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ABSTRACT

Gliomas are the most frequent primary brain tumors in the 
world population. Astrocytomas are the most common type 
of glioma, representing 76% of these tumors, and according 
to the World Health Organization they are classified in four 
grades (I-IV) based on their histological characteristics, with 
grade IV tumors being the most aggressive ones. Progesterone 
(P) promotes cell proliferation, migration, and invasion in 
human astrocytomas through the interaction with its intra-
cellular receptor (PR), which is a ligand-activated transcription 
factor involved in the regulation of genes that control cell 
cycle and metastasis. In astrocytomas, PR expression is directly 
related with the evolution grade of the tumor, suggesting 
that PR tumors exhibit a strong oncogenic potential. In this 
paper, we present an overview about the role of P in the 
development and progression of human astrocytomas. (Rev 
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RESUMEN

Los gliomas son los tumores cerebrales primarios más frecuen-
tes en la población mundial. Los astrocitomas son el tipo más 
común de glioma, constituyen el 76% de estos tumores y la 
Organización Mundial de la Salud  los ha clasificado en 4 gra-
dos (I-IV) de acuerdo a sus características histológicas, siendo 
los de grado IV los más agresivos. Se ha informado que la 
progesterona (P) promueve la proliferación, migración e inva-
sión celulares en los astrocitomas humanos a través de la inte-
racción con su receptor intracelular (RP), el cual es un factor de 
transcripción activado por su ligando que está involucrado en 
la regulación de genes relacionados con el control del ciclo 
celular y la metástasis. La expresión del RP en los astrocitomas 
está directamente relacionada con el grado de evolución del 
tumor, lo que sugiere que los tumores que expresan al RP 
presentan un fuerte potencial oncogénico. En esta revisión se 
presenta un panorama general acerca del papel de la P en el 
desarrollo y progresión de los astrocitomas humanos. 
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ceptor a progesterona.
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INTRODUCTION

Progesterone (P) participates in the regulation of 
several physiological and pathological processes in 
numerous tissues. This hormone is involved in the 
growth of brain tumors such as astrocytomas, which 
are the most common and malignant brain tumors. 
Progesterone exerts its effects through the interaction 
with progesterone receptor (PR), which is a ligand-ac-
tivated transcription factor. The activity of PR is funda-
mental in the development, growth, and infiltration of 
these tumors. Two main isoforms of PR have been re-
ported, PR-A and PR-B, each one with different regu-
lation, function, and expression pattern. It has been 
reported that the expression ratio PR-A:PR-B is deter-
minant in P actions in astrocytoma growth.

ASTROCYTOMA

Astrocytomas arise from astrocytes, glial progenitor 
cells, or cancer stem cells1-5 and are the most com-
mon and aggressive primary intracerebral tumor6. The 
World Health Organization has classified them in four 
grades according to their histological characteristics 
such as mitotic activity, nuclear atypia, cellularity, and 
necrosis7,8. Pilocytic astrocytoma (grade I) is a well-cir-
cumscribed, slow-growing tumor, with minimal varia-
tion in shape and size of the nuclei and with the pos-
sibility of surgical resection; overall survival usually 
exceeds 20 years9,10. Diffuse astrocytoma (grade II) 
presents infiltration, low proliferative activity, and it 
tends to progress to higher grades of malignancy; 
median overall survival ranges from 6-8 years11. Ana-
plastic astrocytoma (grade III) is characterized by high 
mitotic activity, nuclear atypia, and infiltrative lesions; 
survival of patients ranges from 2-3 years10. Glioblasto-
ma (grade IV) is the most common and malignant sub-
type and it exhibits more advanced features of ma-
lignancy, including high mitotic activity, neovascular 
proliferation, infiltrative lesions, and necrosis; overall 
survival is less than a year10,11. Treatment depends on 
size, localization, extent of resection, and evolution 
grade. However, present medical treatments such as 
neurosurgery, radiotherapy and chemotherapy only 

achieve a modest improvement in patient survival12-14. 
In adults, the incidence of these tumors is 50% higher 
in men than in women15, suggesting the involvement 
of a hormonal component in its development. Sex 
hormones, particularly P, are involved in the devel-
opment and progression of astrocytomas, and 
therefore, they could be useful in the search for 
therapeutic alternatives against these tumors.

