Research Article

Urologia

Internationalis

Urol Int 2023;107:58-63
DOI: 10.1159/000519129

Received: December 25, 2020
Accepted: July 21,2021
Published online: October 27, 2021

Expression of FOXA1 Is Associated with the
Tumor-Infiltrating M2 Macrophage, Cytotoxic
T Lymphocyte, and Effect of Chemotherapy in

Bladder Cancer

Yiduo Wang®® Huan Qu¢ Bin Xu®? Jianping Wu®® KaiLu®*® Chunhui Liu®®

Shugiu Chen®® Ming Chen®P

aDepartment of Urology, Zhongda Hospital, School of Medicine, Southeast University, Nanjing, China; Institute of
Urology, Surgical Research Center, Southeast University Medical School, Nanjing, China; “Health Management Center,

Zhongda Hospital, Southeast University, Nanjing, China

Keywords
Bladder cancer - FOXA1 - M2 tumor-associated macrophage -
Cytotoxic T lymphocyte - Chemotherapy

Abstract

Purpose: Cisplatin-containing combination chemotherapy
has been the standard of care since the late 1980s, but the
response rate is <50%. Studies have shown that the efficien-
cy of chemotherapy differs among molecular subtypes of
bladder cancer. In this study, we aimed to correlate FOXAT,
a marker for differentiation of the basal and luminal sub-
types, with tumor immune cell infiltration and the effect of
chemotherapy in bladder cancer. Materials and Methods:
Eighty-three patients with bladder cancer treated with che-
motherapy were reviewed. Clinicopathological variables for
each case were recorded. FOXA1, M2 tumor-associated mac-
rophage (TAM), dendritic cell (DC), and cytotoxic T lympho-
cyte (CTL) were examined by immunohistochemistry. The
relationship between FOXA1, immune cell infiltration, and
clinical response to chemotherapy was assessed. Results:
The overall objective response rate was 34%. The objective
response rate for tumors with lower FOXA1 expression was
58% and for tumors with higher FOXA1 expression was 12%.
Tumors with infiltrated M2 TAM proportion <3% had a high-

erobjective response rate compared with infiltrated M2 TAM
proportion >3% tumors (46% vs. 21%, p = 0.02). Tumors with
infiltrated CTL proportion >5% had a higher objective re-
sponse rate compared with infiltrated CTL proportion <5%
tumors (50% vs. 17%, p = 0.002). DCs showed no significant
differences. We found that the objective response rate for
tumors with lower FOXA1 expression, proportion <3% M2
TAM infiltration, and proportion >5% CTL infiltration is 82%.
Lower FOXA1 expression was associated with low M2 TAM
infiltration and high CTL infiltration. Conclusions: Thus, we
showed that in patients with bladder cancer who received
chemotherapy, the higher clinical response rate is associat-
ed with low FOXA1 expression, low M2 TAM infiltration, and

high CTL infiltration. ©2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Bladder cancer (BC) is the 7th most commonly diag-
nosed cancer in males and 11th in both genders [1]. It is
estimated to cause 150,000 deaths per year [2]. Approxi-
mately 25% of BC patients are diagnosed with muscle-
invasive bladder cancer (MIBC), with worse prognosis
[3]. In the past 30 years, MIBC has been treated primar-
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ily by cisplatin-based combination chemotherapy and
surgery [4].

Now, cisplatin-based chemotherapy is still the first-line
treatment for patients with advanced BC who are not eli-
gible for surgery [5-7]. But, its administration according to
standard indications does not always lead to tumor regres-
sion and is associated with significant toxicity [8, 9]. Pa-
tients who have progressive disease after the first-line che-
motherapy have a poor prognosis [10]. The Cancer Ge-
nome Atlas (TCGA) defines the molecular subtypes of
MIBC into at least 2 broad subtypes, luminal and basal,
based on gene expression profiles [11]. Compared with the
luminal subtype, basal-subtype MIBC is more sensitive to
chemotherapy and shows a “hot” immunophenotype [11].
The expression of FOXA1 in MIBC is one of the important
markers for the differentiation of molecular subtypes.

BC is known to have a high level of infiltrating im-
mune cells and substantial adaptive immune response.
Studies on tumor immune environment found that the
presence of tumor-infiltrating immune cells may predict
the prognosis and the effect on chemotherapy or immu-
notherapy. Recent works have shown that the presence of
tumor-infiltrating lymphocytes, specifically cytotoxic T
lymphocyte (CTL), correlates with a favorable prognosis
and better response to chemotherapy [12, 13]. Our objec-
tive was to conduct an evaluation to correlate the expres-
sion of FOXA1 and tumor-infiltrating lymphocytes with
the response to chemotherapy.

