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Abstract
Tumor cells often exhibit the Warburg effect, wherein, they preferentially undergo glycolysis over oxidative
phosphorylation for energy production. Monocarboxylate transporter 1 (MCT1) and 4 (MCT4) are critical
symporters mediating lactate e�ux and preventing intracellular acidi�cation during tumor growth.
Numerous studies have focused on inhibiting MCT1 or MCT4 in various cancers. However, its role in T-cell
lymphoma (TCL) is not yet investigated owing to the low incidence of TCL. This study was designed to
investigate the expression of MCT1/MCT4 in patients with TCL and determine their prognostic value in
this cancer. We performed immunohistochemistry to evaluate the expression level of MCT1/MCT4 in 38
TCL tissue samples and then compared their expression among different TCL subgroups, which were
formed based on different clinical characteristics. Survival analysis was performed to evaluate the
relationship between MCT1/MCT4 expression and both overall survival (OS) and progression-free
survival (PFS). Our results revealed that MCT1 and MCT4 expression was signi�cantly increased in TCL
tissues compared to the control group. In addition, increased MCT1 expression associated with the
female sex, advanced disease stage, increased serum LDH, Ki-67 at ≥50%, and intermediate or high-risk
groups as categorized by the International Prognostic Index (IPI) score. We also found that increased
MCT1 expression may be associated with reduced OS and PFS. In conclusion, MCT1 and MCT4 are
overexpressed in patients with TCL, and may predict poor prognosis. MCT1 inhibition might be a novel
treatment strategy for TCL, and further preclinical trials are required.

Introduction
T-cell lymphomas (TCLs) comprise a group of highly heterogeneous lymphatic neoplasms derived from
mature T- and natural killer (NK) cells with aggressive courses and poor prognosis[1]. TCL accounts for
approximately 10% of all non-Hodgkin lymphomas (NHLs) in developed countries[2], with the �gure likely
to be higher (about 15–20%) in the Far East[3, 4]. In 2016, according to World Health Organization’s
(WHO) classi�cation of lymphoid neoplasms, TCL was split into 27 different pathological types based on
morphology, immunohistochemistry (IHC), and genetic characteristics[5]. The most common types
include peripheral T-cell lymphoma, not otherwise speci�ed (PTCL, NOS), angioimmunoblastic T-cell
lymphoma (AITL), ALK-positive anaplastic large-cell lymphoma (ALK+ ALCL), ALK-negative anaplastic
large-cell lymphoma (ALK− ALCL), extranodal NK/T-cell lymphoma, nasal type (ENKTL), cutaneous T-cell
lymphoma (CTCL), and mycosis fungoides (MF). The 5-year overall survival (OS) rate for the majority of
patients with TCLs treated with traditional �rst-line therapies, such as cyclophosphamide, doxorubicin,
vincristine, and prednisolone (CHOP) and CHOP-like regimens, is only 38.5%[6–8], and stem cell
transplantation (SCT) is not recommended in elderly patients or those with poor physical tolerance[9].
Although researchers have spared no effort to improve the prognosis of TCL, the outcome remains
disappointing. Consequently, it is imperative to invent and identify new treatment approaches for TCL.

