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gfévlv;);gs Summary Solute carrier family 17 member 9 (SLC17A9) is a member of the family of transmembrane pro-
i teins that are involved in the transport of small molecules. The role of SLC17A09 in colorectal cancer (CRC)

Colorectal cancer; . . . . ..

Prognosis remains poorly understood. The present study aimed to demonstrate the clinicopathological significance and

prognostic role of SLC17A9 in CRC. Here, we firstly analyzed the data from The Cancer Genome Atlas on
SLC17A9 expression in CRC data sets and detected SLC17A9 expression level in 8 pairs of fresh CRC tis-
sues and adjacent nontumorous tissues by quantitative real-time reverse-transcription polymerase chain re-
action and Western blotting assays. Immunohistochemical staining was used to detect SLC17A9 protein
expression in 144 CRC patients in our center. The bioinformatic analysis, Western blotting, and immunohis-
tochemical analyses revealed that SLC17A9 was significantly up-regulated in CRC specimens compared
with adjacent nontumorous tissues. SLC17A9 overexpression was significantly correlated with several clin-
icopathological features, such as advanced T stage (P <.001), N stage (P <.001), M stage (P <.001), TNM
stage (P < .001), and tumor location (P = .01). A Kaplan-Meier survival curve suggested that higher
SLC17A9 expression was statistically correlated with poor overall survival and disease-free survival in pa-
tients with CRC. Univariate and multivariate Cox regression analyses demonstrated that SLC17A9 was an
independent prognostic predictor for survival of CRC patients. Therefore, our data suggested that SLC17A9
may play an important role in the progression of CRC and may potentially be used as an independent bio-
marker for prognostic evaluation of CRC.
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1. Introduction

Colorectal cancer (CRC), one of the most common ma-
lignant tumors worldwide, is the fourth leading cause of
cancer-related death worldwide [1,2]. Many factors are re-
lated to the occurrence of CRC, such as lifestyle, genetic mu-
tations, and familial inheritance. However, the mechanism
responsible for development of CRC is not clear. A number
of genes, including DPYD, KRAS, BRAF, and UGTIAI, have
been found to be related to the carcinogenesis and progression
of CRC [3-5], but the molecular mechanisms remain un-
known. Thus, understanding the molecular mechanisms of
CRC development and progression may help us to find new
therapeutic strategies.

Solute carrier family 17 member 9 (SLC17A9), also known
as vesicular nucleotide transporter, belongs to the family of
SLC-17 [6]. This gene encodes a member of a family of trans-
membrane proteins that are involved in the transport of small
molecules [7]. The encoded protein participates in the vesicu-
lar uptake, storage, and secretion of adenosine triphosphate
(ATP) and other nucleotides [8-11]. Recent studies have indi-
cated that SLC17A9 activity mediates lysosomal ATP accu-
mulation and plays an important role in lysosomal
physiology and cell viability [12]. Moreover, studies have con-
firmed that SLC17A9 may promote chromosome 20q ampli-
con-driven colorectal adenoma to carcinoma progression
[13]. Collectively, these studies suggest that SLC17A9 is crit-
ical to cell ATP transport and cell viability. However, whether
SLC17A9 could serve as an oncogene and regulate the pro-
gression and development of CRC remains poorly understood.
Therefore, the present study was conducted to detect the ex-
pression of SLC17A9 in CRC and analyze the relationship be-
tween the clinical significance in CRC and the expression of
SLC17A9.

2. Materials and methods
2.1. Tissues specimens

Patient consent and ethical approval from the First Affili-
ated Hospital of Sun Yat-Sen University (FAHSYSU) institu-
tional review board were obtained for the use of these clinical
materials for research purposes.

Eight fresh, paired CRC and adjacent nontumorous tis-
sues from surgical resection specimens were obtained from
the FAHSYSU. None of the patients received chemotherapy
or radiotherapy or other treatments before sampling. These
samples were snap-frozen in liquid nitrogen and then stored
at —80°C.

