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CXCL9 secreted by tumor-associated
dendritic cells up-regulates PD-L1
expression in bladder cancer cells by
activating the CXCR3 signaling
Weigang Xiu1,2,3 and Jingjing Luo1,2*

Abstract

Background: Tumor-associated dendritic cells (TADCs) can interact with tumor cells to suppress anti-tumor T cell

immunity. However, there is no information on whether and how TADCs can modulate programmed death-ligand

1 (PD-L1) expression by cancer cells.

Methods: Human peripheral blood monocytes were induced for DCs and immature DCs were cultured alone, or

co-cultured with bladder cancer T24 or control SV-HUC-1 cells, followed by stimulating with LPS for DC activation.

The activation status of DCs was characterized by flow cytometry and allogenic T cell proliferation. The levels of

chemokines in the supernatants of co-cultured DCs were measured by CBA-based flow cytometry. The impacts of

CXCL9 on PD-L1, STAT3 and Akt expression and STAT3 and Akt phosphorylation in T24 cells were determined by

flow cytometry and Western blot.

Results: Compared with the control DCs, TADCs exhibited immature phenotype and had significantly lower

capacity to stimulate allogenic T cell proliferation, particularly in the presence of recombinant CXCL9. TADCs

produced significantly higher levels of CXCL9, which enhanced PD-L1 expression in T24 cells. Pre-treatment with

AMG487 abrogated the CXCL9-increased PD-L1 expression in T24 cells. Treatment with CXCL9 significantly

enhanced STAT3 and Akt activation in T24 cells.

Conclusions: TADCs produced high levels of CXCL9 that increased PD-L1 expression in bladder cancer T24 cells by

activating the CXCR3-related signaling. Our findings may shed new lights in understanding the regulatory roles of

TADCs in inhibiting antitumor T cell responses and promoting tumor growth.
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Background

Dendritic cells (DCs) are the most potent antigen-

presenting cells to induce an antigen-specific anti-tumor

immunity [1]. Activation of DCs can exhibit inflamma-

tory and tolerized phenotypes, dependent the activation

conditions. DCs in a tumor environment usually display

suppressive and dysfunctional phenotypes, which con-

tribute to the evasion of cancer cells from host immuno-

surveillance [2]. Tumor-associated DCs (TADCs) can

secrete numerous types of cytokines, such as IL-10 and

TGF-β1 that inhibit T cell activation and promote tumor

cell growth [3]. Actually, IL-10 secreted by tolerized or

type 2 DCs suppresses effector T cell function and

cytotoxic lymphocyte response [4]. Our previous study

has shown that most TADCs exhibit an immature

phenotype, such as lower co-stimulatory molecule

expression and prone to apoptosis [5]. However, the

function of TADCs in the growth of tumors and chemo-

kine expression has not been fully understood.

CXCL9 is one member of the ELR-negative CXC

chemokine subfamily, and can be induced by interferon-

γ (IFN-γ) [6]. CXCL9 binds to its receptor CXCR3 and

can recruit CXCR3+ cells, such as effector T cells,

regulatory T cells (Tregs) and CD8+ cytotoxic T cells.

Furthermore, TADCs produce high levels of CXCL9,

and reduce their antigenicity to induce T cells prolifera-

tion [4, 5]. However, it is unclear how CXCL9-induced

evasion of cancer cells from host immunosurveillance.

In addition, higher frequency of CXCR3+ regulatory T

cells in ovarian tumors can inhibit effector T responses

to promote tumor progression [7]. In contrast, CXCR3-

dependent anti-tumor activity has been found in vitro

and in vivo and CXCL11 through the CXCR3 can attract

CD8+ cytotoxic T cells to inhibit tumor growth [8].

Hence, CXCR3 has a dual role as an oncogenic factor

and tumor suppressor [9, 10]. Currently, the precise role

of CXCR3 in a specific type of tumor remains in debate

[11, 12]. Thus, further investigation of the roles of the

CXCL9/CXCL10/CXCL11-CXCR3 signaling is necessary

for understanding its regulatory functions, particularly in

a tumor environmrnt.

