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Abstract 
Prostate cancer (PCa) is the second most common type of tumor in men and the need to establish new biomarkers that may aid those already 

existing in the diagnosis and follow-up of the disease is becoming increasingly evident. In order to maintain the intracellular pH, the cancer cell 
regulates the production of monocarboxylate transporter proteins (MCTs). We aimed to evaluate the potential prognostic and diagnostic value 
of MCT1, MCT4 and CD147 gene expression in the blood of patients with PCa throughout the treatment. The difference in expression of the 
proposed markers between patients with PCa (n = 27) and healthy men (n = 26) was obtained by RT-qPCR and determined by the 2-ΔCq method. 
Patients with PCa and healthy donors differ in the expression of MCT1, MCT4 and CD147, and this difference can be detected in peripheral 
blood samples. MCT1 presented higher expression in patients with PCa than in healthy subjects, progressing in line with the severity of the 
disease. In the analysis of the ROC curve, MCT1 expression showed a high specificity. CD147 area under the curve, although lower than that 
obtained for MCT1, is simila0r to that described for % free PSA (0,64) and higher than that described for free PSA (0,615). Detection of MCT1 
expression in peripheral blood samples could be a complementary diagnostic tool as well as a prognosis marker in prostate cancer.
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Introduction
Prostate cancer (PCa) is the second most common type of tumor among men, with the first being non-melanoma skin tumors. According 

to the National Cancer Institute (INCA), there were an estimated 68,220 new cases of prostate cancer in Brazil in 2018 [1]. Age and race are the 
main risk factors for the development of the disease, which affects mainly black men and those over 65 years old [2]. Although most men have 
the disease with a low to intermediate risk of metastatic onset, 15% of them have the disease at an advanced stage. The incidence of metastatic 
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disease in patients or the high risk of developing metastases has 
increased [3].

The diagnosis of PCa is mainly performed by transrectal guided 
ultrasound biopsy, a technique that has been replaced by less invasive 
imaging tests, such as multiparametric magnetic resonance imaging 
and positron emission computed tomography (PET-CT) [4]. In 
addition to imaging tests, digital rectal examination and laboratory 
parameters help in the early detection of the disease and follow-up.

Currently, the prostatic specific antigen (PSA) is the most used 
laboratory parameter to complement the diagnosis and follow-up of 
PCa [5]. PSA, a glycoprotein produced by the prostate gland that helps 
sperm motility and dissolution of the cervical mucus, is elevated in 
patients with PCa, benign tumors, and other prostatic comorbidities 
[6].

Histological classification of PCa is most commonly performed 
based on the Gleason classification system. This method is based 
on structural features of cancer cells. The more undifferentiated and 
anaplastic the affected tissue, the greater the Gleason score, which 
ranges from 2-10. Along with stage, age and PSA levels, the Gleason 
score is a predictor of prognostic outcome, a determinant factor in 
therapeutic decision making. For this reason, the Gleason score is 
used as a parameter to verify the association of markers with the stage 
and prognosis of PCa [7].

Because changes in PSA values are not specific to PCa, other 
diagnostic and prognostic biomarkers have been studied [6]. Among 
them, the Human Epidermal Growth Factor Receptor type 2 (HER2) 
is mentioned, and its increase in serum concentration can increase 
rates of cellular transformation, affecting apoptosis-related pathways, 
among others [8]. 

More specific methods of detection and prognosis of PCa have 
been developed, especially those based on analysis of gene expression 
by real-time polymerase chain reaction (qPCR) and its variants. An 
example of a biomarker evaluated by this method is the Androgen 
Receptor variant 7 (ARv7), associated with castration-resistant PCa 
[9]. Recently, liquid biopsies have been attracting interest, since it is 
a noninvasive technique that evaluates these biomarkers, helping to 
monitor the disease. Blood is the most widely used material because 
it contains Circulating Tumor Cells (CTCs), and detection of these 
is associated with a reduction of life expectancy in several types of 
cancer [10-12].