Tumor cells prefer production of energy via glycolysis and not oxidative phosphorylation; this is referred
to as the Warburg effect, which results in increased glucose consumption and an increase in intracellular
lactate[10, 11]. To maintain lactate homeostasis and prevent intracellular acidi�cation, tumor cells e�ux
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the excess lactate via the monocarboxylate transporters (MCTs). MCTs, encoded by the solute carrier 16
(SLC16) family of genes, which share characteristic sequence motifs, act as both cell and mitochondrial
membrane-localized transporters and can bidirectionally transfer monocarboxylates (mainly lactate and
pyruvate) via passive transport based on the local concentration gradient[12]. Only four of its isoforms
(MCT1, MCT2, MCT3, and MCT4) are proton-linked, which is critical for conveying the substrates. MCT1
(SLC16A1) is widely expressed in various tissues and promotes the import and export of several lactates.
MCT4 (SLC16A3) has the lowest a�nity for lactate and exports lactate from glycolytic cells, including
astrocytes, immune cells, chondrocytes, white skeletal muscle �bers, hypoxic cells, and tumor cells[13,
14]. Many studies have reported the expression of both MCT1 and MCT4 in cancer cell lines and different
solid tumors, and some of these studies report that MCT1 or MCT4 is upregulated during tumor
progression from normal to neoplastic epithelium[15, 16]. In addition, previous cell and mouse
experiments revealed that inhibiting MCT1 with an inhibitor or siRNA disrupts the metabolic symbiosis
between the oxygenated and hypoxic tumor cells causing the hypoxic (or glycolytic) tumor cells to die
from glucose starvation delaying tumor growth[17, 18]. This means that MCT inhibitors have been
identi�ed as potential targeted therapeutic drugs in the treatment of several cancers. Notably, a phase I
clinical trial (NCT01791595) of the MCT1 selective inhibitor, AZD3965, in the treatment of adult solid
tumors, diffuse large B-cell lymphoma, and Burkitt lymphoma is underway in the UK[19]. There are several
related studies evaluating the use of MCT inhibitors in hematological malignancies, particularly focusing
on preclinical evaluations of their utility in B-cell non-Hodgkin lymphomas[20–23]. However, only two
previous studies have investigated the expression levels of these MCTs in patient derived tissue
samples[24, 25]. Furthermore, studies evaluating the expression and prognostic value of MCT1 and
MCT4 in patients with T-cell non-Hodgkin lymphoma are rare.

In this study, we collected tissues samples from 38 cases of TCL, and quanti�ed IHC expression data of
MCT1 and MCT4 from the pathological tissues was then compared with the control group. The
differences in their expression levels were then correlated with various clinical characteristics to reveal the
clinicopathological signi�cance of MCT1 and MCT4 expression in TCL. We also analyzed the relationship
between the different expression levels of these two symporters and the prognosis of patients with TCL.
Our �ndings make a signi�cant contribution to the investigation of MCT1 inhibitors as potential targets
for therapeutics in TCLs.

Materials And Methods

Gene expression analysis using data from the Cancer Cell
Line Encyclopedia (CCLE)
The CCLE (https://portals.broadinstitute.org/ccle)[26] is a collaborative project that provides open access
to genomic data, analysis, and visualization of about 1000 cell lines. We visualized the gene expression
data of MCT1 (SLC16A1) and MCT4 (SLC16A3) in T-cell lymphoma cell lines as box plots using the CCLE
platform and compared their expression levels to those of other cancer cell lines.
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Patients and tissue samples
We enrolled 38 patients diagnosed with TCL in this study. These patients were all receiving treatment at
the A�liated Zhuzhou Hospital, XiangYa School of Medicine, Central South University (Hunan, China)
between July 2015 and November 2019. Our cohort included 13 cases of ENKTL, 10 cases of PTCL-NOS,
eight cases of AITL, two cases of T-lymphoblastic lymphoma (T-LBL), two cases of ALK+ ALCL, and one
case each of ALK− ALCL, follicular T-cell lymphoma (FTL), and monomorphic epitheliotropic intestinal T-
cell lymphoma (MEITL). Randomly selected 30 samples from patients with reactive lymphoid hyperplasia
(RLH) served as the control group. Patients with TCL were then sub-grouped based on various
clinicopathological parameters, namely: gender, age, pathological diagnosis, performance status of
Eastern Cooperative Oncology Group (ECOG) score, Ann Arbor stage, serum lactate dehydrogenase (LDH)
level, extent of their extranodal involvement, International Prognostic Index (IPI) score, the presence or
absence of bone marrow involvement, Ki-67 index, serum beta 2-microglobulin (β2-MG) level and the
presence or absence of the “B” symptoms. Formalin-�xed para�n-embedded (FFPE) pathological tissues
were collected from the hospital’s pathology department and the sections were stained with hematoxylin
and eosin (HE). The use of tissue specimens was approved by the institutional review board, and the
study was conducted under the ethical guidelines described in the Declaration of Helsinki. Patient follow-
up for this cohort continued until April 2021 with three independent hematologists who were not a�liated
with this study. Overall survival (OS) was de�ned as the interval between enrollment and death or �nal
observation. Progression-free survival (PFS) was de�ned as the interval between enrollment and the �rst
signs of tumor progression, death, or the �nal observation in the follow up time frame. The initial
evaluation, staging, and response de�nition for each patient with TCL were based on the
recommendations of the Lugano classi�cation of lymphoma criteria[27].

