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Abstract

The PTEN gene, a candidate tumor suppressor, is one of the more commonly inactivated and extensively
studied genes in cancer. However, few data are available about the role of germ line mutations of this gene
in sporadic breast cancer cases. The purpose of this study was to determine extent of involvement of this
gene in breast cancer in Pakistan. To test the hypothesis that genetic variations of PTEN play a role in the
etiology of breast cancer, a population based case-control study was conducted in 350 breast cancer patients
along 400 healthy controls. After extracting DNA from blood, the whole coding sequence of PTEN along
with intron/exon boundaries was genotyped by polymerase chain reaction-single stranded conformational
polymorphism. Sequencing analysis revealed nineteen different types of mutations in different regions of
PTEN (in exon 2, 4, 5, 6, 7 and splicing sites of intron 2 and 4 and also in the 3’ UTR region), including 3
silent, 8 missense, 2 frame shift and 6 splice site variations. Among the observed variations in this study,
three missense mutations have already been reported i.e. 319G>A (Asp106Asn), 389G>A (Argl129Gln) and
482G>A (Argl60Lys) in different populations. The present results suggest that a wide range of germline

PTEN mutations may play a role in the pathogenesis of breast cancer.
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Introduction

PTEN gene (phosphatase and tensin homologue
deleted from chromosome 10) (Li et al., 1997), also
termed as MMACI (mutated in multiple advanced
cancers 1) (Steck et al., 1997),or TEP1 (TGF b regulated
and epithelial cell enriched phosphatase 1) (Li and
Sun 1997) is a candidate tumor suppressor located on
chromosoma 10g23.3 (Steck et al., 1997). PTEN encodes
a dual-specificity phosphatase that dephosphorylates
focal adhesion kinase (FAK), which results in inhibition
of cell migration, spreading, and focal adhesion
formation. PTEN regulates cell cycle progression and
cell survival (Tamura et al., 1998; Tamura et al., 1999).
PTEN plays an important role in the modulation of
phosphatidylinositol 3-kinase pathway (PI3K) that is
involved in cell proliferation and survival (Besson et
al., 1999). PI3K pathway aberrations play a distinct role
in the pathogenesis of different breast cancer subtypes
(Stemke-Hale et al., 2008). Genetic alterations at PTEN
locus has also been described in a variety of neoplasms,
including primary central nervous system, breast,
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prostate, colon and bladder tumors, Glioblastoma and
non-Hodgkin’s lymphoma (Li et al., 1997; Cairns et al.,
1998; Nakaharavet al., 1998; Bismar et al., 2001; Jhawer
et al., 2008; Zheng et al., 2008). Studies of embryonic
stem cells have shown that cells featuring mutations of
the PTEN gene exhibited an increased growth rate and
displayed an advanced entry into S-phase (Sun et al.,
1999). In breast cancer, cell line analyses have shown
that PTEN appears to suppress breast cancer growth by
down-regulation of PI3K, with resultant G1 arrest and
cell death (Lietal., 1997; Weng et al., 1999). PTEN acts
as a transcriptional repressor which inhibits cell-mediated
survival signaling pathway and negatively regulates
human breast carcinoma cell growth (Ghosh et al., 1999).
Germ line mutations of PTEN gene have also been
found associated with rare, autosomal-dominant, familial
cancer syndrome known as Cowden disease having risk
of developing breast cancer (Lynch et al., 1997; Carroll
etal., 1999; Nelen et al., 1999).

Prognostic significance of PTEN protein in breast
cancer initiation and progression, however, is not well
established. PTEN is involved in Cowden syndrome. A
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familial cancer disease while additional work is needed
to confirm its role in sporadic breast cancer cases (Martin
and Weber, 2000). Immunohistochemical analysis of
sporadic primary breast carcinomas has shown no or
decreased expression in 33% of tumors. Loss of PTEN
may therefore play an important role in the development
of sporadic breast cancer (Perren et al., 1999). Expression
of PTEN in a variety of breast cancer cell lines caused
growth suppression via apoptosis (Lietal., 1997). These
mentioned studies suggest that PTEN is an important
gene mutated in many cancers but very little data is
available regarding prognostic significance of PTEN
germ line mutations in breast cancer. Current study
investigated mutations of PTEN gene and the prognostic
significance of these mutations in breast cancer from
350 Pakistani female patients with the disease. The
results of this study may aid in early diagnosis and help
in understanding the correlation of regulation of its
expression with breast cancer.

