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Abstract
To investigate whether genetic alteration of the STK11/LKB1 tumor-suppressor gene is involved in
the carcinogenesis of head and neck squamous cell carcinoma (HNSCC), the entire encoding exons
and flanking intronic sequences of the STK11/LKB1 gene were analyzed with direct genomic
sequencing of fifteen HNSCC specimens. A novel missense mutation with presumed loss of
heterozygosity (LOH) and ten polymorphisms were identified in these samples. The novel mutation
of STK11/LKB1 at nucleotide position 613 G → A, which causes the amino acid substitution from
alanine to threonine at residue 205 within the catalytic kinase domain, was identified in cell line
RPMI2650. To further determine whether this point mutation affects the gene function, constructs
of the wild-type and A205T mutant of the STK11/LKB1 gene expression vectors were created and
transfected into RPMI2650 cells. Our results showed that the reintroduction of the wild-type but not
the mutant STK11/LKB1 construct into RPMI2650 cells induced suppression of the cell growth. The
mutation also affected the kinase activity of the Stk11/Lkb1 protein. This led us to conclude that the
A205T point mutation of the STK11/LKB1 gene produces functionally inactive proteins. This is the
first described mutation of the STK11/LKB1 gene in HNSCC. While the mutation frequency of the
STK11/LKB1 gene in HNSCC remains to be determined in future studies, our data strongly suggests
that STK11/LKB1 is involved in the carcinogenesis of HNSCC.
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INTRODUCTION/RESULTS/DISCUSSION
STK11 (serine/threonine kinase 11), also named LKB1, is located on chromosome 19p13.3
(Hemminki et al., 1997). STK11/LKB1 was identified because germline mutations of the gene
are responsible for Peutz–Jeghers syndrome (PJS) (Hemminki et al., 1998; Jenne et al.,
1998). PJS is an autosomal dominant syndrome characterized by germline mutations in STK11/
LKB1, the development of multiple PJS polyps in the gastrointestinal tract and a markedly
increased risk of developing malignant tumors derived mostly from epithelial origin (Giardiello
et al., 2000; Giardiello et al., 1987).

The human Stk11/Lkb1 protein comprises 433 residues with a kinase domain at residues 44–
319. The Stk11/Lkb1protein is ubiquitously expressed in all human fetal and adult tissues
(Rowan et al., 2000). Homozygous deletion of STK11/LKB1 in mice leads to embryonic
lethality at midgestation (E11.0), indicating that STK11/LKB1 plays an important role in
embryogenesis (Jishage et al., 2002; Ylikorkala et al., 2001). Interestingly, most of the STK11/
LKB1+/− mice developed intestinal polyps by the age of 45 weeks, identical to those observed
in patients with PJS (Bardeesy et al., 2002; Jishage et al., 2002; Nakau et al., 2002). These
results suggested that haploinsufficiency in the STK11/LKB1+/− animals is sufficient to induce
polyposis as in humans (Rossi et al., 2002; Su et al., 1999). Tumors only arise in PJS patients
when the remaining wild-type allele of STK11/LKB1 is also inactivated (Su et al., 1999).

Biallelic inactivation of the STK11/LKB1 gene is also observed in a small percentage of
sporadic cancers (Avizienyte et al., 1999; Avizienyte et al., 1998; Chen et al., 1999; Guldberg
et al., 1999). For example, we previously reported germline and somatic mutations of the
STK11/LKB1 gene in 4–6% of pancreatic and biliary cancers (Su et al., 1999). Mutation
frequency of the STK11/LKB1 gene in sporadic lung adenocarcinomas has been reported at
8.3–28% (Avizienyte et al., 1999; Ghaffar et al., 2003; Sanchez-Cespedes et al., 2002).

A novel mutation of STK11/LKB1 gene was identified in HNSCC
To investigate whether the STK11/LKB1 gene is mutated in head and neck cancer, the entire
encoding exons and flanking intronic sequences of STK11/LKB1 gene were analyzed by PCR
amplification and direct sequencing from the genomic DNA of fifteen HNSCC specimens
including eight cell lines (RPMI 2650, FaDu, SW579, SCC-15, CAL 27, SCC-25, A-253,
Detroit 562). A missense mutation of STK11/LKB1 at nucleotide 613 from G to A, leading to
an amino acid change at codon 205 in exon 5 (alanine (GCG) substituted by threonine (ACG)),
was identified in a HNSCC cell line RPMI 2650 (Fig. 1A. and Table 1). LOH was presumed
because the mutation was observed in the absence of a wild-type allele. To further confirm this
point mutation and the LOH status, an independent PCR product from the original genomic
template was cloned into pGEM-T easy vector and transformed into bacteria. Six bacterial
colonies with DNA inserts were randomly chosen for sequencing. Only sequences with the
A205T point mutation were obtained in all six clones. Therefore 100% (6/6) of the DNA
sequences were mutant; the wild-type sequences were completely absent. A search of the
mutational databases for STK11/LKB1 revealed that this mutation was novel and had not been
described before. This is also the first report demonstrating that STK11/LKB1 gene mutations
arise in HNSCC.