Immunohistochemistry (IHC)
Para�n tissue sections were heated at 65°C for 2 h, depara�nized in xylene for 15 min, cleaned with
100% ethanol, and then rehydrated using decreasing concentrations of ethanol (95%, 85%, and 75% for 5
min each). Endogenous peroxidase activity was blocked by incubation with 3% H2O2 for 15 min, and
epitope retrieval was induced by heating the samples in citrate buffer (pH 6.0) under high pressure for 3
min before the slides were cooled in cold water for 10 min. Non-speci�c binding was blocked by
incubating each sample with 100 µL goat serum at 20 - 25°C for 60 min. The slides were immersed in
phosphate-buffered saline (PBS, pH 7.4) prior to each of the above steps to prevent cross-over and
reagent contamination. The blocking buffer was then removed, antibodies were added, and the cells were
incubated at 4°C overnight. The primary antibodies used were as follows: rabbit polyclonal antibody for
MCT1 (20139-1-AP; Proteintech, USA; 1:600 dilution, cytoplasmic and membrane staining) and rabbit
polyclonal antibody for MCT4 (22787-1-AP; Proteintech, USA; 1:200 dilution, membrane staining). The
dilution ratios were validated using a pre-experiment; slides without the primary antibodies served as
negative controls in these assays. After washing in PBS supplemented with Tween 20 (PBST), the
sections were incubated with horseradish peroxidase (HRP)-labeled secondary antibody (S0001; A�nity
Biosciences, USA; 1:200 dilution) for 30 min and then visualized with 3,3’-Diaminobenzidine (DAB). These
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samples were then counterstained with hematoxylin for 15 min, followed by differentiation in 1% acid
alcohol and bluing. These sections were then dehydrated in increasing concentrations of ethanol (85%,
95%, and 100% for 5 min each) and transparentized with xylene. They were then mounted using neutral
balsam, visualized under microscope, and photographed.

Image analysis
All digital images were acquired using a Motic AE31 �uorescence microscope (Motic China Group Co. Ltd,
China) with a Moticam digital color camera (Motic China Group Co. Ltd). A total of three pictures were
taken at random from each of the sections under the ×10 and ×40 objectives. The IHC stained tumor and
RLH tissue section images were then evaluated using integrated optical density (IOD) and Image-Pro Plus
software (version 6.0, Media Cybernetics Inc., USA). The IOD value was calculated by multiplying the
optical density of the positive signals with the proportion of the positive area, which is indicated as the
amount of corresponding protein in each image[28]. Each sample was evaluated using �ve independent
measurements, and the �nal value for statistical analysis was presented as the mean IOD from all �ve
measurements. A mean IOD value of more than 120 or 80 indicates high MCT1 or MCT4 expression,
respectively. All observations and measurements were completed using coded slides, and the researchers
performing these experiments were blind to the diagnosis in each of the tissue samples.

Statistical analysis
An unpaired t-test was used for comparing the mean IOD values of MCT1 and MCT4 and their differences
in the various subgroups. The statistical signi�cance of the correlations between high or low
MCT1/MCT4 expression and survival time was estimated using the Kaplan-Meier method and a log-rank
test. All statistical analyses were conducted and images were produced using IBM SPSS Statistics
(version 21.0, SPSS Inc., USA) and GraphPad Prism (version 7.0, GraphPad Software Inc., USA).
Statistical signi�cance for two-tailed tests was set at P  0.05.

Results

SLC16A1 and SLC16A3 expression analysis in TCL based
on the CCLE data
Analysis of the mRNA expression data from the RNAseq database in CCLE revealed that SLC16A1
(MCT1) expression was upregulated in T-cell lymphoma cell lines (Figure 1A), and SLC16A3 (MCT4)
expression was also increased in all the cancer cell lines (Figure 1B).