The main features common to the different types of malignancy 
are evasion to apoptosis and growth inhibitory factors, the ability 
to promote angiogenesis and self-sustaining proliferative signaling, 
which may acquire invasion capacity and metastasis [13]. All these 
characteristics, especially the rapid cellular proliferation, result in 
malignant cells being highly glycolytic due to their great energetic 
demand. Although aerobic energy production with oxidative 
phosphorylation (Oxphos) is more efficient than anaerobic, the tumor 
microenvironment is characterized by an exacerbated rate of energy 
production that occurs preferentially via anaerobic glycolysis, even in 

the presence of oxygen, leading to high production of acids, especially 
lactate. This phenomenon is known as the “Warburg effect” [14,15]. 
This leads to an acidic tumor environment, which is associated with 
an increase in several tumor characteristics such as cell migration, 
invasion and metastasis. To prevent cell death caused by acidosis, 
tumor cells increase proton efflux in order to maintain intracellular 
pH. This maintenance of pH is accomplished through the regulation 
of proton pumps, bicarbonate carriers and monocarboxylate carriers 
(MCTs).

MCTs are part of the SLC superfamily of solute carriers, comprising 
14 isoforms [16,17] that facilitate the transmembrane transport of 
the end products of glycolysis and short chain fatty acids, associated 
with a proton, such as pyruvate and L-lactate. L-lactate is important 
both in glycolytic/oxidative metabolism and in the signaling of the 
promotion of angiogenesis and immunosuppression [18]. Among the 
members of this family, only MCTs 1-4 have the ability to transport 
monocarboxylates coupled to a proton through the cell membrane 
[19-21]. Some of the MCTs isoforms are overexpressed in several 
types of cancer, playing a central role in stromal-parenchymal tumors 
and endothelial cell metabolism and, consequently, they have been 
shown to be potential therapeutic targets in the treatment of cancer 
[22].

MCT1 (SLC16A1) gene is expressed in most of the tissues studied 
and is involved in both the uptake and efflux of monocarboxylates, 
being more commonly found in normoxic cells. MCT4 (SLC16A3) 
gene expression is largely restricted to tissues that perform anaerobic 
glycolysis, in which, despite having less affinity for L-lactate than 
MCT1, is involved with its efflux [23,24]. MCT1 and MCT4 genes 
are regulated by an association with the glycoprotein cluster of 
differentiation 147 (CD147). CD147 functions as a chaperone 
responsible for cytoplasmic trafficking and anchorage of these and 
other membrane proteins, angiogenesis and extracellular matrix 
modeling [25]. Overexpression of this glycoprotein is observed in 
many malignancies and is correlated with pathological functions that 
promote tumor progression, such as proliferation and angiogenesis 
[26].

Previous work of our group, also using liquid biopsies, showed 
relationships between the gene expressions of MCT1 and MCT4 
monocarboxylate transporters and the chaperone CD147 in the blood 
of patients with breast cancer receiving chemotherapy.  

MCT1 and CD147 expression were potential diagnostic markers, 
and MCT4 proved to be a potential prognostic marker [27]. Due to 
the dearth of research relating the expression of these markers in 
liquid biopsies, the objective of this study is to evaluate the potential 
prognostic and diagnostic value of MCT1, MCT4 and CD147 
gene expression in the blood of patients with PCa at diagnosis and 
throughout the treatment.

Materials and Methods
Patients 

In this study, prostate cancer patients from the oncology care 
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laboratory of the ABC Medical School and healthy male donors 
(control group) were included. Inclusion criteria were men older than 
18-year-old with prostate cancer confirmed by anatomopathological 
exam with no previous oncological treatment. Men with other prostate 
alteration than neoplasia and/or with comorbidities mainly diabetes 
mellitus were excluded from this study. The patients underwent three 
to five serial peripheral blood collections: at diagnosis (baseline), 
three months, six months, nine months and 12 months after initiating 
chemotherapy treatment. Healthy donors (control) underwent 
only one peripheral blood collection. Those men reported neither 
prostate disease nor other comorbidities. This study was approved 
by the Institutional Research Ethics Committee (protocol 024/2008, 
approved on April 23rd, 2008). All participants included read and 
signed an Informed Consent Form. 

