Research and Reports in Urology

Dove

ORIGINAL RESEARCH

Colony-stimulating factors detected in tumor
cells and voided urine are potential prognostic
markers for patients with muscle-invasive bladder
cancer undergoing radical cystectomy

Yosuke Morizawa'

Makito Miyake'

Keiji Shimada?

Shunta Hori'

Yoshihiro Tatsumi'

Yasushi Nakai'

Nobumichi Tanaka'
Tomomi Fuijii?

Kiyohide Fujimoto'
'Department of Urology, Nara
Medical University, Nara, Japan;
’Department of Pathology, Nara City
Hospital, Nara, Japan; 3Department of

Diagnostic Pathology, Nara Medical
University, Nara, Japan

Correspondence: Kiyohide Fujimoto
Department of Urology, Nara Medical
University, 840 Shijo-cho, Nara 634-8522,
Japan

Tel +81 744 22 3051 ext 2338

Fax +81 744 22 9282

Email kiyokun@naramed-u.ac.jp

This article was published in the following Dove Press journal:
Research and Reports in Urology

Background: The clinical use of macrophage colony-stimulating factor, granulocyte colony-
stimulating factor (G-CSF), and granulocyte macrophage colony-stimulating factor (GM-CSF)
has improved the safety of cytotoxic chemotherapy. However, the overexpression of these CSFs
in cancers has been reported to be associated with a poor prognosis in various malignancies.
We evaluated the potential of CSF expression as a predictor of clinical outcome in patients with
muscle-invasive bladder cancer (MIBC).

Methods: Consecutive patients (n=58) with MIBC who underwent radical cystectomy (RC)
were included in this retrospective study. Treatment-naive tumor specimens obtained by initial
transurethral resection of bladder tumors prior to RC were immunostained with antibodies
against macrophage colony-stimulating factor, G-CSF, and GM-CSF. We compared the clinico-
pathological variables and survival between these groups. Baseline levels of CSFs in the serum
and voided urine were quantified using an enzyme-linked immunosorbent assay and compared
with the expression of CSFs in the tumor lesions.

Results: Low expression of GM-CSF in the tumor cells was significantly correlated with a
pathological T4 category (vs T2-3; P=0.02). In univariate survival analysis, high G-CSF and
low GM-CSF expression in the tumor lesion were associated with poor outcomes. Furthermore,
Cox proportional regression analysis revealed that high G-CSF and low GM-CSF expression
in the tumor were independent predictors of shorter recurrence-free survival, cancer-specific
survival, and overall survival. The levels of CSFs in voided urine were associated with the
expression of CSFs in the tumor lesions.

Conclusion: GM-CSF and G-CSF expression in the tumor lesions obtained by initial transure-
thral resection are independent predictors of poor outcome in MIBC after RC. Levels of G-CSF
and GM-CSF in urine before treatment could be useful in prognostication.

Keywords: colony-stimulating factor, M-CSF, G-CSF, GM-CSF, muscle-invasive bladder
cancer, radical cystectomy

Background

Cisplatin-based combination chemotherapy has been the standard of care for treating
patients with locally advanced and metastatic urothelial carcinoma in neoadjuvant,
adjuvant, and metastatic settings.'* Chemotherapy causes not only hematopoietic
damage but also immunological dysfunction. Impaired immunological function is
a serious problem in cancer treatment from the viewpoint of infectious disease pre-
vention, later recurrence, and long-term prognosis. The clinical use of macrophage
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colony-stimulating factor (M-CSF), granulocyte colony-
stimulating factor (G-CSF), and granulocyte macrophage
colony-stimulating factor (GM-CSF) has improved the safety
of chemotherapy.’ G-CSF is widely used to increase the
production of granulocytes for the treatment of neutropenia
during chemotherapy.® The clinical use of M-CSF during
intensive chemotherapy for ovarian cancer has been approved
in Japan.® GM-CSF has been approved for the treatment of
neutropenia during stem cell transplantation.’

Overexpression of CSFs (M-CSF, G-CSF, and GM-
CSF) in many malignant cancers has been reported. M-CSF
expression in type II papillary renal cell carcinoma and
breast cancers has been associated with a poor prognosis.®°
G-CSF is frequently associated with aggressive tumor cell
growth and a poor clinical outcome.!! GM-CSF expression in
colorectal cancer was found to be an independent predictor
of a favorable outcome.'?

