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L E T T E R  T O  T H E  E D I T O R

FOXO1 inactivation induces cisplatin resistance in bladder 
cancer

Dear Editor,
Urinary bladder cancer has been one of the most commonly di-

agnosed malignancies and is often a highly aggressive disease. Since 
the late 1980s, cisplatin (CDDP)-based combination chemother-
apy has been the standard of care in patients with muscle-invasive 
bladder cancer in a neoadjuvant or adjuvant setting, and in those 
with metastatic disease.1 Importantly, the mortality rate of bladder 
cancer patients has not significantly improved in the past several 
decades.2 Consequently, the development of chemosensitization 
strategies constitutes a goal with critical clinical implications.

Emerging evidence suggests that androgen receptor (AR) and 
estrogen receptor (ER)-β signals promote urothelial cancer progres-
sion.3,4 We have additionally demonstrated that AR5 and ERβ6 acti-
vation is associated with resistance to CDDP treatment in bladder 
cancer cells. The rates of AR and ERβ immunoreactivity in bladder 
cancer specimens from patients subsequently undergoing neoad-
juvant chemotherapy were also found to be higher in those from 
non–responders, compared with responders. Meanwhile, our recent 
study, using preclinical models for urothelial cancer, indicated that 
FOXO1, a transcription factor known to be targeted for phosphory-
lation through several protein kinases on specific sites (eg Ser256 by 
AKT), was inactivated in tumor cells through the AR/ERβ pathways 
as their downstream target and functioned as a tumor suppressor.7 
Specifically, the expression of AR/ERβ vs FOXO1 or its phosphory-
lated inactive form (p-FOXO1) was inversely or positively, respec-
tively, correlated. In the present study, we further assessed the role 
of FOXO1 in modulating chemosensitivity in bladder cancer.

Detailed information for experimental procedures is described 
in Appendix S1. We first compared the cytotoxic effects of CDDP 
in three sets of control vs FOXO1 knockdown bladder cancer sub-
lines expressing shRNA or siRNA (Figure  S1). Cell viability assay 
showed dose-dependent growth inhibition by CDDP, and FOXO1-
shRNA/siRNA sublines were significantly more resistant to CDDP 
treatment at 1.5-12.5  µmol/L, compared with respective control 
sublines (Figure  1A). CDDP cytotoxicity was also compared in 
FOXO1-positive cells with and without treatment of a FOXO1 inhib-
itor, AS1842856. Consistent with the findings in FOXO1 knockdown 
cells, the inhibitory effect of CDDP was considerably diminished 
when AS1842856 was co–treated (Figure  1B). In these assays, in-
duction of cell growth by FOXO1 inhibition, irrespective of CDDP, 

was excluded through comparison with those of respective sublines 
or lines with respective treatments without CDDP. TUNEL assay 
was then performed to assess the impact of FOXO1 knockdown on 
CDDP-induced apoptosis. Correspondingly, there were significant 
decreases in apoptosis in FOXO1-shRNA/siRNA sublines, compared 
with respective control sublines (Figure 1C). These data indicate an 
association between FOXO1 activity and CDDP sensitivity in blad-
der cancer cells.

In our previous studies5,8 we established CDDP-resistant (CR) 
sublines from UMUC3, 647V-AR and 5637 by long-term culture with 
low/increasing doses of CDDP. UMUC3-CR,5 647V-AR-CR5 and 
5637-CR (Figure S2) cells were shown to be significantly more re-
sistant to CDDP treatment at its pharmacological concentrations (eg 
1.3-8.4 µmol/L). Using these sublines, we compared the expression 
levels of FOXO1 and p-FOXO1 (Ser256). Western blot showed no 
significant increase (AR-positive/ERβ-positive UMUC3/647V-AR, 
where the basal level was relatively low)7 or a considerable decrease 
(AR-negative/ERβ-positive 5637, where it was relatively high)7 in 
FOXO1 expression in CR sublines (Figure  1D). More interestingly, 
there were considerable increases in p-FOXO1 expression in all 
three CR sublines, compared with respective controls. In these con-
trol/CR sublines, we further assessed the expression of AKT/p-AKT 
through which FOXO1 could be phosphorylated and inactivated. 
Correspondingly, AKT and p-AKT expression were upregulated in 
CR sublines (Figure 1E). Indeed, AKT activation has also been impli-
cated in chemoresistance in various types of malignancies.9 These 
data support the association of FOXO1 inactivation with CDDP re-
sistance in bladder cancer cells.