Programmed death ligand-1 (PD-L1) can promote

tumor progression by attenuating the function of antigen

presenting cells and effector T cells although the precise

mechanisms underlying the regulatory role of PD-L1 are

still unclear [13]. Previous studies have shown that PD-

L1 can inhibit TADC activation and immune function

by interfering with DC maturation, leading to difficulty

of TADCs to effectively present tumor antigens for

inducing T cell immunity [14, 15]. Moreover, PD-L1 over-

expression on TADCs was also associated with the reduced

expression of immunostimulatory cytokines, co-stimulatory

molecules, resulting in T cell anergy [16] and PD-1 para-

lyzes TADCs by inactivating the NF-κB signaling [17].

Therefore, inhibiting the PD-L1/PD-1 signaling may im-

prove the capability of TADCs to enhance cytotoxic T cell

responses [18]. However, there currently is no information

on whether TADCs can regulate PD-L1 expression in

tumor cells [14].

In the present study, we employed a co-culture experi-

mental system to explore whether TADCs could modulate

PD-L1 expression in bladder cancer cells and relevant

mechanisms.

Methods

Cell culture

The SV-40 immortalized human urothelial cell 1 line

(SV-HUC-1) and human bladder cancer T24 cells were

obtained from Chinese Academy of Sciences Cell Bank

(CASCB, China) and their authenticity was defined by

STR. The SV-HUC-1 and T24 cells were cultured in

Ham’s F-12 medium (Sigma, USA) and RPMI-1640

medium containing 10% FBS (Gibco, USA), respectively,

in a humidified atmosphere containing 37 °C and 5%

CO2. In some experiments, T24 cells were pre-treated

with, or without, 1 μM AMG487 (Tocris, USA) for 2 h

and treated with 100 ng/ml of CXCL9 (Peprotech, USA).

The control cells were cultured with medium alone.

Preparation of DCs

Human peripheral blood samples were obtained from

healthy individuals and mononuclear cells (PBMCs)

were isolated by Ficoll-Hypaque density gradient centri-

fugation. To generate immature DCs, PBMCs (5.0 × 106

cells/2 ml) were cultured in 6-well plates (Greiner Bio-

One, Kremsmünster, Austria) in AIM-V medium con-

taining 10% of FBS (Gibco) for 2 h. After removal of

non-adherence cells, the adhered cells were treated with

50 ng/ml of GM-CSF and 50 ng/ml of rhIL-4 (Peprotech)

in complete AIM-V medium for 6 days. The cells were

exposed to fresh medium with cytokines on day 3 and 5.

Co-cultured immature DCs with T24 cells

The iDCs (1.0 × 106 cells/well) were co-cultured in tripli-

cate with T24 or SV-HUC-1 cells (1.0 × 106 cells/well)

for 24 h and stimulated with 1 μg/ml of LPS (Sigma) for

24 h. Their supernatants were harvested and centrifuged.

T24 cells (1.0 × 107 cells /well) were pre-treated with or

without, 1 μM AMG487 for 2 h and treated in triplicate

with, or without, the supernatants of cultured DCs (no

dilution) for 24 h to stimulate PD-L1 expression.

Purified DCs

After co-cultured with iDCs for 24 h, iDCs were purified

using microbeads in a Blood Dendritic Isolation kit II

MiltenyiBiotec (Germany), as our previous study [4].
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Mixed lymphocyte response

Human peripheral blood CD3+ T cells were purified using

Pan T cell Isolation kit (Miltenyi Biotec), as our previous

study [5]. The purified DCs (with a purity of > 90%) were

irradiated for 30G by X-irradiator (Gammacell 40

Exactor; MDS Nordion International, USA) for 30min.

The purified CD3+ T cells (with purity of > 95%) (2.0 × 105

cells/well) were stimulated in triplicate with the purified

iDCs (1.0 × 104 cells/well) in the presence of T24 or

recombinant CXCL9-treated T24 cells for 5 days. The T

cell proliferation was observed under a light microscope

and tested using a CCK-8 kit (Dojindo, Japan).

Flow cytometry

After co-cultured with iDCs or stimulated, T24 cells

were harvested and stained in triplicate with

fluorescence-conjugated anti-PD-L1 or isotype control.

The intensity of anti-PD-L1 staining was quantified by

flow cytometry (CytoFLEX; Beckman Coulter, Brea,

USA) and data were analyzed using CytExpert 1.0 soft-

ware (Beckman Coulter).

Similarly, after co-cultured and LPS stimulation, the

mature DCs were isolated and stained with fluorescence-

labeled anti-CD86, anti-CD11c, anti-HLA-DR or isotype

control (eBioscience). The fluorescent signals were analyzed

by flow cytometry.

