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Abstract: Background: Bladder cancer (BC) is the ninth most common malignancy worldwide, with
high rates of recurrence. The use of urine leukocyte composition at the time of radical cystectomy
(RC) as a marker for the study of patients’ immunological status and to predict the recurrence of
muscle-invasive bladder cancer (MIBC) has received little attention. Methods: Urine and matched
peripheral blood samples were collected from 24 MIBC patients at the time of RC. Leukocyte compo-
sition and expression of PD-L1 and PD-1 in each subpopulation were determined by flow cytometry.
Results: All MIBC patients had leukocytes in urine. There were different proportions of leukocyte
subpopulations. The expression of PD-L1 and PD-1 on each subpopulation differed between patients.
Neoadjuvant chemotherapy (NAC), smoking status, and the affectation of lymph nodes influenced
urine composition. We observed a link between leukocytes in urine and blood circulation. Recurrent
patients without NAC and with no affectation of lymph nodes had a higher proportion of lympho-
cytes, macrophages, and PD-L1+ neutrophils in urine than non-recurrent patients. Conclusions:
Urine leukocyte composition may be a useful tool for analyzing the immunological status of MIBC
patients. Urine cellular composition allowed us to identify a new subgroup of LN− patients with a
higher risk of recurrence.

Keywords: MIBC; urine; leukocytes; PD-L1; bladder

1. Introduction

Bladder cancer (BC), the ninth most common malignancy worldwide [1], has high rates
of recurrence and progression [2]. For MIBC, European guidelines recommend NAC plus
RC with pelvic lymphadenectomy as the primary treatment of choice [3] when attempting
local disease control. Lymph node dissection is an essential step in the treatment of MIBC
because it is known that approximately 25–30% of patients have lymph node metastasis at
the time of surgery [4,5], and also because lymph node status is one of the most important
indicators of long-term overall survival (OS) and recurrence-free survival (RFS). However,
approximately 20–40% of patients with organ-confined and negative lymph nodes (LN−)
recur within the first two to three years [5].

The risk factors for bladder cancer include family history, history of bladder infections,
occupational exposure to aromatic amines and polycyclic aromatic hydrocarbons, and
cigarette smoking [6]. Tobacco use is one of the primary and most common risk factors
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for BC. The precise mechanism of BC induction through the use of cigarettes, although
unknown, seems to be related to the chemicals found in cigarettes [7].

In recent years, there has been a widespread effort to identify biomarkers in urine and
blood to diagnose bladder cancer and to determine the outcome of patients. Numerous
urinary tests have been developed to avoid unnecessary cystoscopies. None of these
markers have been accepted for diagnosis and follow-up in clinical practice [8,9]. Cur-
rently, promising novel urinary biomarkers, assessing multiple targets, have been tested
in prospective multicenter studies, with a very high negative predictive value [10]. The
concentrations of urine- and plasma-soluble proteins, such as VEGF, endostatin, stress
proteins, and cytokines, are higher in bladder cancer patients than healthy controls and
are useful for the diagnosis and staging of bladder cancer [11]. The presence of leukocyte
cells in urine after Bacillus Calmette–Guerin (BCG) administration seems to be a surrogate
urine biomarker of immune system activation [12]. In addition, an elevated neutrophil-to-
lymphocyte ratio (NLR) in the blood of MIBC patients has been associated with a decrease
in their response to neoadjuvant chemotherapy and a shorter disease-specific and OS [13].
It has also been shown that higher tumor-infiltrating neutrophil counts and NLR predict
both an advanced pathological stage and poorer survival, confirming the link between
circulation and the tumor milieu [13]. For example, blood natural killer cell biomarkers [14]
and CD63+ expression on blood neutrophils have been used to stratify the immunological
risk for patients with different cancers [15,16].

There have been few studies investigating the use of non-invasive markers in urine
for predicting the outcome of bladder cancer patients. To our knowledge, only Wong et al.
have described that a higher count/mL of lymphocytes in urine and PD-1 high in urine
CD3 + CD8+ in MIBC patients were significantly associated with disease recurrence [17].
However, the influence of treatment and risk factors on urine cell composition has not
been properly investigated. To this end, we therefore analyzed the influence of NAC,
smoking status, and lymph node affectation at the time of RC on urine cell composition and
PD-L1 and PD-1 expression. We observed that all MIBC patients had leukocytes in their
urine, indicating the activation of the immune system [12]. However, the proportion of the
leukocyte subpopulations differed between patients, suggesting that MIBC patients did not
have the same immunological status at the moment of RC. In addition, we also measured
the expression of PD-L1 and PD-1 on each leukocyte subpopulation, including neutrophils.
Determining urine cellular composition allowed us to identify a new subgroup of LN−
patients at a higher risk of recurrence.

