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Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 
seventh most common cancer worldwide, accounting for 
approximately 600,000 new cases and 300,000 deaths each 
year (1,2). HNSCC is classified by tumor location: in the 
mouth (oral cavity), in the middle part of the throat near 
the mouth (oropharynx), in the space behind the nose 

(nasal cavity and paranasal sinuses), in the upper part of the 
throat near the nasal cavity (nasopharynx), in the voice box 
(larynx), or in the lower part of the throat near the larynx 
(hypopharynx).

The strongest risk factors for HNSCC are tobacco use 
(both smoking and chewing tobacco) and heavy alcohol 
consumption. HNSCC is more common in men than in 
women, and most prevalent in men in their 50s or 60s, 
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although the incidence among the younger population is 
increasing because of infection by the human papillomavirus 
(HPV) (3). The occurrence of HNSCC varies greatly in 
different regions of the world, which reflects the prevalence 
of these risk factors. For example, oropharyngeal cancer 
is more common in young populations because of HPV 
infection (4,5), nasopharyngeal cancer is more common in 
southern regions of China because of Epstein-Barr virus 
infection (6), while mouth and tongue cancers are more 
common in India where tobacco chewing is popular (7,8). 
Over 50% of HNSCC cases are diagnosed as regional 
advanced or metastatic disease with poor survival. However, 
the HNSCC prognosis varies according to disease location 
and associated risk factors, with women having a better 
prognosis than men (9,10), patients with larynx SCC having 
a better survival than those with hypopharynx SCC, and 
HPV-associated HNSCCs being associated with response 
to chemotherapy and improved survival (11,12). Despite 
our improved understanding of HNSCC risk factors, novel 
prognostic markers and therapeutic targets are urgently 
needed.

Tumor cells are characterized by increased aerobic 
glycolysis which rapidly generates ATP and converts 
glucose into precursors for biomolecular synthesis, thus 
supporting their high proliferation needs (13). This 
leads to an accumulation of intracellular lactate, which 
is subsequently transported across the plasma membrane 
to maintain an intracellular physiological pH. Although 
lactate is generated as a byproduct of altered tumor 
metabolism, it plays a critical role in tumor development, 
progress ion,  and metastas i s  (14) .  Indeed,  tumor 
lactate levels have been shown to correlate with tumor 
recurrence, increased metastasis, resistance to therapy, 
and poor outcome (15). Exported lactate can induce 
metabolic reprogramming in adjacent cancer, stroma, 
and vascular endothelial cells, as well as promoting tumor 
inflammation, inactivating immune surveillance, and 
stimulating tumor angiogenesis. It also acidifies the tumor 
microenvironment, which results in the development of 
resistance to chemotherapy (16).

Besides being transported across the plasma membrane 
by proton-coupled monocarboxylate transporters  
(MCT1–4) (16), lactate can also be transported by sodium-
coupled monocarboxylate transporters (SMCTs). Thus far, 
two SMCTs have been identified: the high affinity SLC5A8 
(SMCT1) and low affinity SLC5A12 (SMCT2) (17). Several 
studies have indicated that SLC5A8 functions as a tumor 
suppressor in different types of cancer, including colon and 

thyroid cancers (18,19). However, little is known about the 
role of SLC5A12 in tumor development and progression.

In the current study, we determined both mRNA 
and protein expression levels of SLC5A12 in HNSCC 
tissue samples by quantitative reverse transcription PCR  
(qRT-PCR), tissue microarray immunohistochemistry 
analysis (TMA-IHC), and western blotting, and correlated 
these with patient clinical characteristics.

Methods

Human tissue specimens and patient clinical information

A total of 336 HNSCC patients were included in this study 
as previously described (20). Twenty-eight HNSCC patients 
consented to inclusion and were enrolled before surgery, 
and 56 fresh tissue samples (HNSCC tissue and matched 
adjacent normal tissue from each patient) were collected and 
frozen at the time of surgery. Six pairs of fresh tumor and 
matched adjacent tissue were also obtained from patients 
undergoing surgery for HNSCC at the Affiliated Hospital 
of Nantong University (Jiangsu, China). Additionally, 
336 HNSCC patients provided 479 archived formalin-
fixed paraffin-embedded tissue blocks. These included 121 
tongue squamous cell carcinoma (TSCC) tissues and 54 
matched adjacent normal tissues, 90 buccal squamous cell 
carcinoma (BSCC) tissues and 38 matched adjacent normal 
tissues, and 125 laryngeal squamous cell carcinoma (LSCC) 
tissues and 51 matched adjacent normal tissues. Clinical 
characteristics were obtained from patients’ medical 
records. The study protocol was approved by the Human 
Research Ethics Committee of the Affiliated Hospital of 
Nantong University.

