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Dendritic cells in blood and urine samples from
bladder cancer patients undergoing BCG immunotherapy

rSummary J

Raffaella Rossi !, Miriam Lichtner 2, Francesco lori 3, Angela Ermocida !,
Claudia Mascia !, Fabio Mengoni !, Ilaria Sauzullo !, Danilo Dini 3,
Claudio M. Mastroianni 2, Vincenzo Vullo !

! Department of Public Health and Infectious Diseases, “Sapienza” University, Rome, ltaly;
2 Infectious Diseases Unit “Sapienza” University, Latina, ltaly;
3 Department of Urology, “Sapienza” University, Rome, Italy.

Objectives: Immunotherapy with BCG (Bacille Calmette-Guérin) after transurethral
resection of the bladder tumor represents a highly effective primary treatment for
intermediate and high-risk superficial bladder cancer. The effectiveness of this thera-
py has been documented, but its mechanism of action is not clear yet. In the present
study, we investigated the changes of dendritic cells (DC) numbers in peripheral blood
and urine of patients with superficial bladder cancer undergoing BCG intravescical therapy
Material and method: We have enumerated plasmacytoid and myeloid DCs in the peripheral blood
and in the urine of patients with bladder cancer in order to clarify the role of these cells in the evo-
lution of the disease and the effect of therapy. DCs in blood and urine samples were assessed using
the single-platform TruCOUNT assay with monoclonal antibodies. The study population included
37 healthy donors and 13 patients with diagnosis of primitive supetficial bladder cancer.

Results: At the time of diagnosis a reduction of blood DCs was found in patients as opposed to
healthy donors, while DCs were not found in the urine in the same way as in healthy subjects.
Six of these patients were followed before and after weekly and monthly instillations of BCG.
In the peripheral blood, we observed an immunological recovery of DCs from the third weekly
instillation up to the sixth. In the urine of patients, we didn’t find mDCs or pDCs at T0, but we
found a statistically significant change from the third instillation up to the sixth. On the con-
trary, we didn’t find mDCs in urine during monthly instillation.

Conclusions: DC Count could be used in the monitoring of patients undergoing BCG therapy.
Immunological restoration of mDC numbers in peripheral blood and the efflux in urine could
be important for confirming the effectiveness of BCG instillation.
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INTRODUCTION

The efficacy and the cost-effectiveness analysis of Bacille
Calmette-Guérin (BCG) therapy in the management of
high-risk superficial bladder cancer (NMIBC) or treatment
of carcinoma in situ (Tis) has been demonstrated (1-3).
The goal of BCG therapy is to eradicate the disease and to
inhibit tumor recurrence and prevent the progression of
cancer (4-6). Although used in large number of patients,
the immunotherapy mechanism of action of BCG has
remained a black box for three decades. A local inflamma-

tion, characterized by an influx of mononuclear cells into
the bladder wall and by the secretion of pro-inflammato-
ry cytokines into the urine, has been described in patients
undergoing BCG instillations (7-9). Recently, a central role
in the prevention bladder tumor recurrence has been sug-
gested for granulocyte-macrophage colony-stimulating
factor (GM-CSF) and tumor necrosis factor (TNF)-&,
which are essential cytokines in the induction of dendrit-
ic cell (DC) response (10). In fact, both natural and adap-
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tative immunity seem to be involved in the local response
to BCG therapy. Several studies showed the presence of
natural killer (NK) cells, CD4+ and CD8+ T lymphocytes
in the bladder wall in patients with superficial transitional
cell carcinoma (TCC) undergoing BCG instillations. This
presence was correlated with a reduction in superficial
bladder cancer recurrence (11). Few studies have exam-
ined the significance of the presence of dendritic cells
(DQ) in the urine from patients with bladder cancer. The
importance of DCs as immunotherapy against cancer has
been widely studied (12-14). In fact, DCs are considered
professional antigen presenting cells (APCs) for inducing
anticancer immunity, both in vitro and in vivo (15), and
they can induce both primary and secondary immune
responses. Nishiyama et al, propose DC-based cancer
immunotherapy as an additional treatment against
advanced bladder cancer (16). Cheadle et al. demonstrat-
ed in vitro that BCG-infected DC are potent activators of
T-cells and adaptive immune response (17). Two types of
immature circulating DCs were found in human blood:
myeloid DCs (mDCs) and plasmacytoid DCs (pDCs) that
can be identified for their phenotypic markers and differ-
ent function (18). A recent study tested the hypothesis
that DCs may also migrate in the urine of bladder cancer
patients. The authors speculate that variability in the per-
centage of urinary DCs may reflect changes in immuno-
logical activity at the tumor site (19). However, they did
not enumerate circulating DCs in the periphery. In this
study, we used a single-platform flow cytometric Tru-

COUNT assay to count the absolute number of the two
subsets of DCs in both peripheral blood and urine samples
from patients with bladder cancer before transurethral
resection. In addition, in a longitudinal study, the enu-
meration of mDCs and pDCs count was done at different
times of weekly and monthly BCG instillation.

