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Figure 3. GR was knocked down in Caski and SiHa cells for 72 hr. A. Protein expression of GR and β-actin was 
analyzed by western blotting. B. Caski and SiHa cells were transfected with siRNA against GR for 48 hr followed by 
treatment with 20 μM cisplatin. Cells were harvested and apoptosis was analyzed using flow cytometry after stain-
ing with annexin V-FITC/propidium iodide. Upper panel: representative scatter plots of propidium iodide (y-axis) 
versus annexin V (x-axis). Lower panel: Quantitative analysis of apoptotic cells. Protein expression of GR, PARP, and 
α-actinin was analyzed by western blotting (numbers below each blot are densitometric values). C. Protein expres-
sion of PARP and β-actin was analyzed by western blotting (numbers below each blot are densitometric values). The 
number of asterisks (*) indicates the level of significance: **P < 0.05, ***P < 0.005. Error bars represent mean ± 
standard error of triplicate experiments.

Knockdown of GR expression or GR activation 
by its ligand alters the migration and invasion 
properties of cervical cancer cells

As GR promotes invasion of cancer cells [27-
29] and enhances cisplatin resistance, we ex- 
amined whether knockdown of GR or GR activa-
tion by its agonist affects the migration and 
invasive properties of cervical cancer cells. In 
this regard, we revealed significant diminution 
of migration (Figure 5A) and invasion (Figure 
5B) in siGR-transfected cells compared to  
control cells by the Boyden chamber assay. 
Treatment with DEX greatly increased migra-
tion and invasion compared with untreated 
cells in Caski cells, but not SiHa cells (Supple- 
mentary Figure 3A, 3B). The difference between 
the results for Caski and SiHa cells may be due 
to the cell type. Next, we examined the effect of 
GR knockdown on the expression patterns of 
epithelial-mesenchymal transition (EMT) mark-
ers. siGR-transfected cells showed decreased 
expression of Slug and increased expression  
of E-cadherin (Figure 5C). Taken together, our 
results suggest that GR facilitates cervical can-
cer cell migration and invasion, and the EMT 
process of cervical cancer cells.

Knockdown of FoxP3 expression inhibits prolif-
eration of cervical cancer cells

Our results proved that GR and FoxP3 were 
inseparable in their prognostic value, so we 
tested whether knockdown of GR expression 
affects FoxP3 expression in cervical cancer 
cells. As shown in Figure 6A, FoxP3 was down-
regulated in siGR-transfected cells compared 
to that in control cells (siControl).

We then investigated the effect of FoxP3 kn- 
ockdown on several tumorigenic features of 
cervical cancer cells. Caski and SiHa cells were 
transfected with a specific siRNA (siFoxP3), and 
the silencing effect was validated by qPCR 
(Figure 6B). The cell proliferation assay showed 
that FoxP3 knockdown suppressed cell growth 

(Figure 6C). A colony formation assay was used 
to confirm the effect of FoxP3 on cervical can-
cer cell proliferation. As shown in Figure 6D,  
the number of colonies formed by siFOXP3-
transfected cells was lower than that by the 
control cells. Based on these results, we con-
firmed the oncogenic property of FoxP3 in cervi-
cal cancer cell lines. 

Discussion 

GR has been in the spotlight of cancer resear- 
ch for decades, and compelling evidence sup-
ports the oncogenic role of GR in various solid 
malignancies. However, its role in cervical can-
cer is still not entirely understood. In the pres-
ent study, we identified the clinical relevance of 
GR in cervical cancer, as GR is prominently 
overexpressed in cervical cancer, related to 
poor prognosis and poor response to CCRT. 
Furthermore, we investigated whether GR in- 
duced cisplatin resistance by inhibiting p38 
MAP kinase activity and examined the associa-
tion between GR and FoxP3 in cervical cancer 
cell lines, which have not been previously 
explored in cervical cancer. 

