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Abstract

Non-small cell lung cancer is one of the most common cancers and the leading cause of
cancer death worldwide. Genetic variants in regulatory regions of some miRNAs might be
involved in non-small cell lung cancer susceptibility and survival. rs12220909 (G/C) genetic
polymorphism in miR-4293 has been shown to be associated with decreased risk of esoph-
ageal squamous cell carcinoma. However, the influence of rs12220909 genetic variation on
non-small cell lung cancer susceptibility has not been reported. In order to evaluate the
potential association between miR-4293 rs12220909 and non-small cell lung cancer risk in
a Chinese population, we performed a case-control study among 998 non-small cell lung
cancer cases and 1471 controls. The data shows that miR-4293 rs12220909 was signifi-
cantly associated with decreased susceptibility to non-small cell lung cancer (GC vs.GG:
OR =0.681, 95%CI = 0.555-0.835, P=2.19E-4; GG vs. GC+CC: OR = 0.687, 95%CI =
0.564-0.837, P=1.95E-4), which indicates that rs12220909 in miR-4293 may play a signifi-
cant role in the development of non-small cell lung cancer.

Introduction

Lung cancer is the leading cause of cancer death in both men and women in western society
[1]. In recent years, many studies have reported that the incidence and mortality of lung cancer
have rapidly increased in developing countries, especially China, where it has become a major
public health challenge [2]. Non-small-cell lung cancer (NSCLC) is the most common lung
cancer type, which accounts for about 85% lung cancer cases. Although there are many studies
describing the development of NSCLC, the mechanism of the disease remains unclear. New
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evidence points to a strong link between genetic variation, such as SNPs in microRNAs, and
NSCLC progression [3-5].

MicroRNAs(miRNAs) are small non-coding RNAs, which are evolutionarily conserved
endogenous non-coding RNAs of about 22 nucleotides that regulate gene expression post-
transcriptionally through binding to the 3’-untranslated region (3’-UTR) of target mRNAs in a
sequence-specific manner, leading to mRNA cleavage [6, 7]. miRNAs are involved in numer-
ous diverse of biologic processes, including cell differentiation, proliferation and apoptosis [8-
10]. Previous studies have shown that miRNAs which function as oncogenes or tumor sup-
pressor genes, if aberrantly regulated, might be associated with disease-associated outcomes
[11, 12]. Specifically, genetic variants such as SNPs in miRNAs may alter susceptibility to vari-
ous cancers [13, 14]. A large number of recent studies have revealed that SNPs in miRNA
sequences were significantly related to risk of NSCLC [4, 15].

The role of miR-4293 in cancer is not yet known. Gong et al. [16]reported the
rs12220909G>C genetic polymorphism is the only SNP locus found in the seed region
of miR-4293. According to Gene Ontology and KEGG analysis results, the SNP loci
rs12220909G>C not only changes the ability of miR-4293 to combine with target genes, it
also alters the quantity and types of target genes miR-4293 acts upon. Additionally, it has
been shown that this miR-4293 genetic polymorphism can decrease the risk of esophageal
squamous cell carcinoma [17]. Nonetheless, the potential influence of rs12220909 G>C in
miR-4293 on the susceptibility to NSCLS has not yet been analyzed. Therefore, we con-
ducted a case-control analysis to explore the potential association between miR-4293
rs12220909G>C and NSCLS risk in a large Chinese Han population.

Materials and methods

Study population

In our study, a total of 998 NSCLC patients and 1471 cancer-free controls were enrolled.
NSCLC patients were diagnosed, and the disease histologically confirmed by doctors and
recruited from two hospitals: Taizhou People’s Hospital and Shanghai Cancer Hospital, with-
out restriction regarding age and gender between January, 2007 and April, 2012. Healthy con-
trols were recruited from Taizhou City over the same period of time. The controls were free
from NSCLC and other diseases. All enrolled subjects were unrelated Han ethnic Chinese who
had signed a written informed consent. The case-control study is supported by the Institu-
tional Review Board of the School of Life Sciences of Fudan University.

