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Abstract

Purpose Tumor-associated macrophages (TAMs) exist as heterogeneous subsets and have dichotomous roles in cancer-
immune evasion. This study aims to assess the clinical effects of Galectin-9" tumor-associated macrophages (Gal-9"TAMs)
in muscle-invasive bladder cancer (MIBC).

Experimental design We identified Gal-9*TAMSs by immunohistochemistry (IHC) analysis of a tumor microarray (TMA)
(n=141) from the Zhongshan Hospital and by flow cytometric analysis of tumor specimens (n =20) from the Shanghai
Cancer Center. The survival benefit of platinum-based chemotherapy in this subpopulation was evaluated. The effect of the
tumor-immune microenvironment with different percentages of Gal-9*TAMs was explored.

Results The frequency of Gal-9*TAMs increased with tumor stage and grade. Gal-9* TAMs predicted poor overall survival
(OS) and recurrence-free survival (RFS) and were better than Gal-9"TAMs and TAM:s to discriminate prognostic groups. In
univariate and multivariate Cox regression analyses, patients with high percentages of Gal-9*TAMs showed the prominent
survival benefit after receiving adjuvant chemotherapy (ACT). High Gal-9"TAM infiltration correlated with increasing
numbers of regulatory T cells (Tregs) and mast cells and decreasing numbers of CD8*T and dendritic cells (DCs). Dense
infiltration of Gal-9TTAMs was related to reduced cytotoxic molecules, enhanced immune checkpoints or immunosuppres-
sive cytokines expressed by immune cells, as well as active proliferation of tumor cells. Additionally, the subpopulation
accumulated was strongly associated with PD-1TTIM-3*CD8*T cells.

Conclusions Gal-9"TAMs predicted OS and RFS and response to ACT in MIBC patients. High Gal-9*TAMs were associ-
ated with a pro-tumor immune contexture concomitant with T cell exhaustion.

Keywords Galectin-9" tumor-associated macrophages - Muscle-invasive bladder cancer - Adjuvant chemotherapy -
Immune contexture
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LVI Lymphovascular invasion
MIBC Muscle-invasive bladder cancer
PRF1 Perforin 1

RFS Recurrence-free survival
TAMs Tumor-associated macrophages
TIGIT T-cell Ig and ITIM domain
TMA Tissue microarray
Introduction

Approximately 0.4 million new cases of bladder cancer
occur annually, one-fourth of which are muscle-invasive
bladder cancer (MIBC) or metastatic bladder cancer. MIBC
has a poor prognosis with a 5-year survival rate lower than
50% [2]. Adjuvant chemotherapy (ACT) has a potential
therapeutic benefit for patients with advanced stage disease
[3]. Furthermore, immune-checkpoint inhibitors (ICIs) have
become an effective therapeutic option [4]. However, near-
universal chemo-resistance [5) and low percentage (20%)
of participating patients [6] who exhibit durable responses
to ICIs have led to extensive efforts to detect more feasible
predictive biomarkers to improve the response rate of cura-
tive treatments.

The presence of macrophages is related to unfavorable
outcomes in various human cancers, including bladder
cancer [7]. Although TAMs are primarily found as a pro-
tumorigenic M2 phenotype [8, 9], high infiltration of M1
macrophages correlates with improved clinical outcomes
in solid tumors [10]. Nevertheless, a study discovered that
TAMs isolated from pancreatic ductal adenocarcinoma co-
expressed IFN-induced chemokines and high levels of IL-10
[11], suggesting that TAMs may concurrently exhibit both
M1 and M2 characteristics. Therefore, conventional M1 or
M2 macrophages might not accurately indicate the prognosis
of all patients. A more specific subtype of macrophages that
can predict prognosis and therapeutic response is needed
for an understanding of the precise role of macrophages in
cancers. Additionally, previous studies have simply focused
on the relationship between prognosis and the infiltration
of specific macrophages without comprehensively consider-
ing the microenvironment, such as interaction among tumor
cells, other immune cells and the whole tumor ecosystem
[4]. Indeed, Fridman et al. [12] emphasized that the context-
specific nature of infiltrating immune cells could affect the
clinical outcomes of patients, implying that further explo-
ration is required to identify the dynamic changes in the
microenvironment.