Patient demographics
28 (73.7%) male and 10 (26.3%) female patients with TCL were enrolled in this study, with the age at
diagnosis being 18 to 87 years (median, 54 years). The number of patients categorized as Ann Arbor
stages I, II, III, and IV were 9, 6, 7, and 16, respectively. Of these, three presented bulky diseases. A total of
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22 patients exhibited extranodal involvement at diagnosis, and 15 demonstrated tumor progression over
the course of their clinical follow-up. The duration of follow-up was 1–68 months (median, 28 months)
and more detailed clinical information of each patient can be found in Supplemental Table 1.

MCT1 and MCT4 expression in TCL
The staining intensity for both the MCT1 and MCT4 proteins moving from low to high levels of
expression in the neoplastic tissue membranes or cytoplasm is shown in Figure 2A-L. The IOD values for
MCT1 and MCT4 were measured in both TCL (MCT1: range, 37.4 to 406.3, median, 123.0; MCT4: range,
22.4 to 292.3, median, 84.2) and RLH tissue samples with the mean IOD values for both MCT1 and MCT4
being signi�cantly higher in the TCL group when compared to the control (MCT1, P = 0.0392, Figure 3A;
MCT4, P = 0.0195, Figure 3B).

Male patients had higher MCT1 expression than female patients (P = 0.0147), whereas the expression of
MCT4 followed the opposite pattern (P = 0.0393) (Table 1). Expression of MCT1 in TCL patients with an
Ann Arbor stage of III-IV, increased serum LDH levels, and > 50% Ki-67 was signi�cantly higher than in
those with an Ann Arbor stage of -II (P = 0.0375), normal serum LDH levels (P = 0.0308), and no more
than 50% Ki-67 staining (P = 0.0116), respectively. However, there were no signi�cant differences in MCT4
expression between any of these groups. There were no signi�cant differences in MCT1 and MCT4
expression between patients when they were classi�ed by age (> 60 years or not), performance status
(ECOG score >1 or not), degree of extranodal involvement (≥2 or not), bone marrow involvement, Serum
β2-MG level (increased or normal), and the presence of “B” symptoms.
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Table 1
Comparisons of MCT1 and MCT4 expression in different TCL patient subgroups

Variable (number) MCT1 MCT4

Mean IOD P value Mean IOD P value

Gender Male (28) 114.7 ± 13.3 0.0147 103.3 ± 12.0 0.0393

Female (10) 179.4 ± 19.7 59.5 ± 5.5

Age ≤60 years (22) 144.0 ± 18.8 0.2332 84.0 ± 12.7 0.3403

>60 years (16) 114.9 ± 11.0 102.5 ± 14.1

Performance status (ECOG) 0-1 (31) 131.3 ± 14.0 0.9444 91.7 ± 11.2 0.9963

2-4 (7) 133.5 ± 19.8 91.9 ± 14.6

Ann Arbor stage -  (15) 101.3 ± 8.6 0.0375 105.0 ± 14.9 0.2621

-  (23) 151.5 ± 17.9 83.1 ± 12.1

Serum LDH Normal (18) 104.9 ± 11.5 0.0308 98.5 ± 12.9 0.5030

Increased (20) 155.9 ± 18.8 85.7 ± 13.8

Extranodal involvement <2 (25) 123.8 ± 10.5 0.3648 91.0 ± 11.0 0.9153

≥2 (13) 146.9 ± 28.8 93.2 ± 18.5

Bone marrow involvement Yes (14) 125.5 ± 15.7 0.6949 89.3 ± 10.7 0.8438

No (24) 135.4 ± 16.7 93.2±13.8

Ki-67 index ≤50% (19) 102.3 ± 10.8 0.0116 96.8±12.3 0.6001

>50% (19) 161.1 ± 19.3 86.7±14.6

Serum β2-MG Normal (11) 106.0 ± 11.5 0.1717 92.6±19.6 0.9544

Increased (27) 142.2 ± 15.8 91.4±10.9

“B” symptoms Present (16) 128.5 ± 17.3 0.8197 86.9±11.1 0.6649

Absent (22) 134.1 ± 16.7 95.3±14.3

ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase, β2-MG: beta 2-
microglobulin, IOD: integrated optical density. The mean IOD values are reported as the mean ±
standard error of the mean (SEM). P-values of less than 0.05 are highlighted in bold font.

