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Introduction: Glioblastomas (GBM) are the most frequent and aggressive human brain 
tumors due to their high capacity to migrate, invade healthy brain tissue, and resist anticancer 
therapies. It has been reported that testosterone (T) levels are higher in patients with GBM 
than in healthy controls. It has also been dem{\hskip 0.7pt}onstrated that T induces prolif
eration, migration, and invasion of human GBM cell lines. T is mainly metabolized to 5α- 
dihydrotestosterone (DHT) by the enzyme 5α-reductase (5αR), but the role of this metabolite 
in GBM cells is unknown.
Methods: The expression of 5αR isoenzymes and AR in biopsies of GBMs was determined 
by the analysis of TCGA. U87 and U251 GBM cell lines were grown in supplemented 
DMEM. For evaluating the expression of AR in U251 and U87 cells, a RT-qPCR was 
performed. The cells were treated with T, DHT, finasteride (FIN), dutasteride (D), and the 
combined treatments, FIN+T and D+T or vehicle. After treatments, the viability was quanti
fied by the trypan blue exclusion assay, the proliferation was evaluated by BrdU incorpora
tion, and migration and invasion were analyzed by the scratch-wound and the transwell 
assays, respectively.
Results: In a set of glioma biopsies from TCGA, we observed that SRD5A2 (5αR2) 
expression was higher in GBM and in low-grade gliomas than in normal brain tissue. We 
observed that DHT and T increased proliferation, migration, and invasion of human GBM 
cell lines: U87 and U251. F and D, drugs that inhibit 5αR activity, blocked the effects of T on 
GBM cells.
Discussion: These data suggest that T induces human GBM progression through its con
version into DHT. These results can be related to the chemical structure of DHT, which 
increases its affinity for AR and decreases five times the rate of dissociation compared to 
T. Also, it is possible that DHT mediates the effects of T on cell human GBM cells motility 
by changing the expression of genes involved in tumor infiltration.
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Introduction
Astrocytomas are the most frequent and aggressive tumors of the central nervous 
system (CNS); their origin is not clear, but it has been proposed that they arise from 
the malignization of glial cells or cancer stem cells.1–3 The WHO classifies astro
cytomas in four grades according to their histopathological characteristics; grade IV 
or Glioblastoma (GBM) is the most aggressive and frequent astrocytoma.1 GBMs 
are highly proliferative and invasive tumors with patients average survival time of 
14 months after diagnosis.1–5 These tumors are more frequent in men than in 
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women, in a proportion of 3:2, and men have a shorter 
survival time after diagnosis as compared to women.6,7 

Sex hormones such as progesterone and testosterone, 
have been proposed as responsible for this gender bias. 
There are several studies regarding the role of progester
one and its metabolites in proliferation, migration, and 
invasion of human GBM derived cell lines,8–11 but only 
a few works have investigated the role of testosterone in 
GBM progression (T).

T is an androgen involved in several processes such as 
spermatogenesis, behavior, cognition, and neuron 
differentiation.12,13 It is mainly synthesized in testes by 
Leydig cells in adult males, and it is distributed through 
blood circulation to its target tissues.12 T diffuses into the 
cells through the plasmatic membrane, and binds to the 
intracellular androgen receptor (AR), which in the nucleus 
binds to androgen response elements (AREs) in the promoter 
region of target genes. The binding of this receptor recruits 
co-regulators that activate or repress transcription.13 In target 
tissues, T is mainly metabolized to 5α-dihydrotestosterone 
(DHT) by the enzyme 5α-reductase (5αR). This conversion 
amplifies T effects since DHT has a higher affinity for AR 
than the rest of androgens.14 It has been demonstrated that 
T is metabolized to DHT by 5αR action.15–17

It has been reported that GBM biopsies overexpress 
AR, and that its levels are directly correlated to the astro
cytomas grade.13,14,16 Activation of AR by T induces 
migration, proliferation, and invasion of human GBM 
derived cell lines,18 and in line with this, low levels of 
androgens are associated with a lower risk of glioma;13–19 

Finasteride (FIN) and dutasteride (D), both inhibitors of 
5αR, have been proposed for GBM treatment.20,21 Since 
T promotes GBM progression and it is converted into 
DHT (a more potent androgen), in this work we evaluated 
the effects of DHT, FIN, and D on proliferation, migration, 
and invasion of human GBM derived cell lines.