2. Material and Methods
2.1. Patients

Urine and peripheral blood samples were collected from 24 patients with muscle-
invasive bladder cancer (MIBC) undergoing radical cystectomy (RC) and from 4 healthy
donors (HD). Pathological reports were provided by a single uropathologist following the
European Guidelines for the assessment of tumor specimens [18]. Our cohort included pa-
tients undergoing neoadjuvant chemotherapy (n = 9) and patients not undergoing it (n = 15).
Infection was an exclusion criterion. Patients were followed up for 22.50 ± 9.42 months.
Written informed consent was obtained from all the participants in the study and ethical
approval was granted by the Puigvert Hospital Institutional Ethics Committee (2016/05c,
27 June 2016).

2.2. Isolation of Urine Cells

The median volume of morning urine before RC from MIBC patients and HD was
57 mL (range, 6–100 mL). Urine samples were processed within 1 h, as described previ-
ously [19], to reduce dead cells; filtered by gauze; and pulled down by centrifugation
at 800× g for 10 min at room temperature. Supernatant was collected and stored at
−20 ◦C. The cell pellet was resuspended and washed with PBS and 0.5% BSA (bovine
serum albumin, Calbiochem, Madrid, Spain). Red blood cells were lysed using RBC ly-
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sis buffer (BioLegend, San Diego, CA, USA) for five minutes at room temperature. The
pellet was washed twice with PBS and 0.5% BSA and total events were counted by flow
cytometry (MACSQuant Analyzer 10 flow cytometer, Miltenyi Biotec, Bergisch Gladbach,
Cologne, Germany).

2.3. Staining Urine Cells

A total of 10 × 106 events were stained using a panel of antibodies. All urines
were analyzed by flow cytometry without antibodies to allow us to draw the limit of
detection, excluding the autofluorescence. To avoid urine autofluorescence, we could not
use fluorochromes detected by 450–630 nm channels. Viable cells were gated based on dye
fluorescent (LIVE/DEAD TM Fixable Violet Dead Cell Stain Kit, Thermo Fisher Scientific,
Waltham, MA, USA) and all the analyses were done considering only viable cells. Doublets
were excluded using the FSC parameter. To detect leukocyte subpopulations and their
expression of PD-L1 and PD-1, the pellet was stained using CD45-APC-Vio770 (Miltenyi
Biotec), CD14-APC (Immunotools, Gladiolenwg, Friesoythe, Germany), CD16-PercpVio700
(Myltenyi Biotec), CD3-PeCy5, CD8-PCy7, and PD-L1-APC and PD-1-PE (BioLegend). We
used anti-CD3 and -CD8 antibodies to discriminate between CD4+ (CD3 + CD8−), CD8+
(CD3 + CD8+), CD3− CD8+, and CD3− CD8−. The expression of PD-L1 and PD-1 was
determined on all cell subpopulations. Lymphocyte subpopulations and the expression
of PD-L1 and PD-1 on each subpopulation were only determined in the MIBC urines
with >1 % of lymphocytes to avoid possible artifacts (n = 18). To detect epithelial tumor
cells and the expression of PD-L1, the cellular pellet was stained with EpCAM-PE-Vio770
(CD326; Miltenyi Biotec) and PD-L1-APC (BioLegend). The expression of PD-L1 and PD-1
was determined based on the limit of detection delimitated by the fluorescence minus
one (FMO). Samples were acquired and analyzed with the MACSQuant Analyzer 10 flow
cytometer (Miltenyi Biotec).