Reintroduction of the wild-type STK11/LKB1 but not mutant STK11/LKB1 into
RPMI 2650 cells induced cell growth suppression

Because the variant was identified in a cell line, the possibility of the variant being a rare
polymorphism could not be excluded. A comprehensive search of the NCBI SNP database
showed that our mutation is not a known polymorphism. Although this still does not completely
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rule out the possibility, together with the fact that the A205T alteration is localized to the
catalytic kinase domain of the Stk11/Lkb1 protein, it is unlikely that the alteration is a
polymorphism. We chose the colony formation assay to examine whether the A205T mutation
of STK11/LKB1 affects its tumor-suppressor function. RPMI 2650 cells were transfected with
pcDNA3 empty vector alone, pcDNA3 wild-type STK11/LKB1-hemagglutinin (HA) vector,
or with pcDNA3 A205T-mutant STK11/LKB1-HA vector, respectively. First, to evaluate the
amounts of wild-type and mutant Stk11/Lkb1 proteins expressed in the transfected RPMI 2650
cells, we performed western blotting with anti-HA antibody two days after the initial
transfection (Fig. 2A). The amount of exogenous protein expressed in the cells transfected with
the wild-type STK11/LKB1 vector was similar to that transfected with the mutant STK11/
LKB1. The anti-β-actin western blotting assay showed the amount of proteins was equally
loaded in each lane (Fig. 2A).

Eighteen days after the initial transfection and selection with G418, a significant reduction in
the number of colonies expressing wild-type Stk11/Lkb1 was observed in comparison with
those expressing mutant Stk11/Lkb1 (p<0.05) and those carrying the empty vector (p<0.05)
(Fig. 2B). This shows that ectopic overexpression of the wild-type Stk11/Lkb1 strongly
inhibited growth of RPMI 2650 cells. Thus, reintroduction of the wild-type but not mutant
Stk11/Lkb1 into RPMI2650 cells suppresses cell growth. The results indicate that the A205T
point mutation abrogates Stk11/Lkb1 growth suppression function and indicates that STK11/
LKB1 gene is a tumor suppressor gene in head and neck cells.

A205T mutation of the Stk11/Lkb1 protein led to its reduced kinase activity
Stk11/Lkb1 is an upstream regulator of AMP-activated protein kinase (AMPK) (Hawley et al.,
2003; Hong et al., 2003). AMPK is a sensor of cellular energy that is conserved throughout
eukaryotes. AMPK is activated by stimuli that increase the cellular AMP/ATP ratio, including
H2O2, AICAR, and sorbitol. Stk11/Lkb1 has been shown to directly phosphorylate Thr-172
of AMPKalpha in vitro and activates its kinase activity (Hawley et al., 2003; Shaw et al.,
2004b). To examine how the A205T mutation may affect the kinase activity of Stk11/Lkb1,
AMPK phosphorylation was evaluated in RPMI 2650 cells transfected with pcDNA3 wild-
type STK11/LKB1-HA vector and with pcDNA3 A205T-mutant STK11/LKB1-HA vector.
Diminished AMPK phosphorylation at the Thr-172 was observed in H2O2-treated cells
overexpressing mutant Stk11/Lkb1 (Figure 3). The expression level of non-phosphorylated
AMPK remained unchanged. The expression level of wild-type and mutant Stk11/Lkb1 were
comparable. The Thr-172 phosphorylation of AMPK was not completely abolished in the
presence of mutant Stk11/Lkb1 because Stk11/Lkb1 is the dominant but not the only upstream
regulator of AMPK (Shaw et al., 2004b; Suzuki et al., 2004). This data demonstrated that the
A205T mutation also disrupted the kinase activity of the Stk11/Lkb1 protein.

