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Abstract
Background: Monocarboxylate transporter isoform 1 (MCT1) is an important molecule in
mediating lactate transportation. Recent studies have shown an oncogenic role of MCT1 in cancer
development.
Methods: In this study, we aimed to investigate the expression and role of MCT1 in bladder cancer
(BCa). MCT1 expression was detected in 124 BCa tissues and their clinicopathological significance
was analyzed. We also used The Cancer Genome Atlas database to explore the prognostic
association of MCT1 with BCa. Cell proliferation, migration and invasion assays were performed on
BCa cells in which MCT1 was downregulated. The effect of MCT1 on BCa cell aerobic glycolysis, as
well as its association with HIF-1α, was tested.
Results: We found that high MCT1 expression correlated with lymph node and distant metastasis.
Patients with high-MCT1 expression showed shorter overall survival than those with low-MCT1
expression. Knockdown of MCT1 inhibited BCa cell proliferation, migration and invasion, and
affected expression of epithelial-mesenchymal transition related proteins. Downregulation of MCT1
decreased lactate levels in cell medium, as well as HK2, GLUT1 and LDHB expression. In addition,
MCT1 expression was partly dependent on HIF-1α.
Conclusions: Taken together, our study has shown a prognostic role of MCT1 in BCa, and
provided potential diagnostic and therapeutic options for BCa patients.
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Introduction
Bladder cancer (BCa) is the sixth most commonly
diagnosed cancer in male, while it drops to ninth
when both genders are considered. The worldwide
age-standardized incidence rate of BCa is 9.0 for
males and 2.2 for females (per 100,000 person/years)
[1]. Approximately 75% of BCa patients present with a
disease of non-muscle invasive (NMI), which is
characterized by high recurrence rate [2]; the
remaining patients indicate a phenotype of
muscle-invasive (MI) cancer. Radical cystectomy with
pelvic lymphadenectomy and/or perioperative
chemotherapy is the standard treatment for high-risk
NMI and MI BCa. However, despite advances in

therapeutic strategy, the long-term oncological
outcome of BCa is not satisfactory. Therefore, BCa
disease mechanisms and potential treatment regimen
warrant urgent research.
Tumor progression and metastasis are
complicated process in which epithelial-mesenchymal
transition (EMT) plays a critical role in the early stage.
In this process the epithelial cells undergo multiple
biological changes that enable them to lose their
epithelial-like phenotype (such as cell-cell basement
membrane contacts and structural polarity) and to
assume the mesenchymal phenotype (such as
enhanced migratory capacity, invasiveness and
http://www.jcancer.org
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increased production of extracellular matrix
components). The acquisition of several mesenchymal
molecules such as N-cadherin and vimentin, as well
as the loss of epithelial cell adhesion molecules such
as E-cadherin, is the typical event involved in EMT
[3]. Recent studies indicated that EMT participated in
various biological behaviors of BCa, and contributed
to drug resistance in the later stage and ultimately
metastasis [4-6].
Aerobic glycolysis, termed as the Warburg effect,
is a hallmark of cancer phenotype. It means that
cancer cells produce energy via the conversion of
glucose into lactate, even with sufficient oxygen.
Through the Warburg effect, cancer cells are provided
with not only ATP and nutrients, but also an acidic
environment which facilitates the destruction of
extracellular matrix and tumor metastasis. As a
consequence of the Warburg effect, cancer cells would
generate large amounts of lactate. The production and
removal of lactate may also be considered as an
important signal transduction pathway in cancer
metabolism [7]. Through several transduction
molecules, lactate is exchanged on quantitative bases
between and with cell compartments. Monocarboxylate transporter (MCT) family (MCT1-MCT4) has
been found to play a critical role in mediating lactate
transportation. Among the MCT family, MCT1 and
MCT4 have triggered researchers’ attention, and
increased expression of MCT1 and MCT4 has been
reported recently in several malignancies [8,9]. Kim et
al. reported that high expression of MCT1 was
associated with worse progression-free survival in
clear cell renal cell carcinoma [10]. Our previous study
has observed that cancer-associated fibroblasts
(CAFs) could interact with BCa T24 cells and promote
tumor
progression,
accompanied
with
the
upregulation of MCT1 and MCT4 in expression in
CAFs [11]. However, the effect and mechanism of
MCT1 on BCa have not been deeply studied so far. In
this study, we focused on MCT1 expression as well as
its functional consequences in BCa.