Indeed, the oncogenic role of GR in various 
solid cancers has been a topic of interest lately. 
In hepatocellular carcinoma (HCC), cancerous 
tissues were shown to have GR overexpression 
in comparison to regions of normal epithelia, 
and was associated with unfavorable prognosis 
[30]. Further studies in EOC and endometrial 
cancer have also reported that overexpression 
of GR was associated with an unfavorable prog-
nosis [31, 32]. However, there are limited data 
on the overexpression of GR in cervical cancer 
and its association with prognosis. As such, in 
this study we explored the expression of GR in 
cervical cancer. Furthermore, we utilized sam-
ples from a large patient cohort (cervical can-
cer, precursor, and normal tissue) to investi- 
gate the clinical value of GR and found that GR 
was significantly upregulated in cervical cancer 
tissues compared to their corresponding nor-
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Figure 4. Suppression of p38 MAP kinase is critical for the GR-mediated resistance to cisplatin. Caski and SiHa 
cells were transfected with siRNA against GR for 48 hr. Cells were pretreated with 10 μM SB203580 for 1 hr, and 
then incubated with 20 μM cisplatin for 24 hr. A. Protein expression of P-p38, p38, and β-actin was analyzed by 
western blotting. B. The apoptosis was analyzed with flow cytometry after staining with annexin V-FITC/propidium 
iodide. Upper panel: representative scatter plots of propidium iodide (y-axis) versus annexin V (x-axis). Lower panel: 
Quantitative analysis of apoptotic cells. C. Protein expression of P-p38, p38, PARP, and β-actin was analyzed by 
western blotting. The number of asterisks (*) indicates the level of significance: **P < 0.05, ***P < 0.005. Error 
bars represent mean ± standard error of triplicate experiments.

Figure 5. Knockdown of GR expression inhibits mi-
gration and invasion in cervical cancer cells. Caski 
and SiHa cells were transfected with siRNA against 
GR for 48 hr. A, B. Cell migration and invasion as-
says were conducted using the Boyden chamber 
assay. Left panel: representative image of the Boy-
den chamber assay (Scale bar 50 μM); Right panel: 
Quantitative result of the Boyden chamber assay. C. 
Protein expression of Slug, E-cadherin, and β-actin 
was analyzed by western blotting (numbers below 
each blot are densitometric values). The number of 
asterisks (*) indicates the level of significance: **P 
< 0.05, ***P < 0.005. Error bars represent mean ± 
standard error of triplicate experiments.

mal tissues. Notably, we found that overexpres-
sion of GR was observed in both cervical can-
cer precursors (low-grade and high-grade CIN) 
and invasive cancer, which may suggest that 

GR has some utility in screening even in which 
precursor lesions that are highly likely to devel-
op into invasive cervical cancer. However, while 
our data is consistent with some previously 
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Figure 6. Knockdown of FoxP3 expression in-
hibits proliferation of cervical cancer cells. A. 
GR, FoxP3, and β-actin expression in Caski, and 
SiHa cells were analyzed by western blot. B. 
FoxP3 mRNA expression level was measured by 
qRT-PCR after constructing FoxP3 knockdown in 
Caski and SiHa cells. C. The proliferation of si-
Control- and siFoxP3-transfected Caski and SiHa 
cells was detected using EZ-Cytox assay, at every 
time points indicated. D. Colony formation as-
say with siControl- and siFoxP3-transfected cells 
were performed. Left panel: representative im-
age of colonogenic assay. Right panel: quantita-
tive results of colonogenic assay. The numbers 
of asterisks (*) indicate the level of significance: 
**P < 0.05, ***P < 0.005. Error bars represent 
mean ± standard error (S.E) of triplicate experi-
ments.
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published data about GR expression in cervical 
cancer tissues, the studies are not unanimous 
[33]. For instance, Kost et al. [34] reported that 
overexpression of GR in cervical cancer is cor-
related with better DFS and OS. Although our 
study and Kost et al. performed IHC to evaluate 
GR, and measured GR staining intensity in the 
nucleus, there are several potential factors 
contributing to this discordance, including the 
scoring and threshold for the definition of over-
expression, IHC methodology, and selection  
of patients. Of note, our study reinforced the 
methodological strength by applying automat-
ed digital image analysis rather than manual 
interpretation as the automated digital image 
analysis provides more reproducible, objective 
result with less intra-inter-pathologist inconsis-
tency [35]. Also, as we used the nonadjacent 
normal cervical epithelial tisseus for control, 
they used normal placenta tissues for the con-
trol which may also strenthens our study.

