
Abstract. Background/Aim: Serine/threonine kinase 11
(STK11), a tumor suppressor, controls 5’ AMP-activated
protein kinase (AMPK) signaling in a variety of cellular
functions. Mutated STK11 has been identified as a novel
driver gene that promotes cancer progression. The purpose
of this study was to investigate the alteration of STK11 and
its correlation with clinicopathological data in
cholangiocarcinoma (CCA). Materials and Methods: Gene
mutation and expression analyses were performed using
cBioportal and Gene Expression Profiling Interactive
Analysis version 2 (GEPIA2). qRT-PCR was performed to
measure STK11 mRNA levels and immunohistochemistry was
performed to investigate STK11 protein expression in CCA
tissues. Results: The results from publicly available cancer
datasets showed that 2.7% of CCA cases had STK11
mutations. Most of STK11 gene mutations are of the
truncating type and result in low STK11 mRNA and protein
expression. We detected a correlation between STK11
mutation status and the tendency for shorter patient survival.
The results of qRT-PCR revealed that STK11 mRNA levels
were statistically significantly lower in CCA patients with
mutated STK11 compared to those with wild-type STK11 (p-
value=0.013). Immunohistochemical staining showed high

STK11 expression in 43.8% and low expression in 56.2% of
CCA tissues examined. Low STK11 protein expression
resulted in poor prognosis compared with high STK11
expression, especially in CCA papillary carcinoma.
Univariate and multivariate analysis revealed that high
STK11 expression was associated with a decreased hazard
ratio of patient survival rates (HR=0.696, p-value=0.06 and
HR=0.666, p-value=0.04, respectively). Conclusion:
Alteration of STK11 mutational or mRNA/protein status
might be used as a potential predictive biomarker for the
prognosis of the clinical outcomes in CCA patients.

Cancer is a complicated disease caused by genetic and
environmental factors. In most cancers, the presence of
genetic alterations is correlated with unfavorable effects. In
order to identify potential biomarkers for prognosis or
targeted therapy, a pan-cancer analysis of appropriate genes
can be performed using bioinformatics based on publicly
accessible datasets.

Cholangiocarcinoma (CCA) is a primary cancer arising
from biliary epithelium cells and occurs in the intrahepatic
and extrahepatic regions of the bile ducts (1). CCA is a
major public health problem in the northeastern region of
Thailand, which is the highest endemic area of liver fluke
infection (2). Major risk factors of CCA include primary
sclerosing cholangitis (PSC), hepatolithiasis, and liver fluke
infection especially from Opisthorchis viverrini that induces
chronic inflammation. The pathogenesis of CCA is strongly
influenced by the etiology of inflammation, where increased
inducible nitric oxide synthase (iNOS) activity affects the
production of nitric oxide which promotes DNA damage and
induces genetic alterations (3).

As patients with early stage CCA do not have symptoms,
cancer diagnosis is not usually possible until CCA has spread
throughout the bile ducts to other tissues, resulting in the late
treatment of patients and a poor prognosis. Although
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advanced CCA can respond to chemotherapy, there is no
effective and reliable standard palliative treatment. Recently,
cisplatin and gemcitabine have become the reference
regimen for the first-line treatment of CCA (4). The median
survival when gemcitabine and cisplatin are combined,
however, is still less than a year (5). Immunotherapy
including immune checkpoint inhibitors and adaptive T-cell
therapy is still early in its development (6). Consequently,
identifying possible biomarkers that can be employed as
predictive biomarkers or therapeutic targets is critical for
improving CCA treatment. STK11, also known as liver kinase
B1 (LKB1), acts as a tumor suppressor that regulates 5’ AMP-
activated protein kinase (AMPK) signaling in multiple cellular
processes including apoptosis, energy metabolism, and tumor
progression (7). STK11 phosphorylates and activates AMPK,
which then phosphorylates enzymes to maintain cellular energy
metabolism. Among the critical targets repressed is mTOR,

which controls cell growth, cell proliferation, and migration.
Loss of STK11/AMPK signaling results in aberrant activation
of mTOR, and thereby promotes tumorigenesis (8). STK11
mutation was found in patients with Peutz-Jeghers syndrome
(PJS), lung adenocarcinomas, cervical cancer, and
hepatocellular carcinoma (HCC). Previous studies have revealed
that mutated genes in CCA include TP53 (44%), KRAS
(16.7%), SMAD4 (16.7%), ARID1A (17.6%), and STK11 (5%)
(9). Interestingly, mutated STK11 has been found as a novel
driver gene, which has been associated with enhanced cell
survival and invasiveness contributing to cancer progression
(10). STK11 is commonly inactivated by a homozygous deletion
(11, 12). STK11 inactivation has been shown to
ochttps://www.tvopen.gr/watch/169342/erotasfygas7ckyklos1ep
eisodio146cur in a variety of clinicopathological diseases,
including lung (13), breast (14), and pancreatic cancers (15).
Knocking down of STK11 in intrahepatic CCA (iCCA) cell
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lines significantly enhanced proliferation, migration, and
invasion (16). In a previous study, STK11 protein expression
was investigated in non-small cell lung cancer (NSCLC) tissues.
Loss of STK11 expression was an independent factor that
negatively impacted prognosis of patients with NSCLC (17).

