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Abstract

Background Urothelial carcinoma (UC) is a common type of malignant disease; however, the diagnostic and prognostic
markers of upper urinary tract urothelial cancer (UTUC) remain poorly understood because of its rarity.

Methods To clarify the clinicopathological significance of granulocyte-colony stimulating factor (G-CSF) in UTUC,
we analyzed the expression and distribution of G-CSF in 112 upper tract urothelial carcinoma (UTUC) samples with
immunohistochemistry.

Results In normal urothelium, G-CSF expression was weak or absent, whereas high expression of G-CSF was observed in
UTUC tissues, both in tumor cells (TCs) and stromal cells (SCs). G-CSF expression in the TCs and SCs was associated with
nodular/flat morphology, high grade, advanced T stage, and lymphovascular invasion in UTUC. G-CSF expression in SCs
was associated with poor prognosis and was an independent prognostic factor. Public data showed that G-CSF expression
was also associated with decreased progression-free survival and disease-specific survival. A prognostic model was con-
structed by incorporating the presence or absence of G-CSF expression along with clinicopathologic factors, which allowed
for a more accurate prediction of poor prognosis. We further showed that G-CSF expression was associated with a high
Ki-67 labeling index and with PD-L1, HER2, and p53 expression in UTUC.

Conclusion G-CSF expression in TCs and SCs may play a crucial role in UTUC tumor progression. Notably, stromal G-CSF
expression showed significant prognostic value, even when compared to major clinicopathological factors, suggesting that
the evaluation of G-CSF expression may contribute to clinical decision-making in patients with UTUC.

Keywords Clinicopathological significance - G-CSF - Immunohistochemistry - Prognostic marker - Upper tract
urothelial carcinoma

Introduction
P4 Yohei Sekino . . . .
akikosekino@gmail.com Urothelial carcinoma (UC) is a common malignancy. Most
1 cases of UC are of urinary bladder UC, and upper tract UC
Laboratory of Molecular Pathology, Department of (UTUCQ) is relatively rare, accounting for approximately

Molecular Biosciences, Radiation Effects Research
Foundation, Hiroshima, Japan

5-10% of all urothelial tumors (Rouprét et al. 2018). The
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clinicopathological parameters including stage, grade, con-
comitant carcinoma in situ (CIS), and lympho-vascular and
venous invasion have been shown to be prognostic fac-
tors (Rouprét et al. 2018; Leow et al. 2016; Li et al. 2020;
Margulis et al. 2009). However, their predictive accuracy
remains limited due to individual variation. Despite this,
little is known about the efficacy of prognostic markers
and therapeutic targets in UTUC. Clinical decision-making
involving UTUC requires the identification of useful prog-
nostic biomarkers and novel therapeutic targets.

Recent reports indicate that several biomarkers (e.g.,
HER2, EGFR, PD-L1, CDS, claspin, MUC1, ANXA10,
TUBB3, and MCM4) have prognostic significance in UTUC
(Favaretto et al. 2018; Chen et al. 2021b; Hagiwara et al.
2016; Kobayashi et al. 2021, 2022a, b, 2023a, b). Although
biomarkers often focus on the expression in tumor cells
(TCs), the molecular characteristics of tumor stromal cells
(SCs) have important implications for tumorigenesis and
tumor progression. The tumor microenvironment (TME)
is well known to greatly influence tumor development and
progression (Wang et al. 2023). However, reports focusing
on the TME in UTUC are limited. Tumor-associated neutro-
phils (TANSs) play a crucial role in tumor development and
progression within the TME (Yan et al. 2022). Recent stud-
ies have shown that granulocyte-colony stimulating factor
(G-CSF) derived from TANs induces their activation and
differentiation (Karagiannidis et al. 2021; He et al. 2022).
G-CSF, also known as colony-stimulating factor 3 (CSF3),
is a critical regulator of the proliferation, differentiation,
and survival of granulocytes (Karagiannidis et al. 2021;
Dwivedi and Greis 2017). G-CSF production by malignant
tumors has been reported in several cancers, such as lung,
breast, and cervical cancer, and has been associated with
poor clinical outcomes (Karagiannidis et al. 2021). How-
ever, to our knowledge, the clinicopathological significance
of G-CSF in UC remains largely unknown. Moreover, pre-
vious reports investigating G-CSF expression in various
cancers have focused primarily on TCs, and the distribution
and clinicopathological significance of G-CSF in tumor SCs
are still poorly understood.