Materials and Methods

Patient Materials

Between 2015 and 2018 at the Department of Urology, Zhongda
Hospital, Southeast University, this retrospective study included
patients with MIBC (pT2-4) who underwent neoadjuvant chemo-
therapy prior to radical cystectomy and standard pelvic lymph
node dissection or who received chemotherapy alone (n = 83). This
study was approved by the Ethics Committee of Zhongda Hospital,
Southeast University (Approval No. 2018ZDKYSB102). All sub-
jects provided written informed consent following the Declaration
of Helsinki. Patients received 2-6 courses of cisplatin-based che-
motherapy in the following schemes: gemcitabine (at a dose of
1,000 mg per square meter) and cisplatin (at a dose of 70 mg per
square meter), all administered intravenously every 3 weeks. The
clinical effect was evaluated with a CT scan after each 2 courses. For
patients who were eligible for radical cystectomy, if tumor reduc-
tion after 2 courses was >30%, patients received 2 more courses to
increase the effect. If tumor reduction was <30% after 2 courses of
chemotherapy, the patients were prescribed a radical cystectomy.

Evaluation of Chemotherapy
The clinical efficacy of chemotherapy was assessed by criteria
of the WHO and the International Union Against Cancer based on
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the results of the CT scan. Complete response (100% of tumor re-
duction), partial response (decrease in tumor diameter by >50%),
stable disease (decrease in diameter by <50% or no >25% of in-
crease), and progression disease (increase in tumor diameter by
>25%) were registered. Patients with complete and partial re-
sponse comprised the group with objective response, and patients
with stabilization or progression comprised the group with the ab-
sence of response to chemotherapy.

Immunohistochemistry

A total of 83 MIBC specimens were obtained from Zhongda
Hospital. All specimens were from patients undergoing radical
cystectomy or transurethral resection of bladder tumor. Original
sections of cystectomy specimens were collected and re-evaluated
by an experienced uropathologist. Primary tumors were graded
according to the WHO 1999 and TNM 2010 classifications. A se-
ries of 5-um sections prepared from formalin-fixed paraffin-em-
bedded tumor tissue blocks were stained according to the DAKO
Envision system. Immunostaining results were evaluated indepen-
dently by 2 authors. FOXA1 was localized using the FOXAL1 anti-
body (RRID: ab5089; Abcam). The FOXA1 expression level was
defined as follows: low expression = no or faint staining of tumor
cells and high expression level = intense staining of tumor cells
(Fig. la). CD8 (RRID: ab17147; Abcam), HLA-DR (RRID:
ab92511; Abcam), and CD163 (RRID: ab182422; Abcam) antibod-
ies were used to detect CTL, dendritic cell (DC), and M2 tumor-
associated macrophage (TAM), respectively. For systematic count-
ing of immune cells, 6 ocular fields within a tissue were randomly
chosen under a microscope at x400 magnification. The mean
amount of positively stained immune cells was recorded.

Statistics
Data analysis was carried out using unpaired  test, Fisher’s ex-
act test, and x? test. Significance was defined as p < 0.05.

Results

A total of 83 patients (68 male and 15 female) were in-
cluded in the present study, and their characteristics are
shown in Table 1. Of the 83 patients, 24 (29%) patients
received neoadjuvant chemotherapy and 59 (71%) re-
ceived chemotherapy alone. After treatment, the overall
objective response rate (complete response + partial re-
sponse) was 34% (28 out of 83 patients), and the nonre-
sponse rate (stable disease + progression disease) was
66% (55 of 83 patients).