TADCs-derived chemokine assays

The levels of IP-10, MCP-1, CXCL9, RANTES and IL-8

in the supernatants of co-cultured DCs were quantified

by flow cytometry using Human Chemokine CBA kit

(BD Bioscience, USA), according to the manufacturer’s

instruction. The data were analyzed by FCAP Array soft-

ware (BD Bioscience).

Western blot analysis

T24 cells (2.0 × 105/well) were cultured overnight and

stimulated with, or without, CXCL9 for 72 h. The cells

were lyzed in lysis buffer and the cell lysates (50 μg/lane)

were separated by SDS-PAGE and transferred onto

nitrocellulose membranes. The membranes were incu-

bated with anti-Stat3, anti-Atk, anti-pStat3, anti-pAkt, or

anti-β-actin (Abcam, UK) overnight and after being

washed, the bound antibodies were detected HRP-

conjugated second antibodies, followed by visualized

using the LI-COR’s Odyssey Infrared Imaging System

(LI-COR Biotechnology, USA). The data were quantified

by densitometric analysis using ImageJ software.

Statistical analysis

Data are present as the means ± standard deviation

(SD). The difference among groups was analyzed by

one-way analysis of variance (ANOVA) and post hoc

least significant difference test using SPSS 17.0 software

(SPSS, Chicago, USA). A P-value of 0.05 was considered

statistically significant.

Results

Co-culture of immature DCs with bladder cancer T24 cells

inhibits DC activation induced by lipopolysaccharide (LPS)

We first induced human monocytes into immature DCs,

which were co-cultured with, or without, T24 or SV-

HUC-1 for 24 h, followed by stimulating with LPS for

DC activation for 24 h. Subsequently, we characterized

DC activation by flow cytometry analysis of activation-

related CD86, HLA-DR and CD11c expression. As

shown in Fig. 1a, DCs after co-culture with SV-HUC-1

displayed high levels of CD86 and HLA-DR as well as

CD11c expression, similar to that in the control DCs

without co-culture, indicating LPS-induced DC activa-

tion. In contrast, TADCs (after co-culture with T24

cells) exhibited lower levels of CD86, HLA-DR and

CD11c expression, a hallmark of impaired DC activation

(Fig. 1b). Next, we tested the capacity of activated DCs

to stimulate allogenic CD3+ T cell proliferation in vitro.

We found that control DCs stimulated strong T cell pro-

liferation, which was significantly mitigated by addition

of T24 cells and further reduced by addition of CXCL9-

treated T24 cells (p < 0.05, Fig. 1c and d). Evidently,

there was a few of smaller T cell clones after stimulation

with T24 + DCs and much less after stimulation with

CXCL9-treated T24 + DC, relative to that of control

DCs (Fig. 1c and d). These two lines of data indicated

that co-culture with bladder cancer T24 cells inhibited

the LPS-induced immature DC activation and their

capacity to prime allogenic T cell proliferation in vitro.

Bladder cancer T24 cells promote the production of

CXCL9 by DCs

Chemokines are crucial for promoting anti-tumor im-

munity [19]. To understand how T24 cells affected the

LPS-induced DC activation, we measured the levels of IL-

8, RANTES, CXCL9, MCP-1and IP-10 in the supernatants

of co-cultured cells by Cytometric Bead Array-based flow

cytometry. There was no significant difference in the levels

of any chemokine tested between the control DCs and

DCs co-cultured with SV-HUC-1 and there were very low

levels of cytokines tested in the supernatants of cultured

T24 cells (Fig. 2). The levels of CXCL9, but not IL-8,

RANTES, MCP-1 and IP-10, in the supernatants of

TADCs were significantly higher than that in the control

DCs (Fig. 2). Hence, bladder cancer T24 cells enhanced

the production of CXCL9 by the LPS-treated DCs.

CXCL9 up-regulates PD-L1 expression in bladder cancer

T24 cells through its receptor CXCR3

PD-L1 is an important suppressor of anti-tumor T cell im-

munity [20]. To explore the consequence of up-regulated
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CXCL9 on T24 cells, we tested whether the up-regulated

CXCL9 could modulate PD-L1 expression in T24 cells.

