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Abstract

This study describes identification of p16™* sequence variants and their potential association with esophageal
squamous cell carcinoma (ESCC) in a high risk population from Kashmir, India: We report a novel 7 base pair exon 2
deletion in 22 out of 106 (~20%) surgically resected tumor samples. The deletion beginning at the second base of
codon 103, results in a frame shift causing premature termination of the protein at codon 142, with structural and
functional consequences predicted by insilico analysis. The described mutation is a previously unreported variant of
p16™KA perhaps representing a founder mutation unique to the population:
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Introduction

P16 is an important component of cell cycle regulatory
system. It accomplishes its regulatory role by binding to
and inhibiting the function of cyclin dependant kinases
(CDKs), to bring about cell-cycle arrest at G1 (Serrano
et al. 1993; Kamb et al. 1994a). Loss of P16 function,
rendering the protein unable to_bind or inhibit CDKs,
can result in uncontrolled cell proliferation leading to
tumorogenesis. Homozygous deletions of p16™* gene
and other loss of function mutations have been reported
in a variety of tumors including esophageal squamous
cell carcinoma (ESCC; Holland et al..1994; Cairns et al.
1994; Caldas et al. 1994; Kamb et-al. 1994b; Mori et al.
1994; Nobori et al. 1994; Hussussian et al. 1994; Lukas
etal. 1995; Koh et al. 1995; Ranade et al. 1995). ESCC how-
ever reveals a variable spectrum of p16™%** mutational
pattern in different populations, attributed to distinct
geographical and environmental factors, a population
is exposed to (Muzeau et al. 1997). This is validated by
the observation that the differences between incidences
of esophageal cancer in distinct geographical areas
are more extreme than observed for any other cancer

(Landis et al. 1999; Pickens & Orringer 2003). Regions of
highincidence in Asia, characterized as the “Esophageal
Cancer Belt,” also exhibit striking variations within, pre-
sumably due to local dietary and environmental factors
(Rosenberg et al. 1985; Khuroo et al. 1992).

Kashmir valley, in North India, has been reported
as a high-incidence area for ESCC (Mattoo et al. 1974;
Khuroo etal. 1992). ESCC accounts for 42.9% of all types
of cancers in this region (Dhar et al. 1993). Kashmiri
population distinguishesitselfin pure ethinicity, unique
geographical locale, intra community marriages,
traditional dietary habits and unique cooking recipes.
The high incidence has been associated with potential
exposure to nitroso compounds, amines and nitrates
present in the local food stuffs, such as dried and
smoked fish, red meat, dried pickled vegetables and
traditional hot salted green tea (Nun Chai) (Siddiqi
et al. 1988, 1991, 1992; Siddiqi & Preussmann, 1989;
Kumar et al. 1990). The present study was therefore
undertaken to investigate the potential basis for high
risk in these patients by examining sequence variations
in tumor suppressor p16™¥* A novel 7 base pair (bp)
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deletion in 22 out of 106 (~20%) samples was observed
in p16™NkA exon 2.

Methods

Patients presenting themselves for treatment of ESCC for
the first time at the Departments of Cardiovascular and
Thoracic Surgery and Gasteroenterology of the Sher-I-
Kashmir Institute of Medical Sciences, Soura, Srinagar,
Jammu and Kashmir were recruited for the study, with
prior informed consent. Patients underwent endoscopic,
radiologic and histopathologic examinations to establish
the clinical profile (Mir et al. 2005). Blood and surgically
resected samples from 106 patients diagnosed with ESCC
were collected along with matched normal esophageal
tissue from a distant site. Samples were snap-frozen
at —70°C until analyzed. A pretested, semistructured
questionnaire was used to collect the information on
clinicopathologic parameters including age, gender, site,
histopathologic grade, socioeconomic factors, personal
habits, and dietary history of ESCC patients.

