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Abstract: Background: Urothelial bladder cancers (UBCs) are distinct in two main molecular 
subtypes, namely basal and luminal type. Subtypes are also diverse in term of immune contexture, 
providing a rationale for patient selection to immunotherapy. Methods: By digital microscopy 
analysis of a muscle-invasive BC (MIBC) cohort, we explored the density and clinical significance 
of CD66b+ tumor-associated-neutrophils (TAN) and CD3+ T cells. Bioinformatics analysis of UBC 
datasets and gene expression analysis of UBC cell lines were additionally performed. Results: Basal 
type BC contained a significantly higher density of CD66b+ TAN compared to the luminal type. This 
finding was validated on TCGA, GSE32894 and GSE124305 datasets by computing a neutrophil 
signature. Of note, basal-type MIBC display a significantly higher level of chemokines (CKs) 
attracting neutrophils. Moreover, pro-inflammatory stimuli significantly up-regulate CXCL1, 
CXCL2 and CXCL8 in 5637 and RT4 UBC cell lines and induce neutrophil chemotaxis. In term of 
survival, a high density of T celsl and TAN was significantly associated to a better outcome, with 
TAN density showing a more limited statistical power and following a non-linear predicting model. 
Conclusions: TAN are recruited in basal type MIBC by pro-inflammatory CKs. This finding 
establishes a groundwork for a better understanding of the UBC immunity and its relevance. 
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1. Introduction 

Urothelial bladder cancer (UBC) is the ninth most common cancer worldwide [1]. Despite that 
80% of cases are limited to the superficial layers of the urothelium (non-muscle invasive bladder 
cancer, NMIBC) [2], about 20% display a muscle-invasive aggressive disease (MIBC) at the onset and 
a third of them will eventually develop metastasis over time [3]. Radical cystectomy with lymph-
node dissection represents the standard of treatment for operable MIBC; however, 5-year overall 
survival (OS) is 50% or even lower in locally advanced disease [4]. As for unresectable and metastatic 
MIBC, the treatment algorithm is rapidly evolving with the recent approval of immunotherapy 
beyond the first line Platinum-based chemotherapy [5], the latter ensuring a five-year OS of only 13–
22% [6]. Nevertheless, only about 23–26% of patients show objective response with second line 
immunomodulatory agents [7], indicating that a better patient selection is mandatory. 

Recent advances in the understanding of the genomic and transcriptomic landscape of UBC have 
proposed additional windows of intervention based on tumor-cell intrinsic molecular features. 
Specifically, gene expression profile analysis revealed that UBC is an extremely heterogeneous 
disease that can be grouped into two main subtypes, namely basal and luminal type [8]. Molecular 
pathways controlling tumor growth are divergent in basal vs. luminal UBC, thus providing the 
rationale for their different biological behavior [9]. Luminal type UBCs display a hyperplastic well 
differentiated papillary histology at the onset and are frequently enriched with activating mutations 
in HRAS and fibroblast growth factor receptor 3 (FGFR3) [10]. This subgroup could benefit by FGFR3 
targeting, recently approved also in the neoadjuvant setting [11]. Basal type UBCs originate instead 
from flat high-grade precursors including carcinoma in situ (CIS) via inactivation of TP53, RB1 and 
hyper-activation of the transcription factors STAT3, NFKB1 and TP63 in the stem cells of the basal 
layer. These features might account for the more aggressive behavior of basal type UBCs [12]. 

Beyond tumor-cell intrinsic molecular features, the UBC immune contexture can also yield 
information relevant to prognosis and to treatment response, particularly to immunotherapy [13]. Of 
note, luminal and basal subtypes display a different microenvironment in term of immune and 
stromal cells [14–16]; moreover, the recently identified “infiltrated” subtypes display a specific 
immunological signatures [17,18]. Basal type UBCs show a higher level of immunogenicity based on 
a set of observations. Firstly, high grade CIS response to intravesical instillation of Bacillus Calmette-
Guérin (BCG) is highly dependent on immune contexture [19,20]. Secondly, despite some 
controversial data, a high density of tumor infiltrating lymphocytes (TILs) in basal type MIBCs is 
correlated to a better outcome [15,21]. Thirdly, basal-type MIBCs displaying a high density of 
immune infiltration respond better to adjuvant chemotherapy [15], in contrast to luminal-type MIBC 
that do not derive much benefit [22]. However, it should be reminded that a recently identified subset 
of ‘luminal-infiltrated’ may respond to immunotherapy [23]. 

Various immunosuppressive mechanisms affect adaptive T-cell response to cancer, such as the 
well-known PD-1/PD-L1 axis, thus enhancing tumor growth and progression [24]. This has set the 
rationale for PD-1/PD-L1 blockade, with promising results also in patients with advanced UBC 
progressing after platinum-based chemotherapy [25]. At present, PD-L1 expression both on tumor 
cells and infiltrating immune cells is the only accepted predictor of response in UBC [6,25], although 
with a still limited performance in the selection of responders [7,26]. Some evidence shows that the 
tumor mutational burden (TMB), a CD8+ T cell signature, a TGF-β immune suppressive milieu and 
the UBC molecular subtype can predict response to immune check-point inhibitors (ICI) as well, but 
a reliable predictive nomogram is still lacking. Notably, the basal and the luminal-infiltrated subtypes 
have shown the best benefit from ICI compared with other subtypes [23,26], but only 20% of patients 
reached a complete response [5]. 

All these findings suggest that other immune escape mechanisms might be in place in MIBC. 
Among the latter, infiltration by myeloid cells might account for a reduced specific T-cell response. 
Granulocyte population found within the tumor tissues are referred as tumor-associated neutrophils 
(TANs) [27]. In mouse, TANs can be polarized in vitro [28], [29]. N1-type TANs exert anti-tumor 
functions, whereas N2-type TANs are TGF-β-driven and sustain cancer progression. It is still 
unknown whether human TANs display similar polarization. The most recent literature considers 
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neutrophils as a population with potentially pro-inflammatory or anti-inflammatory functions 
showing either a pro-tumoral or an anti-tumoral program, thus partially overcoming the 
dichotomous definition of N1 and N2 cells [30]. Data from large retrospective cancer cohorts [31] 
have supported a pro-tumor function of TANs, with a high TAN tumor density significantly 
associated to a worse outcome [32]. However, emerging data have challenged this view showing 
TANs with anti-tumor activities [33]. Numerous works have proposed a clinical utility of the 
peripheral neutrophil to lymphocytes ratio (NLR) in bladder cancer in term of prognosis [34] and 
recurrence [35] for MIBCs who underwent cystectomy. On the contrary, works on TAN and UBCs 
are very limited. Elevated TANs have been correlated with poor prognosis [36], whereas a lower 
TANs density predict a better response to adjuvant chemotherapy [37]. However, studies adherent 
to analytical standards of immunoscore evaluation of TAN density, are still lacking [38]. 

In this study, we have measured the TAN and TIL density in a retrospective cohort of MIBC by 
applying digital microscopy to CD66b and CD3 stained whole sections. Our findings suggest that 
high density of CD66b+ TAN represent a distinct feature of basal type MIBC. Moreover, based on in 
silico analysis of UBC datasets and in vitro studies on UBC cell lines, we found that TAN-attracting 
chemokines are enriched in basal type UBC. These findings might be of help in patient selection to 
established and novel immunotherapy approaches. 

2. Materials and Methods 

2.1. Patient’s Cohort 

This retrospective study was conducted in compliance with the Helsinki Declaration and with 
policies approved by the Ethics Board of ASST Spedali Civili di Brescia (IRB code: NP 2483/2016 to 
WV). The cohort included previously untreated patients affected by muscle invasive bladder cancer 
(MIBC), treated by cystectomy from 2006 to 2016 in the Department of Urology, ASST Spedali Civili 
di Brescia (Brescia, Italy). Surgical specimens were reviewed and staged according to the TNM 
staging system [39]. Exclusion criteria included any treatment before diagnostic biopsy and 
occurrence of other malignancies. Formalin fixed paraffin-embedded (FFPE) UBC were retrieved 
from the archive of the Department of Pathology, ASST Spedali Civili di Brescia (Brescia, Italy). 
Clinical follow-up data were retrieved from the Department of Urology, ASST Spedali Civili di 
Brescia (Brescia, Italy). 

The analyzed cohort consisted of 84 MIBCs (T category ≥ pT2); classification of MIBCs into 
luminal and basal subtypes is described later. Demographic, histological and clinical findings are 
summarized in Supplementary Table 1. 

2.2. Immunohistochemistry 

Four-micron thick FFPE sections were used for immunohistochemical staining. Heat mediated 
antigen retrieval was performed in a microwave oven and endogenous peroxidase activity was 
quenched using 0.3% hydrogen peroxide (Sigma-Aldrich, Saint-Louis, MO, USA) diluted with 
methanol (Sigma-Aldrich, Saint-Louis, MO, USA). After washing with Tris-Buffered Saline (TBS, 
Sigma-Aldrich, Saint-Louis, MO, USA) solution, slides were incubated with the primary antibody for 
1 h at room temperature and revealed by a 30 min incubation with a horseradish-peroxidase polymer 
(Novolink Polymer Detection System - Leica Biosystems, Wetzlar, Germany), followed by 3,3′-
diaminobenzidine (Leica Biosystems, Wetzlar, Germany) as chromogen. Sections were 
counterstained with Mayer’s haematoxylin (Bioptica). For double immunohistochemical staining, 
after completing the first immune reaction, the second was visualized using Mach 4 MR-AP (Biocare 
Medical, Pacheco, CA, USA), followed by Ferangie Blue (Biocare Medical, Pacheco, CA, USA) as 
chromogen. 

