
Abstract. Kruppel-like factor 6 (KLF6/Zf9/CPBP), a member
of the Kruppel-like family of zinc finger transcription factors,
has recently been suggested to be a mutated tumor suppressor
in selected human cancers. Initially, we investigated whether
the KLF6 gene was altered in 36 paired non-small cell lung
cancers (NSCLC), 89 brain tumors, 7 normal brains, 46 cancer
cell lines from a large variety of tissues, and 144 peripheral
blood cells from healthy individuals using single strand con-
formation polymorphism (PCR-SSCP) and DNA sequencing.
Changes in the coding region of KLF6 were found in brain
tumors (missense changes, 8%; silent polymorphisms, 2%),
lung cancers (missense changes, 3%; silent polymorphisms,
6%) and cancer cell lines (missense changes, 2%; silent poly-
morphisms, 2%). All of the nucleotide changes in the lung
tumor samples were present in their matched normal samples,
suggesting that these changes were germline polymorphism.
Many of the altered KLF6 genes found in the brain tumors
were cloned into an expression vector and placed into a GBM
cell line, and cell growth was monitored. Wild-type, deleted
exon 3, or E30G missense KLF6 significantly reduced cell
growth; in contrast, forced expression of KLF6 having either
the S92R, P183L or A276G missense substitution did not alter
the growth of transfected GBM cells (p>0.05). Expression
levels of KLF6 were higher in normal brain samples than in
glioma samples as measured by real-time RT-PCR (p<0.05).

To our surprise, nucleotide changes were found at -4, -5, and
-6 upstream of the start of translation in 45% of brain tumors,
and 10% of normal blood samples. Focusing on the most
frequent alteration (-4 C>A), the nucleotide change did not
affect translation of KLF6. Taking together, KLF6 coding
sequences are altered in 10% brain tumors, 8% NSLC, and
4% of cancer cell lines. All of those observed in lung cancer
are germline polymorphisms. Several additional ones identified
in GBM, have lost their ability to slow the growth of glioma
cells; furthermore, a proportion of GBM have decreased
expression of KLF6 as compared to normal brain tissue.
Dysfunction of this gene may contribute to oncogenesis in
the brain.

Introduction

Recent studies suggest that Kruppel-like factor 6 (KLF6),
which is also called Zinc finger transcription factor Zf9 (Zf9)
or core promoter element binding protein (CPBP or COPEB),
may be an altered tumor suppressor in some human cancers.
Loss of heterozygosity (LOH) in the region of this gene was
reported in 77% of prostate cancers, with mutations of KLF6
found in 71% of these cases (1). These investigators found
that forced overexpression of wild-type KLF6 up-regulated
p21waf1 associated with suppression of growth of prostate
cancer cells in a p53-independent manner. Another study
found missense mutations of KLF6 in 16% (3/19) of sporadic
nasopharyngeal carcinomas (2). In addition, investigators
have reported mutations or inactivation of KLF6 in gliomas
(3), pituitary tumors (4), non-small cell lung cancers (5), and
colorectal cancers (6). In contrast, several other large studies
of prostate cancer (7), hepatocellular carcinomas (8) and
colorectal cancers (9) did not find mutations, but did find
frequent polymorphisms.

KLF6 is a ubiquitously expressed Kruppel-like tran-
scription factor, whose function is unresolved. The gene is
mapped near the telomere of chromosome 10p (10p15.2),
and consists of 4 exons, encoding a nuclear core promoter
element binding protein. This protein has 3 zinc fingers at its
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C-terminal end, a serine/threonine-rich central region and an
acidic domain lying within the N-terminal region. The zinc
fingers of this protein are responsible for specific DNA
binding to the guanine-rich core promoter elements. The
central region may be involved in either activation or post-
translational regulatory pathways, and the acidic N-terminal
domain contains the transcriptional activation motif. Putative
transcriptional targets of KLF6 include the genes encoding
placental glycoprotein (10), collagen ·1 (11), transforming
growth factor ß1 (TGFß1), types I and II TGF‚ receptors
(12), urokinase type plasminogen activator (uPA) (13), and
the human immunodeficiency virus long terminal repeat
(HIV-1 LTR) (13,14).

