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Abstract. Intracellular progesterone receptor (PR) has been identified in human astrocytomas, the most common and aggressive
primary brain tumors in humans. It has been reported that PR cell distribution affects their transcriptional activity and turnover.
In this work we studied by immunofluorescence the effects of estradiol and progesterone on the subcellular localization of PR
in a grade III human astrocytoma derived cell line (U373). We observed that total PR was mainly distributed in the cytoplasm
without hormonal treatment. Estradiol (10 nM) increased PR presence in the cytoplasm of U373 cells, whereas progesterone
(10 nM) and RU486 (PR antagonist, 1 µM) blocked this effect. To investigate the role of PR activity in the regulation of gene
expression pattern of U373 cells, we evaluated by microarray analysis the profile of genes regulated by progesterone, RU486, or
both steroids. We found different genes regulated by steroid treatments that encode for proteins involved in metabolism, transport,
cell cycle, proliferation, metastasis, apoptosis, processing of nucleic acids and proteins, adhesion, pathogenesis, immune response,
cytoskeleton, and membrane receptors. We determined that 30 genes were regulated by progesterone, 41 genes by RU486 alone,
and 13 genes by the cotreatment of progesterone+RU486, suggesting that there are many genes regulated by intracellular PR
or through other signaling pathways modulated by progesterone. All these data suggest that PR distribution and activity should
modify astrocytomas growth.
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1. Introduction

Progesterone (P4) participates in the regulation of diverse
functions and diseases in the brain by interacting with

its intracellular receptors (PR) [1–3]. In humans, two PR
isoforms with different functions and regulation have been
characterized: PR-A (94 kDa) and PR-B (116 kDa). Both
isoforms are encoded by the same gene but are regulated by
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distinct promoters and generated from alternative transcrip-
tion initiation sites [4–6].

PR has been detected in several human brain tumors
such as astrocytomas, meningiomas, chordomas, and cran-
iopharyngiomas [7–11]. In astrocytomas, a direct relation
between PR expression and tumor grade has been reported
[9, 10, 12, 13]. The most frequent and aggressive human
brain tumors are astrocytomas, which are glial cell derived
tumors (gliomas) with high malignant potential. They arise
from astrocytes, glial progenitor cells, or cancer stem cells
[14–18]. They originate anywhere in the brain but are mainly
located in the cerebral cortex, appearing more frequently in
adults between 40 and 60 years old [19]. Astrocytomas are
classified according to their histopathological and molecular
features into four grades (I-IV), where grade IV, also known
as glioblastoma, represents the maximal evolution stage. The
survival of patients is inversely related to the degree of tumor
progression [19, 20].

PR is expressed in biopsies from human astrocytomas [9,
12, 21] and cell lines U373 and D54 which are derived from
human astrocytomas grades III and IV, respectively [19]. The
content of PR increased after estradiol treatment in U373
cells [13]. In many cell types, PR expression is upregulated
by estradiol at transcriptional level by estrogen-responsive
elements located in the PR promoter [22], while P4 induces
phosphorylation of PR which marks it to be degraded by the
proteasome pathway resulting in PR downregulation [23].

Proliferation of many cancer cells is under P4 control.
P4 significantly increased the number of D54 cells from the
second day of culture and the number of U373 cells on days
3-5 whereas the PR antagonist, RU486, blocked P4 effects in
both astrocytoma cell lines [21]. A transient increase in phase
S of cell cycle was seen in U373 astrocytoma cells after P4
treatment, which was correlated with the induction of genes
associated with cell cycle progression, such as cyclin D1 [21,
24]. Growth factors and their receptors have been proposed
as candidate mediators of P4 effects on cell proliferation. The
mRNA and protein expression of vascular endothelial growth
factor and epidermal growth factor receptor were increased
by P4 in astrocytoma cells, and this increase was blocked
by RU486 [24]. However, the effects of PR activation on the
profile of gene expression in U373 cells are unknown.

Since the subcellular distribution and the expression of PR
are critical for cell function, we studied PR localization by
immunofluorescence as well as the gene expression pattern
in U373 cells after P4 and RU486 treatments.