For immunohistochemistry (IHC), primary antibody include: anti-CD66b (clone G10F5, Mouse 
IgM, dilution 1:120, BioLegend, San Diego, CA, USA), anti-CD3 (clone SP7, Rabbit IgG, dilution 1:100, 
Thermo Fisher Scientific, Waltham, MA, USA), anti-CD11b (polyclonal, Rabbit, dilution 1:300, Sigma 
Aldrich, Saint-Louis, MO, USA), anti-CD15 (clone MMA, Mouse IgM, dilution 1:400, BD Biosciences, 
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San Jose, CA, USA) and anti-Arginase-1 (clone SP156, Rabbit IgG, dilution 1:100, Cell Marque, 
Rocklin, CA, USA). 

The classification of MIBCs into subtypes was performed on TURB using a four marker panel 
composed of CK5/6 (basal marker), CK14 (basal marker), CK20 (luminal marker) and UPK2 (luminal 
marker), as previously described [40]; similarly, detailed for pSTAT3 and FOSL1 stain are reported 
in our previous study [40]. 

2.3. Digital Microscopy 

Stained slides were acquired using the Aperio CS2 digital scanner and ScanScope software 
(Leica Biosystems, Wetzlar, Germany). Images were viewed and organized using ImageScope 
software (Leica biosystems, Wetzlar, Germany). Each scanned image was annotated manually and 
IHC Nuclear Image Analysis algorithm was chosen for the analysis. The whole tumor area has been 
considered for the analysis, with the exclusion of necrotic areas. Data are expressed as absolute 
number of CD66b+ or CD3+ cells per mm2. 

2.4. Statistical Analysis 

For histological, clinical and pathological analysis, the qualitative variables were described as 
absolute and relative frequencies; standard descriptive statistics were used for continuous variables, 
expressing means, medians, interquartile ranges (IQR) and standard deviations. Correlation between 
cell population densities were computed using Spearman correlation coefficient. Shapiro–Wilk test 
was applied, normality distribution of continuous variables (immune cells densities) was not 
confirmed and non-parametric test were subsequently used. 

The main survival endpoint was the overall survival (OS), defined as the time between the date 
of the cystectomy and the date of death; progression free survival (PFS), as secondary endpoint, was 
defined as the time between the date of the surgery and the date of recurrence. In the absence of an 
event, survivals were censored at last follow-up visit. Qualitative variables were compared between 
groups using Fisher exact test and quantitative variables by Mann-Whitney or Kruskal-Wallis test 
(followed by p-values adjustment by Dunn’s test for multiple comparisons). Cut-offs in continuous 
predictors for the definition of groups rich (Hi) or poor (Lo) of immune cells were set at the median 
value for each distribution. A tissue neutrophil to lymphocyte ratio (tNLR; CD66b/CD3 counts) 
obtained for each sample was also computed as a variable. Univariate and multivariate survival 
analyses were performed using Cox proportional hazard models; multivariable models were built by 
a backward selection applying Likelihood-ratio test and Akaike information criterion; estimates were 
reported as hazard ratio (HR) with 95% Confidence Intervals (CI95%). Univariate survival curves 
were plotted by the Kaplan-Meier method with covariates adjustment and compared by the Log-rank 
test. 

Survival multivariable models were subsequently built including immune cells densities as 
continuous variables, after log transformation; to account for potential non-linear effects on HR 
penalized splines with degrees of freedom selected via Corrected Akaike’s Information Criterion 
(AICc, [41]) were used. 

For in vitro experiments, UBC cell lines were analyzed using the One-way ANOVA with 
Bonferroni’s correction. 

In all analysis a two-tailed p value < 0.05 was considered significant. GraphPad Prism (San Diego, 
CA, USA), Stata (version 13.0, College Station, Texas, USA) and R (version 3.5.1) were used for 
statistical analysis. 

2.5. Cell Cultures 

RT4 (ATCC® HTB2TM) and 5637 (ATCC® HTB9TM) cell lines were obtained from ATCC-LGC 
Standards Repository (Rockville, USA). 5637 cells were maintained in ATCC-formulated RPMI1640 
Medium (cat. No. A10491-01, GibcoTM for Life Technologies - Thermo Fisher Scientific, Waltham, 
MA, USA). RT4 cells were maintained in ATCC-formulated McCoy’s 5a Medium Modified (cat. no. 
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26600-023, GibcoTM for Life Technologies - Thermo Fisher Scientific, Waltham, MA, USA). All media 
were supplemented with 10% fetal bovine serum (FBS) (cat. no. S0115, Biochrom, Berlin, Germany), 
1% Penicillin/Streptomycin (cat. No. 15070-063, GibcoTM), and the cells were cultured at 37 °C and 
5% CO2. 

One hundred and forty-four-hour STAT3-silenced 5637 cells, as well as untreated 5637 cells and 
RT4 cells, were stimulated with a cocktail of recombinant human TNF-a (20 ng/mL; cat. no. 300-01A), 
recombinant human IL6 (20 ng/mL; cat. no. 200-06), and recombinant human IL1b (20 ng/mL; cat. no. 
200-01B; all from PeproTech, EC, Ltd., London, UK) for 4 h or 24 h. 

2.6. Neutrophil Isolation and Transwell Migration Assay 

Circulating neutrophils were isolated from healthy donors by density gradient centrifugation 
(Ficoll-Paque; GE Healthcare Life Sciences) of whole blood and further purified by negative selection 
using the EasySep neutrophil enrichment kit (StemCell Technologies, Vancouver, Canada) as 
previously described [42]. The purity of isolated neutrophils was > 99.8%, as determined by flow 
cytometry. Neutrophil direct migration (chemotaxis) was measured in Transwell chamber (3 μm; 
Corning Costar), as previously described [43]. Briefly, 100 μL of neutrophil suspensions (2 × 106/mL) 
were added to the top chambers, whereas 600 μL of control medium or tumor-conditioned 
supernatants from luminal-type RT4 or basal-type 5637 UBC cell lines, either unstimulated or treated 
with the pro-inflammatory cytokine cocktail (TNF-a, IL6 and IL1b) for 4 or 24 h (as described above) 
were added to the bottom wells. After 45 min, the plates were spun, the inserts were removed, and 
the number of migrated cells were counted with CyQuant cell proliferation assay kit (Invitrogen 
SRL). Parallel samples were included to determine the signal intensity from the total cell number 
loaded into the Transwell inserts. 

2.7. Quantitative RT-PCR (qRT-PCR) 

CXCL1, CXCL2, CX3CL1 and CXCL8 mRNA targets were quantified by reverse transcription-
polymerase chain reaction (qRT-PCR) assay using the Vii-A 7 Real-Time PCR System (Applied 
Biosystems, Thermo Fisher Scientific, Waltham, MA, USA). Total RNA was extracted from UBC cells 
by TRIzol™ (cat. no. 15596026, Invitrogen™, Thermo Fisher Scientific). The cDNA was synthesized 
by iScript gDNA cDNA Synthesis kit (cat. no. 1725035, Bio-Rad Laboratories Inc., Hercules, CA, 
U.S.A.) from 1 μg of total RNA, in a total volume of 20 μL. One μL of the cDNA synthesis reaction 
was used for the specific amplification of the target transcripts. The Hypoxanthine-guanine 
phosphoribosyltransferase 1 (HPRT1) transcript was used as normalization control. The PCR was 
performed in a total volume of 20 μL with TaqMan® Universal Master Mix II (cat. no. 4369016, 
Applied Biosystems, Thermo Fisher Scientific) and the Gene Expression Assay (Supplementary Table 
S2). The threshold cycle (Ct) was determined for each sample and quantification was performed using 
the comparative Ct method. ΔCt was derived as CtTarget – CtHousekeeping and considered for statistical 
analysis. 

2.8. STAT3 Silencing 

STAT3 (Genbank accession n° NM_139276.2, NM_213662.1, NM_00315.3) and control 
knockdown was obtained using specific-STAT3 siRNA (assay ID S744) and control scrambled-siRNA 
(ca. no. 4390846), obtained from Ambion (Thermo Fischer Scientific, Waltham, MA, USA). Validation 
of si-STAT3 silencing was obtained as previously described. For more details see Benerini Gatta L. et 
al. 2019 [40]. 

2.9. Data Preprocessing and Statistical Analysis of the TCGA, GSE32894 and GSE124305 Datasets 

Raw counts for primary solid tumor samples were downloaded from GDC portal harmonized 
repository using TCGAbiolinks R/Bioconductor package (n = 408 cases). The FFPE samples were 
removed. The duplicated samples counts were averaged (n = 388). The library size normalization 
factors were obtained with the trimmed mean of M-values (TMM) [44] and gene expression was 
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computed as log2-RPKM. GSE32894 and GSE124305 expression values were preprocessed applying 
a quantile normalization and transformed on log scale. 

TCGA and GSE32894 include chemotherapy-naive MIBC [17,18], whereas GSE124305 include 
MIBC cystectomy samples obtained after Neoadjuvant Chemotherapy treatment and containing 
residual tumor. As reported [45], basal and luminal subtypes from this post-treatment cohort express 
a gene signatures consistent with a basal and luminal phenotype comparable to their matched pre-
treatment tumor samples [22]. In all datasets, we have considered only MIBC cases. Moreover, in 
addition to basal and luminal subtypes, each of three datasets includes other molecular subtypes 
based on their immune signature, defined by consensus clustering in each of the three independent 
cohorts. 