In the present study, we retrospectively reviewed the
records of 58 patients with newly diagnosed muscle-invasive
bladder cancer (MIBC). We aimed to conclusively demon-
strate the clinicopathological parameters and expression of
CSFs in patients with MIBC.

Methods

Patients and data collection

Between 2002 and 2013, 121 patients with urothelial carci-
noma of the bladder without evidence of distant metastasis
underwent radical cystectomy (RC) at the Department of
Urology, Nara Medical University. Medical interventions
including transurethral resection of bladder tumor (TURBT),
intravesical treatment, neoadjuvant chemotherapy, and RC
could influence the population of immune-related cells and
cytokines in the tumor microenvironment. To investigate the
baseline prognostic factors that are available before RC, we
selected patients with MIBC who underwent initial TURBT at
Nara Medical University before any other treatment in order
to obtain treatment-naive bladder specimens. Among the 121
patients, 44 (36%) underwent TURBT at other hospitals,
seven (6%) were diagnosed with non-muscle-invasive bladder
cancer (NMIBC) including T1 and Tis, and 12 (10%) patients
received neoadjuvant chemotherapy, leaving 58 (48%) who
were included in the present study.

All of the hematoxylin and eosin (H&E)-stained speci-
mens were reevaluated by two experienced uro-pathologists
(KS and TF). The analyzed tumor variables included patho-
logical T category, histological subtypes, lymph node involve-
ment, and lymphovascular invasion (LVI)."*""7

Ethics approval and consent to
participate

This study was approved by the institutional review board
(IRB) of the Nara Medical University (NMU-1256) and
complied with the 1964 Helsinki Declaration and its later
amendments. As the data for the study were obtained through
retrospective chart review, a waiver of informed consent was
approved by the IRB. Personal information linked to research
subjects and donors was anonymized (when necessary, the
information was labeled with an identifying code to make it
possible to distinguish between the individuals). Then, de-
identified patient data were analyzed.

Immunohistochemical (IHC) staining
Paraffin-embedded tumor specimens from the initial
TURBT when the patients were diagnosed with MIBC
were immunostained as previously described.!'® Briefly,
IHC staining was performed with a streptavidin-biotin
(SAB) complex method using the Histofine SAB-PO kit
(Nichirei Co., Tokyo, Japan) according to the manufac-
turer’s directions. For antigen retrieval, the sections were
routinely autoclaved for 10 minutes in 0.01 M citrate buffer
(pH 6.0). The primary antibodies were monoclonal rabbit
anti-M-CSF (ab52864; Abcam, Cambridge, MA, USA),
monoclonal mouse antihuman G-CSF (#11041; IBL Japan,
Gunma, Japan), and polyclonal rabbit GM-CSF (PP1101P1;
Acris Antibodies, San Diego, CA, USA). The human tonsil
and bone marrow tissues were used as positive controls
for CSF staining. The sections were counterstained with
Meyer’s hematoxylin and mounted with malinol, and then
were examined alongside H&E stained specimens to iden-
tify the precise locations of the lesions. Three independent
areas in the sections were selected and saved as pictures.
IHC evaluation was carried out independently by two
investigators (YM and YT). Evaluations were performed
blindly without the knowledge of the patients’ outcome or
other clinicopathological characteristics. Percentages of
positive tumor cells were evaluated with a high-power field.
Staining intensities were classified as absent (0), mild (1),
moderate (2), and severe (3) (Figure 1). A histoscore was
calculated as the product of the percentage of positive cells
times the intensity of staining with a range of values from
0 to 300 and staining intensity. Expression level of CSFs
was categorized as low or high according to the median
value of histoscore. We compared the clinicopathological
variables and survival between the high expression group
and low expression group.
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Figure | Expression of M-CSF, G-CSF, and GM-CSF in bladder cancer cells using immunohistochemistry. We evaluated M-CSF, G-CSF, and GM-CSF expression in
treatment-naive bladder cancer cells. Staining intensities were classified as absent (0), mild (1), moderate (2), and severe (3).
Abbreviations: M-CSF, macrophage colony-stimulating factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor.