2. Materials andMethods

2.1. Cell culture and treatments. Human astrocytoma
derived cell line U373 (ATCC, Manassas, VA) grade III
was used. For immunofluorescence experiments 5 x 103cells
were plated in 4-well glass slides and for microarrays and
RT-PCR experiments 1 × 106 cells were plated in 10 cm
dishes. Cells were cultured in Dulbecco’s modification of

Eagle’s medium (DMEM) for U373 cells, supplemented with
10% fetal bovine serum, 1 mM pyruvate, 2 mM glutamine,
0.1 mM nonessential amino acids (GIBCO, NY) for 24 h.
Medium was changed by DMEM phenol red free medium
supplemented with 10% fetal bovine serum without steroid
hormones (HyClone, Utah), at 37 ∘C under a 95% air, 5%
CO2 atmosphere during 24 h. The following treatments
were applied for locating PR by immunofluorescence assays:
(1) vehicle (0.02% cyclodextrin in sterile water), 48 h; (2)
estradiol (10 nM), 48 h; (3) estradiol, 48 h followed by
P4 (10 nM), 24 h; (4) estradiol, 48 h followed by RU 486
(PR antagonist, 1 µM), 24 h; (5) estradiol, 48 h followed
by P+RU 486, 24 h. Each experiment was performed in
three independent cultures. Cyclodextrin, P4, estradiol, and
RU486 were purchased from Sigma-Aldrich (St. Louis,
MO, USA). In the case of the gene expression profile
determined by microarray assays, cells were treated with
vehicle, 10 nM of P4, 1 µM of RU486, or both steroids for
12 h.

2.2. Immunofluorescence. Indirect immunofluorescence was
used to characterize total PR subcellular location in U373
cells. After all treatments cells were rinsed with phosphate-
buffered saline (PBS), fixed with 4% paraformaldehyde
for 20 min at room temperature, washed with PBS, and
permeabilized with 100% methanol for 6 min at 4∘C.
After washing again with PBS, nonspecific binding was
blocked by applying 5% normal goat serum and 1% BSA
for 1 h at room temperature. Cells were incubated with
primary antibody (rabbit anti-PR polyclonal antibody SC-
539, Santa Cruz Biotechnology, Dallas, TX, USA) (8
µg/ml) at 4∘C overnight. Cells were incubated with the
secondary anti-rabbit antibody conjugated with the fluo-
rophore FITC (Invitrogen, Carlsbad, CA, USA) (1:1000),
for 2 h at room temperature. Nuclei were stained with 1
ng/ml of Hoechst 33258 (Sigma, St. Louis, MO, USA).
Negative controls consisted of cells in which the primary
antibody was omitted. These experiments did not produce
any staining (data not shown). Images were acquired in an
Olympus BX43 microscope (Olympus, PA, USA), to detect
FITC and Hoechst fluorescence in a sequential manner, by
exciting with different wavelengths. To establish coexpres-
sion of the used markers, merged images were generated.
The examiner was unaware of the treatment condition of
cells.

2.3. Microarrays and analysis. TRIzol Reagent (Invitro-
gen, CLD, CA, USA) was employed to isolate total RNA
according to manufacturer’s recommendations. RNA quan-
tity and purity were assessed by using the spectrophotometer
NanoDrop-2000 (Thermo Scientific, Waltham, MA, USA).
RNA samples were tested on the Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA) to evaluate
RNA integrity. RNA samples with RIN above 9 were used
to generate labeled cRNA, which were hybridized to Human
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Gene 1.0 ST Array microarrays (Affymetrix, Cleveland, OH,
USA). RNAwas obtained with these features, and exogenous
positive controls included in the GeneChip Eukaryotic Poly-
A RNA Control Kit (Affymetrix, Cleveland, OH, USA)
were added. Subsequently, we used the WT Expression Kit
(Ambion, Life Technologies, Waltham, MA, USA) for the
synthesis and amplification of complementary DNA (cDNA)
which was fragmented and labeled at its 3 ’end with the
WT Terminal Labeling Kit (Affymetrix, Cleveland, OH,
USA). GeneChip Human Gene 1.0 ST Array (Affymetrix,
Cleveland, OH, USA) consisting of 28,000 full-length human
genes was used for hybridization of fragmented cDNA that
was added to a hybridization mixture and stained with
streptavidin/phycoerythrin.

The data were preprocessed and analyzed using the oligo
and LIMMA (linear models for microarray data) libraries,
both part of the bioconductor project, on the R statistical
environment. Raw intensity data were normalized using
quantile normalization. Differential expression between dif-
ferent groups was analyzed using empirical Bayes method
implemented in the LIMMA package and P values were
computed. P value cutoff of < 0.05 and fold change cutoff
of >1.5 were used as criteria to identify differences in gene
expression.