Bioinformatic analysis

The database UALCAN (http://ualcan.path.uab.edu/
index.html) performs to in-depth analyses of TCGA gene 
expression data including 31 cancer types, to evaluate the 
expression pattern of SLC5A12 in massive tissue from GC 
patients.

One-step qRT-PCR

SLC5A12 mRNA levels were determined by qRT-PCR and 
normalized to the housekeeping gene GAPDH (21). Primer 
sequences were as follows: SLC5A12 forward primer  
(5'-TCCACAATGTATTAGAGCAAT-3') and SLC5A12 reverse 

http://ualcan.path.uab.edu/index.html
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primer (5'-ATAGATTCCGAGCCAAGTA-3'), GAPDH 
forward primer (5'-TGCACCACCAACTGCTTAGC-3') and 
GAPDH primer (5'-GGCATGGACTGTGGTCATGAG-3'). 
Amplification conditions were: 42 ℃ for 30 min for reverse 
transcription and 94 ℃ for 2 min for Taq activation followed by 
40 cycles of 94 ℃ for 20 s, 55 ℃ for 20 s, and elongation at 72 ℃ 
for 30 s.

Western blotting

SLC5A12 protein expression was quantitatively detected by 
western blotting as described previously (21). Membranes 
wee incubated overnight at 4 ℃ with primary rabbit 
polyclonal anti-SLC5A12 (1:20 dilution; Atlas Antibodies, 
USA) and rabbit anti-GAPDH antibodies (1:2,000 dilution; 
Goodhere, Hangzhou, China). They were then incubated 
with a horseradish peroxidase-conjugated goat anti-
rabbit IgG secondary antibody (1:1,500 dilution; Abcam, 
Cambridge, UK), and scanned by ECL (Beyotime Institute 
of Biotechnology, Shanghai, China). Data were analyzed by 
densitometry.

TMA-IHC and scoring

SLC5A12 protein expression in tissue blocks was 
determined using TMA-IHC (20) with a primary rabbit 
polyclonal anti-human SLC5A12 antibody (dilution 1:1,000; 
Atlas Antibodies) and a secondary goat anti-rabbit IgG 
antibody (dilution 1:1,000; Abbkine Inc., Redlands, CA, 
USA). The product of the percentages and intensity scores 

was used as the final staining score, and ranged from 0  
(no staining) to 300 (+++ staining intensity). The cutoff 
point was determined as a score of 100, such that a score of 
0–100 represented low SLC5A12 expression and a score of 
100–300 represented high SLC5A12 expression.

Statistical analysis

SLC5A12 IHC data were scored using the semi-quantitative 
H-score method and analyzed using the X-tile software 
program (22-24). Statistical analysis was performed as 
described previously (25). The relationships between 
the expression of SLC5A12 and clinical parameters were 
calculated by using χ2 tests. Additionally, we used univariate 
analysis and multivariate analysis to evaluate the prognostic 
value for patients with HNSCC. SPSS 20.0 software (IBM 
Corporation, Armonk, NY, USA) and STATA 12.0 (Stata 
Corporation, College Station, TX, USA) were applied 
for data analysis. P<0.05 was considered to be statistically 
significant.

Results

SLC5A12 mRNA expression was significantly higher in 
HNSCC tissues than in adjacent normal tissues

According to the database, SLC5A12 is more expressed in 
cancers compared with para-cancerous tissues (Figure 1). 
Moreover, we performed qRT-PCR and discovered that 
SLC5A12 mRNA expression was significantly higher in 
cancerous tissues (0.2082±0.02332) than in adjacent normal 
tissues (0.1296±0.01438) (P<0.0059) (Figure 2).

