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Abstract

Dysregulation of the amino acid transporter SLC7A7 is involved in multiple types of cancer including gliobastoma (GBM), the most
malignant form of glioma. We hypothesized that SLC7A7 genetic variants may influence glioma risk. To test this hypothesis, we
conducted a case—control study in 736 incident glioma cases and 793 cancer-free controls in a Chinese population by genotyping
22 common single nucleotide polymorphisms in SLC7A7. In single-locus analysis, we found an increased risk was associated with
the variant genotypes of rs12888930 (adjusted odds ratio [OR]=1.25, 95% confidence interval [CI] 1.02-1.54, P=0.034),
rs12433985 (adjusted OR =1.38, 95%Cl =1.13-1.70), rs2065134 (adjusted OR =1.43, 95% CI 1.05-1.95) in a dominant genetic
model and rs12436190 (adjusted OR=1.37, 95%CI 1.06-1.77) in a recessive model. Multivariate analysis confirmed that
rs12433985 and rs2065134 were significant and independent risk factor for glioma as well as GBM subtype (for rs12433985,
OR=1.21, 95%CI 1.04-1.42, P=0.016 for all types of gliomas and P=0.013, OR=1.30, 95%CI 1.06-1.60 for GBM. For
rs2065134, OR=1.39, 95%CI 1.02-1.89, P =0.039 for all types of gliomas and OR=1.66, 95%CIl 1.12-2.24, P=0.011). These
results, for the first time, provide suggestive evidence of polymorphisms in SLC7A7 is involved in the aetiology of glioma.
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This demand is met in part by enhanced cellular entry of
nutrients through the upregulation of specific transporters.
Solute carriers (SLCs), the second largest super-family of
membrane proteins in the human genome,® are in charge
of the uptake and exchange of amino acids. As an important
member of SLCs, SLC7A7 (SLC family 7, amino acid trans-
porter light chain, y +L system, member 7) is responsible
for the influx/efflux of cationic and large neutral amino
acids across membrane in a sodium-independent manner.’

Introduction

Brain tumour accounts for approximately 9% of human can-
cers, of which almost 80% are gliornas.l In China, the inci-
dence rate is 3-6/100,000, with an increase of 1.2% annually,
leading to 100,000 deaths in 2009.> Although tumourectomy
as well as radiotherapy and chemotherapy have been
employed to combat this malignancy, prognosis remains
dismal with a median survival of only 15 months.’
Familial clustering suggests genetic factors play a crucial

aetiological role in this disease. Mounting evidences suggest
that abnormal metabolic states are at the origin of many
diseases including cancer. In other words, cancer can be
considered in many aspects as a metabolic disease.*”
Amino acids are important regulators of cell function and
energy metabolism.® Together with other nutrients, they
serve as the buildings blocks for synthesis of macromol-
ecules (DNA, RNA, proteins and lipids).” Tumour cells
have an increased metabolic demand for amino acids to
support their rapid growth and accelerated mitosis.
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Dysregulation of SLC7A7 has been observed in various
types of cancers including ovarian cancer, non-small cell
lung cancer and multiple myeloma.'®'* Gene deletion of
SLC7A7 was first identified in gliobastoma (GBM) by The
Cancer Genome Atlas (TCGA) and expression data derived
from this project demonstrated that SLC7A7 protein was
upregulated. Moreover, data from our group confirmed
that SLC7A7 was upregulated at both mRNA and protein
level and overexpression of SLC7A7 was associated with
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poor prognosis of GBM patients."® Protein encoded by this
gene is the light subunit of a cationic amino acid trans-
porter. This sodium-independent transporter is formed
when the light subunit encoded by this gene dimerizes
with the heavy subunit transporter protein SLC3A2 and is
involved in the influx/efflux of cationic and large neutral
amino acids from the cell to the extracellular space.
Especially in the central nervous system, transporters of
this kind regulate the transport of amino acids across the
blood-brain barrier and are important for the metabolic
coupling of gliacytes and neurons.'*

In light of these findings, we investigated tag single
nucleotide polymorphisms (SNPs) spanning the SLC7A7
gene and their impacts on glioma risk in the present study.