Kruppel-like factors have been implicated in many cellular
processes associated with differentiation and development
(15). To explore whether KLF6 might behave as an altered
tumor suppressor gene, we initially screened for mutations of
the KLF6 gene by polymerase chain reaction-single strand
conformation polymorphism (PCR-SSCP) in various cancer
cell lines, brain and lung tumor samples, matched normal lung
samples, as well as a large collection of normal peripheral
blood DNAs. Novel missense nucleotide changes occurred in
6 of 88 brain tumors; and gliomas often had low expression
of KLF6 compared to normal brain samples. We constructed
expression vectors of the mutant and wild-type KLF6 genes
and demonstrated that several of the genetic alterations
affected the function of the KLF6 protein. Surprisingly, we
also found that 45% of brain tumors and 10% of normal
blood samples had nucleotide changes at -4, -5, and -6
upstream of the start site of translation. The functional
implication of these changes is unclear.

Materials and methods

Patient samples and cell lines. Mutational analysis was
performed on DNA from both tumor and normal lung tissue
of 36 patients diagnosed with non-small cell lung cancers
(NSCLC), 89 brain tumor samples including 32 glioblastoma
multiforme (GBM), 19 meningiomas, 14 astrocytomas, 6
oligodendrogliomas (or mixed astrocytomas and oligo-
dendrogliomas), and 18 other brain tumor types (schwan-
nomas, craniopharyngiomas, hemangiomas, ependymomas,
chordomas, medulloblastoma), as well as 46 cancer cell lines
including those established from 13 leukemias, 7 colorectal
cancers, 6 non-small cell lung cancers, 5 breast cancers, 5
cervical cancers, 5 lymphomas, 2 sarcomas, 1 vulvar cancer,
1 ovarian cancer and 1 retinoblastoma (name of cell lines
provided on request). Written informed consent for research
use of tumor tissue was obtained from each patient prior to
surgery, according to a protocol approved by the institutional
ethics committee. DNA was also extracted from peripheral
blood of 144 healthy individuals and used as controls in the
experiments.

Polymerase chain reaction-single strand conformation poly-
morphism. The four exons of the KLF6 gene were amplified
from the DNA of each of the samples by PCR. The following
sets of primers were designed using GenBank AC023903.
Exon 1: 5' cgggctgggtccaac and 5' ggccggctgcgtttac; exon 2a:
5' cgtgccttctctctggttcatt and 5' ctcaattttcccgagctgac; exon 2b:

5' ccacggccaagtttacctc and 5' ccgcgtgggcactg; exon 3: 5'
gcttgtcctgtgctctctcc and 5' cttgcccagcattgtcct; exon 4; 5' gtgct
tctgatttgcccttg and 5' ctcagcctggaagcctttta. Each PCR reaction
contained 20 ng of DNA, 10 pmol of each primer, 0.3 mmol
of each dNTP, 0.5 units of Platinum Taq DNA Polymerase
(Invitrogen, Carlsbad, CA), 2 μl of 10X PCR buffer containing
Mg and 3 μCi of dCTP in a total volume of 20 μl. Thermal
cycler parameters were: an initial denaturing step at 94˚C for
3 min followed by 39 cycles of 94˚C for 30 sec, 60˚C for 30
sec, and 72˚C for 30 sec. Each amplified PCR product (1 μl)
was diluted to 10 μl with denaturing loading dye (20 mM
EDTA, 94% formamide and 0.05% of bromophenol blue and
xylene cyanol). After denaturing at 95˚C for 5 min, 2 μl of
each DNA sample was separated on a mutation detection
enhancement gel (MDE, Bioproducts, Rockland, ME) at 6W
for 20 h. After electrophoresis, gels were dried and exposed
to X-OMAT film (Kodak, Rochester, NY).

Sequencing of single strand DNA. Shifted bands and
corresponding control bands were excised from the SSCP
gel, eluted in TE buffer and reamplified. The amplified DNA
was purified using Sigma Spin postreaction purification
columns (Sigma, St. Louis, MO). The resulting material was
sequenced directly using the Big Dye sequencing kit (PE
Applied Biosystems, Foster City, CA) and an automated
sequencer (ABI 377 PRISM). The significance of the nucleo-
tide alterations were further studied using Blast 2 sequences
(http://www.ncbi.nlm.nih.gov/gorf/bl2.html) with GenBank
accession no. AF001461 used as the normal sequence of the
KLF6 gene.

RNA isolation and reverse transcription PCR. Extraction of
total RNA used Trizol reagent (Invitrogen) according to the
manufacturer's instructions. RNA (2 μg) was reverse-tran-
scribed with random primers (Invitrogen) and Superscript™ II
reverse transcriptase (Invitrogen) in 20 μl reaction volume.
The cDNA was used for real-time PCR.