Total RNA extraction and cDNA synthesis

For gene expression analysis of the selected targets, 15 mL 
of peripheral blood were collected by venipuncture. Total RNA 
was isolated from the leukocyte fraction using the TRIzol reagent 
(TRIzol LS Reagent, Thermo Fisher Scientific, Waltham, MA, and 
USA), according to the manufacturer’s recommendations. The 
concentration and A260/A280 ratio of total RNA were measured by 
spectrophotometry with NanoDrop Lite (Thermo Fisher Scientific, 
Waltham, MA, USA).

cDNA was synthesized from 5µg of total RNA using the 
QuantiNova Reverse Transcription Kit (Qiagen, Hilden, Germany), 
according to the manufacturer’s recommendations.

Analysis of gene expression

Specific primers for the target genes were designed using 
Primer3 Input 0.4.0 software (available at http://frodo.wi.mit.
edu/primer3/.) Primers sequences and their amplicons were: 
MCT1 for - TACCTCCAGACTCTCCTGGC and MCT1 
Rev- GTCCCCTCCGCAAAGTCTAC (205 bp amplicon); 
MCT4 For- CGTTCTGGGATGGGACTGAC and MCT4 
Rev- ATGTGCCTCTGGACCATGTG (216 bp amplicon); 
CD147 For- CCGTAGAAGACCTTGGCTCC and CD147 Rev- 
TACTCTCCCCACTGGTCGTC (169 bp amplicon); β-Actin 
For- CCCTGGAGAAGAGCTACGAG and β-Actin Rev- 
CAATGCCAGGGTACATGGTG (225 bp amplicon). Expression of 
the genes was evaluated by RT-qPCR in an Applied Biosystems 7500 
Real Time PCR Systems thermocycler (Applied Biosystems, Foster 
City, CA, USA) with a final volume of 15μL, using SYBR Green 1X 
(SYBR Green dye-Quantitec SYBR Green PCR kit, Qiagen, Hilden, 
Germany), 0.25μM of each primer, with the following thermal 
conditions: one hot start step at 95°C for ten minutes followed by 40 
cycles of 95°C for 15 seconds and 60°C for 25 seconds. 

Target gene expression was normalized using the detected 
reference gene (β-Actin) expression. The difference in inter and 
intragroup relative gene expression was assessed by the 2-ΔCq. The 
results were presented as difference of expression followed by range 
(minimum and maximum) [28,29].

Statistical analysis

The results of gene expression analysis were expressed as mean ± 
standard deviation of the mean (SDM). To describe the quantitative 
variables (Shapiro-Wilk, p= 0.05) we used mean, standard deviation, 
minimum and maximum. The Mann-Whitney test was performed to 
analyze the association between the expressions of the target genes 
grouped into risk groups according to the Gleason score (low risk, 
intermediate risk, high risk and undetermined risk). To study the 
correlation between PSA values and clinical data with gene expression, 
the Spearman correlation test was performed. A Receiving Operating 
Characteristic (ROC) curve analysis was performed to evaluate the 
accuracy and establish a cut-off point for the markers. All analyzes 
assumed a 95% confidence level. The programs used were Stata 
version 11.0 and GraphPad Prism version 6 (GraphPad Software, CA, 

Characteristics n %

        Gleason Score

    < 7 (low risk) 9 33.33

    = 7 (intermediate risk) 11 40.74

    > 7 (high risk) 4 14.81

   Indeterminate 3 11.11

Treatment

   Radical prostatectomy 18 66.66

   Hormone therapy 5 18.51
   Bolla

    (radiotherapy + hormone therapy)
3 11.11

   Indeterminate 1 3.7

Surgical specimen risk 

   Low risk 4 14.81

   Intermediate risk 10 37.03

   High risk 3 11.11

   Does not apply/indeterminate 10 37.03

Margin

   Free 11 40.74

   Compromised 5 18.51

   Does not apply/indeterminate 11 40.74

Postoperative Staging

   T2N0ouX 10 37.03

   T3aN0ouX 4 14.81

   T3bN0ouX 3 11.11

   Does not apply/indeterminate 10 37.03

Presence of metastase

   Yes 2 7.4

   No 25 92.6

  Mean (sd)  Minimum - 
Maximum

Age 66,4 (7,9) 52.0 – 82.0

PSA 33,5 (46,8) 3.4 - 150

Table 1: Clinical characteristics of patients
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USA). The level of significance was set at 5% (descriptive value of p 
= 0.05).