The mean IOD values for MCT1 and MCT4 in patients diagnosed with the three dominate pathological
types (PTCL, NOS, AITL, and ENKTL) are summarized in Figure 3C and D, and no signi�cant differences
in MCT expression were noted for any of them. Each patient was also assigned an IPI and was classi�ed
into low-risk (0-1), intermediate-risk (2-3), or high-risk (4-5) group based on the score. MCT1 expression
was signi�cantly lower in the low-risk group when compared with either the intermediate-risk (P=0.0323)
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or high-risk (P=0.0401) groups (Figure 3E), while MCT4 expression was not signi�cantly different
between these groups (Figure 3F).

Prognostic value of MCT1 and MCT4
Univariate survival analysis of patients with TCL in relation to MCT1 and MCT4 expression is shown in
Figure 4. Patients with high levels of MCT1 exhibited reduced OS (P=0.0475) and PFS (P=0.0246) rates,
as determined by the log-rank test. However, we did not �nd any signi�cant differences in the OS or PFS
in patients with varying levels of MCT4 expression.

Discussion
The use of IHC, cytogenetics, and molecular evaluations have had a signi�cant impact on the diagnostic
accuracy and subtype assignment of TCL[29, 30]. However, there is still no universally accepted standard
treatment for TCL patients despite the concentrated efforts to facilitate this over the last few decades,
resulting in our deeper understanding of these diseases[31, 32]. New targeted therapies for TCL are
constantly emerging because patients with TCL exhibit higher rate of failure and relapse in response to
�rst-line treatments as compared to that seen in B cell lymphomas. A variety of target-speci�c treatments
are undergoing clinical trials and are expected to help improve prognosis in patients with TCL. These
interventions were designed based on the following mechanisms[33, 34]: (1) Epigenetic regulation, mainly
consisting of histone deacetylase inhibitors (HDACi), like Vorinostat, Belinostat, Romidepsin,
Panobinostat, Chidamide, Quisinostat, and AR-42[35]; (2) Antibody dependent cell-mediated cytotoxicity
(ADCC), including technologies like Brentuximab vedotin (targeted CD30), Daratumumab (targeted CD38),
Alemtuzumab (targeted CD52), IPH4102[36] (targeted KIR3DL2), TTI-621[37] (targeted CD47), and
AFM13[38] (targeted CD30/CD16A); (3) Cytotoxic reactions, involving chimeric antigen receptor T or NK
(CAR-T/CAR-NK) cells with anti-CD7, anti-CD4, anti-CD5 or anti-TCR capabilities; (4) Signaling pathway
blockers, including anaplastic lymphoma kinase (ALK) inhibitors, phosphatidylinositol 3-kinase (PI3K)
inhibitors, and microRNA (miR)-155 inhibitors[39]; (5) Other agents, such as E7777[40] (an immunotoxin
targeting the interleukin (IL)-2 receptor), Alisertib[41] (an inhibitor of Aurora A kinase (AAK)), and various
antibiotics from Staphylococcus aureus[42] amongst others. However, to date, none of these technologies
have produced a satisfactory outcome in patients with TCL, suggesting that further interventions are
needed.