Enzyme-linked immunosorbent assay
(ELISA) for M-CSF, G-CSF, and GM-CSF

Serum and urine were analyzed with an ELISA to measure CSF
levels. Peripheral blood and voided urine were taken at initial
TURBT before any treatment. In addition, no patients had a
lower renal function (less than estimate glomerular filtration
rate 30), cardiovascular diseases, hematological malignancies,
and acute inflammatory diseases, which influence CSF levels.
We stored all samples frozen at —80°C and used fresh samples
to avoid repeated free-thaw cycles according to manufacturer’s
directions. We compared CSF levels in patients with MIBC
between patients with NMIBC and healthy controls (Table S1).
Cytokine levels were measured using commercially available
kits (M-CSF; Human M-CSF Immunoassay DMC00B, R&D
Systems Inc., Minneapolis, MN, USA, G-CSF; Human G-CSF
ELISA Development Kit 900-K77, PeproTech, Gumma, Japan,
and GM-CSF; Human GM-CSF ELISA Kit 873.040.192,
Diaclone, Besancon, France) according to the manufacturer’s
instructions. Standard curves for each cytokine were generated
using the reference concentrations provided in each kit. The
detection range for each ELISA kit (M-CSFE, G-CSF, and GM-
CSF) was 11.2-5,000 pg/mL, 162,000 pg/mL, and 4.9-500
pg/mL, respectively.

Statistical analyses

The clinical outcomes were evaluated by recurrence-free
survival (RFS), cancer-specific survival (CSS), and overall
survival (OS) measured in months from the date of RC. The
cutoff date of the last follow-up was December 31, 2016.
The clinicopathological characteristics were compared using

Student’s r-test, chi-square test, and analysis of variance.
All tests were two-sided. The CSF levels in serum and urine
were compared using Mann—Whitney U test. Univariate and
multivariate analyses for RFS, CSS, and OS were performed
using Cox proportional hazards models. RFS and CSS were
examined using the Kaplan—Meier method. The results of
Cox model analysis are reported with relative risks and 95%
confidence intervals (CIs). IBM SPSS version 21 (IBM Cor-
poration, Armonk, NY, USA) and PRISM software version
5.00 (GraphPad Software, Inc., La Jolla, CA, USA) were
used for statistical analyses and data plotting, respectively. A
P-value <0.05 was defined as statistically significant.

Results
Patient characteristics and

immunohistochemistry

The clinicopathological variables of the patients are shown
in Table 1. We determined the association of CSF expression
determined by IHC staining with various clinicopathological
parameters. Staining intensities were classified as absent (0),
mild (1), moderate (2), and severe (3) (Figure 1). M-CSF
expression intensity in tumor cells was scored as low (0) in six
patients (10%), mild (1) in 18 patients (30%), moderate (2) in
17 patients (30%), and severe (3) in 17 patients (30%). G-CSF
expression intensity in tumor cells was scored as low (0) in
14 patients (24%), mild (1) in 17 patients (30%), moderate
(2) in 20 patients (34%), and severe (3) in six patients (12%).
GM-CSF expression intensity in tumor cells was scored as
absent (0) in 12 patients (21%), mild (1) in 16 patients (28%),
moderate (2) in 26 patients (45%), and severe (3) in four
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Table | Correlation between immunohistochemical staining and clinicopathological features in patients with muscle-invasive bladder

cancer who underwent radical cystectomy

Variables All (n=58) M-CSF G-CSF GM-CSF
Low High P-value Low High P-value Low High P-value
n (%) n (%) n (%) n (%) n (%) n (%)

Median age, years (IQR) 72 (65.3-76) 0.77 0.58 0.06
<70 20 (34) 14 (70) 6 (30) 10 (50) 10 (50) 14 (70) 6 (30)
270 38 (66) 24 (63) 14 (37) 15(39) 23¢(6l) 16 (42) 22 (58)

Sex, n (%) 1.0 0.77 0.24
Male 43 (74) 28 (65) 15 (35) 18 (42) 25 (58) 20 (47) 23 (53)
Female 15 (26) 10(33) 5(67) 7 (47) 8 (53) 10 (67) 5(33)