2.4. Peripheral Blood

Peripheral blood samples were collected from matched patients with MIBC before
RC and processed for the analysis of leukocytes. Briefly, 100 µL of blood were washed
with 2 mL of PBS. The pellet was stained with a panel of antibodies to analyze leukocyte
subpopulations: CD45 Vioblue (Miltenyi Biotec), CD3-PeCy5, CD8-PCy7, and PD-L1-APC
and PD-1-PE (BioLegend). We used CD3 and CD8 antibodies to discriminate between CD4+
(CD3 + CD8−), CD8+ (CD3 + CD8+), CD3− CD8+, and CD3− CD8−. The expression
of PD-L1 and PD-1 was determined in all cell population. The expression of PD-L1 and
PD-1 was determined based on the limit of detection delimitated by FMO. Samples were
acquired and analyzed with the MACSQuant Analyzer 10 flow cytometer (Miltenyi Biotec).

2.5. Histology

Bladder biopsies were frozen in liquid Nitrogen and kept at −80 ◦C until used. Five
micrometers sections were cut at different levels and stained with hematoxylin and eosin.
Slides were examined without prior knowledge of the urine leukocyte population. The
mean of the area analyzed in all biopsies was 2.5 cm2. Based on the morphology and
different staining of cell nuclei (HE), lymphocytes were counted in all biopsy sections three
times by two different observers, and the values were shown as a range (0–100, 100–1000,
and >1000 cells). The average of the repeat counts was used for the statistical analyses [20].

2.6. Urine IL-6 and IL-8 Concentration

The concentration of IL-6 (Immunotools) and IL-8 (Mabtech, Augustendalstorget, SE-
131 28 Nacka Strand, Sweden) was determined by the ELISA manufacturer’s instructions.
The limits of concentrations were 6 pg/mL for IL-6 and 4 pg/mL for IL-8. Urine cytokines
were normalized with the content of urine creatinine measured using an Elisa Kit (R & D,
McKinley Place NE, Minneapolis, MN, USA). Results are expressed as the concentration of
cytokine per milligram of creatinine.
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2.7. Statistical Analysis

Statistical analyses were performed using GraphPad Prism 7 (San Diego, CA, USA).
The Kolmogorov–Smirnov test was applied to test the normal distribution of the data. Con-
tinuous variables were presented as median and interquartile range (25th–75th percentile
IQR). The Mann–Whitney test was used for the comparison of independent variables. The
chi-square test was used for the comparison of frequencies and correlations were analyzed
with Spearman coefficients. p-values of less than 0.05 were considered significant.

3. Results
3.1. Demographic Characteristics of Muscle-Invasive Bladder Cancer (MIBC) Patients and Urine
Cell Composition

In Table 1, we show the demographic and clinical characteristics of 24 patients diag-
nosed with MIBC at the time of RC.

Table 1. Demographic and clinical characteristics of MIBC patients.

MIBC (n = 24)

Age (years, mean ± SD) 67.96 ± 10.58

Male, n (%) 18 (75)

Smoking status, n (%)
Yes 15 (62.5)
No 6 (37.5)

Previous treatment to RTU, n (%)
BCG 7 (29.16)

Mitomycin 2 (8.34)
no treatment 15 (62.5)

Neoadjuvant chemotherapy, n (%)
Yes 9 (37.5)
No 15 (62.5)

Lymph node, n (%)
Positive 5 (20.8)

Negative 19 (79.2)

Carcinoma in situ, n (%)
Positive 13 (54.16)

Negative 11 (45.84)
BCG: Bacillus Calmette–Guerin.

In Table 2 and Supplementary Figure S1, we show the urine cellular composition
based on the presence of leukocyte and epithelial cells, the expression of PD-L1 and PD-1
on each cell population, and the absolute number per mL of urine and the percentage of
viable CD45+ and CD326+ cells. The viability of CD45+ cells ranged between 97.4% and
100%. The viability of CD326+ cells in 22 samples was >80%, and in only two samples
was it <60%. The urine CD45+/mL and lymphocytes/CD326+ ratios correlated positively
with the normalized urine concentration of IL-8 (3.95 ± 6.17 pg/mg of creatinine; r = 0.782,
p < 0.001, and r = 0.630, p = 0.009, respectively) and IL-6 (4.01 ± 14.5 pg/mg of creatinine;
r = 0.781, p < 0.001, and r = 0.650, p = 0.05, respectively).

We were able to detect lymphocytes, macrophages, and neutrophils in the urine of
MIBC patients. However, not all patients had the same proportion of lymphocytes in their
urine, as demonstrated in Figure 1A.
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Table 2. Cell composition of urine and blood from MIBC patients.