We found that treatment with the supernatants of TADCs

significantly increased the levels of PD-L1 expression in

T24 cells, relative to that in the T24 cells treated with the

supernatants from the cultured T24 or control DC (Fig. 3a

and b). Similarly, treatment with recombinant CXCL9 also

significantly increased the levels of PD-L1 expression in

T24 cells (Fig. 3c and d). More importantly, pre-treatment

with the CXCR3 antagonist AM487 abrogated the super-

natant and CXCL9-enhanced PD-L1 expression in T24

cells (Fig. 4). These data clearly indicated that CXCL9 in

the supernatants of co-cultured TADCs promoted PD-L1

expression in T24 cells through the CXCR3 receptor.

CXCL9 enhances the STAT3 and AKT activation in bladder

cancer T24 cells

CXCL9 binds to the CXCR3, leading to increased intra-

cellular calcium levels that activate multiple signal path-

ways, such as the Jak/Stat and PI3K/Akt signaling,

during the development of tumors [21]. To further

understand how the increased CXCL9 expression by

TADCs regulated PD-L1 expression in bladder cancer

T24 cells, we tested the effect of CXCL9 treatment on

the expression of STAT3 and Akt activation in T24 cells

by Western blot. We found that treatment with recom-

binant CXCL9 significantly increased the relative levels

of STAT3 and Akt expression and phosphorylation in

T24 cells (Fig. 5). The enhanced STAT3 and Akt signaling

Fig. 1 Bladder cancer T24 cells inhibit the LPS-induced DC activation and DC-stimulated T cell proliferation in vitro. Human peripheral blood

monocytes were induced for DC differentiation and immature DCs were co-cultured with, or without, T24 or SV-HUC-1 for 24 h, followed by

stimulation with LPS for 24 h. The levels of CD86, HLA-DR and CD11c expression in DCs were determined by flow cytometry. The capacity of

each group of DCs in the presence of absence of T24 or CXCL9-treated T24 to stimulate the proliferation of purified human CD3 T cells from

other subjects was examined by CCK-8 assays. Data are representative flow histograms, images (magnification × 200) or expressed as the mean ±

SD of each group from three separate experiments. a, b Flow cytometry analysis of DC activation. c, d Microscopy of T cell clones and CCK-8

determined the proliferation of each group of T cells. *P < 0.05
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by CXCL9 may contribute to its role in up-regulating PD-

L1 expression in T24 cells.

Discussion

DCs are professional antigen presenting cells and can ef-

fectively present antigen determinants to activate T cells

because they express high levels of co-stimulators and

MHC molecules, such as CD80, CD86 and MHC II, par-

ticularly after activation [22, 23]. In this study, we found

that T24-exposed DCs displayed significantly reduced

levels of CD86, HLA-DR, CD11c expression, and exhib-

ited an impaired capacity to stimulate allogenic T cell

proliferation, particularly for those exposed to the

CXCL9-treated T24 cells. These data indicated that T24

inhibited the LPS-induced DC activation, consistent with

previous studies [24, 25] and support the notion that

tumor cells can suppress the differentiation, trafficking

and activation of DCs in a tumor microenvironment for

their evasion from immunosurveillance [26]. There is

growing evidence that TADCs change their function

from immunostimulatory to immunosuppressive types

during the tumor progression [27], which may be attrib-

uted to high levels of PD-L1/PD-1 expression in the

tumor microenvironment [3, 17, 18]. Interestingly, we

Fig. 2 Co-culture with T24 cells enhances the production of CXCL9 in DCs. Following co-culture of immature DCs with, or without, T24 or SV-

HUC-1 cells as well as T24 cells alone for 24 h, the levels of IL-8, RANTES, CXCL9, MCP-1 and IP-10 in the supernatants of cultured cells were

quantified by flow cytometry using a Cytometric Bead Array (CBA) kit. Data are representative flow histograms or expressed as the mean ± SD of

each group of cells from three separate experiments. a Flow cytometry analysis. b Quantitative analysis. *P < 0.05, **P < 0.01
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found that TADCs (after co-cultured with T24 cells)