Global gene signature (Chemokine or PMN) were computed using single sample gene 
enrichment based on Gene Set Variation Analysis (GSVA) [46]. The neutrophil signature was 
obtained from the study by Newman et al. [47] (Supplementary Table S3). Chemokines with pro-
inflammatory functions have been defined based un published classifications [48] (Supplementary 
Table S3). 

Differential expression among subtypes at gene level for both signatures was evaluated using 
generalized linear modelling [49]. Specifically for TCGA data, negative binomial generalized log-
linear models were applied to read counts while for GSE datasets, ordinary least square models, with 
moderated t-statistics computation [50]. 

Unsupervised hierarchical clustering was performed on expression values using Euclidean 
distance and Ward method [51]. 

A supervised classification algorithm was applied on the three datasets independently to 
ascertain the potential predictive performance of selected signatures on subtypes prediction. We 
adopted a Random Forest (RF) algorithm and estimated its performance based on Out-Of-Bag (OOB) 
error rate. In order to visualize the estimated relationship between samples, we used the proximity 
matrix derived from RF in a hierarchical clustering. 

3. Results 

3.1. Patient Characteristics 

The clinical and pathological findings of the MIBC patient cohort are summarized in Table 1 and 
detailed in Supplementary Table S1. The median age was 72 at surgery. Median follow-up time was 
60 months (CI95% 36; 84). Median overall survival was 65 months (CI95% 25; 92), whereas median 
progression free survival was 27 months (CI95% 10; ∞). During follow-up, 38 patients had recurrence 
and 38 patients died. None of the patients received neo-adjuvant chemo- or immunotherapy. After 
cancer recurrence, none of the patients received additional treatment. The univariate analysis 
confirmed the prognostic significance of the well-known clinical variables as higher age (p = 0.024), 
female gender (p = 0.003), higher pT category (p = 0.003), presence or nodal disease (N+) (p = 0.016), 
and higher Overall Stage (p = 0.002) associated with a worse OS; moreover, a higher pT category (p = 
0.005), presence or nodal disease (N+) (p = 0.015) and higher Overall Stage (p = 0.005) were associated 
with a worse PFS (Table 2). In the cohort, despite the TNM staging system was confirmed to stratify 
prognosis, 23% of patients in stage II experienced recurrence. 

Table 1. Demographic, histological, and clinical data of the MIBC patient cohort. CIS, carcinoma in 
situ; SD, standard deviation; IQR, interquartile range; NA, not available. 

  
Total 

N (%)   
CIS Concomitant 

N (%) 
84 (100)  

  Yes 50 (60) 
Gender  No 34 (40) 
Female 16 (19) Global Stage  
Male 68 (81) II 22 (26) 

Age (years)  III 33 (39) 
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Mean (SD) 70.9 (10.44) IV 29 (35) 
Median (IQR) 72 (14) Subtype  

Stage pT  Luminal 41 (49) 
pT2 25 (30) Basal 20 (24) 
pT3 41 (49) Non-type 23 (27) 
pT4 18 (21) pSTAT3  

Stage pN  Score 0–1 43 (51) 
pN0 57 (68) Score 2–3 41 (49) 
pN1 16 (19) FOSL1  
pN2 10 (12) Score 0–1 19 (23) 

pN3 1 (1) 
Score 2–3 

NA 
22 (26) 
43 (51) 

Table 2. Univariate analysis of clinical and pathological findings related to overall survival and 
progression free survival. tNLR, tissue NLR. 

Clinicopathological  
Variables 

Overall Survival Progression Free Survival 
H.R. (CI 95%) p H.R. (CI 95%) p 

Age (years) 1.04 (1.01–1.08) 0.024 0.99 (0.96–1.02) 0.65 
Gender (F vs. M) 2.93 (1.45–5.94) 0.003 1.94 (0.94–4.00) 0.072 

pT (pT3-4 vs. pT2) 4.21 (1.63–10.85) 0.003 3.54 (1.47–8.55) 0.005 
pN (pN+ vs. pN0) 2.22 (1.16–4.23) 0.016 2.25 (1.17–4.33) 0.015 

CIS (yes vs. no) 0.63 (0.33–1.19) 0.155 0.86 (0.45–1.65) 0.657 
Overall Stage (SIII-IV vs. SII) 5.07 (1.78–14.41) 0.002 3.94 (1.52–10.21) 0.005 
Subtype (basal vs. luminal) 1.3 (0.59–2.87) 0.520 0.70 (0.32–1.55) 0.383 

Subtype (Non-type vs. luminal) 1.66 (0.78–3.53) 0.191 0.73 (0.33–1.60) 0.431 
pSTAT3 (High vs. Low) 1.19 (0.63–2.26) 0.595 0.69 (0.36–1.32) 0.265 
CD66b (Low vs. High) 2.53 (1.30–4.92) 0.006 2.68 (1.37–5.24) 0.004 

CD3 (Low vs. High) 2.62 (1.35–5.08) 0.004 1.69 (0.88–3.22) 0.11 
CD3CD66b Immunoscore  

(LoLo vs. HiHi) 5.27 (2.12–13.11) <0.001 3.95 (1.53–10.16) 0.004 

CD3CD66b Immunoscore  
(LoHi vs. HiHi) 

2.26 (0.79–6.49) 0.13 2.15 (0.75–6.14) 0.155 

CD3CD66b Immunoscore  
(HiLo vs. HiHi) 

2.18 (0.79–6.04) 0.133 3.43 (1.32–8.89) 0.011 

tNLR (CD66b+/CD3+) 1.04 (0.75–1.44) 0.828 1.07 (0.75 –1.53) 0.699 

3.2. CD66b+ TAN and CD3+ T cell Immune-Contexture in Muscle Invasive UBC 

Data on the immune contexture of UBC are scant and limited to the lymphocytic infiltrate, while 
myeloid cells infiltrate has been less characterized. To expand this field, we quantified the density of 
CD3+ T cells and CD66+ TANs in the same retrospective cohort of muscle-invasive UBC (MIBC, n = 
84) (Table 1, Table 2). Complete clinical, pathological and image analysis details of the cohort are 
reported in Supplementary Tables S1 and S4. A representative tissue block of the tumor was used for 
the analysis and representative images are shown in Figure 1A–H. A mean tumor area of 153.7 mm2 

(range from 7.4 mm2 to 420.7 mm2) was obtained. The median density of CD66b+ TANs was 78 
cells/mm2, whereas for CD3+ T cells the median density was 396 cells/mm2 (Figure 2A). The density 
of the two populations showed a significant correlation (RS = 0.28, p = 0.011) (Figure 2B). Based on 
double stain performed on a set (n = 5) of MIBC, CD66b+ co-expressed neutrophils markers including 
CD11b, CD15 and arginase (Figure 2C–H). When compared with pathological and clinical features, 
we found that the density of the CD3+ T cells significantly decreased over UBC progression in term 
of pT category and Overall Stage (Figure 3, Table 3), whereas no correlations where observed for 
CD66+ TAN density. No significant associations were found between tissue NLR (tNLR) and clinical 
variables (Table 3). 
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Figure 1. Representative image analysis for CD66b+ TAN and CD3+ T cells in human MIBC. Sections 
are from four representative human MIBC (case #66, #31, #7 and #46) and stained as labeled and 
counterstained with hematoxylin (A, C, E, G). On the right column, the corresponding processed area 
is shown (B, D, F, H). Case with high and low density of CD66b+ TAN (A and C, respectively) and 
CD3+ T cells (E and G, respectively) are displayed. Images acquired from digital slides using 400× 
magnification have been digitally resized using Adobe Photoshop. 
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Figure 2. Density of CD66b+ TAN and CD3+ T cells and phenotype of TAN in human MIBC. Dot plots 
indicating the density of CD66b+ TAN and CD3+ T cells in the MIBC cohort is reported in (A); the 
correlation between the two variables is illustrated in (B). Sections are from two representative MIBC 
cases (case #70 in C, E and G; case #79 in D, F and H) and stained as labeled, illustrating CD66b+ TAN 
co-expressing neutrophil markers: CD11b, CD15 and ARG. Sections are counterstained with 
hematoxylin. Magnification 400× (scale bar 50 micron). 
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Figure 3. Clinical correlation of CD66b+ TAN and CD3+ T cells densities in human MIBC. Dot plots 
showing CD3+ T cells (A,B) and CD66b+ TAN (C,D) density distributions among different pT 
categories and Overall Stages in the MIBC cohort. p values were estimated by Kruskal-Wallis test and 
adjusted for multiple pairwise comparisons by Dunn’s method. 
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Table 3. Association analysis between immune cell infiltration and clinic-pathological data. tNLR, 
tissue NLR; CIS, carcinoma in situ; p value estimated by # Kruskal-Wallis test or * Mann-Whitney test. 