2.4. RNA isolation and RT-PCR. TRIzol Reagent (Invitro-
gen, CLD, CA, USA) was employed to isolate total RNA
according to manufacturer’s recommendations. RNA quan-
tity and purity were assessed by using the spectrophotometer
NanoDrop-2000 (Thermo Scientific, MA, USA). RNA sam-
ples were tested on the Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA) to evaluate RNA
integrity. cDNA was synthesized from 3 𝜇g of total RNA by
using SuperScript II reverse transcription (Invitrogen CLD,
CA, USA) and oligo (dT)12−18 primers (Sigma-Aldrich, St.
Louis, MO, USA) according to its protocol. 3 𝜇L of RT reac-
tion was subjected to PCR in order to simultaneously amplify
different genes fragments. 18S ribosomal RNA was used as
an internal control. The sequences of the specific primers
(Sigma-Aldrich, St. Louis, MO, USA) for GLIPR2, IL7R
SREBF1, IL18, TGF𝛽2, MAP1B, ANLN, HBG1, STARD4,
AOC3, and 18S amplification fragments are indicated in
Table 1. The 25 𝜇l PCR reaction included 2 𝜇l of previously
synthesized cDNA, 2.5 𝜇l 10X buffer PCR, 1.25 mMMgCl2,
0.25 mM of each dNTP, 15 𝜇M of each primer, and 2.5 units
of Taq DNA polymerase. Negative controls without RNA
and with nonretrotranscribed RNA were included in all the
experiments. After the initial denaturation step at 94 ∘C for 5
min, PCR reaction was performed for 30 cycles. The cycle
profile for each gene and 18S amplification was 30 s at 94
∘C, 30 s at the melting temperature of each primer, and 30
s at 72 ∘C. A final extension cycle was performed at 72
∘C for 5 min. The number of performed cycles was within
the exponential phase of the amplification process. 25 𝜇l of
PCR products was separated on 2% agarose gel and stained

with GelRed𝑇𝑀 (Biotium, Hayward, CA, USA). The image
was captured under a UV transilluminator. The intensity
of amplified fragments and 18S bands was quantified by
densitometry using the ImageJ software (National Institute
of Health, WA). Gene expression levels were normalized to
those of 18S.

2.5. Statistical analysis. All images were analyzed and
quantified by using ImageJ (Image Processing and Analysis
in Java). All data were analyzed and plotted by using Graph-
Pad Prism version 5.00 for Windows, (GraphPad Software,
San Diego, CA, USA). All data are presented as arbitrary
units of fluorescence intensity/cell (mean ± S.E.M.). For
immunofluorescence and RT-PCR studies, statistical analysis
between comparable groups was performed with an ANOVA
followed by a Bonferroni’s post test. A value of P< 0.05 was
considered statistically significant as stated in figure legends.

3. Results

3.1. Subcellular localization of PR in U373 cells . First, we
determined the subcellular localization of total PR in human
astrocytoma cells by immunofluorescence. We observed
that PR was mainly located in the cytoplasm of U373
cells independent of hormone treatment (Figures 1 and 2).
Estradiol increased PR presence in the cytoplasm of U373
cells that was reduced with P4 and/or RU486 treatments
after estradiol PR induction (Figures 1 and 2). Experiments
using P4 or RU486 alone or combining both steroids without
the previous estradiol treatment were done; nevertheless, P4
and RU486 downregulated PR cytoplasmic content in such
a manner that fluorescence quantification was not possible
(data not shown).

3.2. Groups of genes regulated by P4, RU486, and
P4+RU486 in U373 cells. After microarray analysis, genes
were organized into three groups based on the different
treatments: P4, RU486, and P4+RU486 (Supplementary
Tables). We found that regulated genes are encoded for
proteins involved in metabolism, transport, cell cycle, prolif-
eration, metastasis, apoptosis, processing of nucleic acids and
proteins, adhesion, pathogenesis, immune response, docking
complexes, cytoskeleton, and membrane receptors. We also
found genes encoding for siRNAs or for some products with
no specific assigned function.