To investigate whether BC FOXA1 expression was
correlated with response to chemotherapy, the patients
were divided into 2 groups (FOXA1 high and FOXA1
low) based on the higher or lower FOXA1 expression lev-
el in their BC tissue. The main clinical manifestations
demonstrated that there were no differences in age and
sex in the 2 groups of patients. A comparison of the 2
groups demonstrated a statistically significant difference
in the distribution of tumor-infiltrating levels (T stage).
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Fig. 1. Comparison of infiltration of CTL,
M2 TAM, and DC between FOXA1l-low
and FOXA1-high groups in bladder can-
cer. a Patients were divided into 2 groups
by the FOXA1 expression level. High ex-
pression: intense staining of tumor cells
(left panel) and low expression = no or faint
staining of tumor cells (right). b FOXA1-
low groups (right panel) showed signifi-
cantly higher infiltration of CD8+ CTL,
lower infiltration of CD163+ M2 TAM
compared with the FOXAI-high groups
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Fifty-six percent of patients had T4 tumors in the FOXA1-
low group, whereas 30% of patients had T4 tumors in the
FOXA1-high group. The patients who had positive lymph
node or lymphadenopathy on radiographic imaging were
70% and 53% in the FOXA1-low group and the FOXA1-
high group, respectively (Table 2). These results show
that lower level of tumor FOXA1 expression was associ-
ated with higher grade BC. The frequency of the clinical
responses to chemotherapy demonstrated a significant
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difference in the 2 groups of patients. In the FOXA1-low
group, the frequency of objective response (complete +
partial regression) constituted 58%. In the FOXA1-high
group, the objective response rate was 12%, and 88% of
patients were resistant to chemotherapy (Table 2).
Immunohistochemical (IHC) staining of CD8 was
used as a marker for CTL, CD163 for M2 TAM, and HLA-
DR for DC. In tumors with higher infiltration of the M2
TAM group (proportion >3%), the probability of respond-
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Table 1. Clinical parameters of BC patients who received chemo-
therapy

Table 2. Clinical parameters of patients of FXOA1-low and FOXA1-
high groups

Clinical parameters N (%)
Sex

Male 68 (82)

Female 15(18)
Age

<69 years 27 (33)

>69 years 56 (67)
T stage

T2 16 (19)

T3 32(39)

T4 35 (42)
N stage

NO 32(39)

N+ 51(61)
Treatment

NAC 24 (29)

Chemotherapy 59 (71)
Clinical response

CR+PR 28 (34)

SD +PD 55 (66)

BC, bladder cancer; NAC, neoadjuvant chemotherapy; CR, com-
plete response; PR, partial response; SD, stable disease; PD, progres-
sion disease.

Table 3. The correlation between immune cell infiltration and clin-
ical response to chemotherapy

Immune cell Clinical response p level
CR+PR,n (%) SD+PD,n (%)
M2 TAM proportion
<3% 19 (46) 22 (54) 0.02
>3% 9(21) 33(79) ’
CD8+ CTL proportion
<5% 7(17) 34 (83)
>5% 21 (50) 21(50) 0.002
HLA-DR+ DC
proportion
>8% 13 (45) 29 (55) 0.65
<8% 5(37) 26 (63) ’

p level - x? test. CR, complete response; PR, partial response; SD,
stable disease; PD, progression disease; TAM tumor-associated
macrophage; CTL, cytotoxic T lymphocyte; DC, dendritic cell.

ers (complete response + partial response) was signifi-
cantly lower compared with lower infiltration of the M2
TAM group (proportion <3%) (21% vs. 46%, p = 0.02). For
CTL, the higher infiltration group had a higher probabil-
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Clinical parameters FOXA1-low FOXA1-high p level
group, n (%) group, n (%)
Sex
Male 32(80) 36 (84) 0.66
Female 8(20) 7(16) ’
Age
<69 years 14 (35) 13 (30) 0.64
>69 years 26 (65) 30 (70) ’
T stage
T2 3(8) 13 (30)
T3 15 (36) 17 (40) 0.03
T4 22 (56) 13 (30)
N stage
NO 12 (30) 20 (47) 0.12
N+ 28 (70) 23(53) ’
Clinical response
CR+PR 23 (58) 5(12) 001
SD +PD 17 (42) 38 (88) ’

p level - x? test. CR, complete response; PR, partial response; SD,
stable disease; PD, progression disease.

Table 4. The correlation between combined FOXA1 expression, M2
infiltration, and CTL infiltration and clinical response to chemother-

apy

Clinical FOXA1-low, M2 TAM  The remaining p level
response proportion <3%, CTL  cases, n (%)

proportion >5%, n (%)
CR+PR 18(82) 10(16) <0.0001
SD +PD 4(18) 51(84)

p level - x? test. CR, complete response; PR, partial response; SD,
stable disease; PD, progression disease; TAM tumor-associated
macrophage; CTL, cytotoxic T lymphocyte.

ity of responders (proportion >5% group: 50%; propor-
tion <5%: 17%; p = 0.002). HLA-DR+ DC showed no sig-
nificant differences (Table 3). In the FOXA1-low group,
18 out of 42 tumors were found to have M2 TAM propor-
tion <3% and CTL proportion >5%, simultaneously. The
objective response rate of this group (FOXA1l-low, M2
TAM proportion <3%, and CTL proportion >5%) was sig-
nificantly higher compared with the rest of the cases (82%
vs. 16%, p < 0.0001) (Table 4). Furthermore, we examined
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the correlation between FOXA1 expression and M2 TAM
and CTL infiltration. The results showed that low FOXA1
expression is significantly associated with lower infiltra-
tion of M2 TAM and higher infiltration of CTL (Fig. 1b).