Clinicopathological 
Variables 

 CD66b+ TAN 
Density 

CD3+ T cells 
Density 

tNLR  
(CD66b+/CD3+) 

N° (%) Median p Median p Median p 
Total 84 (100) 78  396    

Gender   0.76 *  0.47 *  0.90 * 
Female 16 (19) 51  328  0.186  
Male 68 (81) 86  399  0.216  
Age   0.80 *  0.26 *  0.55 * 

< median 39 (46) 83  327  0.186  
≥ median 45 (54) 73  415  0.224  

pT category   0.11 *  0.003 *  0.35 * 
pT2 25 (30) 106  544  0.136  

pT3-pT4 59 (70) 60  304  0.292  
pN category   0.10 *  0.19 *  0.50 * 

pN+ 27 (32) 106  403  0.154  
pN0 57 (68) 48  357  0.234  

Overall Stage   0.14 *  0.001 *  0.32 * 
II 22 (26) 123  587  0.149  

III-IV 62 (74) 56  312  0.263  
CIS   0.46 *  0.65 *  0.90 * 
No 34 (40) 107  381  0.183  
Yes 50 (60) 68  402  0.239  

pSTAT3   0.048 *  0.43 *  0.28 * 
Low 43 (51) 51  357  0.176  
High 41 (49) 126  400  0.243  

Subtype   0.007#  0.75 #  0.06 # 
Luminal 41 (49) 51  401  0.136  

Basal 20 (24) 178  398  0.359  
Non-Type 23 (27) 60  366  0.304  

FOSL1   0.054 *  0.227 *  0.55 * 
Low 19 (22) 58  418  0.291  
High 22 (26) 155  398  0.281  

3.3. Clinical Significance of CD66b+ TAN and CD3+ T Cell Immune-Contexture in MIBC 

The clinical significance of the MIBC immune contexture was tested in term of overall survival 
(OS) and progression-free survival (PFS). The cut-offs points of low and high densities of CD3+ T cells 
and CD66b+ TAN were set at the median value for each distribution, being 396 cells/mm2 for CD3+ T 
cells and 78 cells/mm2 for CD66b+ TAN. 

Of note, a high density of both populations was associated to a better outcome at univariate 
analysis (Table 2), as also illustrated by Kaplan Meyer curves, weighted for pT category (Figure 4A–
D). Based on these findings we further extended our analysis by defining a combined immunoscore. 
Notably, the subgroup of CD3HIGHCD66bHIGH resulted in the best OS and PFS, whereas the subgroup 
of CD3LOWCD66bLOW showed the worst outcome, as indicated by Kaplan Meyer curves analysis 
weighted for pT category (Table 2 and Figure 4E–F). By a backward selection of covariates, we 
subsequently devised the optimal Cox multivariable models for OS and PFS. Remarkably, the 
immunoscore resulted significant as prognostic factor for both OS and PFS (Table 4) and its removal 
resulted in a significant worsening of the performance of each model both for OS (p < 0.001) and PFS 
(p = 0.02) applying the Likelihood-ratio test. 
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We also investigated the effect of immune cells density variations on the HR along the whole 
range of CD3+ T cells and CD66b+ TAN values. Accordingly, Cox models for OS and PFS included 
immune cells densities as continuous log-variables modelled by penalized splines (Supplementary 
Figure S1). Notably, the effect of CD3+ T cells as favorable biomarker was confirmed, following a 
linear model for both OS and PFS prediction; on the contrary, the effect of CD66b+ TAN population 
for OS display a non-linear shape. Specifically, for CD66b, the highest risk is found around the second 
quartile, whereas the lowest one is identified at both tails. This finding weakens the inference of the 
results obtained by categorizing the CD66b* TAN density as variable for OS prediction. 

 
Figure 4. Clinical significance of CD66b+ TAN and CD3+ T cells in human MIBC. Kaplan-Meier curves 
illustrate the overall (A, C and E) and progression-free (B, D and F) survival in the MIBC cohort. p 
values are estimated by log-rank test and weighted for pT category (pT2/pT3-4). 
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Table 4. Multivariable survival analysis. 

Overall Survival 
 H.R. (CI 95%) p 

Age (year) 1.041 (1.006-1.077) 0.019 
Gender (F) 2.83 (1.33 - 5.99) 0.01 
pT (pT3-4) 3.67 (1.28 – 10.51) 0.016 

CD3CD66b Immunoscore (LoLo) 6.67 (2.43 - 18.25) <0.001 
CD3CD66b Immunoscore (LoHi) 4.20 (1.35 – 13.11) 0.013 
CD3CD66b Immunoscore (HiLo) 1.59 (0.55 - 4.61) 0.40 

Progression Free Survival 
pT (pT3-4) 3.58 (1.44 - 8.93) 0.006 

CD3CD66b Immunoscore (LoLo) 3.55 (1.35 - 9.34) 0.01 
CD3CD66b Immunoscore (LoHi) 2.66 (0.91 – 7.84) 0.08 
CD3CD66b Immunoscore (HiLo) 3.69 (1.41 - 9.64) 0.008 
Reference categories: Gender, M; pT, pT2; CD3CD66b Immunoscore, HiHi. 

3.4. A Higher Density of CD66b+ TAN Is Restricted to Basal Type MIBC Expressing the Transcription 
Factor STAT3 

The immune contexture of the molecular subtype of MIBC has been poorly investigated. Data 
from previous studies indicate that luminal subtype is more likely correlated to a poor immune 
infiltrate, while basal tumors have high amount of infiltrated immune cells [14–16]. We sub-grouped 
our MIBC cohort in luminal-type, basal-type and non-type and analyzed the density of CD66b+ TAN 
and CD3+ T cells. We first classified the UBC cases on TURB (also validated on cystectomy tissue 
blocks) using a set of validated IHC markers including CK5/6, CK14, CK20 and UPK2 [52]. Based on 
this approach, the study cohort was composed of forty-two (47%) luminal-type UBC, 21 (25%) basal-
type UBC and 26 (28%) “non-type” UBC. Notably, basal type MIBCs showed a significantly (p = 0,013) 
higher density of CD66b+ TAN compared to luminal and non-type MIBCs (Figure 5 and Table 3). On 
the contrary, no differences were observed in term of CD3+ T cells density (Figure 5 and Table 3). 

It has been recently reported that the hyper-activation of the transcription factor STAT3 is central 
in the transformation and progression of basal type UBC [53]. We also contributed to this field by 
showing that the expression of pSTAT3 and downstream targets is enriched in basal type MIBC [40]. 
Of note, we found that pSTAT3+ MIBC (score 2 and 3) were significantly more infiltrated by CD66b+ 
TAN, whereas no differences were observed in term of CD3+ T cells infiltration (Figure 6 and Table 
3). We have recently shown that FOSL1 expression is strongly induced in basal-type UBC showing 
hyper-activation of STAT3 [40]. Moreover, among FOSL1-regulated genes, CXCL8 is also included 
[40]. It has been recently proposed that a FOSL1 signature including TAN-attracting CKs (CXCL8, 
CXCL6 and CXCL5) is activated in Basal B type breast cancer cell lines [54]. We found that the density 
of CD66b+ TAN slightly correlates with FOSL1 expression (Figure 7 and Table 3). 

We expanded our analysis in silico and tested the expression of a neutrophil gene signature 
(Figure 8 and Supplementary Figure S2–4) in public available datasets on the transcriptome analysis 
of large UBC cohorts. To this end we started with the TCGA RNA-seq dataset [17]. Clustering analysis 
showed that genes belonging to a neutrophil signature (obtained from [47]) were significantly over-
expressed in basal type and luminal-infiltrated MIBC, compared to luminal type (Figure 8A and 
Supplementary Figure S2). Applying the same procedure to additional independent datasets 
GSE32894 [18] and GSE124305 [45], we confirmed the enrichment of the neutrophil signature in basal 
type and infiltrated type MIBC (Figure 8B–C and Supplementary Figures S3 and S4). 
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Figure 5. Density of CD66b+ TAN and CD3+ T cells in basal and luminal MIBC. Dot plots indicating 
the density of CD3+ T cells (A) and CD66b+ TAN (B) in the MIBC cohort subdivided by molecular 
subtypes. Sections from two basal-type MIBC cases (case 70 and 49, in C–F) and two luminal-type 
MIBC cases (case 25 and 34, in G–L) are stained as labeled and counterstained with hematoxylin; 
magnification 200× (scale bar 100 micron). p values were estimated by Kruskal-Wallis test and 
adjusted for multiple pairwise comparisons. 
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Figure 6. Density of CD66b+ TAN and CD3+ T cells in human MIBC with hyper-activation of STAT3. 
Dot plots indicating the density of CD3+ T cells (A) and CD66b+ TAN(B) in the MIBC cohort based on 
pSTAT3 expression. Sections are from two pSTAT3 HIGH (case 49 and 2, in C–F) and two pSTAT3 
LOW (case 68 and 57, in G–L) MIBC cases and stained as labeled and counterstained with 
hematoxylin. Magnification: 200× (C–L), scale bar 100 micron. p values were estimated by Kruskal-
Wallis test. 
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Figure 7. Density of CD66b+ TAN and CD3+ T cells in MIBC in relation to FOSL1 expression. Dot plots 
indicating the density of CD3+ T cells (A) and CD66b+ TAN (B) in the MIBC cohort based on FOSL1 
expression. Sections are from two FOSL1 HIGH (case 49 and 14, in C–F) and two FOSL1 LOW (case 
68 and 23, in G–L) MIBC cases and stained as labeled and counterstained with hematoxylin. 
Magnification: 200× (C–L), scale bar 100 micron. p values were estimated by Kruskal-Wallis test. 