Materials and Methods

The Identification of Patients and Sample Collection
The present case-control study consisted of 350
pathologically confirmed breast cancer cases along with
age and gender matched 400 healthy and disease free
normal individuals as controls. Blood samples were
recruited from National Oncology and Radiotherapy
Institute (NORI) and Pakistan Institute of Medical
Sciences (PIMS) Pakistan. These samples were collected
with a prior approval from Ethical Committees of both
CIIT and hospitals. All study subjects participated on a
volunteer basis with informed consent. Subject’s blood

was collected in EDTA-containing tubes and stored at
—20 °C until further use.

DNA Isolation and Quantification

DNA was isolated from leukocytes, using organic
method as previously described (Nosheen et al., 2010;
Masood et al., 2011). Electrophoresis was performed on
isolated DNA in 1% ethidium-bromide stained agarose
gel and photographed (BioDocAnalyze Biometra). Five
ng dilutions of DNA were made for amplification and
stored at 4°C until further usage.

Primer designing and PCR Amplifications

Primers for whole coding region of PTEN gene
were designed using primer 3 input software versions
0.4.0. Intron/ exon junctions were also included in this
study for identification of splice site variants. Exons
1-9 were amplified in separate PCR assays. PCR
amplifications were performed in 20u1 PCR mixture
containing 21 PCR buffer, 2u1 of each primer (10mM),
0.24u1 deoxynucleotide triphosphate (25mM) 0.2u1 Taq
polymerase (Su/ul) and 2ul (10 ng/ul) extracted DNA.
The reaction mixture was placed in 9700 thermal cycler
of ABI systems with amplification conditions consisting
of initial denaturing step of 5 minutes at 94°C, followed
by 35 cycles of 45 sec. at 94°C, annealing temperature
for 45 sec. and 1 min at 72°C, with a final extension
step of 10 minutes at 72°C. All patient and control DNA
samples was amplified for Pthe TEN gene with exon
specific primers.

Amplification products were resolved on a 2%
ethidium bromide—stained agarose gel along with 100bp
DNA ladder.

Tablel. Mutations in the PTEN gene in Breast Cancer Patients

No of Frequency of Location Nucleotide/  Amino Acid Alteration Change Effect
Cases Variation Position in /Codon
Transcript
27 0.056 Exon 2 92 31 Al- deletion Frame shift
12 0.025 Exon 2 153,163 50,54 T>C,A>C Asp to Asp, Silent
Arg to Arg
12 0.025 3’splice site, 31598 intron >C Splice site Splice site
Exon 2 variation
36 0.075 5’splice site, 68527 intron -/T insertion Splice site
Exon 4 variation
20 0.042 Exon 5 274 91 G>A Asp to Asn Missense
32 0.067 Exon 5 319 106 G>A Asp to Asn Missense
(rs57374291)
10 0.021 Exon 5 343 114 G>A Asp to Asn Missense
23 0.048 Exon 5 396 132 >G Gly to Gly Silent
33 0.069 Exon 5 389 129 G>A Arg to Gln Missense
(rs121909229)
30 0.063 Exon 5 457 153 G>A Asp to Asn Missense
18 0.037 Exon 5 482 160 G>A Argto Lys Missense (37)
42 0.088 Exon 6 572 190 >G Val to Gly Missense
28 0.059 Exon 6 621 206 >G Ser to Arg Missense
63 0.132 Exon 7 676 225 -/A insertion Frame shift
66 0.139 3'UTR 2634  Non coding T>A substitution 3’UTR
variation
22 0.046 3’UTR  266,226,642,665 Non coding -/G,T>C,A>T Insertion, 3’UTR 2
substitution variation
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Table2. Multiple Mutations in Different Samples

No. of
Samples

20 92InsA, 153 T>C, 163A>C, 31598T>C

23 389G>A, 482 G>A

25 274 G>A, 319 G>A, 343 G>A, 396 T>G, 457 G>A
39 274 G>A,343 G>A, 457 G>A

43 68526-68527InsT, 389 G>A

62  572T>G, T>G621

SSCP Analysis

PCR product was analyzed by single stranded
conformational polymorphism (SSCP) (Amalio et al.,
1998) and results were analyzed with gel documentation
system (BioDocAnalyze Biometra) after ethidium
bromide staining and photographed for further analysis.

