) in high-pressure 
steam four 5 minutes. Sections were incubated with 
1% bovine serum Albumin to block nonspecific 
binding, and incubated with anti-p16 antibody (1:100 
dilution; JC8, Santa Cruz, CA), antibody to LKB1 
(1:200 dilution; Cell Signaling Technologies), and then 
the slides were placed in a moist chamber overnight at 
4°C. After washing, the tissue sections were treated 
with biotinylated anti-rabbit secondary antibody 
(Abcam), and horseradish peroxidase was 
subsequently applied. Finally, Meyer's hematoxylin 
was used for nuclear counterstaining. 

All immunostained slides were judged by two 
independent pathologists without knowledge of the 
clinicopathologic information. p16 status was 
categorized as positive when p16 staining was 
present. LKB1 expression in the cytoplasm was 
evaluated independently. The intensity of LKB1 
staining was categorized as follows: negative staining 
(score = 0); weak staining (score = 1); moderate 
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staining (score = 2); or strong staining (score = 3). The 
percentage of immunoreactive cells was also assessed. 
The percentage of cells expressing LKB1 was 
classified as: 0% (score = 0); <10% (score = 1); 10–50% 
(score = 2); >50% (score = 3). The staining index = 
intensity score×distribution score (to obtain values of 
0, 1, 2, 3, 4, 6, or 9). In this study, the cutoff value for 
LKB1 expression was defined based on a receiver 
operating characteristic (ROC) curve. A score >4 was 
used to classify tumors with high expression, whereas 
a score ≤4 was used to indicate low expression.  

Clinical data 
Before treatment, all patients underwent a 

physical examination, routine hematologic testing, 
laryngoscopy, a pathologic assessment of biopsy 
tissue, magnetic resonance imaging of the head and 
neck, a chest X-ray, abdominal ultrasound, and an 
entire body bone scan, with or without 
positron-emission tomography-computed 
tomography (PET/CT). Overall stage was classified 
according to the seventh edition of the Union for 
International Cancer Control staging system [23].  

Medical records were collected retrospectively. 
Data on age, smoking status, alcohol consumption, 
familial history of cancer, tumor localization, 
pathologic type, histologic grade, overall stage, T 
category, N category, treatment, and survival and 
metastasis status were recorded. Patients haven’t 
received any anticancer therapy, such as 
chemotherapy and radiotherapy, only total or partial 
laryngectomy were conducted when pathologically 
diagnosed. 

Follow-up and outcome 
Follow-up evaluations were performed every 3 

months within the first 3 years, every 6 months for the 
following 2 years, and annually thereafter until death. 
The last follow-up was December 2016; the median 
follow-up time was 94.6 (range: 10.3–212.2) months. 
Overall survival (OS) was defined as the time in 
months from the date of surgery until death from any 
cause within the follow-up period. Distant 
metastasis-free survival (DMFS) was measured from 
date of surgery to metastasis, death, or the last 
follow-up.  

Statistical analysis 
All statistical analyses were conducted using 

SPSS (version 22.0; IBM Corporation, Armonk, NY, 
USA). The survival curves were plotted by the 
GraphPad Prism 7.0 Software. LKB1 scores were 
categorized into the high and low expression groups 
according to the optimal cutoff value determined by 
ROC curve analysis. Survival curves were calculated 
using the Kaplan–Meier method and compared using 

the log-rank test. Cox proportional hazards analysis 
was used for univariate and multivariate analyses to 
explore the effects of clinicopathologic variables, 
LKB1 and p16 expression on survival. All parameters 
found to be significant in the univariate analysis were 
entered in a multivariate survival analysis using the 
Cox regression model. A two-sided probability value 
<0.05 was considered statistically significant.  

Results 
Patients and tissue samples 

With approval by the institutional review board, 
a total of 208 advanced-stage laryngeal carcinoma 
tissue samples were obtained from SYSUCC. 
Clinicopathological characteristics of these patients 
were presented in Table 1. 97 of 208 (46.6%) patients 
died and 41 patients suffered diastant metastasis 
during our follow-up. 