Glucocorticoids are commonly utilized to treat 
side effects of chemotherapy and symptoms of 
cancer at advanced stages. Seemingly para-
doxically, GR expression has been previously 
shown to prevent therapy response and apop-
tosis in variety of epithelial cancers, such as 
cancers of the breast, ovary (11), testis, pros-
tate, kidney, bladder (37), brain (38, 39), colon, 
and liver (40). In light of this, our study found 
that GR overexpression is associated with a 
poor response to chemoradiation therapy in 
cervical cancer clinical specimens and that GR 
knockdown enhanced apoptosis by anti-cancer 
agents such as cisplatin, carboplatin, and 5-FU, 
which was demonstrated by significant increas-
es in apoptotic marker expression. The overex-
pression of GR has been previously observed in 
cancer cells with poor response to chemother-
apy, and the underlying mechanism responsi-
ble for linking overexpression to acquisition of 
resistance is largely unknown. According to a 
study on breast cancer cell lines, the cisplatin-
induced pro-apoptotic effect in several tumors 
is accompanied by p38 activation via phos-
phorylation [36]. In addition, Huang et al. [31] 
used FACS and Hoechst staining in lung can- 
cer cells to demonstrate the phosphorylation 
and dephosphorylation of p38 by cisplatin and 
dexamethasone, respectively, validating that 
via p38 dephosphorylation and inactivation by 
MPK-1, the anti-apoptotic process controls cy- 
totoxicity resistance induced by dexametha-
sone. To prove this principle in cervical cancer, 

we found that GR knockdown profoundly upreg-
ulated phosphorylated-p38 MAPK by adminis-
tering cisplatin, suggesting that GR expression 
promotes resistance to cisplatin in cervical 
cancer cell lines. We further confirmed this 
result by using the p38 MAPK inhibitor SB- 
203580, which markedly blocked the induction 
of phophos-p38, resulting in increased sensi-
tivity of cervical cancer cells to cisplatin in 
siGR-transfected cervical cancer cell lines. We 
used molecular and cellular technology to dem-
onstrate the interaction between GR and p38 
MAPK in association with cisplatin resistance, 
but the signal transduction pathway for apopto-
sis in response to cytotoxic stress, particularly 
in the reported link between MAPK activation 
and downstream effects mediated by GR, re- 
mains inconclusive. Many studies have shown 
MAPK members ERK, p38, and JNK to have dif-
fering activation profiles in response to cyto-
toxic stress (42). As such, to comprehend the 
mechanism responsible for chemoresistance 
induced by glucocorticoids, further studies 
must be done on the link between several sig-
naling molecules.

EMT is known as an essential process for can-
cer migration and invasion and acquisition of 
chemoresistance [37, 38]. Our additional ex- 
periments showed that siRNA-mediated GR 
knockdown drastically decreased cell migra-
tion, invasion, and rendered expression of EMT 
markers, slug and E-cadherin, supporting the 
notion that GR promotes EMT in cervical can-
cer cells. A series of functional studies in breast 
cancer showed that, as evidenced by cell mi- 
gration, EMT, and enhanced expression of 
vimentin and AP-1, RAS/JNK activity did not 
trigger apoptosis [39]. In addition, Liu et al.  
[40] reported the effect of GR on metastasis  
by demonstrating that dexamethasone-mediat-
ed effects were partly undone by the inhibition 
of either JNK, TGFβ receptor-1, or GR signaling, 
implying that there exists an intricate signaling 
network. Our study advanced the understand-
ing of the role of GR in partially regulating cer- 
vical cancer metastasis through EMT. Further 
study would be interesting to clarify the molec-
ular basis of the regulation of the GR signaling 
pathway and its downstream target genes dur-
ing metastasis.