Urine Blood

%Lymphocytes/CD45+ 2.84 (0.79–5.94) 27.91 (20.7–31.22)

%Macrophages-monocytes/CD45+ 3.35 (1.34–4.27) 5.06 (3.09–6.97)

%Neutrophils/CD45+ 90.75 (80.86–94.95) 62.34 (56.88–67.21)

Neutrophil/Lymphocyte 30.27 (14.22–154.6) 2.13 (1.81–3.38)

Lymphocyte subpopulations (n = 18) (n = 24)
% CD4+ 40.24 (23.87–51.24) 52.91 (43.21–58.28)

CD4+PD-L1+/CD4+ 0.3 (0–1.33) 0.045(0.01–0.30)
CD4+PD1+/CD4+ 20 (3.6–30) 2.03 (1.03–4.91)

%CD8+ 19.23 (12–31.08) 23.37 (19.57–32.68)
CD8+PD-L1+/CD8+ 3.16 (0–15) 0.79 (0.06–30.87)
CD8+ PD1+/CD8+ 15 (0–40) 1.98 (0.65–4.74)

% CD3-CD8+ 2.25 (0.92–7.75) 3.77 (1.94–5.5)
% CD3-CD8- 29 (18.78–55.44) 18.83 (16.06–21.24)

%Macrophages-monocytes
PD-L1+/macrophages 5 (2.68–11.75) 18.85 (13.03–34.98)
PD1+/macrophages 1.39 (0.68–6.18) 0.10 (0–0.59)

%Neutrophils
PD-L1+/neutrophils 0.51 (0.10–3.64) 16 (3.08–32.18)
PD1+/neutrophils 0.13 (0.03–0.51) 0.02 (0.01–0.09)

Lymphocytes/CD326+ 1.48 (0.48–9.02)

% PD-L1+ CD326+ 6.87 (1.87–14.73)
Number of patients was n = 24. The phenotype of the urine lymphocyte subpopulations was determined in MIBC
patients with >1% of lymphocytes (n = 18). The lymphocyte/CD326+ ratio and the % of PD-L1 + CD326+ cells
were determined in 22 patients due to a viability <60% of CD45− cells in two samples. Data are presented as the
median of the percentage (IQR: 25%–75% percentile).

Figure 1. Urine cell composition from MIBC patients and HD. Urine was processed and CD45+
population was determined by flow cytometry as described in Materials and Methods. The percentage
of lymphocytes, macrophages, and neutrophils was determined within the CD45+ population.
(A) Percentage of lymphocytes, macrophages, and neutrophils present in the urine of HD (n = 4)
and MIBC patients (n = 24); (B) dot plots of a flow cytometry example of urine from HD and urine
samples from MIBC patients, showing the position of lymphocyte, macrophage, and neutrophil
populations. The Mann–Whitney test was used for the comparison of independent variables.
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In the urine from healthy donors (HD), the percentage of lymphocytes in the leukocyte
gate (CD45+) was 0.04 (IQR: 0.025–0.047). In contrast, the urine from MIBC patients con-
tained more lymphocytes (2.42 (IQR: 1.06–5.625), p < 0.001), macrophages (3.35 (1.34–4.27),
p < 0.001), and neutrophils (90.75 (80.86–94.95), p < 0.001). In Figure 1B, we show rep-
resentative dot plots of cell composition from HD and two different MIBC patients. In
Supplementary Figures S2 and S3, we show the gating hierarchy for CD45+ subpopulations
and CD326+ cells from urine samples and blood and the expression of PD-1 and PD-L1 in
each leukocyte subpopulation.

3.2. Neoadjuvant Chemotherapy Influences Urine Composition in MIBC Patients

We observed that patients who received neoadjuvant chemotherapy (NAC) had a
different urine cell composition than patients who did not receive it. Namely, patients who
underwent NAC had a higher percentage of lymphocytes than patients who did not receive
NAC (4.61 (IQR: 2.81–12.99) vs. 1.61 (IQR: 0.34–4.76), p = 0.029) (Figure 2A). However, we
did not find any association between the effectiveness of NAC and urine composition (data
not shown).