Table 1. Summary of the clinicopathological features of the 208 
patients with laryngeal carcinoma 

Characteristic Total 
(No, %) 

 208 (100) 
Age (years)  
< 59 107 (51.4) 
≥ 59 101 (48.6) 
Smoking  
Yes 184 (88.5) 
No 24 (11.5) 
Overall stage (7th edition)  
III 98 (47.1) 
IV 110 (52.9) 
N category  
N0–1 163 (78.4) 
N2–3 45 (21.6) 
Localization  
Supraglottic 84 (40.4) 
Glottic 97 (46.6) 
Subglottic 9 (4.3) 
Combination 18 (8.7) 
Histologic grade  
Well 73 (35.1) 
Moderate 101 (48.6) 
Poor 34 (16.3) 
LKB1 expression  
Low 128 (61.5) 
High 80 (38.5) 
p16 status  
Negative 160 (76.9) 
Positive 48 (23.1) 
Survival outcomes  
Death 97 (46.6) 
Alive 111 (53.4) 
Distant metastasis  
Yes 41 (19.7) 
No 167 (80.3) 

 

Immunohistochemistry  
Overall, 80/208 (38.5%) patients exhibited high 

expression in laryngeal tumour tissue, whereas 
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128/208 (61.5%) patients exhibited low expression. Of 
the 208 laryngeal tumour tissue samples, 48 (23.1%) 
were p16-positive and 160 (76.9%) were p16-negative. 
The representative figures were shown in Figure 1.  

Decreased LKB1 Expression and survival  
The 5-year OS and DMFS rates for the entire 

cohort were 69.6% and 81.4%, respectively. The 
cumulative 5-year OS and DMFS rates for patients 
with low LKB1 expression were 65.7% and 79.5%, 
respectively, compared with 75.6% and 86.1%, 
respectively, for patients with high LKB1 expression 
(log-rank test; P = 0.041; Figure 2A and P = 0.028; 
Figure 2B). The 5-year OS rates for patients with 
negative p16 were 72.2%, compared with 60.6% for 
patients with positive p16 (log-rank test; P = 0.038; 

Figure 3A), but not for DMFS (log-rank test; P = 0.182; 
Figure 3B). 

Cox proportional analyses of overall survival 
and distant metastasis-free survival 

Univariate Cox regression analysis 
demonstrated that the clinical variables age at 
diagnosis, albumin, overall stage, N-stage, LKB1 and 
p16 status were significantly associated with survival. 
A multivariate survival analysis indicated that high 
LKB1 expression was an independent prognostic 
factor for OS (hazard ratio [HR]: 1.628, 95% 
confidence interval [CI]: 1.060–2.500, P = 0.026; Table 
2) and DMFS (HR: 2.182, 95% CI: 1.069–4.456, P = 
0.032; Table not shown). 

 

 
Figure 1. p16 and LKB1 overexpression in larynx tumors. Same region of same tumor staining positive for p16 (cytoplasm) and DNA-PKcs (cytoplasm), With 
magnification of 200× and 400×.  

 
Figure 2. Kaplan–Meier overall survival (A) and distant metastasis-free survival (B) curves for 208 patients with laryngeal squamous cell carcinoma stratified by LKB1 
expression. 
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Figure 3. Kaplan–Meier overall survival (A) and distant metastasis-free survival (B) curves for 208 patients with laryngeal squamous cell carcinoma stratified by p16 
expression. 

 

 
Figure 4. Kaplan–Meier overall survival (A) and distant metastasis-free survival (B) curves for patients with p16 positive; overall survival (C) and distant 
metastasis-free survival (D) curves for patients with p16 negative. 

 

Subgroup analyses stratified by p16INK4a 
status 

Next, we stratified LKB1 expression by p16 
status and evaluated its prognostic value. Compared 
with patients with low LKB1 expression, a trend 
toward higher OS was observed in patients with high 
LKB1 expression in the p16-positive and p16-negative 
subgroup (log-rank test; P = 0.009; Figure 4A and P = 

0.026; Figure 4C). However, there was not the trend 
for DMFS in the two subgroups (log-rank test; P = 
0.295; Figure 4B and P = 0.097; Figure 4D).  

Discussion 
The multivariate survival analysis revealed that 

decreased expression of LKB1 protein was 
significantly associated with OS (HR:1.628, 95%CI: 
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1.060–2.500, P = 0.026) and DMFS (HR: 2.182, 95% CI: 
1.069–4.456, P = 0.032). Kaplan–Meier survival curves 
compared the 5-year OS and DMFS rates for patients 
with low and high LKB1 expression, the higher 
survival rates were received in the patients of high 
LKB1 expression group than the low group. Subgroup 
analyses were performed according to the p16 status 
and the OS benefit was also achieved.  