Materials and Methods
TCGA Data Analysis
RNA-Seq counts from 196 grade II, 223 grade III, and 139 
grade IV gliomas were obtained from Glioblastoma and 
Low-Grade Glioma projects of The Cancer Genome Atlas 
(TCGA) repository (https://portal.gdc.cancer.gov/). The data 
were downloaded and processed using TCGAbiolinks pack
age version 2.12.6 for R.17 Additionally, expression profiles 
of 249 healthy brain cortex samples were obtained from 

GTEx database (https://gtexportal.org/home/). Data were 
normalized by DESeq2 version 1.22.2 and plotted.

Cell Culture and Treatments
U87 and U251 cell lines (ATCC, VA, USA) were grown in 
Dulbecco’s Modified Eagle’s medium DMEM (DMEM, 
Biowest, FRA), supplemented with 10% fetal bovine serum 
(FBS, Biowest, FRA), pyruvate (1 mM; InVitro SA, MEX), 
non-essential amino acids (0.1 mM; InVitro SA, MEX), and 
a mix of antibiotics (1 mM; InVitro SA, MEX) in 
a humidified atmosphere with 5% CO2 at 37°C. Twenty- 
four hours before treatments, cells were seeded in phenol red- 
free DMEM medium (In Vitro S.A., MEX) supplemented 
with hormone-free FBS (10%) (charcoal-stripped, GeneTex, 
USA). In order to determine the DHT concentration that 
significantly modifies the number of GBM cells, they were 
treated with DHT (0.1, 1, 10 nM). To evaluate proliferation, 
migration and invasion cells were treated with T (100 nM),18 

DHT (10 nM), (FIN (5 µM), D (2.5 µM), the combined 
treatments, FIN+T and D+T or vehicle (V; 0.01% ethanol). 
FIN selectively inhibits 5αR2, while D inhibits both 5αR1 
and 5αR2 isoenzymes.22,23

RNA Isolation and RT-qPCR
Total RNA from U87 and U251 cells cultured under basal 
conditions was extracted using TRIzol LS Reagent (Thermo 
Fisher Scientific, MA, USA) according to the manufacturer’s 
protocol. RNA concentration and purity were measured with 
the NanoDrop 2000 Spectrophotometer (Thermo Fisher 
Scientific, MA, USA). The integrity of the samples was 
determined with a 1.5% agarose gel electrophoresis. 
Healthy Human Astrocyte (HA) total RNA was obtained 
from ScienCell (cat: 1805, ScienCell, CA, USA). One micro
gram of total RNA was reverse transcribed to cDNA using 
M-MLV reverse transcriptase (Invitrogen, Carlsbad, CA, 
USA) and oligo-dT12-18 as primers. Two microliters from 
the previous reaction were subjected to qPCR using the 
FastStart DNA Master SYBR Green I reagent kit for 
LightCycler 1.5 (Roche Diagnostics, Mannheim, Germany) 
according to the manufacturer’s protocol. The primers 
sequences used were the following:

AR
FW5ʹ-GACATGCGTTTGGAGACTGC-3ʹ
RV5ʹ-TTTCCCTTCAGCGGCTCTTT-3ʹ
18S
FW5ʹ-AGTGAAACTGCAATGGCTC-3ʹ
RV5ʹ-CTGACCGGGTTGGTTTTGAT-3ʹ

Rodríguez-Lozano et al                                                                                                                                             Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 8814

https://portal.gdc.cancer.gov/
https://gtexportal.org/home/
http://www.dovepress.com
http://www.dovepress.com


The relative abundance of AR mRNA was calculated 
by using 18S mRNA as an endogenous reference. Relative 
expression levels were calculated by the ∆Ct method.

Viability Assay
5 × 103 U87 and U251 cells were seeded in 24-well plates 
and grown for 24 h. Cells were treated as previously 
described, harvested with 1mL PBS-EDTA (1mM) and 
stained with trypan blue (0.4%) every 24 h during 120 h. 
Viable cells were quantified with Countess II cell counter 
(Thermo Fisher Scientific, MA, USA).