Figure 2. Neoadjuvant chemotherapy (NAC) before RC influenced urine cell composition. Flow cytometry was conducted
to determine the cell composition and expression of PD-L1 and PD-1 on each urine cell subpopulation. Solid circles represent
patients who received neoadjuvant chemotherapy (NAC) before RC and open circles represent patients who did not receive
NAC. The phenotype of the lymphocytes was determined in MIBC patients with >1% of lymphocytes (n = 18) to avoid
possible artifacts. (A) The effect of NAC on the percentage of urine lymphocytes, macrophages, and neutrophils gated
inside the leukocyte population; (B) the urine NLR; (C) the phenotype of lymphocytes in the urine based on the expression
of CD3 and CD8 (n = 18); (D) the expression of PD-L1 and PD-1 on CD4+ and CD8+ urine lymphocytes (n = 18); (E) the
expression of PD-L1 and PD-1 on macrophages and neutrophils in urine samples from MIBC patients (n = 24); and (F)
correlation between the percentage of PD-L1+ neutrophils from urine and matched blood. The Mann–Whitney test was
used for the comparison of independent variables. Spearman’s coefficient was used to correlate independent variables.

There were also differences in the percentages of macrophages (p = 0.022) and neu-
trophils (p < 0.001), and, as a result, the NLR was higher in patients who received NAC ther-
apy than those who did not receive it (p = 0.021) (Figure 2B). NAC did not modify the pro-
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portion of urine lymphocyte subpopulations (Figure 2C), though it decreased the percent-
age of urine PD-1+ CD8+ lymphocytes (0 (IQR: 0–19.45) vs. 40 (IQR:15–47.15), p = 0.004)
(Figure 2D) and it increased the percentage of urine PD-L1+ neutrophils (2.2 (IQR: 0.77–5.95)
vs. 0.3 (IQR: 0.05–1.51), p = 0.041) (Figure 2E). Interestingly, we found a positive correlation
between the percentages of PD-L1+ neutrophils in urine and matched blood samples from
MIBC patients (r = 0.498, p = 0.015) (Figure 2F).

3.3. Smoking Status Influences Urine Composition in MIBC Patients

Patients who were smokers had a higher percentage of urine lymphocytes than non-
smoking patients (4.69 (IQR: 2.3–7.42) vs. 0.52 (IQR: 0.24–3.21), p = 0.002) (Figure 3A).
Smoking status did not affect the percentage of macrophages or neutrophils in urine.
However, the NLR was also significantly different in both groups of patients (p = 0.005)
(Figure 3B). Smoking status also affected the percentage of lymphocyte subpopulations in
urine. An increase in T CD4+ (p = 0.007) and CD3− CD8+ cells (p = 0.016) and a decrease
in CD3− CD8- cells (p = 0.002) were observed in smokers (Figure 3C). The expression of
PD-L1 and PD-1 was also affected by smoking status (Figure 3D). Smoking patients had
higher percentages of PD-L1 + CD8+ cells and PD-1 + CD8+ cells than patients who did
not smoke: PD-L1+ CD8+ (4.58 (IQR: 0.31–20.5) vs. 0 (IQR: 0–0.5), p = 0.035) and PD-1+
CD8+ (22.83 (IQR: 9.72–43.75) vs. 0 (IQR: 0–11.25), p = 0.028). The expression of PD-L1 and
PD-1 on macrophages or neutrophils was not affected by smoking status (Figure 3E).

Figure 3. Smoking status influenced urine cell composition at the time of RC. Flow cytometry was conducted to determine
the cell composition and expression of PD-L1 and PD-1 on each urine cell subpopulation. Filled triangles represent patients
who smoked and open triangles represent patients who did not smoke. The phenotype of lymphocyte subpopulations
was determined in MIBC patients with >1% of lymphocytes (n = 18) to avoid possible artifacts. (A) The effect of smoking
status on the percentage of urine lymphocytes, macrophages, and neutrophils gated inside leukocyte population; (B) the
urine NLR; (C) the phenotype of urine lymphocytes based on the expression of CD3 and CD8 (n = 18); (D) the expression
of PD-L1 and PD-1 on CD4+ and CD8+ urine lymphocytes (n = 18); and (E) the expression of PD-L1 and PD-1 on
macrophages and neutrophils in the urine of MIBC patients (n = 24). The Mann–Whitney test was used for the comparison
of independent variables.
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3.4. The Affectation of Lymph Nodes at RC Time Influences Urine Cell Composition

The urine of patients with positive lymph nodes (LN+) had a higher percentage of
lymphocytes (LN+7.42 (IQR: 4.68–16.99 vs. LN-2.23 (IQR: 0.46–4.69) p = 0.005) and a
lower percentage of neutrophils (LN+ (79.65 (IQR: 73.34–90) vs. LN- (93 (IQR: 87.29–96.68),
p = 0.021) than the urine of patients without affectation (Figure 4A).