Genomic DNA isolation from tissue samples was car-
ried out by standard procedure (Blin & Stafford 1976). DNA
from cancerous tissue, normal counterpart and blood was
used to amplify all three exons using following primers:
Exon 1 forward primer 5' CTGCGGAGAGGGGGAGAGC 3’
and reverse primer 5’GCGCTACCTGATTCCAATT 3’; Exon
2 (N-terminal) forward 5’GATAGAGAACTCAAGAAGG 3/,
and reverse primer 5 TCGGGTGAGAGTGGCGG 3'; Exon
2 (C-terminal) forward 5* ACTCTCACCCGACCCGT 3’ and
reverse primer 5° GGAAGGTCCCTCAGGTG 3’; Exon 3
forward primer 5° ATGTGCCACACATCTTTGACC 3’ and
reverse primer 5° CAGTTGTGGCCCTGTAGGA 3'. PCR
amplifications (35 cycles) were performed in a reaction
volume of 50 pL containing 50-100 ng of genomic DNA, 200
UM of each dNTP (Fermentas, Germany), 0.4 pm of each
primer (Fermentas, Germany), one unit of Taq Polymerase
(Sigma, Ronkonkoma, USA) in 1X Taq Buffer containing
1.5mM MgCl, (Fermentas, Germany) For amplification,
PCR program used was: denaturation at 95°C for 1min,
annealing at 58°C (Exon 1)/59°C (Exon 2 N terminal)/56°C
(Exon 2 C terminal)/60°C (Exon 3) for 1 min and extension
at 72°C for 1min. Amplification products were analyzed
on 1.5% agarose gels and purified wherever required using
glass milk as matrix (Vogelstein & Gillespie 1979).

Amplicons were subjected to heteroduplex assay for
which heteroduplex formation was accomplished by
denaturing the PCR product at 95°C followed by random
annealing at 68°C. The heteroduplexes were analyzed on
a 10% acrylamide gel using standard conformation sensi-
tive gel electrophoresis (CSGE) protocol (Ganguly et al.
1993). The gel was silver stained according to procedure
by Bassam and Gresshoff (2007). Purification of hetero-
duplex bands from acrylamide gel was carried out using
“Crush and Soak” method (Sambrook et al. 1989).

Allele separationwas accomplished on a3% agarose gel,
bands were excised and purified (Vogelstein & Gillespie
1979) for cloning using TA cloning kit (InsTAclone™,
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Fermentas, Germany). Plasmids recovered after cloning
were sequenced using sequence specific or end primers.
All sequencing data were obtained through commercial
sequencing services (Macrogen Inc., Seoul, Korea).

The mutant version of P16 protein was modeled
using I-TASSER Server (Zhang 2007, 2008) and the qual-
ity assessment of the structure was performed using
Ramachandran Plot generated by iMolTalk web resource
(Diemand & Scheib 2004). DOT 1.0 p (ClusPro Server)
(Comeau et al. 2004) was used to generate the docked
conformations of two proteins viz, mutant P16 protein
and cyclin dependent kinase 6. The total energy of the
crystallized wild type P16-CDK6 complex (PDB entry
1bi7) and mutant P16-CDK6 complex was computed
using “Compute Energy” option in SWISS PDB Viewer.

Results

Individual exons amplified as per primer details given
above yielded 279bp and 150bp amplicons for exon 1 and
3 respectively. Heteroduplex analysis was not suggestive of
any heterozygous sequence variation. Half of the samples,
representing both cancerous and normal were however
subjected to direct sequence analysis to establish the
reliability of heteroduplex screen and also to inspect for any
homozygous sequence changes that might have remained
undetectable during heteroduplex assays. No known or
novel sequence changes were observed over the entire
coding length of the two exons, i.e. exon 1 and exon 3. Exon
2 was PCR amplified as a 254bp N-terminal fragment (data
not shown) and a 232bp C-terminal fragment (Figure 1a).
Preferential amplification of the exon as smaller fragments
was undertaken on purpose to facilitate effective and
reliable heteroduplex analysis by Conformation Sensitive
Gel Electrophoresis (CSGE; Korkké et al. 1998). While the
N-terminal portion of the exon did not reveal any abnormal
band patterns (data not shown), prominent heteroduplex
bands (Figure 1b) were observed in 22 out of 106 cancer
tissue samples when the C-terminal 232bp PCR fragment
was analyzed. Excised and purified heteroduplex bands
from the acrylamide gel yielded a 232bp fragment upon
reamplification to verify their authenticity of having
originated from 232bp PCR product. All the samples that
showed heteroduplex bands were sequenced alongside
the ones derived from their respective normal tissues.
The sequencing chromatograms revealed overlapping
peaks beginning at nucleotide 308 and at nucleotide 314
(reverse), to suggest a possible 7bp deletion, observed
in all the samples that showed heteroduplex formation
whereas normal sequencing pattern was observed for all
corresponding normal samples (Figure 1). The distribution
of the mutation however did not seem to correlate with
tumor stage or other tumor characteristics. The extent
of deletion raised the prospect of physical separation of
the two alleles on a 3% agarose gel (Figure 2a). Although
we were able to separate the deletion allele, attempts to
sequence it without contamination of the other allele were
successful only after they were cloned. Sequencing of the
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Figure 1. p16™% mutational analysis in human ESCC. (a) Amplification pattern of 232bp C-terminal Exon 2 fragment from different
ESCC samples with 100bp ladder on the side lane. (b) Heteroduplex analysis by conformation sensitive gel electrophoresis. (c) Sequencing
chromatogram of normal sample using reverse primer, and that of diseased sample from the same patient, using (d) reverse primer (e)
forward primer. Solid arrows indicate beginning of potential deletion.
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Figure 2. Separation of Alleles and their Sequencing. (a) Alleles separated on 3% agarose gel. Sequencing chromatograms of purified alleles;
(b) wild type and (c) mutant obtained after cloning. Note: Sequencing chromatogram showing 7 bp sequence TCCAGCC (boxed), deleted in
the mutant allele.
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cloned alleles confirmed a 7bp deletion (Figure 2b and 2c) the last two helices (ankyrin repeat 4; Figure 3). In addition,

