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Abstract
Background: Macrophage capping protein (CAPG), an actin filament end-capping protein, plays an important role
in regulation of cellular motility and structural rearrangement within cells and has been implicated with development
of various types of cancer. Recent study demonstrated that a CAPG variant was associated with a rare fallopian tube
tumor, albeit with a small sample size. The present study aimed to determine the association of CAPG variants with
cancer susceptibility.
Methods: Four non-synonymous single nucleotide variations (NSVs), rs2229668 (p.V41I), rs117284777 (p.K227R),
rs200233412 (p.A229T) and rs6886 (p.R335H), in CAPG were retrieved from genotyping, by an exome-chip, in 2,317
consecutive autopsy cases (1,284 men and 1,033 women, mean age 80.7 years), in which the presence or absence of
cancer was verified pathologically. The association of CAPG variants with presence of cancer and with different types
of cancer was determined. Interaction with smoking was also determined.
Results: There were 1,446 cancer-bearing and 897 cancer-free subjects. Among four SNVs, only p.R335H
(c.1004C>T) was associated with the presence of cancer (adjusted OR=1.49, 95% CI=1.23-1.81, P=5.08 × 10-5). The
association was found in men (adjusted OR=1.64, 95% CI=1.26-2.14, P=2.25 × 10-4), but not in women. Investigation
with different types of cancer revealed that gastric cancer showed a positive association (adjusted OR=1.61, 95%
CI=1.16-2.24, P=0.005) in men. The effect size of CAPG variants showed no difference between smokers and nonsmokers.
Conclusions: Our study suggests that a non-synonymous SNV of CAPG, p.R335H, affects cancer susceptibility in
men without interaction with smoking habit and that the SNV is associated with gastric cancer in men.

Keywords: Macrophage capping protein (CAPG); Pathology;
Cancer susceptibility; Non-synonymous variants; Single nucleotide
variants (SNVs)
Introduction
Cancer is the major cause of death in the pasting decades worldwide
[1]. In Japan, malignancy has been the first leading cause of death
since 1980 [2]. Massive technological advances in modern oncology
have enabled the identification of genetic aberrations associated with
malignancies and led to tremendous progress in the understanding
of the genetic underpinnings of cancer at its molecular core. Indeed,
despite increases in evidence suggesting that a number of candidate
genes and proteins were associated with cancer, limitations still exist
in fully understanding the oncogenesis and related unsolved questions.
Macrophage capping protein (CAPG), also known as capping
protein (actin filament) or gelsolin-like, is a relatively small actin
filament end-capping protein (38.5 kDa) of gelsolin superfamily. CAPG
localizes in both nucleus and cytoplasm of the cell [3]. Its function in
the cytoplasm is involved in capping the ends of actin filaments and
controlling cell motility and phagocytosis, while its nuclear function
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seems to be still ambiguous [4]. Dysregulation of actin-based motility
is a prominent factor in cell transformation and is probably associated
with carcinogenesis. Actually, CAPG expression was up-regulated in a
variety of cancer types, particularly in invasive and metastatic cancers
such as breast cancer [4], gastric cancer [5], lung cancer [6], pancreatic
cancer [7], colorectal cancer [8], oral squamous cell carcinoma [9],
and ovarian cancer [10]. These observations suggest a common role
of CAPG in cancer development. In addition, recent advances in
proteomics approach have highlighted a role of CAPG as a potential
biomarker for both breast [11] and ovarian cancer [12]. Several
mechanisms underlying the regulation of CAPG expression have been
proposed including the activation of AP-1 transcription factor complex
[13], hypoxia-inducible factor 1 (HIF1) [14], and tyrosine kinases [15].
The CAPG gene, 15.6 kb in size, contains 10 exons and 9 introns
and is located at the 2p11.2 [16]. Although previous studies have
identified the role of CAPG in cell differentiation, membrane ruffing,
phagocytosis and cell motility [17], the mechanism of CAPG in cancer
development has not been precisely determined yet, and there are
still controversial reports that expressions of CAPG in tumor cell are
decreased in certain tumors [18-20].
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As mentioned above, the causal role for CAPG in tumorigenesis
has been extensively explored. In addition, recent study with a small
sample size demonstrated a positive association of a CAPG variant
with a rare fallopian tube tumor [21]. Along with the above evidence,
we hypothesized that CAPG might be crucial for the development and
progression of malignancy. Thus, the purpose of the present study is
to clarify whether CAPG polymorphisms affect cancer susceptibility in
elderly Japanese population using an autopsy cases.