In recent years, tumor-derived galectin-9, which can
predict favorable outcomes in most solid tumors [13-16],
including bladder urothelial carcinoma [17], has attracted
attention. However, researchers to date have increas-
ingly focused on the function of galectin-9 expressed by
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Fig.1 Flow cytometric analysis and immunohistochemistry stain-
ing confirm the presence of galectin-9*TAMs in MIBC patients. a
Representative flow cytometric plots of galectin-9*CD45tCD68*
macrophages. b Percentage of Gal-9*TAMs in tumor and peritumor
tissues (n=06), as based on the paired  test. ¢ Representative images
of double staining for galectin-9 (brown) and macrophages (CD68,
blue); 200X magnification; scale bar, 100 pm; 400 X magnification;
scale bar, 50 um. d Proportion of Gal-9* and Gal-9 TAMs. e Fre-
quency of Gal-9"TAMs among different tumor stages and f grades
observed by FCM (left) and IHC (right)

macrophages. For example, Li et al. [18] found that patients
with high infiltration of galectin-9* Kupffer cells (KCs) and
TIM-3" T cells had a poor prognosis. These HBV-associated
hepatocellular carcinoma patients displayed activation of the
TIM-3/galectin-9 signaling pathway. A similar finding was
reported for lung adenocarcinoma patients [19]. Neverthe-
less, increased galectin-9" dendritic-like macrophages have
been correlated with prolonged survival and ACT benefit
in stage IV melanoma patients [20]. These results suggest
that this subpopulation plays a crucial role in carcinogen-
esis. However, the role of this subpopulation and its specific
immune contexture in MIBC remains unknown.

In this study, we detected the frequency of Gal-9t*TAMs
in MIBC patients, evaluated their prognostic potential and
assessed the predictive value of postoperative platinum-
based adjuvant chemotherapy in this subpopulation. We also
explored the specific immune contexture with different lev-
els of Gal-9" macrophage infiltration to clarify their effects
on the tumor-immune microenvironment.

Materials and methods
Study population

This study began with a cohort of 215 consecutive patients
who underwent radical cystectomy from 2002 to 2014 in the
Zhongshan Hospital of Fudan University. Standard lymph
node dissections were performed as part of radical cystec-
tomy. Nodal tissues up to the common iliac bifurcation, lat-
eral to the genitofemoral nerves, were removed, including
the bilateral internal iliac, presacral, obturator fossa, and
external iliac nodes. The following criteria were used: (1)
no comorbidities; (2) follow-up information available; (3)
pT >2; (4) postoperative histopathological diagnosis of
MIBC; (5) treatment-naive and no distant metastasis before
surgery. Only 142 of 215 patients in this cohort were path-
ologically diagnosed with MIBC and enrolled for further
analysis, including the assessment of the tissue microarrays
(TMAs) constructed by Shanghai Outdo Biotech Co. Ltd.
After immunohistochemistry, data for one patient were lost
due to detachment. Thus, the final sample comprised 141
patients. After surgery, eligible patients received at least
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one cycle of platinum-based chemotherapy: gemcitabine/
cisplatin or methotrexate/vinblastine/adriamycin/cisplatin
(MVACQ). Indications for ACT were changed during the long
time span (2002-2014) of the study. From 2002 to 2013, the
indication was pT2 + patients, either with lymphovascular
invasion (LVI) or high grades or pN + disease, as based on
hospital archives. From 2014 to the end of the study period,
the indication was pT3 + or with pN +disease or both. OS
and RFS were defined as the time from surgery to death from
all causes and recurrence, respectively, or to the most recent
follow-up. During the follow-up period, physical examina-
tion and laboratory assessments (abdominal ultrasound or
CT scan, chest imaging and urine cytology) were routinely
performed every 3 months during the first year, semi-annu-
ally in the second year, and annually thereafter. The follow-
up information was updated until July 2016, and the median
follow-up was 56 months.

We evaluated 20 tumor and 6 paired peritumor specimens
from MIBC patients who underwent radical cystectomy in
the Shanghai Cancer Center from June 2018 to October
2018. Patients enrolled were treatment naive before surgery
(detailed information in Supplementary Fig. 1a).

Immunohistochemistry

Microarray development and single-staining were performed
according to our previously described methods [21, 22]. Sin-
gle-staining was performed on CD8*T cells, B cells, mast
cells, Treg cells, NK cells and neutrophils. Double stain-
ing was performed on DCs, Thl cells, Th2 cells and Gal-
9*TAMs. Specific information on antibodies is detailed in
Supplementary Table 4.

