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Aberrant glycosylation actively contributes to tumor progression and is a key hall-
mark of cancer. Most of the glycan moieties expressed on the surface of cancer cells
are sialic acids that may modulate antitumor immune responses via binding to
sialic acid–binding immunoglobulin-like lectins (Siglecs) expressed by immune
cells. Here we show that Siglecs may decrease the bladder tumor immune response
mediated by natural killer (NK) cells. We observed higher NK cell activity against
desialylated bladder tumor cell lines. We therefore determined the expression of
nine Siglecs on circulatory NK cells from healthy donors and patients with bladder
cancer (BCa). NK cells from blood mainly express Siglec-7, which is highly upregu-
lated in non–muscle-invasive BCa (NMIBC), as well as Siglec-6, albeit at a much
lower level. However, both Siglecs are expressed by urinary NK cells from NMIBC
patients undergoing bacillus Calmette-Guérin therapy. Ex vivo analysis of Siglec-6
and Siglec-7 expression levels on tumor-infiltrating NK cells (TINKs) from BCa
patients showed that only Siglec-7 is expressed by TINKs. Finally, analyses for
The Cancer Genome Atlas data set revealed that BCa patients with high expression
levels of Siglec-7 have a poor survival rate. This work indicates that Siglec-7 may
restrain NK-mediated antitumor immunity in BCa.
Patient summary: We investigated the expression of proteins called Siglecs in nat-
ural killer (NK) cells from patients with bladder cancer. We showed that levels of
the protein Siglec-7 in blood, urine, and tumors from patients with bladder cancer
are associated with poor clinical outcomes. Thus, Siglec-7 may be involved in the
regulation of antitumor immunity mediated by NK cells in bladder cancer.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
Bladder cancer (BCa) is a highly prevalent disease associ-
ated with substantial morbidity [1]. BCa is classified as
non–muscle-invasive (NMIBC) or muscle-invasive BCa
(MIBC). After transurethral resection of bladder tumor
(TURBT), bacillus Calmette-Guérin (BCG) intravesical
lsevier B.V. on behalf of Eu
tivecommons.org/licenses/b
immunotherapy is considered the standard of care for
intermediate- to high-risk NMIBC [2,3]. Unfortunately,
recurrences after BCG therapy may occur. In these patients,
radical cystectomy remains the standard therapy [3,4]. The
limited efficacy of treatment in many BCa patients
ropean Association of Urology. This is an open access
y-nc-nd/4.0/).
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underscores the importance of identifying new targetable
immune checkpoints. Over the past decade, immune check-
point inhibitors (ICIs) targeting the PD-1/PD-L1 or CTLA-4
axis have been a major breakthrough in cancer therapy,
including BCa [5]. However, only a small fraction of patients
respond to ICIs, suggesting that additional immunoregula-
tory mechanisms may be involved in antitumor immunity
[6,7]. Sialic acid–binding immunoglobulin-type lectins
(Siglecs) are expressed on leukocytes and interact with sia-
lic acids. Siglecs have been of particular interest in antitu-
mor immunity owing to their regulatory role [8]. At
homeostasis, the Siglec/sialic acid axis may help immune
cells to sense self from non-self. However, tumor cells
may exploit this feature to escape from antitumor surveil-
lance by upregulating sialic acids at their surface and/or
Siglecs on immune cells [8]. Although recent reports have
highlighted the immunoregulatory role of Siglecs in the
antitumor responses of T cells and natural killer (NK) cells
[9], no data are available on the role of NK cells expressing
Siglecs in BCa. Here we report on the first analysis of the
expression and activity of Siglecs on NK cells from BCa
patients.