In the present study, we clarified the distribution and
clinicopathological significance of G-CSF expression in UC
for the first time, to our knowledge, using surgical UTUC
tissue specimens. We chose to analyze UTUC samples
because this approach allows comparison of the correla-
tions between molecular expression and clinicopathologi-
cal factors across various stages of UTUC treated by radical
nephroureterectomy, without the influence of modifications
such as transurethral resection. We also evaluated the asso-
ciation between G-CSF expression and representative can-
cer-related molecules.
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Materials and methods
Tissue samples

The medical records of patients who underwent radical
nephroureterectomy for unilateral UTUC at Hiroshima Uni-
versity Hospital between April 1999 and May 2019 were
retrospectively reviewed. Patients with neoadjuvant chemo-
therapy were excluded from this study. Thus, 112 patients
(mean age, 71.4 years; standard deviation 10.2 years; male,
n=82 [73%]) were included. Pathology specimens were
examined and rereviewed for staging according to the 8th
edition of the American Joint Committee on Cancer/Union
for International Cancer Control (AJCC/UICC) TNM clas-
sification (2017). We used the 2004 WHO/ISUP 2-tier
grading system to evaluate the tumor grade. During the
follow-up period, cancer deaths were observed in 18 (16%)
patients, and the study endpoint was CSS. Our follow-up
protocol consisted of a urine analysis and chest-abdomen-
pelvis computed tomography with or without contrast every
3—6 months for at least five years, according to the pref-
erences of each physician. The final follow-up date was
August 1, 2020.

Immunohistochemistry

Immunohistochemistry was performed on one or two rep-
resentative tumor blocks, including the tumor center and
invading front according to the manufacturer’s protocol.
Immunohistochemical analysis was performed using a
Dako Envision+Mouse Peroxidase Detection System
(Dako Cytomation, Carpinteria, CA). Antigen retrieval was
performed by microwave heating in citrate buffer (pH 8.0)
for 60 min. Peroxidase activity was blocked with 3% H,0,-
methanol for 5 min, and the sections were incubated with
normal goat serum (Dako Cytomation) for 20 min to block
nonspecific antibody binding sites. Sections were incubated
with a goat polyclonal anti-G-CSF K-15 sc-49,679 antibody
(dilution 1:500, Santa Cruz. Biotechnology) for 1 h at room
temperature, followed by incubation with Envision + anti-
mouse peroxidase for 1 h. The sections were incubated with
DAB Substrate-Chromogen Solution (Dako Cytomation)
for 5 min for color reaction and were then counterstained
with 0.1% hematoxylin. Negative controls were created by
omission of the primary antibody. The expression of G-CSF
was evaluated in TCs and SCs, respectively. G-CSF expres-
sion in TCs was analyzed using the histoscore (H-score).
The percentage of G-CSF expression in SCs was calculated.

The evaluation of Ki-67, PD-L1, CD44v9, HER2, EGFR,
FGFR3, p53, GATA3, and CK5/6 was described previously
(Kobayashi et al. 2021, 2022a, b, 2023a, b). We defined
the following as positive: >20% of cancer cells stained for
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GATA3, all layers stained for CK5/6, and >10% of can-
cer cells stained for CD44v9 and TP53. The expression
of HER2, EGFR, and FGFR was scored according to the
intensity of antibody staining (0=no staining, 1 +=weak
staining, 2+ =moderate staining, and 3 +=intense stain-
ing), and all cases with staining intensity of 3 +or 2 +were
defined as positive The expression of PD-L1 was evalu-
ated on the membrane of TCs and tumor-infiltrating lym-
phocytes (TILs) and was considered positive according to
median cutoff values rounded off to the nearest 1% on TCs
and TILs, respectively.

In silico analysis

The expression array data were downloaded from GEO
and Array Express under accession number GSE166912
(Karanovic¢ et al. 2022). The data from the study by Fujii et
al., which included the clinicopathologic characteristics of
158 UTUC patients from their study, were downloaded(Fujii
et al. 2021). Using the study by Fujii et al., survival analysis
was also performed.