beginning at the second nucleotide of codon 103 that brings
about a frame shift resulting in substitution of 40 amino
acids and premature termination to generate a polypeptide,
14 amino acids short of the wild type.

Insilico study was undertaken to predict the effect of this
7bp deletion on structural and functional attributes of P16,
by predictive molecular modeling and molecular docking.
The 3 D model of mutant P16 obtained from I-TASSER, on
visual inspection by PyMOL showed a prominent change in

the total energy values of —-12632.216 kJ/mol for crystallized
wild type P16-CDK6 complex (PDB entry 1bi7) compared
to -11788.572 kJ/mol for mutant P16-CDK6 complex,
indicated the latter being unstable than the former.

Discussion

We have described a novel p16™* mutation in a
group of ESCC patients from high risk ethnic Kashmiri
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population. The analysis of blood and normal tissue
revealed that the mutation was tumor specific. The
mutation at the start of loop 3 that joins 3rd and 4th
ankyrin repeat domains of P16 has the potential to dra-
matically distort the structural integrity of the protein.
The change of frame and the substitution of the remain-
ing amino acids is likely to undermine the contribu-
tion of the loop 3 in the overall structure of the protein
and the loss of ankyrin repeat 4 would pronounce the
distortion even further (Byeon et al. 1998). This is in
conformity with the observation that ankyrin repeat 3
and 4 fall within a region of 9-133 amino acids, consid-
ered critical for P16 activity (Lilischkis et al. 1996). The
intactness of the ankyrin repeats has also been shown
to be important in constituting the minimal folding
unit of ankyrin repeat proteins in general and P16 in
particular (Zhang & Peng 2000). Furthermore ankyrin
repeat 4 has also been implicated to contribute in P16-
CDK interaction (Lilischkis et al. 1996).

The total energy of the mutant P16-CDK6 complex
was found to be higher than that of the crystallized wild
type P16-CDK6 complex. This structural instability in
the mutant protein with 7bp deletion can be envisaged
to be the cause of its functional inefficiency, though
functional assays remain the proper assessment tool.
It is imperative, therefore, to envisage the loss of P16
function with the observed mutation, given the fact that
tumor associated point mutations reported in this region
viz G101W, P114L, and H123Q have all been found to
be devoid of any CDK inhibitory activity (Byeon et al.
1998). Interestingly, none of the reported mutations
were observed in this cohort of population, suggesting
that the observed mutation might represent a unique
genetic or ethnic marker for ESCC in high risk Kashmiri
population.

a)
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Figure 3. Three dimensional model of wildtype P16 and mutant
P16. (a) Three dimensional structure of wildtype P16 showing
arginine at 103, the frameshift due to the mutation changes it to
proline in addition to the premature termination at codon 142.
(b) The helices 7 and 8 (a’) are both shortened considerably in (b’)
along with an elongated loop 3 and a truncated carboxy terminal
(CT) domain.
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Conclusion

This study describes the identification of a novel p16™k
deletion variant specific for ESCC in a pure ethnic popu-
lation. The mutation defines atleast one of the basis in a
compendium of factors that may contribute to ESCC in
this high risk cohort. Structural distortions together with
changed energy dynamics envisaged by insilico analysis
are strong indicators of functional consequences associ-
ated with the mutation.
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