Multiple Mutations

Sequencing

Amplification products showing abnormal SSCP
patterns were selected for sequencing. Samples were
prepared as per instructions and shipped to MCLab
(USA). The sequenced results were made forward
complementary before analysis using BioEdit v 7.0.5
software and analyzed.

Results

We have screened 350 patients, diagnosed with breast
cancer for mutations in the coding region and at intron/
exon boundaries of the PTEN gene. Sixteen different
types of novel mutations were identified in this study
which includes three known mutations.

PTEN mutations were located inexon 2,4,5,6,7 and
the splicing sites of intron 2 and 4 and also in 3’ UTR
region of PTEN (Table 1). No mutations were detected
in exon 1, 3, 8 and 9 while multiple mutations were
also detected in some samples. Also no mutation was
detected in any of control samples. In this data, out of
nineteen variations 3 silent, 8 missense, 2 frame shifts,
2 splice site and 4, 3’ UTR mutations were observed in
35,213,90,48 and 88 samples respectively, whereas 212
samples among these have multiple mutations (Table 1,
2). Substitution at 3° UTR region of PTEN 2634 T>A had
highest mutation rates of all detected mutations. It was
detected in 66 cases and has highest frequency among
all variations that is 0.139. Exon 5 has highest rate of
mutations as compared to other exons (Table 1).

Synonymous Substitution (Silent):

12 samples were found to have substitution mutations
at exon 2 with no change in resultant amino acid i.e.,
153 T>C (Asp50Asp) and 163 A>C (Arg54Arg) with
frequency 0.025. Another substitution was found at
exon 5 in 23 samples i.e., 396 T>G (Gly131Gly) having
frequency 0.048 (Figure 1A-C).

Non synonymous Substitution:
Exon 5 have shown different types of missense
substitutions i.e. 274G>A (Asp91Asn) in 20 samples,

319G>A (Aspl06Asn) in 32 samples, 343G>A
(Aspl14Asn) in 10 samples, 389 G>A (Argl129Gln)
in 33 samples, 457G>A (Asp153Asn) in 33 samples,
482G>A (Argl60Lys) in 18 samples with frequencies
0.042,0.067,0.021,0.069,0.063, 0.037 respectively. In
exon 6, 2 types of missense substitutions were observed
i.e. 572T>G (Vall90Gly) in 42 samples and 621T>G
(Ser206Arg) in 28 samples with respective frequencies
0.088 and 0.059 (Figure 2 A-H).

Frame shift Mutations:

Frame shift mutations were observed at frequencies
0.056 and 0.132. These were found to be at exon 2 due
to a deletion i.e. 92delA (Figure 3C) in 27 samples and
exon 7 i.e. 675-676insA in 63 cases (Figure 3D).

Splice site variations:
Splice site variants were found in different regions
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Figure 1. PTEN Sequences from Genomic DNA
Showing Synonymous Substitutions A- 153 T>C
(Asp50Asp), B- 163A>C (Arg54Arg), C- 396 T>G
(Gly131Gly) and 3’ UTR Variations D- 2634T>A, E-
2661-2662insG, F-2664T>C and 2665 A>T. Arrows

shows observed change, M is for mutated sequence while W
is wild sequence.
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Figure 2. Sequences Showing Non Synonymous
Substitution Mutations in PTEN Gene in Breast
Cancer Patients. A-274G>A (Asp91Asn), B-319G>A
(Aspl06Asn), C-343G>A  (Aspll4Asn), D-457G>A
(Aspl153Asn), E-389 G>A (Argl29GIn), F-482G>A
(Argl60Lys), G-572T>G (Vall90Gly) and H- 621T>G
(Ser206Arg). Arrows shows observed change, M is for
mutated sequence while W is wild sequence.
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Figure 3. Sequencing Analysis Showing Splice Site
Variations (A- 31598 T>C and B- 68526-68527insT)
and Frame Shift Mutations (C- 92delA and D-675-
676insA). Arrows shows observed change, M is for mutated
sequence while W is wild sequence.

of PTEN. 3’splice site variation of exon 2 was due to
substitution, 31598 T>C, in 12 cases with a frequency
0.025 (Figure 3A). Insertion was observed in 36 samples
at 5’splice site of Exon 4 i.e. 68526-68527insT with
frequency 0.075 (Figure 3B). Different types of variation
were found in 3’UTR region of PTEN that were 2634T>A
in 66 samples (Figure 1D) and 2661-2662insG, 2664T>C
and 2665 A>T in 22 samples with respective frequencies
0.139 and 0.046 (FigurelE and 1F).