Figure 4. Lymph node positivity (LN+) at the time of RC influenced urine cell composition. Urine samples from MIBC
patients (n = 24) were processed as described in Materials and Methods. Flow cytometry was conducted to determine the
cell composition and expression of PD-L1 and PD-1 on each urine cell subpopulation. Black squares represent patients
with LN positive at the time of RC and open squares represent negative patients. The phenotype of the lymphocyte
subpopulation was determined in MIBC patients with >1% of lymphocytes (n = 18) to avoid possible artifacts. (A) The effect
of LN positivity (LN+) on the percentage of urine lymphocytes, macrophages, and neutrophils gated inside the leukocyte
population; (B) the urine NLR; (C) the phenotype of urine lymphocytes based on the expression of CD3 and CD8 (n = 18);
(D) the expression of PD-L1 and PD-1 on CD4+ and CD8+ urine lymphocytes (n = 18); and (E) the expression of PD-L1 and
PD-1 on macrophages and neutrophils in the urine of MIBC patients (n = 24). The Mann–Whitney test was used for the
comparison of independent variables.

As a result, the NLR was also different in the two groups of patients (p = 0.009)
(Figure 4B). Patients with the highest NLR in Figures 2B, 3B and 4B were the same. No
differences in urine PD-L1+ and PD-1+ lymphocytes were observed according to the
affectation or not of lymph nodes (Figure 4C–E).

3.5. Negative Correlation between Lymphocytes in Urine and in Bladder Biopsy at the Time of RC

The number of lymphocytes present in the biopsies was calculated on hematoxylin-
eosin specimens with two different supervisors as described in Material and Methods.
Bladder biopsies from two representative patients (one with a low number and one with a
high number of infiltrating lymphocytes) are shown in Figure 5A. The approximate number
of infiltrating lymphocytes in bladder biopsies negatively correlated with the percentage of
urine lymphocytes (r = −0.545, p = 0.005) (Figure 5B).
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Figure 5. Relationship between urine lymphocytes at RC time and infiltrate lymphocytes present in the RC biopsy specimen.
(A) Example of biopsies obtained at the time of RC from MIBC patients showing the lack infiltrating lymphocytes (20×),
and (B) correlation between infiltrate lymphocytes in biopsies and the percentage of lymphocytes present in the urine of
matched MIBC patients. Black diamonds correspond to patients who suffered recurrence. Spearman’s coefficient was used
to correlate independent variables.

3.6. The Composition of Urine at the Time of RC Time Is Associated with the Recurrence of LN (−)
in Patients

To analyze the association between urine cellular composition and recurrence during
follow-up, we selected patients with LN− at the time of RC who did not receive NAC
(Figure 6 and Supplementary Table S1).