STK11-mutated cancer cells have been shown to be
sensitive to agents that inhibit proliferation-associated proteins
up-regulated by STK11 mutations, such as phenformin
(agonists of AMPK) and temsirolimus (mTOR inhibitors) (18).
In contrast, STK11 and KRAS-mutated patients with NSCLC
show resistance to anti-PD-1/PD-L1 immune checkpoint
inhibitors (19). Skoulidis et al. also found that in NSCLC
patients with STK11 mutations who were treated with PD-1 or
PD-L1 inhibitors showed significantly lower response rates

(20). Additionally, the effectiveness of pembrolizumab
monotherapy in NSCLC patients with high PD-L 1 expression
indicates that the disease progression rate of the low-STK11
group was greater than that of the high-STK11 group (21). As
a result, the alteration of STK11 may be used as a predictive
marker for choosing the appropriate therapy. 

We investigated and analyzed STK11 gene mutations and
expression from publicly accessible datasets and performed
qRT-PCR and immunohistochemistry to evaluate STK11
mRNA and protein expression. The correlation between
STK11 alteration and the clinicopathological data of the
patients was also investigated. The loss of STK11 expression
may be useful as a predictive marker for the prognosis of
clinical outcomes in patients with CCA.
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Figure 1. The overall survival analysis of 1,537 cholangiocarcinoma (CCA) cases from the cBioportal database using the Kaplan-Meier method
with a log-rank test shows that median months in the STK11 mutation group (Altered group) were lower than those in the STK11 wild-type group
(Unaltered group) (A). Moreover, recurrence-free survival (RFS) in the STK11 mutation group (Altered group) was statistically significantly lower
than that in the STK11 wild-type group (Unaltered group) (B).



Materials and Methods
Gene mutation and gene expression analysis. Based on publicly
available cancer datasets, STK11 mutations or mRNA expression
were analyzed from cBioPortal for Cancer Genomics. Gene
Expression Profiling Interactive Analysis version 2 (GEPIA2)
provided powerful assistance in studying the differential expression
of STK11 in The Cancer Genome Atlas (TCGA) database. The
online analysis tool is available in the Acknowledgements section.
The Kaplan-Meier curves with log rank p-value<0.05 were drawn
in the “Survival analysis” module via cBioportal and GEPIA2.

Human paraffin embedded CCA tissues. CCA tissues (n=112) were
obtained at Srinagarind Hospital and stored in the
Cholangiocarcinoma Research Institute at Khon Kaen University.
All tissue samples were histopathogically ascertained and staged
according to the 7th American Joint Committee on Cancer (AJCC).
The Human Ethics Committee of Khon Kaen University authorized
all procedures based on the National Research Council of Thailand
(HE641246), and informed consent was acquired from each patient.

Real-time reverse transcription polymerase chain reaction (qRT-
PCR) for STK11 mRNA expression. Total RNA was extracted from
CCA tissues using TRIzol™Reagent (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufacturer’s instructions.
CCA tissues were homogenized using a homogenizer pestle in
TRIzol™ Reagent. Chloroform was added and thoroughly mixed by
shaking. Subsequently, isopropanol was added to precipitate the
RNA, which was then washed with 70% ethanol. The RNA was
solubilized in DEPC-treated water (Thermo Fisher Scientific). Total
RNA was reverse transcribed using the high-capacity cDNA
Reverse Transcription Kit (Thermo Fisher Scientific, Inc.), and real-
time PCR was performed using TaqMan™ probe STK11
(Hs00176092_m1) and TaqMan™ Universal PCR Master Mix
(Thermo Fisher Scientific). Relative mRNA levels were analyzed
using the comparative Ct method quantification (2-ΔCt). All samples
were normalized with internal control (b-actin) levels. 

Immunohistochemistry staining for STK11 protein expression. For
assessment of the expression levels of STK11 in CCA tissues, the
sections were deparaffinized by xylene and a series of ethanol
solutions 100%, 90%, 80%, and 70% to rehydrate the sections. The
sections were placed in 1 M sodium citrate buffer at 100˚C for
antigen retrieval, and 0.3% hydrogen peroxide was used to block
endogenous peroxidase activity. Then, skim milk was added to
block non-specific binding to tissues. The sections were incubated
with anti-STK11 antibody (1:2,000, Abcam, Cambridge, UK
#ab185734) at 4˚C overnight. After washing, the sections were
incubated with a horseradish peroxidase conjugated Envision™
secondary antibody (DAKO, North America, Inc., Carpinteria, CA,
USA). Peroxidase activity was determined using with 3,3’
diaminobenzidine tetrahydrochloride (DAB) substrate kit (Vector
Laboratories, Burlingame, CA, USA), with Mayer’s hematoxylin
counterstaining. Then, sections were dehydrated and mounted with
permount (Bio-Optica S.p.A., Milan, Italy) 