Discussion

In PTEN/MMAC-1 is a candidate tumor suppressor
that appears to have a multifunctional role in cellular
proliferation, migration, and invasion (Tamura et al.,
1998; 1999). Alterations at the PTEN locus have been
described in numerous malignancies and reports have
shown a regulatory role of PTEN in growth of breast
carcinoma cells (Ghosh et al., 1999; Perren et al., 1999;
Weng et al., 1999). Previous studies have demonstrated
that inactivation of PTEN closely relate to the poor
prognosis of breast cancers (Zhu et al., 2007). A loss of
PTEN expression in 32-48% of breast cancers has been
observed (Perren et al., 1999; Depowski et al., 2001;
Bose et al.,2002; Chung et al., 2004). Although Cowden
disease, a breast cancer susceptible syndrome, has higher
frequency of PTEN germ-line mutation (Marsh et al.,
1998; Bussaglia et al., 2002) as compared to sporadic
breast cancers (Rhei et al., 1997; Guenard et al., 2007).

The relationship between PTEN mutation and
carcinogenesis of breast cancer remains unclear. Present
study was undertaken in order to investigate the role of
germ line mutations in PTEN gene on sporadic breast
carcinogenesis. All 1-9 exons and splicing sites (intron/
exon boundries) of PTEN were analyzed in 350 cases
of breast cancer along with 200 normal individuals as
control from Pakistani population. The results describe
the association of genetic changes in this gene in
Pakistani population.

In this study PTEN mutations were observed in

exons 2,4,5, 6,7 and the splicing sites of intron 2 and
4 and also in 3° UTR region of PTEN (Table 1). No
mutations were detected in exons 1, 3, 8 and 9, with
most of the mutations found in exon 5. These findings
are in concordance with previous findings that germ line
mutations of PTEN occur in exons 2-8, are highest in
exon 5, and seldom occur in exon 1 and 9 (Bonneau et
al., 2000; Dicuonzo et al., 2001).

Synonymous substitutions having silent effect were
found at exon 2 and 5 (Figure 1A, 1B and 1C). In exon
2,2 substitutions, 153 T>C and 163 A>C were observed
which result in the formation of same amino acids at
positions 50 and 54 that are asparagine and arginine
respectively. Both of these substitutions were found in
Phosphatase tensin domain of PTEN (fig 4). Another
substitution was found at exon 5,396 T>G at amino acid
132 and results in same amino acid that is glycine. This
glycine is part of important core phosphatase motif (fig
4) found in tyrosine phosphatases and dual specificity
phosphatases (Tonks et al., 1996).

Most of the missense mutations are localized at the
NH2-terminal portion especially in exon 5 (fig4). Among
these, three mutations have already been reported that are
319G>A, Aspl06Asn (rs57374291). Its effect is reported
to be deleterious and possibly damaging, resulting in the
complete loss of PTEN functions (Goliaei et al., 2009).
389 G>A (Argl129GIn) (rs121909229) is another already
reported mutation in Japanese (Kanaya et al., 2005) and
in Chinese population (Yang et al., 2010) that is located
in the phosphatase core motif where high mutational
frequencies have been detected in various tumors. Base
389 is also among the dinucleotide CpG. The mutation
resulted in the change of arginine to glutamic acid. This
is consistent with the observation that frequent C to T
(or G to A) transition occurs at a much higher rate in
methylated CpG dinucleotide than in unmethylated bases
(Yang et al., 2010).

For 482G>A (Argl60Lys), 18 samples were found
to have this missense mutation with the substitution of
arginine for lysine where the encoding amino acid is
probably important for stabilizing the tertiary structure
of the protein. This mutation has also been reported by
Yang in Chinese population (Yang et al., 2010). Another
missense mutation observed at base 457 is reported to
show variation 457G>C, Asp153His (rs9651492). In
this study variation found was 457G>A (Asp153Asn).