Candidate SNPs selection and genotyping

On the basis of the public database miRBase (http://www.mirbase.org), we performed a bioin-
formatics analysis to search SNPs in miRNAs’ mature sequences, and the rs12220909 located
in miR-4293 came to our attention. It was first reported by Gong et al.[16] that rs12220909
was the only SNP loci located in the miR-4293 seed region. It has been demonstrated that the
genetic polymorphism decreased esophageal squamous cell carcinoma risk [17]. However,
there were no studies that focused on the association between miR-4293 rs12220909 and
NSCLC risk in the Chinese Han population. Thus, the genetic polymorphism in miR-4293 was
selected as the candidate variation for the exploration of a connection with NSCLC in this
population.

Blood samples were extracted from enrolled subjects and genomic DNA was isolated using
the Lai Feng™ Genomic DNA blood Miniprep Kit according to the manufacturer’s instruc-
tions. A UV spectrophotometer (Nanodrop C723 ND-1000 UV/Vis spectrophotometer) was
employed to detect the DNA concentration. Genotyping of miR-4293 rs12220909 genetic
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polymorphism was completed with MALDI-TOF (Matrix-Assisted Laser Desorption/Ioniza-
tion-Time of Flight).

The specific primers for PCR and iPLEX reaction were designed by Genotyping Tools &
Mass ARRAY Assay Design software. Primers were synthesized by Shanghai Invitrogen Bio-
technology. PCR amplification was performed in 384-well plates and shrimp alkaline phos-
phatase was used to dephosphorylate unincorporated dNTPs in the PCR mixture. After the
mass ARRAY iPLEX reaction was performed, iPLEX products with different molecular mas-
ses were created by each base of SNP sites. Finally, distinct iPLEX products were identified by
matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) and genotyping
information of each SNP site was obtained for every subject by MALDI-TOF with TYPER
4.0 software.

GO and KEGG pathway enrichment analyses

To determine the molecular mechanism behind the decreased susceptibility to NSCLC medi-
ated by miR-4293, in silico analysis was conducted to search for potential loss or gained of
genes using the website (http://www.bioguo.org/miRNASNP2/). The ToppGene Suite [18]
bioinformatics online tool (available at https://toppgene.cchmc.org/) was subsequently used to
identify enriched functional annotation categories for genes lost or gained by the presence of
rs12220909 in the miR-4293 seed region. Gene Ontology (GO)[19] terms and Genomes
(KEGG) pathway [20]were evaluated. The statistical significance of Gene Ontology (GO)
enrichment and pathways analysis were checked by choosing hypergeometric test and Bonfer-
roni—Hochberg false discovery rate (FDR) correction model for multiple test adjustment.

Statistical analysis

We used chi-square and Student’s t test to evaluate differences in demographic variables
between cases and controls. In the analysis procedure, we used the following genetic models:
the recessive model (AA+AB vs. BB), the dominant model (AA vs. AB+BB), the allelic model
(A vs. B), the homozygous model (AA vs. BB), and the heterozygous model (AA vs. AB); all
models assume A is the wild-type allele and B is the mutant allele. The odds ratio (OR) and
95% confidence interval (95%CI) were calculated by logistic regression analysis and were
used to estimate the association of SNPs with NSCLC susceptibility. Stratified analyses were
conducted by selected demographic variables such as age (< 62, > 62), sex (male, female),
smoking status (non-smokers, smokers) and histologic types. P-value<0.05 was considered
statistically significant. All statistical analysis was performed on SPSS version 18.0 statistical
software. A P-value < 0.05 was considered statistically significant for the Gene Ontology
(GO) enrichment and pathway analysis. The default parameter of the hypergeometric test
was selected as the statistical method and Bonferroni—Hochberg was used as the FDR cor-
rection method.