Recently, insights into tumor lactic acid metabolism, especially the transporters on the cell membrane,
have generated meaningful breakthroughs about MCTs, resulting in several ongoing studies evaluating
the inhibition of the MCTs or the mechanisms underlying MCT function and their roles in oncogenesis
and progression. Lactate is the major substrate for energy production in cancer cells and acts as a
signaling molecule in these cells. It has also been shown to play important roles in tumor progression,
including inducing tumor angiogenesis, inhibiting histone deacetylases, stimulating amino acid
metabolism, activating lactate receptor GPR81, and inducing tumor immune tolerance[43]. Therefore,
MCTs, which control the transmembrane �ux of lactate, have become targets of rigorous evaluation in
various types of cancers. Doherty[44] et al. showed that disrupting the function of MCT1 can lead to an
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accumulation of intracellular lactate and tumor cell death, while Baek et al. reported that MCT4 depletion
induces cell death, which is characterized by elevated reactive oxygen species and metabolic crisis[45].
Pértega-Gomes et al. believed that MCT2 should be explored as a tumor marker[46] and several studies
have evaluated the expression levels of various MCTs in different cancers and shown that they share a
similar pattern of dysregulation in various cancers. However, their expression in TCLs is largely unde�ned.
Our study evaluated MCT expression in TCL, and revealed that MCT1 and MCT4 exhibit high expression
levels in tissue samples from patients with TCL. These results are consistent with the open-access data
for SLC16A1 and SLC16A3 reported in the CCLE. To the best of our knowledge, MCT1 has also been
found to be highly expressed in lung cancer[47], breast cancer[47, 48], brain cancer[49], cervix cancer[15],
skin cancer[16], soft tissue cancer[50], and B cell lymphomas[24]. However, Noble et al. reported that little
to no MCT4 protein was present in most patients with diffuse large B-cell lymphoma (DLBCL) and Burkitt
lymphoma (BL)[24], and this contradicts with our results in patients with TCL. AZD3965, a selective
inhibitor of MCT1, is under phase I clinical trials for use in adult solid tumors and two types of B-cell
lymphoma, DLBCL and BL[19]. Likewise, as a subgroup of the non-Hodgkin lymphomas, TCLs are likely
to respond to MCT1 inhibition and thus bene�t from these new inhibitors, even though the incidence of
TCL is much lower. That said there is still a long way to go in linking MCT1 targeted treatment with
improved outcomes in patients with TCL, including their evaluation in animal models. But before that, we
need to establish whether increased MCT1 expression affects the prognosis of patients with TCL.

Our study may provide a preliminary answer to this question. Survival analyses indicated that TCL
patients with high levels of MCT1 expression were more likely to have shorter OS and PFS, while those
with high MCT4 expression did not exhibit any signi�cant differences in these parameters. Similarly, our
evaluation of the prognostic signi�cance of MCT1 and MCT4 demonstrated similar results to those of a
previous study in head and neck cancer samples[51]. However, this was not the case with several other
types of cancers, as high levels of MCT4 have been linked to poor prognosis in patients with prostate
cancer[46], pancreatic cancer[45], lung adenocarcinoma[52], and non-small cell lung cancer (NSCLC)[53].
Moreover, we found that high levels of MCT1 was more common in female patients, advanced stages of
disease, in tissues with increased serum LDH and a Ki-67 index of more than 50% than their counterparts.
These characteristics, except for sex, are also already considered risk factors for patients with NHL[54,
55]. Interestingly, we found that female patients with TCL presented with higher MCT1 but lower MCT4
expression than their male counterparts, but this needs to be veri�ed using a larger sample size in the
future. We also completed a series of comparisons using a risk-based strati�cation method which
revealed that patients in the intermediate-and high-risk groups also exhibited higher MCT1 protein
expression levels than those in the low-risk group. Thus we speculate that high MCT1 expression is
related to poor prognosis in patients with TCL, although the mechanism of this remains unknown.