One hundred forty-four cases of CRC paraffin-embedded
tissues were obtained from the Department of Pathology FAH-
SYSU. All patients included in this study have received surgi-
cal treatment at FAHSYSU in 2011, and follow-ups were
terminated by December 2017.

2.2. Quantitative real-time reverse-transcription po-
lymerase chain reaction

Total RNA was isolated using RNA plus reagent (TaKaRa,
Tokyo, Japan). Complementary DNA was prepared using oli-
godT primers according to the protocol supplied with the
Primer Script TM RT Reagent (TaKaRa). Expression of
SLCI17A9 was determined by quantitative real-time reverse-
transcription polymerase chain reaction (QRT-PCR) using
Power SYBR green PCR master mix (Applied Biosystems
Carlsbad, California, USA). primer sequences were as follows:
SLC17A9, (forward: 5'-AGGGGTTTACTTCCCTGCC-3’,
reverse: 5'-GTCAGCAGCGTCCCAAACT-3"); GAPDH,
(forward: 5'-CGCTGAGTACGTCGTGGAGTC-3’ and re-
verse: 5'-GCTGATGATCTTGAGGCTGTTGTC-3").

2.3. Immunohistochemical staining

For immunohistochemistry (IHC), deparaffinized tissue
sections were pretreated with 10 mM sodium citrate buffer
(pH 6.0, boiling temperature, high pressure, 10 minutes),
cooled for 1 hour at room temperature, immersed in 3% hydro-
gen peroxide (H,0,) for 10 minutes to block endogenous per-
oxidase, blocked with 5% goat serum diluted in phosphate-
buffered saline at room temperature for 30 minutes, incubated
at 4°C overnight in a humidified chamber with primary anti-
body against SLC17A9 antibody (1:400; Millipore, Billerica,
MA), rinsed, and incubated with horseradish peroxidase—con-
jugated secondary antibody using an Envision Detection Kit,
GK500705 (Gene Tech, Shanghai, China). Targeted protein
was visualized using 3,3’-diaminobenzidine as the substrate.

IHC evaluation was performed by 2 investigators who were
blinded to the sample. The resulting slides were assessed and
scored according to the percentage of positive tumor cells as fol-
lows: the percentage of positive staining was defined as 0 (none
positive staining cells), 1 (<20% of positive staining cells), 2
(20%-50% of positive staining cells) or 3 (>50% of positive
staining cells). The staining intensity was scored as follows:
0 (negative), 1 (weak), 2 (moderated), and 3 (strong). Each
section was assigned a final expression score by adding the in-
tensities of the immunoreactivities and the proportion of
stained tumor cells, which resulted in scores of 0 or 2 to 7.
To analyze the prognostic value of SLC17A9 expression, we
stipulated that scores of 0 to 3 were counted as low expression,
whereas scores of 4 to 7 were counted as overexpression [ 14].

2.4. Western blotting analysis

Freshly frozen tissue specimens were homogenized in cell
lysis buffer (KeyGene, Nanjing, China), and the protein con-
centration was quantified with an Enhanced BCA Protein As-
say Kit (KeyGene, Nanjing, China). Protein was separated by
8% to 10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and electrotransferred to polyvinylidene gel electro-
phoresis membranes (Millipore). The membranes were
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immersed in Tris-buffered saline (TBS) containing 0.1%
Tween 20 and 5% bovine serum albumin for 2 hours at room
temperature to block the nonspecific binding. Subsequently,
the membranes were incubated overnight at 4°C with anti-
SLC17A9 antibody (1:1000; Millipore, lot: 2952320), anti-
GAPDH (1:1000; Proteintech, Wuhan, China, 430223, lot:

washed with TBS—0.1% Tween 20 and incubated with horse-
radish peroxidase—conjugated goat antirabbit antibody
(1:5000; Cell Signaling Technology, Danvers, MA,USA) at
room temperature for 1 hour. The membranes were washed
with TBS—0.1% Tween 20 three times and visualized using
enhanced chemiluminescence detection reagent with an en-