MATERIALS AND METHODS

The study population included 13 patients with diagno-
sis of primitive bladder cancer, confirmed by
transurethral resection bladder (TURB) (10 males, 3
females; age range, 55-81 years old). TNM (T: size or
direct extent of the primary tumor. N (0-3): degree of
spread to regional nodes. M (0/1): presence of metasta-
sis) classification of tumors in studied patients was as fol-
lows: TaGl in 1 patient, TaG2 in 3 patients, TaG3 in 5
patients, T1G3 in 3 patients and T2G3 in 1 patient. Six
patients (3 with TaG2 and 3 with TaG3) were repeatly
analyzed during weekly and monthly instillations with
BCG, according to the Lamm’s protocol (20). All patients
were admitted to the Department of Urology of the Azienda
Policlinico Umberto I, Sapienza University of Rome. Twenty-
six healthy donors were included as control group.
Informed consent was obtained from all subjects before
being included in the present study. The study was
approved by the institutional review board (Department
of Infectious and Tropical Diseases, Sapienza University of
Rome). Blood and urine were collected in the first morn-
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ing before TURB. All patients had no change in lympho-
cytes and monocytes values. To identify DC subsets, we
used a new single platform flow cytometric assay, based
on TruCOUNT TM tubes, which contain a known num-
ber of fluorescent beads as inside control. This method
has many advantages: first of all, we use whole blood and
not conventional ficoll-density separation. The absolute
number of pDCs or mDCs (cells/ml blood) was calculat-
ed by the following formula: (mDC or pDC events x
known TruCOUNT beads)/ (beads events x 0.1 ml). In
this way, we eliminate the count obtained from haema-
tology blood analyzer data. Besides, this count is highly
reproducible with intra and inter assay, and fast to exe-
cute. For DC enumeration, peripheral blood was con-
served in EDTA (ethylenediaminetetraacetic acid) tubes.
Whole blood (0.1 ml) was directly labeled in
TruCOUNT TM tubes, adding monoclonal antibodies
(mAbs) and isotype control and using Lyse/No Wash
Assay. mAbs for the labelling were: anti CD45-PerCP to
identify peripheral blood mononuclear cells (PBMCs),
anti HLA-DR-APC that marks DCs and activated cells,
Lineage-FITC cocktail (composed of anti-CD3, anti-
CD14, anti-CD16, anti-CD19, anti-CD20, anti-CD56)
because DCs do not express this marker, anti-CD11c-PE
or anti-CD123-PE specific markers for mDCs or pDCs
respectively. Finally Mouse anti-IgGla-PE and Mouse
anti-1gG2a-PE were used for isotype control. Gating
strategy is shown in Figure 1. All antibodies and
TruCOUNT TM tubes were purchased from Becton

Dickinson (BD Biosciences Pharmingen, Italy). After mix-
ing, the tubes were incubated for 15 minutes in the dark
at room temperature (RT); then 450 ul of FACS Lysing
Solution (BD) was added to each tube, after which they
were vortexed and incubated for 15 minutes at RT. As for
urine, before the staining of DCs, the samples were con-
centrated 1:100. Then, mAbs and isotype control were
added following the protocol for DCs staining in periph-
eral blood (Figure 2). All samples were analyzed within
1-3 h of staining using a FACScalibur flow cytometer
and CellQuest 1.0, and 100.000 events were acquired
(Becton Dickinson, Mountain View CA). All data were
collected using identical instrument settings. For statisti-
cal analysis Sigma Stat 2.2 (Jandel Scientific Software, San
Rafael, CA) was used. Values are given as median and
ranges. The statistical differences of values were analyzed
using the nonparametric Mann-Whitney U test and
Spearman coefficients were calculated to measure the
association among parameters.

REsuLTS

Cross-sectional study

The enumeration of both mDCs and pDCs was performed
in peripheral blood and urine samples from 13 patients
before transurethral resection (Time 0). mDCs and pDCs
were significantly reduced in peripheral blood from
patients with superficial bladder cancer in comparison
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Figure 3.