Figure 6. Urine and blood cell composition at the time of RC could predict recurrence in those patients who had not received
neoadjuvant chemotherapy and were LN negative. At the time of RC, a different urine cell composition was observed
between patients who recurred (black diamond) and patients who had not recurred (open diamond) during follow-up.
The phenotype of lymphocyte subpopulation was not determined in MIBC patients since five patients had <1% of urine
lymphocytes. (A) Percentage of urine lymphocytes, macrophages, and neutrophils gated inside the leukocyte population
(n = 13); (B) the urine NLR; (C) the expression of PD-L1 and PD-1 on macrophages and neutrophils in the urine of MIBC
patients (n = 13); (D) the phenotype of blood lymphocytes based on the expression of CD3 and CD8 (n = 13); and (E) the
expression of PD-L1 and PD-1 on macrophages and neutrophils in the blood of MIBC patients (n = 13). The Mann–Whitney
test was used for the comparison of independent variables.
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The intention behind this approach was to discard the effect of chemotherapy on the
analysis of urine composition. When we stratified these patients based on their recurrences,
no differences in the months of follow-up were observed (23 ± 9 vs. 29 ± 5, p = n.s.). Patients
who suffered a recurrence during follow-up tended to have more urine lymphocytes
(p = 0.07), a higher percentage of macrophages (p = 0.016), and a lower percentage of
neutrophils (p = 0.038) in their urine than those without recurrence (Figure 6A). As a result,
the NLR in urine tended to be lower in patients with recurrence (p = 0.07) (Figure 6B). In
addition, the percentage of urine PD-L1+ neutrophils was higher in patients who recurred
than patients who did not (0.51 (IQR: 0.405–6.57) vs. 0.07 (IQR: 0.04–0.3), p = 0.021), as
shown in Figure 6C. The approximate number of infiltrating lymphocytes in bladder
biopsies of patients who suffered recurrence in this subgroup of patients was negatively
correlated with the percentage of urine lymphocytes (r = −0.586, p = 0.038, Figure 5B). This
subgroup of patients with T3–T4 stage had a tendency to have higher percentage of CD326+
CD45− (1.96 (0.35–8.92)) than patients with T1 (0.02 (0.02–0.02)), T0 (0.49 (0.31–1.1)), or
pTis (0.61 (0.61–0.61)), but without statistical significance. Furthermore, in patients with
recurrence, blood NLR also tended to be higher than in those without recurrence (p = 0.051).
We also found that the percentage of PD-1+ CD8+ in the blood of patients with recurrence
was lower (p = 0.038) (Figure 6D) and the percentage of PD-L1+ monocytes was higher
(p = 0.035) (Figure 6E). We also analyzed whether smoking status affected these results,
but we found that the proportion of smoking patients in each recurrence group was not
different (p = 0.592).

4. Discussion

The presence of lymphocytes, macrophages, and neutrophils in urine from MIBC
patients suggests the involvement of the immune system in the pathology of MIBC. In
our cohort, urine leukocyte composition was associated with NAC, smoking status, and
affectation of LN at the time of RC. Interestingly, by following our strategy, we were able to
identify patients with no lymph node affectation who recurred during follow-up.

MIBC patients who received NAC showed a higher percentage of urine lymphocytes
and macrophages but a lower percentage of neutrophils than patients who did not undergo
this therapy. Although there is no information regarding the influence of cancer treatments
on urine leukocytes, several reports describe the influence of treatments on the leukocyte
infiltration of biopsies. Recently, Seiler et al. described significant changes in the biopsies
of NAC-treated MIBC patients based on transcriptome-wide gene expression and IHC [21].
The influence of NAC on neutrophil infiltrates has been demonstrated in benign lymph
node biopsies from MIBC patients [22]. Neutrophil infiltration is also evident after BCG
therapy [23]. The role of these infiltrating neutrophils is more controversial. In bladder
cancer and other types of solid tumors, they seem to be essential for the anti-tumor
effect [23,24]. However, in gastric cancer patients, PD-L1+ neutrophils were shown to
suppress T-cell function and promote disease progression [25]. In our cohort, we did not
find any association between urine PD-L1+ neutrophils and disease progression.

Our results show that patients who received NAC had a lower PD-1+ expression
on CD8+ but a higher PD-L1+ expression on neutrophils than those who did not receive
NAC. It is well known that the effector functions of T cells that express PD-1 in the tumor
microenvironment can be downregulated upon activation by PD-L1 (B7-H1) or PD-L2
(B7-DC) [26]. However, certain chemotherapies have been shown to downregulate PD-1
or PD-L1/2 expression [27,28], whereas others increase PD-L1 and PD-1 on tumor cells
or peripheral leukocytes from cancer patients [29,30]. This heterogeneity of results can be
explained by differences in treatments, techniques, and sources of samples.

Interestingly, we found a positive correlation between the percentages of PD-L1+
neutrophils from urine and matched blood, suggesting a link between urine and circula-
tion. A homologous link between circulation and tumor environment has been suggested
previously when cancer-related neutrophils are found simultaneously in circulation and
the tumor environment of bladder cancer patients [31].
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We found an influence of smoking on urine cellular composition and PD-1 and PD-L1
expression. Along the same line, other authors have described increased total counts of
lymphocytes (CD4+ T cells and B cells) and neutrophils in the blood of smokers [32,33]
and observed that smoking can upregulate PD-L1/IDO expression through an oxidative
stress-dependent mechanism [34]. In addition, smokers had higher IFNγ mRNA and
protein levels in gingival tissues compared to non-smokers with comparable types of
periodontitis [35]. However, it was demonstrated that IFNγ from lymphocytes induces
PD-L1 expression and promotes the progression of cancer [36]. In this line, in a meta-
analysis, Jiahang et al. stated that smokers would benefit from either anti-PD-1/PD-L1 or
anti-PD-1/PD-L1 combined with chemotherapy [37]. However, one report showed that
the expression of PD-1 on the lymphocytes of tumor infiltrates was not associated with
the smoking status of lung cancer patients [38], whereas another described that current
smokers have significantly lower numbers of CD8+ cytotoxic T cells and PD-L1+ cells than
non- and former smokers in head and neck squamous cell carcinoma [39]. Further analysis
will be necessary to establish a definitive conclusion regarding the benefits of smoking and
to validate the use of urine as a marker for PD-L1 and PD-1 status in smokers.