Materials and methods
Study population

The study design and subjects recruitment have been
described previously.">™” Briefly, patients with histologi-
cally confirmed glioma were consecutively recruited
between August 2005 and August 2010 from Department
of Neurosurgery at Huashan Hospital, Fudan University
(Shanghai, China). The exclusion criteria included previous
cancer history, spinal gliomas, metastasized cancer from
other organs and previous radiotherapy or chemotherapy
for unknown disease conditions. In total, 736 eligible
patients were recruited with a response rate of 91.5%. The
cancer-free controls were randomly selected from visitors to
the health examination clinic for a general check-up at the
same hospital during the same study period. Those who
had a central nervous system-related disease, self-reported
history of any cancer and previous radiotherapy and
chemotherapy were excluded and 793 controls were
recruited with a response rate of 85.8%. Control subjects
were frequency matched to the cases by age (+5 years),
gender and residential area (urban or rural). All subjects
were genetically unrelated ethic Han Chinese. Each partici-
pant was scheduled for an interview after a written
informed consent was obtained and a structured question-
naire we described previously was administered by trained
personnel to collected information on demographic data.
After the interview, each subject provided 3-5mL venous
blood. This study was approved by the institutional review
board of Fudan University, Shanghai, China.

Selection of tag SNPs and genotyping

SLC7A7 harbours ~46 kb of genomic DNA at chromosome
14q11.2 in the anti-sense strand. Genotype data on the
SLC7A7 from Han Chinese in Beijing (CHB) population
were downloaded from the phase 2 HapMap SNP database
(available at http://www.hapmap.org/ [access August,
2011]). Then, tag SNPs were selected based on a pairwise
Tagger method with a criteria of linkage disequilibrium
(LD) *>0.8 and minor-allele frequency (MAF)>0.05
using HaploView program 4.2 (http://www.broad.mit.
edu/mpg). A total of 22 SNPs which met the above criteria
were chosen for this study (Table 1).

Genomic DNA was prepared from peripheral leukocytes
using the Qiagen Blood Kit (Qiagen, Chatsworth, CA). SNP
spanning fragments were amplified by polymerase chain
reaction, and genotyping was performed with the Mass-
ARRAY iPLEX platform (Sequenom, San Diego, CA)
through the use of an allele-specific matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
assay.'® Primers for amplification and extension reactions
were designed using MassARRAY Assay Design software,
version 3.1 (Sequenom), and SNP genotypes were obtained
according to the iPLEX protocol provided by the manufac-
turer. Laboratory staff was blinded to the case-control
status of the samples. All assays were carried out in 384-
well arrays and eight blank controls as well as eight random
duplicates were used for quality control. Results were more
than 99% concordant between the duplicated ones. On aver-
age, 99% of genotypes were successfully determined for
all SNPs.

Statistical analysis

Departure from the Hardy-Weinberg equilibrium (HWE)
expectation in control was assessed by Pearson x* test
(degree of freedom=1) for each SNP. Differences in
selected demographic variables between cases and controls
were evaluated by the Student’s f-test for continuous vari-
ables and x* test for categorical variables. All tests are two-
tailed with a significant level of P value less than 0.05. The
associations between SLC7A7 variants and glioma risk
were estimated by computing the odds ratio (OR) and
95% confidence interval (Cl) from both univariate and
multivariate logistic regression analyses. For multivariate
logistic regression analysis, SNPs that stand for independ-
ent signal in univariant analysis were included. rs12888930
and rs12433985 were relatively strong LD with each other
(Figure 1, r2:O.72). Therefore, for these two signals, SNP
with a relatively weak significance was excluded in the
multivariate model for high potential of surrogate of the
other one. The remaining pairs were in weak LD
(r* <0.05), indicating they are independent with each other.

The Akaike’s information criterion was employed to
determine the best fitting model for each SNP.'’ False dis-
covery rate (FDR) was applied to address the multiple com-
parisons problem. All the statistical analyses were
performed with SPSS statistical software package (version
17.0; SPSS Inc., Chicago).

Results
Characteristics of the study population

In order to carry out this study, we recruited 736 cases and
793 controls from East China. The median age at enrolment
was 47 years (range, 18-81) in cases and 48 years (range,
20-79) in controls. Males comprised 71.3% of cases and
79.9% of controls. There were no significant differences in
the distributions of age and gender between the cases and
the controls (P =0.26 and 0.16, respectively). The case group
was comprised of 285 (38.7%) GBM; 451 (63.1%) lower
grade gliomas including 156 (21.2%) grade III anaplastic
astrocytoma, 285 grade II astrocytomas and 10 (1.4%)
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The pattern of linkage disequilibrium (LD) in the study population with the alignment of gene location (Chr 14: 23284572-23242828, SLC7A7). Arrows denote

the significant SNPs associated with glioma risk in x2 test. Red scale stands for the coefficient of pairwise r2. (A color version of this article is available in the online

journal)

grade I astrocytic tumours. Besides, mixed oligodendroglial
or pure oligodendrogliomas were also included in grade II
and III gliomas.