produced significantly higher levels of CXCL9, but not

IL-8, RANTES, MCP-1 and IP-10. Furthermore, treat-

ment with the supernatants of cultured TADCs, or

recombinant CXCL9 significantly up-regulated PD-L1

expression in T24 cells, which were abrogated by pre-

treatment with CXCR3-specific antagonist AM487. In

addition, treatment with CXCL9 significantly enhanced

the activation of STAT3 and Akt in T24 cells. Such

novel findings indicated that bladder cancer cells

enhanced CXCL9 in TADCs, which significantly up-

regulated PD-L1 expression in cancer cells by activating

the CXCR3-related STAT3/Akt signaling. Because the

PD-L1 is a potent inhibitor of antitumor T cell immun-

ity the up-regulated PD-L1 expression in cancer cells

should inhibit the activation and function of antigen

presenting cells and effector T cells, promoting cancer

evasion from antitumor responses. Given that anti-PD-1

and anti-PD-L1 are promising to treat some types of

solid cancers the CXCL9/CXCR3/PD-L1 axis may be

new therapeutic targets for intervention of bladder can-

cers. Therefore, our findings may provide new insights

into the mechanisms underlying how tumors escape

from immunosurveillance.

Many types of solid cancers have a complex chemokine

network, which can hijack the chemokine system from im-

mune cells and promote their own growth and metastasis

in autocrine and paracrine manners [28, 29]. For instance,

some chemokines from tumor cells can alter DC’s pheno-

type and impair immune response [26, 29, 30]. CXCR3

plays a crucial role in tumor microenvironment [31] and

CXCR3 over-expression can recruit more TADCs [32].

Furthermore, CXCR3 can regulate the growth and metas-

tasis of cancers [33, 34]. High levels of CXCL9 and

CXCL10 expression in lymph nodes can promote melan-

oma cell metastasis through the CXCR3 signaling [35].

Fig. 3 CXCL9 up-regulates PD-L1 expression in T24 cells. T24 cells were treated with the supernatants from cultured DCs alone, T24 alone or co-

cultured TADCs in the presence or absence of additional recombinant CXCL9 (100 ng/mL). The levels of PD-L1 in individual groups of T24 cells

were quantified by flow cytometry using specific anti-PD-L1. Data are representative flow histograms or expressed as the mean ± SD of each

group of cells from three separate experiments. a, c Flow cytometry analysis. b, d Quantitative analysis. **P < 0.01
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Up-regulated CXCR3 expression in primary and metastatic

ovarian tumors was associated with a reduced progression-

free survival and overall survival [36]. It is well known that

IFN-γ can induce the expression of ELR-negative CXC

chemokines, such as CXCL9, and enhance PD-L1 expres-

sion [37–40]. In this study, we found that CXCL9 secreted

by TADCs enhanced PD-L1 expression in bladder cancer

T24 cells, which was abrogated by the CXCR3 antagonist

AMG487. In addition, we found that CXCL9 treatment

up-regulated STAT3 and Akt activation in T24 cells. Such

findings suggest that in a tumor environment, IFN-γ can

through its IFNR1/2 receptors activate the JAK/STAT3

signaling to directly induce PD-L1 expression and enhance

CXCL9 expression, which indirectly through its CXCR3

activates the STAT3 and Akt signaling to up-regulate PD-

L1 expression in tumor cells [21, 38, 41]. Actually, phos-

phorylated STAT1 and STAT3 dimer in tumor cytosol can

bind to the PD-L1 promoter to induce PD-L1 expression

[42] while inhibition of STAT3 activity by STATTIC

mitigates the CXCR3 activation-induced PD-L1 expression

in tumor cells [21]. Hence, STAT3 activation is crucial for

inducing PD-L1 expression in tumor cells and inhibition of

STAT3 activity may inhibit the CXCL9/CXCR3 signaling-

induced PD-L1 expression, benefiting bladder cancer

patients. Currently, the STAT3 inhibitors are being

tested in clinical trials for bladder cancer [43]. Given

that up-regulated PD-L1 expression should attenuate

antitumor T cell immunity, our findings may shed

new lights in the feedback regulation of inflammatory

IFN-γ responses on antitumor T cell immunity and

tumor evasion from immunosurveillance.