Cell Proliferation Assay
5-Bromo-20-deoxyuridine (BrdU) incorporation kit (cat 
#11,296,736,001 Roche, IN, USA) was used according to 
the manufacturer’s recommendations to evaluate the prolifera
tive capacity of the cell lines under the effect of the different 
treatments. 5 × 103 U87 cells and 4 × 103 U251 cells were 
grown in 24-well glass slides and maintained as previously 
described. After 72 hours of treatment, cells were incubated 
with BrdU labeling medium for 50 min. After cell fixation, the 
incorporation of BrdU was detected by immunofluorescence 
using a fluorescence-labeled secondary antibody. Cell nuclei 
were stained with Hoechst 33,342 fluorescent dye (1 mg/mL) 
(Thermo Scientific, USA). Positive BrdU cells were visualized 
in an Olympus Bx43F microscope (Olympus, PA, USA). Cell 
counting was done with the ImageJ software 1.45S (National 
Institutes of Health, USA), and the percentage of BrdU- 
positive cells was calculated considering the nuclei stained 
with Hoechst as the total number of cells.

Migration Assay
Scratch-wound assays were performed to determine the 
effect of the treatments on GBM cell migration. 4 × 105 

U251 cells and 5 × 105 U87 cells were seeded per well of 
a 6-well plate in DMEM medium until reached 60–70% of 
confluence; then the medium was changed for phenol red- 
free DMEM, supplemented with FBS (10%) without hor
mones (charcoal stripped). After cells formed a monolayer 
(90% confluence), 500 µL of PBS-EDTA (1 mM) were 
added to each well, and two parallel scratches by well 
were made with a 200 mL pipet tip. Detached cells were 
removed by aspiration. Fresh hormone-free DMEM with the 
cell proliferation inhibitor Cytosine β-D-arabinofuranoside 
(Ara-C, 10 μM) (Sigma-Aldrich, USA) was added 1 
h before treatments. Without removing the medium, the 
hormonal treatments were added. Photographs of the scratch 
area per well were taken 0 and 24 h after treatment with an 

Infinity12C camera coupled to an inverted Olympus CKX41 
microscope at 100X magnification. The number of migrat
ing cells into the scratch-wound area were counted using 
ImageJ (National Institute of Health, WA, USA).

Invasion Assay
To evaluate the effects of the treatments on U87 and U251 
cellular invasion, a transwell invasion assay was used. Briefly, 
transwell chambers (8.0 µm pore membrane insert, Corning, 
USA) were placed in 24-well plate and covered with 2 mg/mL 
of matrigel (extracellular matrix gel from Engelbreth-Holm- 
Swarm; Sigma-Aldrich, USA) in FBS and phenol red-free 
DMEM. The inserts were incubated at 37 °C and 5% CO2 
for 2 h to allow solidification. Eighty-thousand cells were 
suspended in 150 µL serum-free medium with the treatments 
and Ara-C (10 µM). The bottom of the wells was filled with 
600 µL phenol red-free DMEM with FBS (10%) as a 
chemoattractant.24 Cells were incubated at 37 °C and 5% 
CO2 for 24 h. After incubation, the matrigel with the non- 
invading cells was removed from the upper surface of the 
transwell membrane, and cells trapped in the porous mem
brane were fixed with paraformaldehyde (4%) for 20 min, and 
stained with crystal violet (1%) for 20 min. Finally, the inserts 
were observed under an inverted microscope (Olympus 
CKX41), and images were captured with an Infinity1-2C 
camera at 20X magnification. The number of invading cells 
was quantified using the ImageJ software 2.6. (National 
Institute of Health, WA, USA).

Statistical Analysis
TCGA data statistical analysis was performed with R 5.3.2. 
A one-way ANOVA followed by a Tukey post hoc test was 
used, and a p<0.05 was considered significant. Rest of the 
data were analyzed and plotted with GraphPad Prism 5.0 
software (GraphPad, USA). Plotted data are representative 
of three independent experiments. A one-way ANOVA was 
used to analyze proliferation, migration and invasion data. 
A two-way ANOVA was used to analyze cell viability. Tukey 
post hoc test was applied in one-way ANOVA, and 
Bonferroni test in two-way ANOVA. Values of p<0.05 
were considered statistically significant.

Results
AR Expression in Astrocytomas is 
Dependent on Tumor Grade
AR, SRD5A1 (5αR1) and SRD5A2 (5αR2) expression data 
from 196 grade II, 223 grade III, and 139 grade IV (GBM) 
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gliomas were obtained from TCGA and compared against 
249 healthy brain cortex samples from GTEx database. It 
was observed that SRD5A2 expression was higher in GBM 
and in low-grade gliomas than in normal brain tissue. 
Besides, AR expression directly depended on the astrocytoma 
grade. No significant differences were observed in the 
expression of SRD5A1 (Figure 1A). No statistically signifi
cant differences were observed between genders in the 
expression of AR, SRD5A1 and SRD5A2 (Supplementary 
Figure 1). Interestingly, it was observed that if we normalized 
the expression of each of these genes by their Z score and 
cluster the samples, those with higher expression of SRD5A1 
belong to a subset (or cluster) of GBMs which also exhibits 
high expression of AR and SRD5A2 (Figure 1B). Patients 
gender presented an even distribution in the four generated 
clusters, indicating that gender is not a critical factor for 
samples stratification. GBMs were divided into two groups 
according to their SRD5A1 levels (clusters 3 and 4 in Figure 
1B), and differences in survival between cluster 3 and 4 were 
evaluated, however, no significant differences were observed 
(Supplementary Figure 2).