A total of 22 SNPs were chosen for this study. Table 1
shows detailed information about the selected tag SNPs and
their associations with glioma risk. Figure 1 shows the pat-
terns of LD of the 22 SNPs in the control population. All the
polymorphisms were in HWE among the controls. MAF of
some of the genotyped SNPs is divergent from those
reported in the Hapmap SNP database, which may reflect
either population differences or small sample sizes from
which the databases derived.

Association between SLC7A7 polymorphisms and
glioma risk

Allele frequencies of four SNPs were significantly different
between cases and controls (Table 1, P=0.018 for
rs12888930, P=0.003 for 1rs12433985, P=0.021 for
rs12436190 and P =0.028 for rs2065134, P value was con-
trolled by FDR). The pattern of LD within SLC7A7 was pre-
sented in Figure 1.

Multivariate logistic regression analyses revealed that
rs12433985 A allele was an independent risk compared
with wild-type G allele in a log model (OR=1.21, 95%CI
1.04-1.41, P=0.018). In addition, independent risk of
glioma risk was also observed for variant homozygotes
GG of rs2065134 in a dominant model (OR=1.39, 95%ClI
1.02-1.89, P=0.039). For GBM, the most malignant form
of glioma, similar results were observed in multivariate
logistic regression model (OR=1.31, 95%CI 1.07-1.60,
P=0.009 for rs12433985 in log-additive model and

Table 2 Multivariate analysis of the risk SNPs

Covariates in the model OR (95%CI)? P value?®

All types of gliomas

rs12433985 G:A 0.018
Log-additive 1.21 (1.04-1.41)

rs12436190 G:A 0.747
Dominant 1.04(0.83-1.29)

rs2065134 T:G 0.039
Dominant 1.39 (1.02-1.89)

GBM

rs12433985 G:A 0.009
Log-additive 1.31 (1.07-1.60)

rs12436190 G:A 0.774
Dominant 1.04 (0.78-1.41)

rs2065134 T:G 0.011
Dominant 1.66 (1.12-2.24)

Significant differences (P < 0.05) are indicated in bold.
20R 95%Cl and P value were calculated from multivariate unconditional logistic
regression analyses.

OR =1.66, 95%CI 1.12-2.24, P=0.011 for rs2065134 in a
dominant model, Table 2).

Furthermore, we performed stratified analysis by histo-
logical types, age and gender on these two SNPs
(rs12433985 and rs2065134, respectively, Tables 3 and 4).
Increased risk was observed for rs12433985 in GBM group
(OR=1.34, 95%CI 1.10-1.64, P =0.004); the association for
lower grade gliomas was borderline significant (P =0.055),
while the direction was the same (OR=1.19, 95%ClI



83 9% 1.00-1.43) in a log additive model. For rs2065134, similar
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L2 dominant model; Table 4).
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Table 4 Stratified analysis between the genotypes of selected SNPs and glioma risk

Gender Age (year)
No./Genetic
SNP No./Logistic regression Model Male Female <47 >47
rs12433985 Cases/controls (736/793) GG 194/267 85/97 164/226 115/138
AG 259/256 101/86 221/223 139/119
AA 71/63 25/24 50/45 46/42
OR (95%Cl) GG 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
AG 1.38 (1.07-1.78)7 1.37 (0.89-2.01) 1.37 (1.04-1.80)° 1.57 (1.15-2.14)°
AA 1.58 (1.07-2.33)¢ 1.19 (0.63-2.23) 1.54 (0.98-2.41) 1.32 (0.81-2.14)
Log-additive 1.30 (1.09-1.55)° 1.16 (0.87-1.55) 1.23 (0.99-1.54) 1.27 (1.03-1.56)"
rs2065134 Cases/Controls (736/793) TT 452/525 179/182 374/440 257/267
GT 69/53 31/23 58/47 42/29
GG 4/6 1/0 3/4 2/2
Dominant 73/59 32/23 61/51 44/31
OR (95%Cl) TT 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
GT 1.52 (1.04-2.23)¢ 1.40 (0.76-2.42) 1.44 (0.96-2.17) 1.50 (0.91-2.49)
GG 0.77 (0.21-2.73) NA 0.90 (0.20-4.00) 1.07 (0.15-7.65)
Dominant 1.45 (1.00-2.08)" 1.40 (0.79-2.49) 1.40 (0.94-2.08) 1.48 (0.90-2.41)

NA: not available. OR 95%CI and P value are calculated from unconditional logistic regression analyses. ORs and 95% Cls are indicated in bold because their P-values

are less than 0.05.

3P =0.012; °P=0.025; °P =0.004; “P =0.021; ®P =0.004; P =0.013; 9P =0.03; "P=0.049.
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