Materials and Methods
Study subjects
The study group comprised 2,317 consecutive autopsy cases, which
were collected at the Tokyo Metropolitan Geriatric Hospital between
1995 and 2012 (1,284 men and 1,033 women; the mean age at the time of
death was 80.6 ± 8.8 years, range 46-104 years; Table 1). All subjects were
registered in the Database of Japanese SNPs for Geriatric Research (JGSNP) [22]. The autopsy was performed on approximately 29% of patients
who died at the hospital. Cancer-bearing subjects include those with any
type of cancer, including occult cancer, found on autopsy. The presence
or absence of a disease was pathologically diagnosed by pathologists who
were blinded to genotyping data. Smoking history was retrospectively
retrieved from medical records, and cases were categorized into smokers
(current/ex-smokers) and non-smokers. Participants (n=26) with family
relationships were excluded from this study.

Genotyping and quality control
Genomic DNA was extracted from the renal cortex using a standard
procedure [23]. SNVs in the exomes were analyzed by Illumina®
Infinium HumanExome BeadChip array version 1.1 (Illumina Inc, San
Diego, CA, USA) containing 242,901 loci. The genome scanning was
conducted by iScan in accordance with protocols from Illumina® at
the Center for Molecular Biology and Genetics, Life Science Research
Center, Mie University, Tsu, Mie, Japan. Variant quality control
involved checking genotype calling rate of all samples using Genotyping
Module (version 1.9) of GenomeStudio data analysis software. Initial
genotype clustering was conducted by the default Illumina® cluster file
(HumanExome-12vl-l_A.egt) and manifest file (HumanExome-12v
1-1_A.bmp) by GenTrain2 clustering algorithm. Variants showing
success rate less than 0.99 in either cases or controls, minor allele
frequency less than 0.05 in both cases and controls, or deviation from
Hardy-Weinberg equilibrium (HWE) were excluded from the analysis.
A total of 2,317 subjects were tested in the association analysis. The
pathological assessment and genotyping were performed in different
institutions in a double-blind fashion to minimize bias.

Statistical analysis
In the exome array, twelve probes were available for nonsynonymous variants in the CAPG gene. Since eight of them were

a)

excluded from the analysis because they were monomorphic in our
samples, the remaining four SNVs were analyzed: rs2229668 (C41I),
rs117284777 (K227R), rs200233412 (A229T) and rs6886 (R335H). All
SNVs were confirmed for obeying the Hardy-Weinberg equilibrium
using a χ2 test. Multiple logistic regression analyses under a dominant
model were performed to determine the association between cancer and
SNVs, and were then adjusted for age and gender using SPSS version
19.0 (IBM Corp., Chicago IL), compared with subjects with or without
any cancer at autopsy inspection. We adopted Bonferroni’s correction
by the testing number of four SNVs and signiﬁcance was accepted at
P<0.0125. The power calculation of the included SNPs was carried out
using OSSE, an Online Sample Size Estimator in the following: http://
osse.bii.a-star.edu.sg/index.php. Linkage disequilibrium among SNVs
was assessed using Haploview software [24].

Ethical statements
The study was approved by the ethical committees of the Tokyo Medical
and Dental University (approval No. 2009-19-4) and Tokyo Metropolitan
Geriatric Hospital (approval No. 230405). Written informed consent was
obtained from a family member of all participants involved in this study
before autopsy.

