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Decreased expression of SLC16A12 mRNA
predicts poor prognosis of patients with clear cell

renal cell carcinoma
Jie Mei, BS?, Kehan Hu, BSP, Xiafeng Peng, BS?, Huiyu Wang, MD, PhD®”, Chaoying Liu, MD*"

Abstract N\
Solute carrier family 16, member 12 (SLC16A12) is a highly -expressed protein in the kidney and has been reported to participate in |
the transport of creatine. However, the clinical values of SLC16A12 in clear cell renal cell carcinoma (ccRCC) have not been explored.

SLC16A12 RNA-seq data and clinical information were downloaded from the Cancer Genome Atlas (TCGA) database. We
compared its expression in ccRCC and paracancerous tissues, then the result was further validated with our cohort. The impact on
the clinical significance of SLC16A12 in ccRCC was also assessed.

Compared with paracancerous tissue, SLC16A12 was significantly downregulated in the tumor tissues both in mBNA and protein
level. In TCGA cohort, SLC16A12 mRNA expression was associated with several clinicopathological parameters, including T stages
(P<.001), M stages (P=.009), TNM stages (P < .001), and differentiated grades (P=.001). Kaplan—Meier analysis showed that the
overall survival of patients with low expression of SLC16A12 mRNA was significantly worse than that of patients with high expression
(P < .001). Furthermore, both univariate (HR=0.371, 95%CI: 0.269-0.513, P < .001) and multivariate (HR=0.485, 95%CI: 0.297—
0.793, P=.004) Cox regression analyses suggested that low expression of SLC16A12 mRNA was an independent prognostic factor
for patients with ccRCC.

Overall, we uncovered that decreased expression of SLC16A12 is a poor prognostic factor for patients with ccRCC. SLC16A12
might be a potential biomarker and therapeutic target in ccRCC.

Abbreviations: ccRCC = clear cell renal cell carcinoma, HPA = the Human Protein Atlas, HR = hazard ratio, IHC =
immunohistochemistry, IRS = immunoreactivity score, OS = overall survival, SLC16A12 = solute carrier family 16, member 12, TCGA

= the Cancer Genome Atlas.
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1. Introduction

Renal cell carcinoma (RCC) is one of the most common
malignant tumors in the urinary system. The American Cancer
Society predicts that there will be more than 60,000 new cases
and nearly 15,000 deaths of RCC in the United States in 2018.!"!
Being a heterogeneous tumor, RCC is classified into various
subtypes based on the histological details along with its genetic
abnormalities. Major subtypes include clear cell RCC (ccRCC),
papillary RCC (pRCC), chromophobe RCC (chRCC), collecting
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duct RCC, and unclassified RCC.”*! CcRCC is the most
common subtype of RCC, accounting for approximately 70%—
75% cases.”) RCC is commonly resistant to conventional
chemotherapy and radiotherapy, so early surgical resection
remains the preferred therapy.!*! However, an amount number of
patients with advanced cancer, whose prognosis is largely poor,
are still lack of effective therapies to prevent the progression.
Thus, it is of great significance to discover novel targets for the
effective treatment for patients with RCC.

Solute carrier family 16, member 12 (SLC16A12) is located on
10g23.3, which encodes a transmembrane transport protein
containing 486 amino acids. SLC16A12 is a highly expressed
protein in the kidney and has been reported to participate in the
transport of creatine.”®! Previous researches have demonstrated
that the dysregulated expression and mutation of SLC16A12 in
gene level are associated with a syndrome combining juvenile
cataract with microcornea and renal glucosuria.l””®! However, no
study is currently available focusing on the prognostic value and
clinicopathological correlation of SLC16A12 expression in ccRCC.

In the current study, we collected SLC16A12 RNA-seq data
from the cancer genome atlas (TCGA) to compare its expression
in ccRCC and paracancerous tissues. The protein expression level
of SLC16A12 in ¢ccRCC was validated using tissue microarray
slides. The associations between SLC16A12 mRNA expression
and prognostic parameters, as well as various clinicopathological
characteristics were also analyzed. Overall, these data suggest
that SLC16A12 functions as a potential tumor suppressor in
ccRCC, which could be a therapeutic target in limiting the
progression of ccRCC.
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2. Methods and materials downloaded from the UCSC Xena browser (https://xenabrowser.
21 Dat ining in th line datab. net). This database included RNA-seq data of 533 ccRCC tissues
-1. 2ata mining In the online database and 72 paracancerous tissues.