T stage, n (%) 1.0 0.20 *0.02
T2-3 46 (79) 30 (65) 16 (35) 22 (48) 24 (52) 20 (43) 26 (57)
T4 12 (21) 8 (67) 4(33) 3 (40) 9 (80) 10 (83) 2 (17)

Variant, n (%) 0.37 0.40 0.40
Pure UC 40 (69) 28 (70) 12 (30) 19 (48) 21 (52) 19 (48)) 21 (52)
UC with variant® 18 (31) 10 (56) 8 (44) 6 (33) 12 (67) I (6l) 7 (39)

LVI, n (%) 0.54 0.08 0.77
Negative 16 (28) 12 (67) 4(33) 10 (63) 6(37) 9 (56) 7 (44)
Positive 42 (72) 26 (62) 16 (38) 15(36) 27 (64) 21 (50) 21 (50)

LN metastasis, n (%) 1.0 0.32 0.51
Negative 47 (81) 31 (66) 16 (34) 22 (47)  25(53) 23 (49) 24 (51)
Positive I (19) 7 (64) 4 (36) 3(27) 8 (73) 7 (64) 4 (36)

Notes: *Squamous and glandular differentiation. *P<0.05.

Abbreviations: M-CSF, macrophage colony-stimulating factor; G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor;
UC, urothelial carcinoma; LVI, lymphovascular invasion; LN, lymph node; IQR, interquartile range.

patients (7%). A histoscore was calculated as the product of
the percentage of positive cells times the intensity of stain-
ing with a range of values from 0 to 300. Overall, M-CSF
expression in tumor cells was low in 38 patients (66%) and
high in 20 patients (34%). G-CSF expression in tumor cells
was low in 25 patients (43%) and high in 33 patients (57%).
GM-CSF expression in tumor cells was low in 30 patients
(52%) and high in 28 patients (48%).

The median values of histoscore of M-CSF, G-CSF,
and GM-CSF were 52.5, 100, and 80, respectively. We
compared the clinicopathological variables and survival
between the high expression group and low expression
group. Low expression of GM-CSF significantly correlated
with pathological T stage (Table 1). G-CSF and M-CSF
were not significantly associated with any clinicopatho-
logical variables.

M-CSF, G-CSF, and GM-CSF by ELISA

M-CSF levels in the serum of patients with MIBC were
higher than those in patients with NMIBC and controls. There
were no significant differences in G-CSF and GM-CSF in
the serum among the three groups (Figure 2A). G-CSF and
GM-CSF levels in the urine of patients with MIBC were
higher than in those with NMIBC and controls (Figure 2B).
Spearman rank correlation coefficient analysis revealed

significant correlations between CSF expression in the tumor
and urine for M-CSF (P=0.001), G-CSF (P=0.016), and GM-
CSF (P=0.023) (Figure 2C).

Clinical outcomes

Overall, 21 (36%) patients had cancer recurrence at a
median of 22.5 months after RC, and 20 (34%) died at a
median of 39.5 months after RC, of whom 13 (22%) died
of bladder cancer at a median of 39.5 months. In univariate
analyses, M-CSF expression in bladder cancer cells was
not associated with cancer outcomes (Figure 3A). G-CSF
expression (high vs low) was associated with the probabil-
ity of recurrence (5-year RFS: 52% vs 21%) and cancer-
specific mortality (5-year CSS: 38% vs 11%) (Figure 3B).
GM-CSF expression (low vs high) was associated with
the probability of recurrence (5-year RFS: 57% vs 17%)
and cancer-specific mortality (5-year CSS: 44% vs 10%)
(Figure 3C). In multivariate Cox models, pathological T
stage, high G-CSF expression, and low GM-CSF expres-
sion were significantly associated with an increased risk of
recurrence. Pathological T stage, high G-CSF expression,
and low GM-CSF expression were significantly associated
with cancer-specific mortality. Pathological T stage and
low GM-CSF expression were significantly associated with
overall mortality (Table 2).
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Figure 2 (A) Serum M-CSF, G-CSF, and GM-CSF levels in the three groups (MIBC [M], NMIBC [NM], and healthy controls [C]). Serum M-CSF levels in patients with MIBC
are higher than those in patients with NMIBC and healthy controls. (B) M-CSF, G-CSF, and GM-CSF levels in the urine in the three groups (MIBC, NMIBC, and control).
G-CSF and GM-CSF levels in the urine in patients with MIBC are higher than in those with NMIBC and controls. (C) Spearman rank correlation coefficient analysis between
the histoscore and CSF levels in the urine. CSF levels in the urine were significantly associated with the levels of expression of CSFs in the tumor lesion. *P<0.05.
Abbreviations: M-CSF, macrophage colony-stimulating factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor;
MIBC, muscle-invasive bladder cancer; NMIBC, non-muscle invasive bladder cancer; ns, not significant.