Results
Characteristics of the subjects
A summary of demographics of the subjects is shown in Table 1.
Among a total of 2,317 subjects, 889 controls had no cancer and 1,428
cases carried at least one cancer after pathological inspection. Thus,
38.4% was cancer-free and 61.6% was cancer-bearing. Traditional risk
factors including aging, male sex and cigarette smoking were found
to be significantly associated with the presence of cancer (P<0.0125).
When stratified by age, no significant association was found between
the presence of cancer with participants younger than 80 years of age
or those aged 80 and older. The majority of subjects who had a history
of smoking were men (80.3%). Figure 1 presents our pathological
investigation including up to 37 types of cancer, including lung cancer,
gastrointestinal cancer, prostatic cancer, gynecologic tumor, brain
tumor, hematopoietic malignancy, and other tumors. Three most
common cancers among population were lung cancer (11.7%), gastric
cancer (11.2%), and colorectal cancer (9.5%).

Genotyping results of CAPG polymorphisms
Among 242,901 markers on the exome array, 12 markers were
identified in the CAPG region. Eight of them were monomorphic in our
samples, thus four of the following SNVs were examined in our study:
rs2229668 (p.V41I), rs117284777 (p.K227R), rs200233412 (p.A229T),
and rs6886 (p.R335H). The success rates for genotype call in four
nsSNVs were 100% for p.V41I, p.K227R, and p.R335H and 99.96%
for p.A229T. The allele frequencies of p.K227R and p.A229T were low,

Characteristics

All subjects

Cancer-free

Cancer-bearing

(n=2,317)

(n=889)

(n=1,428)

Age at death (years) a)

80.7 ± 8.9

81.4 ± 9.2

80.2 ± 8.6

0.001

≥ 80 years, n (%)

1,292

521 (40.3)

771 (59.7)

0.03

< 80 years, n (%)

1,025

368 (35.9)

657 (64.1)

Male, n (%)

1,284

427 (33.3)

857 (66.7)

Female, n (%)

1,033

462 (44.7)

571 (55.3)

Smoking, n (%)

1,109

375 (33.8)

734 (66.2)

P value b)

1.67 × 10-8
7.04 × 10-5

The data represent mean ± SD (standard deviation), P values were calculated by Student’s t-test or x test
b)

2

Table 1: Characteristics of the study population.
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2.9% and 0.4%, respectively. The MAF of p.V41I, and p.R335H were
6.5% and 47.0%, respectively. The observed genotypic frequencies of
the latter two SNVs were consistent with Hardy-Weinberg equilibrium
(P ≥ 0.05). The genotyping results for the four selected SNVs are shown
in Table 2.

Subgroup analysis revealed a gender difference that the significant
association was found in men (adjusted OR=1.64, 95% CI=1.26-2.14,
P=2.25 × 10-4), but not in women (adjusted OR=1.32, 95% CI=0.991.75, P=0.058). In addition, we examined the association of p.R335H
with smoking habit. The significant associations were found in both
groups (adjusted OR=1.48, 95% CI=1.13-1.94, P=0.004 in smokers,
and adjusted OR=1.49, 95% CI=1.13-1.97, P=0.005 in non-smokers).
There was no difference in genotype effect between the two.

Association of CAPG polymorphisms with overall cancer
susceptibility
The association between CAPG variants and presence of cancer are
shown in Table 3. Our association analysis revealed that only p.R335H
(c.1004C>T, forward strand) was significantly associated with presence
of cancer, assuming a dominant model, (adjusted OR=1.49, 95%
CI=1.23-1.81, P=5.08 × 10-5). Carriers of the minor allele (T allele) in
CAPG variants have 49% increased odds of having cancer susceptibility
compare to non-carriers.