The level of SLC16A12 mRNA expression in human normal 22 Dat .
tissues were reviewed via using data generated by the Human - [Jata processing
Protein Atlas (HPA) (http://www.proteinatlas.org/).”"'° The A total of 528 cases containing both SLC16A12 mRNA expression

level 3 data in TCGA-KIRC and clinical information were  data and clinical information was reserved to further analysis.
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Figure 1. SLC16A12 mRNA expression profiles in normal human tissues. The mRNA expression profiles of SLC16A12 in normal human tissues in (A) HPA dataset,
(B) GTEx dataset, and (C) FANTOMS5 dataset. SLC16A12 mRNA was significantly highly expressed in normal kidney tissues compared with most other tissues.
Data summary images could be obtained from Human Protein Atlas via visiting the website: https://www.proteinatlas.org/ENSG0O0000152779-SLC16A12/tissue.
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According to the expression of SLC16A12 mRNA, the cases in the
database were ranked from high expression to low expression. The
top 50% patients were divided into the high expression group and
the bottom 50% belonged to the low expression group.

2.3. Tissue samples

Tissue microarray slides (HKidCRCC150CS01) were purchased
from Outdo Biotech (Shanghai, China, http://www.superchip.
com.cn/). The slides contained 75 ccRCC tissues and paired normal
renal specimens. All ccRCC tissues were histopathologically
confirmed by a pathologist who selected areas of higher tumor cell
density for hematoxylin-eosin (HE) staining. Ethical approval for
study of tissue microarray slides was granted by the Clinical
Research Ethics Committee, Outdo Biotech (Shanghai, China).

2.4. Immunohistochemistry (IHC)

IHC staining was performed directly on the tissue slides. The
primary antibodies were as following: anti-SLC16A12 (1:200

www.md-journal.com

dilution, Cat. 20553-1-AP, ProteinTech, Wuhan, China). Anti-
body staining was visualized with DAB and hematoxylin
counterstain (ZSGB-Bio). The percentage of positively stained
cells was scored on a scale of 0 to 4 as follows: 0 (<1%), 1 (1%—
25%), 2 (25%-50%), 3 (50%-75%) and 4 (>75%). The
staining intensity was scored from 0 to 3 as follows: 0 (negative),
1 (weak), 2 (moderate), and 3 (strong). Quantitative analysis of
the staining was performed based on the percentage of positive
cells and staining density by 2 independent pathologists using 12
standard points. Immunostained sections were scanned using a
microscope (Olympus Corporation, Tokyo, Japan).

2.5. Statistical analysis

Statistical analysis was performed by using SPSS 25.0 (Chicago,
IL). Most of the data were analyzed by Student # test or one-way
ANOVA followed by Dunnett’s multiple posthoc tests. The
significance of correlations between the clinicopathological
characteristics and SLC16A12 mRNA expression was performed
using x> tests. Log-rank test was performed to assess the

P<0.001
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Figure 2. SLC16A12 mRNA expression in ccRCC tissues and paired normal kidney tissues based on TCGA database. (A) Expression of SLC16A12 mRNA in
ccRCC tissues and paired normal kidney tissues (n="72) according to the TCGA database. Compared with the paired normal kidney tissues, ccRCC tissues
expressed notably low SLC16A12 mRNA (P <.001). (B, C) Expression of SLC16A12 mRNA among various clinicopathological groups. SLC16A12 mRNA
expressions were compared among the various TNM stages and pathological differentiated grades. The one-way ANOVA was used to analyze the differences
between SLC16A12 mRNA expression and various TNM stages and pathological differentiated grades in ccRCC patients.
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difference between the survival curves. Prognostic values were
analyzed by univariate and multivariate Cox regression models.
Bar charts show means + SDs if not noted. For all analyses, a
2-sided P value of less than .05 was considered statistically
significant.

3. Results

3.1. SLC16A12 mRNA was highly expressed in normal
kidney tissues

Several studies have implied that SLC16A12 is a specifically
kidney-expressed protein.>'!! At first, we examined whether
SLC16A12 was enriched in normal kidney tissues. After reviewing
the RNA-seq data in the HPA, we characterized SLC16A12
mRNA expression profiles in various normal human tissues. As
shown in Figure 1, the mRNA expression of SLC16A12 was
significantly highly expressed in normal kidney based on three
independent datasets, including HPA dataset (Fig. 1A), GTEx
dataset (Fig. 1B), and FANTOMS dataset (Fig. 1C).