Results
Characteristics of the study population

A total of 998 NSCLC cases (male, 785; female, 213; mean age, 61.52) and 1471 controls (male,
711; female, 760; mean age, 55.01) were enrolled. The relevant characteristics of subjects were
listed in Table 1. Significant differences in terms of gender, age and smoking status were
observed between cases and controls (both P<0.01) because of the random collection of the
community.
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Table 1. Distribution of characteristics among NSCLC cases and controls.

Variable Case no. (%) 998
Age (years) 61.52+10.38
Gender (n)

Male 785(78.66)

Female 213(21.34)
Smoking status

Yes 695 (69.64)

No 303 (30.36)
Pack per year

0 303 (30.36)

<32 244 (24.45)

>32 449(44.99)
Histology type

Adenocarcinoma 417 (41.78)

Squamous cell carcinoma 359 (35.97)
Other non-small cell lung cancer® 56 (5.61)

Small cell cancer 67 (6.71)

2 Use double side chi-square test
P Use independent sample t-test

¢ Including large cell carcinoma, alveolar carcinoma and undifferentiated carcinoma

https://doi.org/10.1371/journal.pone.0175666.t001

Control no.(%)1471

55.01+12.52

711 (48.33)
760(51.67)

467(31.75)
1004 (68.25)

1004 (68.25)
413 (28.08)
54 (3.67)

<0.001°
<0.001

<0.001

<0.001

Association analysis of miR-4293 rs12220909 with NSCLC susceptibility

The genotype, allele frequencies distributions and additive model of rs12220909 are showed
in Table 2. The rs12220909 was in Hardy-Weinberg equilibrium (P>0.05, data not shown).
Genotype and allele distributions of miR-4293 rs12220909 polymorphism showed significant
difference between cases and controls. The GC genotype is associated with a decrease
NSCLC susceptibility (OR = 0.681, 95%CI = 0.555-0.835, P = 2.19x10™*). The frequency of
the C allele was significantly higher than the G allele in the cancer patients vs the controls
(OR =0.734, 95%CI = 0.616-0.874, P = 0.04). A protective role in NSCLC was found for the
miR-4293 rs12220909 heterozygous mutation under the dominant model (OR = 0.687, 95%

Table 2. Genotype frequencies of miR4293 rs12220909 and association with NSCLC.

Genotypes Controls no. (%)
miR-4293 rs12220909 N =1454
GG 999(68.7)
GC 419 (28.8)
cC 36 (2.5)
Dominant model (GG vs. GC+CC) 999/455
Recessive model (GG+GC vs.CC) 1418/36 973/22
G 2417 (83.1)
C 491 (16.9)
Additive model (GG/GC/CC) 999/419/36

2 OR: Odds ratio; Cl: Confidence interval

1726 (86.7)
264 (13.3)
753/220/22

Cases no. (%)
N =995
753 (75.7)
220 (22.1)
22 (2.2)
753/242

b adjustment for age, gender, smoking status using the two categories of logistic regression analysis

https://doi.org/10.1371/journal.pone.0175666.t002

OR (95% CI) ®

1.00
0.681 (0.555-0.835)
0.762 (0.426-1.366)
0.687 (0.564-0.837)
0.843 (0.472-1.505)
1.00
0.734(0.616-0.874)
0.752(0.608-0.931)

P-value®

2.19x107*
0.362
1.95x107*
0.563

0.001
5.9x107*
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Table 3. Stratified results for pri-miR-4293 rs12220909 G>C in the heterozygous model.