PROGESTERONE

Progesterone is a steroid hormone derived from choles-
terol that participates in the regulation of several phys-
iological and pathological processes in different tissues, 
such as sexual behavior, brain activity, pregnancy, cell 
proliferation, and cancer16-20. It mainly elicits its effects 
through the interaction with PR, which is a ligand-acti-
vated transcription factor that regulates the expression 
of several genes involved in metabolism, development, 
and reproduction18. There are two mechanisms through 
which P acts, called classical and non-classical. The first 
one involves the interaction of P with PR, which is locat-
ed in cytoplasm or nucleus. At basal state, PR is associ-
ated with heat shock proteins (HSP), and once the hor-
mone enters the cell it interacts with PR and induces 
conformational changes that allow the dissociation 
from HSP followed by phosphorylation and dimeriza-
tion of PR. The activated receptor possesses high affin-
ity for specific sequences in the DNA, known as P re-
sponse elements, and once bound it regulates the 
transcription of target genes through the recruitment 
of co-regulator proteins (co-activators and co-repres-
sors)21,22. The second mechanism requires the interac-
tion of P with membrane receptors23, which activates 
intracellular signaling pathways through induction of 
second messenger cascades24, changes in ionic con-
ductance, and in protein phosphorylation25. 

There are two main isoforms of PR: PR-A (94 kDa) 
and PR-B (114 kDa). They are encoded by the same 
gene, but their expression is regulated by different 
promoters. PR isoforms have diverse functions de-
pending on the type of cell, the target gene, and the 
promoter21,26. Generally, PR-B is a potent transcription-
al activator, while PR-A acts as a repressor of transcrip-
tion mediated by PR-B or by other steroid hormone 
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receptors27-29. This is because, generally, PR-A has 
higher affinity for co-repressors such as SMRT (si-
lencing mediator for retinoid and thyroid hormone 
receptor) and PR-B for co-activators such as SRC-1 
(steroid receptor co-activator-1)30.

PROGESTERONE AND ASTROCYTOMAS

Progesterone has different effects in numerous types of 
cancer18-20,31,32. It has been reported that P administra-
tion significantly increases proliferation in U373 and 
D54 cell lines (derived from human astrocytomas 
grades III and IV, respectively). In a time-course study 
using different doses of P (1 nM to 10 µM) it was found 
that P (10 nM) increased cell number from the second 
day in D54 cells and from the third in U373 cells, and 
that this effect persisted until the fifth day of culture20. 
It is important to note that this concentration of P is 
reached in the luteal phase of the female menstrual 
cycle33. Treatment with P antagonist, mifepristone 
(RU486) 10 µM co-administered with P blocked the ef-
fect of the hormone on days 2 and 4 in both D54 and 
U373 cells by 42 and 25%, respectively, suggesting 
that P effects occur through the interaction with PR. 

In U373 cell line, PR-B is the predominant isoform 
(PR-B:PR-A ratio 3:1), whereas in D54 cells, PR-A is 
the predominant one (ratio 0.66:1.0). It has been 
reported that the overexpression of PR-A in U373 
cells significantly reduces proliferation in these cells 
when treated with P, suggesting that in this cell line, 
PR-A has an inhibitory effect on proliferation when 
PR is activated by its ligand34.

Several studies have shown that PR expression is 
regulated by P and estradiol (E2). In U373 cells, PR 
isoform content increases after treatment with E2 
(10 nM), whereas in D54 cells E2 had no significant 
effects34. This could be related with the genetic and 
metabolic changes that occur in the more advanced 
grade of malignancy of astrocytomas. Meanwhile, 
P acts as a down-regulator of PR through a mecha-
nism of ligand-dependent proteolysis35, since when 
P binds its receptor it induces its phosphorylation, 
which signals PR to degradation by the ubiquitin-pro-
teasome pathway36-38. 

It was found that P increased the S phase of cell 
cycle in U373 cells on day 520, which is correlated 
with the induction of genes associated with cell cy-
cle progression, such as cyclin D139. The same time-
course study was performed with the U87 cell line 
(derived from grade IV astrocytoma) and it was ob-
served that P (10 nM) significantly increased cell 
number from day 4 to 6 of culture and that co-ad-
ministration with RU486 (10 µM) blocked P effects 
on these days (unpublished data). 

Similar results were observed in an in vivo model 
where U373 cells were implanted in the cerebral 
motor cortex of male rats and the effects of P were 
studied under two treatment schemes. In the first 
one, 15 days after U373 cell implantation, rats were 
treated daily subcutaneously with vehicle (propyl-
ene glycol), P (1 mg), RU486 (5 mg) or P plus RU486 
(1 and 5 mg, respectively) for 21 days. In the second 
schedule, treatments started eight weeks after cells 
implantation and lasted 14 days. In both schemes, it 
was observed that P significantly increased both the 
area and length of infiltration of the tumors com-
pared to all other treatments and that RU486 blocked 
the effects of P. Similarly, it was observed that all rats 
treated with P showed tumor infiltration, while 29 
and 43% of the animals treated with RU486 and P 
plus RU486, respectively, presented it40.