Association of CAPG polymorphisms with specific cancer
susceptibility
We further investigated the association of p.R335H (c.1004C>T)
with presence or absence of cancer in various types of cancer (Table 4).
Only gastric cancer showed a positive association (adjusted OR=1.61,
95% CI=1.16-2.24, P=0.005). No significant association was observed

Figure 1: Distribution of cancer cases in 2,317 subjects. In the present study, top five cancers were lung cancer, gastric cancer, colorectal cancer, hematopoietic
cancer, and prostatic cancer.
SNP ID

Amino acid mutation

MM

Mm

Mm

(n)

(n)

(n)
13

rs2229668

V41I

2,030

274

rs117284777

K227R

2,186

130

1

rs200233412

A229T

2,298

18

0

rs6886

R335H

654

1,152

511

M, major allele; m, minor allele; MAF, minor allele frequency; JPT, Japanese in Tokyo; N/A, not available
Table 2: Genotype frequencies of the four selected SNVs in the CAPG gene (n=2,317).

a)

Cancer-free (n=889)

Cancer-bearing (n=1,428)

P value of χ2
test

Adjusted OR a)
(95% Cl)

P value

0.49

6.32 ×
10-5

1.49 b)
(1.23-1.81)

5.08 ×
10-3

205
(23.9)

0.50

0.001

1.64 c)
(1.26-2.14)

2.25 ×
10-4

294
(51.4)

129
(22.6)

0.48

0.058

1.32 c)
(0.99-1.75)

0.058

0.42

192
(26.2)

364
(49.6)

178
(24.3)

0.49

0.004

1.48 d)
(1.13-1.94)

0.004

0.45

143
(24.3)

321
(54.5)

125
(212.)

0.49

0.009

1.49 d)
(1.13-1.97)

0.005

CAPG (rs6886)

CC
n (%)

CT
n (%)

TT
n (%)

MAF

CC
n (%)

CT
n (%)

TT
n (%)

MAF

All Subjects
(n=2,317)

297
(33.4)

414
(46.6)

178
(20.0)

0.43

357
(25.0)

737
(51.6)

334
(23.4)

Male
(n=1,284)

146
(34.2)

198
(46.4)

83
(19.4)

0.43

209
(24.4)

443
(51.7)

Female
(n=1,033)

151
(32.7)

216
(46.8)

95
(20.6)

0.44

148
(25.9)

Current/ex- smokers
(n=1,109)

132
(35.2)

173
(46.1)

70
(18.7)

Nonsmokers
(n=1,018)

139
(32.4)

197
(45.9)

93
(21.7)

OR, odds ratio; CI, confidence interval,

b)

Adjusted for age, gender and smoking,

c)

Adjusted for age and smoking,

d)

Adjusted for age and gender

Table 3: Genotype frequencies of p.R335H (c.1004C>T) polymorphism and association of the variant with presence of cancer using logistic regression analysis assuming
a dominant model, classified by gender and smoking habits.
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CAPG
(rs6886)

a)

Without Gastric Cancer (n=2,058)

With Gastric Cancer (n=259)

MAF

CC
n (%)

CT
n (%)

TT
n (%)

MAF

P value of χ2
test

Adjusted OR a)
(95% CI)

P value

0.46

54
(20.9)

133
(51.3)

72
(27.8)

0.53

0.007

1.61 b)
(1.16-2.24)

0.005

0.46

36
(19.8)

91
(50.0)

55
(30.2)

0.006

1.73
(1.16-2.59)

0.008

207
(21.7)

0.46

18
(23.4)

42
(54.5)

17
(22.1)

0.49

0.505

1.38
(0.78-2.44)

0.264

460
(48.1)

204
(21.3)

0.45

31
(20.5)

76
(50.3)

44
(29.1)

0.54

0.016

1.64 d)
(1.08-2.50)

0.021

469
(50.9)

191
(20.7)

0.46

19
(20.4)

48
(51.6)

26
(28.0)

0.54

0.133

1.56 d)
(0.92-2.64)

0.098

CC
n (%)

CT
n (%)

TT
n (%)

All Subjects
(n=2,317)

600
(29.1)

1,018
(49.4)

440
(21.5)

Male
(n=1,284)

319
(28.9)

550
(49.9)

233
(21.2)

Female
(n=1,033)

281
(29.4)

468
(48.9)

Current/
ex-smokers
(n=1,108)