Novel missense mutations were also observed that
are 274G>A which change amino acid aspartate in to
asparagine at amino acid 91, 319G>A change amino
acid aspartate in to asparagines, 106 amino acid and
114th amino acid is also changed due to 343G>A that
also change amino acid aspartate in to asparagine. Exon
6 also contains 2 types of missense mutations that are
572T>G (Vall90Gly) and 621T>G (Ser206Arg). All
these missense mutations are very important in context
of their consequence. As exons 5 and 6 contain WPD
loop, P loop, and TI loop, which are making the active
site pocket of the phosphatase domain in PTEN. Mutation
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on the WPD, P, or TI loop of recombinant PTEN protein
reduces its phosphatase activity compared with wild-type
PTEN, and mutation on the CBR3 loop reduces affinity
for membranes in vitro (Lee et al., 1999). Mutations that
involve WPD, P, TI, or CBR3 loop disrupt the tumor
suppressor function of PTEN more completely and thus
contribute to the development of tumor with a more
virulent phenotype (Ali et al., 1999).

Frame shift mutations were observed in exon 2 and
exon 7 (fig4). Deletion was observed at nucleotide 92 in
exon 2 i.e. 92delA. Shifting of reading frame resulted in
the amino acid changes at the polypeptide chain and early
appearance of termination codon which in turn produced
a truncated protein with 53 amino acids, leading to the
loss of dual specific phosphatase catalytic domain located
at amino-end phosphatase region. Thus, PTEN loses its
normal protein function and tumor suppressive activity
(Lee et al., 1999; Yaginuma et al., 2000).

Another frame shift mutation at exon 7 is 675-
676insA, in C2 domain of PTEN gene. It has been
proposed earlier that this region plays an important
role in active protein expression as it is associated with
phospholipid binding of both substrate and membranes.
Mutations in the C2 domain also have decreased or no
phosphatase activity (Sun et al., 1999; Eng et al., 2003).
Furthermore, this deletion change the whole downstream
coding sequence that might change the carboxyl terminal
PDZ motif in PTEN. This motif is important in respect
to PTEN ability to inhibit Akt activity (Wu et al., 2000).

Alterations at splicing site may contribute to a
decreased expression of PTEN, due to abnormalities
in RNA stability and splicing process (Francisco et al.,
2008). In this study, splice site variations were observed
that are 31598 T>C in 3’ splice site of exon 2 and 68527-
68527insT at 5’splice site of Exon 4. Variations at same
position has earlier been reported, (CD003200) but in
this study instead of deletion 68527delC, insertion of
T is observed.

Genetic changes in 3° UTR of several genes have
earlier been reported to be associated with higher
susceptibility to particular tumor types (Vogelstein
and Kinzler 2002). While screening 3’ UTR region of
PTEN different types of mutations were also found
i.e. 2634T>A, 2661-2662insG, 2664T>C and 2665
A>T. Among these nucleotide 2634 is reported to have
variation T>C (rs1044487) while in this study it was
observed to be T>A. Another mutation i.e. 2664T>C has
also been reported earlier (rs74535369) but with different
nucleotide change i.e. 2664T>A.

In conclusion, a wide range of germ line mutations
in PTEN gene observed in this study in sporadic breast
cancer patients have shown a correlation of PTEN germ
line variations with breast cancer. This shows that germ
line mutations play important pathogenic role in sporadic
carcinogenesis. The current findings can of prognostic
and therapeutic implications for the management of
patients with breast cancer. This demonstrates that PTEN
could prove to be a good candidate of better diagnosis,

treatment and prevention of breast cancer but obviously
more detailed studies are warranted.

Acknowledgement

This study was supported by a grant from Higher
Education Commission, Islamabad (Pakistan). Authors
are thankful to staff at NORI, CMH and MH for their

help with sampling.
References

Ali IU, Schriml LM, Dean M (1999). Mutational spectra
of PTEN/MMACI gene: a tumor suppressor with lipid
phosphatase activity. J Natl Cancer Inst, 91, 1922-32.

Amalio T, Honoré N, Cole, ST (1998). Detection of
Mutations in Mycobacteria by PCR-SSCP (Single-Strand
Conformation Polymorphism). Mycobacteria Protocols,
Methods in Molecular Biology, 101, 423-43.

Besson A, Robbins SW, Yong VW (1999). PTEN/MMACI1/
TEP1 in signal transduction and tumorigenesis. Eur J
Biochem, 263, 605—11.

Bismar TA, Yoshimoto M, Vollmer RT, et al (2011). PTEN
genomic deletion is an early event associated with ERG
gene rearrangements in prostate cancer. BJU, 107, 477—
485.