For dual immunohistochemistry, the TMA slides were
dewaxed in a dry-heat oven, treated with xylene and graded
alcohol and then washed three times with phosphate-buff-
ered saline. After the slides were heated in sodium citrate
buffer (0.01 M sodium citrate buffer, pH=6) for antigen
retrieval, endogenous peroxidase was inhibited by adding
3% H,0, for 30 min at 37 °C. The slides were then treated
with 10% normal goat serum blocking solution for 45 min
at 37 °C. Next, the sections were incubated with the first
primary antibody for 2 h and subsequently washed. After
adding the secondary horseradish peroxidase (HRP)-labeled
antibody (goat anti-rabbit IgG) for 30 min, the diaminoben-
zidine (DAB) detection system was used to detect staining.
The samples were then washed and incubated with second
primary antibody overnight in a wet chamber at 4 °C. The
next day, TMAs were washed and incubated with the sec-
ondary alkaline phosphatase (AP)-labeled (goat anti-mouse
IgG) antibody in blocking buffer for 1 h at room tempera-
ture. Substrate working solution was prepared with 5 ml
100-200 mM Tris—hydrochloric acid (HCI) (pH 8.2-8.5),
80 pl reagent 1, 80 pl reagent 2 and 45 pl reagent 3, as
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Fig.2 Gal-9*TAMs show superior prediction abilities for the survival »
of MIBC patients. OS (left) and RFS (right) curves for a, b TAMs,
¢, d Gal-9"TAMs and e, f Gal-9*TAMs. g, h Prognostic effect of
the frequency of Gal-9*TAMs compared to TAMs and Gal-9"TAMs
for OS (left) and RFS (right). Forest plots show HRs (blue and red
squares) and confidence intervals (horizontal ranges) derived from
univariate and multivariate Cox regression analyses

instructed (VECTOR Blue Substrate kit). The sample was
gently shaken for 20 min in the dark, after which the sections
were washed, dehydrated, mounted and observed.

All slides were analyzed with a Leica DM6000 B micro-
scope (Leica Microsystems). The number of immune cells
was determined with Image-Pro Plus software (Media
Cybernetics Inc.), and mean values from three respective
areas (200 X magnification) were recorded. All quantifica-
tion was performed by two independent pathologists in a
blind manner. The median cut-off values were 25%, 62%,
and 62/HPF for Gal-9t*TAMs, Gal-9"TAMs and TAMs,
respectively.

Flow cytometry

Human tissues (Supplementary Fig. 1a) were collected in
Dulbecco’s balanced salt solution (DBSS, Gibco) after radi-
cal cystectomy. Tumor and peritumor tissues were digested
using collagenase IV and 10% FBS for 2 h at 37 °C, and a
sample of approximately 1x 10° cells was centrifuged and
incubated in RBC lysis buffer on ice for 5 min. Cells were
incubated with Human Fc receptor block (BD Pharmingen)
and stained for 30 min in the dark at 4 °C for surface mark-
ers. To evaluate intracellular cytokines, surface-stained cells
were fixed and permeabilized with the Fixation/Permeabi-
lization Solution Kit (BD Biosciences) for 30 min at 4 °C
before intracellular staining. Transcription factor staining
(FOXP3) was performed using a True-Nuclear transcription
factor buffer set (Biolegend) according to the manufacturer’s
instructions. Cells were analyzed with a FACS Celesta flow
cytometer (BD Biosciences), and data were analyzed by
FlowJo V10 (TreeStar).

Cells were stained for the following markers: CD8*T cells
(CD457CD3*CD8"), CD4*T cells (CD45*CD3*CD4%),
Treg cells (CD457CD4*CD25*FOXP3%), NK cells
(CD45*CD3~CD56%), macrophages (CD11bTCD45tCD68™)
and tumor cells (CD45"EpCAM™). Dead cells were excluded
by staining with Fixable Viability Stain 510. The specific
markers are listed in Supplementary Table 5.