Finally, we immunohistochemically stained for FOXO1 and 
p-FOXO1 in a set of tissue microarray consisting of muscle-invasive 
bladder cancer specimens from 46 patients who had subsequently 
received CDDP-based neoadjuvant chemotherapy. Positive sig-
nals of FOXO1 and p-FOXO1 were detected predominantly in the 
nucleus of urothelial cancer cells (Figure  2). Predominant nuclear 
localization of FOXO1/p-FOXO1 was confirmed by immunofluo-
rescence in 5637 cells (Figure  S3). Overall, FOXO1 and p-FOXO1 
were expressed in 5 (10.9%) and 26 (56.5%) tumors, respectively 
(Table  1). We then compared the levels of FOXO1 and p-FOXO1 
expression in tumors from responders (n = 18) vs non–responders 
(n = 28) to the neoadjuvant chemotherapy. FOXO1 or p-FOXO1 was 
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F I G U R E  1   Effects of FOXO1 inactivation on the cytotoxicity of cisplatin (CDDP) in bladder cancer cells. MTT assay in UMUC3-control-
shRNA/UMUC3-FOXO1-shRNA, 647V-AR-control-shRNA/647V-AR-FOXO1-shRNA and 5637-control-siRNA/5637-FOXO1-siRNA in 
the presence of different concentrations (0-50 µmol/L) of CDDP for 72 h (A) or UMUC3, 647V-AR and 5637 cultured in the presence 
of 3 µmol/L of CDDP with/without AS1842856 (100 nmol/L in UMUC3/647V-AR or 1 µmol/L in 5637) for 72 h (B). Cell viability is 
presented relative to that of each line without CDDP treatment (with/without AS1842856 treatment). Each value represents the mean 
(+SD) from three independent experiments. *P < 0.05 (control-shRNA vs FOXO1-shRNA, control-siRNA vs FOXO1-siRNA or CDDP vs 
AS1842856 + CDDP). C, TUNEL assay in UMUC3-control-shRNA/UMUC3-FOXO1-shRNA, 647V-AR-control-shRNA/647V-AR-FOXO1-
shRNA and 5637-control-siRNA/5637-FOXO1-siRNA treated with CDDP (1 μmol/L in UMUC3/647V-AR or 6 µmol/L in 5637) for 24 h. 
Apoptosis counted as a percentage of at least 100 cells is presented relative to that of each control subline. Each value represents the mean 
(+ SD) from three independent experiments. *P < 0.05 (vs control-shRNA). Western blot of FOXO1 and p-FOXO1 (D) or AKT or p-AKT (E) in 
UMUC-control/UMUC3-CR, 647V-AR-control/647V-AR-CR and 5637-control/5637-CR. GAPDH served as a loading control
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immunoreactive in 3 (16.7%) or 7 (38.9%) responders vs 2 (7.1%) or 
19 (67.9%) non–responders, respectively. Thus, p-FOXO1 positivity 
tended to associate with chemoresistance (P = 0.053). In addition, 
when the status of AR5 and ERβ6 immunoreactivity previously de-
termined in tissue samples where the entire current cohort was 
included (AR-negative: n  =  32; AR-positive: n  =  14; ERβ-negative: 
n = 22; ERβ-positive: n = 24) was considered, the association of che-
mosensitivity with p-FOXO1/AR (ie p-FOXO1-negative/AR-negative 
vs p-FOXO1-positive/AR-positive) (P = 0.039; Table S1) or p-FOXO1/
ERβ (ie p-FOXO1-negative/ERβ-negative vs p-FOXO1-positive/ERβ-
positive) (P = 0.010; Table S2) expression was statistically significant. 
These data further support that FOXO1 inactivation is associated 
with CDDP resistance in patients with bladder cancer.

Although resistance to CDDP-based chemotherapy is commonly 
seen in urothelial cancer patients, its underlying mechanisms remain 
poorly understood. Nonetheless, other FOXO family members, such 
as FOXO3a, have been implicated in CDDP resistance.10 The pres-
ent study demonstrated strong associations between FOXO1 inac-
tivation via its shRNA/siRNA expression or inhibitor treatment and 
reduced sensitivity to CDDP, presumably through inhibiting apop-
tosis induced by CDDP in bladder cancer cells as well as between 
the elevated expression of phosphorylated inactive p-FOXO1 in 
bladder cancer lines or tissue samples and CDDP resistance. While 
recent immunohistochemical studies using surgical specimens have 
indicated that the status of FOXO17,11,12 or p-FOXO17 expression 
predicts the recurrence and/or progression of bladder tumors, 
p-FOXO1 expression is here suggested to serve as a predictor of 
chemoresistance, especially along with AR/ERβ expression, in pa-
tients with muscle-invasive disease. These findings indicate a new 
role for FOXO1, as a tumor suppressor, in modulating chemosensi-
tivity, in addition to preventing urothelial tumorigenesis and tumor 

growth. Specifically, FOXO1 inactivation is likely to induce CDDP re-
sistance in bladder cancer cells. Accordingly, FOXO1 activation has 
the potential to be a means of chemosensitization, especially in pa-
tients with p-FOXO1-positive tumors. Further studies are required 
to determine exactly how FOXO1 signals modulate chemosensitivity 
in bladder cancer.
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F I G U R E  2   Immunohistochemistry 
of FOXO1 and p-FOXO1 in surgical 
specimens. Representative images of 
(A) FOXO1 expression (1+, original 
magnification: ×200) and (B) p-FOXO1 
expression (2+, original magnification: 
×200) in bladder cancer tissues

TA B L E  1   The expression of FOXO1 and p-FOXO1 in bladder cancer and response to chemotherapy

n

FOXO1 p-FOXO1

Expression levels

P valuea 

Expression levels

P valuea 0 1+ 0 1+ 2+ 1+/2+

Responders 18 15 (83.3%) 3 (16.7%) 0.331 11 (61.1%) 3 (16.7%) 4 (22.2%) 7 (38.9%) 0.053

Non–responders 28 26 (92.9%) 2 (7.1%) 9 (32.1%) 14 (50.0%) 5 (17.9%) 19 (67.9%)

aNegative (0) vs positive (1+ or 1+/2+). 
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