 

Table 2. Cox's proportional hazards regression model of overall 
survival for the 208 patients with laryngeal carcinoma  

Variable Univariate analysis  Multivariate analysis  
HR (95% CI)  P HR (95% CI)  P 

Age at diagnosis 
(years) 

    

 ≥ 59 vs. < 59  1.522 (1.018–2.275) 0.041 1.642 (1.092–2.470) 0.017 
 Albumin (g/L)     
 < 42.5 vs. ≥ 42.5 1.551 (1.036–2.321) 0.033   
 Overall stage     
IV vs. III 1.525 (1.014–2.293)  0.043   
 N category     
 N2-3 vs. N0-1 1.825 (1.158–2.877)  0.010   
 LKB1 expression     
 Low vs. high 1.541 (1.011–2.348) 0.044 1.628 (1.060–2.500) 0.026 
 p16 status     
 Positive vs. negative 1.591 (1.019–2.482) 0.041   
Abbreviations: HR = hazard ratio; CI = confidence interval; N = node 

 
 
LKB1, as a more recognized tumor suppressor 

gene, has been widely studied. Wei C et al. even 
found that mutations of P53 and LKB1 gene cooperate 
in the acceleration of tumorigenesis [24]. While, the 
exact molecular mechanism of tumor suppression is 
not yet distinguished. Studies have revealed LKB1 
interacts with some downstream signalings such as 
LKB1-AMPK [25], MARK/Par-1 [26], SIK [27], SNRK 
[28] among other pathways, the activations of them 
can subsequently inhibit anabolism and induce cell 
cycle arrest, and finally suppress cancer cell growth. 
Research has also found that LKB1 can not only 
suppress cancer cell growth or induce cancer cell 
death, but also can inhibit cancer cell metastasis. 
Overexpression of LKB1 can significantly inhibit the 
invasion and metastasis of cancer cells, in breast 
cancer, LKB1 expression decreases the microvessel 
density, and lung metastasis [20], and 
LKB1 loss promote lymph node metastasis in head 
and neck squamous cell carcinoma [29]. It has been 
reported in the cervical cancer cells [30], LKB1 
overexpression can inhibit its growth, with a complete 
signal pathway of cervical cancer cell lines have an 
inhibitory effect. However, the study of molecular 
mechanisms of cancer still exist many unknown, 
control more downstream genes? Is there a new 
pathway involved in its anti-cancer mechanism? The 
molecular mechanism of LKB1 will help to find more 
critical new ideas and targets for the treatment of 

cancer with more in-depth explorations. Based on the 
potential role in the development of several cancer. In 
our study, compare to the low expression group, the 
patients with high expression LKB1 obtain obviously 
longer OS and DMFS. The function of 
the signal pathway in the invasion and migration of 
cancer cells and therapeutic strategies aimed at those 
pathways in tumors should also be further studied. 

A study [31] have recently demonstrated 
that LKB1 is a crucial regulator of genome integrity, 
lacking LKB1 increases sensitivity to irradiation, 
accumulates more DNA double-strand breaks, and 
further lead to an increased mutation rate, compared 
with that of high LKB1 expressing. The results 
identify the therapeutic implications of LKB1 in 
mediating the DNA damage response and repair, also 
suggest that the LKB1 may be as a target for cancer 
prevention. LKB1 can inhibit cancer cell growth with 
many mechanisms. In line with LKB1, AMPK also 
plays a central role in the regulation of whole-body 
energy metabolism, LKB1 induce cell cycle arrest of 
cancer cells through AMPK signalling [32]. In 
addition, under the condition of hypoxia, which 
influences the environment of tumour, LKB1 may 
inhibit cancer cells growth through regulation of 
hypoxia inducible factor 1 (HIF-1) [33]. Hypoxia is a 
negative prognostic and predictive factor owing to its 
multiple contributions to resistance to therapy from 
the aspects of chemoresistance, radioresistance, 
angiogenesis, vasculogenesis, invasiveness, 
metastasis, resistance to cell death, altered 
metabolism and genomic instability [34]. However, 
despite the existing information on all the signalling 
mechanisms. Here, it is a long-standing goal of 
exploiting the approaches for linking LKB1 and 
signalling, therapeutic resistance together and further 
investigates the therapy for cancers.  

Conclusions 
In summary, our results may indicate that LKB1 

plays a role in tumour invasion and metastasis. 
Decreased expression of the LKB1 protein in human 
laryngeal carcinoma is significantly associated with 
shorter overall survival and distant metastasis-free 
survival. While, several related pathways of survival 
and metastasis have not been identified clearly and 
applied to the clinical decision. Furthermore, there is a 
necessity to explore the functions of LKB1 in cellular 
and molecular levels. Ultimately, an understanding of 
LKB1 function and how a compromised LKB1 
pathway impacts metastasis could reveal new 
opportunities for predicting and controlling 
LSCC metastasis. 
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