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Abstract

Despite its significant overall efficacy, BCG fails to benefit a substantial proportion of bladder cancer (BICa) patients. Here, we review recent data highlighting the role
of tumor microenvironment (TME) in limiting antitumoral activity of BCG treatment and emerging opportunities to target TME to enhance the overall outcomes

in BCG-treated BICa patients.

The presence of high levels of cytotoxic T cells (CTLs) and low levels
of myeloid-derived suppressor cells (MDSCs) and regulatory T cells
(Tregs) is associated with improved clinical outcomes in bladder cancer
(BICa) patients [1-4]. These observations highlight the importance of
developing new strategies to rebalance BICa tumor microenvironment
(TME) to enhance local immune surveillance and enhance treatment
outcomes.

BCG, which is known to activate the immune system via Toll-
like receptor (TLR)-2, 4 & 9 signaling, is the oldest immunotherapy
effectively used for treatment of non-muscle invasive bladder cancer
(NMIBC) [5,6]. However, 31-78% of BCG-treated patients suffer from
bladder cancer recurrence and 45% progress to muscle invasive bladder
cancer (MIBC) [7]. In order to control the progression of BCG-non-
responsive NMIBC, radical cystectomy is usually performed, which
negatively affects quality of life [7]. Therefore, improved treatments are
needed to allow bladder preservation.

Tumor-infiltrating ~ immune  cells are  comprised of
immunostimulatory and suppressive populations, with antitumor or
tumor-promoting functions [2]. High local numbers of CD8* CTLs
are associated with improved prognosis in BlCa and other tumors
[1,8,9]. The presence of intratumoral CTLs is critically important for
the clinical activity of immune checkpoint inhibition (ICI) with PD-1,
PD-L1 or CTLA-4 blocking antibodies [10-12]. In contrast, preferential
accumulation of regulatory T cells (Tregs) and myeloid-derived
suppressor cells (MDSCs) predicts poor survival [13,14]. MDSCs work
via multiple pathways including their production of inflammatory
mediators: Indoleamine 2,3-Dioxygenase 1 (IDO1), Interleukin 10
(IL10), Nitric Oxide Synthase 2 (NOS2) and Arginase 1 (ARGI) that
suppress proliferation of CD8' T cells and their development into
Granzyme B*/CD8" effector/killer T cells (CTLs) [15].

CTLs and suppressive cells are attracted to tumor tissues by
different sets of chemokines [16]. CCL5/RANTES, a ligand for CCR5,
and CXCL9/MIG and CXCL10/IP10, both CXCR3 ligands (Figure la),
enhance antitumor immunity, by recruiting Th1, CTL and NK cells to
the TME. In contrast, Tregs, neutrophils, MDSCs and type -2 (M2)
macrophages promote tumor growth [16,17]. Their attraction to TME
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is mediated by CXCR1 and CXCR2 ligand, CXCL8/IL8, CXCR4 ligand,
CXCL12/SDF1, and CCR4 ligand, CCL22/MDC. CXCL8 and CXCL12
preferentially recruit MDSCs, while CCL22 preferentially recruits Tregs
(Figure 1b) [18], which both promote tumor growth [17,19].

Our recent study identified the induction of the MDSC- and Treg-
attractants, CCL22 and CXCLS, as the undesirable side effect of BCG
in human BICa tissues [20], raising the possibility that the modulation
of the chemokine system can be used to enhance the effectiveness of
BCG therapies and counteract BCG-unresponsiveness. Since IFNa
promotes antitumor immunity in many BlCa models [21], combination
of BCG and IFNa has been introduced into clinical testing [22], but
failed to demonstrate any advantage over BCG alone in NMIBC
relapsed patients [23,24]. These disappointing results may be explained
by the observations that the combination of IFNa with BCG (TLR-2,
4 & 9 activator), alone or with poly-IC (TLR-3 agonist) enhances not
only CXCL10 production but also CCL22 production in human BlCa
tissues [20]. Another example of promising combinatorial approaches
is the addition of photodynamic therapy (PDT) to BCG, which recently
showed to induce 50% responsiveness in BlCa patients, however at a
cost of 80% cardiotoxicity [25]. Local instillation of photosensitizer for
the treatment of recurrent BlCa in conjunction with BCG-therapy has
shown improved response, an approximate of 71% in the 2-year follow-
up. This outcome was superior when compared with transurethral
resection of bladder tumor (TURBT) followed by either BCG therapy
or PDT [26]. In general, the toxicity in PDT treatment depends on
the photosensitizer used, and the combination approach with the
use of tumor-selective PDT agent represents a particularly promising
therapeutic approach [27].
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Figure 1. Role of CTLs/NK/Thl-attracting and Treg/MDSCs attracting chemokines in the tumor microenvironment resistance and progression. A. CCL5/RANTES (a ligand for CCRS
receptor) and CXCL9/MIG and CXCL10/IP10 (ligands for CXCR3 receptor) preferentially attract antitumor effector cells, such as CTLs, Th1 and NK cells, and additional DCs, to promote
local antitumor immunity in BlICa TME. B. In contrast, CXCL8/IL8 (CXCR1, CXCR2 ligand), CXCL12/SDF1 (CXCR4 ligand) and CCL22/MDC (CCR4 ligand) attract Tregs and MDSCs,

which promote local immune suppression, resistance to immune attack and tumor growth

BCG-triggered local inflammation is reflected by the increased
numbers of macrophages, T cells, B cells, NK cells and neutrophils in
the urine of BlCa patients after BCG administration [28]. High levels of
such cells predict the clinical response to ICI blockers combined with
BCG [29]. On the other hand, elevated local (tumor tissue and urine)
recruitment of Tregs after BCG administration predicts poor treatment
outcomes [2,30]. Reduced recurrence-free survival has been also
reported in BlCa patients whose local MDSCs dominated T cells after
BCG administration [4]. The negative impact of Tregs and MDSCs is
in sharp contrast to CD8" T cells, which predict better survival of BICa
patients [1], and may help to identify the 25% of BCG-non-responsive
patients with enhanced PD-L1* T cells influx will benefit from the
combination with ICI [29].

Conclusions

These observations indicate that the balance between the
chemokines which selectively attract CCR5*/CXCR3* antitumor
effector cells (CTL/NK) versus tumor promoting suppressive cells
(MDSC/Treg) may regulate the effectiveness of BCG and other forms of
immunotherapy, and may be targeted to enhance the clinical outcomes.
The resulting treatments may boost BCG activity against NMIBC in
terms of efficacy and durability and, potentially, obviate the need for a
cystectomy. The key questions are: What molecular pathways regulate
the antitumor and tumor promoting aspects of BCG activity in BlCa
TME and whether can they be selectively manipulated to enhance the
magnitude and selectivity of action of the modulation of TME?
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