Material and Methods
Patients and tissue samples
BCa patients’ information was collected from
two cohorts: The Affiliated Hospital of Qingdao
University (AHQDU) cohort (QD cohort) and The
Cancer Genome Atlas cohort (TCGA cohort). QD
cohort included 124 BCa patients who underwent
surgical treatment between January 2009 and
December 2010 at AHQDU. Clinicopathological data
were collected from medical records. All patients
were pathological confirmed with urothelial
carcinoma and did not receive neoadjuvant therapy.
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For immunohistochemical (IHC) staining study, BCa
tissues of QD cohort were acquired from Department
of Pathology at AHQDU. Staging and grading
systems were adopted with UICC TNM classification
(2009, version 7) and WHO 2004 grading system.
Written informed consent was obtained from each
patient before participation and the study protocol
was approved by The Institutional Research Review
Boards of AHQDU. Gene expression data by RNA-seq
for TCGA cohort including 426 BCa cases which have
available clinical outcome data were extracted from
TCGA (https://cancergenome.nih.gov/).

Immunohistochemistry
IHC staining was performed as described
previously [12]. In brief, formalin-fixed paraffinembedded sections were de-paraffinized, rehydrated
and washed in Phosphate Buffer solution. After
antigen retrieval in 10 mM sodium citrate buffer,
blocking of peroxidase activity with 3% H2O2, and
non-specific protein blocking using 10% goat seum,
sections were incubated with primary antibodies
(anti-MCT1 at a dilution of 1:100, Abcam, Cambridge,
MA, USA),
followed by
anti-mouse/rabbit
horseradish peroxidase-labeled antibody (Univ-bio,
Shanghai, China) as the second antibody.
Membranous and cytoplasmic MCT1 expression was
observed, and the evaluation of MCT1 staining was
defined considering the sum score of the proportion
of positively stained cells (0, 0% of positive cells; 1,
<5% of positive cells; 2, 5–50% positive cells; 3, >50%
of positive cells) and the intensity of the staining (0,
negative; 1, weak; 2, intermediate; 3, strong) as
described previously [13]. MCT1 staining was scored
as 0 (sum score 0), 1 (sum score 1, 2), 2 (sum score 3, 4),
and 3 (sum score 5, 6). Score of 0 and 1 were
considered as low expression, while 2 and 3 were as
high expression.

Cell culture
The human BCa cell lines T24, 5637, J82 and
SW780 were obtained from the Institute of Cell
Research of the Chinese Academy of Sciences
(Shanghai, China). T24 and 5637 were cultured in
RPMI1640 medium, J82 in MEM medium and SW780
in L-15 medium respectively, all containing 10% fetal
bovine serum. Cells were cultured at 37°C at 5% CO2.
To study the effect of hypoxia on cultured cells, cells
were placed in an incubator containing 1% O2 and 5%
CO2.

RNA extraction and quantitative real-time
polymerase chain reaction (qRT-PCR)
Total RNA from cells was extracted using TRIzol
reagent. First strand cDNA was synthesized using the
RevertAid First Strand cDNA synthesis Kit (Life
http://www.jcancer.org
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technology, Carlsbad, CA, USA). The expression
levels of MCT1 and β-actin were determined using the
Power SYBR Green PCR Master Mix (Invitrogen,
Carlsbad, CA, USA) by an ABI 7900HT Real-time PCR
system. All tests were run in triplicate. The primer
sequences were listed as follows: MCT1-forward:
5’-CATGCCACCACCAGCGAAG-3’, reverse: 5’-TGA
CAAGCAGCCACCAACAATC-3’; β-actin-forward:
5’-ACCGAGCGCGGCTACAG-3’, reverse: 5’-CTTAA
TGTCACGCACGATTTCC-3’.

siRNA transfection
The sequence of the (hypoxia-inducible factor)
HIF-1α-targeted siRNA (5’-CTACTCAGGACACAGA
TTTAGACTTGGAG-3’) was chosen from three pairs
of siRNAs (chemically synthesized in Genepharma,
Shanghai, China) because of the high efficiency in
reducing MCT1 expression at mRNA level. siRNA
transfection was carried out using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instruction. Briefly, cells were seeded
in 6-well plate and incubated overnight. Then the
transfection complex including diluted siRNA and
Lipofectamine 2000 was added to the plate, followed
by continued culture for 48 hours. At last, cells were
harvested for further experiments.