Conclusions

In summary, our data indicated that co-culture of imma-

ture DCs with bladder cancer T24 cells generated

TADCs that displayed immature and suppressive pheno-

types with less capacity to induce allogenic T cell prolif-

eration. TADCs produced higher levels of CXCL9 that

Fig. 4 Pre-treatment with CXCR3-specific antagonist AMG487 abrogates the CXCL9-up-regulated PD-L1 expression in T24 cells. T24 cells were

pre-treated with, or without, AMG487 (1 μM) for 2 h and treated with the supernatants of co-cultured TADCs or CXCL9 (100 ng/mL) for 72 h. The

levels of PD-L1 in individual groups of T24 cells were quantified by flow cytometry using specific anti-PD-L1. Data are representative flow

histograms or expressed as the mean ± SD of each group of cells from three separate experiments. a, c Flow cytometry analysis. b, d Quantitative

analysis. *P < 0.05, **P < 0.01
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up-regulated PD-L1 expression in T24 cells, dependent

on its CXCR3 signaling. CXCL9 treatment enhanced

STAT3 and Akt activation in T24 cells. Hence, CXCL9

induced PD-L1 expression, perhaps by activating the

CXCR3/STAT3 and Akt signaling. Therefore, our find-

ings suggest that the CXCL9/CXCR3/PD-L1 axis may be

the potential therapeutic targets for bladder cancer.

Abbreviations

TADCs: Tuberculosis; iDCs: immature DCs; IFN-γ: INTERFERON-γ; PD-

L1: programmed death ligand-1; FBS: Fetal bovine serum; FACS: Fluorescence

activated cell sorter; MFI: Mean fluorescence intensity; CBA: Cytometric bead

array; SV-HUC-1: SV-40 immortalized human uroepithelial cell 1;

PBMCs: Peripheral blood mononuclear cells

Acknowledgements

Not applicable.

Authors’ contributions

WGX designed the study. JJL and WGX conducted the experiments and

analyzed the data. WGX wrote the manuscript. All authors read and

approved the final manuscript.

Funding

No Funding.

Availability of data and materials

The datasets used and/or analyzed during the current study are available

from the corresponding author on reasonable request.

Ethics approval and consent to participate

Ethical approval for this study was obtained from the West China Hospital

Research Ethics Board. Informed and written consent was obtained from all

volunteers in accordance with the ethics committee guidelines.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Author details
1Department of Laboratory Medicine, West China Second University Hospital,

Sichuan University, Chengdu 610041, PR China. 2Key Laboratory of Birth

Defects and Related Diseases of Women and Children (Sichuan University),

Ministry of Education, Chengdu 610041, PR China. 3Department of Thoracic

Oncology and State Key Laboratory of Biotherapy, Cancer Center, West China

Hospital, Sichuan University, Chengdu 610041, PR China.

Received: 7 August 2020 Accepted: 13 December 2020

References

1. Steinman RM, Banchereau J. Taking dendritic cells into medicine. Nature.

2007;449(7161):419–26.

2. Ma Y, Shurin GV, Peiyuan Z, Shurin MR. Dendritic cells in the cancer

microenvironment. J Cancer. 2013;4(1):36–44.

3. Keirsse J, Van Damme H, Van Ginderachter JA, Laoui D. Exploiting tumor-

associated dendritic cell heterogeneity for novel cancer therapies. J Leukoc

Biol. 2017;102(2):317–24.

Fig. 5 CXCL9 treatment enhances the STAT3 and Akt activation in T24 cells. T24 cells were treated with, or without, CXCL9 for 72 h and the

relative levels of STAT3 and Akt expression and phosphorylation were quantified by Western blot. Data are representative images or expressed as

the mean ± SD of each group of cells from three separate experiments. a Western blot analysis. b Quantitative analysis. *P < 0.05

Xiu and Luo BMC Immunology            (2021) 22:3 Page 8 of 9



4. Xiu W, Ma J, Lei T, Zhang M. AG490 reverses phenotypic alteration of

dendritic cells by bladder cancer cells. Oncol Lett. 2018;16(3):2851–6.

5. Xiu W, Ma J, Lei T, Zhang M, Zhou S. Immunosuppressive effect of bladder

cancer on function of dendritic cells involving of Jak2/STAT3 pathway.

Oncotarget. 2016;7(39):63204–14.

6. Balkwill F. Cancer and the chemokine network. Nat Rev Cancer. 2004;4(7):

540–50.

7. Redjimi N, Raffin C, Raimbaud I, et al. CXCR3+ T regulatory cells selectively

accumulate in human ovarian carcinomas to limit type I immunity. Cancer

Res. 2012;72(17):4351–60.

8. Hensbergen PJ, Wijnands PG, Schreurs MW, Scheper RJ, Willemze R, Tensen

CP. The CXCR3 targeting chemokine CXCL11 has potent antitumor activity

in vivo involving attraction of CD8+ T lymphocytes but not inhibition of

angiogenesis. J Immunother. 2005;28(4):343–51.