Immunohistochemistry scoring for STK11 protein expression. The
Histoscore (H-score) was applied for analysis of
immunohistochemical staining for STK11 in the cytoplasm. The
expression level of STK11 protein in cancer cells was determined by

incorporating both the staining intensity (i) and percentage of stained
cells at each intensity level (Pi). Positively stained cells were divided
into four intensity types (i), 0 (no staining), 1 (weak), 2 (moderate),
and 3 (strong). The Pi values range from 0% to 100%. The final H-
score was generated from the sum of i multiplied by Pi according to
the equation given below. The possible scores were from 0 to 300.
The expression level of STK11 protein was classified as low or high
according to the mean value of the H-score. STK11 expressed in the
nucleus was indicated as positive and negative staining. 

H-score=(0×P0)+(1×P1)+(2×P2)+(3×P3)

Statistical analysis. IBM SPSS V.27.0 statistical software (SPSS Inc.,
Chicago, IL, USA) or GraphPad Prism v.8.0 software (GraphPad
Software, San Diego, CA, USA) was used for statistical analyses.
Data are represented as mean±SD. The relationship between STK11
expression and clinicopathological parameters of CCA patients was
calculated using the Chi-square test. The Kaplan-Meier survival
analysis was used to determine overall survival and low-expression
and high-expression groups were compared using the log-rank test.
Univariate and multivariate analyses were performed. Values of p-
value <0.05 were considered statistically significant.

Results

Distribution of STK11 somatic mutation and its correlation with
clinicopathological data. When the cBioPortal database was
analyzed, 2.7% of 1,537 cases of patients with CCA showed
somatic STK11 mutations. Most STK11 driver mutations were
loss of function mutations. STK11 mutations appeared to be
associated with poor overall survival and a lower recurrence-
free survival rate (p-value=0.191 and 0.0001, respectively) as
shown in Figure 1A and B. Most of the STK11 mutations were
driver mutations, including truncating (24/1,537, 1.56%),
missense (5/1,537, 0.31%), SV fusion (3/1,537, 0.2%), and
splice-site (3/1,537, 0.2%). There were also variants of
uncertain significance including missense (7/1,537, 0.46%) and
in-frame mutations (1/1,537, 0.07%). The hotspot mutation is
L282Rfs*6/P281Rfs*6 as shown in Figure 2A. 

When the GEPIA2 database was analyzed, Kaplan-Meier
survival curves with a log-rank test showed that low STK11
mRNA expression in patients with CCA tended to be
correlated with shorter survival compared to those with high
mRNA expression (Figure 2B).

mRNA and protein expression level of STK11 in human CCA
tissues. All the cases in our experiment were included in
cBioportal data. A total 20 cases of CCA tissues including 10
cases with STK11 mutation status (6 truncating, 2 missense,
and 2 splice-site) matched with 10 cases with wild-type STK11
were selected for mRNA determination using qRT-PCR. The
results showed that STK11 mRNA levels in CCA patients with
mutant STK11 were statistically significantly lower than those
in CCA patients with wild-type STK11 (p-value=0.013),
especially those with truncating mutations (Figure 3). 
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Immunohistochemical analysis was performed to examine
STK11 protein expression. Of 112 cases, high STK11 protein
expression was observed in 49 cases (43.8%) whereas low
STK11 protein expression was observed in 63 cases (56.2%).
The immunoreactivity of STK11 was predominantly found in
both cytoplasm and nucleus of bile duct cancer cells. The
nucleus grading result indicated that STK11 expression was
negative in 21 cases (18.8%) and was not statistically
significantly associated with any clinicopathological parameter
examined. Cytoplasmic expression of STK11 was higher in
normal bile ducts compared with tumor cells (Figure 4). 

Alteration of STK11 protein expression and its correlation with
clinicopathological data. CCA tissues were obtained from 112
patients, 38 females (34%) and 74 males (66%). The mean age