Establishment of stable transfection cell lines
The shRNA against MCT1 was introduced into
the PLKO.1 vector to generate PLKO.1-shMCT1. The
sequences of shRNA for MCT1 were shown in Table S
1. For establishment of knockdown stable cells,
PLKO.1-shMCT1 was mixed with psPAX2 and
PMD2-G and transfected into HEK293T cells using
Lipofectamine 2000 reagent. Forty-eight hours after
transfection, lentivirus was harvested and used to
infect BCa cells. Infected cells were selected using
puromycin (2 μg/ml) to acquire stable cell clones for
further experiments.

In vitro cell proliferation, migration and
invasion assays
In vitro cell proliferation was assessed using
CCK8 assay as described previously [14]. Wound
healing assay was performed to evaluate cell
migration: cells were seeded in a monolayer in 6‑well
plates. When the cells reached 90% confluency,
manual scratch with a pipette tip was made to form a
wound, then cells were observed under inverted
microscope at the indicated time points respectively.
Cell invasion assay was performed using a Transwell
system: the upper chambers which has been seeded
with cells were coated with Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA) diluted with serum-free
medium. The lower chamber was filled with medium
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containing 10% FBS. After incubation at 37℃ for 48 h,
successfully translocated cells were fixed and stained
with 0.5% crystal violet. Invaded cells of three random
visual fields were counted under inverted
microscope, and calculated by average.

Xenografted nude mice model
Five 4-6-week-old male BALB/c nude mice were
prepared for in vivo tumorigenesis evaluation. Cells
were paired injected subcutaneously into forelimbs of
the same mouse. Tumor sizes were measured using
calipers at least three times weekly. All mice were
euthanized with CO2 25 days postinoculation. Tumor
volume was calculated and tumor weight was
measured after sacrifice. Animal experiments were
carried out under protocols approval by the Animal
Studies Ethics Committee of AHQDU.

Lactate measurement
For lactate measurement in cell culture medium,
EnzyChromTM Lactate Assay kit (ECLC-100)
(BioAssay Systems, Hayward, USA) was used
according to the manufacturer’s protocol. In brief,
using a series of lactate solution with certain
concentration, the standard curve was drawn. Cells
were seeded in 12-well plates and cultured for 48h,
then 20 μl culture media were collected and detected
using spectrophotometry at 565 nm. Results were
normalized for total cell number.

Western blot analysis
The procedure was detailed previously [14]. In
brief, cell protein samples were extracted and
quantified using the CelLytic extraction kit
supplemented with protease inhibitors (Roche, Basel,
Switzerland) and the BCA Protein Assay reagent kit
(Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer's instruction,
respectively. Equal amounts of samples were
separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred to
a polyvinylidene fluoride membrane. The membrane
was incubated at 4 ℃ overnight with primary
antibodies, then followed by anti-rabbit horseradish
peroxidase as second antibody. Signals were
visualized using the ECL PlusWestern Blotting
System (Thermo Fisher Scientific, Waltham, MA,
USA). GAPDH was used as loading controls.

Statistical analysis
Continuous variables were expressed as mean
values ± SD and compared by Student’s t test.
Categorical variables was compared by chi-squared
test. Overall survival (OS) was analyzed using
Kaplan-Meier curves and compared using log-rank
http://www.jcancer.org

Journal of Cancer 2018, Vol. 9

2495

test. All statistical analyses were performed by
STATA 12.0, and two-sided P values <0.05 were
considered to indicate statistical significance.

Results
MCT1 expression is associated with BCa
prognosis
In this study, QD cohort comprised 100 male
(80.6%) and 24 (19.4%) female patients, with a median
age at diagnosis of 65 years (range from 30-88 years).
Low-grade tumors were observed in 5 cases, while
high-grade tumors in 119 cases. Seventy-one patients
presented with non-muscle invasive diseases and 53
cases with muscle-invasive diseases. Lymph node
metastasis was found in 37 patients, and 9 patients
showed distant metastasis at diagnosis. With respect
to the TCGA cohort, 421 of 426 patients had
muscle-invasive tumors, 138 and 12 patients had
lymph node and distant metastases respectively. The
demographic and pathological characteristics of all
subjects, including QD cohort and TCGA cohort are
listed in Table 1.
Table 1. Demographic and pathological characteristics of subjects
in QD cohort and TCGA cohort.

