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Abstract: Triple-negative breast cancer (TNBC) is an aggressive tumor among breast cancer
subtypes with much lower overall survival at metastasis compared to other subtypes and
with limited treatment options due to a lack of targeted therapies. This has led to the
investigation of molecular targets to advance the development of novel therapeutic agents
aimed at treating TNBC patients. Recent studies have led us to believe that glucocorticoid
receptor (GR) expression may be predictive of decreased survival and increased risk of
metastasis in TNBC tumors. Thus, a detailed understanding of GR signaling in TNBC
may help understand the role of GR in TNBC proliferation as well as its role as a potential
biomarker and therapeutic target. Recent research findings indicate that GR-induced
gene regulations may provide an important platform for the development of GR-based
therapeutic targets in TNBC. Emerging data from laboratories indicate that targeting GR
has the potential to inhibit cancer cell proliferation and reduce tumor growth in TNBC.
Therefore, future research focused on underlying molecular mechanisms of GR action
in TNBC could lead to a new effective treatment option for TNBC patients, which is
urgently needed.
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1. Introduction
Based on the presence or absence of molecular markers, estrogen (ER) or progesterone

(PR) receptors, and human epidermal growth factor 2 (HER2), breast cancer is categorized
into three major subtypes [1]. Triple-negative breast cancer (TNBC) is an aggressive tumor
characterized by highly proliferative cancer cells, an early pattern of metastasis, and poor
prognosis among breast cancer subtypes [1–5]. TNBC is frequently diagnosed in younger
women and is highly prevalent in African American women [1–5]. The median overall
survival of patients with metastatic TNBC is much lower than the other two subtypes [1].
Finding effective treatment targets for TNBC has proven difficult so far. Due to the ab-
sence of any known targeted therapy for TNBC, several laboratories have been fervently
investigating molecular targets to advance the development of novel therapeutic agents to
treat this clinically aggressive phenotype. TNBCs are reported to respond to neoadjuvant
chemotherapy, but overall, survival in patients with such tumors is poor [6–14].

Available options for TNBC treatment are confined to surgery and chemotherapy,
either individually or in combination [3,4]. Ideal conditions for the therapeutic assessment
and management of TNBC patients remain to be validated in prospective investigations.
Several studies have shown that TNBC cells proliferate at a higher rate, exhibit central
necrosis with a pushing border, and are highly prone to metastasis and recurrence [15–17].
Five-year survival rates also tend to be lower for TNBCs [1–4]. Finding effective treatment
targets for TNBC has been difficult so far. TNBCs are reported to respond to neoadjuvant
chemotherapy [7–9]. However, overall, survival in patients with such tumors remains
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quite poor [7–9]. Various investigations suggest that TNBC patients are more likely to
benefit from chemotherapeutic agents in development that use a strategy of pursuing new
treatments and/or drug combinations [7–9].

TNBCs lack the expression of ER and PR; therefore, patients with TNBCs are at a
disadvantage from currently available ER/PR-targeted systemic therapies. The glucocor-
ticoid receptor (GR) has diverse cell-type-specific effects, promoting apoptosis in cells of
lymphoid origin and conversely promoting survival in cells of epithelial origin [18,19]. In
solid tumors, GR is emerging as a mediator of cell survival and resistance to chemotherapy-
induced cell death, and GR expression is predictive of decreased survival and increased risk
of metastasis in TNBC tumors [20–22]. The GR appears to be a mediator of pro-survival in
TNBC cells [23]. Breast cancer patients typically receive high-dose glucocorticoid treatment
prior to chemotherapy to alleviate adverse side effects [6,7]. Thus, a detailed understanding
of GR signaling in breast cancer biology and its impact on TNBC is immensely important.
Recent studies have shown that GR-mediated anti-apoptotic activity in early-stage TNBC
significantly correlates with chemotherapy resistance and increased recurrence [9,10]. In
this review article, we discuss up-to-date knowledge of the role of GR in TNBC cell prolif-
eration as well as its potential as a biomarker of disease and therapeutic target for TNBC.

2. Glucocorticoids and Glucocorticoid Receptor
Transcription factors activate or repress the expression of specific genes by binding

to specific sequences of DNA to regulate development, physiology, and homeostasis in
eukaryotes [24,25]. One of the well-characterized metazoan transcription factors is the
superfamily of nuclear receptors. The GR belongs to this superfamily of intracellular tran-
scription factors and is expressed in nearly all vertebrate cells [24–27]. The GR mediates the
biological effects of glucocorticoids, which are involved in several physiological processes,
including metabolism, water and electrolyte balance, immune response, growth, cardio-
vascular function, mood and cognitive functions, reproduction, and development [24–37].
Like other members, GR directly up- and/or downregulates many genes in a cell- and
promoter-specific manner to regulate various aspects of development, metabolism, stress
response, inflammation, and immunosuppressive effects, among others [25–27].