of patients was 57.6 years (range=37-79 years). As shown in
Table I, there is a trend for a correlation between low STK11
expression and liver fluke-positive status (p-value=0.084). The
univariate analysis revealed that high STK11 expression seemed
to be associated with a decreased hazard ratio of patient survival
rates (HR=0.696, p-value=0.063). In contrast, TNM stage,
metastasis, lymph node and distance metastasis were statistically
significantly associated with an increased hazard of patient
survival rate (all p-value<0.05). STK11 expression, TNM stage,
metastasis, lymph node and distance metastasis were included
into the multivariate analysis. The results revealed that high
STK11 expression was significantly associated with a decreased
hazard ratio of patient survival rates (HR=0.666, 95%CI=0.451-
0.985, p-value=0.042), whereas lymph node and distance
metastasis had increased hazard ratios of patient survival rates
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Figure 2. The distribution of somatic mutation in STK11 in 1,537 cholangiocarcinoma (CCA) cases from the cBioportal database showed that 2.7%
of cases were mutated. Most STK11 driver mutations seem to be inactivating (25 truncating, 5 missense, 3 splice and 3 SV/fusion) leading to protein
loss of function (A). The overall survival analysis by Kaplan-Meier method with a log-rank test from the GEPIA2 database. CCA patients who had
low STK11 expression exhibited a trend for shorter survival and poorer prognosis than those with high STK11 expression (B). 
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Figure 3. The qRT-PCR was performed to determine the levels of STK11 mRNA. The STK11 was statistically significantly higher in patients with
wild-type STK11 cholangiocarcinoma (CCA) compared with those with mutant STK11 CCA (p-value=0.013), especially for truncated mutations.



(HR=3.760, 95%CI=1.132-12.489, p-value=0.031 and
HR=4.353, 95%CI=2.048-9.250, p-value<0.001, respectively)
(Table II).

Figure 5 shows the overall survival analysis using the
Kaplan-Meier method. Curiously, CCA patients who had low
expression of STK11 tend to exhibit a correlation with
shorter survival and poorer prognosis than those with high
expression (p-value=0.062) (Figure 5A). The mean overall
survival times in those with low and high STK11 expression
were 451.9 and 629.9 days, respectively. Moreover, low
STK11 expression in papillary CCA tissue was significantly
correlated with the short-survival time of patients with CCA
(p-value=0.032) (Figure 5B). 

Discussion

STK11, also known as Liver kinase B1 (LKB1), is encoded
in humans by the STK11 gene located on chromosome
19p13.3. It belongs to the calcium calmodulin family, which
is ubiquitously expressed in several tissues and highly
conserved among eukaryotes. STK11 has been shown to be
related to several important biological processes, including cell
cycle regulation, cellular energy metabolism, angiogenesis,

cell polarity, and the response to DNA damage (22, 23). A
previous study found that STK11 was one of the mutated genes
in CCA that has mutations in the kinase-RAS/RAF pathway.
STK11 is mutated in both liver fluke-related and non-liver
fluke-related CCA (9). In the analysis of overall survival
according to STK11 gene alteration data, we found a
correlation between STK11 mutation status and a tendency of
shorter overall survival of patients with CCA (p-value=0.078).
The knockdown of STK11 gene expression enhanced Wnt/β-
catenin signaling, which plays a critical role in promoting
progression of iCCA (24). Analysis of data from cBioPortal
and GEPIA2 databases showed that most STK11 gene
mutations in patients with CCA are driver mutations including
truncating, missense, splice-site, and SV/fusion, which result
in low STK11 mRNA and protein expression. Likewise, low
STK11 mRNA levels exhibited a trend to be correlated with
shorter survival and poorer prognosis patients compared to
those with high expression. 

Analysis of the STK11 mutational status in our experiment
of a total of 10 cases revealed the presence of 6 truncating
(3 nonsense and 3 indels), 2 missense, and 2 splice-site
mutations that contributed to low STK11 mRNA and protein
expression. We then investigated the alteration of STK11
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Figure 4. Immunohistochemical staining for STK11 protein expression in human cholangiocarcinoma tissues. Expression of STK11 in normal bile
duct and cancerous area with low and high STK11 levels. Magnification was ×40 for all images.



mRNA and protein levels in CCA tissues using qRT-PCR
and immunohistochemistry. The STK11 mRNA levels were
statistically significantly lower in CCA patients with mutant
STK11 compared to those with wild-type STK11 (p-
value=0.013). For STK11 protein expression, results from
our study of 112 FFPE CCA tissues (10 cases of mutant
STK11 and 102 cases of wild-type STK11) demonstrated low
immunoreactions of STK11 in 63 patients with CCA (56%).
Additionally, most STK11 mutant cases showed low STK11
protein expression (7/10, 70%). Also, patients with CCA that
expressed a low level of STK11 in tumor cells had greater
possibilities of papillary CCA type than those with a high
level of STK11 expression. 

Furthermore, cumulative OS analysis showed that CCA
patients in our study with low expression of STK11 tended
to exhibit a poorer prognosis and shorter survival (p-
value=0.062). The univariate analysis revealed that high
STK11 expression seemed to be associated with a decreased
hazard ratio of patient survival rates (HR=0.696, p-
value=0.06) and multivariate analysis revealed STK11

expression was associated with a decreased hazard ratio of
patient survival rates (HR=0.666, p-value=0.04). Similarly,
in non-small cell lung cancer patients, multivariate analyses
showed that STK11 mutation was an independent predictor
of shorter progression-free survival (p-value=0.02) and OS
(p-value=0.001) (23). The meta-analysis from Ren YH (25)
reveals that decreased STK11 expression is related to shorter
OS among patients with a variety of tumor types for
instance, lung, gastric, pancreatic, and breast (all p-
value<0.05). Low STK11 expression is predictive of a
shorter OS, poorer tumor differentiation, larger tumor, early
lymph node metastasis, and a more advanced TNM stage.
Intriguingly, a statistically significant correlation existed
between low STK11 expression in papillary CCA’ tissue and
the short-survival of patients with CCA (p-value=0.032). 