3.3. Validation by RT-PCR of genes regulated by P4, RU486,
and P4+RU486. After the review of gene function and its
exchange rate ≥ 1.5 relative to vehicle, 10 genes were chosen
for microarray validation. The main criterion for choosing
these genes was the fact that they have been involved in can-
cer development, and specifically in astrocytomas growth. In
this regard, genes implicated in processes such as immune
response, transcription, cytoskeletal function, metabolism,
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Table 1: Primers for PCR Analysis.

Gene Primer sequence Amplified fragment
GLIPR2 FW 5’- CCTGTGGGTGTATGTGCTTG -3’ 157 pb
GLIPR2 RV 5’- CCCCAATCCAAATAATCGTG -3’
IL7R FW 5’- CTGAGGCTCCTTTTGACCTG -3’ 159 pb*
IL7R RV 5’- TCACATGCGTCCATTTGTTT -3’
SREBF1 FW 5’- TGCATTTTCTGACACGCTTC -3’ 171 pb*
SREBF1 RV 5’- CCAAGCTGTACAGGCTCTCC -3’
IL18 FW 5’- GGAATTGTCTCCCAGTGCAT -3’ 177 pb*
IL18 RV 5’- ACTGGTTCAGCAGCCATCTT -3’
TGF𝛽2 FW 5’- TGCTTTGGCTTTCTGGTTCT -3’ 199 pb
TGF𝛽2 RV 5’- TTTGTTTGTGGTGCAGTGGT -3’
MAP1B FW 5’- AATCGAGAAGACCAGCCTGA -3’ 245 pb
MAP1B RV 5’- AATCCGTTGAGCGGTGTAAC -3’
ANLN FW 5’- ATGCAGTGTGGTGCACATTT -3’ 195 pb
ANLN RV 5’- AACCCAAACACTTTGGCAAG -3’
HBG1 FW 5’- GCAAGAAGGTGCTGACTTCC -3’ 176 pb*
HBG1 RV 5’- GAATTCTTTGCCGAAATGGA -3’
STARD4 FW 5’- GGCGAGTTGCTAAGAAAACG -3’ 219 pb*
STARD4 RV 5’- TGTAACGCATCACACAGCAA -3’
AOC3 FW 5’- CAGGGGACACTGAACCTTGT -3’ 233 pb
AOC3 RV 5’- CCTTTCCAGCTCAGCTATGG -3’
18S FW 5’- CGCGGTTCTATTTTGTTGGT -3’ 219 pb
18S RV 5’-AGTCGGCATCGTTTATGGTC -3’
FW:FORWARD, RV:REVERSE,*Amplification of exon-exon union

transport, proliferation, adhesion, and pathogenesis were
chosen. Pseudogenes were excluded, as well as genes whose
products were related to noncoding RNAs (including those
whose names begin with ”SNOR” and ”ncRNA”). The
selected genes and their functions are shown in Table 2.

In order to validate the data obtained from microarrays
(Figure 3A), gene expression was determined by RT-PCR.
In all cases the results are derived from at least three
independent experiments. For mRNA expression of GLIPR2
and ANLN we did not detect significant changes after
P4 treatment; however, a significant increase with RU486
treatment alone or combined with P4 was observed (Figures
3B and 3H). In contrast, a significant decrease in SREBF1
expression was produced by both treatments (Figure 3D).
Regarding IL7R and HBG1 genes, we determined that P4
did not regulate their expression, but P4 together with RU486
significantly decreased it (Figures 3C and 3I). IL18 mRNA
expression did not change after any treatment (Figure 3E).
TGF𝛽2 expression increased after all treatments as com-
pared with vehicle (Figure 3F) whereas MAP1B expression
decreased with all of them (3G). STARD4 expression was
increased by the combined treatment of P4 + RU486 while
AOC3 gene expression was increased by P4 and P4 + RU486
(Figures 3J and 3K).

The effects of the different treatments in the expression
of genes tested by microarray assay and RT-PCR in U373
cells are summarized in Table 3. We observed that GLIPR2
expression evaluated by microarrays entirely coincides with
that performed by RT-PCR. It is shown that, in several
genes such as TGF𝛽2, AOC3, or MAP1B, there was only
one coincidence in the change observed by microarrays
and RT-PCR. In other cases such as IL18, the lack of
effects produced by the treatments with RU486 was observed
with both methods. There was only one gene, HBG1, with
no correlation observed between the results obtained by
microarrays or RT-PCR (Table 3).