Medicine

3.2. SLC16A12 expression was decreased at both mRNA
and protein level in ccRCC

In view of the fact that SLC16A12 was highly expressed in
kidney, we next examine the expression of SLC16A12 mRNA in
ccRCC tissues. The expression of SLC16A12 mRNA in normal
and tumor tissues were compared in TCGA-KIRC database,
compared to the normal kidney tissues, SLC16A12 mRNA
expression was significantly downregulated in tumor tissues
(P<.001, Fig. 2A). Furthermore, we found that expression of
SLC16A12 mRNA was notably decreased in ¢ccRCC tissues
associating with TNM stages (P <.001, Fig. 2B) and differenti-
ated grades (P <.001, Fig. 2C) negatively. Moreover, the protein
abundance of SLC16A12 in normal and tumor tissues was also
quantified by THC for validation. As shown in Figure 3A, the
immunoreactivity of SLC16A12 was localized mostly in the
cytoplasm. After the analysis of 75 ccRCC cases, we demonstrat-
ed that the sections lowly and moderately expressed SLC16A12
accounted for a majority of tumor tissues (Fig. 3B). Besides, the
IRS of SLC16A12 in the tumor tissues was notably lower than
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Figure 3. SLC16A12 expression in ccRCC tissues and normal kidney tissues in the validated cohort. (A) Staining of SLC16A12 was evaluated by an
immunoreactivity score (IRS) by multiplying the intensity score with the score of percentage of positive cells. Representative microphotographs of 3 cases including
ccRCC tissues and paired normal tissues. Brown, SLC16A12. Blue, hematoxylin. Original magnification x200. (B) SLC16A12 protein expression intensity
proportion of ccRCC tissues and paired normal tissues. Low expression: IRS < 4; Medium expression: 4 < IRS < 8; High expression: IRS > 8. (C) The expression of
SLC16A12 protein in ccRCC tissues and paired normal tissues. A significant decrease of SLC16A12 expression was observed in ccRCC tissues compared with

paired normal tissues.
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paired normal tissues (P <.001, Fig. 3C). All these results above
suggest SLC16A12 was downregulated in ccRCC tissues.

3.3. SLC16A12 mRNA expression was correlated with
clinicopathological characteristics in ccRCC

Next, the association between clinicopathological characteristics
and SLC16A12 mRNA expression was evaluated in TCGA-
KIRC cohort. As shown in Table 1, the expression of SLC16A12
mRNA was not associated with gender (P=.144) and age
(P=.296), However, SLC16A12 mRNA was significantly
decreased in the patients with advanced T stages (P<.001),
distant metastasis (P=.009), TNM stages (P<.001), and
differentiated grades (P=.001). In other words, the expression
of SLC16A12 mRNA was negatively associated with malignant
tendency of the tumor (Table 2).

3.4. Downregulated SLC16A12 mRNA expression was
associated with poor prognosis in ccRCC

The Kaplan—-Meier method was employed to investigate the
correlation between SLC16A12 mRNA expression and overall
survival (OS) in 528 patients with ccRCC. The results showed
that the OS of patients with low SLC16A12 mRNA expression
was notably worse than high expression group (P <.001, Fig. 4).
Further subgroup analysis of the patients’ TNM stages suggested
that the expression of SLC16A12 mRNA was not correlated with
OS in patients with stage I and II (P=.104, Fig. SA), whereas in
patients with stage IIl and IV, the OS of patients with low

Association between SLC16A12 mRNA expression and patients’
characteristics in ccRCC.

SLC16A12 mRNA"

Characteristics n low high X2 P value’
Gender
Female 184 100 84 2.135 144
Male 344 164 180
Age
<60 264 126 138 1.091 296
>60 264 138 126
T stage
<T2 338 147 191 15.017 .000
>T2 190 17 73
N stage
NO 239 121 118 3.570 .059
N1 16 12 4
Unknown 273
M stage
MO 420 196 224 6.868 .009
M1 78 49 29
Unknown 30
TNM stage
-+l 320 136 184 17.974 .000
H+1V 205 126 79
Unknown 3
Pathological grade*
-+l 240 99 141 11.911 .001
[+V 280 158 122
Unknown 8

" The SLC16A12 mRNA expression levels were divided at a cutoff point of 50%.
P value for x° test.
#1+11: well differentiation; lll+V: poor differentiation.
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Univariate and multivariate analysis of survival in patients with
ccRCC.