Real-time RT-PCR for KLF6 expression in brain tumors
Primers and probes. Primers and probe of the KLF6 gene
for real-time PCR were designed employing software
Primer3 (http://www-genome.wi.mit.edu/cgibin/primer/
primer3www.cgi) according to the nucleotide sequences of
GenBank accession no. AF001461: Forward primer, 5' cacga
gaccggctacttctc (in exon 1); reverse primer, 5' ccacagatcttcc
tggctgt (in exon 2); probe, 5' caacagacctgcctagagctggaacg.
Real-time PCR was performed in reaction buffer TaqMan
Universal PCR master mix, 100 nM probe and 300 nM primers
in a total volume of 25 μl. After a denaturation step of 10 min
at 95˚C, two-step amplification conditions were 50 cycles of
15 sec at 95˚C, 60 sec at 60˚C. Amplification and product
detection were performed with an iCycler iQ™ system (Bio-
Rad, Hercules, CA). We used the ß-actin mRNA levels to
normalize the expression data of KLF6. Primers and probe of
ß-actin were: 5' TCCCTGGAGAAGAGCTACGA (forward),
5' AGGAAGGAAGGCTGGAAGAG (reverse), 5' CAATGA
GCGGTTCCGCTGCC (probe). All experiments were done
in triplicate. The variance of threshold cycle value between
the triplicates was <5%. The target gene level was divided by
the endogenous reference levels to obtain a normalized target
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value. The relative expression of target gene was also
normalized to a calibrator (mean value). We selected the mean
value of normal brain samples as a calibrator. As the final
results, the relative expression of each sample was shown as
N-fold difference to the calibrator.
Standard curve construction. The standard curve was
constructed with 10-fold serially diluted KLF6 cDNA extracted
from the U87 cells. A strong linear relationship between the Ct
and the log of the starting copy number was always demon-
strated. The standard curves for ß-actin were also constructed
(data not shown).

Expression of KLF6 with -4 polymorphism in vivo and vitro.
The KLF6 cDNA with either wild-type -4 nucleotide

(Cytosine, C) or polymorphic -4 nucleotide (Adenine, A) was
cloned into the expression vector pTracer (Invitrogen,
Carlsbad, CA) with V5 tag (Tracer-KLF6-C, Tracer-KLF6-A,
respectively). These KLF6 expression vectors were transfected
into COS-1 cells for 48 h. The expression of KLF6 (under
PEF-1· promoter) was detected by Western blotting (anti-V5
monoclonal antibody from Invitrogen). The expression of GFP
protein (under another promoter, PCMV on same vector) was
used as an internal control (anti-GFP antibody from Santa
Cruz). The expression of KLF6 was also examined in vitro
by TNT T7 coupled reticulocyte lysate system (Promega,
Madison, WI). The same amount of the two KLF6 expression
constructs was used following the protocol of the manual, and
the translation of the protein was detected by Western blotting.
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Figure 1. Detection of alterations of the KLF6 gene. Panel A, polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) analysis of
exons 2a (left panel) and 2b (right panel) of the KLF6 gene in lung cancers and their matched normal lung samples. DNA from these samples was amplified
with primer sets for ‘exon 2a’ and ‘exon 2b’ by PCR yielding fragments of 348 bp and 340 bp, respectively. Amplified products were separated on an MDE
gel at 6 W for ~20 h. Each patient (#15, #16) had paired samples derived from tumor (T) and normal (N) lung tissue. Arrows indicate the shifted bands. Panel
B, sequence trace images showing alterations of the KLF6 gene in tumor and normal lung tissue from patient #16. The tracings from a normal control,
encoding Serine at codon 77 and Valine at codon 165, are shown in the top two panels. The middle and lower two panels show the tracings from normal and
tumor lung tissue of patient #16, showing alterations of the genetic code at codon 165 (G to A transition, replaced a Valine with a Methionine) and codon 77
(C to T transition, resulting in no coding change). 
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Western blot analysis. Cells were harvested for total cell
lysates with RIPA buffer (1% Nonidet P-40, 0.5% sodium
deoxycholate, 0.1% SDS, 50 mM Tris-HCl, pH 7.5)
containing a protease inhibitor mixture (Roche Diagnostics
GmbH, Mannheim, Germany), as well as 1 mM NaF and
1 mM NaVO4. Cell lysates were centrifuged at 13,000 rpm
for 10 min at 4˚C. The supernatant was collected, and the
protein concentration was measured. The lysates (30 μg)
were denatured in sample buffer (10% glycerol, 5% ß-
mercaptoethanol, 2.3% SDS, 62.5 mM Tris-HCl, pH 6.8) by
boiling and then subjected to 4-15% SDS-PAGE followed by
electro-transfer to polyvinylidene difluoride membrane. After
antibody hybridization, the immune complex was visualized
with Supersignal West Pico chemiluminescent substrate
(Pierce, Rockford, IL).