Protein-protein interaction network analysis

The Search Tool for the Retrieval of Interacting Genes
(STRING) (https://string-db.org/) and the Multiple Assoc
iation Network Integration Algorithm (GeneMANIA) (ht
tp://www.genemania.org/) were used to construct the prot
ein-protein interaction network between CSF3 and related
proteins. In both databases, the species was set to Homo
sapiens. In STRING, we set the minimum required inter-
action score to high confidence values (0.900) and limited
the maximum number of interactors to 10. In GeneMANIA,
we selected physical interactions, co-expression, predicted
interactions, co-localization, genetic interactions, pathways,
and shared protein domains to be included in the results.

Statistical analysis

All statistical analyses were performed using SPSS (SPSS
Inc., Chicago, IL, USA). Correlations between clinicopath-
ological parameters and G-CSF expression were analyzed
using Fisher’s exact test. Kaplan-Meier survival curves
were constructed for G-CSF-positive and G-CSF-negative
patients, and the survival rates of the two groups were com-
pared. Differences between survival curves were tested for
statistical significance by a log-rank test. Univariate and
multivariate Cox proportional hazards regression analy-
ses were performed to evaluate the associations between
clinical covariates or various molecules and survival.
G-CSF expression was compared between the two groups
by the Wilcoxon signed-rank test. P values of <0.05 were

considered to indicate statistical significance. A receiver
operating characteristic (ROC) curve analysis was per-
formed, and the optimal cutoff value for G-CSF expression
in TCs and SCs was determined using Youden’s index.

ROC curve, Concordance index (C-index) curve, Uni-
form Manifold Approximation and Projection (UMAP),
and support vector machine (SVM) were also conducted by
installing Python 3.0 on Jupyter Notebook (version 6.3.0),
an interactive computing notebook environment. The codes
used for these analyses are presented in Supplementary
Data 1.

Results
Expression and distribution of G-CSF in UTUC tissues

We first performed immunohistochemical staining of the
112 UTUC tissue samples. In non-neoplastic urothelium,
the staining of G-CSF was weak or absent (Fig. 1A),
whereas strong cytoplasmic expression of G-CSF was
detected in UTUC tissues (Fig. 1B). Depending on the
case, G-CSF expression was observed in both TCs and
tumor SCs (Fig. 1B). In comparison to non-neoplastic uro-
thelium, the expression levels of G-CSF were significantly
higher in tumor tissues (P<0.0001, Fig. 1C). Moreover,
the cells expressing G-CSF were frequently observed in the
deeper invasive region compared to the surface of the tumor
(Fig. 1D-F). We also examined G-CSF expression in the
surface area and the deeply invasive front. The expression
of G-CSF was significantly higher in the invasive front than
on the surface (P=0.0044, Fig. 1G).

Expression of G-CSF in UTUC and its relationship
with clinicopathological parameters

We evaluated G-CSF expression in TCs using the H-score.
The H-score of G-CSF was calculated with the following
formula: H-score=0 X % of non-stained cells+1 X % of
weakly stained cells +2 X % of moderately stained cells +3
X % of strongly stained cells (Fig. SIA). We then generated
ROC curves to determine the cutoff value that correlated
with CSS (Fig. S1B). With an optimal cutoff value of 50,
specimens were classified as either negative (H-score < 50)
or positive (H-score>50) for G-CSF expression in TCs.
G-CSF-positive TCs were observed in 55 (49%) of the 112
cases of UTUC. They were associated with nodular/flat
morphology (P<0.0001), high tumor grade (P=0.0237),
advanced pathological T stage (P<0.0001), concomi-
tant CIS (P=0.0327), and lympho-vascular invasion
(P=0.0331) (Table 1).
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Fig. 1 Immunohistochemical

Non-neoplastic urothelium

analysis of G-CSF expression in
upper tract urothelial carcinoma
(UTUC). (A) Representative
staining image of G-CSF in
adjacent non-neoplastic tissue.
(B) Representative staining
image of G-CSF in neoplastic
tissue. (A, B) Scale bar indicates
100 pm. (C) Comparison of
G-CSF expression levels between A

Tumor region

non-neoplastic and neoplastic
lesions in UTUC tissues. Statisti-
cal significance was determined
by the Wilcoxon signed-rank
test. (D) Low-power magnifica-
tion of G-CSF expression in UC
tissues, showing both the surface
area and the invasive front.

