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Figure 3. GR was knocked down in Caski and SiHa cells for 72 hr. A. Protein expression of GR and B-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 uM 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
o-actinin was analyzed by western blotting (numbers below each blot are densitometric values). C. Protein expres-
sion of PARP and B-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
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(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 uM SB203580 for 1 hr, and
then incubated with 20 uM cisplatin for 24 hr. A. Protein expression of P-p38, p38, and B-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 B-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.
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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 pM); Right panel:
Quantitative result of the Boyden chamber assay. C.
Protein expression of Slug, E-cadherin, and B-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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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
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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 B-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,
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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, TGFp 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.

Acknowledgements

This work was supported by the National
Research Foundation of Korea (NRF) grant

3452

funded by the Korea government (MIST) (NRF-
2020R1A2C2004782). This research was sup-
ported by the Bio & Medical Technology De-
velopment Program of the National Research
Foundation (NRF) funded by the Korean govern-
ment (MSIT) (NRF-2017M3A9B8 069610). This
study was also supported by a faculty research
grant of Yonsei University College of Medicine
(No. 6-2020-0226).

Informed consent has been obtained from the
participants prior to surgery to use their tissue
as materials in research.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Hanbyoul Cho, De-
partment of Obstetrics and Gynecology, Gangnam
Severance Hospital, Yonsei University College of
Medicine, 211 Eonju-Ro, Gangnam-Gu, Seoul
06273, Republic of Korea. Tel: +82-2-2019-3430;
Fax: +82-2-3462-8209; E-mail: hanbyoul@yuhs.ac

References

[1] Sung H, Ferlay J, Siegel RL, Laversanne M, So-
erjomataram |, Jemal A and Bray F. Global can-
cer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2021;
71: 209-249.

[2] Burd EM. Human papillomavirus and cervical
cancer. Clin Microbiol Rev 2003; 16: 1-17.

[3] Kalliala I, Athanasiou A, Veroniki A, Salanti G,
Efthimiou O, Raftis N, Bowden S, Paraskevaidi
M, Aro K and Arbyn M. Incidence and mortality
from cervical cancer and other malignancies
after treatment of cervical intraepithelial neo-
plasia: a systematic review and meta-analysis
of the literature. Ann Oncol 2020; 31: 213-
227.

[4] Kassel O and Herrlich P. Crosstalk between the
glucocorticoid receptor and other transcription
factors: molecular aspects. Mol Cell Endocri-
nol 2007; 275: 13-29.

[5] Weikum ER, Knuesel MT, Ortlund EA and Ya-
mamoto KR. Glucocorticoid receptor control of
transcription: precision and plasticity via allo-
stery. Nat Rev Mol Cell Bio 2017; 18: 159-174.

[6] Pan D, Kocherginsky M and Conzen SD. Activa-
tion of the glucocorticoid receptor is associat-
ed with poor prognosis in estrogen receptor-
negative breast cancer. Cancer Res 2011; 71:
6360-6370.

[7] Skor MN, Wonder EL, Kocherginsky M, Goyal A,
Hall BA, Cai Y and Conzen SD. Glucocorticoid

Am J Cancer Res 2022;12(7):3437-3454


mailto:hanbyoul@yuhs.ac

High GR and FoxP3 is a predictive biomarker for clinical management in cervical cancer

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

receptor antagonism as a novel therapy for tri-
ple-negative breast cancer. Clin Cancer Res
2013; 19: 6163-6172.

Zhang C, Kolb A, Blchler P, Cato AC, Mattern J,
Rittgen W, Edler L, Debatin KM, Buchler MW
and Friess H. Corticosteroid co-treatment in-
duces resistance to chemotherapy in surgical
resections, xenografts and established cell
lines of pancreatic cancer. BMC Cancer 2006;
6: 1-14.

Stringer-Reasor EM, Baker GM, Skor MN, Ko-
cherginsky M, Lengyel E, Fleming GF and
Conzen SD. Glucocorticoid receptor activation
inhibits chemotherapy-induced cell death in
high-grade serous ovarian carcinoma. Gynecol
Oncol 2015; 138: 656-662.

Zhang C, Marmé A, Wenger T, Gutwein P, Edler
L, Rittgen W, Debatin KM, Altevogt P, Mattern J
and Herr |. Glucocorticoid-mediated inhibition
of chemotherapy in ovarian carcinomas. Int J
Oncol 2006; 28: 551-558.