KLF6 mutant constructs. Full-length KLF6 cloned into pTracer
vector was used for site-directed mutagenesis; pTracer-wild-
type KLF6 was mutated using the Quick-Change site directed
mutagenesis kit (Stratagene). All constructs were sequenced
to confirm mutation of the appropriate base pair.

Cell growth assay. Either KLF6 (wild-type or mutant)
expression pTracer vector or empty pTracer vector (control)

and anti-puromycin vector were co-transfected into the same
number of T98G (GBM) cells. After selection with 8 μg/ml
of puromycin for 18 h, cells were cultured in puromycin-free
medium for an additional 5 days. The number of cells was
measured by MTT assay.

Results

Mutational analysis of KLF6 gene. The following was
analyzed for mutations of the KLF6 gene by PCR-SSCP: 89
brain tumors and 7 normal brain samples, 36 lung cancers
and their matched normal lung, 46 cancer cell lines, and 144
normal peripheral blood samples. Aberrantly migrating bands
on SSCP were detected in the coding region of KLF6 in 9 of
89 (10%) brain tumors, 3 of 36 (8%) lung cancer samples,
and 2 of 46 (4%) cancer cell lines (Fig. 1A). Sequencing of
the shifted bands showed nucleotide substitutions in the
coding region of KLF6, most of which resulted in amino acid
changes including 7 of 89 (8%) brain tumors, and 1 of 36 (3%)
lung cancers, 1 of 46 cancer cell lines (Fig. 1 B; Table I). A
nucleotide change at either codon 77, 165 or 201 occurred in
more than one sample. In our collection of lung cancers, we
always studied a matched normal and tumor sample from the
same individual. In each of the 3 cases with a nucleotide
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Table I. KLF6: nucleotide changes in cancers.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Codon number Nucleotide change Amino acid change Sample number Cell type
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Brain tumorsa

2 gac ➝ ggc Asp ➝ Gly 120 Meningioma
6 atg ➝ gtg Met ➝ Val 317 Astrocytoma
22f ttc ➝ ttt Phe ➝ Phe 312 Craniopharyngioma
30 gag ➝ ggg Glu ➝ Gly 207 GBM
92 agc ➝ aga Ser ➝ Arg 114 Meningioma
165e gtg ➝ atg Val ➝ Met 308 Meningioma
183 ccc ➝ ctc Pro ➝ Ile 114 Meningioma
201ef cgg ➝ cga Arg ➝ Arg 315 Meningioma
276 ggc ➝ gcc Gly ➝ Ala 319 Craniopharyngioma

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Squamous cell lung cancer and
matched normal samplesb

77ef tcc ➝ tct Ser ➝ Ser 16
165e gtg ➝ atg Val ➝ Met 16
201ef cgg ➝ cga Arg ➝ Arg 34

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cancer cell linec

77ef tcc ➝ tct Ser ➝ Ser DAUDI Burkitts lymphoma
165e gtg ➝ atg Val ➝ Met DAUDI Burkitts lymphoma

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
- - - 144 Normal samplesd

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aTotal of 89 brain tumor samples. bTotal of 36 lung caners and their normal matched samples (KLF6 sequences identical in both). cTotal of
46 cancer cell lines (see Material and methods for their tissue type). dTotal of 144 samples of white blood cells (WBC) from normal
individuals. ePolymorphism, fsilent nucleotide change.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

65-72  6/12/06  19:04  Page 68



change, the normal sample had the same alteration as was
found in the tumors (Fig. 1, Table I). Eliminating the
previously unreported polymorphism, 7 of 89 (8%) of brain
tumors had missense changes of the KLF6 gene. These
included 4 of 19 meningiomas, 1 of 32 GBM, 1 of 3 cranio-
pharyngioma, and 1 of 14 astrocytomas.