The existing studies have shown that CCA with primarily
intraductal papillary growth was characterized as papillary
CCA. Histologically, the invasive lesions associated with
papillary CCA were categorized as conventional tubular
adenocarcinoma and mucinous carcinoma. Non-papillary
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Table I. Correlation between STK11 and clinicopathological data.

STK11 expression in cytoplasm STK11 expression in nucleus

Variables, total (n=112) Low, n=63 High, n=49 p-Value Negative, n=21 Positive, n=91 p-Value

Age (year)                                                                                                0.849                                                             1.000
   <58                                                                     33                             27                               11                            49
   ≥58                                                                     30                             22                              10                            42
Sex                                                                                                            0.843                                                             1.000
   Male                                                                   41                             33                              14                            60
   Female                                                                22                             16                                 7                             31
Liver fluke                                                                                               0.091                                                             0.733
   Yes                                                                      58                             39                              19                            78
   No                                                                         5                             10                                 2                             13
Anatomical subtype                                                                                 0.849                                                             0.630
   Intrahepatic                                                        33                             27                              10                            51
   Extrahepatic                                                       30                             22                               11                            41
Metastasis                                                                                                 1.000                                                             1.000
   Yes                                                                      31                             24                              10                            45
   No                                                                       32                             25                               11                            46
Lymph node metastasis                                                                           0.849                                                             0.813
   Yes                                                                      28                             23                                 9                             42
   No                                                                       35                             26                              12                            49
Distance metastasis                                                                                  0.772                                                             0.707
   Yes                                                                        8                               5                                 3                             10
   No                                                                       55                             44                              18                            81
Histological types                                                                                   0.705                                                             1.000
   Papillary                                                             31                             27                              10                            43
   Non-papillary                                                     32                             22                               11                            48
TNM stage                                                                                               0.705                                                             0.812
   0                                                                            1                               2                                 0                               3
   I                                                                            4                               2                                 1                               5
   II                                                                           6                               8                                 3                             11
   III                                                                        24                             16                                 6                             34
   IV                                                                       28                             21                               11                            38



CCA cases were more likely to have lymph node metastases
than papillary CCA cases. Patients with papillary CCA had
a considerably better prognosis than those with non-
papillary CCA (24). Similarly, our results confirm that
patients with papillary CCA have a longer survival than
those with non-papillary CCA, although, low STK11
expression in papillary CCA patients contributed to
statistically significant shorter survival compared to those
with high STK11 expression. This suggests that papillary
CCA types with low levels of STK11 have poor prognoses
and, therefore, STK11 may be used as the prognostic marker
for medical management. 

Many studies have found that STK11 is a tumor
suppressor and an upstream kinase in the AMPK pathway
that regulates tumor energy metabolism enhancing the
expression of mesenchymal marker proteins and the cell
survival, which causes tumor invasiveness (10). STK11 is an
important regulator of cell proliferation via a p53-
independent manner. Loss of STK11 leads to a reduction of

mTORC1 signaling, resulting in the promotion of cell
growth and tumorigenesis (26, 27). To develop an effective
treatment for patients with CCA, further studies on the role
of STK11 in the progression of CCA are necessary.

In summary, truncating mutations in STK11 seem to result
in low STK11 mRNA and protein expression. STK11
alteration in CCA patients tends to be correlated with a
shorter survival. Low STK11 protein expression in CCA
tissues was associated with the poorest prognostic outcome
compared with high STK11 expression, especially in CCA
papillary carcinoma type. Therefore, STK11 mutational
status and/or low mRNA/protein levels might be used as a
potential predictive biomarker for the prognosis of the
clinical outcomes of patients with CCA. 
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Table II. The univariate and multivariate analysis of clinicopathological data.

Univariate Multivariate

Variables, total (N=112) HR 95%CI p-Value HR 95%CI p-Value

Age (>59) 1.126 0.771-1.645              0.539                           
Sex (Male) 0.699 0.470-1.039              0.077                           
Liver fluke-related status (Positive) 0.807 0.465-1.398              0.444                           
Anatomical subtype (Extrahepatic) 0.955 0.657-1.390              0.812                           
Metastasis 2.130 1.440-3.151            <0.001 0.437 0.121-1.581               0.201
Lymph node metastasis 2.009 1.361-2.966            <0.001 3.760 1.132-12.489              0.031
Distance metastasis 3.661 1.976-6.600            <0.001 4.353 2.048-9.250            <0.001
Histological types (Papillary) 0.701 0.480-1.023              0.066                           
TNM stage 1, 2 vs. 3, 4 2.033 1.275-3.243              0.003 1.472 0.856-2.531               0.162
STK11 expression (High) 0.696 0.474-1.020              0.063 0.666 0.451-0.985               0.042

Figure 5. Overall survival analysis. (A) In all cholangiocarcinoma (CCA) patients according to STK11 cytoplasmic expression and (B) in papillary
CCA patients according to STK11 cytoplasmic expression both analyzed cut-off by mean of H-score.