Variable GG/GC OR ?(95% ClI) p®
Case Control

Age

<62 368/111 640/265 0.743 (0.563-0.982) 0.037*

>62 385/109 359/154 0.635 (0.470-0.858) 0.003*
Gender (n)

Male 596/168 481/203 0.620 (0.484—-0.793) 1.46x1074*

Female 157/52 518/216 0.814 (0.572-1.158) 0.252
Smoking

Yes 522/155 311/138 0.659 (0.503-0.863) 0.002*

No 231/65 688/281 0.700 (0.513-0.954) 0.024*
Squamous cell carcinoma 281/72 999/419 0.561 (0.409-0.769) 3.32x1074*
Adenocarcinoma 306/98 999/419 0.749 (0.579-0.971) 0.029*

2 OR: Odds ratio; Cl: Confidence intervall
b adjustment for age, gender, smoking status using the two categories of logistic regression analysis

https://doi.org/10.1371/journal.pone.0175666.t003

CI = 0.564-0.837, P = 1.95x10~%) and the additive model (OR = 0.752, 95%CI = 0.608-0.931,
P=59x107%.

Stratified analysis of miR-4293 rs12220909 with NSCLC risk

We further performed stratification analysis with selected demographic variables. The charac-
teristics of gender, age, smoking status and histologic types were included in the following
stratified analyses (Tables 3 and 4). For miR-4293 rs12220909G>C, GC genotypes were
observed with obvious decreasing NSCLC susceptibility among male (OR = 0.620, 95%

CI = 0.484-0.793, P = 1.46x10™*), lower age (OR =0.743, 95%CI = 0.563-0.982, P = 0.037),
higher age (OR = 0.635, 95%CI = 0.470-0.858, P = 0.003), non- smoker (OR = 0.700, 95%

CI =0.513-0.954, P = 0.024), smoker (OR = 0.659, 95%CI = 0.503-0.863, P = 0.002) and
squamous cell carcinoma group (OR = 0.561, 95%CI = 0.409-0.769, P = 3.32x10™%),

Table 4. Stratified results for pri-miR-4293 rs12220909 G>C in the dominant model.

Variable GG/GC+CC OR ?(95% ClI) p®

Case Control
Age
<62 368/124 640/289 0.687 (0.579-0.989) 0.041%
>62 385/118 359/166 0.633 (0.473-0.849) 0.002*
Gender(n)
Male 596/187 481/220 0.636 (0.501-0.807) 1.98x1074*
Female 157/55 518/235 0.793 (0.561-1.119) 0.187
Smoking
Yes 522/172 311/150 0.672 (0.517-0.873) 0.003*
No 231/70 688/305 0.696 (0.515-0.940) 0.018*
Squamous cell carcinoma 281/78 999/455 0.561 (0.413-0.762) 2.17x1074*
Adenocarcinoma 306/108 999/455 0.759 (0.591-0.935) 0.031*

@ OR: Odds ratio; Cl: Confidence interval
b adjustment for age, gender, smoking status using the two categories of logistic regression analysis

https://doi.org/10.1371/journal.pone.0175666.t1004
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adenocarcinoma group (OR = 0.749, 95%CI = 0.579-0.971, P = 0.029). The results indicated
GC/CC genotypes only have a significantly different influence on male and female groups.

Functional enrichment and signaling pathway analyses

To further determine the molecular mechanism behind miR-4293-mediated increased risk of
NSCLC in our population, in silico studies were performed to search for target genes that were
lost and gained. The miR-4293 gained 288 and lost 1875 genes due to rs12220909 G>C. We
then used the Toppgene online tool for GO enrichment and pathway analysis, which showed
that the genes regulated by miR-4293 rs12220909 were significantly enriched in amino acid
transmembrane transporter activity and neutral amino acid transmembrane transporter activ-
ity (S1 and S2 Tables).

Discussion

In the present study, we explored the potential association of the miR-4293 rs12220909 genetic
polymorphism with NSCLC risk in a Chinese population. We found that the miR-4293
rs12220909 is significantly associated with decreased susceptibility to NSCLC.