Multiple exonic and intronic polymorphisms were observed
Three exonic and seven intronic polymorphisms were also identified in our study (Figure 1,
B, C, Table 1 and 2). The three exonic polymorphisms are silent mutations and heterozygous
in the normal and tumor samples. These three polymorphic variants were identified
respectively in the exon 1 codon 88 (Ile), exon 2 codon 123 (Gln), and exon 6 codon 272 (Tyr).
They represent single nucleotide polymorphisms (Fig. 1, B, C, and Table 1). The exon 1
ATC88ATA and exon 6 TAC272TAT are previously described SNPs (Sanchez-Cespedes et
al., 2002), while exon 2 CAG123CAA is a novel SNP. Five of the seven intronic polymorphic
variants observed in the study, occurred in the intron 1 (+36 G → T), intron 2 (+24 G → C,
−49 G → A), intron 3 (−51 T → C) and intron 7 (+7 G → C), have been reported previously
(Avizienyte et al., 1998; Rowan et al., 1999; Su et al., 1999; Westerman et al., 1999). The other
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2 polymorphic changes in the intron 1 (−32 C → T), and intron 4 (−16 C → G) are not noted
in previous studies (Table 2).

On contrast to our findings, a previous report failed to identify STK11/LKB1 mutations in 16
laryngeal cancer samples analyzed by single strand conformation polymorphism (SSCP)
analysis (Chen et al., 1999). The reasons for the differences in our result and this prior study
may be partly due to the relatively low mutation rate in head and neck tumors. In addition, the
previous study only focused on laryngeal squamous cell carcinoma. Third, the sensitivity of
the SSCP as a mutational screening method is only at 70% to 80% (Jordanova et al., 1997).

Interestingly the STK11/LKB1 gene abnormalities were detected only in adenocarcinomas of
the lung, not in squamous cell carcinomas, in a panel of lung cancers (Sanchez-Cespedes et
al., 2002). Some previous studies also show that the malignant tumors from PJS are commonly
adenocarcinoma but not squamous cell carcinoma (Giardiello et al., 1987). Our finding appears
to demonstrate that the STK11/LKB1 gene mutation is also implicated in the development of
squamous cell carcinoma.

To date, 145 distinct mutations have been described in PJS patients and 21% of them (30/145)
are missense mutations (Launonen, 2005). Interestingly, all except one of these missense
mutations are located in the kinase domain (Launonen, 2005). A total of 40 different somatic
STK11/LKB1 mutations have been published to date and 45% (18/40) of that are missense
mutations (Launonen, 2005). Similar to the germline cases, the majority (78% or 14/18) of the
missense mutations observed in sporadic cancers are localized to the kinase domain of the
STK11/LKB1 gene (Launonen, 2005). Taken together, missense alterations detected in the
kinase domain must be functionally significant to the Stk11/Lkb1 protein. Three of the germline
mutants found in the catalytic kinase domain have been further examined for the Stk11/Lkb1
protein function (Boudeau et al., 2003; Tiainen et al., 1999). A missense mutation G163D of
the STK11/LKB1 gene was shown to cause the loss of its cell growth suppression function in
a previous study (Tiainen et al., 1999). And another study also showed two other missense
mutations I177N and R304W of the STK11/LKB1 gene also led to the loss of its cell growth
inhibition function (Boudeau et al., 2003). All these three missense mutations occur in the
catalytic kinase domain of Stk11/Lkb1. The novel missense mutation A205T of STK11/
LKB1 identified in the current study is also located at the catalytic kinase region of Stk11/Lkb1.
Here we showed that the mutation affected the growth suppression function and disrupted the
kinase activity of the Stk11/Lkb1 protein. It is consistent that this novel mutation also leads to
the loss of STK11/LKB1 gene function.