Authors’ Contributions
PS: Data curation, Formal analysis, Investigation, Methodology,
Validation, Visualization, Writing-original draft. AJ: Conceptualization,
Formal analysis, Methodology, Supervision, Validation, Writing-
review & editing. SK: Conceptualization, Supervision, Validation,
Writing-review & editing. MT: Resources, Writing-review & editing.
PeS: Formal analysis, Writing-review & editing. SP: Formal analysis,
Writing-review & editing. PK: Formal analysis, Writing-review &
editing. SJ: Resources, Writing-review & editing. CA: Resources,
Writing-review & editing. AT: Conceptualization, Formal analysis,
Funding acquisition, Methodology, Project administration, Resources,
Supervision, Validation, Visualization, Writing-review & editing. All
Authors contributed to the final manuscript.

Acknowledgements
The Authors would like to acknowledge Prof. Ross H Andrews for
editing the MS via Publication Clinic KKU, Thailand. This research
project was supported by NSRF under the Basic Research Fund of
Khon Kaen University through Cholangiocarcinoma Research
Institute to AT.

References
1 Kamsa-ard S, Kamsa-ard S, Luvira V, Suwanrungruang K,

Vatanasapt P and Wiangnon S: Risk factors for
cholangiocarcinoma in Thailand: a systematic review and meta-
analysis. Asian Pac J Cancer Prev 19(3): 605-614, 2018. PMID:
29579789. DOI: 10.22034/APJCP.2018.19.3.605

2 Treeprasertsuk S, Poovorawan K, Soonthornworasiri N,
Chaiteerakij R, Thanapirom K, Mairiang P, Sawadpanich K,
Sonsiri K, Mahachai V and Phaosawasdi K: A significant cancer
burden and high mortality of intrahepatic cholangiocarcinoma in
Thailand: a nationwide database study. BMC Gastroenterol
17(1): 3, 2017. PMID: 28056836. DOI: 10.1186/s12876-016-
0565-6

3 Blechacz B and Gores GJ: Cholangiocarcinoma: advances in
pathogenesis, diagnosis, and treatment. Hepatology 48(1): 308-
321, 2008. PMID: 18536057. DOI: 10.1002/hep.22310

4 Valle JW, Lamarca A, Goyal L, Barriuso J and Zhu AX: New
horizons for precision medicine in biliary tract cancers. Cancer
Discov 7(9): 943-962, 2017. PMID: 28818953. DOI:
10.1158/2159-8290.CD-17-0245

5 Valle JW: Advances in the treatment of metastatic or
unresectable biliary tract cancer. Ann Oncol 21 Suppl 7: vii345-
vii348, 2010. PMID: 20943640. DOI: 10.1093/annonc/mdq420

6 Charalampakis N, Papageorgiou G, Tsakatikas S, Fioretzaki R,
Kole C, Kykalos S, Tolia M and Schizas D: Immunotherapy for
cholangiocarcinoma: a 2021 update. Immunotherapy 13(13):
1113-1134, 2021. PMID: 34190581. DOI: 10.2217/imt-2021-0126

7 Sha L, Lian F, Li K, Chen C, Zhao Y, He J, Huang S and Wu G:
Under-expression of LKB1 is associated with enhanced p38-
MAPK signaling in human hepatocellular carcinoma. Int J Clin
Exp Pathol 11(11): 5525-5535, 2018. PMID: 31949640.

8 Laderian B, Mundi P, Fojo T and E Bates S: Emerging
therapeutic implications of STK11 mutation: case series.
Oncologist 25(9): 733-737, 2020. PMID: 32396674. DOI:
10.1634/theoncologist.2019-0846