age (years)
sex
smoking status
grade

T stage

N stage

M stage

history of chemotherapy

history of radiotherapy

median (range)
male
female
yes
no
low
high
missing
Tx
T0
T1
T2
T3
T4
Nx
N0
N1-N3
missing
Mx
M0
M1
missing
yes
no
missing
yes
no
missing

QD cohort
(n=124)
65 (30-88)
100
24
68
56
5
119
0
0
0
71
25
17
11
0
87
37
/
0
115
9
/
42
82
/
12
112
/

TCGA cohort
(n=426)
69 (34-90)
311
115
178
248
21
398
7
1
1
3
155
205
61
36
246
138
6
180
232
12
2
35
51
340
25
64
337

IHC staining shown that MCT1 expression were
increased in 53 (42.7%) patients (Figure 1A-D). No
significant differences in age, sex, smoking status,
history
of
chemotherapy/radiotherapy
were
observed between patients with high and low MCT1
expression. High MCT1 expression correlated with

lymph node metastasis (P=0.022, Figure 1E) and
distant metastasis (P=0.005, Figure 1F), whereas did
not significantly correlated with tumor grade and T
stage.
For 124 patients in the QD cohort, the median
follow-up period was 50.8 months (range from 9-64
months), and median survival was 48.9 months. The
high-MCT1 group had significantly shorter OS
(median OS 36.2 months) than did the low-MCT1
group (median OS 51.6 months)(P<0.001, Figure 1G).
For the TCGA cohort, MCT1 expression was
presented with mRNA levels. According to the
median level of MCT1 expression, all patients were
also divided into high-MCT1 group and low-MCT1
group. The median survival was 32.5 months. As
shown in Figure 1H, the high-MCT1 group also
indicated shorter OS (median OS 24.6 months) than
did the low-MCT1 group (median OS 44.9
months)(P=0.0086).

MCT1 inhibits the viability of BCa cells in vitro
and in vivo
To evaluate the function of MCT1 in BCa cells,
we measured the protein expression of MCT1 in four
human BCa cell lines (T24, 5637, J82 and SW780). As
shown in Figure 2A, all the four cell lines expressed
MCT1 and there was relatively higher expression of
MCT1 in T24 cells. Then we used lentivirus-mediated
silencing of MCT1 in T24 cells. The efficiency of
knockdown was verified by western blotting (Figure
2B and C).
The CCK-8 assay was performed to examine the
effect of MCT1 on BCa cell viability in vitro. As shown
in Figure 3A, knockdown of MCT1 inhibited cell
proliferation with statistical significance (P<0.05). To
validate our observation and assess the role of MCT1
in BCa tumorigenic potential, we used nude mice
model by subcutaneous injection sh-MCT1 T24 cells
and Scramble/sh-MCT1 cells. The results indicated
that tumors derived from sh-MCT1 cells were
obviously lighter and smaller than those derived from
control cells (Figure 3B-D). MCT1 and Ki67
expressions were also tested in tumor samples
obtained from sacrificed mice by IHC. As expected,
the expression of both MCT1 and Ki67 was
downregulated significantly in sh-MCT1 cells
compared with the controls (Figure 3E-H).

MCT1 affects BCa cell migration and invasion
in vitro
Transwell chamber assay and wound-healing
assay were carried out to determine whether silencing
MCT1 affected cell invasion and migration in vitro. We
found that MCT1 downregulation notably inhibited
the invasive capacity of T24 cells compared with the
http://www.jcancer.org
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Fig 1. MCT1 expression is associated with BCa metastasis and poor prognosis. Immunohistochemical (IHC) staining showed (A) 3+, (B) 2+, (C) 1+ and (D) negative expression
of MCT1 in BCa tissue (magnification, x400); MCT1 expression was higher in patients with (E) lymph node metastasis and (F) distant metastasis; High MCT1 expression was
associated with poorer prognosis in both (G) QD cohort and (H) TCGA cohort.

control cells (P<0.05; Figure 4A and B). Wound‑
healing assay demonstrated that cell migration of
sh-MCT1 cells was markedly reduced 12 h after
wound creation (Figure 4C). These results indicate
that knockdown of MCT1 inhibits BCa cell invasion
and migration in vitro.