The detailed mechanism of STK11/LKB1 gene function as a tumor suppressor is still not fully
understood. In additional to its role in AMPK-regulated energy metabolism, the STK11/
LKB1 gene is implicated in a variety of cellular processes, including the control of cell cycle
arrest (Tiainen et al., 1999), p53-mediated apoptosis (Karuman et al., 2001), Wnt signaling
(Ossipova et al., 2003; Spicer et al., 2003), TGF-β signaling (Bardeesy et al., 2002), ras induced
cell transformation (Smith et al., 2001), and cell polarity (Lizcano et al., 2004). Our findings
suggest that the cell growth inhibition function and AMPK-regulation of the Stk11/Lkb1
protein are important in head and neck cancers.
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Fig. 1. Genetic alterations identified in STK11LKB1 exons in 15 HNSCC specimens
Genomic sequences are presented in the 5’ to 3’ direction and the location of the mutation is
marked by an arrow. Seven primary HNSCC tumors and matching normal tissues were
collected from the Tumor Bank facility of the Herbert Irving Comprehensive Cancer Center
at Columbia University. Fresh-frozen tumor samples were meticulously dissected to ensure
that the specimen contained at least 75% cancer cells. The eight HNSCC cancer cell lines were
obtained from ATCC. Genomic DNAs from the fifteen HNSCC specimens were amplified for
the entire encoding sequences and flanking intronic sequences of STK11/LKB1 with eight sets
of primers and then subject to direct sequencing. All samples found to have a mutation were
sequenced in the reverse direction as the initial confirmation of the mutation. Subsequent
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verification of the mutation was accomplished by sequencing of a second PCR product derived
independently from the original template. A, RPMI 2650 cell line: a missense mutation in
codon 205 GCG (Ala) → ACG (Thr); FaDu cell line: wild-type. B, Patient B135: Tumor tissue,
a heterozygous silent mutation in Exon 2 code 123 CAG (Gln) → CAA (Gln); Normal tissue:
the same variant. C, Patient B135: Tumor tissue, a heterozygous silent mutation in exon 6
codon 272 TAC (Tyr) → TAT (Tyr); Normal tissue: the same variant.
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Fig. 2. Mutation at the codon 205 of the Stk11/Lkb1 protein led to the loss of its cell growth inhibition
function
A, Western blotting analysis of RPMI 2650 cells transiently transfected with expression vectors
carrying STK11/LKB1 wild-type-HA, A205T mutant-HA, or empty vector respectively.
Twenty-five μg of total protein was resolved on 10%SDS-PAGE gel and transferred onto
nitrocellulose membrane. Detection was performed using primary antibody mouse monoclonal
anti-β-actin (Sigma) or mouse monoclonal anti-HA antibody (Roche) at 1:5000 and 1:500
respectively. The secondary antibody goat anti-mouse IgG-HRP (Sigma) was used at a final
dilution of 1:5000. RPMI 2650 without transfection was loaded in first lane as an endogenous
Stk11/Lkb1 protein control. Anti-β-actin bands showed that the proteins of four samples were
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loaded equally. Anti-HA bands showed that the ectopic protein expression level from the
mutant STK11/LKB1 vector was equal to that of the wild-type in transfected RPMI 2650 cells.
B, Giemsa-stained G418-resistant colonies of the RPMI 2650 cells transfected with indicated
expression vectors. RPMI 2650 cells were cultured to 60–70% confluence in 10-cm dishes and
transfected respectively with 1 mg of the wild-type Stk11/Lkb1, A205T mutant, or pcDNA3
empty vector using Fugene-6 transfection reagent (Roche). After 48 h transfection, G418 was
added to the medium to give a final concentration of 2 mg/ml. After 18–20 day’s selection, the
cells were stained with Giemsa, and the average number of the colonies present in each dish
was photographed and counted. C, Relative numbers of G418-resistant colonies after
transfection with indicated vectors, represented as the percentage of colonies with respect to
the control (pcDNA3 empty vector). Standard deviations are derived from four independent
experiments.
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Fig 3. Mutant Stk11/Lkb1 displayed reduced kinase activity in activating its down stream target,
AMPK, in RPMI 2650 cells
RPMI 2650 cell transfected with empty vector, wild-type or mutant Stk11/Lkb1 were treated
with or without 0.1 mM H2O2 for 20 min. Western blotting was performed as previously
described. Total cell extracts were immunoblotted with antibodies for phosphor-Thr-172
AMPK (p-AMPK) (Cell Signaling, 1:1,000 dilution), total AMPK (Cell Signaling, 1:1,000
dilution) and Stk11 (Cell Signaling, 1:1,000 dilution).
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Table 1
Genetic variants identified in the exons of STK11/LKB1

Sample Tissue Codon* Exon Nucleotide change Amino acid change Presence
of
wildtype
allele

Type of alteration

RPMI 2650 nose 205 E5 GCG → ACG Ala → Thr no N/A
B135 larynx 272 E6 TAC → TAT silent yes germline

123 E2 CAG → CAA silent yes germline
B182 tongue 88 E1 ATC → ATA silent yes germline
2221 oral 88 E1 ATC → ATA silent yes germline
3017 nose 88 E1 ATC → ATA silent yes germline

*
Numbering according to GenBank accession number: AF035625
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Table 2
Polymorphic changes of STK11/LKB1 found in the introns in 15 HNSCCs

Intron Nucleotide position♣ Polymorphic change Genotype (number of samples)

1 +36 G → T Homozygous (2) Heterozygous (2)
1 −32 C → T Heterozygous (1)
2 +24 G → T Homozygous (2) Heterozygous (5)
2 −49 G → A Homozygous (5)
3 −51 T → C Homozygous (2) Heterozygous (2)
4 −16 C → G Heterozygous (1)
7 +7 G → C Homozygous (1) Heterozygous (1)

♣
Numbering according to GenBank accession number: AF032984, AF032985.
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