First, to determine whether the interaction between
Siglecs and Siglec ligands may influence NK cell activity in
the context of BCa, we co-cultured purified NK cells from
healthy donors (HDs) and NMIBC patients with untreated
or desialylated bladder tumor cells (T24 and/or TCC-Supp).
Sialidase, a sialic acid–cleaving enzyme, removes sialic acids
at the surface of tumor cells (Supplementary Fig. 1A), pre-
venting subsequent intracellular signaling from interaction
Fig. 1 – Expression and function of Siglecs in NK cells from healthy donors and p
NK cells from PBMCs from HDs after co-culture with untreated or desialylated T2
histograms of (B) Siglec-6 and (C) Siglec-7 expression levels and their quantifi
patients (green line; n = 12), and MIBC patients (red line; n = 12). Representative F
quantification in tumor-infiltrating NK cells from NMIBC patients (green line; n =
Siglec-6 and or (G) Siglec-7 expression levels and their quantification in in vitro
post-BCG2 (light blue; n = 7) and post-BCG5/6 (light red; n = 10–12). Data are pres
ratio of mean fluorescence intensity for specific staining versus the isotype Ig
Calmette-Guérin; E/T = effector/target; FACS = fluorescent-activated cell sorting;
killer; NMIBC = non–muscle-invasive bladder cancer; PBMC = peripheral bloodmo
immunoglobulin-like lectin. * p < 0.05; ** p < 0.01.
between Siglecs and Siglec ligands [8]. Importantly, NK cells
co-cultured with sialidase-treated bladder tumor cells
exhibited significant upregulation of the degranulation
marker CD107a (Fig. 1A and Supplementary Fig. 1B,C), as
well as IFN-c and TNF-a (Supplementary Fig. 2A), which is
not due to loss of HLA class I expression (Supplementary
Fig. 2B) [10]. Overall, these results suggest that Siglec
ligands may protect bladder tumor cells from recognition
of Siglecs-expressing NK cells.

Then we characterized the expression of nine Siglecs
(Siglec-2, -3, -5/-14, -6, -7, -8, -9, and -10) on circulatory
NK cells from HDs and NMIBC and MIBC patients (Fig. 1B,
C and Supplementary Fig. 3). Similar to what we recently
found for T cells from BCa patients [11], Siglec-6 is weakly
expressed by circulating NK cells from HDs and MIBC
patients, and slightly upregulated in NMIBC patients
(Fig. 1B). In addition, we observed that Siglec-7 expression
is higher on circulatory NK cells from NMIBC and MIBC
patients (albeit not significantly for the latter) in compar-
ison to HDs (Fig. 1C). Of note, other Siglecs were not detect-
able or were very poorly expressed (Supplementary Fig. 3B).
Knowing that Siglec-6 ligands are poorly expressed by blad-
der tumor cells [11], these results indicate that the weaken-
ing of NK cell cytotoxic activity observed in Figure 1A is
mainly due to Siglec-7.

We next assessed Siglec-6 and Siglec-7 expression levels
on tumor-infiltrating NK cells (TINKs) from tumor tissue col-
lected during TURBT or cystectomy. Whereas Siglec-6 was
not or very poorly expressed, TINKs from NMIBC and MIBC
patients expressed Siglec-7 at similar levels (Fig. 1D,E). Next,
atients with bladder cancer. (A) Flow cytometry measurement of CD107a on
4 or TCC-Sup bladder tumor cells at an E/T ratio of 1:4. Representative FACS

cation in NK cells from peripheral blood of HDs (black line; n = 9), NMIBC
ACS histograms of (D) Siglec-6 and (E) or Siglec-7 expression levels and their
4) and MIBC patients (red line; n = 4). Representative FACS histograms of (F)
expanded urinary NK cells from NMIBC patients undergoing BCG therapy at
ented as the mean ± standard error of the mean. Values are expressed as the
control (RFI). The dotted line represents the detection limit. BCG = bacillus
HD = healthy donor; MIBC = muscle-invasive bladder cancer; NK = natural
nonuclear cell; TINK = tumor-infiltrating NK cell; Siglec = sialic acid–binding
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Fig. 2 – TCGA analysis for MIBC patients and a putative model of a suppressive axis mediated by Siglec-6 and Siglec-7. (A–D) Overall survival (n = 403; A,C) and
disease-specific survival (n = 390; B,D) analyses by (A,B) Siglec-7 and (C,D) both Siglec-6 and Siglec-7 tumor mRNA expression obtained from TCGA data for
patients with MIBC. (C,D) Patients were first segregated on the basis of Siglec-7 levels (below and above the median value) and the two groups were
subsequently divided into two subgroups on the basis of Siglec-6 levels (below and above the respective median values in the subgroups). (E,F) Putative model
of a suppressive axis mediated by Siglec-6 and Siglec-7 in bladder cancer. (E) Bladder tumor cells weakly express ligands for Siglec-6 (S6L), which is increased
by BCG therapy, and high level of Siglec-7 ligands (S7L). Intratumoral CD8+ T cells express Siglec-6 at low levels, which is upregulated by BCG therapy. Siglec-7
and its ligands are highly expressed on intratumoral NK cells and in bladder tumor, respectively. Siglec-6/S6L and Siglec-7/S7L interactions restrict cytotoxic
functions of effector CD8+ T and NK cells, respectively. (F) Immune checkpoint inhibitors targeting Siglec-6 and Siglec-7 may restore the function of
intratumoral CD8+ T and NK cells. BCG = bacillus Calmette-Guérin; MIBC = muscle-invasive bladder cancer; NK = natural killer; Siglec = sialic acid–binding
immunoglobulin-like lectin; SL = Siglec ligand. * p < 0.05.
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we questioned whether BCG might influence Siglec-6 and
Siglec-7 expression on urinary NK cells (Fig. 1F,G), as we
recently reported for Siglec-6 on CD8+ T cells [11]. We there-
fore determined the expression of Siglec-6 and Siglec-7 on
urinary NK cells from NMIBC patients after the second and
the fifth or sixth BCG instillations (post-BCG2 and post-
BCG5/6). Urinary NK cells express both Siglec-6 and Siglec-
7, with no difference between post-BCG2 and post-BCG5/6,
suggesting that the course of the BCG therapy did not mod-
ulate their expression (Fig. 1F,G).