293
(30.6)

Non-smokers
(n=1,015)

262
(28.4)

OR, odds ratio; CI, confidence interval,

b)

Adjusted for age, gender and smoking,

c)

0.55

Adjusted for age and smoking,

d)

c)

c)

Adjusted for age and gender

Table 4: Genotype frequencies of p.R335M (c.1004C>T) polymorphism and association of the variant with gastric cancer using logistic regression.

between the variant and other cancers. The positive association between
p.R335H (c.1004C>T) and gastric cancer were found only in men, but
not in women (adjusted OR=1.73, 95% CI=1.16-2.59, P=0.008, and
adjusted OR=1.38, 95% CI=0.78-2.44, P=0.264, respectively). Smokers
with the minor allele were more susceptible to gastric cancer than
smokers without the minor allele (adjusted OR=1.64, 95% CI=1.082.50, P=0.021). Comparing gastric cancer cases and cancer-free
controls by logistic regression analysis, the results were also in the same
direction as the above comparison (data not shown).

Discussion
The present study provided the evidence that there was a
significant association between p.R335H on the CAPG gene and cancer
susceptibility. The T allele for p.R335H (c.1004C>T) was associated
with higher risk of malignancy. Among individual cancer types, only
gastric cancer showed a sign of significant association with the SNV.
Smoking habit may limitedly affect CAPG variants on gastric cancer
susceptibility in men.
Recent evidence that CAPG p.R335H was associated with risk of
fallopian tube carcinoma in a small case-control study promoted us
to examine the effect of the SNV of CAPG on various cancers using
large-sized autopsy cases [21]. Most previous reports demonstrated
a positive association between cancer and CAPG protein expression
[5-10, 25-29]. Although it has been reported that CAPG SVPs was
associated with carotid atherosclerosis [30], to our best knowledge, this
is the first report which examined an association of malignant tumor
with CAPG polymorphism in detail.
We sought the possibility whether other SNPs closely linked with
p.R335H (rs6886) might be the true causative factors and explored 76
kb regions nearby rs6886 using Haploview. However, no other SNVs
which explain the causality were found. Thus, although not proven,
it is speculated that this non-synonymous SNV may be the causative
variation.
The present study showed significant association between presence
of cancer and gastric cancer with p.R335H. In order to predict the
biological significance of p.R335H variant, we tried to apply some
analytic software. Firstly, we applied PolyPhen-2, SIFT and SWISSMODEL to predict the potential functional and/or structural changes of
the SNV p.R335H (c.1004C>T) [31,32], but none of the above programs
showed positive sign. Through evolutionary analysis of coding SNPs
by PANTHER software, p.R335H has a significant deleterious effect
on protein function [33]. Next, we used NetPhosK, PHOSIDA and
PhosphoSite, and identified potential phosphorylation sites for protein
J Gerontol Geriatr Res, an open access journal
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kinase C (PKC) on Ser337 of CAPG [34-36]. In addition, PhosSNP
revealed that p.R335H induces alteration of a certain kind of protein
kinase for flanking phosphorylation site [37]. Thus, it is possible that
p.R335H variant leads dysfunction of CAPG protein.
PKC is involved in many biological processes via phosphorylation
of target proteins including, cell cycle regulation, cell adhesion, DNA
synthesis and transcription, cell motility, apoptosis, drug resistance,
and cell growth and differentiation [38]. In principle, basic amino
acids (R or K) at the position -2 and/or -3 amino-terminal to the
phosphorylated sites (S or T) are critical for PKC substrate recognition
[38]. Regarding the location of Arg335 allele, which is located in the
surface of loop, this makes Arg335 allele is likely to be phosphorylated by
PKC compare to His335 allele. Indeed, Glaser and colleagues described
that CAPG protein (p.R335H) with histidine variant diminished the
phosphorylation level of adjacent Ser337 by PKC [21]. Interestingly, a
recent analysis of somatic mutations in tumors using TCGA database
suggests that mutations in phosphosite flanking region are found in
89% of tumors [39].
The results of CAPG SNVs appear applicable in personalized
medicine. For example, it is possible that periodical screening can
detect cancer at early stage in those who have cancer susceptibility. In
addition, early detection of cancer may be able to reduce mortality and
contribute to maintain a quality of life.
The present study has some limitation. Subjects who died of
cancer at early age might be excluded among our study, predisposing
to survival bias. However, the young age group generally indicates
low death rate and is expected to have difficulty in collecting autopsy
examples. Association of cancer with CAPG SNVs in the younger
group should be examined using different kind of cohort. In addition,
permission of autopsy might be influenced by various reasons. Thus,
unavoidable deviation may exist in our cohort. The power analysis of
our study was 0.79 assuming the current sample size and detection of
OR ≥ 1.49 at the significance level of P<0.05.
In conclusion, we found a missense variation of p.R335H
(c.1004C>T) in CAPG to be significantly associated with risk for cancer
occurrence in general and gastric cancer in elderly Japanese population.
Validation studies using larger sample size and different cohort are
required to confirm concise effects of polymorphism on CAPG gene.
Acknowledgements
This study was supported by The Smoking Research Foundation (to T.A.
and M.S.); The Mitsui Sumitomo Insurance Welfare Foundation (to S.M.); The
Pfizer Academic Contribution Fund (to S.M.); The Joint Usage/Research Program
of Medical Research Institute, Tokyo Medical and Dental University (to M.M.);