Sui M, Chen F, Chen Z and Fan W. Glucocorti-
coids interfere with therapeutic efficacy of pa-
clitaxel against human breast and ovarian xe-
nograft tumors. Int J Cancer 2006; 119:
712-717.

Pang D, Kocherginsky M, Krausz T, Kim SY and
Conzen SD. Dexamethasone decreases xeno-
graft response to Paclitaxel through inhibition
of tumor cell apoptosis. Cancer Biol Ther
2006; 5: 933-940.

Weigel D, Jurgens G, Kuttner F, Seifert E and
Jackle H. The homeotic gene fork head en-
codes a nuclear protein and is expressed in
the terminal regions of the Drosophila embryo.
Cell 1989; 57: 645-658.

Leffers N, Gooden MJ, de Jong RA, Hoogeboom
BN, ten Hoor KA, Hollema H, Boezen HM, van
der Zee AG, Daemen T and Nijman HW. Prog-
nostic significance of tumor-infiltrating T-lym-
phocytes in primary and metastatic lesions of
advanced stage ovarian cancer. Cancer Immu-
nol Immunother 2009; 58: 449-459.
Wicherek L, Jozwicki W, Windorbska W, Rosz-
kowski K, Lukaszewska E, Wisniewski M, Bro-
zyna AA, Basta P, Skret-Magierlo J and Koper
K. Analysis of Treg cell population alterations
in the peripheral blood of patients treated sur-
gically for ovarian cancer-a preliminary report.
Am J Reprod Immunol 2011; 66: 444-450.
Song JJ, Zhao SJ, Fang J, Ma D, Liu XQ, Chen
XB, Wang Y, Cheng B and Wang Z. Foxp3 over-
expression in tumor cells predicts poor surviv-
al in oral squamous cell carcinoma. BMC Can-
cer 2016; 16: 530.

Lee S, Cho EY, Park YH, Ahn JS and Im YH.
Prognostic impact of FOXP3 expression in tri-
ple-negative breast cancer. Acta Oncol 2013;
52: 73-81.

3453

(18]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

Zuo T, Liu R, Zhang H, Chang X, Liu Y, Wang L,
Zheng P and Liu Y. FOXP3 is a novel transcrip-
tional repressor for the breast cancer onco-
gene SKP2. J Clin Invest 2007; 117: 3765-
3773.

Zuo T, Wang L, Morrison C, Chang X, Zhang H,
Li W, Liu'Y, Wang Y, Liu X, Chan MW, Liu JQ,
Love R, Liu CG, Godfrey V, Shen R, Huang TH,
Yang T, Park BK, Wang CY, Zheng P and Liu Y.
FOXP3 is an X-linked breast cancer suppressor
gene and an important repressor of the HER-
2/ErbB2 oncogene. Cell 2007; 129: 1275-
1286.

Luo Q, Zhang S, Wei H, Pang X and Zhang H.
Roles of Foxp3 in the occurrence and develop-
ment of cervical cancer. Int J Clin Exp Pathol
2015; 8: 8717-8730.

Matsuo K, Machida H, Mandelbaum RS, Koni-
shi | and Mikami M. Validation of the 2018
FIGO cervical cancer staging system. Gynecol
Oncol 2019; 152: 87-93.

Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, Li B
and Liu XS. TIMER2. O for analysis of tumor-in-
filtrating immune cells. Nucleic Acids Res
2020; 48: W509-W514.

Duma D, Jewell CM and Cidlowski JA. Multiple
glucocorticoid receptor isoforms and mecha-
nisms of post-translational modification. J Ste-
roid Biochem Mol Biol 2006; 102: 11-21.

Pan C, Kang J, Hwang JS, Li J, Boese AC, Wang
X, Yang L, Boggon TJ, Chen GZ, Saba NF, Shin
DM, Magliocca KR, Jin L and Kang S. Cisplatin-
mediated activation of glucocorticoid receptor
induces platinum resistance via MAST1. Nat
Commun 2021; 12: 4960.