Notably, the differences in MCT1 expression between subgroups were generally more apparent than the
differences in MCT4 expression. Although this does not mean MCT1 is more valuable than MCT4 in TCL
prognosis, we can conclude that high expression levels of MCT1 can be considered a considerable risk
factor in these patients. We did not observe any signi�cant differences in MCT1 or MCT4 expression
between TCL subtypes (con�ned to PTCL-NOS, AITL, and ENKTL), and further studies should evaluate
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this in more detail for some of the rarer subtypes. Currently, out of all the lymphomas, only DLBCL and BL
are currently implicated in any of the clinical trials for selective inhibitor AZD3965, which inhibits MCT1.
Previous studies have not compared MCT1 expression levels in these two NHL subtypes nor explicitly
proposed which is more amenable to AZD3965[24, 25]. In the case of DLBCL, two related studies have
both revealed that MCT1 expression is increased in patient tumor samples and that this increased
expression is associated with poor prognosis. However, evaluation of MCT4 expression revealed a
distinct difference in the positivity rates for these two studies, reporting 27% and 65.6% positivity
respectively. Afonso et al. concluded that MCT1 might serve as a target for treating patients with NHL (or
DLBCL) with high MCT1/low MCT4 expression[25]. This means that our data, which showed that TCL
samples can present with increased expression of both MCT1 and MCT4, does not meet this criterion.
However, this literature also suggests that these results were obtained in vitro and need to be con�rmed in
additional studies designed to evaluate novel therapeutic strategies. Our data suggests that TCL may be
amenable to treatment with MCT1 selective inhibitors, but this requires preclinical validation both in vitro
and in vivo.

In summary, we analyzed the expression of MCT1 and MCT4 in TCL using IHC and explored their
prognostic value in relation to speci�c clinical parameters. We found that both MCT1 and MCT4 were
highly expressed in the pathological tissues of TCL patients, and that high MCT1 expression may be
associated with poor OS and PFS in these patients. Our results also indicate that patients with TCL in the
high-and intermediate-risk groups exhibit higher MCT1 expression levels than those in the low-risk group.
In addition, high MCT1 expression is also more common in female patients and those with advanced
stage disease, increased serum LDH levels and Ki-67 at ≥ 50%. Taken together this data suggests that
MCT1 inhibition may be a valid choice for treating TCL, but more data from larger populations and
preclinical studies are required to con�rm this hypothesis.
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Figure 1

Expression of the MCT1 and MCT4 mRNA transcripts in cancer cell lines. The black arrows indicate the
boxes representing the normalized expression levels of these genes in T-cell lymphoma cell lines. (A)
MCT1 (SLC16A1) expression in cancer cell lines. (B) MCT4 (SLC16A3) expression in cancer cell lines. All
data was obtained from the Cancer Cell Line Encyclopaedia (CCLE).
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Figure 2

Immunohistochemical staining for MCT1 and MCT4 in TCL tissue samples. Staining intensity is
presented as the mean integrated optical density (IOD). The panels display representative images of
MCT1 and MCT4 expression in each of the TCL tissue samples moving from low levels of expression
through moderate expression and ending in high expression samples. These sections are shown under
both ×10 and ×40 magni�cation.
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Figure 3

Comparisons of MCT1 and MCT4 expression in TCL tissues. (A) MCT1 expression in patients with T-cell
non-Hodgkin lymphoma (NHL) and reactive lymphoid hyperplasia (RLH, which serve as the control
group). (B) MCT4 expression in patients with T-cell NHL and RLH. (C) MCT1 expression in patients
diagnosed with peripheral T-cell lymphoma, not otherwise speci�ed (PTCL, NOS), angioimmunoblastic T-
cell lymphoma (AITL), and extranodal NK/T-cell lymphoma, nasal type (ENKTL). (D) MCT4 expression in
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patients diagnosed with PTCL, NOS, AITL, and ENKTL. (E) MCT1 expression in T-cell NHL patients with
International Prognostic Index (IPI) scores of 0-1, 2-3, and 4-5. (F) MCT4 expression in T-cell NHL patients
with IPI scores of 0-1, 2-3, and 4-5. Graphs show the means from �ve independent measurements ± SEM.
* P<0.05 as determined by an unpaired two-tailed t-test.

Figure 4

Kaplan-Meier survival analysis of T-cell lymphoma (TCL) patients strati�ed according to their MCT1 and
MCT 4 expression levels. (A) Survival curves for the overall survival (OS) of TCL patients with low and
high levels of MCT1. (B) Survival curves for the OS of TCL patients with low and high levels of MCT4. (C)
Survival curves for progression-free survival (PFS) in TCL patients with low and high levels of MCT1. (D)
Survival curves for PFS in TCL patients with low and high levels of MCT4.
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