Bose S, Crane A, Hibshoosh H, et al(2002). Reduced
expression of PTEN correlates with breast cancer
progression. Hum Pathol, 33, 405-409.

Bonneau D, Longy M (2000). Mutations of the human PTEN
gene. Hum Mutat, 16, 109-122.

Bussaglia E, Pujol RM, Gil MJ, et al (2002). PTEN mutations
in eight Spanish families and one Brazilian family with
Cowden syndrome. J Investig Dermatol, 118, 639-44.

Cairns P, Evron E, Okami K, et al (1998). Point mutation
and homozygous deletion of PTEN/MMACI in primary
bladder cancers. Oncogene, 16, 3215-8.

Carroll BT, Couch FJ, Rebbeck TR, et al (1999).
Polymorphisms in PTEN in breast cancer families. J Med
Genet, 36,94-6.

Chung MJ, Jung SH, Lee BJ, et al (2004). Inactivation of
the PTEN gene protein product is associated with the
invasiveness and metastasis, but not angiogenesis, of
breast cancer. Pathol Int, 54, 10-15.

Depowski PL, Rosenthal SI, Ross JS (2001). Loss of
expression of the PTEN gene protein product is associated
with poor outcome in breast cancer. Mod Pathol, 14, 672—
676.

Dicuonzo G, Angeletti S, Garcia-Foncillas J, et al (2001).
Colorectal Carcinomas and PTEN/MMACI Gene
Mutations. Clin Cancer Res,7,4049-53.

Eng C (2003). PTEN: One gene, many syndromes. Human
Mutation, 22, 183-198.

Francisco G, Menezes PR, Eluf-Neto J, et al (2008).
XPC polymorphisms play a role in tissue-specific
carcinogenesis: a meta-analysis. Eur J Human Genetics,
16,724-734.

Goliaei NB, Tavassoli M (2009). Bioinformatics profiling
of missense mutations. World Academy of Science,
Engineering and Technology, 52,207-9.

Ghosh AK, Grigorieva I, Steele R, et al (1999). PTEN
transcriptionally modulates c-myc gene expression in
human breast carcinoma cells and is involved in cell
growth regulation. Gene, 235, 85-91.

Asian Pacific Journal of Cancer Prevention, Vol 12, 2011 2777



Rugia Mehmood Baig et al

Guenard F, Labrie Y, Ouellette G, et al (2007). Germline
mutations in the breast cancer susceptibility gene PTEN
are rare in high-risk non-BRCA1/2 French Canadian
breast cancer families. Fam Cancer, 6,483-490.

Jhawer M, Goel S, Wilson AJ, et al (2008). PIK3CA Mutation/
PTEN expression status predicts response of colon cancer
cells to the epidermal growth factor receptor inhibitor
cetuximab. Cancer Res, 68, 1953-1961.

Kanaya T, Kyo S, Sakaguchi J, et al (2005). Association
of mismatch repair deficiency with PTEN frameshift
mutations in endometrial cancers and the precursors in a
Japanese population. Am J Clin Pathol, 124, 89-96.

Lee JO, Yang H, Georgescu MM, et al (1999). Crystal
structure of the PTEN tumor suppressor: implications for
its phosphoinositide phosphatase activity and membrane
association. Cell, 99, 323-34.

Lheureux S, Lambert B, Krieger S, Legros, et al (2011).
Two novel variants in the 3’'UTR of the BRCA1 gene in
familial breast and/or ovarian cancer. Breast Cancer Res
Treat, 125, 885-91.

LiJ, Yen C, Liaw D, et al (1997). PTEN, a putative protein
tyrosine phosphatase gene mutated in human brain, breast,
and prostate cancer. Science, 275, 1943-7.

Li DM, Sun H (1997). TEP1, encoded by a candidate tumor
suppressor locus, is a novel protein tyrosine phosphatase
regulated by transforming growth factor beta. Cancer
Res,57,2124-9.

Lynch ED, Ostermeyer EA, Lee MK, et al (1997). Inherited
mutations in PTEN that are associated with breast cancer,
cowden disease, and juvenile polyposis. Am J Hum Genet,
61, 1254-60.

Martin A, Weber BL (2000). Genetic and Hormonal Risk
Factors in Breast Cancer. J Natl Cancer Inst,92,1126-35.