9. Billottet C, Quemener C, Bikfalvi A. CXCR3, a double-edged sword in tumor

progression and angiogenesis. Biochim Biophys Acta. 2013;1836(2):287–95.

10. Ding Q, Lu P, Xia Y, et al. CXCL9: evidence and contradictions for its role in

tumor progression. Cancer Med. 2016;5(11):3246–59.

11. Zhang J, Chen J, Guan GW, Zhang T, Lu FM, Chen XM. Expression and

clinical significance of chemokine CXCL10 and its receptor CXCR3 in

hepatocellular carcinoma. Beijing Da Xue Xue Bao. 2019;51(3):402–8.

12. Ren Y, Kan YZ, Kong LF. Study on the effects of target-silencing CXCR3

expression on malignant proliferation of hepatocellular carcinoma.

Zhonghua Gan Zang Bing Za Zhi. 2018;26(7):508–12.

13. Krempski J, Karyampudi L, Behrens MD, et al. Tumor-infiltrating

programmed death receptor-1+ dendritic cells mediate immune

suppression in ovarian cancer. J Immunol. 2011;186(12):6905–13.

14. Mu CY, Huang JA, Chen Y, Chen C, Zhang XG. High expression of PD-L1 in

lung cancer may contribute to poor prognosis and tumor cells immune

escape through suppressing tumor infiltrating dendritic cells maturation.

Med Oncol. 2011;28(3):682–8.

15. Gabrilovich D. Mechanisms and functional significance of tumour-induced

dendritic-cell defects. Nat Rev Immunol. 2004;4(12):941–52.

16. Karyampudi L, Lamichhane P, Scheid AD, et al. Accumulation of memory

precursor CD8 T cells in regressing tumors following combination therapy

with vaccine and anti-PD-1 antibody. Cancer Res. 2014;74(11):2974–85.

17. Karyampudi L, Lamichhane P, Krempski J, et al. PD-1 blunts the function of

ovarian tumor-infiltrating dendritic cells by inactivating NF-kappaB. Cancer

Res. 2016;76(2):239–50.

18. Curiel TJ, Wei S, Dong H, et al. Blockade of B7-H1 improves myeloid

dendritic cell-mediated antitumor immunity. Nat Med. 2003;9(5):562–7.

19. Karin N. Chemokines and cancer: new immune checkpoints for cancer

therapy. Curr Opin Immunol. 2018;51:140–5.

20. Sun C, Mezzadra R, Schumacher TN. Regulation and function of the PD-L1

checkpoint. Immunity. 2018;48(3):434–52.

21. Zhang C, Li Z, Xu L, et al. CXCL9/10/11, a regulator of PD-L1 expression in

gastric cancer. BMC Cancer. 2018;18(1):462.

22. Plubell DL, Fenton AM, Wilmarth PA, et al. GM-CSF driven myeloid cells in

adipose tissue link weight gain and insulin resistance via formation of 2-

aminoadipate. Sci Rep. 2018;8(1):11485.

23. Racioppi L, Cancrini C, Romiti ML, et al. Defective dendritic cell maturation

in a child with nucleotide excision repair deficiency and CD4 lymphopenia.

Clin Exp Immunol. 2001;126(3):511–8.

24. Tien AH, Xu L, Helgason CD. Altered immunity accompanies disease progression

in a mouse model of prostate dysplasia. Cancer Res. 2005;65(7):2947–55.

25. Tang M, Diao J, Cattral MS. Molecular mechanisms involved in dendritic cell

dysfunction in cancer. Cell Mol Life Sci. 2017;74(5):761–76.

26. Shurin MR, Shurin GV, Lokshin A, et al. Intratumoral cytokines/chemokines/

growth factors and tumor infiltrating dendritic cells: friends or enemies?

Cancer Metastasis Rev. 2006;25(3):333–56.

27. Jonuleit H, Schmitt E, Schuler G, Knop J, Enk AH. Induction of interleukin 10-

producing, nonproliferating CD4(+) T cells with regulatory properties by

repetitive stimulation with allogeneic immature human dendritic cells. J Exp

Med. 2000;192(9):1213–22.

28. Wang J, Xi L, Gooding W, Godfrey TE, Ferris RL. Chemokine receptors 6 and

7 identify a metastatic expression pattern in squamous cell carcinoma of

the head and neck. Adv Otorhinolaryngol. 2005;62:121–33.