Volume 6 • Issue 2 • 1000417

Citation: Dechamethakun S, Sato N, Ikeda S, Sawabe M, Mori S, et al. (2017) Association of Macrophage Capping Protein (CAPG) Arg335His Polymorphism
and Cancer Susceptibility in the Elderly Japanese. J Gerontol Geriatr Res 6: 417. doi:10.4172/2167-7182.1000417

Page 5 of 5
The Ministry of Education, Culture, Sports, Science, and Technology of Japan;
GMEXT/JSPS KAKENHI Grant Number: A-16H01872, A-25242062, A-22240072,
B-21390459, C-26670481, C-21590411, and CER-24650414 (to M.T.); The Ministry
of Health, Labor, and Welfare of Japan; Grants-in-Aid for Research on Intractable
Diseases (Mitochondrial Disorders): 23-016, 23-116, and 24-005 (to M.T.); JSPS
KAKENHI Grant Number: JP22590329, JP25460428, and JP16K08664 (to T.A.);
The Takeda Science Foundation (to M.T.) and the Joint Usage/Research Program
of Medical Research Institute, Tokyo Medical and Dental University. We thank
Ms. Yasuko Hasegawa and the staff of the Department of Pathology, Tokyo
Metropolitan Geriatric Hospital, for preparing DNA samples, and Dr. Makiko NakaMieno for data management and collection.