Statistical analysis

Categorical variables were analyzed by the y? or Fisher’s
exact test, and continuous variables between different
groups were assessed by 7 tests. Subgroup survival curves
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were calculated by the Kaplan—-Meier method and compared
with the log rank test. Univariate and multivariate analyses
were used to determine the hazard ratios (HR, 95% confi-
dence interval) of clinico-pathological characteristics (Sup-
plementary Table 1), ACT effectiveness and independent
prognostic factors. The number of tumor-infiltrating immune
cells and their surface markers or effector molecules were
compared between two groups by Student’s ¢ test or the
Mann—Whitney U test or among three groups by a non-
parametric Kruskal-Wallis test and one-way ANOVA. Cor-
relation among tumor-infiltrating immune cells was assessed
using Spearman’s correlation test. All grouped data are pre-
sented as the mean + SEM with significance indicated (*,
for p <0.05, **, for p<0.01, *** for p<0.001; ns, no sig-
nificance). All tests were two sided. Graphical and statistical
analyses were performed using GraphPad Prism Software
(version 7.00) and IBM SPSS Statistics software (Version
21).

Results

High levels of Gal-9*TAMs are associated
with disease progression

To determine whether macrophages expressed galectin-9 in
the tumor environment, we first evaluated the percentage
level of Gal-9*TAMs from MIBC tissue samples by flow
cytometry (FCM) (Fig. 1a). Compared to peritumor tis-
sues, tumor tissues had a higher percentage of macrophages
expressing galectin-9 (Fig. 1b). We also used immunohisto-
chemistry to confirm this observation in a large tumor micro-
array from the Zhongshan cohort. Dual staining revealed that
approximately 30% of TAMs expressed galectin-9 (Fig. 1c,
d). Additionally, we utilized pathologic stage, grade and
lymph node metastasis as covariables to gain further insight
into the relationship between Gal-9*TAMs and disease pro-
gression. We found an increased frequency of Gal-9*TAMs
with clinical stage (T2-T4) or grade (low-high) develop-
ment in both fresh MIBC specimens and TMAs (Fig. le,
f). Additionally, more Gal-9*TAMs accumulated in tumor
tissues with a higher node stage (N1+) than in those with
a lower stage (Supplementary Fig. 1b). These data suggest
that Gal-9*TAMs are present in MIBC and are correlated
with tumor progression.

Gal-9"TAMs exhibit superior prognostic abilities
in MIBC

After confirming the existence of Gal-9t*TAMs, we inves-
tigated whether this subpopulation was associated with
clinical outcomes. We conducted Kaplan—Meier analysis
of total macrophages and percentages of Gal-9"TAMs
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Fig.3 Patients with high-Gal-9*TAMs exhibit prominent adjuvant »
chemotherapy effectiveness. Kaplan—-Meier analyses for OS and RFS
of a, b all patients, ¢, d high-Gal-9"TAM patients and e, f low-Gal-
9*TAM patients with or without ACT. Univariate and multivariate
Cox regression analyses for ACT benefit on g OS and h RFS among
different clinico-pathological variables

and Gal-9*TAMs. Patient characteristics and correlations
with these populations are provided in Supplementary
Table 2. Gal-9*TAMs, Gal-9 " TAMs and TAMs ranged
from 0 to 89%, 11 to 100% and 2 to 333 (200 X magnifi-
cation), respectively. Patients with high (> 62/HPF) ver-
sus low (< 62/HPF) TAM level, with high (>25%) versus
low (<25%) Gal-9*TAM percentage level and with high
(= 62%) versus low (< 62%) Gal-9"TAM percentage level
were defined according to median cut-off values. The
results showed no differences in OS or RFS for patients
with high or low TAMs (Fig. 2a, b). Similarly, the percent-
ages of Gal-9"TAMs could not stratify prognostic groups
in either OS or RFS (Fig. 2c, d) curves. Only high frequen-
cies of Gal-9*TAMs were significantly associated with
worse OS and RFS (Fig. 2e, f) (»p <0.0001 and p =0.007,
respectively). Univariate and multivariate Cox regression
analyses (Fig. 2g, h) indicated that a dense subpopula-
tion of Gal-9"TAMs, but not TAMs or Gal-9"TAMs, was
significantly correlated with poor prognosis (Supplemen-
tary Table 3). This finding suggests that a high percent-
age of Gal-9*TAMSs may discriminate prognostic groups
and could be an independent prognostic factor for MIBC
patients.