Gong et al.[16] have reported that the rs12220909 polymorphism in miR-4293 affected the
binding activity of miR-4293 to target genes. Additionally, it has been determined that this
genetic polymorphism significantly decreases risk of esophageal squamous cell carcinoma
(OR =0.77,95%CI = 0.61-0.97) [17]. However, the potential influence of the rs12220909
G>C genetic polymorphism in miR-4293 on NSCLC susceptibility has not been analyzed. The
study found that the GC/CC genotypes of miR-4293 rs12220909 were associated significantly
with decreased NSCLC susceptibility (OR = 0.681, 95%CI = 0.555-0.835, P = 2.19x107%),
which indicates that the mutant allele C of rs12220909 can influence the function of miR-4293
(OR =0.734, 95%CI = 0.616-0.874, P = 0.001). Similar results were also observed in the fol-
low-up stratified analysis. However, we did not observe a significant association of miR-4293
rs12220909 with NSCLC risk among the female population in our study. This result indicates
that SNP rs12220909 makes NSCLC a different susceptibility in gender population.

In silico studies showed that miR-4293 would potentially lose 1, 875 target genes and gain
only 288 target genes after the G was replaced by the C allele in rs12220909. These results sug-
gest that a SNP located in the miRNA seed region may change the quantity of target genes,
which would lead to miRNA functional change. Based on our results, we speculate that the
mutant allele C could increase the binding between miR-4293 and some cancer-related
oncogenes, and may reveal the functional mechanism of the protective role of miR-4293
rs12220909G>C in NSCLC development. In addition, GO enrichment and pathway analysis
results suggest that miR-4293 rs12220909-mediated genes are significantly enriched in the GO
category; these genes are involved in molecular functions such as amino acid transmembrane
transporter activity and neutral amino acid transmembrane transporter activity. SLC43A2 and
SLC7A5, members of the L-type amino acid transporter (LAT) family, are responsible for the
majority of cellular leucine uptake. It has been reported that SLC43A2 and SLC7A5 show
increased expression in many types of cancer, and play a critical role in controlling protein
translation and cell growth through the mTORC1 pathway [21]. We speculate that such gain-
of-function of these genes via miR-4293 rs12220909 is associated with decreased NSCLC sus-
ceptibility. In order to verify our hypothesis, we plan to focus on target candidates likely to be
related to NSCLC to validate the functional mechanism.

In conclusion, our results provide the first evidence that rs12220909G>C polymorphism in
the miR-4293 seed region is associated with decreased NSCLC risk in a Chinese population,
and may play significant role in the process of NSCLC.

PLOS ONE | https://doi.org/10.1371/journal.pone.0175666  April 14,2017 6/8


https://doi.org/10.1371/journal.pone.0175666

@° PLOS | ONE

miR-4293 rs12220909 is associated with susceptibility to non-small cell lung cancer

Supporting information

S1 Table. Functional enrichment and signaling pathway analyses of gained genes.
(XLSX)

$2 Table. Functional enrichment and signaling pathway analyses of lost genes.
(XLSX)

Acknowledgments

We would like to acknowledge Fudan University High-End Computing Center’s contribution
in assisting with data analysis.

Author Contributions

Conceptualization: ]. Wang MW.

Data curation: L] J. Wang MW XN.

Formal analysis: LC CW SGJ. Wu.

Funding acquisition: L] ]. Wang MW.

Investigation: LF LC XN.

Methodology: Y. Zhou FS.

Project administration: LF LC.

Resources: ZZ DZ ZH.

Software: LC SG CW Y. Zheng.

Supervision: ]. Wang MW.

Validation: ZZ J. Wu DZ JZ.

Visualization: LF LC XN Y. Zhou.

Writing - original draft: LF LC.

Writing - review & editing: LF XF ZY VKK MM.

References

1.