References
1. Stewart BW, Wild CP (2014) World Cancer Reports 2014. International Agency
for Research on Cancer, World Health Organization, Lyon.
2. Mister’s Secretriat, Statistics and Infromation Department (2015) Vital Statictics
of Japan. Ministry of Health, Labour and Welfare of Japan, Tokyo.
3. Onoda K, Yin HL (1993) gCap39 is phosphorylated. Stimulation by okadaic
acid and preferential association with nuclei. J Biol Chem 268: 4106-4112.
4. Renz M, Betz B, Niederacher D, Bender HG, Langowski J (2008) Invasive
breast cancer cells exhibit increased mobility of the actin-binding protein CapG.
Int J Cancer 122: 1476-1482.
5. Ichikawa H, Kanda T, Kosugi S, Kawachi Y, Sasaki H, et al. (2013) Laser
microdissection and two-dimensional difference gel electrophoresis reveal the
role of a novel macrophage-capping protein in lymph node metastasis in gastric
cancer. J Proteome Res 12: 3780-3791.
6. Shao F, Zhang R, Don L, Ying K (2011) Overexpression of gelsolin-like actincapping protein is associated with progression of lung adenocarcinoma.
Tohoku J Exp Med 225: 95-101.
7. Thompson CC, Ashcroft FJ, Patel S, Saraga G, Vimalachandran D, et al.
(2007) Pancreatic cancer cells overexpress gelsolin family-capping proteins,
which contribute to their cell motility. Gut 56: 95-106.
8. Wu JH, Tian XY, Hao CY (2011) The significance of a group of molecular
markers and clinicopathological factors in identifying colorectal liver metastasis.
Hepatogastroenterology 58: 1182-1188.
9. Nomura H, Uzawa K, Ishigami T, Kouzu Y, Koike H, et al. (2008) Clinical
significance of gelsolin-like actin-capping protein expression in oral
carcinogenesis: an immunohistochemical study of premalignant and malignant
lesions of the oral cavity. BMC Cancer 8: 39.
10. Partheen K, Levan K, Osterberg L, Claesson I, Fallenius G, et al. (2008)
Four potential biomarkers as prognostic factors in stage III serous ovarian
adenocarcinomas. Int J Cancer 123: 2130-2137.
11. Da Costa GG, Gomig TH, Kaviski R, Santos Sousa K, Kukolj C, et al. (2015)
Comparative proteomics of tumor and paired normal breast tissue highlights
potential biomarkers in breast cancer. Cancer Genom Proteom 12: 251-261.
12. Gau DM, Lesnock JL, Hood BL, Bhargava R, Sun M, et al. (2015) BRCA1
deficiency in ovarian cancer is associated with alteration in expression of several
key regulators of cell motility: A proteomics study. Cell Cycle 14: 1884-1892.
13. Bahassi el M, Karyala S, Tomlinson CR, Sartor MA, Medvedovic M, et al.
(2004) Critical regulation of genes for tumor cell migration by AP-1. Clin Exp
Metastasis 21: 293-304.
14. Liao SH, Zhao XY, Han YH, Zhang J, Wang LS, et al. (2009) Proteomics-based
identification of two novel direct targets of hypoxia-inducible factor-1 and their
potential roles in migration/invasion of cancer cells. Proteomics 9: 3901-3912.
15. Pierce A, Unwin RD, Evans CA, Griffiths S, Carney L, et al. (2008) Eightchannel iTRAQ enables comparison of the activity of six leukemogenic tyrosine
kinases. Mol Cell Proteomics 7: 853-863.
16. Mishra VS, Henske EP, Kwiatkowski DJ, Southwick FS (1994) The human
actin-regulatory protein cap G: Gene structure and chromosome location.
Genomics 23: 560-565.
17. Nag S, Larsson M, Robinson RC, Burtnick LD (2013) Gelsolin: the tail of a
molecular gymnast. Cytoskeleton (Hoboken) 70: 360-384.
18. Watari A, Takaki K, Higashiyama S, Li Y, Satomi Y, et al. (2006) Suppression of
tumorigenicity, but not anchorage independence, of human cancer cells by new
candidate tumor suppressor gene CapG. Oncogene 25: 7373-7380.