Results 
In this study, 27 prostate cancer and 26 healthy donors were 

included. The clinical characteristics of the 27 patients included in this 
study are described in Table 1. Patients were separated into groups 
according to the Gleason score and associated risk: Gleason score 
under seven (low risk), equal to seven (intermediate risk) and greater 
than seven (high risk). Three patients did not have the Gleason score 
determined. Risk stratification as determined by the Gleason score 
refers to the aggressiveness of the tumor and estimates the risk of 
recurrence or progression of the disease [30].

Expression of the three target genes could be detected in 
peripheral blood samples from both in patients and in healthy men 
(controls). Initially, a comparison between the expression profiles of 
these markers in patient and control samples was made (Figure 1, 
Table 2).  

In order to estimate the predictive capacity and to establish cut-
off points for the proposed markers for the diagnosis of PCa, an area 

grouped according to their Gleason score, a comparison was made 
between the expression profiles of the markers in the blood of the 
patients at diagnosis between the three groups of patients (low, 
intermediate and high risk) and healthy donors (Table 3, Figure 3).

The difference in gene expression of patients forming a single 
group and grouped according to the Gleason score was also compared 
throughout the treatment and correlated with the gene expression of 
the donors with serum PSA level of the patients and other clinical-
pathological data. No significant correlation was found between the 
expressions of markers in the peripheral blood of patients with these 
parameters. In order to verify the possibility of correlation between 
serum levels of total pre-treatment PSA and expression of the markers 
studied at diagnosis, the Spearman correlation test was performed. 
No correlation was found between the pre-treatment total PSA 
measurements and the genes under study (MCT1: r = 0.074, p = 0.7. 
MCT4: r = 0.17, p = 0.43. CD147: r = 0,19; p = 0.35). 

Discussion
In this study, we aimed to evaluate the potential prognostic and 

diagnostic value of MCT1, MCT4 and CD147 gene expression in the 

Gene Fold change p*

MCT1 97 (19 – 477) <0.0001

MCT4 1.46 (0.28 – 7.6) 0.988

CD147 3.52 (0.05-11.9) 0.068

Table 2: Differential expression of the markers studied in patients with PCa at 
diagnosis and in healthy donors. 

*Mann-Whitney; CI95%: confidence interval 95%. Fold change is expressed in 
mean + minimum and maximum 

Table 3: Differential expression of the markers studied between the blood of the patients with PCa separated into groups according to the Gleason score and healthy 
donors.

* Mann-Whitney; 95% CI: 95% confidence interval. Difference in expression calculated by 2(-ΔCq) and expressed in fold change (mean + minimum/ maximum)

Figure 1: MCT1 (A), MCT4 (B) and CD147 (C) expression differences between patients (PCT, n = 27) at diagnosis and healthy donors (CTL, n = 26).

Gleason Score MCT1 p* MCT4 p* CD147 p*

< 7
93.6

(16 – 584.8)
0.0006

2.02

(0.36 – 11.2)
0.9492

2.49

(0.02 – 11.9)
0.999

= 7
95.2

(23.3 – 388.5)
0.0019

1.63

(0.1 – 12.1)
0.4544 3.03             (0.007 – 4.17) 0.0268

> 7
103.9

(31.4 – 343.8)
0.004

0.62

(0.1 – 3.7)
0.3182 7.19               (0.04 – 26.7) 0.1846

analysis under the ROC curve was performed (Figure 2). The area 
under the ROC curve presented a value of 0.91 (95% CI = 0.83 - 0.99; 
p<0.0001) for MCT1; 0.50 (95% CI = 0.32- 0.68, p = 0.98) for MCT4 
and 0.64 (95% CI = 0.46 - 0.83, p = 0.06) for CD147.

As previously stated, clinical and biopsy characteristics are used 
to calculate the Gleason score. This score is related to the prognosis, 
aggressiveness and staging of the disease. Thus, with the patients 
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blood of patients with PCa at diagnosis and throughout the treatment. 
The expression of these three genes could be detected in both PCa and 
healthy donors.