Discussion

In the management of MIBC, many predictors of a poor
outcome such as age, sex, performance status, preoperative
low hemoglobin, C-reactive protein, neutrophil-lymphocyte
ratio, pathological T stage, lymph node metastasis, LVI, and
tumor growth pattern have been used.!*"!"1*2! In the present
study, we investigated the expression of CSFs in treatment-
naive bladder specimens from 58 patients with MIBC. To our
knowledge, this is the first study to analyze the expression
of CSFs in MIBC.

CSFs are growth factors regulating the growth, prolifera-
tion, and differentiation of cells of hematopoietic lineages.
Overexpression of CSFs in many malignant cancers has been
reported. M-CSF expression in type II papillary renal cell
carcinoma and breast cancers has been associated with a poor
prognosis.® 1%, In this study, M-CSF expression in bladder

cancer cells detected by IHC staining was not associated with
cancer outcomes for patients with MIBC after RC.

G-CSF expression in bladder cancer cells detected by
IHC staining was significantly associated with an increased
risk of recurrence and cancer-specific mortality of patients
with MIBC after RC. G-CSF-producing malignant tumors
have been reported to occur in many organs, most of which
have been associated with extremely poor clinical outcomes.?
Mizutani et al** reported that 9.2% of bladder tumors had
elevated G-CSF levels, which was positively associated with
an increase in grade and progression of stage of cancer, more
so in patients with distant metastasis. Patients with G-CSF-
producing bladder cancers have poor disease-specific survival
rates at 5 years follow-up.

The mechanism responsible for overexpression of G-CSF
in bladder cancer has yet to be fully elucidated. An in vitro
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Figure 3 (A) M-CSF expression in bladder cancer cells is not associated with the probability of recurrence or cancer-specific mortality. (B) G-CSF expression (high vs low)
is associated with the probability of recurrence and cancer-specific mortality. (C) GM-CSF expression (low vs high) is also associated with the probability of recurrence and

cancer-specific mortality.

Abbreviations: M-CSF, macrophage colony-stimulating factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor;

RFS, recurrence-free survival; CSS, cancer-specific survival.

Table 2 Univariate and multivariate analyses for RFS, CSS, and OS

Factor RFS CSS oS

Univariate  Multivariate Univariate  Multivariate Univariate  Multivariate

HR P-value HR 95% CI P-value HR P-value HR 95% CI P-value HR P-value HR 95% CI P-value
T stage 2.87 0.02 6.30 1.91-20.74 0.002 7.24 0.0l 20.31 2.37-174.23 0.006 3.09 0.02 3.25 1.15-9.16 0.026
(2-3 vs 4)
M-CSF 1.68 0.31 1.63 0.46 .15 0.78
(high vs low)
G-CSF 291 0.02 9.62 2.87-37.34 0.001 442 0.02 633 1.11-22.54 0.014 3.09 0.031
(low vs high)
GM-CSF 3.32 0.01 10.35 3.04-35.25 0.001 3.89 0.04 820 1.66—40.45 0.0l 2.58 0.04 3.48 1.20-10.09 0.022
(high vs low)

Abbreviations: RFS, recurrence-free survival; CSS, cancer-specific survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; M-CSF, macrophage colony-
stimulating factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte macrophage colony-stimulating factor.
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study found that G-CSF/G-CSF receptors exhibit high affinity
binding, and this biological pathway increases the prolifera-
tion of bladder cancer cells.? This autocrine mechanism of
growth may be associated with aggressive tumor growth and
adverse clinical outcomes.