To investigate whether EMT mediated the role of
MCT1 in BCa cell migration and invasion, several
EMT markers were measured using western blotting.
As expected, MCT1 knockdown increased E-cadherin
expression and decreased expression of N-cadherin,
vimentin and Snail (Figure 5A).
http://www.jcancer.org
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Figure 5C, MCT1 and HIF-1α expression levels were
markedly up-regulated by incubation under hypoxia.
Silencing HIF-1α expression using siRNA reduced
HIF-1α level notably, as well as decreased MCT1 level
compared with the control group. These changes were
partly reversed when HIF-1α-silenced T24 cells were
cultured under hypoxia.

Discussion

Fig 2. MCT1 expression profiles in human BCa cell lines and MCT1 knockdown T24
cells. (A) MCT1 expression was detected in four human BCa cell lines by western
blot; Lower expression of MCT1 protein and mRNA in MCT1 knockdown T24 cells
using (B) western blot and (C) RT-PCR.

MCT1 affects aerobic glycolysis in BCa cells in
vitro
To better understand the role of MCT1 in
Warburg effect in BCa cells, we performed lactate
production assay that is commonly used to reflect the
glucose usage of cancer cells. As shown in Figure 5B,
the concentration of lactate decreased in sh-MCT1 cell
medium compared with the control. Moreover, we
detected several key glycolytic genes which are
involved in glucose metabolism, including HK2,
GLUT1 and LDHB. In keeping with the glucose usage
analysis, these three genes were downregulated in the
presence of MCT1 (Figure 5A).

MCT1 expression is associated with HIF-1α
It has been demonstrated that HIF-1α is a key
regulator of glucose metabolism transformation [15].
To explore whether MCT1 expression in BCa cells is
correlated with HIF-1α, we examined the expression
of HIF-1 and MCT1 under hypoxia. As indicated in

The present study indicates that increased
expression of MCT1 protein is closely associated with
lymph node and distant metastases in BCa patients.
Higher MCT1 expression represents poorer prognosis
for BCa patients. This prognostic role is also validated
in the TCGA cohort. Through in vitro and in vivo
experiments, we found that downregulation of MCT1
inhibits BCa cell proliferation, migration and
invasion. Its oncogenic function is exerted by affecting
EMT and aerobic glycolysis. In addition, our
observations link MCT1 to HIF-1α, demonstrating
that MCT1 plays an important role in BCa
carcinogenesis.
MCT1 is located at the chromosome 1p12-13. As
a representative rate-limiting enzyme, it can facilitate
lactate entry into or efflux out of cells depending on
cellular glucose metabolism [16]. CD147 has been
demonstrated to serve as a chaperone to MCT1, and
its expression is required for cell surface expression
and function of MCT1. Le Floch et al. reported that
CD147-MCT1 is critical for energetics and growth of
glycolytic tumors [9]. The roles of MCT1 in BCa have
been studied recently. Afonso et al. have found the
possible cooperative role of CD147 and MCT1 in
resistance to cisplatin-based chemotherapy of BCa,
and a marginal statistical significance of high MCT1
expression in oncological outcomes (p=0.053 for a
5-year disease-free survival; p=0.065 for a 5-year OS)
[13]. A Korean research group reported that MCT1
and CD147 expressions have prognostic implications
in BCa patients [17]. They found that high MCT1
expression levels correlated with high tumor grade,
advanced tumor stage and lymphatic tumor invasion.
However, neither of these two research groups have
explored the exact ways in which MCT1 affects BCa
prognosis. In line with their results, we also observed
a close association between high MCT1 expression
and lymphatic and distant metastases. In our QD
cohort, high-MCT1 patients presented with poorer
prognosis compared with low-MCT1 cases. Using the
TCGA cohort, we validated our results. Although the
two cohorts in our study have different baseline
pathological characteristics and different detective
methods, MCT1 expression represents as a prognostic
indicator in both cohorts. All these results strongly
suggest the possible role of MCT1 in BCa progression.
http://www.jcancer.org
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Fig 3. MCT1 knockdown significantly inhibits BCa cell proliferation in vitro and in vivo. (A) CCK-8 assays were performed to measure cell proliferation in BCa cells; (B) BCa cells
were paired injected subcutaneously into forelimbs in BALB/c nude mice. The tumour mass (C) and volume (D) were significantly lower in sh-MCT1 group than in the control
group (*P<0.05). IHC staining indicated lower MCT1 (E, F) and Ki67 (G, H) expression in tumours derived from sh-MCT1 cells than those derived from control cells.
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Fig 4. Knockdown of MCT1 inhibits BCa cell migration and invasion in vitro. (A, B) Transwell assays were carried out to assess to effect of MCT1 on BCa cell invasion (*P＜0.05).
(C) Wound healing assays were performed following MCT1 knockdown in the indicated cells.