SLC5A12 protein expression was significantly higher in 
HNSCC tissues than adjacent normal tissues

Western blotting revealed significantly higher SLC5A12 
protein expression in four of six pairs of cancerous 
tissues compared with normal tissues (Figure 3). Of the 
479 archived HNSCC tissue blocks, high SLC5A12 
expression was detected in 51.2% of TSCC tissues, which 
is significantly higher than the high SLC5A12 expression 
detected in 27.8% of adjacent normal tissues (χ2=8.341, 
P=0.004); high SLC5A12 expression was also detected in 
54.4% of BSCC tissues compared with 26.3% of adjacent 
normal tissues (χ2=5.508, P=0.004), and in 56.0% of LSCC 
tissues compared with 29.4% of adjacent normal tissues 
(χ2=10.254, P=0.001) (Table 1, Figure 4).

Figure 1 SLC5A12 expression in HNSCC by database analysis. 
HNSCC, head and neck squamous cell carcinoma.
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Association of SLC5A12 expression with HNSCC clinical 
characteristics

We next correlated SLC5A12 protein expression with 
HNSCC patient clinical characteristics, including tobacco 
and alcohol consumption. High SLC5A12 protein 
expression was significantly associated with the presence of 
lymph node metastasis (P<0.001) and higher staging [clinical 
tumor-node-metastasis (cTNM) stage III–IV, P<0.001] 
(Table 2).

High SLC5A12 expression predicts poor overall survival in 
HNSCC patients

Finally, we analyzed prognostic factors in HNSCC 
patients using both univariate and multivariate analysis. 
Univariate analysis showed that high SLC5A12 expression 
[hazard ratio (HR), 4.464, 95% confidence interval (CI): 
2.642–7.541, P=0.001], older age at diagnosis (HR, 1.694, 
95% CI: 1.063–2.700, P=0.027), histopathological grade 
(HR, 1.424, 95% CI: 1.025–1.978, P=0.035), lymph node 
metastasis (HR, 5.198, 95% CI: 3.392–7.966, P=0.001), and 
cTNM stage (HR, 7.170, 95% CI: 4.299–11.960, P<0.001) 
were all significantly associated with overall survival. 
Multivariate analysis showed that high SLC5A12 expression  
(HR, 3.229, 95% CI: 1.890–5.515, P<0.001), and cTNM 
stage (HR, 4.350, 95% CI: 2.235–8.102, P<0.001) remained 
significantly associated with poor overall survival (Table 3, 
Figure 5).

Discussion

In the current study, we found that SLC5A12 mRNA and 
protein expression was significantly higher in HNSCC 
tissues than in adjacent normal tissues. High SLC5A12 
protein expression was also associated with lymph node 
metastasis and high cTNM stages, and was shown to be an 
independent prognostic marker for poor overall survival in 
HNSCC patients.

Cancer cell metabolism is characterized by the increased 
utilization of aerobic glycolysis, a phenomenon known 
as the Warburg effect (16). This is directly regulated by 
signaling pathways linked to the activation of oncogenes 
or loss of tumor suppressors (14). The altered metabolism 
is not only essential for malignant transformation, but also 
facilitates tumor development and progression. Because 
glycolytic ATP production is associated with tumor 
malignancy (26), the targeting of cancer cell metabolism 
represents a promising novel strategy for early cancer 
diagnosis and treatment.

Lactate is one of the byproducts associated with tumor-
specific aerobic glycolysis, and MCT1–4 are the main 
lactate transporters responsible for its removal from the 
cell. A recent meta-analysis study showed that expression 
of MCT4 and its chaperone CD147 protein correlates 
with decreased disease-free and overall survival in many 
cancer types including oral SCC (27,28). Moreover, 

Figure 3 Western blot analysis of SLC5A12 protein levels in six 
paired HNSCC (C) and normal adjacent tissue (N) samples. (A) 
Western blot images; (B) quantitative analysis (software: ImageJ, 
NIH). HNSCC, head and neck squamous cell carcinoma.

Figure 2 SLC5A12 mRNA expression as determined by 
quantitative reverse transcription PCR in HNSCC and adjacent 
tissues. P<0.05. HNSCC, head and neck squamous cell carcinoma.
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Table 1 SLC5A12 protein expression in TSCC, BSCC and LSCC tissues and their adjacent normal tissues

Groups No.
SLC5A12 expression

χ2 P value
High expression (%) Low expression (%)

Group 1 8.341 0.004*

TSCC 121 62 (51.2) 59 (48.8)

Normal 54 15 (27.8) 39 (72.2)

Group 2 5.508 0.004*

BSCC 90 49 (54.4) 41 (45.6)

Normal 38 10 (26.3) 28 (73.7)

Group 3 10.254 0.001*

LSCC 125 70 (56.0) 55 (44.0)

Normal 51 15 (29.4) 36 (70.6)

Statistical analyses were carried out using Pearson χ2 test. *, P<0.05 was considered significant. TSCC, tongue squamous cell carcinoma; 
BSCC, buccal squamous cell carcinoma; LSCC, laryngeal squamous cell carcinoma.