To our surprise, we found 3 sites of frequent polymorphic
substitutions at either -6, -5, or -4 nucleotide upstream of the
start site of translation of the KLF6 gene (-6 C> T, -5 C>T,
-4 C>T, -4 C>A) in the samples (Table II). The frequency of
nucleotide substitution at one of these sites was statistically
different (p<0.05) between brain cancer 40/89 (45%) and
normal peripheral blood 14/144 (10%). The site with the
highest frequency of polymorphism was -4 C>A: 23% (20/89)
in brain tumors, and 5% (7/144) in normal peripheral blood.

Expression level of KLF6 mRNA in normal brain and brain
tumors. Tumor suppressor genes can be lost in a cancer by

mutating, deleting or silencing the gene (e.g., methylation of
its promoter). Real-time RT-PCR was performed to measure
the expression of KLF6 in 7 normal brain samples and 50
gliomas (30 GBM, 14 astrocytomas, 6 oligodendromas). Levels
of KLF6 were significantly higher in normal brain samples
compared to gliomas including GBMs (p<0.05, Fig. 2).

Effect of genetic alterations of KLF6 on the proliferation of
GBM cells. Tumor suppressor genes often behave as brakes
to unopposed cellular proliferation. Thus, the protein coded
for by the tumor suppressor genes usually slows cellular
proliferation. The cancer frequently mutates this gene so that
the resulting protein no longer suppresses growth. We made
six KLF6 expression constructs. Four of them represent
missense alterations that we detected in the brain tumors; the
fifth was a deletion of exon 3 which occurs by alternative
splicing; and the sixth was the wild-type KLF6. Each construct
was sequenced and also confirmed to be the correct molecular
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Table II. KLF6 nucleotide changes occurring 5' to start site of translation.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

-4 C>A -4 C>T -5 C>T -6 C>T
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Brain tumor 20/89 (23%) 5/89 (6%) 11/89 (12%) 4/89 (5%)

Normal blood 7/144 (5%) 2/144 (1%) 2/144 (1%) 3/144 (2%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
-4 C>A, implies the Cytosine is replaced by Adenine at position -4 from the start site of translation (other nucleotide changes follow similar
format); numerator, the number of samples with the nucleotide change; denominator, the total number of examined samples.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Quantification of mRNA expression of the KLF6 gene using real-time RT-PCR. The relative mRNA expression level of KLF6 in gliomas and
normal brain tissues was quantified by real-time RT-PCR. Values of all samples represent the mean of 3 separate measurements. The variance of threshold
cycle values between the triplicates was <5%. The values of copy number of KLF6 cDNA were used to indicate relative mRNA expression of KLF6. The
copy number of KLF6 cDNA in brain tissue samples was calculated from the KLF6 standard curve of real-time PCR and normalized to the copy number of
ß-actin in each of the samples. Dash lines are the median values of the KLF6 expression for each group. GBM, glioblastoma multiforme. Statistics (t-test)
showed p<0.05 for normal brain samples compared to either GBM or all glioma samples.
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weight by Western blot of lysates from 293 cells transiently
transfected with the expression vector (data not shown). The
ability of these KLF6 expression vectors to affect cell growth
was measured by MTT. The wild-type, exon 3 deletion, and
E30G mutant KLF6 reduced the growth of the T98G GBM
cells (p<0.05). The S92R, P183L and A276G mutant LKF6
had no statistically significant effect on the growth of the GBM
cells (Fig. 3).

Effect of -4 nucleotide on the expression of KLF6. Because
the nucleotide substitutions at -6, -5, or -4 upstream of the
start site of translation of KLF6 gene are near the Kozak
conserved sequences, we wondered if these changes could
affect translation of the protein. As -4 C>A polymorphism
was the most frequent change in brain tumors (23%), we chose
to investigate the effect of this polymorphism on the expression
of KLF6 in vivo and in vitro. pTracer vector was used in our
experiments. It is a vector with two promoters; one promoter
was used to express KLF6 and another for GFP as an internal
control. The Tracer-KLF6-C (contains KLF6 cDNA with C
at -4 from the start site of translation), and Tracer-KLF6-A
(contains KLF6 cDNA with A at -4 from the start site of
translation). The expression vectors were transfected into cells
for 48 h. The levels of protein expression of KLF6 and GFP
were examined by Western blotting; the -4 C>A polymorphism
did not affect the expression of KLF6 in vivo (Fig. 4A).
Expression of GFP was comparable in the two experimental
lanes. In addition, real-time RT-PCR did not show a significant
difference of mRNA levels of KLF6 between the brain tumor
samples with -4 wild-type (C) and the -4 polymorphism (A)
(data not shown). In vitro, the efficiency of translation of the
KLF6 gene was also measured using the T7 translation
system in vitro; no differences occurred between the levels of

expression of -4C and -4A KLF6 (Fig. 4B). These results
suggest that the -4 polymorphism (-4 C>A) has no detectable
effect on KLF6 expression.