 
Figure 8. Neutrophil gene signature in UBC datasets. Plots show estimated mean score values and 
corresponding 95% confidence intervals for neutrophil GSE scores in bladder subtypes (A TCGA, B 
GSE32894, C GSE124305). Pairwise comparisons p-values were computed from linear models and 
adjusted for multiple comparisons. 
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3.5. Expression of the TAN-Attracting Chemokines in Basal-Type UBC 

TANs are recruited in the tumor environment mainly via the chemokine (CK) receptors CXCR1 
and CXCR2, although many other CKs and coupled receptors could be involved. Of note, similarly 
to the neutrophil gene signature, we found that a large set of human CKs (Supplementary Figures 
S5–10) were significantly over-expressed in basal type, (TCGA, GSE32894 and GSE124305), luminal 
infiltrated (TCGA) and infiltrated type MIBC (GSE32894), as compared to luminal type (Figure 9). 
Significantly, among top targets, the IFNγ-inducible CKs (CXCL9, CXCL10 and CXCL11) were 
included, suggesting increased local availability of IFNγ in these subtypes. Of note, many TAN 
attracting CKs [55,56], including CXCL1, CXCL2, CX3CL1 and CXCL8 resulted in being highly 
expressed (Supplementary Figures S8–10). 

No data are available on the cellular source of these CKs in MIBC. We thus tested the expression 
of CXCL1, CXCL2, CXCL8 and CX3CL1 CKs by qRT-PCR in luminal type RT4 and basal-type 5637 
cell lines (Figure 10A–D). Under resting conditions, both cell lines expressed basal levels of all the 
tested CKs, with the single exception of CXCL2 which was expressed only by the basal-type 5637 
(Figure 10C, p < 0.001). Moreover, CXCL1, CXCL2 and CXCL8 were significantly induced by pro-
inflammatory stimuli (TNF-a, IL6, IL1b) in both cell lines (Figure 10A–C). 

To test whether UBC cells can induce neutrophil migration, a transwell migration assay was 
performed using peripheral blood neutrophils from healthy donors (Figure 10E–F). Notably, under 
resting conditions, only supernatants from basal-type 5637 cells induced detectable neutrophil 
chemotaxis (Figure 10E). However, supernatants obtained from both cell lines after stimulation with 
the inflammatory cytokine cocktail, were able to induce a significantly increased neutrophil 
migration as compared to control medium, particularly if derived after 24 h of stimulation (Figure 
10F); the latter effect is likely due to the progressive in accumulation of CKs over time. 

Based on the TAN enrichment in basal-type UBC showing hyperactivation of STAT3 and FOSL1 
expression we tested the modulations of the CK by STAT3 silencing. As we demonstrated, STAT3 
silencing in these cell lines showed a marked efficiency by reducing the levels of STAT3 mRNA and 
protein of about 80% [40]. Of note, si-STAT3 in 5636 UBC line fails to modulate all CKs tested (Figure 
10G–I). 

 
Figure 9. Chemokine signature in datasets. Plots show estimated mean score values and 
corresponding 95% confidence intervals for Chemokine GSE scores in bladder subtypes (A TCGA, B 
GSE32894, C GSE124305). Pairwise comparisons p-values were computed from linear models and 
adjusted for multiple comparisons. 



Cells 2020, 9, 291 18 of 24 

 

 
Figure 10. Modulation of TAN-attracting CK in UBC cell line. Column bars (A–D) showing the mean 
± SD of CKs mRNA relative gene expression (-ΔCt, n = 3), measured by qRT-PCR in luminal-type RT4 
and basal-type 5637 UBC cell lines. After stimulation with a cocktail of proinflammatory cytokines, a 
significant induction of the CXCL1 and CXCL8 mRNA (A, C) is observed in both UBC cell lines. 
CXCL2 is significantly enriched in basal-type 5637 UBC cell line compared to luminal-type RT4 cells 
both at resting and after stimulation (B). Column bars (E, F) showing neutrophil chemotaxis towards 
tumor-conditioned supernatants from luminal-type RT4 or basal-type 5637 UBC cell lines untreated 
(E) or stimulated for 4 or 24 h with a pro-inflammatory cytokine cocktail (F) (n = 3). Chemotaxis is 
reported as increased percentage of migrated cells (expressed as % of total cell input, mean ± SD) 
induced by tumor-conditioned supernatants over the control medium. Floating bars (G–I) showing 
that CKs’ mRNA is not modulated by siRNA STAT3 in 5637 cell line stimulated with pro-
inflammatory cytokine cocktail (mean, range; n = 3). A one-way ANOVA test was used for all 
statistical analysis and pairwise comparisons p values were adjusted for multiple comparisons; 
significant results were showed (* p < 0.05, ** p < 0.01, *** p < 0.001). INFL, with the pro-inflammatory 
cytokine cocktail (TNF-a, IL6, IL1b); supernatants, sup. 
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4. Discussion 

Urothelial bladder cancer (UBC) has limited options for systemic treatment. Recent advances in 
the understanding of their genomic landscape have proposed intrinsic subgroups based on their 
clinical, histological and biological features [8,9,17]. The two main subgroups are represented by basal 
and luminal UBC, which likely benefit from completely different treatment approach [10,12,22]. The 
study proposed here uncover a novel distinct feature of basal type UBC compared to the luminal 
type, namely a dense infiltration of CD66b+ TAN sustained by high expression of TAN-attracting 
CKs. At the cellular level, pro-inflammatory stimuli induce TAN-attracting CKs, suggesting a local 
feedback loop involving transformed cells in the organization of the immune microenvironment in 
basal type UBC. 

The most relevant finding of this study is the enrichment of CD66b+ TAN in the basal type UBC. 
This finding was not only suggested by the direct analysis of our MIBC cohort by a specific TAN 
immunohistochemical marker, but further confirmed by bio-informatic analysis of three distinct UBC 
datasets showing that a neutrophil signature is enriched in basal-type and luminal-infiltrated UBC. 
Data from the literature indicate that the immune contexture of basal type UBC is characterized by 
high amount of tumor infiltrating immune cells [14–16]. Basal-type UBC with squamous 
differentiation contain high density of NK cells, M1 macrophages and memory CD4+ T cell showing 
a Th1-polarization [57]. On the contrary luminal type UBC shows a poor immune infiltrate [14,15], 
with the exception of a subgroup known as “luminal-infiltrated” [17]. No data are proposed for the 
TAN immune contexture, even in the more recent consensus classification of UBC. Our bio-informatic 
analysis indicates that the basal-type and the “luminal infiltrated subtype” are also enriched in 
chemokines, including those attracting TAN. We subsequently found that TAN infiltration is 
abundant in MIBC showing hyperactivation of STAT3 and the downstream transcription factor 
FOSL1. STAT3 is well known as transcription factor relevant in the TAN biology [58]. Evidence 
suggests that IL-6, a cytokine known for its pro-tumor behavior via JAK2/STAT3 signaling [59], can 
attract neutrophils within an immunosuppressed microenvironment [60]. Bio-informatic findings 
from our previous study suggested that also a FOSL1 signature is enriched in basal type UBC and 
among top regulated genes CXCL8 is included [40]. In this study, we could see a trend of higher 
density of CD66b+ TAN also in FOSL1-expressing MIBC. It has been recently proposed that a FOSL1 
signature including a set of TAN-attracting CKs is activated in Basal B type breast cancer cell lines 
[54]. By analyzing basal and luminal-type BC lines, we found that a set of TAN-attracting CKs 
including CXCL1, CXCL2 and CXCL8 are potently induced by pro-inflammatory stimuli, with 
CXCL2 specifically modulated in the basal type MIBC line. Accordingly, we found that only 
supernatants from basal-type 5637 cells induced detectable neutrophil chemotaxis in resting 
conditions. It should be noted, however, that pro-inflammatory stimuli induced a significantly 
increased neutrophil migration in both luminal and basal-type UBC lines. 

By blocking STAT3 we were not able to significantly reduce the level of these CKs both resting 
or after the pro-inflammatory stimuli. This observation is, however, limited to a small set of CKs. All 
these findings suggest that hyper-activation of STAT3 measured by immunohistochemistry likely 
represent a surrogate biomarker of basal-type UBC with an active pro-inflammatory environment 
and high TAN density; however, STAT3 blockade on tumor cells, as recently proposed [40], is likely 
insufficient to dampen TAN recruitment, since STAT3-independent pathways could also be 
operative in this system. 

An enigmatic finding from this study is represented by the prognostic significance of the TAN 
density in UBC. A large series of previous studies on the neutrophil to lymphocyte ratio (NLR) in 
UBC have documented that high NLR predicts worse outcomes in patients who underwent 
cystectomy [34,35]. Recent studies have investigated the tissue ratio between neutrophils and CD8+ 
T cells in esophageal cancer [61] and in NSCLC [62]. Although in the NSCLC cohort, tissue NLR 
resulted correlated to response to ICIs, we could not detect any correlations with clinical variables or 
oncologic outcomes. 

On the contrary, very limited data are available on the clinical relevance of TAN. Liu et al. 
recently showed that elevated CD66b+ TAN correlate with an advanced T-stage, a high grade, a worse 
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recurrence-free survival (RFS) within NMIBC subgroup and a worse overall survival (OS) within all 
UBC cases [36]. Moreover, Zhou et al. have proposed that a high TAN score correlate with a poor OS 
[37]. It remains unclear how to reconcile our finding (predictive of better prognosis) with these and 
other studies [32]. Technical differences in definition of the region of interest (whole slide vs. hot spot 
or random sampling) and type of measurement (semiquantitative vs. absolute counting) could 
account. Moreover, recent advances in the characterization of TAN populations have identified TAN 
with anti-tumor function [63], particularly in the early stages cancer [64]. It should be noted that in 
UBC, a relevant anti-tumor activity of TAN has been proposed in response to BCG treatment [65], 
also supported by a recent work in a murine model [66]. Moreover, a high urinary level of TRAIL 
(tumor necrosis factor-related apoptosis-inducing ligand), a key factor for neutrophil antitumor 
activity [67], predicts favorable response to BCG therapy [68]. Finally, a high urinary level of IL-8, a 
well-known chemokine attracting neutrophil [69], is correlated to better disease free survival after 
BCG therapy [70]. Finally, genomic and proteomic approaches have proposed the existence of 
numerous TAN sub-populations [71], a level of heterogeneity that could not be resolved by a single 
marker. 