Scale bar indicates 500 pm. (E)
G-CSF expression on the tumor
surface. (F) G-CSF expression at
the tumor invasive front. (E, F)
Scale bars indicate 100 um. (G)
Comparison of G-CSF expression
levels between the surface area
and the invasive front in UTUC
tissues. Statistical significance
was determined by the Wilcoxon
signed-rank test. Scale bar indi-
cates 100 pm
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We also evaluated G-CSF expression in SCs. The per-
centages of G-CSF-expressing cells including fibroblasts,
macrophages, and inflammatory cells were calculated in
the tumor stromal area (Fig. S2A). After conducting ROC
curve analysis, an optimal cutoff value of 70 was deter-
mined, and specimens were classified as either negative
(< 70) or positive (>70) for G-CSF expression in SCs (Fig.
S2B). G-CSF-positive SCs were observed in 26 (23%) of
the 112 cases of UTUC. They were associated with older
age (0.0346), nodular/flat morphology (P=0.0002), high
tumor grade (P=0.0230), advanced pathological T stage
(P<0.0001), concomitant CIS (P=0.0478) and lympho-
vascular invasion (P=0.0439) (Table 1). G-CSF expression
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was not significantly associated with blood test results in
either TCs or SCs (Table S1).

Relationship between expression and prognosis of
UTuC

We performed a Kaplan-Meier analysis to investigate the
association between G-CSF expression and patient prog-
nosis to further elucidate the clinical impact of G-CSF on
UTUC in our 112 patients. G-CSF expression in TCs was
marginally significantly associated with increased CSS
(P=0.0771, Fig. 2A). G-CSF expression in SCs was signifi-
cantly associated with increased CSS (P <0.0001, Fig. 2B).



Journal of Cancer Research and Clinical Oncology (2025) 151:18

Page50f12 18

Table 1 Relationship between immunohistochemical positivity for GCSF in tumor cells and clinicopathological parameters in 112 cases of upper

tract urothelial carcinoma

GCSF expression in TCs GCSF expression in SCs
Positive Negative P value Positive Negative P value
Age
Average+SD 69.8+11.0 73.7+8.6 0.0592 70.7+£10.4 752+7.9 0.0346
Sex
Female (n=30) 14 (47%) 16 0.8324 7 (23%) 23 1.0000
Man (n=82) 41 (50%) 41 19 (23%) 63
Location
Renal pelvis (n=56) 22 (39%) 34 0.1150 10 (18%) 46 0.3625
Ureter (n=51) 30 (59%) 21 15 (29%) 36
Both (n=5) 3 (60%) 2 1 (20%) 4
Morphology
Papillary (n=66) 21 (32%) 45 <0.0001 7 (11%) 59 0.0002
Nodular/Flat (n=46) 34 (74%) 12 19 (41%) 27
Histological classification
Pure type (n=103) 49 (48%) 54 0.3167 22 (21%) 81 0.2086
Variants (n=9) 6 (67%) 3 4 (44%) 5
Histological grade
Low grade (n=49) 18 (37%) 31 0.0237 6 (12%) 43 0.0230
High grade (n=63) 37 (59%) 26 20 (32%) 43
Pathological T stage
pTa/is/1 (n=54) 15 (28%) 39 <0.0001 2 (4%) 52 <0.0001
pT2/3/4 (n=58) 40 (69%) 18 24 (41%) 34
Concomitant CIS
Absence (n=060) 24 (40%) 36 0.0327 9 (15%) 51 0.0478
Presence (n=47) 29 (62%) 18 17 (36%) 30
Lympho-vascular invasion
Ly 0 (n=79) 34 (43%) 45 0.0331 14 (18%) 65 0.0439
Ly 1 (n=30) 20 (67%) 10 11 (37%) 19
Venous invasion
v0 (n=34) 21 (62%) 13 0.1008 14 (19%) 61 0.1420
vl (n=175) 33 (44%) 42 11 (32%) 23

Bold values indicate statistical significance (P <0.05)

Abbreviations G-CSF, Granulocyte-colony stimulating factor; TCs, tumor cells; SCs, stromal cells; SD, standard deviation; CIS, carcinoma in

situ
P values were calculated with Fisher’s exact test

We also performed univariate and multivariate Cox pro-
portional hazards analyses. In the univariate analysis, mor-
phology, tumor grade, T stage, lympho-vascular invasion,
venous invasion, and G-CSF expression in SCs were associ-
ated with CSS (Table 2). In the multivariate models, G-CSF
expression in SCs was the only independent prognostic
marker for CSS (Table 2). In addition, G-CSF expression
in SCs showed a stronger prognostic value compared to the
key clinicopathological factors, as verified by the ROC and
C-index analysis (Fig. 3A, B).