Discussion

KLF6 is a ubiquitously expressed Kruppel-like transcription
factor that is regarded as a tumor suppressor. An initial study
suggested that 55% of a subset of human prostate cancers
had KLF6 mutations with a loss of the normal allele. Their
functional analysis revealed that wild-type KLF6 up-regulated
p21waf1 in a p53-independent manner and significantly reduced
cell proliferation; in contrast, tumor-derived mutant forms of
KLF6 neither increased p21 nor decreased proliferation (1).
Another study reported that 3 different mutations (Glu75Val,
Ser136Arg, Arg243Lys) were found in 19 sporadic naso-
pharyngeal carcinomas (3/19, 16%), suggesting that KLF6
might be involved in carcinogenesis of sporadic naso-
pharyngeal carcinomas (2). The KLF6 gene was reported to
be mutated in 8% (13/155) of gliomas, suggesting that
mutations of the KLF6 gene plays a role in the pathogenesis
of this cancer (3). Also, studies have suggested an
association between KLF6 function and tumorigenesis
(4-6,16-25). In contrast, other investigations have suggested
that KLF6 mutations were infrequent in cancers of the prostate,
liver and colon (7-9). Some investigators have conjectured
that these mutations may be artifacts because the DNAs were
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Figure 3. KLF6 effect on the growth of GBM cells. T98G GBM cells were
co-transfected with either the indicated mutant or wild-type KLF6 constructs
and the puromycin-resistant vector. Empty pTracer vector was used as
control. After selection with 8 μg/ml of puromycin for 18 h to kill cells not
receiving the resistant vector, the cells were cultured in puromycin-free
medium for an additional 5 days. The number of cells was measured by
MTT assay. Results represent mean ± SD of 3 experiments with triplicate
wells per experimental point (*p<0.05, compared to control; #p<0.05,
compared to FL KLF6). FL, full length cDNA of KLF6; X3, exon 3 deletion
of KLF6; E30G, KLF6 with Glu changed to Gly at codon 30; S92R, Ser
changed to Arg at codon 92; P183L, Pro changed to Leu at codon 183;
A276G, Ala changed to Gly at codon 276.

Figure 4. Polymorphism at -4 (-4 C>A) of KLF6 and its affect on KLF6
expression. Panel A, KLF6 cDNA with high frequency nucleotide type
(-4 Cytosine, C) and low frequency nucleotide type (-4 Adenine, A) were
cloned into the expression vector pTracer (Tracer-KLF6-C, Tracer-KLF6-A),
with a V5 tag on the C terminus. GFP cDNA controlled by a separate
promoter in pTracer, was used as an internal control. These expression
vectors were transfected into Cos-1 cells. After 48 h, cells were harvested
and lysates were run on Western blot. Cos-1 cells were transfected with
pTracer vector not having KLF6 but containing GFP as control. KLF6 and
GFP proteins were detected by V5 and GFP antibodies, respectively. Panel B,
the same amount of pTracer-KLF6-C and pTracer-KLF6-A were used for in
vitro transcription and translation using the TNT T7 coupled reticulocyte
lysate system. The KLF6 product was subjected to Western blot analysis.
Cell lysate from Cos-1 cells transfected with Tracer-KLF6-C was used as
positive control. Blots were probed with V5 antibody.
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extracted from formalin-fixed paraffin-embedded tissue (9). All
of our DNA was from either fresh or fresh-frozen samples.