From a statistical perspective, TAN density in our study although associated with a good 
outcome, also correlate with the density of CD3+ T cells, suggesting a potential synergy of the two 
populations. However, compared to the linear predicting model followed by the CD3 density, the 
CD66 variable showed a weaker predicting power based testified by its non-linear behavior. These 
findings suggest that the identification of additional TAN biomarkers might significantly improve 
the level of immune contexture taxonomy. 

Basal-type and luminal-infiltrated subtypes are ‘hot tumors’ heavily infiltrated by T cells [57]. 
According to different consensus clustering, “luminal-infiltrated” subtypes include tumors with high 
CD8+ T cell gene signature expression, high TMB and neo-antigens and a wild-type TP53 signature 
that make them prone to better responses to ICIs. Basal-type MIBC, display a high PD-L1 expression, 
as also supported by the high level of IFN-γ inducible CKs CXCL9-11 (this study). They show a high 
frequency of TP53 mutations and a defective DNA damage repair system that make them more 
susceptible to chemotherapy with DNA-damaging agents [5]. The apoptotic effect of NeoAdjuvant 
Chemotherapy (NAC) may promote local chemokine release and subsequent immune cell 
recruitment to the tumor site facilitating the response to a second-line immune therapy [45]. Our 
findings suggest that as a whole these “hot” UBC could also be heavily infiltrated by TAN. 

5. Conclusions 

In conclusion, the analysis of TAN in prospective large-cohorts of molecularly-define BC is 
highly legitimated. Integration with surrogate biomarkers of functional activation (i.e., TRAIL or TNF 
expression) might offer additional criteria for patient stratification for appropriate co-targeting of 
TAN. 

Supplementary Materials: The following are available online at www.mdpi.com/2073-4409/9/2/291/s1, Figure 
S1: HR estimate and CI95% for OS and PFS; Figure S2: hierarchical clustering and gene expression heatmaps of 
the neutrophil gene signature (TCGA dataset); Figure S3: hierarchical clustering and gene expression heatmaps 
of the neutrophil gene signature (GSE32894 dataset); Figure S4: hierarchical clustering and gene expression 
heatmaps of the neutrophil gene signature (GSE124305 dataset); Figure S5: hierarchical clustering and gene 
expression heatmaps of the chemokine gene signature (TCGA dataset);Figure S6: hierarchical clustering and 
gene expression heatmaps of the chemokine gene signature (GSE32894 dataset); Figure S7: hierarchical 
clustering and gene expression heatmaps of the chemokine gene signature (GSE124305 dataset); Figure S8: 
Waterfall Plot comparing Basal/Luminal Infiltrated vs. Luminal subtype for every Chemokine (TCGA dataset); 
Figure S9: Waterfall Plot comparing Basal/Infiltrated vs. Luminal subtype for every Chemokine (GSE32894 
dataset); Figure S10: Waterfall Plot comparing Basal/Immune vs. Luminal subtype for every Chemokine 
(GSE124305 dataset); Table S1: fully details (dataset) of clinical and pathology data of the retrospective MIBC 
cohort. Table S2: details of reagents for the Gene Expression Assay on UBC lines. Table S3: PMN and Chemokine 
signatures used for Analysis of the TCGA, GSE32894 and GSE124305 Datasets. Table S4: summary statistics of 
CD3 and CD66b as continuous variable. 



Cells 2020, 9, 291 21 of 24 

 

Author Contributions: Conceptualization, W.V. and G.E.M.; Data curation, G.E.M., F.M., L.C. , S.B., E.C. and 
L.M.; Formal analysis, F.M., L.B.G., M.B. and S.C.; Funding acquisition, W.V.; Methodology, D.B., M.B., E.C. and 
S.C.; Project administration, W.V. and F.M.; Supervision, W.V.; Visualization, L.C., P.S., S.B. and C.S.; Writing – 
original draft, W.V., G.E.M., F.M. and L.M.; Writing – review and editing, G.E.M., P.S., E.R., M.M., S.C. and L.M. 

Funding: We are grateful to the Fondazione Comunità Bresciana, Fondo Orma, Fondo Capezzuto and Fondo 
Ambrosi (all from Brescia, Italy) for providing financial support to this project. We like to acknowledge AIRC 
for its support (IG 15378-2014 and IG 23179-2019) to William Vermi. Debora Bresciani. is supported by 
Fondazione Beretta (Brescia, Italy). Sandra Belotti is supported by Associazione Findtheorange (Milan, Italy). 
Luisa Benerini Gatta is supported by MSD fellowship. Stefano Calza is supported by research grants from the 
Italian Ministry of University (PRIN projects n. 20178S4EK9). 

Acknowledgments: We are in debt to the Pathologist, Clinicians, Nurses, Technicians and Administrative 
Personnel of the ASST-Spedali Civili di Brescia that provided support for patient care and histology. 

Conflicts of Interest: The authors declare no competing financial interests. 

References 

1.  Antoni, S.; Ferlay, J.; Soerjomataram, I.; Znaor, A.; Jemal, A.; Bray, F. Bladder Cancer Incidence and 
Mortality: A Global Overview and Recent Trends. Eur. Urol. 2017, 71, 96–108. 

2.  Babjuk, M.; Oosterlinck, W.; Sylvester, R.; Kaasinen, E.; Böhle, A.; Palou-Redorta, J.; Rouprêt, M. EAU 
guidelines on non-muscle-invasive urothelial carcinoma of the bladder, the 2011 update. Eur. Urol. 2011, 
59, 997–1008. 

3.  Bellmunt, J.; Petrylak, D.P. New Therapeutic Challenges in Advanced Bladder Cancer. YSONC 2012, 39, 
598–607. 

4.  Sridhar, S.S. Evolving Treatment of Advanced Urothelial Cancer. J. Oncol. Pract. 2018, 13, 309–316. 
5.  Alifrangis, C.; McGovern, U.; Freeman, A.; Powles, T.; Linch, M. Molecular and histopathology directed 

therapy for advanced bladder cancer. Nat. Rev. Urol. 2019, 16, 465–483. 
6.  Inokuchi, J.; Eto, M. Profile of pembrolizumab in the treatment of patients with unresectable or metastatic 

urothelial carcinoma. Cancer Manag. Res. 2019, 11, 4519–4528. 
7.  Balar, A.V.; Galsky, M.D.; Rosenberg, J.E.; Powles, T.; Petrylak, D.P.; Bellmunt, J.; Loriot, Y.; Necchi, A.; 

Hoffman-Censits, J.; Perez-Gracia, J.L.; et al. Atezolizumab as first-line treatment in cisplatin-ineligible 
patients with locally advanced and metastatic urothelial carcinoma: A single-arm, multicentre, phase 2 
trial. Lancet 2017, 389, 67–76. 

8.  McConkey, D.J.; Choi, W. Molecular Subtypes of Bladder Cancer. Curr. Oncol. Rep. 2018, 20, 1–7. 
9.  Czerniak, B.; Dinney, C.; McConkey, D. Origins of Bladder Cancer. Annu. Rev. Pathol. Mech. Dis. 2016, 11, 

149–174. 
10.  McConkey, D.J.; Choi, W.; Dinney, C.P.N. New insights into subtypes of invasive bladder cancer: 

Considerations of the clinician. Eur. Urol. 2014, 609–610. 
11.  Loriot, Y.; Necchi, A.; Park, S.H.; Garcia-Donas, J.; Huddart, R.; Burgess, E.; Fleming, M.; Rezazadeh, A.; 

Mellado, B.; Varlamov, S.; et al. Erdafitinib in Locally Advanced or Metastatic Urothelial Carcinoma. N. 
Engl. J. Med. 2019, 381, 338–348. 

12.  Choi, W.; Porten, S.; Kim, S.; Willis, D.; Plimack, E.R.; Hoffman-Censits, J.; Roth, B.; Cheng, T.; Tran, M.; 
Lee, I.L.; et al. Identification of Distinct Basal and Luminal Subtypes of Muscle-Invasive Bladder Cancer 
with Different Sensitivities to Frontline Chemotherapy. Cancer Cell 2014, 25, 152–165. 

13.  Fridman, W.H.; Zitvogel, L.; Sautès-Fridman, C.; Kroemer, G. The immune contexture in cancer prognosis 
and treatment. Nat. Rev. Clin. Oncol. 2017, 14, 717–734. 

14.  Sjödahl, G.; Lövgren, K.; Lauss, M.; Chebil, G.; Patschan, O.; Gudjonsson, S.; Månsson, W.; Fernö, M.; 
Leandersson, K.; Lindgren, D.; et al. Infiltration of CD3+and CD68+cells in bladder cancer is subtype 
specific and affects the outcome of patients with muscle-invasive tumors. Urol. Oncol. Semin. Orig. Investig. 
2014, 32, 791–797. 