Univariate analysis Multivariate analysis

Characteristics HR 95%Cl Pvalue HR 95%ClI P value
Gender

female vs male 0.953 0.699-1.299  .760
Age

<60vs >60 1.748 1.286-2.376 .000 1.518 0.987-2.336 .058
T stage

<T2vs >T2 3.152 2.326-4.272 .000 1.320 0.579-3.010 .509
N stage

NO vs N1 3411 1.810-6.428 .001 1.420 0.700-2.879 .331
M stage

MO vs M1 4328 3.166-5.915 .000 3.063 1.796-5.225 .000
TNM stages

[+ s Hl1+V 3.850 2.803-5.291 .000 1.270 0.504-3.197  .612
Differentiated grade*

[+ vs HI1+V 2.668 1.893-3.759 .000 1.447 0.868-2.413 .156
SLC16A12 expression

Low vs high 0.371 0.269-0.513 .000 0.485 0.297-0.793 .004

"l well differentiation; Ill+IV: poor differentiation.

SLC16A12 mRNA expression was notably worse than high
expression group (P<.001, Fig. 5B). In addition, subgroup
analysis by differentiated grades showed that the expression of
SLC16A12 mRNA was not associated with OS in patients with
grade I and grade II (P=.102, Figure 5C), but in the poorly
differentiated group, including grade Il and IV, the OS of the
SLC16A12 mRNA low expression group was significantly worse
than high expression group (P <.001, Fig. 5D).

3.5. Univariate and multivariate analyses of prognostic
factors for ccRCC
To further assess the prognostic factors of patients with ccRCC,

the Cox regression model was used for univariate and
multivariate survival analyses. Univariate analysis showed that

100 P<0.001
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Figure 4. Prognostic value of SLC16A12 mRNA expression in ccRCC
patients. Downregulated SLC16A12 mRNA expression was associated with

poor prognosis in ccRCC patients (P<.001). The SLC16A12 mRNA
expression levels were divided at a cutoff point of 50%.
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Figure 5. Subgroup analysis of the prognostic value of SLC16A12 mRNA in patients ccRCC. (A, B) The decreased expression of SLC16A12 mRNA was not
associated with OS (P=.104) in patients with TNM stage | and II, whereas in patients with TNM stage Il and IV, the OS was significantly lower in patients with low
SLC16A12 mRNA expression compared with high expression group (P <.001). (C, D) Subgroup analysis by pathological grade showed that the expression of
SLC16A12 mRNA was not associated with OS in patients with grade | and grade Il (P=.102), but in the poorly differentiated group, including grade Il and IV group,
the OS of patients with SLC16A12 mRNA low expression group was notably lower than that of high expression group (P < .001). The SLC16A12 mRNA expression

levels were divided at a cutoff point of 50%. OS = overall survival.

age (HR=1.748, 95%CI: 1.286-2.376, P<.001), T stages
(HR=3.152, 95%CI: 2.326-4.272, P<.001),N stages (HR=
3.411, 95%CI: 1.810-6.428, P=.001),M stages (HR =4.328,
95%CI: 3.166-5.915, P<.001), TNM stages (HR =3.850, 95%
CI: 2.803-5.291, P<.001), differentiated grades (HR=2.668,
95%CI: 1.893-3.759, P<.001) and SLC16A12 mRNA expres-
sion (HR=0.371, 95%CI: 0.269-0.513, P<.001) were associ-
ated with OS. In multivariate analysis, we found that M stages
(HR=3.063, 95%CI: 1.796-5.225, P<.001) and SLC16A12
mRNA expression (HR =0.485, 95% CI: 0.297-0.793, P=.004)
were independent prognostic factors for ccRCC.

4. Discussion

Increasing evidence shows that members of the SLC16A family
participate in carcinogenesis and progression of various
cancers.'>1°1 The SLC16A family consists of 14 members
and is mainly involved in the regulation of transmembrane
transport of monocarboxylic acids, such as lactic acid, pyruvic
acid, butyric acid, etc, which is significant for glycolysis
metabolism of both normal cells and tumor cells, especially

lactic acid metabolism. SLC16A1, SLC16A2, SLC16A3, and
SLC16A4 are H*-coupled monocarboxylic acid transporters,
SLC16A8 and SLC16A10 transport thyroid hormones and
aromatic amino acids.'®! However, the specific substrate and
function of other SLC16As have not been fully determined.
Several researchers have revealed that SLC16As are dysregulated
in a variety of tumors, and the dysregulated expression is
generally considered to be closely related to lactic acid
metabolism of tumor cells.!'®'”!