AG02237527) primary antibodies. Then, the membranes were hanced chemiluminescence kit (Millipore).
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Fig.1  Up-regulation of SLC17A9 in CRC. A, Analysis of 13 pairs of TCGA chip data in the heat map. B, analysis of SLC17A9 expression in
unpaired CRC (n=253) and normal tissues (41) in the TCGA cohort (P <.001). C, SLC17A9 expression in paired normal and CRC tissues (n =32)
in the TCGA cohort (P <.001). D, The mRNA expression of SLC17A9 is up-regulated in 10 paired CRC tissues compared with matched adjacent
nontumor tissues, analyzed by qRT-PCR analysis. E, Representative results of expression levels of SLC17A9 protein in 10 CRC tissues and matched
adjacent nontumor tissues. T, CRC tissues; N, matched nontumor tissues.
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Table 1  Oncomine analysis of SLC17A9 expression in CRC (total of 8 CRC cohorts)
Cohort Sample (n) t Test Fold change P
Skrzypczak et al [15], Colorectal 2 Colon carcinoma (5) vs normal (10) 13.68 3.544 1.42 x 1078
Colon carcinoma epithelia (5) vs normal (10) 8.278 2.833 1.19 x 10°°
Colon adenoma (5) vs normal (10) 3912 1.419 .001
Colon adenoma epithelia (5) vs normal (10) 2411 1.31 .016
Kaiser et al [16], Colon Rectal mucinous adenocarcinoma (4) vs normal (5) 3214 1.65 .014
Cecum adenocarcinoma (17) vs normal (5) 3.667 1.418 .002
Rectosigmoid adenocarcinoma (10) vs normal (5) 6.009 2.04 224 x107°
Colon adenocarcinoma (41) vs normal (5) 7.811 1.853 6.78 x 107°
Colon mucinous adenocarcinoma (13) vs normal (5) 6.093 1.829 246 x 10°7°
Rectal adenocarcinoma (8) vs normal (5) 5.585 1.85 833 x 107°
Hong et al [17], Colorectal Colorectal carcinoma (70) vs normal (12) 7.866 3.054 2.81 x 107°
Cecum adenocarcinoma (22) vs NORMAL (22) 6.391 1.771 559 x 10°®
Colon mucinous adenocarcinoma (22) vs normal (22) 6.445 1.997 5.87 x 10°%
Rectosigmoid adenocarcinoma (3) vs normal (22) 4.294 2.093 .014
LISE MO g Colon adenocarcinoma (101) vs normal (22) 9.569 2.216 4.06 x 10713
Rectal adenocarcinoma (60) vs normal (22) 9.93 2.264 248 x 10713
Rectal mucinous adenocarcinoma (6) vs normal (22) 6.049 2.362 1.56 x 1074
Notterman et al [18], Colon Colon adenocarcinoma (18) vs normal (18) 1.912 1.42 .032
Skrzypczak et al [15], Colorectal Colorectal carcinoma (36) vs normal (24) 3.879 1.277 136 x 107*
Colorectal adenocarcinoma (45) vs normal (24) 3.255 1.181 .001
Sabates-Bellver et al [19], Colon Rectal adenoma (7) vs normal (32) 3.138 1.619 .003
Colon adenoma (25) vs normal (32) 3.925 1.687 122 x10°*
Gaedcke et al [20], Colorectal Rectal adenocarcinoma (65) vs normal (65) 1.803 1.154 .037

2.5. Bioinformatics analysis

The RNASeq data for CRC were downloaded from The
Cancer Genome Atlas (TCGA) databases (https://genome-
cancer.ucsc.edu). The data were log2 transformed and ana-
lyzed using Excel 2001 and GraphPad Prism 5.0 software.

2.6. Statistical analysis

SPSS version 18.0 (IBM, Armonk, NY) was used for ana-
lyzing the data. The relationship between SLC17A9 expres-
sion and features of tumor progression was analyzed using
the %2 tests. Kaplan-Meier survival curves were constructed,
and the log-rank test was carried out using univariate analysis.
Multivariate analysis was performed using Cox proportional
hazards model. Differences were considered to be statistically
significant at P values of .05 for all analyses.