We analyzed 36 matched lung cancers, 89 brain tumor
samples, 46 miscellaneous human cell lines from various
cancers and 144 normal white blood cell samples by PCR-
SSCP for mutations/polymorphisms of the KLF6 gene within
the coding region. Alterations were detected in 3 of 36 lung
cancers (8%), 9 of 89 brain tumors (10%), and 2 of 46 cancer
cell lines (4%), and 0/144 normal samples. Of note, lung
cancer sample #16 and cell line DAUDI had the same double
mutation: silent C to T transition at codon 77, and G to A
transition at codon 165 which changed Valine to Methionine.
Also, a brain tumor had a double mutation: C to A transversion
at codon 92 (Ser92Arg), and C to T transition at codon 183
(Pro183Leu). In the 14 alterations in the coding region, 9
coded for an amino acid substitution. Of further note, most of
the amino acid substitutions (8/9) were found in the
transactivation domain (AA1-201) of KLF6, similar to that
reported for prostate cancer (1). Are these nucleotide changes
polymorphism or mutations? The Val165Met and the two
silent alterations at codons 77 and 201 are polymorphism
because they occurred in both the normal lung and matched
cancer samples (matched samples No. 16 and 34). Additional
studies showed that of the 46 cancer cell lines, only one had
an abnormality (DAUDI, Val to Met), and this change was
also observed in normal lung tissue. Thus, neither lung cancer
nor a large variety of cancer cell lines had KLF6 mutations.

Of the 89 brain tumors 6 had a nucleotide alteration that
resulted in a change in an amino acid of KLF6. Also, these
nucleotide changes were not found in 144 normal samples,
46 cancer cell lines, 36 lung cancers or their normal control.
In order to explore the functional implication of these nucleo-
tide changes, we constructed expression vectors having the
KLF6 missense mutations that we identified in brain tumors
(E30G, S92R, P183L, A276G), as well as the exon 3 deletion
(alternative spliced product of KLF6). Their effect on growth
of GBM cells was examined. Wild-type KLF6 significantly
reduced growth (~50% reduction) of GBM cells consistent
with a functional tumor suppressor gene behaviour. In
contrast, the S92R, P183L and A276G mutant KLF6 lost
this growth inhibitory ability when expressed in GBM cells,
suggesting these three missense mutations resulted in
significant loss of tumor suppressor activity of KLF6. Loss
of exon 3 and E30G nucleotide change still significantly
inhibited growth of GBM cells.

Another finding from this study was that GBM frequently
had either a C to A change at nucleotide -4, or a C to T
change at either nucleotide -6, -5, or -4. One of these changes
occurred in 40 of 89 samples (45%). In contrast, these changes
occurred in only 14 of 144 normal samples (10%). The
difference between tumor and normal is statically significant
(p<0.05). Because these nucleotide changes were near the
Kozak consensus sequence, we investigated whether these
change could affect translation of KLF6. The C to A change
at nucleotide -4 was very frequent in brain tumor samples
(20/89, 23%) compared to samples from peripheral blood of
normal individuals (7/144, 5%); therefore, we focused on this
alteration and made expression vectors having either a C or
A at -4 of KLF6. We did not detect a change in efficiency of
KLF6 protein expression between these two KLK6 constructs

either in cells or in vitro. Therefore, the functional
significance of these changes remains to be clarified.

The frequency of nucleotide change of KLF6 was also
explored by blast search of human EST sequences in NCBI
blast site. Specifically, we investigated codons 2, 6, 22, 30, 92,
165, 183, and 201 (nucleotide changes noted in our studies).
No matched sequences were found in almost 130 ESTs as
compared to the substitutions observed in our tumor
samples.

In summary, expression of KLF6 was lower in brain tumors
compared to normal brain samples. Transfection of the wild-
type KLF6 into GBM cells slowed their growth. Therefore,
decreasing the expression of this gene may give developing
brain tumors a growth advantage. Further studies are required
to understand how levels of this protein are decreased in brain
tumors. We also detected several novel coding variations of
the KLF6 gene, occurring in lung tissue (normal and cancer)
(3%) and brain cancers (8%) as well as a cancer cell line (2%).
Excluding polymorphism that we identified, 6 of 89 (7%)
nucleotide changes were probably missense mutations. Of the
4 mutants of these KLF6 containing missense mutations that
were examined, 3 had significantly less ability to inhibit GBM
cell growth compared to the wild-type KLF6. We also noted
that alterations of the -4, -5, -6 upstream nucleotides of KLF6
occurred in the brain tumor samples with the C to A change
at nucleotide -4 occurring at an especially high frequency (23%
of brain tumors). This study suggests that either silencing
or mutations of KLF6 may be involved in the development
or progression of a subset of brain cancers.
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