9 Jusakul A, Cutcutache I, Yong CH, Lim JQ, Huang MN,
Padmanabhan N, Nellore V, Kongpetch S, Ng AWT, Ng LM,
Choo SP, Myint SS, Thanan R, Nagarajan S, Lim WK, Ng CCY,
Boot A, Liu M, Ong CK, Rajasegaran V, Lie S, Lim AST, Lim
TH, Tan J, Loh JL, McPherson JR, Khuntikeo N, Bhudhisawasdi
V, Yongvanit P, Wongkham S, Totoki Y, Nakamura H, Arai Y,
Yamasaki S, Chow PK, Chung AYF, Ooi LLPJ, Lim KH, Dima
S, Duda DG, Popescu I, Broet P, Hsieh SY, Yu MC, Scarpa A,
Lai J, Luo DX, Carvalho AL, Vettore AL, Rhee H, Park YN,
Alexandrov LB, Gordân R, Rozen SG, Shibata T, Pairojkul C,
Teh BT and Tan P: Whole-genome and epigenomic landscapes
of etiologically distinct subtypes of cholangiocarcinoma. Cancer
Discov 7(10): 1116-1135, 2017. PMID: 28667006. DOI:
10.1158/2159-8290.CD-17-0368

10 Li N, Huang D, Lu N and Luo L: Role of the LKB1/AMPK
pathway in tumor invasion and metastasis of cancer cells
(Review). Oncol Rep 34(6): 2821-2826, 2015. PMID: 26398719.
DOI: 10.3892/or.2015.4288

11 Zhou W, Zhang J and Marcus AI: LKB1 tumor suppressor:
Therapeutic opportunities knock when LKB1 is inactivated.
Genes Dis 1(1): 64-74, 2014. PMID: 25679014. DOI: 10.1016/
j.gendis.2014.06.002

12 Schumacher V, Vogel T, Leube B, Driemel C, Goecke T, Möslein
G and Royer-Pokora B: STK11 genotyping and cancer risk in
Peutz-Jeghers syndrome. J Med Genet 42(5): 428-435, 2005.
PMID: 15863673. DOI: 10.1136/jmg.2004.026294

13 Ghaffar H, Sahin F, Sanchez-Cepedes M, Su GH, Zahurak M,
Sidransky D and Westra WH: LKB1 protein expression in the
evolution of glandular neoplasia of the lung. Clin Cancer Res
9(8): 2998-3003, 2003. PMID: 12912948.

14 Fenton H, Carlile B, Montgomery EA, Carraway H, Herman J,
Sahin F, Su GH and Argani P: LKB1 protein expression in
human breast cancer. Appl Immunohistochem Mol Morphol
14(2): 146-153, 2006. PMID: 16785781. DOI: 10.1097/01.pai.
0000176157.07908.20

15 Sahin F, Maitra A, Argani P, Sato N, Maehara N, Montgomery
E, Goggins M, Hruban RH and Su GH: Loss of Stk11/Lkb1
expression in pancreatic and biliary neoplasms. Mod Pathol
16(7): 686-691, 2003. PMID: 12861065. DOI: 10.1097/01.MP.
0000075645.97329.86

16 Wang J, Zhang K, Wang J, Wu X, Liu X, Li B, Zhu Y, Yu Y,
Cheng Q, Hu Z, Guo C, Hu S, Mu B, Tsai CH, Li J, Smith L,
Yang L, Liu Q, Chu P, Chang V, Zhang B, Wu M, Jiang X and
Yen Y: Underexpression of LKB1 tumor suppressor is associated
with enhanced Wnt signaling and malignant characteristics of
human intrahepatic cholangiocarcinoma. Oncotarget 6(22):
18905-18920, 2015. PMID: 26056085. DOI: 10.18632/
oncotarget.4305

17 Liu S, Miao Y, Fan C, Liu Y, Yu J, Zhang Y, Dai S and Wang E:
Clinicopathologic correlations of liver kinase B1, E-cadherin,
and N-cadherin expression in non-small cell lung cancer. Appl
Immunohistochem Mol Morphol 21(4): 334-340, 2013. PMID:
23235348. DOI: 10.1097/PAI.0b013e31826b128b

18 Zhao RX and Xu ZX: Targeting the LKB1 tumor suppressor.
Curr Drug Targets 15(1): 32-52, 2014. PMID: 24387336. DOI:
10.2174/1389450114666140106095811

19 Skoulidis F, Goldberg ME, Greenawalt DM, Hellmann MD,
Awad MM, Gainor JF, Schrock AB, Hartmaier RJ, Trabucco SE,
Gay L, Ali SM, Elvin JA, Singal G, Ross JS, Fabrizio D, Szabo
PM, Chang H, Sasson A, Srinivasan S, Kirov S, Szustakowski

in vivo 37: 1638-1648 (2023)

1647



J, Vitazka P, Edwards R, Bufill JA, Sharma N, Ou SI, Peled N,
Spigel DR, Rizvi H, Aguilar EJ, Carter BW, Erasmus J,
Halpenny DF, Plodkowski AJ, Long NM, Nishino M, Denning
WL, Galan-Cobo A, Hamdi H, Hirz T, Tong P, Wang J,
Rodriguez-Canales J, Villalobos PA, Parra ER, Kalhor N, Sholl
LM, Sauter JL, Jungbluth AA, Mino-Kenudson M, Azimi R,
Elamin YY, Zhang J, Leonardi GC, Jiang F, Wong KK, Lee JJ,
Papadimitrakopoulou VA, Wistuba II, Miller VA, Frampton GM,
Wolchok JD, Shaw AT, Jänne PA, Stephens PJ, Rudin CM,
Geese WJ, Albacker LA and Heymach JV: STK11/LKB1
mutations and PD-1 inhibitor resistance in KRAS-mutant lung
adenocarcinoma. Cancer Discov 8(7): 822-835, 2018. PMID:
29773717. DOI: 10.1158/2159-8290.CD-18-0099