Although LN affectation influences urine composition, we did not find differences in
urine composition when LN+ patients were classified according to NAC or non-NAC. The
pathologic stage of LN at the time of RC is the most powerful independent predictor of
long-term outcomes [40]. Interestingly, Tian et al. found T2–T4 staging to be negatively
correlated with age in LN + MIBC [41]. However, we did not find any age differences
between LN+ and LN−. It is unlikely that this apparent contradiction is the result of
differences in cohorts because, similar to other groups, we found 20% of patients with LN+
at the time of RC [42].

Bladder cancer is an immune-sensitive tumor and patients with high immune cell
infiltration showed the highest cytotoxic scores [43]. Immune infiltrates seem to be indica-
tive of clinical outcomes and drug effectiveness. Particularly, the presence of infiltrating
TILs has been associated with a good prognosis in MIBC, and this positive association was
modulated by the presence of tumor-associated macrophages [44] and B lymphocytes [45].
Due to this physiological association, it is tempting to speculate that urine composition is
related to the bladder tumor microenvironment. We found that the percentage of urine
lymphocytes inversely correlated with the average number of infiltrating lymphocytes in
matched biopsy specimens. This result suggests that urine lymphocytes came from the
tumor because they were not retained in that microenvironment. On the other hand, we
were not able to establish a correlation between circulating and infiltrating neutrophils
due to the lack of specific markers and the variable amount of neutrophils infiltrating the
tumors [46]. However, when identifying and counting CD66+ neutrophils, Takakura et al.
were also unable to establish a correlation between neutrophils in biopsies and high NLR in
circulation [47]. The presence of different populations of leukocytes in urine may therefore
be the result of different mechanisms and may be influenced by genetics and external and
internal factors that contribute to infiltrates in the bladder tumor.

With our approach of excluding external factors influencing the composition of urine,
we were able to determine that recurring patients with LN− at the time of RC had higher
urine lymphocytes, macrophages, and PD-L1+ neutrophils; lower blood NLR and PD-1+
CD8+; and higher PD-L1+ monocytes than patients who had not recurred. This approach
to analyzing MIBC patients has been also applied by other authors [22], who found that
higher neutrophil infiltration in benign LN may be associated with poorer survival. Our
findings were in line with Padmanee et al., who found that the disease-free survival time
was shorter for MIBC patients with fewer CD8+ tumor-infiltrating lymphocytes [20]. In
other types of cancer, an improved clinical outcome has been associated with the presence
of intra-tumoral lymphocytes [48,49].

We are aware that the main limitation of our pilot study was the small number of
patients and that our findings should be validated in a larger series. However, our data
have opened up the opportunity to use urine cellular composition as a non-invasive tool,
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not only as an approximation to the tumor environment but also to predict the outcome in
groups of patients that are going to be treated with immunotherapy. In this manuscript,
the viability of urine leukocytes was also overcome with technical precautions previously
applied by other authors [19]. Additionally, our findings reiterate the crucial role of the
host immune system in the clinical outcome of MIBC patients and establish a link between
urine and tumor circulation. Future experiments to further characterize the phenotype of
urine lymphocytes, macrophages, and neutrophils will be necessary.
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flow cytometry without Violet dead Cell and without antibodies. (B) Urine were analyzed by flow
cytometry with Violet dead Cell and anti-CD45 APC Vio770 and anti-CD326 PE Vio770 antibodies;
Figure S3: Phenotyping of (A) urine and (B) blood leukocytes. Gated populations of urine based
on viable cells, Lymphocyte population CD4+ and CD8+ based on the expression of CD3 and CD8.
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