Most of the biological effects of glucocorticoids occur at the level of regulation of
gene transcription mediated via binding to the GR [38–42]. The GR resides in the cytosol
as a monomer in a multiprotein complex consisting of various chaperone proteins, such
as HSP90, HSP70, immunophilins, FKBPs, CyP-40, P23, and possibly others [24,42–44].
Once ligand-bound, GR dissociates itself from this complex, and the receptor undergoes
conformational rearrangements that facilitate its translocation to the nucleus, where it
binds to site-specific DNA as a dimer and various coregulatory proteins, including those
from the basal transcription machinery complex, leading to the expression of target specific
genes [43] (Figure 1). The transcriptional activation of GR target genes involving the
regulated assembly of coregulatory protein complexes acts in a ligand-, cell type-, and
promoter-specific manner [24–26,41,42].

The molecular mechanisms that explain the phenomena of the transcriptional activa-
tion of GR target genes involving the regulated assembly of coregulatory protein complexes
have not been fully understood. However, studies over the years from various laborato-
ries have led to the belief that cell-specific effects of GR-mediated gene expressions are
largely dependent on how specific sets of coregulatory proteins are constantly excluded or
included in the complex of site-specific DNA on the genome; yet, the precise dynamics of
the receptor-coregulatory proteins in the complex are not completely understood [41–43]
(Figure 2). It has been hypothesized that this process is strongly regulated by structural
dynamics within the complex involving both receptor and coregulatory proteins controlled
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by specific hormones/steroids acting as agonists or antagonists [41–43]. In this context,
the role of protein-interacting surfaces, specifically the AF1 and AF2 regions involved in
the process, is of immense importance [41–43]. This phenomenon has extensively been
manipulated for designing selective receptor modulators for the treatment of endocrine
cancers, including estrogen/progesterone receptor-positive breast cancers [41–43]. A typi-
cal example of this is Tamoxifen, a selective estrogen receptor modulator widely used for
the treatment of breast cancers [41,42]. However, due to a lack of steroid receptor targets,
this does not work in the case of estrogen/progesterone receptor-negative breast cancers,
including TNBC.
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it from chaperones and allowing ligand-bound GR to translocate to the nucleus (shown by red cir-
cle), where it binds to the glucocorticoid response element (GRE) as a dimer. Coregulatory proteins 
(colored geometric shapes) then bind receptors either simultaneously or separately. The resultant 
GR/coregulatory protein complexes can then uniquely interact with other basal transcriptional ma-
chinery components, resulting in GR-mediated target gene expression. This is based on work from 
several investigators over the years. AF = activation function; NTD = N-terminal domain; DBD = 
DNA-binding domain; and LBD = ligand-binding domain. 
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Figure 1. (A) A schematic diagram of the GR showing its major functional domains. (B) Model for the
control of cell- and gene-selective transactivation with glucocorticoid (shown by four-fused aromatic
rings in black) and GR. Ligand-free GR associated with chaperone proteins (colored geometric
shapes) resides in the cytosol. The binding of the ligand modifies GR conformation, dissociating it
from chaperones and allowing ligand-bound GR to translocate to the nucleus (shown by red circle),
where it binds to the glucocorticoid response element (GRE) as a dimer. Coregulatory proteins
(colored geometric shapes) then bind receptors either simultaneously or separately. The resultant
GR/coregulatory protein complexes can then uniquely interact with other basal transcriptional
machinery components, resulting in GR-mediated target gene expression. This is based on work
from several investigators over the years. AF = activation function; NTD = N-terminal domain;
DBD = DNA-binding domain; and LBD = ligand-binding domain.
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Figure 2. A potential mechanism of the regulation of transcription of target genes by the ligand
(shown by four-fused aromatic rings)-bound GR involving coregulatory protein complexes. The
glucocorticoid response element (GRE)-bound GR interacts with several coregulatory proteins (shown
by different shapes and colors), remodels chromatin’s structure (shown by the dark red color in DNA
sequences), and various mediators (cofactors) that allow cross-talk between the GR and the basal
transcription machinery (shown by arrows) including the TATA-box-binding protein and RNAPol
II complexes leading to the transcription of GR target genes. This is based on work from several
investigators over the years.