The MCT1, MCT4 and CD147 genes have basal expressions 
in leukocytes under physiological conditions, which explain their 
detection in the blood of healthy donors [31]. Increases in the 

expression of these genes in the blood of patients with prostate cancer 
can be explained by the presence of CTCs that, as is the case in tumor 
cells, demand a greater energy production [14,15]. As previously 
mentioned, the Warburg effect results in an increase in lactic acid 
production, which leads to increased expression of these genes 
[16,17].

MCT1 was most highly expressed gene in peripheral blood 

Figure 2: ROC curve analysis in order to evaluate the accuracy of MCT1 (A), MCT4 (B) and CD147 (C) genes in the blood as predictive markers for diagnosis 
of PCa. Area under the curve values (95% CI), n = 27.

Figure 3: Differential expression of the proposed markers in patients’ blood according to Gleason score and controls (A - MCT1 of patients with Gleason 
score <7; B - MCT4 of patients with Gleason score <7; C - CD147 of patients with Gleason score <7; D - MCT1 of patients with Gleason score = 7; E - MCT4 
of patients with Gleason score = 7; F - CD147 of patients with Gleason score = 7; G – MCT1 of patients with Gleason score > 7; H - MCT4 of patients with 
Gleason score > 7; I - of patients with Gleason score > 7).
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samples of patients at diagnosis (mean expression is 97 times higher 
than in healthy donors), which makes it a potential marker of 
diagnosis of PCa in liquid biopsies. CD147, on the other hand, has an 
increased expression with a tendency towards statistical significance. 
Future studies with increased sampling may help shed light on the 
value of this gene as a diagnostic marker for PCa in peripheral blood 
samples. Expression of MCT4 did not differ between patient and the 
control groups.

PSA is a kallikrein-related serine protease produced by both 
normal and malignant epithelial prostate cells. In this way, it is a 
prostate - but not prostate tumor -specific protein [5]. Thus, serum PSA 
levels increase for various causes such as prostatitis, benign prostatic 
hyperplasia, and tumor. Even so, the introduction of screening of 
serum PSA values as a marker of prostate cancer diagnosis (along with 
clinical data, rectal examination and Gleason score) is associated with 
an increase in disease detection and a substantial decline in prostate 
cancer mortality [5,6]. Elevated PSA levels are associated with an 
increased risk of developing CP and with a higher pathological grade 
and an increased risk of metastatic disease [6].

Serum PSA is predominantly associated with alpha-1-
antiquimotrypsin. Unassociated PSA levels are known as free PSA 
(Total PSA - Complexed PSA) and are associated with greater 
specificity to detect PC in men with total PSA between 4 and 10 ng 
/ mL [6]. Men with total PSA> 4ng / mL have indication for cancer 
screening, but most have no histological changes on biopsy; on the 
other hand, men below this cutoff may harbour tumor cells in their 
prostate [5]. In fact, considering the intermediate values of PSA (4.0 
- 10 ng/mL), only 26% of the patients in this category have prostate 
cancer [32]. An accurate cutoff value of total PSA that can facilitate 
the detection of PC with high sensitivity and specificity in healthy 
men has not yet been defined [6]. Thus, patients who are within the 
limit range for malignancies would strongly benefit from the addition 
of new markers that aid in this classification. In order to better 
distinguish between benign and malignant prostate abnormalities in 
men over 50 years with normal digital rectal examination and PSA 
between 4-10 ng / mL and reduce unnecessary biopsies, the PHI 
(prostate health index) was stablished. This sorological test is a result 
of three PSA isoforms (proPSA [-2], free PSA and total PSA) analysis 
[6]. When the evaluation of the 3 PSA isoforms used in the PHI is 
added to the one of the peptide hK2 (kallikrein-related peptide 2) 
and clinical data of the patient, there is the 4K score [6]. According 
to the author, retrospective studies show that the score 4K was more 
accurate in clinically predicting a diagnosed PC and its aggressiveness 
than measures of PSA and age. A recent meta-analysis showed that 
the 4K score is associated with an 8-10% improvement in predicting 
biopsy-confirmed CP, indicating that its use could potentially 
eliminate the number of prostate biopsies currently performed by 48-
56%. However, the 4K score has not yet been approved by the FDA 
and there are no studies demonstrating the difference in accuracy 
between it and the PHI.