Circulating mDC and pDC Count in peripheral blood. Two subsets of DCs were measured using TruCOUNT assay and
asignificant reduction in both mDCs (a) and pDCs (b) was found in the patients.
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with healthy donors. In fact, the median value of mDCs in
patients was 8825 cells/ml (range 4187-15317) vs 15300
cells/ml (8901-45917) in healthy donors (p < 0.001).
Similarly, a decrease in pDC count was found (bladder can-
cer: 5411 cells/ml, range: 2897-10693; healthy donors:
13553, 3875-52111; p < 0.001) (Figure 3).

When patients were stratified on the basis of cancer grad-
ing, we observed a significant reduction of mDCs
(p = 0.004) in low Grade groups (Gl and G2) when com-
pared with the higher Grade group (G3). No significant
differences were found in pDCs count (p = 0.918)
between the two groups. When urine samples were
assessed by cytofluorimetric analysis, we did not detect

the presence of mDCs and pDCs either in patients or
healthy donors.

Longitudinal study

After transurethral resection, six patients were followed
during weekly and monthly instillations with BCG.
During a median follow up of 24 months, all patients
were free of recurrences. We counted DCs subpopula-
tions in blood and urine before and after 24 hours of the
first (T1-T2), third (T3-T4), fifth (T5-T6) and sixth (T7-
T8) weekly instillations and before and after 24 hours of
the sixth monthly instillation (T9-T10). In the peripher-
al blood, the patients had a recovery of mDCs respect to

Figure 4.

Circulating mDC and pDC Count in peripheral blood post-instillations. mDCs and pDCs were measured using TruCOUNT assay.
A significant increase was found in mDCs at T8 of weekly instillations compared to TO (a). No significant differences in pDC
Count were found (b). Lines — represent the median values of mDCs and pDCs in the healthy donors.
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Figure 5.

mDC Count in the urine, post-instillations, using TruCOUNT assay.
A significant increase was found in mDCs from the third up
to the sixth weekly instillations (T4, T6 and T8) compared to TO.
No statistically increase was found at sixth monthly instillation (T10)
if compared to TO. Lines — represent the median values

of mDCs in the healthy donors.

or lamina propria and frequently have a
good response to therapy.

The treatment for superficial TCC is
transurethral resection bladder (TURB), and
80% survival is achieved, but less than half
are cured because of the relapse (50-70%).
This resection is followed by intravescical
therapy that has been shown to be the treat-
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ment of choice for intermediate and high
superficial bladder cancer. This therapy was
first used in the management of bladder can-
cer in 1976 by Morales et al. and it is an
immunotherapy based on instillations with
live attenuated tuberculosis vaccine, Bacille
Calmette-Guérin (BCG). In the present
study, we investigated the changes of DC
numbers in peripheral blood and urine of
patients with superficial bladder cancer
undergoing BCG intravescical therapy (22).
We found for the first time a significant
decrease of both circulating mDCs and
pDCs absolute count in patients with super-

TO T2 T4 Té T8

Time post instillations

T10

ficial bladder cancer, before transurethral
resection, compared to healthy donors. The
reduction of DCs in peripheral blood may

TO (p = 0.04) and at the end of weekly instillations, the
values were comparable to healthy donors (p = 0.7). At
the sixth monthly instillation, none of the patients
showed numerical reduction of mDCs. There was an
increase from the third instillation (Figure 4a). No sig-
nificant changes were observed before and after 24 hours
of the BCG instillations (data not shown). For the pDCs,
we found only a partial increase compared to TO at the
end of weekly instillations without a statistical signifi-
cance (p = 0.2) (Figure 4b). At the sixth monthly instil-
lation, the pDC values decreased to the pre-instillation
levels, indicating that peripheral blood pDCs were par-
tially affected by BCG instillation. The analysis of the
urine showed that mDCs were detectable in the urine
from the third instillation up to the sixth instillations. No
changes were found before and after 24 hours of the BCG
instillations. In fact, during the first instillation we didn't
find mDCs before and after 24 hours. Otherwise, at the
third instillation, mDC were detected in urine and
remained stable until the end of weekly instillation. Little
or no mDC release was found in urine during monthly
instillations (Figure 5). Analysis using the Spearman
rank correlation test showed that there was no statisti-
cally significant correlation between mDCs in urine and
blood (r = 0.240, p = 0.3).