GM-CSF expression in bladder cancer cells detected by
IHC staining was significantly associated with a decreased
risk of recurrence and cancer-specific mortality. Similar to
our results, Nebiker et al reported that GM-CSF expression
in colorectal cancer was an independent favorable prognostic
factor.!> GM-CSF plays a key role in the differentiation and
functional maturation of different myeloid populations and
has the ability to activate antigen-presenting cells. Some
researchers have reported that immunotherapy with GM-
CSF was effective in animal models of bladder cancer.!*%
GM-CSF enhances the activity of antitumor immune cells
such as granulocytes, macrophages, and dendritic cells in
tumors and may lead to successful tumor treatment.?> GM-
CSF expression in bladder tumors may activate immune cells.

GM-CSF level in the urine of patients with MIBC was
higher than that in those with NMIBC and controls. Similar
to our results, Kumari et al reported that urine level of GM-
CSF was significantly higher in high-grade bladder cancer
patients compared to low-grade bladder cancer patients and
controls.?® In the present study, all the patients were diagnosed
with high-grade bladder cancer. GM-CSF in the urine of
patients with bladder cancer may indicate poor prognosis.
But in patients with MIBC, levels of GM-CSF in urine before
treatment could be also useful in prognostication because
levels of GM-CSF in the urine significantly correlated with
GM-CSF expression in the tumor which was associated with
cancer-specific mortality.

G-CSF administration to patients with cancer during
chemotherapy is effective in reducing neutropenia duration
and the risk of neutropenia-related negative events and in
reducing the risk of febrile neutropenia and early deaths,
including infection-related mortality.**"*® However, Perez
et al reported a patient with rapid clinical deterioration and
leukemoid reaction, treatment of bladder cancer with G-CSF
along with chemotherapy should be considered.” Recombi-
nant G-CSF may have both direct and indirect stimulatory
effects on the growth of bladder cancer cells.*® Trials on
GM-CSF administration with chemotherapy for patients
with cancer produced less convincing data. However, for
recipients of allogeneic hematopoietic stem-cell transplan-
tation, compared with G-CSF, prophylactic GM-CSF was
associated with lower transplantation-related mortality.>!
Administration of GM-CSF with chemotherapy to patients

with bladder cancer could improve outcomes compared with
that of G-CSF because GM-CSF enhances the activity of
antitumor immune cells.

Limitations of this study include a small sample size
and the fact it is a retrospective analysis. Future studies
such as in vivo study or animal study, will be necessary to
determine the regulatory effects of CSFs on bladder cancer
and to evaluate the expression of CSF receptors and immune
cells in the tumor microenvironment. Another limitation is
that the specificity of three antibodies was not assessed. It
is not easy to confirm the specificity because none of the
blocking peptides was commercially available. The supplier
has confirmed the specificity and provided the recommended
staining protocol for each antibody in the datasheets.

Conclusion

High G-CSF and low GM-CSF expression in the tumor are
independent predictors of a poor outcome in MIBC after RC.
Levels of G-CSF and GM-CSF in the urine before treatment
could be useful in prognostication.
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Supplementary materials

We randomly extracted nine patients with low-grade non-
muscle-invasive bladder cancer who underwent TURBT at
the Department of Urology, Nara Medical University between
2002 and 2013. The control cohort consisted of 61 healthy
volunteers (Table S1). Eight healthy controls underwent rou-
tine medical checkup once a year and revealed no evidence
of malignant disease including urogenital cancer and chronic
kidney disease, which could cause proteinuria.
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Table SI Clinicopathological features in patients with NMIBC

and healthy controls

Variables NMIBC (n=9) Healthy controls
(n=8)
Median age, years (IQR) 67 (65-75) 62 (59-66)
Follow-up, months (IQR) 51 (39-60)
Sex, n (%)
Male 7(78) 5(63)
Female 2(22) 3(37)
T stage, n (%)
Ta 9 (100)

Abbreviations: NMIBC, non-muscle-invasive bladder cancer; IQR, interquartile

range.
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