Using all data from a clinicopathological dataset (shown
in Table 1), including G-CSF expression in both TCs and
SCs, UMAP was applied to visualize distribution plots. We
observed a tendency to distinguish between favorable and
poor prognosis through the reduction of dimensionality

(Fig. 3C). We then constructed a prognostic model using
a SVM to predict CSS. The dataset was split into training
and testing sets using a 50/50 ratio to evaluate the classi-
fication model. The prognostic risk model based solely on
the clinicopathological dataset achieved AUC of 0.73 and
0.96, accuracy of 0.79 and 0.92 for the training and testing
models, respectively (Fig. 3D). Interestingly, the predictive
performance improved by incorporating G-CSF expression
results into the clinicopathological dataset (testing/train-
ing AUC and accuracy: 0.80/0.97, 0.85/0.96, respectively)
(Fig. 3E).
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Fig.2 Survival analysis. (A) Rep-
resentative staining images show-
ing G-CSF positive and negative
expression in tumor cells (TCs)
along with a Kaplan-Meier plot
for cancer-specific survival
(CSS). (B) Representative stain-
ing images showing G-CSF posi-
tive and negative expression in
stromal cells (SCs) along with a
Kaplan-Meier plot for CSS. Scale
bars indicate 100 um
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In silico analysis of G-CSF expression

We then evaluated the relationship between G-CSF expres-
sion and several parameters using The Cancer Genome
Atlas UTUC dataset. G-CSF expression was significantly
higher in UTUC tissues compared to normal urothelium in
the GSE166912 study (Fig. S3A). Increased G-CSF expres-
sion was observed in cases with higher T stage, higher his-
tological grade, the presence of sarcomatoid changes, and
the TP53 mutational subtype in the study by Fujii et al.
[21]. (Fig. S3B-E). Notably, high G-CSF expression was
significantly associated with poor progression-free sur-
vival (P=0.003, Fig. S3F) and disease-specific survival
(P<0.001, Fig. S3G) among UTUC patients in the same
study.

Correlation between G-CSF expression and various
cancer-related molecules

Although we showed that G-CSF could contribute to

tumor progression in UTUC, the molecules with which
G-CSF is associated remain largely unknown. We therefore

@ Springer
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Survival period (days)

investigated the relationship between G-CSF expression and
various cancer-related molecules, including Ki-67, PD-LI,
CD8, CD44v9, HER2, EGFR, FGFR3, p53, GATA3, and
CKS5/6 in the 112 cases of UTUC. We revealed that G-CSF
expression in both TCs and SCs was significantly associ-
ated with the high expression of Ki-67, PD-L1, HER2, and
p53 (Table 3). We also investigated whether G-CSF has an
independent predictive value for prognosis compared to
other markers. We performed univariate and multivariate
Cox proportional hazards analyses of CSS for various mol-
ecules including those with G-CSF expression. In the uni-
variate analysis, G-CSF (SCs), PD-L1 (TCs and TILs), and
CD44v9 were associated with CSS. Among them, G-CSF
expression in SCs had the highest hazard ratio. In the mul-
tivariate models, the expression of G-CSF (SCs), CD44v9,
p53, and CK 5/6 provided an independent prognostic marker
for CSS (Table S2).