Harris RE, Hebert JR, Wynder EL. Cancer risk in male veterans utilizing the Veterans Administration
medical system. Cancer. 1989; 64(5):1160-8. PMID: 2758390

Ferreira CG. Lung cancer in developing countries: access to molecular testing. Am Soc Clin Oncol
Educ Book. 2013:327-31. https://doi.org/10.1200/EdBook_AM.2013.33.327 PMID: 23714537

Lee SY, Choi JE, Jeon HS, Hong MJ, Choi YY, Kang HG, et al. A genetic variation in microRNA target
site of KRT81 gene is associated with survival in early-stage non-small-cell lung cancer. Ann Oncol.
2015; 26(6):1142-8. https://doi.org/10.1093/annonc/mdv100 PMID: 25716425

Ma JY, Yan HJ, Yang ZH, Gu W. Rs895819 within miR-27a might be involved in development of non
small cell lung cancer in the Chinese Han population. Asian Pacific journal of cancer prevention:
APJCP. 2015; 16(5):1939-44. PMID: 25773791

Zhao Y, Wei Q, Hu L, Chen F, Hu Z, Heist RS, et al. Polymorphisms in MicroRNAs are associated with
survival in non-small cell lung cancer. Cancer Epidemiol Biomarkers Prev. 2014; 23(11):2503—-11.
https://doi.org/10.1158/1055-9965.EPI-14-0389 PMID: 25103824

Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl T. Identification of novel genes coding for small
expressed RNAs. Science. 2001; 294(5543):853-8. https://doi.org/10.1126/science.1064921 PMID:
11679670

PLOS ONE | https://doi.org/10.1371/journal.pone.0175666  April 14,2017 7/8


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175666.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175666.s002
http://www.ncbi.nlm.nih.gov/pubmed/2758390
https://doi.org/10.1200/EdBook_AM.2013.33.327
http://www.ncbi.nlm.nih.gov/pubmed/23714537
https://doi.org/10.1093/annonc/mdv100
http://www.ncbi.nlm.nih.gov/pubmed/25716425
http://www.ncbi.nlm.nih.gov/pubmed/25773791
https://doi.org/10.1158/1055-9965.EPI-14-0389
http://www.ncbi.nlm.nih.gov/pubmed/25103824
https://doi.org/10.1126/science.1064921
http://www.ncbi.nlm.nih.gov/pubmed/11679670
https://doi.org/10.1371/journal.pone.0175666

@° PLOS | ONE

miR-4293 rs12220909 is associated with susceptibility to non-small cell lung cancer

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tay Y, Zhang J, Thomson AM, Lim B, Rigoutsos |. MicroRNAs to Nanog, Oct4 and Sox2 coding regions
modulate embryonic stem cell differentiation. Nature. 2008; 455(7216):1124-8. https://doi.org/10.1038/
nature07299 PMID: 18806776

Ambros V. MicroRNA pathways in flies and worms: growth, death, fat, stress, and timing. Cell. 2003;
113(6):673-6. PMID: 12809598

Ambros V. The functions of animal microRNAs. Nature. 2004; 431(7006):350-5. https://doi.org/10.
1038/nature02871 PMID: 15372042

Croce CM, Calin GA. miRNAs, cancer, and stem cell division. Cell. 2005; 122(1):6—7. https://doi.org/10.
1016/j.cell.2005.06.036 PMID: 16009126

Voorhoeve PM, le Sage C, Schrier M, Gillis AJ, Stoop H, Nagel R, et al. A genetic screen implicates
miRNA-372 and miRNA-373 as oncogenes in testicular germ cell tumors. Adv Exp Med Biol. 2007;
604:17—-46. PMID: 17695719

Li BA. A novel tumor suppressor miRNA miR-520e contributes to suppression of hepatoma. Acta Phar-
macol Sin. 2012; 33(1):3-4. https://doi.org/10.1038/aps.2011.198 PMID: 22212428

Ryan BM, Robles Al, Harris CC. Genetic variation in microRNA networks: the implications for cancer
research. Nat Rev Cancer. 2010; 10(6):389—-402. https://doi.org/10.1038/nrc2867 PMID: 20495573

Duan R, Pak C, Jin P. Single nucleotide polymorphism associated with mature miR-125a alters the pro-
cessing of pri-miRNA. Hum Mol Genet. 2007; 16(9):1124-31. https://doi.org/10.1093/hmg/ddm062
PMID: 17400653