3. Type of Breast Cancers and Targeted Therapies
Breast cancer is the most frequent malignancy in women worldwide and the second

most common cause of death from cancer among women worldwide [45]. Despite signif-
icant progress being made in the last few decades, which led to the curability of many
patients with early-stage, non-metastatic disease, advanced breast cancer with distant
organ metastases remains incurable with currently available therapies [45,46]. On the
molecular level, breast cancer is a heterogeneous disease, and treatment strategies differ
according to the molecular subtype [45,47,48]. The pathogenesis, treatment, and prognosis
are closely associated with the molecular subtypes of breast cancer, which include sub-
types such as Luminal A (ER/PR]-positive, HER2-negative), Luminal B (ER/PR-positive,
HER2-positive), Basal-like subtypes (ER/PR/HER2-negative), and HER-enriched subtypes
(HER-2-positive, ER/PR-negative) [45,47,48]. Among these subtypes, ER/PR-positive
tumors tend to be less aggressive, with improved survival rates [45,46], whereas HER-2-
enriched and ER/PR/HER2-negative tumors are more aggressive, with a poor prognosis
without targeted therapy and poor survival rates [45,47,48].

Therefore, depending on the subtype, breast cancer treatment and management ap-
proaches are divided into early breast cancer, locally advanced breast cancer, and metastatic
breast cancer treatment [48]. Targeted therapy such as (Trastuzumab, a monoclonal an-
tibody directly targeting the HER2 protein) is indicated in HER2-positive breast cancers
and reduces the risk of recurrence and death when combined with chemotherapy in early
stages [49,50]. Poly adenosine diphosphate–ribose polymerase (PARP) inhibitors such
as olaparib and talazoparib, which prevent the activation of PARP, are indicated in the
adjuvant setting in individuals with BRCA mutations and HER2-negative breast cancer [51].
CDK4/6 inhibitors such as palbociclib are indicated in metastatic HR-positive and HER2-
negative tumors and selected patients with early ER/PR-positive tumors [52]. Immune
checkpoint inhibitors such as pembrolizumab can be used in combination with chemother-
apy as a neoadjuvant treatment for patients with high-risk and early-stage TNBC [53].
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Selective estrogen receptor modulators (SERMs) such as tamoxifen are indicated in ER/PR-
positive breast cancers.

Among the several genetic mutations reported to be highly associated with an in-
creased risk of breast cancer include BRCA1 (located on chromosome 17) and BRCA2
(located on chromosome 13) [54]. On the other hand, a longer duration of the breastfeeding
period reduces the risk of both ER/PR-positive and -negative cancers [55,56]. Age and
reproductive history are also associated with risk factors [57]. Starting menstrual periods
before age 12 or going through menopause after age 55 can increase the risk of breast
cancer [57]. Irrespective, and in general, the risk of breast cancer increases with age, and
most breast cancers are diagnosed in women over 50 [57]. Being overweight or obese,
sedentary lifestyle, and/or hormone replacement therapy (HRT) can also increase the risk
of breast cancer [58,59]. Based on race and ethnicity, in comparison to Black, Hispanic, or
Asian individuals, White women are slightly more likely to develop breast cancer, whereas
Black women are more likely to develop more aggressive and more advanced-stage breast
cancer, including TNBC, diagnosed at a young age [55–57].

In normal breast tissue, GR is expressed in the epithelial cells and is involved in
the development of the mammary gland [60]. Several studies have been carried out
to determine the biological effects of GR expression in breast cancer cell survival and
progression [60]. Based on these studies, GR expression has been found to be a useful
prognostic marker depending on the breast cancer subtypes [60–65]. Further studies
revealed that the transcriptional regulation of genes via GR activation initiates signaling
pathways in breast epithelial cells, which may be involved in apoptotic pathways [23,63,64].

4. Triple-Negative Breast Cancer and Glucocorticoid Receptor
Exogenous glucocorticoids are widely used as an adjuvant therapy in breast cancer

treatment to prevent hypersensitivity reactions, and studies have shown that glucocorti-
coids generally inhibit estrogen-induced cell proliferation in receptor-positive breast cancer
cells. On the contrary, glucocorticoid treatment in TNBCs induces metastasis [59–61]. GR
expression has been suggested to be predictive of an increased risk of metastasis in TNBC
tumors and a decreased rate of patient survival [4–6]. Furthermore, GR has been reported
as a mediator of pro-survival genes in TNBC cells [4–6]. An association between high GR
expression and chemotherapy resistance, and increased mortality in TNBC has been re-
ported [59–61]. However, in steroid receptor-positive breast cancer, elevated GR expression
is associated with improved overall survival and a better prognosis [59]. It is important
that in receptor-positive breast cancer cells, GR activation often shows anti-apoptotic effects
and generally exhibits a protective response, whereas, in TNBC cells, high GR expression is
often associated with poor prognosis, and increased resistance to therapy due to its pro-
survival signaling pathways [59,60]. Thus, the GR-mediated apoptotic pathway appears to
be one of the key mechanisms responsible for the differential effects of GR activation in
breast cancer cells.