Protein-protein interaction network of G-CSF

As G-CSF may interact with many proteins or genes to influ-
ence tumorigenesis, it is important to identify the proteins
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Table 2 Univariate and multivariate Cox proportional hazards analyses of cancer-specific survival in 112 cases of upper tract urothelial carcinoma

Prediction of cancer specific survival

Univariate analysis

Multivariate analysis

HR (95% CI) P value OR (95% CI) P value

Morphology
Papillary 1 (Reference) 0.0010 1 (Reference) 0.2417
Nodular/Flat 6.45 (2.12-19.69) 1.85 (0.40-9.33)

Histological classification
Pure type 1 (Reference) 0.0630 1 (Reference) 0.4283
Variants 3.26 (0.94-11.35) 0.38 (0.02-2.89)

Grade
Low grade 1 (Reference) 0.0323 1 (Reference) 0.9091
High grade 3.37 (1.11-10.27) 1.1 (0.24-6.98)

T stage
Ta/is/1 1 (Reference) <0.0001 1 (Reference) 0.1749
T2/3/4 20.71 (2.75-155.79) 6.11 (0.59-149.86)

Concomitant CIS
Absence 1 (Reference) 0.2458 1 (Reference) 0.2830
Presence 1.76 (0.68-4.57) 0.55(0.18-1.70)

Lympho-vascular invasion
Ly O 1 (Reference) 0.0003 1 (Reference) 0.2657
Ly1 5.88(2.26-15.28) 2.13 (0.59-8.85)

Venous invasion
v0 1 (Reference) 0.0037 1 (Reference) 0.2758
vl 4.08 (1.58-10.55) 2.11 (0.57-8.65)

GCSF in TCs
Positive 1 (Reference) 0.0876 1 (Reference) 0.2417
Negative 2.48 (0.87-7.05) 0.40 (0.08-1.86)

GCSF in SCs
Positive 1 (Reference) 0.0001 1 (Reference) 0.0198
Negative 6.87 (2.61-19.97) 6.42 (1.54-36.55)

Bold values indicate statistical significance (P <0.05)

Abbreviations HR, hazard ratio; CI, confidence interval; G-CSF, granulocyte-colony stimulating factor; TCs, tumor cells; SCs, stromal cells;

CIS, carcinoma in situ

with which it interacts. The STRING database was used to
create a protein-protein interaction network, which provides
interaction evidence through text mining, experiments,
databases, co-expression, neighborhood, gene fusion, and
co-occurrence. The top 10 proteins interacting with G-CSF
were CSF3R, THPO, EPO, JAK2, CSF2, IFNG, CCL11,
IL1A, IL1B, and IL6 (Fig. S4A). We also confirmed these
interactions using the GeneMANIA database, which con-
structs complex gene-gene functional interaction networks.
Twenty genes associated with G-CSF were identified,
including G-CSF3R, ELANE, IL6, IL6ST, POU2F2, HSF1,
SFTPB, CXCL3, TNFAIP6, HBEGF, AGER, EDN1, RELA,
CCL2, LIF, RARRESI1, NPHP1, CAMLG, GTF3Cl, and
SLC34A2 (Fig. S4B). Therefore, G-CSF is suggested to be
associated with immune responses, inflammatory cytokines,
hematopoietic hormones, chemokines, proteases, and can-
cer-related molecules.

Discussion

G-CSF has been shown to be involved in tumor growth,
progression, and metastasis in many cancers (Karagiannidis
et al. 2021). However, the clinicopathological significance
of G-CSF expression in UTUC remains poorly understood.
In the present study, our immunohistochemical analysis
showed that G-CSF expression was significantly higher in
tumor tissues than in normal urothelium and was associated
with nodular/flat morphology, high tumor grade, advanced
pathological T stage, concomitant CIS, and lympho-vascu-
lar invasion. Similar findings were confirmed through in
silico analysis. Significant G-CSF expression was more fre-
quently observed in the invasive front than in the superficial
area. In addition to that in TCs, strong G-CSF expression
was occasionally observed in tumor SCs. In fact, it has been
reported that G-CSF is expressed not only in TCs but also in
immune cells, fibroblasts, and macrophages (Karagiannidis
et al. 2021; Cetean et al. 2015). Stromal G-CSF expression
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Fig. 3 Survival analysis using a machine learning approach. (A)
Receiver operating characteristic (ROC) curve of G-CSF status and
other clinicopathological parameters. (B) The C-index curve of G-CSF
status and other clinicopathological parameters. (C) Distribution plots
for each upper tract urothelial carcinoma (UTUC) case generated using

was also associated with adverse clinicopathological fea-
tures and poor prognosis in UTUC. Interestingly, stromal
G-CSF expression emerged as a more predictive biomarker
for poor prognosis and was an independent prognostic factor
among the significant clinicopathological factors in UTUC.
In silico analysis showed high expression of G-CSF to be
significantly associated with decreased progression-free
survival and disease-specific survival. Moreover, construct-
ing the SVM model that incorporated G-CSF expression
alongside clinicopathological factors predicted poor prog-
nosis with greater accuracy than using clinicopathological
factors alone. These results suggest that G-CSF expression
may play an important role in the TMEs of UTUC, with
stromal G-CSF expression potentially contributing to poor
prognosis.