Figure 4 Immunohistochemical staining of SLC5A12 expression in HNSCC and adjacent tissues. (A,B) Expression of SLC5A12 in 
HNSCC; (C,D) expression of SLC5A12 in adjacent tissues. HNSCC, head and neck squamous cell carcinoma.
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Table 2 Correlation of SLC5A12 protein expression with clinical characteristics of HNSCC patients

Groups No.
SLC5A12 expression

χ2 P value
High expression (%) No or low expression (%)

Total 336 181 155 – –

Age (years) 1.799 0.180

≤60 128 63 (49.2) 65 (50.8)

>60 208 118 (56.7) 90 (43.3)

Gender 0.042 0.838

Female 119 65 (54.6) 54 (45.4)

Male 217 116 (53.5) 101 (46.5)

Tobacco consumption 0.208 0.649

Yes 130 68 (52.3) 62 (47.7)

No 149 82 (55.0) 67 (45.0)

Unknown 57

Alcohol consumption 0.010 0.920

Yes 117 64 (54.7) 53 (45.3)

No 159 86 (54.1) 73 (45.9)

Unknown 60

Tumor classification 0.577 0.749

Tongue squamous cell carcinoma 121 62 (51.2) 59 (48.8)

Buccal squamous cell carcinoma 90 49 (54.4) 41 (45.6)

Laryngeal squamous cell 
carcinoma

125 70 (56.0) 55 (44.0)

Histopathological grade 2.168 0.338

High 174 88 (50.6) 86 (49.4)

Moderate 134 79 (59.0) 55 (41.0)

Low 16 9 (56.2) 7 (43.8)

Unknown 12

Lymph node metastasis 14.972 <0.001*

Yes 74 54 (73.0) 20 (27.0)

No 225 106 (47.1) 119 (52.9)

Unknown 37

pTNM stage 20.360 <0.001*

Stage I + II 159 69 (43.4) 90 (56.6)

Stage III + IV 111 79 (71.2) 32 (28.8)

Unknown 66 – –

Statistical analyses were carried out using Pearson χ2 test. *, P<0.05 was considered significant. HNSCC, head and neck squamous cell 
carcinoma.
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the overexpression of MCT1, MCT4, and CD147 was 
associated with tumor progression in clear cell renal cell 
carcinoma (29), while high MCT1 and MCT4 expression 
levels were independent prognostic factors for poor overall 
survival and poor recurrence-free survival in urothelial 
carcinoma of the bladder (30).

In HNSCC, MCT1 expression correlates with cell 
proliferation, while MCT4 expression is associated with 

high oxidative stress and correlates with poor clinical 
outcome (31). Inhibiting both MCT1 and MCT4 therefore 
represents a new therapeutic strategy for HNSCC. 
Indeed, several in vitro studies suggest that MCT1 and 
MCT4 inhibition has anti-tumor activities. For example, 
MCT4 expression is higher in castration-resistant prostate 
cancer and is associated with early relapse, while MCT4 
knockdown can inhibit tumor growth (32). In colon cancer 

Table 3 Univariate and multivariate analysis of prognostic factors for overall survival in HNSCC patients

Variable
Univariate analysis Multivariate analysis

HR P value 95% CI HR P value 95% CI

SLC5A12 expression: high vs. low 4.464 0.001* 2.642–7.541 3.229 <0.001* 1.890–5.515

Age: ≤60 vs. >60 years 1.694 0.027* 1.063–2.700 – – –

Gender: female vs. male 1.221 0.395 0.770–1.936 – – –

Tobacco consumption: yes vs. no 1.086 0.709 0.705–1.672 – – –

Alcohol consumption: yes vs. no 0.957 0.847 0.614–1.492 – – –

Histopathological grade: high vs. moderate 
vs. low

1.424 0.035* 1.025–1.978 1.299 0.152 0.908–1.858

Lymph node metastasis: yes vs. no 5.198 0.001* 3.392–7.966 1.544 0.098 0.923–2.582

pTNM stage: stage I, II vs. stage III, IV 7.170 <0.001* 4.299–11.960 4.350 <0.001* 2.235–8.102

Statistical analyses were performed by Cox proportional hazards regression. *, P<0.05 was considered significant. HNSCC, head and 
neck squamous cell carcinoma; HR, hazard ratio; CI, confidence interval.