Fig 5. MCT1 affects EMT, aerobic glycolysis in BCa cells, and is associated with HIF-1α expression. (A) Western blot analyses of several EMT markers and glycolytic genes,
including E-cadherin, N-cadherin, Vimentin, Snail, HK2, GLUT1 and LDHB in MCT1 knockdown BCa cells. (B) The lactate levels in MCT1 knockdown cell medium decreased
compared with the control (*P＜0.05). (C) Western blot analyses indicated MCT1 expression was associated with HIF-1α.
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It has been reported that disease recurrence
occurs in approximately 50% of BCa patients although
surgery and/or chemotherapy have been developed
in recent years, and the 5-year OS rate is only 6% for
those who develop or present with distant metastasis
[18]. EMT is considered to be critical in cancer
invasion and metastatic progression. In our study, we
observed that knockdown of MCT1 resulted in
increased expression of epithelial markers and
decreased expression of mesenchymal markers. These
findings provided evidence that MCT1 might be a
regulator of EMT and thereby promoted migration
and invasion of BCa cells.
The Warburg effect has been highlighted in
recent cancer studies. Through the Warburg effect,
excess lactate is released to the extracellular
environment and decreased the extracellular pH. This
acidic environment provides a growth advantage for
cancer cells [19]. The high glycolytic flux depends on
the overexpression of glycolysis-related genes. To
date, numerous studies have investigated the role of
glucose metabolism in cancer development, and
several inhibitors targeting glucose uptake and
glycolysis are available, however, very few are
focused in BCa. Our previous studies revealed a series
of changes of metabolic reprogramming in the context
of tumor microenvironment. We found that CAFs and
tumor endothelial cells in tumor microenvironment
played an important role in cancer glycolysis and
progression [11,20]. Targeting MCT1 in CAFs and
tumor endothelial cells regulated BCa cell growth and
apoptosis by altering the tumor microenvironment
[20]. The present study found that knockdown of
MCT1 in BCa cells significantly inhibited cell
proliferation in vitro and in vivo. In addition, MCT1
affected BCa cell migration and invasion in vitro. All
these results suggest that a complicated energy
metabolic loop favor the proliferative and metastatic
potential of BCa, by regulating metabolism
transformation in the tumor microenvironment.
Hypoxia is a common feature in tumor
microenvironment and proposed to underlie the
development of cancer [21]. HIF-1α is a pivotal
element in the response to hypoxia, and modulates
the expression of many genes involved in a range of
functions, such as inflammation, angiogenesis and
energy metabolism [22,23]. Under the condition of
hypoxia, lactate release from cancer cells may also
rise. In our study, in parallel with decreased
expression of MCT1, we observed reduced lactate
release from BCa cells. Therefore we proposed the
possibility that hypoxia can modulate the expression
of MCT1 in BCa cells. We found that MCT1
expression was obviously increased under hypoxia,
along with elevated HIF-1α level. Downregulation of
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HIF-1α resulted in decreased MCT1 expression, yet
these changes were partly reversed when
HIF-1α-silenced T24 cells were cultured under
hypoxia. However, previous study has indicated that
HIF-1 is in the promotor region of the MCT4 gene but
not in the MCT1 gene, demonstrating that MCT4 gene
is a target for HIF-1 [24]. Therefore, we cannot rule out
that hypoxia regulates MCT1 expression through both
direct and indirect mechanisms. Clearly, further
studies are needed to clarify the real mechanisms by
which MCT1 promotes BCa progression and
metastasis.

Conclusions
In summary, our study has shown a prognostic
role of MCT1 in BCa, and offered a new insight into
the mechanisms of MCT1. MCT1 may have an
oncogenic effect on BCa progression and metastasis
through affecting EMT and aerobic glycolysis. Taken
together, MCT1 may provide potential diagnostic and
therapeutic options for BCa patients in the future.
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