G-CSF is reported to be associated with various sig-
naling pathways(Dwivedi and Greis 2017; Furmento et
al. 2014; Karagiannidis et al. 2021). According to the lit-
erature, G-CSF activates STAT through interaction with
JAK?2 to promote tumor cell proliferation in several cancers
(Karagiannidis et al. 2021; Kumar et al. 2014; Fan et al.
2018; Li et al. 2016; Agarwal et al. 2015). Indeed, our find-
ings showed that G-CSF expression correlated with Ki-67,
indicating that G-CSF is involved in tumor proliferation in

@ Springer

Uniform Manifold Approximation and Projection (UMAP). (D) ROC
curves comparing the classification of prognosis using the clinicopath-
ological dataset alone versus the combined clinicopathological data-
set and G-CSF results (E) utilizing a support vector machine (SVM)
algorithm

UTUC. STRING analysis confirmed a strong relationship
between JAK?2 and G-CSF, as well as with proinflammatory
cytokines. Furthermore, our immunohistochemical analy-
sis confirmed a significant correlation between G-CSF and
HER?2. It is well known that JAK2 activation is associated
with HER2 positivity in breast cancer(Regua et al. 2024;
Doheny et al. 2020). Thus, G-CSF may be linked to JAK2
and various cytokines and chemokines that, when influ-
enced by stimulation of HER2 signaling, contribute to tumor
progression, tumorigenesis, and poor prognosis in UTUC.
G-CSF also formed a network with other proteins involved
in cancer growth and progression, such as POU2F2, HEF1,
and CXCL3. These results suggest that G-CSF may play a
role in the progression of UTUC and could serve as a poten-
tial biomarker and therapeutic target to support personalized
treatment strategies.

We also showed an association between G-CSF and
PD-L1 expression in UTUC. The PD-1/PD-L1 pathway is
one of the most important signaling pathways in immune
checkpoint therapy (Han et al. 2020). The expression status
of PD-L1 is known to be related to the efficacy of immu-
notherapy (Han et al. 2020). In UTUC, PD-L1 expression
is associated with adverse pathological features and poor
prognosis (Chen et al. 2021a, b; Lu et al. 2020). According
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Table 3 Relationship between the expression of G-CSF and various cancer-related molecules in 112 cases of upper tract urothelial carcinoma

GCSF expression in TCs

GCSF expression in SCs

Positive Negative P value Positive Negative P value

Ki-67
Positive (>20%) 22 (76%) 7 0.0011 11 (38%) 18 0.0407
Negative (<20%) 33 (40%) 50 15 (18%) 68

PD-L1 in TCs
Positive 11 (69%) 5 0.1096 8 (50%) 8 0.0108
Negative 44 (46%) 52 18 (19%) 78

PD-L1 in TILs
Positive 23 (68%) 11 0.0133 13 (38%) 21 0.0165
Negative 32 (41%) 46 13 (17%) 65

CD8 in TCs
Positive 19 (61%) 12 0.1403 7 (23%) 24 1.0000
Negative 36 (44%) 45 19 (23%) 62

CD44v9
Positive 14 (56%) 11 0.3705 6 (24%) 19 0.7808
Negative 38 (45%) 46 17 (20%) 67

HER2
Positive 16 (80%) 4 0.0028 11 (55%) 9 0.0006
Negative 39 (42%) 53 15 (16%) 77

EGFR
Positive 17 (61%) 11 0.1925 10 (36%) 18 0.1187
Negative 38 (45%) 46 16 (19%) 68

FGFR3
Positive 14 (39%) 22 0.1597 6 (17%) 30 0.3401
Negative 41 (54%) 35 20 (26%) 56

p53
Positive 23 (72%) 9 0.0032 15 (47%) 17 0.0004
Negative 32 (40%) 48 11 (14%) 69