3. Results
3.1. Overexpression of SLC17A9 in CRC tissues

We analyzed 13 pairs of CRC chip data from TCGA-CRC
data set and found that many genes are up- or down-regulated
in CRC samples compared with normal samples and
SLC17A9 was significantly overexpressed in CRC tissues
(01) compared with adjacent normal tissues (11; Fig. 1A).

To confirm the expression of SLC17A9 in CRC and normal tis-
sues, we analyzed SLC17A9 expression in all cases of CRC
and normal sample from TCGA cohort (Fig. 1B and C). The
messenger RNA (mRNA) level of SLC17A9 in the unpaired
CRC (n=263) and normal tissues (n =41) from the TCGA co-
horts indicated that SLC/7A9 mRNA expression was remark-
ably up-regulated in CRC tissues (P < .001; Fig. 1B).
Similarly, the up-regulation of SLC17A9 mRNA in CRC was
confirmed in paired tumor and adjacent nontumor tissues in
TCGA cohorts (n=26, P<.001; Fig. 1C). We can see an anal-
ogous result in other CRC cohorts from the Oncomine data-
base (Table 1) [15,21-25]. To verify the overexpression
status of SLC17A9 in CRC tissues, the qRT-PCR and Western
blotting assays were used to detect SLC17A9 expression level
in 8 fresh paired specimens in CRC patients from our medical
center, and we found that SLC/7A9 mRNA (Fig. 1D) and pro-
tein (Fig. 1E) levels were elevated in CRC tissues compared
with adjacent nontumor tissues. Taken together, we confirmed
that SLC17A9 was up-regulated in CRC tissues.

3.2. Correlation between SLC17A9 expression and
clinicopathological parameters in patients with CRC

To estimate the relationship between SLC17A9 expression
and clinicopathological variables in human CRCs, 144 paraf-
fin-embedded primary CRC samples were used to examine
SLC17A9 expression using IHC staining. As shown in Fig.
2, SLC17A9-positive staining mainly distributed in cancer cell
cytoplasm and cytomembrane (Fig. 2A-D).
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Fig. 2 THC analysis of SLC17A9 protein expression in CRC tissues. A, Negative expression of SLC17A9 was observed in CRC tissues (case
25), in which no tumor cells demonstrated staining of SLC17A9. B, Low expression of SLC17A9 was observed in a CRC tissue (case 50), in
which less than 20% of tumor cells demonstrated staining of SLC17A9. C, Another CRC (case 39) tissue showed high expression of SLC17A9,
in which 20% to 50% of tumor cells demonstrated staining of SLC17A9. D, High expression of SLC17A9 was detected in a CRC tissue (case 30).

To evaluate the role of SLC17A9 protein in CRC progres-
sion, we analyzed correlations between SLC17A9 protein ex-
pression and major clinicopathological features as shown in
Table 2.

SLC17A9 overexpression in CRC tissues was significantly
related to larger tumor size (P = .008), tumor location (P =

.004), advanced Duke stage (P <.001), T stage (P <.001),
N stage (P < .001), M stage (P =.031), and TNM stage (P <
.001). However, SLC17A9 expression was not found to be
significantly related to other clinicopathological features, such
as sex (P =.605), age (P =.735), and differentiation degree (P
=.604).
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Table 2  Correlations between STIP1 expression and clinico-
pathological variables of 144 CRC patients

Characteristics No. Low High x> P
SLC17A9 SLCI17A9
expression expression

m=81) (@m=063)

Sex

Male 88 51 37

Female 56 30 26 0.267 605
Age (y)

<60 64 35 29

>60 20 46 34 0.114 735
Tumor size (cm)