DiscussioN

Transitional cell carcinoma (TCC) is found in more than
90% of patients with bladder cancer, and this type of
cancer is either superficial (70%) or muscle-invasive.
Patients with muscle-invasive or metastatic disease have
a poor prognosis and they will die within 2-3 years after
diagnosis. Superficial tumors are confined to the mucosa

have functional consequences on DCs activ-
ity against the progression of tumor: mDCs
play an important role in cancer for their
antitumor properties, while pDCs are the natural IFN-
producing cells in the immune system. On the other
hand, when patients were stratified for tumor grading,
data showed that lower cancer grading was associated
with the lowest count of mDCs in blood, suggesting that
DCs deficit depends on a major recruitment of mDCs at
the tumor site, rather than on a peripheral disruption.

In a longitudinal study, we have followed six patients
after transurethral resection and during weekly and
monthly instillations of BCG. We observed a numerical
recovery of both circulating DCs in these patients at the
end of the weekly treatment. The number of DCs
increased from the third instillation, and it may represent
a good evidence for the efficacy of BCG immunotherapy
in immunological recovery. BCG causes a local inflam-
mation and an influx of mononuclear cells into the blad-
der wall (8). BCG induces maturation and activation of
DCs with interaction with TLRs 2 and 9 and with Dectin-
1(17,19,24,25,26,27) that are important components of
the innate immune response. In our patients, mDCs were
found in urine after BCG therapy, particularly at the third
instillation that corresponds to blood DCs increase. The
mDCs found at the site of immunotherapy in those
patients with lower grades may be involved in the pro-
tective immune responses elicited by the treatment.
Many studies underlined the presence of cells, such as
NK cells, CD4+ and CD8+, T lymphocytes in the blad-
der wall, after BCG instillations in patients with superfi-
cial TCC. This presence was correlated with a reduction
in superficial bladder cancer recurrence (10) but the
results were often conflicting (28,29,30). In other stud-
ies, pro-inflammatory cytokines (IL-1, IL-2, IL-6, TNF-
&, IFN-Y) were found in urine after BCG instillations
(7,9, 10, 31) but their role in weekly instillations is not
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clear. Recently, some studies correlated the presence of
leukocytes in the urine of patients with bladder cancer
undergoing BCG therapy with a reduction of recurrence
(10). DCs were found in the urine of bladder cancer
patients, and it was speculated that variability in the per-
centage of urinary DCs may reflect changes in immuno-
logical activity at the tumor site (32). It is conceivable
that the mDCs we found in the urine of patients under
BCG immunotherapy may play a crucial role in the anti-
tumor activity of BCG therapy.

They may interact with the NK cells, T cells and other
leukocytes and with various cytokines, through a recip-
rocal cross-talk that activates anti-tumor responses (33,
34). Indeed a very recent report showed that bladder
tumour mature dendritic cells and macrophages are pre-
dictors of response to BCG therapy (34). In the last years
there has been a lot of interest in the evaluation of
peripheral blood DC subsets, as an improvement in the
enumeration methods has been obtained (35). Using
flow cytometry for DC counts, a reduction of circulating
mDCs and pDCs was demonstrated for the first time in
HIV infection (36-38). Several studies have shown that
DCs in blood are decreased by viral, parasitic and bacte-
rial infectious diseases (39, 40). In addition, recent stud-
ies have shown variations of DC counts in peripheral
blood in some tumor such as breast cancer in advanced
stage (41, 42) and in a urological tumor, prostate adeno-
carcinoma (43, 44). DCs are present in very low per-
centages in peripheral blood, and for this reason it is dif-
ficult to obtain a real and reproducible enumeration of
these cells. In our study we have obtained an absolute
count of DCs using a single platform Tru COUNT assay
and a flow cytometric analysis for rare events that gives a
standardization of DCs counting in clinical practice (35).
All treated patients showed a release of DCs into the
urine, with a burst increase at the third instillations. In
agreement with previous data, we suggest that BCG-
mediated antitumor activity may be a localized phenom-
enon that induces immune responses against cancer,
using mDCs antitumor proprieties. The quantification of
DCs using a single platform Tru COUNT assay may be
very important to understand the mechanism of BCG
action and perhaps to monitor the treatment efficacy.
Finally, pDCs seem to have a different role: they
decreased in patients with superficial bladder cancer,
remained low during BCG treatment and they were
never found in urine. From these data we can speculate
that deficit of pDCs was a characteristic related to other
tumor forms (breast, prostate) (41-44) rather than a con-
sequence of the cancer development.

CoNcLUSION

The results of our study indicate that the number of DCs in
blood and urine shows variations during endovescical
instillations with BCG in patients after transurethral resec-
tion of superficial bladder cancer. mDCs seem to play a
crucial role at the tumor site and they were recruited in
urine by BCG instillations from the third instillations.

We suggest that mDCs count in urine samples may be
used as a marker to better understand the efficacy of BCG
treatment.
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