29. Wang J, Zhang X, Thomas SM, et al. Chemokine receptor 7 activates

phosphoinositide-3 kinase-mediated invasive and prosurvival pathways

in head and neck cancer cells independent of EGFR. Oncogene. 2005;

24(38):5897–904.

30. Thomachot MC, Bendriss-Vermare N, Massacrier C, et al. Breast carcinoma

cells promote the differentiation of CD34+ progenitors towards 2 different

subpopulations of dendritic cells with CD1a(high)CD86(−)Langerin- and

CD1a(+)CD86(+)Langerin+ phenotypes. Int J Cancer. 2004;110(5):710–20.

31. Reynders N, Abboud D, Baragli A, et al. The Distinct Roles of CXCR3 Variants

and Their Ligands in the Tumor Microenvironment. Cells. 2019;8(6):613.

32. Chen F, Yin S, Niu L, et al. Expression of the chemokine receptor CXCR3

correlates with dendritic cell recruitment and prognosis in gastric Cancer.

Genet Test Mol Biomarkers. 2018;22(1):35–42.

33. Zhou H, Wu J, Wang T, Zhang X, Liu D. CXCL10/CXCR3 axis promotes the

invasion of gastric cancer via PI3K/AKT pathway-dependent MMPs

production. Biomed Pharmacother. 2016;82:479–88.

34. Wu Z, Han X, Yan J, et al. The prognostic significance of chemokine

receptor CXCR3 expression in colorectal carcinoma. Biomed Pharmacother.

2012;66(5):373–7.

35. Kawada K, Sonoshita M, Sakashita H, et al. Pivotal role of CXCR3 in

melanoma cell metastasis to lymph nodes. Cancer Res. 2004;64(11):4010–7.

36. Windmuller C, Zech D, Avril S, et al. CXCR3 mediates ascites-directed tumor

cell migration and predicts poor outcome in ovarian cancer patients.

Oncogenesis. 2017;6(5):e331.

37. Lee SJ, Jang BC, Lee SW, et al. Interferon regulatory factor-1 is prerequisite

to the constitutive expression and IFN-gamma-induced upregulation of B7-

H1 (CD274). FEBS Lett. 2006;580(3):755–62.

38. Zhang X, Zeng Y, Qu Q, et al. PD-L1 induced by IFN-gamma from tumor-

associated macrophages via the JAK/STAT3 and PI3K/AKT signaling pathways

promoted progression of lung cancer. Int J Clin Oncol. 2017;22(6):1026–33.

39. Lee SK, Seo SH, Kim BS, et al. IFN-gamma regulates the expression of B7-H1

in dermal fibroblast cells. J Dermatol Sci. 2005;40(2):95–103.

40. Kondo A, Yamashita T, Tamura H, et al. Interferon-gamma and tumor

necrosis factor-alpha induce an immunoinhibitory molecule, B7-H1, via

nuclear factor-kappaB activation in blasts in myelodysplastic syndromes.

Blood. 2010;116(7):1124–31.

41. Schalper KA. PD-L1 expression and tumor-infiltrating lymphocytes: revisiting

the antitumor immune response potential in breast cancer.

Oncoimmunology. 2014;3:e29288.

42. Sasidharan Nair V, Toor SM, Ali BR, Elkord E. Dual inhibition of STAT1 and

STAT3 activation downregulates expression of PD-L1 in human breast

cancer cells. Expert Opin Ther Targets. 2018;22(6):547–57.

43. van Kessel KE, Zuiverloon TC, Alberts AR, Boormans JL, Zwarthoff EC.

Targeted therapies in bladder cancer: an overview of in vivo research. Nat

Rev Urol. 2015;12(12):681–94.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Xiu and Luo BMC Immunology            (2021) 22:3 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cell culture
	Preparation of DCs
	Co-cultured immature DCs with T24 cells
	Purified DCs
	Mixed lymphocyte response
	Flow cytometry
	TADCs-derived chemokine assays
	Western blot analysis
	Statistical analysis

	Results
	Co-culture of immature DCs with bladder cancer T24 cells inhibits DC activation induced by lipopolysaccharide (LPS)
	Bladder cancer T24 cells promote the production of CXCL9 by DCs
	CXCL9 up-regulates PD-L1 expression in bladder cancer T24 cells through its receptor CXCR3
	CXCL9 enhances the STAT3 and AKT activation in bladder cancer T24 cells

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