15.  Pfannstiel, C.; Strissel, P.L.; Chiappinelli, K.B.; Sikic, D.; Wach, S.; Wirtz, R.M.; Wullweber, A.; Taubert, H.; 
Breyer, J.; Otto, W.; et al. The tumor immune microenvironment drives a prognostic relevance that 
correlates with bladder cancer subtypes. Cancer Immunol. Res. 2019, 7, 923–938. 

16.  Hodgson, A.; Liu, S.K.; Vesprini, D.; Xu, B.; Downes, M.R. Basal-subtype bladder tumours show a ‘hot’ 
immunophenotype. Histopathology 2018, 73, 748–757. 



Cells 2020, 9, 291 22 of 24 

 

17.  Robertson, A.G.; Kim, J.; Al-Ahmadie, H.; Bellmunt, J.; Guo, G.; Cherniack, A.D.; Hinoue, T.; Laird, P.W.; 
Hoadley, K.A.; Akbani, R.; et al. Comprehensive Molecular Characterization of Muscle-Invasive Bladder 
Cancer. Cell 2018, 174, 1033. 

18.  Sjödahl, G.; Lauss, M.; Lövgren, K.; Chebil, G.; Gudjonsson, S.; Veerla, S.; Patschan, O.; Aine, M.; Fernö, M.; 
Ringnér, M.; et al. A molecular taxonomy for urothelial carcinoma. Clin. Cancer Res. 2012, 18, 3377–3386. 

19.  Dowell, A.C.; Cobby, E.; Wen, K.; Devall, A.J.; During, V.; Anderson, J.; James, N.D.; Cheng, K.K.; Zeegers, 
M.P.; Bryan, R.T.; et al. Interleukin-17-positive mast cells influence outcomes from BCG for patients with 
CIS: Data from a comprehensive characterisation of the immune microenvironment of urothelial bladder 
cancer. PLoS ONE 2017, 12, e0184841. 

20.  Nunez-Nateras, R.; Castle, E.P.; Protheroe, C.A.; Stanton, M.L.; Ocal, T.I.; Ferrigni, E.N.; Ochkur, S.I.; 
Jacobsen, E.A.; Hou, Y.X.; Andrews, P.E.; et al. Predicting response to bacillus Calmette-Guérin (BCG) in 
patients with carcinoma in situ of the bladder. Urol. Oncol. Semin. Orig. Investig. 2014, 32, e23–e45. 

21.  Yu, A.; Mansure, J.J.; Solanki, S.; Siemens, D.R.; Koti, M.; Dias, A.B.T.; Burnier, M.M.; Brimo, F.; Kassouf, 
W. Presence of lymphocytic infiltrate cytotoxic T lymphocyte CD3 + , CD8 + , and immunoscore as 
prognostic marker in patients after radical cystectomy. PLoS ONE 2018, 13, 1–13. 

22.  Seiler, R.; Ashab, H.A.D.; Erho, N.; van Rhijn, B.W.G.; Winters, B.; Douglas, J.; Van Kessel, K.E.; Fransen 
van de Putte, E.E.; Sommerlad, M.; Wang, N.Q.; et al. Impact of Molecular Subtypes in Muscle-invasive 
Bladder Cancer on Predicting Response and Survival after Neoadjuvant Chemotherapy. Eur. Urol. 2017, 
72, 544–554. 

23.  Rosenberg, J.E.; Hoffman-Censits, J.; Powles, T.; Van Der Heijden, M.S.; Balar, A.V.; Necchi, A.; Dawson, 
N.; O’Donnell, P.H.; Balmanoukian, A.; Loriot, Y.; et al. Atezolizumab in patients with locally advanced 
and metastatic urothelial carcinoma who have progressed following treatment with platinum-based 
chemotherapy: A single-arm, multicentre, phase 2 trial. Lancet 2016, 387, 1909–1920. 

24.  Liakou, C.I.; Narayanan, S.; Ng Tang, D.; Logothetis, C.J.; Sharma, P. Focus on TILs: Prognostic significance 
of tumor infiltrating lymphocytes in human bladder cancer. Cancer Immun. a J. Acad. Cancer Immunol. 2007, 
7, 10. 

25.  Bellmunt, J.; De Wit, R.; Vaughn, D.J.; Fradet, Y.; Lee, J.L.; Fong, L.; Vogelzang, N.J.; Climent, M.A.; 
Petrylak, D.P.; Choueiri, T.K.; et al. Pembrolizumab as second-line therapy for advanced urothelial 
carcinoma. N. Engl. J. Med. 2017, 376, 1015–1026. 

26.  Sharma, P.; Retz, M.; Siefker-Radtke, A.; Baron, A.; Necchi, A.; Bedke, J.; Plimack, E.R.; Vaena, D.; Grimm, 
M.O.; Bracarda, S.; et al. Nivolumab in metastatic urothelial carcinoma after platinum therapy (CheckMate 
275): A multicentre, single-arm, phase 2 trial. Lancet Oncol. 2017, 18, 312–322. 

27.  Rosaria, M.; Bonavita, E.; Barajon, I.; Garlanda, C.; Mantovani, A.; Jaillon, S. Tumor associated macrophages 
and neutrophils in cancer. Immunobiology 2013, 218, 1402–1410. 

28.  Fridlender, Z.G.; Sun, J.; Kim, S.; Kapoor, V.; Cheng, G.; Ling, L.; Worthen, G.S.; Albelda, S.M. Polarization 
of Tumor-Associated Neutrophil Phenotype by TGF-β: “N1” versus “N2” TAN. Cancer Cell 2009, 16, 183–
194. 

29.  Andzinski, L.; Kasnitz, N.; Stahnke, S.; Wu, C.F.; Gereke, M.; Von Köckritz-Blickwede, M.; Schilling, B.; 
Brandau, S.; Weiss, S.; Jablonska, J. Type i IFNs induce anti-tumor polarization of tumor associated 
neutrophils in mice and human. Int. J. Cancer 2016, 138, 1982–1993. 

30.  Giese, M.A.; Hind, L.E.; Huttenlocher, A. Neutrophil plasticity in the tumor microenvironment. Blood 2019, 
133, 2159–2167. 

31.  Gentles, A.J.; Newman, A.M.; Liu, C.L.; Bratman, S.V.; Feng, W.; Kim, D.; Nair, V.S.; Xu, Y.; Khuong, A.; 
Hoang, C.D.; et al. The prognostic landscape of genes and infiltrating immune cells across human cancers. 
Nat. Med. 2015, 21, 938–945. 

32.  Shen, M.; Hu, P.; Donskov, F.; Wang, G.; Liu, Q.; Du, J. Tumor-associated neutrophils as a new prognostic 
factor in cancer: A systematic review and meta-analysis. PLoS ONE 2014, 9, 2–10. 

33.  Singhal, S.; Bhojnagarwala, P.S.; O’Brien, S.; Moon, E.K.; Garfall, A.L.; Rao, A.S.; Quatromoni, J.G.; Stephen, 
T.L.; Litzky, L.; Deshpande, C.; et al. Origin and Role of a Subset of Tumor-Associated Neutrophils with 
Antigen-Presenting Cell Features in Early-Stage Human Lung Cancer. Cancer Cell 2016, 30, 120–135. 

34.  Kawahara, T.; Furuya, K.; Nakamura, M.; Sakamaki, K.; Osaka, K.; Ito, H.; Ito, Y.; Izumi, K.; Ohtake, S.; 
Miyoshi, Y.; et al. Neutrophil-to-lymphocyte ratio is a prognostic marker in bladder cancer patients after 
radical cystectomy. BMC Cancer 2016, 16, 1–8. 

35.  Morizawa, Y.; Miyake, M.; Shimada, K.; Hori, S.; Tatsumi, Y.; Nakai, Y.; Anai, S.; Tanaka, N.; Konishi, N.; 



Cells 2020, 9, 291 23 of 24 

 

Fujimoto, K. Neutrophil-to-lymphocyte ratio as a detection marker of tumor recurrence in patients with 
muscle-invasive bladder cancer after radical cystectomy. Urol. Oncol. Semin. Orig. Investig. 2016, 34, e11–
e257. 

36.  Liu, K.; Zhao, K.; Wang, L.; Sun, E. The prognostic values of tumor-infiltrating neutrophils, lymphocytes 
and neutrophil/lymphocyte rates in bladder urothelial cancer. Pathol. Res. Pract. 2018, 214, 1074–1080. 

37.  Zhou, L.; Xu, L.; Chen, L.; Fu, Q.; Liu, Z.; Chang, Y.; Lin, Z.; Xu, J. Tumor-infiltrating neutrophils predict 
benefit from adjuvant chemotherapy in patients with muscle invasive bladder cancer. Oncoimmunology 
2017, 6, e1293211. 

38.  Pagès, F.; Mlecnik, B.; Marliot, F.; Bindea, G.; Ou, F.S.; Bifulco, C.; Lugli, A.; Zlobec, I.; Rau, T.T.; Berger, 
M.D.; et al. International validation of the consensus Immunoscore for the classification of colon cancer: A 
prognostic and accuracy study. Lancet 2018, 391, 2128–2139. 

39.  Sobin LH, Gospodarowicz MK, W.C. TNM classification of malignant tumors. In TNM Classif. Malig. 
tumors, 7th ed.; Oxford: Wiley-Blackwell; Chichester, West Sussex, UK; 2010.  

40.  Gatta, L.B.; Melocchi, L.; Bugatti, M.; Missale, F.; Lonardi, S.; Zanetti, B.; Cristinelli, L.; Belotti, S.; Simeone, 
C.; Ronca, R.; et al. Hyper-Activation of STAT3 Sustains Progression of Non-Papillary Basal-Type Bladder 
Cancer via FOSL1 Regulome. Cancers (Basel). 2019, 11, 1–25. 