DHT Increases Cell Growth
U87 and U251 cells, both derived from human GBM, were 
used to assess the effects of DHT on the growth of GBMs. 
Initially, the expression of AR in these cell lines was 
determined by RT-qPCR, as well as the concentration of 
DHT that increased the number of cells (Supplementary 
Figures 3 and 4). Then a cell count was performed for five 
consecutive days by using the blue dye exclusion techni
que. U87 and U251 cells were treated with DHT (10 nM), 
T (100 nM), and two 5αR inhibitors: finasteride (FIN, 5 
μM) and dutasteride (D 2.5 μM) to determine if the effect 
of T could be inhibited by blocking the formation of DHT 
from T. Androgens increased cell growth from days 3 and 
4 of treatment in U251 and U87 cells, respectively (Figure 
2A and C). In U251 cells, the effect of DHT was signifi
cantly higher than that of T on day 3. FIN alone had no 
effects on cell growth. In contrast, D decreased the number 
of cells with respect to vehicle (day 3) (Figure 2A and C). 
Both 5αR inhibitors blocked the effect of T in U87 and 
U251 cell lines. Cell viability was not significantly mod
ified with any treatment (Figure 2B and D).

Figure 1 AR, SRD5A1 and SRD5A2 expression in human astrocytoma primary tumor biopsies. RNA-Seq data from 322 astrocytoma primary tumors (196 grade II, 223 grade 
III, 139 grade IV or GBM) were obtained from TCGA repository and compared against 249 samples of normal brain cortex obtained from GTEx database. (A) Log2 of 
normalized counts in GBM or grade IV gliomas, grade III and II gliomas and Normal Tissue (NT). ***p<0.001 vs NT. (B) Heat map of the expression of AR, SRD5A1 and 
SRD5A2 in the GBM and NT samples. Zscore was used in order to scale the expression of each gene.
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DHT Induces the Proliferation of GBM 
Derived Cells
To determine if the effect of DHT on cell growth is due to 
an increase in proliferation of GBM derived cells, the 
BrdU incorporation technique was performed on day 3 of 
treatment. Results showed that T and its metabolite DHT, 
increased proliferation of U87 and U251 cells; in the latter, 
the effect of DHT was higher than that of T. In both cell 
lines, FIN and D inhibited the effect of T. Individual 
treatment with FIN had no significant effect on prolifera
tion. In contrast, D decreased cell proliferation with 
respect to the vehicle in U251 cells (Figure 3).

DHT Induces the Migration of Cells 
Derived from Human GBM
In order to evaluate the effect of DHT on the migration of 
human GBM cells, the “Scratch test” was performed. 

Androgens increased the number of migrating cells at 24 
hours in both cell lines. FIN and D blocked the effect of T, 
and treatments with 5αR inhibitors alone had no effect on 
cell migration (Figure 4).

DHT Induces the Invasion of GBM Cells
The effect of DHT on cell invasion was evaluated by 
a transwell chamber assay. Results show that T and DHT 
promoted invasion of U87 and U251 cells at 24 hours as 
compared to the vehicle. The effect of T was blocked by 
5αR inhibitors (Figure 5).

Discussion
GBM incidence is higher in men than in women in a 3:2 
ratio.4,5 Previous investigations have demonstrated that the 
activation of AR by T induces migration, proliferation, and 
invasion of human GBM derived cell lines,18 and that high 

Figure 2 Effect of DHT on the growth and viability of human GBM cells. The number of U87 and U251 human GBM cells were counted for 5 days. (A) Effect of DHT on the 
number of U87 and (C) U251 cells. (B) and (D) Show the effect of DHT on cell viability. Testosterone (T, 100 nM), dihydrotestosterone (DHT, 10 nM), finasteride (FIN, 5 
µM), dutasteride (D, 2.5 µM), vehicle (V; 0.01% ethanol). Each point represents the mean ± SD, n = 4. #p<0.05 DHT vs V; &p<0.05 T vs. D; &&&p<0.001 T vs. V; *p<0.05 
D vs. V; **p<0.01 DHT vs FIN and FIN+T; ***p<0.001 DHT vs V, D and D+T;+ p<0.05 T vs D and DHT; ++p<0.01 T vs V, FIN and FIN+T; +++p<0.001 T vs D and D+T; @ 
p<0.05 D vs V.