<5 71 43 28

S5 73 38 35 1.059 .303
Differentiation degree

Well 7 5 2

Moderate 107 58 49 1.008 .604

Poor 30 18 12
Tumor location

Ascending colon 31 13 18

Transversecolon 9 7 2

Descending 7 1 6 1338 .01
colon

Sigmoid colon 27 13 14

Rectum 70 47 23
TNM stage

I 20 20 0

ITa 32 31 1

IIb 8 4 4

Ilc 19 2 17

il 18 18 0 105.78 <.001

1IIb 14 4 10

IIc 14 0 14

v 19 2 17

3.3. Relationship between patient survival, SLC17A9
protein  expression, and clinicopathological
parameters

The follow-up period of the 144 CRC patients ranged from
4 to 91 months, with a mean survival time of 66.7 £ 2.7
months. The 5-year overall survival (OS) rate was 59.7%.
From the statistical data, we found that patients with SLC17A9
high expression had poor OS (P < .001). The 5-year OS rate
was 71.6% and 50.8% in the low and high SLC17A9 expres-
sion groups, respectively. Furthermore, high SLC17A9 ex-
pression indicated a worse disease-free survival (DFS) in
patients with CRC (P < .001). Moreover, we also detected
the prognosis of SLC17A9 expression in early (TNM stages
I and IT) and advanced (TNM stages I1I and IV) CRC. The re-
sults showed that in early-stage CRC, patients with high
SLC17A9 expression in CRC tissues had worse OS than did
patients with low SLC17A9 expression in CRC tissues (Fig.
3B, left panel; P <.001); however, DFS is not correlated with
SLC17A9 overexpression status in early-stage CRC (Fig. 3B,

left panel; P=.203). Our data also show that patients with high
SLC17A9 expression had a worse OS (Fig. 3C, left panel; P <
.001) and DFS (Fig. 3C, right panel; P <.001) than did those
with low SLC17A9 expression in advanced CRC.

To identify whether SLC17A9 expression could predict the
outcome of patients with CRC, univariate and multivariate
analyses were performed to compare the impact of SLC17A9
expression and other clinicopathological factors on the prog-
nosis of CRC patients. Univariate analysis showed that clinical
variables, including tumor size, differentiation degree, T stage,
N stage, M stage, TNM stage, and SLC17A9 expression, were
significantly associated with OS. Furthermore, multivariate
Cox regression analysis indicated that SLC17A9 expression
(P=.008) was an independent predictor of OS in CRC patients
(Table 3). In addition, SLC17A9 overexpression (P = .016)
was associated with DFS in CRC patients (Table 4). Our re-
sults indicated that higher SLC17A9 expression level is asso-
ciated with poor prognosis in CRC patients, suggesting that
SLC17A9 might serve as a molecular prognostic marker for
CRC.

4. Discussion

In this study, we showed that SLC17A9 is overexpressed
at both the mRNA and protein levels in CRC tissues using
Western blotting, IHC, and qRT-PCR assays. We firstly
identified that SLC17A9 could be a potential new bio-
marker to evaluate the prognosis of patients with CRC.
Also, we demonstrated the correlation between the expres-
sion of SLC17A9 and the clinicopathological characteristics
in CRC through bioinformatics analysis and the data from
the TCGA cohort and Oncomine database [26,27]. First,
we detected the SLC17A9 mRNA level from the data, and
the result indicated that SLC17A9 expression was signifi-
cantly higher in CRC tissues than that in nontumorous tissues.
Then, we tested the expression of SLC/7A9 mRNA and pro-
tein in fresh CRC tissues and adjacent noncancer tissues.
The results were the same as the bioinformatics analysis. Fur-
thermore, we performed IHC staining and analysis in 144
cases of CRC and found that the expression of SLC17A9 pro-
tein was significantly higher than that in adjacent normal colo-
rectal tissues. High SLC17A9 expression predicted patients
with advanced malignant tumor progression and poor OS
and recurrence-free survival. SLC17A9 protein expression
was an independent prognostic factor for OS and recurrence-
free survival.