SLC16A12, a member of the SLC16A family, whose specific
substrate and function are largely unknown. A few studies have
preliminarily evaluated the role of SLC16A12 in the progression
of tumors. Chung et al revealed that DNA hypermethylation of
SLC16A12 in CpG island was observed in colon cancer, breast
cancer, and prostate cancer tissues compared paracancerous
tissues.'® Tahara et al suggested that DNA methylation
accumulation of SLC16A12 is associated with gastric carcino-
genesis after Helicobacter pylori eradication.”"”! Hypermethyla-
tion of CpG island in the promoter region has been identified as
an important cause for downregulation of gene expression./*%*!!
So, the phenomenon that hypermethylation of SLC16A12
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suggests that SLC16A12 might be a critical tumor suppressor.
However, no exact researches on the expression and mechanism
of SLC16A12 in tumors were available up to now.

In this study, we determinated the expression of SLC16A12
mRNA based on TCGA cohort, significantly decreased expres-
sion of SLC16A12 mRNA was found in ccRCC tissues compared
with paired normal tissues. Besides, downregulated SLC16A12
mRNA expression was correlated with T stages (P<.001), M
stages (P=.009), TNM stages (P<.001), and differentiated
grades (P=.001). Our results also suggest that the crucial role in
the prognosis of ccRCC patients. Kaplan—Meier analysis showed
that the OS of patients with low expression of SLC16A12 mRNA
was significantly worse than that of patients with high expression
(P<.001). Interestingly, subgroup analysis revealed that the
prognostic value of SLC16A12 mRNA expression was more
notable in patients with higher TNM stages and poorer
differentiated grades. In addition, both univariate and multivari-
ate Cox regression analyses suggested that low expression of
SLC16A12 mRNA was an independent prognostic factor for the
prognosis of patients with ccRCC.

To the best of our knowledge, this is the first research to
evaluate the association between SLC16A12 expression and
clinicopathological parameters for patients with ccRCC. Given to
all the findings, we suggest that SLC16A12 may play an
important role of tumor suppressor in the carcinogenesis of
ccRCC, and that this may be a potential target to limit the
progression of ccRCC. Besides, the determination of the
SLC16A12 expression may serve as a biomarker to predict the
prognosis of patients with ccRCC.

5. Conclusion

To conclude, we found that a substantial decrease of SLC16A12
expression in ccRCC tissues based on TCGA cohort and
validation of tissue microarray. Our findings strongly suggest
that SLC16A12 mRNA has significant value in predicting the
outcome of patients and may be a novel biomarker in ¢ccRCC.
Furthermore, our promising results encourage further studies of
the mechanisms by which SLC16A12 suppresses carcinogenesis
and progression of ccRCC.

Author contributions

Conceptualization: Jie Mei.

Data curation: Jie Mei.

Formal analysis: Jie Mei, Xiafeng Peng.

Funding acquisition: Huiyu Wang, Chaoying Liu.
Investigation: Jie Mei, Kehan Hu.

Methodology: Jie Mei, Kehan Hu, Xiafeng Peng, Huiyu Wang.
Project administration: Huiyu Wang, Chaoying Liu.
Validation: Kehan Hu, Chaoying Liu.

Writing — original draft: Jie Mei.

Writing — review & editing: Jie Mei, Huiyu Wang, Chaoying Liu.

www.md-journal.com

References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin
2018;68:7-30.

[2] Kumar A, Kumari N, Gupta V, et al. Renal cell carcinoma: molecular
aspects. Indian J Clin Biochem 2018;33:246-54.

[3] Escudier B, Kataja V. Group EGW.Renal cell carcinoma: ESMO clinical
recommendations for diagnosis, treatment and follow-up. Ann Oncol
2009;20(Suppl 4):81-2.

[4] Shuch B, Amin A, Armstrong AJ, et al. Understanding pathologic
variants of renal cell carcinoma: distilling therapeutic opportunities from
biologic complexity. Eur Urol 2015;67:85-97.

[5] Abplanalp J, Laczko E, Philp NJ, et al. The cataract and glucosuria
associated monocarboxylate transporter MCT12 is a new creatine
transporter. Hum Mol Genet 2013;22:3218-26.