Figure 5 High expression of SLC5A12, lymph node metastasis, and high cTNM stage predicted a poor prognosis of HNSCC patients. 
Kaplan-Meier survival curves of patients with HNSCC based on SLC5A12 expression status, lymph node metastasis, and cTNM stage. 
Patients in the high SLC5A12 expression group had a significantly worse prognosis than those in the low expression group. Patients with a 
high cTNM stage had a significantly worse prognosis than those with a low cTNM stage (P<0.05, log-rank test). HNSCC, head and neck 
squamous cell carcinoma.
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cell lines, MCT1/4 inhibition reduces lactate export and 
tumor growth (33,34), suggesting that MCT inhibition is 
a potential cancer therapy. In non-small cell lung cancer 
cell lines, targeting lactate export can inhibit glycolysis 
and sensitize tumor cells to the mitochondrial inhibitor 
phenformin (35).

Lactate can also be transported out of the cell by 
sodium-coupled lactate transporters, such as SLC5A8 
and SLC5A12. SCL5A8 was initially identified as a tumor 
suppressor in the human colon (36), while SLC5A12 was 
isolated as a SLC5A8 homologous gene from the mouse 
kidney cDNA library (37,38). Both can transport lactate, 
pyruvate, butyrate, and short-chain fatty acids with different 
affinities (17). The expression of SLC5A8 is epigenetically 
silenced in several types of cancer, including that of the 
colon, thyroid, stomach, brain, breast, pancreas, and kidney 
(18,19). It acts as a tumor suppressor by inducing apoptosis 
through the butyrate/pyruvate-dependent inhibition of 
histone deacetylases. Moreover, the downregulation of 
SLC5A8 has also been associated with drug resistance (39).

Very little is known about the exact function of SLC5A12. 
Because of its low affinity, it has been hypothesized that 
SLC5A12 is responsible for the bulk absorption of lactate in 
the kidney. SLC5A12 is also expressed in the small intestine 
but not in the colon, astrocytes, or glia (17). A recent study 
suggested that SLC5A12 is selectively expressed on CD4+ T 
cells and is responsible for the entrapment of CD4+ T cells 
in the chronically inflamed synovial tissue of rheumatoid 
arthritis patients (40), which suggests that SLC5A12 
promotes tumorigenesis through inducing chronic 
inflammation.

Our study has several  l imitations.  First ,  i t  was 
retrospective so was subject to sample selection bias; 
therefore, our conclusions cannot be directly extended 
to other populations without further validation. Second, 
only patients with oral cavity SCC (63%) and laryngeal 
SCC (37%) were included in our study. Because HNSCC 
is a heterogeneous disease, and prognosis varies by tumor 
location, we do not know whether our conclusions can 
be extended to HNSCC at other locations. Third, we did 
not determine the HPV status of HNSCC cases in the 
current study, and cannot speculate on the interaction 
between HPV oncogenes and SLC5A12. Fourth, we did 
not determine the expression of MCT1–4 in relation to 
SCL5A12, so cannot speculate on whether SCL5A12 is 
a better prognostic marker for HNSCC compared with 
MCT1–4. Finally, we have not suggested a mechanism for 
the role of SLC5A12 in tumor development. It remains 

unknown whether SLC5A12 expression is associated with 
cell proliferation or oxidative stress. Future in vitro studies 
are therefore needed to elucidate underlying molecular 
mechanisms.

In conclusion, our study demonstrates that SLC5A12 
may act as an oncogene in HNSCC, and shows that 
SLC5A12 overexpression is an independent prognostic 
marker for HNSCC in the Chinese population. The 
function of SLC5A12 is tightly linked to tumor metabolic 
reprogramming, lactate transportation, and chronic 
inflammation, so SLC5A12 inhibition represents a novel 
cancer therapy for targeting the Warburg effect and tumor 
inflammation.
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