Patients with high Gal-9*TAMs show survival benefit
from postoperative adjuvant chemotherapy

Because post-surgery ACT is universal in the clinical man-
agement of MIBC, we evaluated the efficacy of ACT in
patients with different Gal-9*TAM percentage level. ACT
did not prolong OS (Fig. 3a) but did prolong RFS (Fig. 3b) in
the Zhongshan cohort. Interestingly, after separating patients
into two groups, we found that ACT strongly enhanced OS
(p<0.001, Fig. 3c) and RFS (p=0.001, Fig. 3d) in the high
Gal-9*TAM group. Conversely, patients in the low-infiltra-
tion group acquired no OS (Fig. 3e) or RFS (Fig. 3f) survival
benefit. A test for the interaction between different levels of
Gal-9*TAMs and ACT revealed that the benefit in patients
with high level of Gal-9*TAMs was superior to that in the
low-infiltration group. In addition, we explored the benefit
of ACT on OS (Fig. 3g) and RFS (Fig. 3h) in different sub-
groups of MIBC patients according to clinical-pathological
variables. ACT prolonged OS of male patients and patients
with pT2 stage, high grade, pNO, or LVI absent. ACT also
prolonged RFS in male patients and patients with pT2 stage,
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high grade, or LVI absent, as well as patients <62 years, or
whose tumors were < 3.5 cm. Moreover, the optimal effec-
tiveness of ACT for both OS (univariate: HR 0.373, 95%
confidence interval 0.210-0.662, p=0.001; multivariate:
HR 0.216, 95% confidence interval 0.109-0.428, p <0.001)
and RFS (univariate: HR 0.289, 95% confidence interval
0.128-0.652, p=0.003; multivariate: HR 0.145, 95% con-
fidence interval 0.045-0.464, p=0.001) correlated with
high Gal-9*TAM level. Taken together, these findings dem-
onstrate survival benefits after postoperative ACT among
patients in the high-Gal-9"TAM group, whereas patients in
the low-Gal-9t*TAM group showed no benefit.

Dynamic changes of immune cell infiltration
with different levels of Gal-9"TAMs

Our previous results demonstrated that Gal-9*TAMs could
predict the prognosis for MIBC patients. Immune contex-
ture delineated the morphologic and functional orienta-
tion of tumor-infiltrating immune cells, which were closely
linked to patient outcomes [23]. Therefore, we examined
the relationship between Gal-9*TAMs and their specific
immune contexture. We used IHC to assess nine major
tumor-infiltrating immune cells from the Zhongshan cohort
and observed that patients in the high-Gal-9*TAM group
had increased Treg and mast cells and reduced counts of
CDS8*T and DC cells (Fig. 4a—d). No significant differ-
ences of other infiltrating immune cells between the two
groups were observed (Fig. 4e—i). We generated a heat map
to illustrate the Spearman’s correlations between different
cell types and Gal-9* TAMs or total TAMs (Fig. 4j and Sup-
plementary Table 6), highlighting that Gal-9*TAMs were
negatively associated with CD8*T and DC cells and posi-
tively associated with mast and Treg cells. Additionally, total
TAMs were positively associated with Treg cells, B cells
and neutrophils (Supplementary Table 6). Given that CD8*T
cells and dendritic cells are known to play important roles in
antitumor immunity and that Treg cells are associated with
pro-tumoral immunity, our data imply that increased levels
of Gal-9*TAM s are likely correlated with a pro-tumorigenic
immune contexture in MIBC patients.

High Gal-9*TAM:s are associated
with the immunosuppressive microenvironment
and active proliferation of tumor cells

To explore the association between Gal-9"TAMs and par-
ticular immune activities or functions, we investigated
immune cytotoxic molecules (IFN-y, granzyme B (GZMB),
perforin 1 (PRF1)), immunosuppressive molecules (IL-10,
TGF-f), and immune checkpoint molecules (PD-1, TIM-
3, CTLA-4, T-cell Ig and ITIM domain (TIGIT), LAG-3)
expressed or secreted by immune cells (Fig. 5a). We also
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Fig.4 Gal-9"TAMs, but not total TAMs, are negatively associated
with CD8*T cells and dendritic cells and positively associated with
mast and Treg cells between the high- and low-infiltration group.
Comparison of a CD8*T cells, b DC cells, ¢ Treg cells, d mast cells,
e NK cells, f B cells, g neutrophils, h Th1 cells and i Th2 cells with
high or low Gal-9*TAMs. j Heat map illustrating Spearman’s correla-
tion of eleven immune cells. M TAMs