[6] Morris ME, Felmlee MA. Overview of the proton-coupled MCT
(SLC16A) family of transporters: characterization, function and role in
the transport of the drug of abuse gamma-hydroxybutyric acid. AAPS J
2008;10:311-21.

[7] Kloeckener-Gruissem B, Vandekerckhove K, Nurnberg G, et al.
Mutation of solute carrier SLC16A12 associates with a syndrome
combining juvenile cataract with microcornea and renal glucosuria. Am J
Hum Genet 2008;82:772-9.

[8] Zuercher J, Neidhardt ], Magyar L, et al. Alterations of the 5’untranslated
region of SLC16A12 lead to age-related cataract. Invest Ophthalmol Vis
Sci 2010;51:3354-61.

[9] Uhlen M, Oksvold P, Fagerberg L, et al. Towards a knowledge-based
human protein atlas. Nat Biotechnol 2010;28:1248-50.

[10] Uhlen M, Fagerberg L, Hallstrom BM, et al. Proteomics. Tissue-based
map of the human proteome. Science 2015;347:1260419.

[11] Staubli A, Capatina N, Fuhrer Y, et al. Abnormal creatine transport of

mutations in monocarboxylate transporter 12 (MCT12) found in

patients with age-related cataract can be partially rescued by exogenous
chaperone CD147. Hum Mol Genet 2017;26:4203-14.

Pinheiro C, Longatto-Filho A, Azevedo-Silva J, et al. Role of

monocarboxylate transporters in human cancers: state of the art. |

Bioenerg Biomembr 2012;44:127-39.

Doyen J, Trastour C, Ettore F, et al. Expression of the hypoxia-inducible

monocarboxylate transporter MCT4 is increased in triple negative breast

cancer and correlates independently with clinical outcome. Biochem

Biophys Res Commun 2014;451:54-61.

Baltazar F, Pinheiro C, Morais-Santos F, et al. Monocarboxylate

transporters as targets and mediators in cancer therapy response. Histol

Histopathol 2014;29:1511-24.

[15] Park SJ, Smith CP, Wilbur RR, et al. An overview of MCT1 and MCT4 in
GBM: small molecule transporters with large implications. Am J Cancer
Res 2018;8:1967-76.

[16] Ruan Y, Zeng F, Cheng Z, et al. High expression of monocarboxylate
transporter 4 predicts poor prognosis in patients with lung adenocarci-
noma. Oncol Lett 2017;14:5727-34.

[17] Hong CS, Graham NA, Gu W, et al. MCT1 modulates cancer cell
pyruvate export and growth of tumors that co-express MCT1 and
MCTA4. Cell Rep 2016;14:1590-601.

[18] Chung W, Kwabi-Addo B, Ittmann M, et al. Identification of novel tumor
markers in prostate, colon and breast cancer by unbiased methylation
profiling. PLoS One 2008;3:¢2079.

[19] Tahara S, Tahara T, Horiguchi N, et al. DNA methylation accumulation
in gastric mucosa adjacent to cancer after Helicobacter pylori
eradication. Int J Cancer 2018;144: 80-8.

[20] Truong N, Chun SM, Kim TI, et al. Hypermethylation of adjacent CpG
sites is negatively correlated with the expression of lineage oncogene
ASCL1 in pulmonary neuroendocrine tumors. Tumour Biol 2017;
39:1010428317706225.

[21] Yao S, Chen X, Chen ], et al. Speckle-type POZ protein functions as a
tumor suppressor in non-small cell lung cancer due to DNA methylation.
Cancer Cell Int 2018;18:213.

[12

13

[14


http://www.md-journal.com

	Decreased expression of SLC16A12 mRNA predicts poor prognosis of patients with clear cell renal cell carcinoma
	1 Introduction
	2 Methods and materials
	2.1 Data mining in the online database
	2.2 Data processing
	2.3 Tissue samples
	2.4 Immunohistochemistry (IHC)
	2.5 Statistical analysis

	3 Results
	3.1 SLC16A12 mRNA was highly expressed in normal kidney tissues
	3.2 SLC16A12 expression was decreased at both mRNA and protein level in ccRCC
	3.3 SLC16A12 mRNA expression was correlated with clinicopathological characteristics in ccRCC
	3.4 Downregulated SLC16A12 mRNA expression was associated with poor prognosis in ccRCC
	3.5 Univariate and multivariate analyses of prognostic factors for ccRCC

	4 Discussion
	5 Conclusion
	Author contributions
	References