41.  Hurvich, C.M.; Simonoff, J.S.; Tsai, C.L. Smoothing parameter selection in nonparametric regression using 
an improved Akaike information criterion. J. R. Stat. Soc. Ser. B Stat. Methodol. 1998, 60, 271–293. 

42.  Calzetti, F.; Tamassia, N.; Arruda-Silva, F.; Gasperini, S.; Cassatella, M.A. The importance of being “pure” 
neutrophils. J. Allergy Clin. Immunol. 2017, 139, 352–355.e6. 

43.  Pelletier, M.; Maggi, L.; Micheletti, A.; Lazzeri, E.; Tamassia, N.; Costantini, C.; Cosmi, L.; Lunardi, C.; 
Annunziato, F.; Romagnani, S.; et al. Evidence for a cross-talk between human neutrophils and Th17 cells. 
Blood 2010, 115, 335–343. 

44.  Robinson, M.D.; Oshlack, A. A scaling normalization method for differential expression analysis of RNA-
seq data. Genome Biol. 2010, 11, R25. 

45.  Seiler, R.; Gibb, E.A.; Wang, N.Q.; Oo, H.Z.; Lam, H.-M.; van Kessel, K.E.; Voskuilen, C.S.; Winters, B.; Erho, 
N.; Takhar, M.M.; et al. Divergent Biological Response to Neoadjuvant Chemotherapy in Muscle-invasive 
Bladder Cancer. Clin. Cancer Res. 2018, 25, 5082–5094. 

46.  Hänzelmann, S.; Castelo, R.; Guinney, J. GSVA: Gene set variation analysis for microarray and RNA-Seq 
data. BMC Bioinformatics 2013, 14, 7. 

47.  Newman, A.M.; Liu, C.L.; Green, M.R.; Gentles, A.J.; Feng, W.; Xu, Y.; Hoang, C.D.; Diehn, M.; Alizadeh, 
A.A. Robust enumeration of cell subsets from tissue expression profiles. Nat. Methods 2015, 12, 453–457. 

48.  Zlotnik, A.; Yoshie, O. The Chemokine Superfamily Revisited. Immunity 2012, 36, 705–716. 
49.  McCarthy, D.J.; Chen, Y.; Smyth, G.K. Differential expression analysis of multifactor RNA-Seq experiments 

with respect to biological variation. Nucleic Acids Res. 2012, 40, 4288–4297. 
50.  Smyth, G.K. Linear models and empirical bayes methods for assessing differential expression in microarray 

experiments. Stat. Appl. Genet. Mol. Biol. 2004, 3, doi:10.2202/1544-6115.1027 
51.  Ward, J.H. Hierarchical Grouping to Optimize an Objective Function. J. Am. Stat. Assoc. 1963, 58. 
52.  Dadhania, V.; Zhang, M.; Zhang, L.; Bondaruk, J.; Majewski, T.; Siefker-Radtke, A.; Guo, C.C.; Dinney, C.; 

Cogdell, D.E.; Zhang, S.; et al. Meta-Analysis of the Luminal and Basal Subtypes of Bladder Cancer and the 
Identification of Signature Immunohistochemical Markers for Clinical Use. EBioMedicine 2016, 12, 105–117. 

53.  Ho, P.L.; Lay, E.J.; Jian, W.; Parra, D.; Chan, K.S. Stat3 activation in urothelial stem cells leads to direct 
progression to invasive bladder cancer. Cancer Res. 2012, 72, 3135–3142. 

54.  Annis, M.G.; Ouellet, V.; Rennhack, J.P.; L’Esperance, S.; Rancourt, C.; Mes-Masson, A.M.; Andrechek, E.R.; 
Siegel, P.M. Integrin-uPAR signaling leads to FRA-1 phosphorylation and enhanced breast cancer invasion. 
Breast Cancer Res. 2018, 20, 9. 

55.  Sokol, C.L.; Luster, A.D. The chemokine system in innate immunity. Cold Spring Harb. Perspect. Biol. 2015, 
7, 1–20. 

56.  Bonavita, O.; Massara, M.; Bonecchi, R. Chemokine regulation of neutrophil function in tumors. Cytokine 
Growth Factor Rev. 2016, 30, 81–86. 

57.  Vidotto, T.; Nersesian, S.; Graham, C.; Siemens, D.R.; Koti, M. DNA damage repair gene mutations and 
their association with tumor immune regulatory gene expression in muscle invasive bladder cancer 
subtypes. J. Immunother. Cancer 2019, 7, 1–12. 

58.  Kortylewski, M.; Kujawski, M.; Wang, T.; Wei, S.; Zhang, S.; Pilon-Thomas, S.; Niu, G.; Kay, H.; Mulé, J.; 



Cells 2020, 9, 291 24 of 24 

 

Kerr, W.G.; et al. Inhibiting Stat3 signaling in the hematopoietic system elicits multicomponent antitumor 
immunity. Nat. Med. 2005, 11, 1314–1321. 

59.  Taniguchi, K.; Karin, M. IL-6 and related cytokines as the critical lynchpins between inflammation and 
cancer. Semin. Immunol. 2014, 26, 54–74. 

60.  Liu, Q.; Yu, S.; Li, A.; Xu, H.; Han, X.; Wu, K. Targeting interlukin-6 to relieve immunosuppression in tumor 
microenvironment. Tumor Biol. 2017, 39, doi:10.1177/1010428317712445. 

61.  Wang, J.; Jia, Y.; Wang, N.; Zhang, X.; Tan, B.; Zhang, G.; Cheng, Y. The clinical significance of tumor-
infiltrating neutrophils and neutrophil-to-CD8+ lymphocyte ratio in patients with resectable esophageal 
squamous cell carcinoma. J Transl Med 2014, 12, 7. 

62.  Kargl, J.; Bolouri, H.; Houghton, A.M.; Kargl, J.; Zhu, X.; Zhang, H.; Yang, G.H.Y.; Friesen, T.J.; Shipley, M.; 
Maeda, D.Y.; et al. Neutrophil content predicts lymphocyte depletion and anti-PD1 treatment failure in 
NSCLC Find the latest version : Neutrophil content predicts lymphocyte depletion and anti-PD1 treatment 
failure in NSCLC. JCI Insight 2019, 4, e130850. 

63.  Galdiero, M.R.; Bianchi, P.; Grizzi, F.; Di Caro, G.; Basso, G.; Ponzetta, A.; Bonavita, E.; Barbagallo, M.; 
Tartari, S.; Polentarutti, N.; et al. Occurrence and significance of tumor-Associated neutrophils in patients 
with colorectal cancer. Int. J. Cancer 2016, 139, 446–456. 

64.  Eruslanov, E.B.; Bhojnagarwala, P.S.; Quatromoni, J.G.; Stephen, T.L.; Ranganathan, A.; Deshpande, C.; 
Akimova, T.; Vachani, A.; Litzky, L.; Hancock, W.W.; et al. Tumor-associated neutrophils stimulate T cell 
responses in early-stage human lung cancer. J. Clin. Invest. 2014, 124, 5466–5480. 

65.  Simons, M.P.; O’Donnell, M.A.; Griffith, T.S. Role of neutrophils in BCG immunotherapy for bladder 
cancer. Urol. Oncol. Semin. Orig. Investig. 2008, 26, 341–345. 

66.  Wang, H.; Wang, D.; Feng, Y.; Zhai, J.; Lu, C. Improved antitumor efficacy of neutrophils stimulated by 
bacillus Calmette-Guérin. Mol. Med. Rep. 2019, 20, 2909–2915. 

67.  Koga, Y.; Matsuzaki, A.; Suminoe, A.; Hattori, H.; Hara, T. Neutrophil-Derived TNF-Related Apoptosis-
Inducing Ligand (TRAIL): A Novel Mechanism of Antitumor Effect by Neutrophils. Cancer Res. 2004, 64, 
1037–1043. 

68.  Ludwig, A.T.; Moore, J.M.; Luo, Y.; Chen, X.; Saltsgaver, N.A.; O’Donnell, M.A.; Griffith, T.S. Tumor 
necrosis factor-related apoptosis-inducing ligand: A novel mechanism for Bacillus Calmette-Guérin-
induced antitumor activity. Cancer Res. 2004, 64, 3386–3390. 

69.  Russo, R.C.; Garcia, C.C.; Teixeira, M.M.; Amaral, F.A. The CXCL8/IL-8 chemokine family and its receptors 
in inflammatory diseases. Expert Rev. Clin. Immunol. 2014, 10, 593–619. 

70.  Thalmann, G.N.; Sermier, A.; Rentsch, C.; Möhrle, K.; Cecchini, M.G.; Studer, U.E. Urinary interleukin-8 
and 18 predict the response of superficial bladder cancer to intravesical therapy with bacillus Calmette-
Guerin. J. Urol. 2000, 164, 2129–2133. 

71.  Zilionis, R.; Engblom, C.; Pfirschke, C.; Savova, V.; Zemmour, D.; Saatcioglu, H.D.; Krishnan, I.; Maroni, 
G.; Meyerovitz, C.V.; Kerwin, C.M.; et al. Single-Cell Transcriptomics of Human and Mouse Lung Cancers 
Reveals Conserved Myeloid Populations across Individuals and Species. Immunity 2019, 50, 1317–1334.e10. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