Masood N, Kayani MA, Malik FA, et al (2011). Genetic
variations in carcinogen metabolizing genes associated
with oral cancer in Pakistani population. Asian Pacific J
Cancer Prev, 12, 1-5.

Marsh DJ, Coulon V, Lunetta KL, et al (1998). Mutation
spectrum and genotype-phenotype analyses in Cowden
disease and Bannayan-Zonana syndrome, two hamartoma
syndromes with germline PTEN mutation. Hum Mol
Genet,7,507-515.

Nakahara Y, Nagai H, Kinoshita T, et al (1998). Mutational
analysis of the PTEN/MMACI gene in non-Hodgkin’s
lymphoma. Leukemia, 12, 1277-80.

Nelen MR, Kremer H, Konings IB, et al (1999). Novel PTEN
mutations in Cowden disease: absence of clear genotype-
phenotype correlations. Eur J Hum Genet,7,267-73.

Nosheen M, Ishrat M, Malik FA, et al (2010). Association
of GSTM1 and GSTT1 gene deletions with risk of head
and neck cancer in Pakistan: A case control study. Asian
Pacific J Cancer Prev, 11, 881-5.

Perren A, Weng LP, Boag AH, et al (1999).
Immunohistochemical evidence of loss of PTEN
expression in primary ductal adenocarcinomas of the
breast. Am J Pathol, 155, 1253-60.

Rhei E,Kang L, Bogomolniy F, et al (1997). Mutation analysis
of the putative tumor suppressor gene PTEN/MMACI in
primary breast carcinomas. Cancer Res, 57, 3657-9.

Stemke-Hale K, Gonzalez-Angulo AM, Lluch A, et al
(2008). An integrative genomic and proteomic analysis
of PIK3CA, PTEN, and AKT mutations in breast cancer.
Cancer Res, 68, 6084-91.

Steck PA, Pershouse MA, Jasser SA, et al (1997).
Identification of a candidate tumor suppressor gene,

MMACI, at chromosome 10g23.3 that is mutated in
multiple advanced cancers. Nat Genet, 15, 356-62.

Sun H, Lesche R, Li DM, et al (1999). PTEN modulates
cell cycle progression and cell survival by regulating
phosphatidylinositol 3.4,5-triphosphate and Akt/ protein
kinase B signaling pathway. Proc Natl Acad Sci USA, 96,
6199-204.

Tamura M, Gu J, Matsumoto K, et al (1998). Inhibition of
cell migration, spreading and focal adhesions by tumor
suppressor PTEN. Science, 280, 1614-7.

Tamura M, Gu J, Takino T, et al (1999).Tumor suppressor
PTEN inhibition of cell invasion, migration, and growth:
differential involvement of local adhesion kinase and
p130cas. Cancer Res, 59, 442-9.

Tonks NK, Neel BG (1996). From form to function: signaling
by protein tyrosine phosphatases. Cell, 87, 365-8.

Vogelstein B, Kinzler KW (2002). The Genetic Basis of
Human Cancer. McGraw-Hill, USA.

Weng LP, Smith WM, Dahia PLM, et al (1999). PTEN
suppresses breast cancer cell growth by phosphatase
activity-dependent G1 arrest followed by cell death.
Cancer Res,59,5808-14.

Wu X, Hepner K, Castelino-Prabhu S, et al (2000). Evidence
for regulation of the PTEN tumor suppressor by a
membrane-localized multi-PDZ domain containing
scaffold protein MAGI-2. Proc Natl Acad Sci USA, 97,
4233-8.

Yang J, Yan R, Li W, et al (2010). PTEN mutation spectrum in
breast cancers and breast hyperplasia. J Cancer Res Clin
Oncol, 136, 1303-11.

Yaginuma Y, Yamashita T, Ishiya T, et al (2000). Abnormal
structure and expression of PTEN/MMACI gene in
human uterine cancers. Mol Carcinog, 27, 110-6.

Zheng H, Ying H, Yan H, et al (2008). p53 and Pten control
neural and glioma stem/progenitor cell renewal and
differentiation. Nature, 455, 1129-33.

ZhuL,Loo WT, Louis WC (2007). PTEN and VEGF: possible
predictors for sentinel lymph node micro-metastasis in
breast cancer. Biomed Pharmacother, 61, 558-6.

2778 Asian Pacific Journal of Cancer Prevention, Vol 12, 2011