Isla D, Sarries C, Rosell R, Alonso G, Domine M, Taron M, et al. Single nucleotide polymorphisms and
outcome in docetaxel-cisplatin-treated advanced non-small-cell lung cancer. Ann Oncol. 2004; 15
(8):1194-2083. https://doi.org/10.1093/annonc/mdh319 PMID: 15277258

Gong J, Tong Y, Zhang HM, Wang K, Hu T, Shan G, et al. Genome-wide identification of SNPs in micro-
RNA genes and the SNP effects on microRNA target binding and biogenesis. Hum Mutat. 2012; 33
(1):254-63. https://doi.org/10.1002/humu.21641 PMID: 22045659

Zhang P, Wang J, Lu T, Wang X, Zheng Y, Guo S, et al. miR-449b rs10061133 and miR-4293
rs12220909 polymorphisms are associated with decreased esophageal squamous cell carcinomain a
Chinese population. Tumour Biol. 2015; 36(11):8789-95. https://doi.org/10.1007/s13277-015-3422-2
PMID: 26055141

Chen J, Bardes EE, Aronow BJ, Jegga AG. ToppGene Suite for gene list enrichment analysis and can-
didate gene prioritization. Nucleic Acids Res. 2009; 37(Web Server issue):W305—11. https://doi.org/10.
1093/nar/gkp427 PMID: 19465376

Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, et al. Gene ontology: tool for the unifi-
cation of biology. The Gene Ontology Consortium. Nat Genet. 2000; 25(1):25-9. https://doi.org/10.
1038/75556 PMID: 10802651

Ogata H, Goto S, Sato K, Fujibuchi W, Bono H, Kanehisa M. KEGG: Kyoto Encyclopedia of Genes and
Genomes. Nucleic Acids Res. 1999; 27(1):29-34. PMID: 9847135

Wang Q, Holst J. L-type amino acid transport and cancer: targeting the mTORC1 pathway to inhibit neo-
plasia. American journal of cancer research. 2015; 5(4):1281-94. PMID: 26101697

PLOS ONE | https://doi.org/10.1371/journal.pone.0175666  April 14,2017 8/8


https://doi.org/10.1038/nature07299
https://doi.org/10.1038/nature07299
http://www.ncbi.nlm.nih.gov/pubmed/18806776
http://www.ncbi.nlm.nih.gov/pubmed/12809598
https://doi.org/10.1038/nature02871
https://doi.org/10.1038/nature02871
http://www.ncbi.nlm.nih.gov/pubmed/15372042
https://doi.org/10.1016/j.cell.2005.06.036
https://doi.org/10.1016/j.cell.2005.06.036
http://www.ncbi.nlm.nih.gov/pubmed/16009126
http://www.ncbi.nlm.nih.gov/pubmed/17695719
https://doi.org/10.1038/aps.2011.198
http://www.ncbi.nlm.nih.gov/pubmed/22212428
https://doi.org/10.1038/nrc2867
http://www.ncbi.nlm.nih.gov/pubmed/20495573
https://doi.org/10.1093/hmg/ddm062
http://www.ncbi.nlm.nih.gov/pubmed/17400653
https://doi.org/10.1093/annonc/mdh319
http://www.ncbi.nlm.nih.gov/pubmed/15277258
https://doi.org/10.1002/humu.21641
http://www.ncbi.nlm.nih.gov/pubmed/22045659
https://doi.org/10.1007/s13277-015-3422-2
http://www.ncbi.nlm.nih.gov/pubmed/26055141
https://doi.org/10.1093/nar/gkp427
https://doi.org/10.1093/nar/gkp427
http://www.ncbi.nlm.nih.gov/pubmed/19465376
https://doi.org/10.1038/75556
https://doi.org/10.1038/75556
http://www.ncbi.nlm.nih.gov/pubmed/10802651
http://www.ncbi.nlm.nih.gov/pubmed/9847135
http://www.ncbi.nlm.nih.gov/pubmed/26101697
https://doi.org/10.1371/journal.pone.0175666