In a previous study, we found that SLC17A09 is a functional
gene located at human chromosome 20q13.33, in which muta-
tion was found in individuals with autosomal dominant dis-
seminated superficial actinic porokeratosis-8 [28-31].
Emerging evidence has shown that SLC17A9, the vesicular
nucleotide transporter, functions in ATP transport across se-
cretory vesicle/granule membranes in astrocytes cells, T cells,
and pancreatic cells [9,32,33]. Few studies to date have re-
ported the significance of SLC17A9 in cancer. However,
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Fig. 3  Kaplan-Meier analysis of association of SLC17A9 expression with patient survival. A, Patients with high SLC17A9 expression had
worse DFS (right panel) and OS (left panel) compared with low SLC17A9 expression (P < .001). B, Prognostic value of SLC17A9 expression
in early stage CRC patients (TNM stages I and II). C, In the late stage, DFS rate of patients (right panel; P=.0071) and OS of patients (left panel; P
<.001) with high SLC17A9 expression was lower than that of those with low SLC17A9 expression (TNM stages III and IV).

Takai et al [34] have reported that SLC17A9 knockdown can
inhibit the exocytosis of ATP and decrease cell migration in
human lung cancer cells. Similarly, a previous study showed
that SLC17a9 protein also functions as a lysosomal ATP trans-
porter and regulates cell viability [12].

However, few studies to date have reported an associ-
ation between SLC17A9 expression and CRCs. To our
knowledge, this is the first demonstration that SLC17A9
is overexpressed in CRC tissues, and SLC17A9 is a
prognostic factor for OS in CRC patients. Our finding
therefore improves our understanding of the roles of

SLC17A9 in the progression of CRC. A limitation of
our study is that the impact of SLC17A9 on CRC and
its mechanisms have not been reported. SLC17A9 pro-
tein is known to be highly enriched in lysosomes and
functions as an ATP transporter in those organelles,
and SLC17A9 deficiency has been found to reduce lyso-
some ATP accumulation and compromise lysosome
function [12]. ATP has been found to activate proteases, such
as cathepsin D, and increases proteolysis within lysosomes
[21] and cathepsin D deficiency—induced lysosomal storage
of lipofuscin [22]. Therefore, SLC17A9 function suppression
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Table 3  Cox propotional harzard regression analysis for OS
Characteristics Univariate analysis Multivariate analysis
Harzard ratio P 95% Confidence Harzard ratio /P 95% Confidence

interval linterval
Lower Upper Lower Upper

Sex 1.406 201 0.834 2.367

Age 0.988 209 0.97 1.007

Tumor size 1.868 .022 1.095 3.186 1.387 255 0.789 2.437

Differentiation degree 3.264 <.001 1.944 5.481 3.004 <.001 1.741 5.183

Tumor location 1.066 452 0.903 1.257

T stage 2.634 .002 1.424 4.872

N stage 1.706 .001 1.235 2.357

M stage 4.295 <.001 2.355 7.833

TNM stage 2.233 <.001 1.631 3.059

SLC17A9 expression 2.008 .009 1.186 3.4 2.033 .008 1.199 3.446

could attenuate cathepsin D activity and promote subsequent
lipofuscin accumulation and cell death. Others have reported
that lysosomal ATP release via lysosomal exocytosis is impli-
cated in cell migration [23]. Tumor buds are defined as single
cells or small clusters of de-differentiated tumor cells at the in-
vasive front, which is highly relevant to epithelial-mesenchy-
mal transition in tumor progression [24,25]. We
hypothesized that overexpression of SLC17A9 may promote
the formation of tumor buds through the epithelial-mesenchy-
mal transition pathway and then lead to poor prognosis in
CRC. Therefore, our future studies will explore the molecular
mechanisms of SLC17A9 functions on CRC.

In conclusion, our results showed that the SLC17A9 gene
is frequently amplified in CRC, which is associated with sig-
nificant mRNA and protein overexpression. High SLC17A9
expression played an important role in CRC development
and progression. Our finding indicated that SLC17A9 may
serve as a new prognostic and potential therapeutic target in
CRC.

Table 4 Cox propotional harzard regression analysis for DFS
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