Dovepress                                                                                                                                            Rodríguez-Lozano et al

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
8817

http://www.dovepress.com
http://www.dovepress.com


serum levels of this androgen are associated with the presence 
of gliomas.13 For that reason, the aim of this work was to 
evaluate the role of DHT, the main and most potent T reduced 
metabolite, in proliferation, migration, and invasion of human 
GBM cell lines.

It is well known that androgens are involved in the 
progression of cancers such as prostate, colon, and 
lung,25,26 Androgens can exert their multiple effects 
through the interaction with AR, a ligand dependent tran
scription factor that once activated, binds to AREs located 
in gene promoter regions, thus regulating their 
expression.11 It has been reported that GBM biopsies over
express AR, and that its expression is directly correlated to 
the astrocytomas grade.13,14,20 In the present study, we 
corroborated by a bioinformatic analysis of these data: 
a higher expression of AR was found in astrocytomas 
compared to healthy brain cortex samples from GTEx 
database.

We evaluated the role of DHT in the growth and pro
liferation of U87 and U251 cells derived from human 
GBM. Results indicated that androgens induced both pro
cesses, and that DHT was more potent than T from the 
third and fourth days in U251 and U87 cells, respectively. 
These results can be due to the chemical structure of 
androgens, since DHT differs from T because of the 
absence of a double bond in ring A, which increases its 
affinity for AR and decreases five times the rate of dis
sociation compared to.12,27 In a healthy human body, this 
effect is compensated by a higher concentration of T,28 and 
approximately only 10% is converted to DHT in tissues 
that express 5αR.29

DHT is the main metabolite of T, which is catalyzed by 
5αR in different regions of the body, including CNS. 5αR 
has been located in the hippocampus, cerebellum, and cere
bral cortex in humans,30 and in cerebrospinal fluid, plasma, 
hippocampus, cerebral cortex, cerebellum, spinal cord, and 

Figure 3 Effect of DHT on the proliferation of human GBM cells. Three days after treatments, cell proliferation was measured by the BrdU incorporation assay. (A) 
Representative immunofluorescence images of BrdU positive cells (left panel), cell nuclei (Hoechst stain, middle panel), and merge (right panel) are shown. Percentage of 
BrdU incorporation in (B) U87 and (C) U251 cells derived from a GBM treated with vehicle (V), T (100 nM), DHT (10 nM), FIN (5 μM), FIN+T, D (2.5 μM) and D+T. Each 
bar indicates the mean ± SD, n = 3. +p<0.05 DHT vs. V, T vs FIN+T; ++p<0.05 T vs. D+T, DHT vs FIN+T; +++p<0.01 DHT vs D+T; *p<0.05 D vs. V and DHT vs. T, 
***p<0.001 DHT vs V, Fin, D, FIN+T and D+T.
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sciatic nerve in mice.28 5αR1 and 5αR2 isoenzymes are 
differentially expressed in the brain adult, 5αR1 expression 
is higher than that of 5αR2,28,31,32 while the subtype 5αR2 is 
only expressed in the fetal period, indicating that this sub
type has a vital role during development.33 In pathological 

conditions, the expression of this isoenzymes is altered; In 
prostate cancer, the expression of 5αR1 increased while that 
of 5αR2 decreased, but in cases of recurrence and metastatic 
cancers, both 5αR isozymes present an increased expres
sion, suggesting that both isoenzymes participate in the 

Figure 4 Effect of DHT on human GBM cell migration. (A) In the left panel, representative photographs of U87 cell migration assay are observed at 0 and 24 hours. (B) U87, 
and (C) U251 show number of migrating cells at 24 hours treated with V, T, DHT, FIN, D, FIN+T, and D+T, each point represents the mean ± SD, n = 3. +p<0.05 T vs V, and 
D; ++p<0.01 T vs FIN, DHT vs D, FIN+T and D+T; +++p<0.001 DHT vs V, FIN; **p<0.01 T vs V, FIN, D+ T, and DHT vs D; ***p<0.001 DHT vs V, FIN, and D+T.
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development and progression of cancer.34,35 In cell lines 
derived from human GBM, the expression of these isoen
zymes was evaluated, and it was found that at mRNA level, 
5αR1 (SRD5A1) expression was higher than that of 5αR2 
(SRD5A2).36 In this work, we observed that 5αR1 expres
sion in GBM is similar to that in normal tissue, whereas 
5αR2 is over expressed in GBM compared to normal tissue.