Also, in another study using an in vivo model, U87 
cells were implanted in the cerebral motor cortex of 
male rats. Eight weeks after cell implantation, rats 
were daily administered intracerebrally with sense 
or antisense oligodeoxynucleotides (ODN) in order 
to silence PR expression. The subcutaneous admin-
istration of vehicle (propylene glycol) or P (1 mg) 
started one day after the beginning of ODN admin-
istration. The ODN and hormone treatments lasted 
15 and 14 days, respectively. Similarly to the results 
described above in U373 cells, we observed that 
P increased the area and length of infiltration of 
the tumors, and that these effects were blocked 
by the administration of antisense ODN (unpub-
lished data). These results support the proposal that 
P effects on human astrocytomas occur through PR.

Additionally, recent studies by our lab have shown 
that P significantly increases migration and invasion 
in D54 cells and that RU486 administration blocks 
these effects. 
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Recently, in order to analyze the role of P and RU486 
in gene regulation and to identify some mediators of 
P effects, a microarray study was performed in our lab 
in U373 cells. It was found that these steroids regulate 
genes that encode for proteins involved in metabo-
lism, transport, cell cycle, proliferation, metastasis, 
apoptosis, processing of nucleic acids and proteins, 
adhesion, pathogenesis, immune response, cytoskel-
eton and membrane receptors. Specifically for P, it was 
found that after a 12-hour treatment, this hormone 
regulates, positively or negatively, the expression of 
various genes involved in proliferation, adhesion, me-
tabolism, and immunological processes that may play 
an important role in the development and progres-
sion of tumors. Some of the genes whose expression 
was altered by P have already been described in other 
types of cancer41-43, however, new P-regulated genes 
were also identified, such as GLIPR2 which can induce 
epithelial mesenchymal transition and cancer progres-
sion44,45, IL7R, that has been associated with decreased 
immune response responsible for preventing the de-
velopment of tumor in high-grade gliomas46, and 
AOC3, which has been involved in cell migration and 
extravasation induced by inflammatory processes47. In 
total, it was determined that 30 genes were regulated 
by P, 41 by RU486, and 13 by the co-treatment P plus 
RU486, suggesting that there are many genes regulat-
ed by intracellular PR or through other signaling path-
ways modulated by P that can modify astrocytoma 
development and growth48. Some growth factors and 

their receptors have also been proposed as mediators 
of P effects. The mRNA and protein expression of vas-
cular endothelial growth factor (VEGF) and epidermal 
growth factor receptor (EGFR) were increased by P in 
astrocytoma cells, and this increase was blocked by 
RU48639. A summary of the actions mediated by P 
in astrocytoma cell lines is presented in table 1. 

CONCLUSIONS

Progesterone increases proliferation, migration, inva-
sion, and infiltration in different human astrocytoma 
cell lines, and this occurs through its interaction with its 
intracellular receptor, which involves changes in the ex-
pression of genes involved in cell-cycle regulation, 
proliferation, angiogenesis, metabolism, metastasis, etc. 

Astrocytomas are the most frequent primary brain 
tumors and constitute a leading cause of brain can-
cer-related deaths. Both P and PR influence the de-
velopment and growth of this type of cancer, and 
thus, the understanding of the hormonal depen-
dence of this condition can provide tools for the 
development of new therapies against astrocyto-
mas progression, one of which could be based in 
the use of anti-progestins such as RU486, since we 
have observed that it can efficiently block P effects 
both in vitro and in vivo. 

Table 1. Effects of progesterone on human astrocytoma cell lines

U373 cells D54 cells U87 cells Reference

Cell number Increase Increase Increase González-Agüero, et al.20, U.D.
Cell proliferation (in vivo) Increase Not studied Increase Germán-Castelán, et al.40, U.D.
Cell
infiltration (in vivo)

Increase Not studied Increase

PR regulation Down- regulation of PR-A  
and PR-B (after E2 
treatment)

Down-regulation of PR-A  
and PR-B (after E2 
treatment)

Not studied Camacho-Arroyo, et al.31

Gene expression:
Cyclin D1 Increase No effect Not studied Hernández-Hernández, et al.39,49

VEGF No effect Increase Not studied
EGFR No effect Increase Not studied
SRC-1 No effect Increase Not studied Hernández-Hernández, et al.50

GLIPR2 Increase (+ RU486) Not studied Not studied González-Arenas, et al.48

IL7R Decrease (+ RU486) Not studied Not studied
AOC3 Increase Not studied Not studied

U.D.: unpublished data
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