20 Skoulidis F, Carter B, Zhang J, Wistuba I, Papadimitrakopoulou
V and Heymach J: Association of STK11/LKB1 mutations with
primary resistance to PD-1/PD-L1 axis blockade in PD-L1
positive non-squamous NSCLC. Journal of Clinical Oncology
36(15_suppl): 9028-9028, 2019. DOI: 10.1200/JCO.2018.
36.15_suppl.9028

21 Hasegawa T, Yanagitani N, Ninomiya H, Sakamoto H, Tozuka
T, Yoshida H, Amino Y, Uematsu S, Yoshizawa T, Ariyasu R,
Uchibori K, Kitazono S, Horiike A and Nishio M: Association
between the efficacy of pembrolizumab and low STK11/LKB1
expression in High-PD-L1-expressing non-small-cell lung
cancer. In Vivo 34(5): 2997-3003, 2020. PMID: 32871843. DOI:
10.21873/invivo.12131

22 Granado-Martínez P, Garcia-Ortega S, González-Sánchez E,
McGrail K, Selgas R, Grueso J, Gil R, Naldaiz-Gastesi N,
Rhodes AC, Hernandez-Losa J, Ferrer B, Canals F, Villanueva
J, Méndez O, Espinosa-Gil S, Lizcano JM, Muñoz-Couselo E,
García-Patos V and Recio JA: STK11 (LKB1) missense somatic
mutant isoforms promote tumor growth, motility and
inflammation. Commun Biol 3(1): 366, 2020. PMID: 32647375.
DOI: 10.1038/s42003-020-1092-0

23 Cordeiro de Lima VC, Corassa M, Saldanha E, Freitas H, Arrieta
O, Raez L, Samtani S, Ramos M, Rojas C, Burotto M, Chamorro
DF, Recondo G, Ruiz-Patiño A, Más L, Zatarain-Barrón L,
Mejía S, Nicolas Minata J, Martín C, Bautista Blaquier J, Motta
Guerrero R, Aliaga-Macha C, Carracedo C, Ordóñez-Reyes C,

Garcia-Robledo JE, Corrales L, Sotelo C, Ricaurte L, Santoyo
N, Cuello M, Jaller E, Rodríguez J, Archila P, Bermudez M,
Gamez T, Russo A, Viola L, Malapelle U, de Miguel Perez D,
Rolfo C, Rosell R and Cardona AF: STK11 and KEAP1
mutations in non-small cell lung cancer patients: Descriptive
analysis and prognostic value among Hispanics (STRIKE
registry-CLICaP). Lung Cancer 170: 114-121, 2022. PMID:
35753125. DOI: 10.1016/j.lungcan.2022.06.010

24 Zen Y, Fujii T, Itatsu K, Nakamura K, Minato H, Kasashima S,
Kurumaya H, Katayanagi K, Kawashima A, Masuda S, Niwa H,
Mitsui T, Asada Y, Miura S, Ohta T and Nakanuma Y: Biliary
papillary tumors share pathological features with intraductal
papillary mucinous neoplasm of the pancreas. Hepatology 44(5):
1333-1343, 2006. PMID: 17058219. DOI: 10.1002/hep.21387

25 Ren YH, Zhao FJ, Mo HY, Jia RR, Tang J, Zhao XH, Wei JL,
Huo RR, Li QQ and You XM: Association between LKB1
expression and prognosis of patients with solid tumours: an
updated systematic review and meta-analysis. BMJ Open 9(8):
e027185, 2019. PMID: 31383697. DOI: 10.1136/bmjopen-2018-
027185

26 Vaahtomeri K and Mäkelä TP: Molecular mechanisms of tumor
suppression by LKB1. FEBS Lett 585(7): 944-951, 2011. PMID:
21192934. DOI: 10.1016/j.febslet.2010.12.034

27 Li R, Wang Z, Liu S, Wu B, Zeng D, Zhang Y, Gong L, Deng
F, Zheng H, Wang Y, Chen C, Chen J and Jiang B: Two novel
STK11 missense mutations induce phosphorylation of S6K and
promote cell proliferation in Peutz-Jeghers syndrome. Oncol Lett
15(1): 717-726, 2018. PMID: 29399144. DOI: 10.3892/ol.
2017.7436

Received March 29, 2023
Revised April 10, 2023

Accepted April 12, 2023

Sirithawat et al: Alteration of STK11 Expression in Cholangiocarcinoma

1648