However, some studies have questioned the utility of PSA use in 

clinical routines and the overtreatment associated with overdiagnosis 
of PCa [33,34]. Modifications in the US and Canadian government 
recommendations which led to decreased use of PSA in the routine 
screening of PCa are associated with a diagnosis with a higher stage, 
data which evidences of the efficacy of its measures [35]. Even so, it 
is a method with decreased specificity and an increased incidence 
of false positives in patients with benign prostatic hyperplasia [36]. 
Considering the presented data, the evaluation of MCT1 expression 
in the peripheral blood of these patients could be a tool to aid in the 
diagnosis of PCa. 

The ROC curve test is used to establish cut-off values for the 
diagnosis of disease, with the sensitivity (ability to detect disease) 
and specificity (ability to minimize false-positive results) for each 
value obtained for the individuals in this study. The area under the 
curve ranges from 0 to 1 and is related to the accuracy of the test in 
diagnosing the disease [37]. The MCT1 marker presented the highest 
area under the curve [0.91 (95% CI = 0.83 - 0.99; p <0.0001)], with the 
cut-off value of 2-ΔCq > 0.000589, with a sensitivity of 85.19% (95% CI 
= 66.27% to 95.81%) and a specificity of 95.65% (95% CI = 78.05% to 
99.89%), values that confirm its potential as a blood marker of PCa. 
MCT4 and CD147 had low area under the curve [0.50 (95% CI = 0.32 
- 0.68 p = 0.98) and 0.64 (95% CI = 0.46-0.83; p = 0.06), respectively]. 
MCT4 cannot be characterized as potential blood markers of PCa; 
however, CD147 AUC, although lower than that obtained for MCT1, 
is similar to that described for % free PSA (0,64) and higher than that 
described for free PSA (0,615) [38]. Future studies with increased 
sampling may help establish cut-off values for these genes and help 
establish them as diagnostic markers for PCa.

When evaluating the expression of the markers in the patients 
grouped according to their Gleason score, MCT1 was observed not 
only to present an increase of expression with statistical significance 
in the three groups (low, intermediate and high risk), as this increased 
expression accompanies the increase in the score and, consequently, 
the severity of the disease. Therefore, in addition to being a candidate 
for the diagnostic marker of PCa, MCT1 can be considered a marker of 
prognosis, since it is higher in patients with higher risk stratification.

In this work, we didn´t find any correlation between gene 
expression and clinical data. Different from our results, associations 
between MCT1, MCT4 and CD147 and clinical and pathological data 
of the patients, such as age and PSA have already been described [22]. 
However, this correlation was obtained between the expression of the 
markers in tumor tissue, and not in blood samples as evaluated here.

Proposed markers play an important role in maintaining the 
viability of cancer cells and an increase in their expression is related 
to an adaptation to the tumor microenvironment affected by the 
Warburg effect. For this reason, the MCT1 and MCT4 members of 
the monocarboxylate transporter family, along with their chaperone 
CD147 may be considered potential therapeutic targets for the 
treatment of cancer and need to be better characterized. Liquid biopsy 
is becoming increasingly important in the diagnosis and follow-up 
of diseases, since besides helping monitor established markers, it can 
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replace more invasive and often unnecessary surgical procedures, 
which put patients’ health at risk. The results of this study show that 
patients with PCa and healthy donors have differing expressions of 
MCT1, MCT4 and CD147 which can be detected in peripheral blood 
samples. MCT1 gene was the marker that presented the greatest 
statistically significant difference of expression between patients and 
donors, suggesting it is a potential diagnostic marker of PCa. This 
difference in expression directly accompanies the risk stratification 
proposed by the Gleason score, which also makes this gene a potential 
marker of prognosis. Together with PSA assessments, MCT1 
expression may be useful for monitoring prostate cancer patients 
throughout and after their treatment, as well as their family members 
or other men at risk of developing the disease.
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