To evaluate if DHT mediates T effects on growth and 
proliferation of human GBM cells, two 5αR inhibitors were 
used: finasteride (FIN) and dutasteride (D). FIN can selec
tively inhibit 5αR2, while D inhibits both 5αR1 and 5αR2.23 

Although the expression of 5αR1 is higher than that of 5αR2, 

data show that both inhibitors blocked the inducing effect of 
T. Besides, D decreased the growth and proliferation of U251 
cells. Comparing the effect of FIN and D on cell proliferation 
in prostate cancer, it was observed that the inhibition of both 
isoenzymes with D was more effective than inhibition of 
5αR2 alone with FIN.37

Another main characteristics of GBM is its infiltration 
capacity; therefore, the role of DHT in migration and inva
sion of U87 and U251 cells was evaluated. To ensure that the 
increase in the number of cells that migrated or invaded was 
only due to a greater motility and not to an increase in cell 
proliferation, experiments were performed in the presence of 

Figure 5 Effect of DHT on GBM cell invasion. (A) Representative photographs are observed in an invasion assay at 24 hours with different treatments in U87 cells. 
(B) Graphs of U87, and (C) U251 cells represent number of invading cells t at 24 hours with vehicle, testosterone (T, 100 nM), DHT (10 nM), Finasteride (FIN, 5 μM), FIN+ 
T, Dutasteride (D, 2.5 μM) and D + T, each point represents the mean ± SD, n = 3. +p<0.05 T vs V, and D; ++p<0.01 T vs FIN, DHT vs D, FIN+T and D+T; +++p<0.001 
DHT vs V, FIN; * p<0.05 DHT vs FIN+ T; **p<0.01 T vs V, FIN, D+ T, and DHT vs D; ***p<0.001 DHT vs V, FIN, and D+T.
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AraC, a potent inhibitor of cell replication.38,39 Results 
demonstrated that T and DHT promote migration and inva
sion of both cell lines at 24 hours. Individual treatments with 
FIN or D had no effects on the number of cells that migrated 
or invaded. Importantly, the inductor effect of T was blocked 
with FIN and D. Unlike migration, cell invasion involves cell 
adhesion and extracellular matrix degradation, allowing cells 
to penetrate through tissue barriers such as the basement 
membrane and stroma. Previous studies corroborated that 
FIN can inhibit cell invasion by downregulating two matrix 
metalloproteinases, MMP2 and MMP9,40 and that 5αR2 
exogenous over expression in a prostate cancer cell line, 
can decrease cell migration and invasion, indirectly control
ling ERK/MAPK pathways.41 In cell lines derived from 
human GBM, we have demonstrated that FIN can regulate 
the expression of cellular components of movement.9 

Therefore, it is possible that DHT mediates the effects of 
T on cell human GBM cells motility by changing the expres
sion of genes involved in tumor infiltration.

Our results showed that both 5αR1 and 5αR2 mediate 
T effects on GBM. These data are consistent with a recently 
published study by Pinacho-Gacía (2019), who described 
that FIN or D reduced androgen synthesis in U87 cells.21 In 
addition, clinical studies mentioned that the treatment with 
antiandrogens and 5αR inhibitors might be more effective 
in blocking androgen effects.37–42 In this regard, we have 
demonstrated that flutamide, an AR antagonist can block 
the effects of T on proliferation, migration, and invasion of 
cells derived from human GBM.18 Although effectiveness 
of 5αR inhibitors in modulating androgenic alopecia has 
been demonstrated in both men and women,43 and prostate 
cancer;37 the consequences of its use are under study,44 for 
example, in sexual function, men libido, and T levels.45,46 

Therefore, additional experiments are required to determine 
the effects of T metabolism inhibitors in the treatment 
of GBM.

Conclusion
Results show that DHT and T promote proliferation, 
migration, and invasion of human GBM cell lines, and 
that these effects are blocked by FIN and D, suggesting 
that the metabolism of T into DHT mediated by the two 
isoenzymes of 5αR is critical for GBM progression.
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