J Gerontol Geriatr Res, an open access journal
ISSN: 2167-7182

19. Ha ES, Choi S, In KH, Lee SH, Lee EJ, et al. (2013) Identification of proteins
expressed differently among surgically resected stage I lung adenocarcinomas.
Clin Biochem 46: 369-377.
20. Zhang F, Li C, Liu H, Wang Y, Chen Y, et al. (2014) The functional proteomics
analysis of VEGF-treated human epithelial ovarian cancer cells. Tumour Biol
35: 12379-12387.
21. Glaser J, Neumann MH, Mei Q, Betz B, Seier N, et al. (2014) Macrophage
capping protein CapG is a putative oncogene involved in migration and
invasiveness in ovarian carcinoma. Biomed Res Int 2014: 379847.
22. Sawabe M, Arai T, Kasahara I, Esaki Y, Nakahara K, et al. (2004) Developments
of geriatric autopsy database and internet-based database of Japanese single
nucleotide polymorphisms for geriatric research (JG-SNP). Mech Ageing Dev
125: 547-552.
23. Takei K, Ikeda S, Arai T, Tanaka N, Muramatsu M, et al. (2008) Lymphotoxinalpha polymorphisms and presence of cancer in 1,536 consecutive autopsy
cases. BMC Cancer 8: 235.
24. Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: Analysis and visualization
of LD and haplotype maps. Bioinformatics 21: 263-265.
25. Zhu WY, Hunag YY, Liu XG, He JY, Chen DD, et al. (2012) Prognostic
evaluation of CapG, gelsolin, P-gp, GSTP1, and Topo-II proteins in non-small
cell lung cancer. Anat Rec (Hoboken) 295: 208-214.
26. Kimura K, Ojima H, Kubota D, Sakumoto M, Nakamura Y, et al. (2013)
Proteomic identification of the macrophage-capping protein as a protein
contributing to the malignant features of hepatocellular carcinoma. J
Proteomics 78: 362-373.
27. Morofuji N, Ojima H, Onaya H, Okusaka T, Shimada K, et al. (2012)
Macrophage-capping protein as a tissue biomarker for prediction of response
to gemcitabine treatment and prognosis in cholangiocarcinoma. J Proteomics
75: 1577-1589.
28. Davalieva K, Kiprijanovska S, Broussard C, Petrusevska G, Efremov GD
(2012) Proteomic analysis of infiltrating ductal carcinoma tissues by coupled
2-D DIGE/MS/MS analysis. Mol Biol (Mosk) 46: 469-480.
29. Van Ginkel PR, Gee RL, Walker TM, Hu DN, Heizmann CW, et al. (1998) The
identification and differential expression of calcium-binding proteins associated
with ocular melanoma. Biochim Biophys Acta 1448: 290-297.
30. Burillo E, Recalde D, Jarauta E, Fiddyment S, Garcia-Otin AL, et al. (2009)
Proteomic study of macrophages exposed to oxLDL identifies a CAPG
polymorphism associated with carotid atherosclerosis. Atherosclerosis 207:
32-37.
31. Adzhubei IA, Schmidt S, Peshkin L, Ramensky VE, Gerasimova A, et al.
(2010) A method and server for predicting damaging missense mutations. Nat
Methods 7: 248-249.
32. Biasini M, Bienert S, Waterhouse A, Arnold K, Studer G, et al. (2014) SWISSMODEL: Modelling protein tertiary and quaternary structure using evolutionary
information. Nucleic Acids Res 42: W252-258.
33. Thomas PD, Kejariwal A (2004) Coding single-nucleotide polymorphisms
associated with complex vs. Mendelian disease: Eolutionary evidence for
differences in molecular effects. Proc Natl Acad Sci U S A 101: 15398-15403.
34. Gnad F, Gunawardena J, Mann M (2011) PHOSIDA 2011: The posttranslational
modification database. Nucleic Acids Res 39: D253-260.
35. Hornbeck PV, Chabra I, Kornhauser JM, Skrzypek E, Zhang B (2004)
PhosphoSite: A bioinformatics resource dedicated to physiological protein
phosphorylation. Proteomics 4: 1551-1561.
36. Blom N, Gammeltoft S, Brunak S (1999) Sequence and structure-based
prediction of eukaryotic protein phosphorylation sites. J Mol Biol 294:
1351-1362.
37. Ren J, Jiang C, Gao X, Liu Z, Yuan Z, et al. (2010) PhosSNP for systematic
analysis of genetic polymorphisms that influence protein phosphorylation. Mol
Cell Proteomics 9: 623-634.
38. Kang JH, Toita R, Kim CW, Katayama Y (2012) Protein kinase C (PKC)
isozyme-specific substrates and their design. Biotechnol Adv 30: 1662-1672.
39. Reimand J, Wagih O, Bader GD (2013) The mutational landscape of
phosphorylation signaling in cancer. Sci Rep 3: 2651.

Volume 6 • Issue 2 • 1000417