Zhang C, Wenger T, Mattern J, llea S, Frey C,
Gutwein P, Altevogt P, Bodenmuller W, Gassler
N, Schnabel PA, Dienemann H, Marmé A, Ho-
henfellner M, Haferkamp A, Pfitzenmaier J,
Grone HJ, Kolb A, Blichler P, Blichler M, Friess
H, Rittgen W, Edler L, Debatin KM, Krammer
PH, Rutz HP and Herr I. Clinical and mechanis-
tic aspects of glucocorticoid-induced chemo-
therapy resistance in the majority of solid tu-
mors. Cancer Biol Ther 2007; 6: 278-287.
Hernandez Losa J, Parada Cobo C, Guinea Vi-
niegra J, Sanchez-Arevalo Lobo VJ, Ramon y
Cajal S and Sanchez-Prieto R. Role of the p38
MAPK pathway in cisplatin-based therapy. On-
cogene 2003; 22: 3998-4006.

Tian D, Tian M, Han G and Li JL. Increased glu-
cocorticoid receptor activity and proliferation
in metastatic colon cancer. Sci Rep 2019; 9:
11257.

Obradovi¢ MMS, Hamelin B, Manevski N, Cou-
to JP, Sethi A, Coissieux MM, Minst S, Okamo-
to R, Kohler H, Schmidt A and Bentires-Alj M.
Glucocorticoids promote breast cancer metas-
tasis. Nature 2019; 567: 540-544.

Am J Cancer Res 2022;12(7):3437-3454



High GR and FoxP3 is a predictive biomarker for clinical management in cervical cancer

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

Perez Kerkvliet C, Dwyer AR, Diep CH, Oakley
RH, Liddle C, Cidlowski JA and Lange CA. Glu-
cocorticoid receptors are required effectors of
TGFB1-induced p38 MAPK signaling to ad-
vanced cancer phenotypes in triple-negative
breast cancer. Breast Cancer Res 2020; 22:
39.

Ho WL, Wu CC, Yeh DC, Chen JT, Huang CC, Lin
YL, Liu TJ and P’Eng FK. Roles of the glucocor-
ticoid receptor in resectable hepatocellular
carcinoma. Surgery 2002; 131: 19-25.
Bakour N, Moriarty F, Moore G, Robson T and
Annett SL. Prognostic significance of glucocor-
ticoid receptor expression in cancer: a system-
atic review and meta-analysis. Cancers (Basel)
2021; 13: 1649.

Tangen IL, Veneris JT, Halle MK, Werner HM,
Trovik J, Akslen LA, Salvesen HB, Conzen SD,
Fleming GF and Krakstad C. Expression of glu-
cocorticoid receptor is associated with aggres-
sive primary endometrial cancer and increas-
es from primary to metastatic lesions. Gynecol
Oncol 2017; 147: 672-677.

Biewenga P, Buist MR, Moerland PD, Ver Loren
van Themaat E, van Kampen AH, ten Kate FJ
and Baas F. Gene expression in early stage
cervical cancer. Gynecol Oncol 2008; 108:
520-526.

Kost BP, Beyer S, Schroder L, Zhou J, Mayr D,
Kuhn C, Schulze S, Hofmann S, Mahner S, Je-
schke U and Heidegger H. Glucocorticoid re-
ceptor in cervical cancer: an immunhistochem-
ical analysis. Arch Gynecol Obstet 2019; 299:
203-209.

Grunkin M, Raundahl J and Foged NT. Practical
considerations of image analysis and quantifi-
cation of signal transduction IHC staining.
Methods Mol Biol 2011; 717: 143-154.
Pereira L, Igea A, Canovas B, Dolado | and Ne-
breda AR. Inhibition of p38 MAPK sensitizes
tumour cells to cisplatin-induced apoptosis
mediated by reactive oxygen species and JNK.
EMBO Mol Med 2013; 5: 1759-1774.

3454

(37]

(38]

[39]

[40]

[42]

[43]

Taube JH, Herschkowitz JI, Komurov K, Zhou
AY, Gupta S, Yang J, Hartwell K, Onder TT, Gup-
ta PB, Evans KW, Hollier BG, Ram PT, Lander
ES, Rosen JM, Weinberg RA and Mani SA.
Core epithelial-to-mesenchymal transition in-
teractome gene-expression signature is asso-
ciated with claudin-low and metaplastic breast
cancer subtypes. Proc Natl Acad Sci U S A
2010; 107: 15449-15454.

Kalluri R and Weinberg RA. The basics of epi-
thelial-mesenchymal transition. J Clin Invest
2009; 119: 1420-1428.