assessed proliferation and apoptosis of tumor cells from
fresh tumor tissues. In the high-Gal-9*TAM group, CD45*
cells secreted less IFN-y, GZMB, and PRF1 and more IL-10
and TGFp, and had enhanced levels of PD-1 and TIM-3. In
the high-Gal-9*TAM group, CD8" T cells had decreased
effector molecules and upregulated immune checkpoints.
The number of PD-1T"TIM-3"CD8*T cells, known as
exhausted T cells, was also significantly elevated. Less
IFN-y was secreted by conventional CD4*T cells and more
IL-10 and TGF-f were secreted by Treg cells. When we
examined NK cells, with the exception of decreased GZMB
in the high-infiltration group, neither cell counts nor func-
tions were different between the two groups. Intriguingly,
active proliferation of tumor cells was detected via Ki67
staining in the high-infiltration group. However, tumor cell
apoptosis did not differ between the two groups (Fig. 5b,
¢). In summary, dynamic interactions between Gal-9* TAMs
and immune cells, as well as between Gal-9"TAMs and
tumor cells, indicated a suppressive tumor-immune micro-
environment in MIBC patients. The graphical abstract of this
study is shown in Fig. 6.

Discussion

Galectin-9, a type of tandem-repeat galectin, is believed to
play a role in tumor biology. This protein exhibits multi-
faceted functions [24], such as in cell cycle control, apopto-
sis, immune escape and tumor angiogenesis, indicating that
it can be a therapeutic target in cancer treatments. Gal-9*
macrophages display dichotomous roles in tumor growth and
metastasis in several cancers [18, 20, 25]. Nevertheless, little
is known about its role in MIBC.

We found variable galectin-9 expression by tumor-asso-
ciated macrophages in MIBC patients, and its frequency
increased with disease progression. The infiltration level
of Gal-9*TAMs was significantly related to the survival of
patients. In metastatic melanoma galectin-9 was observed
to colocalize with pro-tumoral CD68% macrophages [26] or
CD206" myeloid cells [27]; however, no significant relation-
ship between the percentage of Gal-9"TAMs or TAMs and
clinical outcomes was observed. These results suggest that
Gal-9"TAMs might account for the poor outcome of some
MIBC patients with high levels of TAMs. Thus, according
to our results, galectin-9 expressed by macrophages may be a
prognostic marker and a potential therapeutic target for MIBC.
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«Fig.5 High-Gal-9*TAMs are correlated with reduced cytotoxic
molecules, enhanced immune checkpoint expression or secretion of
immunosuppressive cytokines and active proliferation of tumor cells.
a Flow cytometry-generated heat map of cytotoxic markers (IFN-r,
GZMB, PRF1), immune checkpoint molecules (PD-1, TIM-3, CTLA-
4, TIGIT, Lag-3) and immunosuppressive cytokines (IL-10, TGF-f)
of CD45%, CD8*'T, CD4*T, NK and Treg cells from MIBC samples
with high (n=10) and low (n=10) Gal-9*TAM levels. All popula-
tions are a fraction of the total CD45" immune cells, unless other-
wise noted. Data for each row are normalized as Z score; each col-
umn shows data from one person. b and ¢ Ki67 (left) and annexin V
(right) staining of tumor cells between high (n=10) and low (n=10)
Gal-9*TAM groups

Some efforts have been made to chart the immune land-
scape, portray the functional states of immune cells and
integrate immune cell-, tumor cell- and microenvironment-
associated parameters with clinical outcomes and the effects
of chemotherapies, immunotherapies and other therapeutic
regimens [12, 23, 28-31]. These studies attempted to delin-
eate the composition and distribution of CD8*T cells, DC
cells, Treg cells, mast cells and other immune cells, link-
ing these immune contextures to disease prognosis. Briefly,
CD8*T, dendritic, Treg and mast cells are associated with
patient survival [10, 22, 32-34] in bladder cancer. In both
OS and RFS analyses, we found that patients with high infil-
tration of Gal-9*TAMs had significant survival benefits from
ACT. To further explore the related mechanisms, we applied
IHC to detect nine major immune cells within TMAs from

Surgical

a Immuno-histochemistry
resections

Gated on CD45'CD11b" cells
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Galectin-9

Patient stratification

EEEEEEEREEERE LI

Gal-9* M¢ infiltration in MIBC patients

Fig.6 Model depicting the structured tumor-immune microenviron-
ment in MIBC patients with the infiltration of Gal-9*TAMs. As dem-
onstrated in patients with high or low Gal-9*TAM level, we explore

Clinical analysis

the Zhongshan cohort and found increased infiltration of
Treg and mast cells and decreased infiltration of CD8*T
and DC cells among MIBC patients in the high-Gal-9"TAM
groups. These findings are consistent with our previous
study in which advanced MIBC patients whose immuno-
types were CTLVNK'*" Tregh€"Macrophage"&"Mast el
had a better response to postoperative ACT but with a worse
5-year OS [20].