GATA3
Positive 46 (46%) 54 0.0713 21 (21%) 79 0.1452
Negative 9 (75%) 3 5 (42%) 7

CK 5/6
Positive 14 (58%) 10 0.3612 4 (17%) 20 0.5859
Negative 41 (47%) 47 22 (25%) 66

Bold values indicate statistical significance (P <0.05)

Abbreviations G-CSF, granulocyte-colony stimulating factor; TCs, tumor cells; SCs, stromal cells; PD-LI1, programmed death ligand 1; TILs,
tumor infiltrating lymphocyte; CD44v9, CD44 variant 9; HER2, human epidermal growth factor receptor type 2; EGFR, epidermal growth
factor receptor; FGFR3, fibroblast growth factor receptor; GATA3, GATA binding protein 3; CK 5/6, cytokeratin 5/6

P values were calculated with Fisher’s exact test

to the network analysis, G-CSF closely interacted with IL-6
(interleukin 6), a pleiotropic cytokine. IL-6 is a promoter of
G-CSF, is associated with tumor progression, and is thought
to influence anti-tumor immunity through various mecha-
nisms (Jones and Jenkins 2018; Karagiannidis et al. 2021;
Liu et al. 2020). It is also known to induce PD-L1 expression
via the JAK/STAT3 pathway (Chan et al. 2019; Rahmadiani
et al. 2024; Jiang et al. 2019). Thus, it is possible that the
interaction between G-CSF and IL-6 could influence PD-L1
expression, and G-CSF expression may have potential as a
predictor of UTUC response to immunotherapy.

Fujii et al. showed in 2021 that UTUC can be divided into
five DNA-based molecular subtypes (i.e., hypermutated,

TP53/MDM2, RAS, FGFR3, and triple negative), and the
TP53/MDM?2 mutational subtype is associated with high
grade, invasiveness, and a poor prognosis in UTUC (Fujii et
al. 2021). Thus, G-CSF expression was similar to the TP53/
MDM?2 mutational subtype in clinicopathological features.
Interestingly, in addition to G-CSF being significantly asso-
ciated with p53 expression in our immunohistochemical
analysis, G-CSF expression was significantly higher in the
TP53 mutational subtype in our in silico analysis. Immuno-
histochemical positivity for p53 represents TP53 gene muta-
tions. Therefore, there might be a close association between
G-CSF and TP53/MDM2 mutational subtype in UTUC.
Additionally, low-grade papillary UC predominantly
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follows the FGFR3 signaling pathway, whereas nodular/flat
UC follows the TP53 pathway(Inamura 2018; Pietzak et al.
2017). Taken together, G-CSF could be one of the important
molecules in the carcinogenesis of UC by participating in
TP53 pathway activation.

This study has some limitations. First, it was retrospec-
tive in nature and might have potential bias due to patient
selection. Therefore, a prospective study is necessary. Sec-
ond, although we showed the prognostic significance of
stromal G-CSF expression in UTUC, the number of patients
included was limited. Additionally, in UTUC cases with
poor prognosis, it remains unclear which types of stromal
cells, such as T and B lymphocytes, neutrophils, fibroblasts,
or macrophages, express G-CSF. Further research with a
larger study population is needed to determine the stromal
distribution of G-CSF expression and to explore its detailed
relationship with prognosis in UTUC. This could lead to the
development of a more accurate prognostic model for pre-
dicting disease progression. Third, the detailed molecular
mechanisms underlying the relationships between G-CSF
expression, PD-L1, HER2, and p53 in UTUC remain
unclear. Further studies are needed to elucidate these molec-
ular activities in tumor cell biology.

Conclusions

To the best of our knowledge, this is the first study to com-
prehensively characterize G-CSF expression in UTUC. We
found that G-CSF was expressed in TCs and SCs and that its
expression was associated with adverse clinicopathological
features. Stromal G-CSF expression emerged as the more
predictive prognostic factor. Additionally, G-CSF expres-
sion was associated with Ki-67, PD-L1, HER2, and p53.
Identifying prognostic factors that accurately predict out-
comes is crucial for determining the appropriate treatment
for patients with UTUC. Taken together, evaluating G-CSF
expression may provide insights that could support clinical
decision-making.
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