Shi W, Wang D, Yuan X, Liu Y, Guo X, Li J and
Song J. Glucocorticoid receptor-IRS-1 axis con-
trols EMT and the metastasis of breast can-
cers. J Mol Cell Biol 2019; 11: 1042-1055.

Liu L, Aleksandrowicz E, Schonsiegel F, Groner
D, Bauer N, Nwaeburu CC, Zhao Z, Gladkich J,
Hoppe-Tichy T, Yefenof E, Hackert T, Strobel O
and Herr |. Dexamethasone mediates pancre-
atic cancer progression by glucocorticoid re-
ceptor, TGFbeta and JNK/AP-1. Cell Death Dis
2017; 8: e3064.

Yakimchuk K, Chen L, Hasni MS, Okret S and
Jondal M. The selective impact of transgeni-
cally expressed glucocorticoid receptor on T
cells. Autoimmunity 2015; 48: 117-124.

Ugor E, Prenek L, Pap R, Berta G, Ernszt D, Na-
jbauer J, Németh P, Boldizsar F and Berki T.
Glucocorticoid hormone treatment enhances
the cytokine production of regulatory T cells by
upregulation of Foxp3 expression. Immunobi-
ology 2018; 223: 422-431.

LuY, Zhang M, Wang S, Hong B, Wang Z, Li H,
Zheng Y, Yang J, Davis RE, Qian J, Hou J and Yi
Q. p38 MAPK-inhibited dendritic cells induce
superior antitumour immune responses and
overcome regulatory T-cell-mediated immuno-
suppression. Nat Commun 2014; 5: 4229.

Am J Cancer Res 2022;12(7):3437-3454



High GR and FoxP3 is a predictive biomarker for clinical management in cervical cancer

Caski

Cisplatin None

Carboplatin

60.0

50.0

40.0

30.0

Apoptosis

20.0

10.0

0.0

SiHa

siControl SiGR siControl siGR
a1 @ o [ Lo @ L Q2
0.1 459 0.32 433 0.10 145 0.071 169
e 't K
§ 1
w? g w
[ . Q3 . a3
872 R 204 . 225
0 v v
Q2 o Q2 a1 Q2
196 1.1 124 1.03 185
i, i,
,a -
a3 . o] . S5
295 \ 2838 . 440
wt ' o L wt -
cmprca
a Q2 Q@ Lo Q2 . Q@
0.53 6.65 13.8 0.57 717 971
i b
1
S ow oo
' o
a3 a3 . a3 . a3
153 196 . 120 . 21
w w ut n ot w ! u*
Gmpitcn
a Q@ Q@ oo Q@ @
093 1.8 16.7 160 6.28 108
H
b
a3 a3 a3 @
16.7 223 714 212
15 3 3 3 o W m "
" 70.00 x )
W siControl msiControl
W siGR 60.00 - msiGR
*kk
*kk
dekk 50.00 +
xRk
wkk )
2 40.00 e
2 Kk
a
Hx 2 30,00 4
<
*k
20.00 4 Hoke
10.00
000 1 HEE
None Cisplatin Carboplatin 5-FU None Cisplatin Carboplatin 5-FU




High GR and FoxP3 is a predictive biomarker for clinical management in cervical cancer

B None Cisplatin None Carboplatin None 5-FU
1l 10

I 1
N Q
L& £

10 01 06 00 10 041 08 0.1 10 01 09 01

e - - - -

10 09 07 08 10 1.0 10 09 10 07 08 09
10 1.0 26 255 10 1.0 185 26.9 10 11 11.0 247

q-ECtinin _ _ _

10 08 10 0.8 1.0 1.0 10: 1.2 10 11 13 13

« e =

10 0.0 1.1 01 10 0.1 09 00

10 11 11 12 10 15 11 05 10 09 10 09
10 09 77 157 10 11 147 238 10 09 69 152

q_aCﬁnin _ _ _

10 09 09 08 10 07 08 1.1 10 11 13 12

Supplementary Figure 1. A. Caski and SiHa cells were transfected with siRNA against GR for 48 hr followed by
treatment with 20 uM cisplatin, 500 uM 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 a-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 yM dexamethsone for 3 hr followed by
treatment with 20 uM cisplatin, 500 uM 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 B-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 uM 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 uM); Right panel: Quantitative result of the Boyden chamber assay.