4. Discussion

Our study shows the cytoplasmic and nuclear distribution
of PR after hormonal treatments and the regulation of the
gene expression profile by P4 in U373 human astrocytoma
cells. We found that total PR was principally located in the
cytoplasm. Estradiol increased the presence of PR in the
cytoplasm as compared with vehicle, and the treatments with
P4 and RU486 alone or combined diminished it compared
to estradiol. According to this result, in a previous work
our group had demonstrated by western blot that the content
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Figure 1: PR localization in U373 human astrocytoma cells. PR was stained by indirect immunofluorescence using FITC (green) labeled
secondary antibody. Cells were treated with vehicle (V); 48 h with estradiol (E) (10 nM); E followed by progesterone (P) (10 nM) for
24 h (E+P); E followed by RU486 (PR antagonist, 1 µM) for 24 h (E+RU); E followed by P+RU486 for 24 h (E+P+RU). Nuclei were
counterstained with HOECHST. A representative assay of five independent experiments is shown.

of both PR isoforms increased after estradiol treatment and
diminished with P4 in these cells [13]. In many cell types,
PR expression is upregulated by estradiol at transcriptional
level by estrogen-responsive elements located in the PR
promoter [22], while P4 induces phosphorylation of PR
which marks it to be degraded by the proteasome pathway
resulting in PR downregulation [23]. RU486 antagonizes

progestins action by its binding with PR allowing dimer-
ization and binding with DNAs hormone response elements
but avoids transcription [25]. After RU486 binding, PR,
phosphorylation can be induced and mark it to degradation
by 26S proteasome even without transcriptional activation.
Previously, a reduction of PR isoform expression at protein
level after RU486 administration has been reported in the
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Figure 2: PR expression in U373 human astrocytoma cells. Immunofluorescence images were quantified and analyzed as described in
Materials and Methods. Vehicle (V); 48 h with estradiol (E) (10 nM); E followed by progesterone (P) (10 nM) for 24 h (E+P); E followed
by RU486 (1 µM) for 24 h (E+RU); E followed by P+RU486 for 24 h (E+P+RU). Results are expressed as mean ± SEM; n=5. **P<0.05
vs all groups; *P<0.05 vs the other groups except V in cytoplasm.

Table 2: Selected genes validated by RT-PCR.

Gene Name Function
GLIPR2 Glioma pathogenesis- related 2 The product of this gene increases the activation of fibroblasts and induces

epithelial mesenchymal transition (Baxter et al., 2007).
IL7R Interleukin 7 receptor High levels of this receptor correlate with tumor aggressiveness in breast cancer

(Al- Rawi et al., 2004).
SREBF1 Sterol regulatory element binding

transcription factor
It has been found to be involved in signaling pathways related to cancer (Shao and
Espenshade, 2012).

IL18 Interleukin 18 This cytokine is involved in carcinogenesis and it is secreted by tumor cells, e.g.,
kidney (Sözen et al., 2004) and prostate cancer (Binay Lebel et al., 2003).

TGF𝛽2 Transforming growth factor 𝛽-2 Disruption of this gene function has been implicated in a variety of cancers (Buck
and Knabbe, 2006; Nilsson EE, Skinner MK, 2002; Steiner, 1995 )

MAP1B Microtubule-associated protein 1B This gene encodes a protein that belongs to the microtubule-associated protein
family, which are involved in microtubule assembly. (Riederer, 2007).

ANLN Anillin, actin binding protein Alterations in this gene have been linked to oral cancer. Its upregulation is a
common feature in the carcinogenic process of lung tissue (Suzuki et al., 2005).

HBG1 Hemoglobin, gamma A This gene product is part of the fetal hemoglobin. It has been reported that some
therapies directed to differentiate malignant cells result in the synthesis of fetal
hemoglobin (Patrinos et al, 2005; Kieslich et al, 2003).

STARD4 STAR-related lipid transfer
(START) domain containing

The level of expression of this gene has been linked to the endoplasmic reticulum
stress (Yamada et al., 2006).