We recently reported that bladder tumor cells, including
T24 and TCC-Sup, have high expression of Siglec-7 ligands
but poor expression of Siglec-6 ligands [11]. Furthermore,
Siglec-6 is very poorly expressed by TINKs, in contrast to
Siglec-7 (Fig. 1D,E). Taken together, our data suggest that
Siglec-7 and its ligands may be the main Siglec/sialic acid
axis involved in NK cell impairment in bladder tumors.

Finally, to investigate whether Siglec-6 and/or Siglec-7
might influence BCa patient survival, we performed a
large-scale analysis of bladder urothelial cancer data from
The Cancer Genome Atlas (TCGA) [12]. We recently showed
that high Siglec-6 expression is significantly associated with
lower overall and disease-specific survival in localized and
locally advanced BCa [11]. Similarly, high Siglec-7 expres-
sion is associated with poor overall and disease-specific
survival for BCa patients (Fig. 2A,B). Siglec-7 preferentially
binds to a2,8-linked disialic acids on b-series gangliosides
or on O-linked glycans, with binding mainly driven by two
enzymes: ST8SIA I and VI [13–15]. Interestingly, high
expression of ST8SIA I and VI is associated with poor sur-
vival in the TCGA BCa data set (Supplementary Fig.4), sup-
porting the detrimental role of Siglec-7/sialic acids in BCa
immunity. Finally, when evaluating Siglec-6 and Siglec-7
at the same time, high combined expression of Siglec-6
and Siglec-7 was significantly associated with poorer over-
all and disease-specific survival for BCa patients (Fig. 2C,D).
However, low expression of both Siglecs does not seem to
be more beneficial. This might be because of other regula-
tory mechanisms occurring during BCa development [5].
Of note, expression levels of Siglec-2, -3, -5, -8, -9, -10,
and -14 do not influence BCa outcomes (Supplementary
Fig. 5). These results suggest that in addition to Siglec-6
[11], Siglec-7 might be a potentially targetable immune
checkpoint in BCa.

The emergence of ICIs over the past decade has been a
major breakthrough for cancer treatment. ICIs target key
immune regulators such as the PD-1/PD-L1 axis and CTLA-
4 that help tumor cells to escape antitumor immunity.
However, a high rate of ICI failure indicates the need to find
new targets for the development of novel promising ICIs.
Our investigations revealed that Siglec-7 might be a
potential immune checkpoint in BCa that can decrease the
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cytotoxic activity of NK cells against bladder cancer cells.
We recently showed that Siglec-6 is the principal Siglec
expressed by circulatory, urinary, and intratumoral CD8+ T
cells, which may reduce their cytotoxic activity [11].
Moreover, we reported that Siglec-6 ligands, which are
weakly expressed by bladder tumor cells, and Siglec-6 itself
are upregulated on BCG infection [11]. Thus, our studies sug-
gest that Siglec-6 on CD8+ T cells and Siglec-7 on NK cells
may act in concert in situ to suppress antitumor immunity,
even during BCG therapy, leading to BCa recurrence and pro-
gression (Fig. 2E). It has recently been shown in humanized
immunocompetent mouse models that Siglec-7/-9 blockade
reduces tumor burden in vivo, supporting the use of anti-
Siglec antibodies to boost antitumor immunity [16]. Thus,
although further validation in vivo is warranted, ICI target-
ing of Siglec-6 and Siglec-7might be a promising therapeutic
combinatorial approach in BCa (Fig. 2F).
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