A previous study [35] verified that gemcitabine treat-
ments shifted the phenotype of TAMs from pro-tumor to
anti-tumor, indicating that the presence of TAMs was impor-
tant for ACT. Another study showed the ability of galectin-9
to strengthen TLRs in inflammatory reactions [36], indicat-
ing that its presence might result in enhanced chemotherapy
efficacy [37]. Therefore, determination of the Gal-9"TAM
content might help select patients who are appropriate for
ACT.

PD-1 inhibitors have been approved by the FDA for
targeted therapy of bladder cancer [38, 39], indicating the
therapeutic potential of immune inhibitors. To correlate
our research with these clinical applications, we analyzed
MIBC tumors for the expression of key immune-associated
molecules by flow cytometric analysis. Our results showed
increased leukocyte expression of immune checkpoint mol-
ecules and decreased cytotoxic molecules in the high-Gal-
9*TAM group, suggestive of an immunosuppressive micro-
environment. Despite the decrease in CD8*T-cell infiltration

Survival

(7]

4

g High Gal-9*M¢ tumor
Worse survival

Time Superior response to ACT
IFNy|, GZMB|, PRF1|;
Chemotherapy

PD-11, TIM-3 1, PD-1*TIM-3*1
by CDA45* cells

effectiveness

Specific Better survival

immune-contexturecm - Limited response to ACT
IFNyt, GZMB1, PRF11;

PD-1/, TIM-3 |, PD-1*TIM-3*|

4
\ by CD45* cells

Tregs
B cells

"Nk
DC

immune regulation
molecules
- g

"
LY

1=
.ok

Structured tumor-immune
microenvironment in MIBC

survival curves, chemotherapy effectiveness, specific immune con-
texture and immune regulation molecules. Two patterns of structured
tumor-immune microenvironment are illustrated

@ Springer



2078

Cancer Immunology, Immunotherapy (2019) 68:2067-2080

in patients with high Gal-9*TAMs, the CD8*T cells in these
patients had higher levels of the exhaustion markers, PD-1
and TIM-3. PD-1" or TIM-3" leukocytes also accumulated
in the high-infiltration group. Because exhausted T cells can
be reinvigorated by PD-1 blockade [40] and TIM-3 inhibi-
tors have already been tested in several clinical trials, the
combined use of multiple immuno-oncology checkpoint
inhibitors is a good strategy that is increasingly being tested
in bladder cancer [41]. Therefore, our findings suggest that
patients with high infiltration of Gal-9*TAMs are likely to
benefit from PD-1 inhibitors or combined therapy (PD-1
inhibitors + chemotherapeutic drugs). This therapy was
tested in a recent clinical trial (NCT01524991) and the
results showed that patients with metastatic urothelial cancer
had a high response rate (approximately 64%) to combina-
tion agents (gemcitabine + cisplatin + ipilimumab) [42].

However, there are still some limitations. First, the design
was retrospective, the number of patients was relatively
small, and the study was conducted at only one clinical
center. An external cohort is needed to confirm the correla-
tion between Gal-9*TAMs and prognosis of post-surgery
ACT. In addition, galectin-9 is differentially expressed
within or on the surface of various cell types. In this study,
we did not take the effects of Gal-9* tumor cells, Gal-9*
endothelial cells or other cells expressing galectin-9 on
tumor immunity and therapy into account. Thus, more thor-
ough studies of these cells are needed to elucidate the bio-
logical function of galectin-9 in MIBC.

Conclusions

Our study confirms the existence of Gal-9"TAMs in MIBC
and demonstrates that patients with increased infiltration of
Gal-9*TAMs have a worse prognosis but can obtain a sur-
vival benefit from adjuvant chemotherapy. High Gal-9*TAM
level corresponds to a pro-tumorigenic immune contexture
and has a strong positive correlation with PD-17TIM-
3*CD8* exhausted T cells, which might support the use of
combination therapy (chemotherapy and immunotherapy)
for these patients.
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