AOC3 Amine oxidase, copper It has been associated with migration and metastasis in cancers such as colorectal,
prostate, andmelanoma (Jalkanen and Salmi, 2007; Toiyama, et al, 2009;. Ekblom
et al, 1999. Forster-Horváth et al, 2004).
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RU

Figure 3: Validation by RT-PCR of genes regulated by P4, RU486, and P4+RU486. Total RNA of U373 cells treated during 12 h with
vehicle (V) (0.02% cyclodextrin), P4 (10 nM), RU486 (RU 1 µM), or P4 + RU was used for RT-PCR assays. PCR products were separated
on 2% agarose gel, stained with gel red, and detected with UV light (upper panels). Densitometric analysis of different mRNAs expression
was corrected by using data of 18S mRNA values. A) Heat Map of microarrays, B) GLIPR2, C) IL7R, D) SREBF1, E) IL18, F) TGF𝛽2, G)
MAP1B, H) ANLN, I) HBG1, J) STARD4, and K) AOC3. Results are expressed as mean ± SEM n=3. *P<0.05 vs vehicle (V).
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Table 3: Effects of P4 and RU486 on the expression of genes tested by Microarrays and validated by RT-PCR in U373 cells.

Gene P 4 Microarray
P 4+RU

RU P 4 RT-PCR
P 4+RU

RU

GLIPR2 - Increase Increase - Increase Increase
TGFb2 - Increase - Increase Increase Increase
AOC3 Increase - - Increase Increase -
HBG1 Increase - Increase - Decrease -
IL7R - Decrease - - Decrease -
IL18 Decrease - - - - -
MAP1B - Decrease - Decrease Decrease Decrease
ANLN - Decrease - - Increase Increase
SREBF1 - - Decrease - Decrease Decrease
STARD4 - Decrease Decrease - Increase -

preoptic area, uterus, ovary, and breast cancer cell lines [26–
28].

In nuclei we did not find significant changes in PR
content with any treatment. In T47D breast cancer cells PR
nuclear translocation occurred at 1h after progestin or RU486
treatment [29, 30]. In order to determine if this hormone or
RU486 induces nuclear translocation in U373 cells we need
further investigation at shorter times.

The results obtained using microarrays showed that at 12
h P4 regulates, positively or negatively, the expression of
various genes, many of which are involved in immunological
processes, proliferation, adhesion, and metabolism that may
have an important role in the development of tumors.
This agrees with the fact that malignant tumors including
astrocytomas have a complex process in which the expression
of various genes is modified to allow the tumor cells to have
oxygen supply and nutrients, escape to the immune system,
and have the ability to migrate and invade [31–33]. The
geneswhose expressionwas altered by P4 treatment observed
in this work are also modified by this hormone in other
types of cancer and/or other pathological conditions [34–36];
however, we also determined the effect of these hormones
over other genes that have not been reported before.

GLIPR2 encodes a protein still poorly studied and its
function is not well characterized [37, 38]; found in many
glioma cell lines and in vitro studies, this protein can
induce epithelial mesenchymal transition (essential in cel-
lular plasticity during development) and cancer progression
[37, 39]. IL7R is a gene whose product has a critical role
in the development, differentiation, growth, and activation of
lymphoid cells [40] and has been associated with decreased
immune response responsible for preventing the development
of tumor in high grade gliomas of evolution [41].

AOC3 gene was only modified by P4; its product is a
protein which catalyzes the oxidation of amines to aldehydes
but also it has been involved in cell migration and extrava-
sation induced by inflammatory processes [42]. It should be
noted that this regulation seems to be through a nonclassical

mechanism since the effect of P4 was not blocked by RU486.
This regulation could occur through membrane PR [43].

Interestingly, it was observed for some genes such as
GLIPR2, ANLN, and SREBF1 that RU486 treatment or
cotreatment with P4 + RU486 regulates its expression
without P4 effects. RU486 is a type II antagonist which
promotes PR dimerization and allows binding of the dimers
to DNA. It has been shown that RU486-bound PR-A:PR-
A dimers are transcriptionally silent, whereas RU486-bound
PR-B:PR-B dimers can activate transcription. RU486-bound
PR-A:PR-B dimers act to distinctly inhibit transcriptional
activation, and it is the activity that is commonly observed in
P4 responsive cells [44, 45]. It is important to mention that in
U373 cells PR-B content is three times higher than that of PR-
A [21, 46] which could lead to an increased formation of PR-
B:PR-B dimers and an activation of transcriptional activity
upon RU486 treatment.

It should be noted that U373 cells are not being distributed
by ATCC anymore, since a sequencing study demonstrated
similarities between U-373 and the glioblastoma cell line,
U-251 [47]. However, both cell lines have characteristics of
aggressive astrocytomas.
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