In addition to the role of GR in chemotherapy 
resistance, we further confirmed that GR medi-
ates the expression of FoxP3 in cervical cancer 
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cell lines by western blotting. Notably, we dem-
onstrated that the combination of GR and 
FoxP3 overexpression is an important prognos-
tic factor in patients with cervical cancer with 
the highest hazard ratio and predicts response 
to CCRT. Previous studies on the effect of GR 
on T cell differentiation demonstrated that GR 
overexpression reduced the number of T helper 
cells by approximately half, but increased the 
proportion of Treg cells [41]. Moreover, Ugor et 
al. [42]. reported that colocalization of GR and 
FoxP3 was increased upon dexamethasone tre- 
atment, suggesting that regions of chromatin 
may recruit transcription factors for GR and 
FoxP3, while gene transcription may be modu-
lated either in tandem or independently. Be- 
sides in mammalian cells, the FoxP3 gene was 
found to have a region that binds GR (49). 
However, how GR modulated expression of 
FoxP3 in various cancer including cervical can-
cer need further research to substantiate the 
relationship between FoxP3 and GR signaling. 
We showed that GR modulates the phosphory-
lation of p38. In light of these findings and pre-
vious research by Lu et al. [43] which reported 
that p38 MAPK signaling contributed to the 
conversion of effector T (Teff) cells to Treg, we 
propose that the p38 MAPK signaling pathway 
is the important regulator between GR and 
FoxP3 in cervical cancer cells. 

Conclusion 

In conclusion, our study established that over-
expression of GR was associated with both 
poor prognosis and platinum-based chemo-
therapy resistance in cervical cancer patients. 
Of note, the combination of overexpression of 
GR and FoxP3 showed the possibility of being 
an even stronger predictive biomarker for prog-
nosis and poor response to CCRT in cervical 
cancer patients. Functionally, we have demon-
strated that GR induces platinum-based che-
motherapy resistance via the p38 MAPK sig- 
naling pathway in GR-knockdown cervical can-
cer cell lines and suggested the pivotal role of 
GR and FoxP3 in cervical cancer patients in 
terms of providing prognostic predictive value 
as well as being a biomarker for precision medi-
cine in determining a therapeutic strategy.
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Supplementary Figure 1. A. Caski and SiHa cells were transfected with siRNA against GR for 48 hr followed by 
treatment with 20 μM cisplatin, 500 μM carboplatin, and 1 mM 5-fluorouracil for 24 hr. Cells were harvested and 
apoptosis was analyzed using flow cytometry after staining with annexin V-FITC/propidium iodide. Upper panel: rep-
resentative scatter plots of propidium iodide (y-axis) versus annexin V (x-axis). Lower panel: Quantitative analysis of 
apoptotic cells. B. Protein expression of GR, PARP, and α-actinin was analyzed by western blotting (numbers below 
each blot are densitometric values). 
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Supplementary Figure 2. A. Caski and SiHa cells were pre-treated with 1 μM dexamethsone for 3 hr followed by 
treatment with 20 μM cisplatin, 500 μM carboplatin, and 1 mM 5-fluorouracil for 48 hr. Cells were harvested and 
apoptosis was analyzed using flow cytometry after staining with annexin V-FITC/propidium iodide. Upper panel: 
representative scatter plots of propidium iodide (y-axis) versus annexin V (x-axis). Lower panel: Quantitative analysis 
of apoptotic cells. B. Protein expression of PARP and β-actin was analyzed by western blotting (numbers below each 
blot are densitometric values). The number of asterisks (*) indicates the level of significance: **P < 0.05, ***P < 
0.005. Error bars represent mean ± standard error of triplicate experiments.
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Supplementary Figure 3. Caski and SiHa cells were treated with 0.5 μM dexamethasone for 24 hr. A, B. Cell migra-
tion and invasion assays were conducted using the Boyden chamber assay. Left panel: representative image of the 
Boyden chamber assay (Scale bar 50 μM); Right panel: Quantitative result of the Boyden chamber assay.