Discussion

In this study, we demonstrated the indicative value of
FOXAL expression level, tumor-infiltrated CTL, and M2
TAM for the efficiency of cisplatin-based chemotherapy
in BC. The correlation of FOXA1 expression level and im-
mune cell infiltration was also investigated. The forkhead
box (FOX) superfamily of transcription factors plays an
essential role in human bladder malignant progression
[14, 15]. FOXA1, a member of the FOX superfamily, was
found to be differentially expressed in various BC molecu-
lar subtypes and was involved in urothelial cell differen-
tiation [16]. The TCGA database identified 5 subtypes of
MIBC based on specific gene mRNA expression profiles.
The subtypes of MIBC were luminal, luminal-infiltrated,
basal-squamous, neuronal, and luminal-papillary. Lumi-
nal and basal were confirmed to be the 2 major subtypes
among these 5 subtypes. Elevated FOXA1 expression was
associated with the luminal molecular subtype, whereas
decreased FOXA1 expression was associated with the bas-
al-squamous subtype which is more sensitive to chemo-
therapy compared to the luminal MIBC. In our results, the
FOXA1-low group was associated with a higher tumor
stage and a higher frequency of positive lymph node. The
clinical response to chemotherapy in 2 groups had also a
significant difference: in the FOXA1-low group, the re-
sponse was 58%, while in the FOXA1-high group only
12%. These results indicated that the FOXA1 expression
level has a potential role in assessing tumor prognosis and
chemotherapy efficiency in BC.

BC has long been strongly related to immune cell infil-
tration [17]. Notably, tumor-infiltrated immune cells are
associated with significantly worse OS [18, 19]. TAM and
tumor-infiltrated CTL are key cells of immunity that con-
trol intratumoral immune status, tumor growth, and me-
tastasis and can also contribute to the response to chemo-
therapy and immunotherapy [20-22]. M2 macrophage po-
larization often occurs in tumors after chemotherapy and
facilitates resistance [23]. M2 TAM-induced resistance to
chemotherapy can be explained by activation of the IL-10/
STAT3/BCL-2 signal transduction pathway. IL-10, secreted
by M2 TAM, increases the expression of the anti-apoptotic
gene BCL-2, leading to the development of resistance in tu-
mor cells [24, 25]. We found that tumors with lower levels
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of infiltrated M2 TAM (proportion <3%) responded to che-
motherapy with 46% probability, while in tumors with
higher levels of infiltrated M2 TAM (proportion >3%), the
probability of response to chemotherapy was significantly
lower (21%). For the CTL, the probability of response to
chemotherapy in tumors with a higher level of infiltrated
CTL (proportion >5%) was 50% and in tumors with a low-
er level of infiltrated CTL (proportion <5%) was 17%. For
DCs, there was no significant difference between tumors
with a higher or lower level of infiltrated DCs. These data
indicated that M2 TAM and CTL are potential independent
predictors for chemotherapy in BC.

Basal-subtype MIBC shows a characteristic “hot” im-
munophenotype (an abundance of CTLs) and lower
FOXA1 expression, as compared with luminal-subtype
MIBC. To investigate the correlation between FOXA1 ex-
pression and immune-infiltrating cells in MIBC, IHC was
conducted and showed that FOXA1 expression correlates
with the infiltration of M2 TAM and CTL. The mecha-
nism of how FOXA1 regulates the immune microenvi-
ronment needs to be further investigated. Also, we found
that tumors in the FOXA1-low group with a lower level
of M2 TAM (proportion <3%) and a higher level of CTL
(proportion >5%) responded to chemotherapy with 82%.

Thus, we have shown that lower expression of FOXA1
correlates with a better response rate to chemotherapy,
lower infiltration of M2 TAM, and higher infiltration of
CTL. Detecting FOXA1 expression combined with infil-
trating M2 TAM and CTL by IHC is a promising strategy
to predict the efficiency of chemotherapy in BC.
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