It has been suggested that in MDA-MB-231, TNBC cell lines, GR can induce the ex-
pression of multiple genes, including Serum and glucocorticoid-inducible protein kinase-1
(SGK-1) and mitogen-activated protein kinase phosphatase-1 (MKP-1) that promote cell
survival and thereby decrease the efficacy of chemotherapy-induced cell death [60]. The
inhibition of GR activity has also been suggested to be an important determinant of an
effective strategy for the treatment of TNBC [62]. These observations are well supported
by studies using TNBC cells (MDA-MB-231) and xenograft mice models in which gluco-
corticoid administration led to the reduced efficacy of chemotherapy and increased tumor
size due, mainly to the overexpression of the anti-apoptotic gene MKP-1 and reduced the
expression of some apoptotic proteins [63]. Therefore, blocking/inhibiting GR activity and
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its downstream targets, including MPK-1 and SGK1, appears to be an attractive approach
for treating chemotherapy-resistant TNBC [64].

Other studies have reported that in TNBC cells, GR activates oncogenes, inhibits apop-
tosis, and blocks tumor suppressor genes, and the overexpression of GR is associated with
increased mortality in TNBC patients and chemoresistance and increased recurrence [16,63].
Consistent with these observations, GR antagonism has been demonstrated to help in
sensitizing TNBC in chemotherapy-induced cytotoxicity [64]. Thus, GR could be used as a
biomarker in TNBC to improve diagnostics, prognostics, and therapy and, by extension,
to identify individuals who could benefit from therapies based on GR antagonism [65,66].
Together, these studies support the notion that GR may serve as an important biomarker
both for steroid receptor-positive cancer as well as TNBC, wherein high GR expression
can be correlated with poor prognosis, shorter survival, and an earlier relapse in the early
stages of TNBC, and good prognosis in receptor-positive breast cancer. [65,66].

The current trends clearly indicate that the glucocorticoid/GR-induced upregulation
or downregulation of resistance genes and/or modulatory genes to chemotherapy may
provide an important platform for the development of GR-based therapeutic targets in
TNBC [16,67,68]. Notably, recent studies have implicated the phosphorylation status of
the dexamethasone/GR-mediated upregulation of genes related to TNBC cell motility
and dysregulated metabolism [69,70]. Furthermore, it has been reported that the ligand-
independent but p38 MAPK-induced site-specific phosphorylation of GR plays a critical role
in its deleterious actions of TNBC migration, invasion, and tumor formation [71]. There are
also reports suggesting that ganetespib, a new-generation small-molecule Hsp90 inhibitor,
may result in GR degradation and decreased GR-mediated gene expression in TNBC cells,
resulting in the sensitization of TNBC cells to paclitaxel-induced cell death both in vitro
and in vivo [72]. These observations suggest that GR-regulated anti-apoptotic and/or
pro-proliferative signaling networks in TNBC may be disrupted by Hsp90 inhibitors, and
thereby, TNBC patients expressing high levels of GR may benefit from adding an Hsp90
inhibitor to paclitaxel-based chemotherapy.

5. Summary and Future Perspectives
Among different breast cancer subtypes, TNBC is considered one of the most aggres-

sive, with poor survival rates with limited treatment options compared to other subtypes.
The high heterogeneity of TNBC further complicates conventional chemotherapy-based
interventions, leading to drug resistance and intolerable side effects. The survival of pa-
tients with metastatic or recurrent TNBC remains poor, which is a major concern for these
patients. Given the lack of effective biological targets in this subtype of breast cancer, there
is an urgent need to develop new and novel therapeutic forms of management for these
patients that require more aggressive intervention. As a result, the scientific community
has been exploring various target-specific therapeutic tools for TNBC. Targeting GR has
shown some potential in inhibiting cancer cell proliferation and reducing tumor growth in
in vitro and in vivo models, as well as a potential biomarker for determining TNBC patient
prognosis and sensitivity to related treatments. Clinical trials targeting GR are showing
promising outcomes in patients. Unfortunately, several targeted therapies directed against
selective biomarkers have not resulted in significant improvement and positive outcomes
in TNBC patients. Therefore, the emphasis must be placed on scientific discoveries aimed
at finding effective drug targets for the treatment of TNBC, which could be translated into
clinical uses. Thus, further research regarding the underlying molecular mechanisms of
GR action in TNBC could lead to a new effective treatment option for TNBC patients in
the future.
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