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Purpose: Type I conventional dendritic cells (cDC1s) play a key role in priming

anti-tumor cytotoxic T cells and inducing immune tolerance for self-antigens

and tumor antigens. However, it remains unclear whether cDC1 has a protective

or pathogenic role in multiple myeloma. We investigated a role of cDC1 in

myeloma progression.

Methods: A myeloma mouse model was performed by intravenous

transplantation of Vk*MYC myeloma cells into XCR1-Diphtheria toxin receptor

(DTR) knock-in or wild-type mice. Following injection with Diphtheria toxin (DT),

monoclonal (M)-proteins and myeloma cells were analyzed by ELISA and

flow cytometry.

Results: Here we show that inducible depletion of cDC1 after myeloma

transplantation markedly suppressed the progression of myeloma in the bone

marrow and extramedullary sites, such as the spleen. cDC1 appeared in the bone

marrow and spleen of myeloma-transplanted mice, which highly expressed

CD103 and lowly produced interleukin (IL)-12. Consequently, the frequencies

of exhausted CD8 T cells and regulatory T cells significantly decreased in the

bone marrow of cDC1-depleted mice.

Conclusions: cDC1 supports the progression of myeloma inducing exhausted

CD8 T cells and regulatory T cells.
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1 Introduction

Multiple myeloma is a plasma cell malignancy, that causes

multiple immunodeficiencies in cancer immunity and infections.

Repeated relapses lead to a poor prognosis not only by disease

progression but also by opportunistic infections due to

immunodeficiency. Although novel therapies have improved

survival rates, it is still impossible to completely cure the disease.

Some immunotherapies, such as chimeric antigen receptor T-cell

therapies and bispecific antibodies, have shown positive effects in

practical use for the treatment of highly active relapsed refractory

multiple myeloma, suggesting that a therapeutic strategy utilizing

the immune system is effective. Tumor-specific CD8 T cells play an

important role in cancer immunity; however, they have been

observed to be in an exhausted state in many types of

malignancy. cDC1s can incorporate tumor-derived proteins and

prime naïve CD8 T cells via cross-presentation as components of

the tumor immune microenvironment (TiME). Recent studies have

shown that dysfunction of cDC1 develops in solid malignancies

(1–3). Multiple myeloma beneficially alters the TiME for survival

and progression, such as by increasing the number of regulatory T

cells, exhausted CD8 T cells, and myeloid-derived suppressor cells,

and decreasing that of cytotoxic CD8 T cells (4–6). However,

whether cDC1 has a positive or negative role in multiple

myeloma remains unclear. This study aimed to investigate

whether cDC1 contributes protectively or pathogenically to

myeloma progression in a Vk*MYC myeloma mouse model. We

found that cDC1 supports myeloma progression by increasing the

number of exhausted CD8 T cells and regulatory T cells.
2 Materials and methods

2.1 Mice and cell line

C57BL/6J (Charles River) and XCR1-DTR mice (7) were

maintained under specific pathogen-free conditions at the animal

facility of the Advanced Medicine and Translational Research

Center of Tottori University. All experiments were approved by

the Animal Experiment Committee of Tottori University. In a

mouse myeloma model, Vk*MYC myeloma cells [Vk12653 cells

(8)] were intravenously transplanted into male mice aged 6-8 weeks

at a density of 1.0×107 cells per mouse. To deplete cDC1, XCR1-

DTR mice were intraperitoneally injected six times with DT

(BioAcademia) at a dose of 40 ng/g body weight for the first dose

10-12 days after transplantation (0.2-0.8 mg/mL M-protein in

serum), with follow-up doses of 4 ng/g every other day.
2.2 Enzyme-linked immunosorbent
assay (ELISA)

Vk*MYC cells secrete M-protein, a subclass of IgG2b-k. To
measure serum IgG2b titers, serum samples were incubated in

ELISA plates (Corning) coated with goat anti-mouse Ig, F(ab’)2
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fragment (115-005-072, Jackson Immuno Research). The IgG2b

isotype was determined using alkaline phosphatase-conjugated

antibodies to mouse IgG2b and pNPP substrate (Sigma-Aldrich)

and was measured using the Sunrise Rainbow (TECAN). Purified

mouse IgG2b-k (BioLegend) was used to plot the standard curve.
2.3 Flow cytometry

Single-cell suspensions were prepared from the spleen and

femurs of individual mice after digestion with 1 mg/mL

collagenase D (Roche) and 50 U/mL deoxyribonuclease I (Tokyo

Chemical Industry) at 37°C. Cell viability was assessed using trypan

blue exclusion. The cells were stained with antibodies against

CD11c, XCR1, CD4, CD83, CD86, CD103, CXCR4, T-cell

immunoglobulin mucin domein-3 (Tim3), programmed cell

death-1 (PD-1), and programmed cell death-1 ligand 1 (PD-L1)

(BioLegend), CD11b, CD8a, and CD155 (BD Biosciences), B220

(Invitrogen or Miltenyi Biotec), B- and T-lymphocyte attenuator

(BTLA) and CCR7 (Miltenyi Biotec), CD80 (Invitrogen), and

major histocompatibility complex (MHC) class II and integrin

aV (in-house). The dead cells were stained with propidium

iodide (AAT Bioquest). For intracellular staining, cells were

stimulated with 1 mg/mL lipopolysaccharide (LPS) (L4391, Sigma-

Aldrich) with 4 mg/mL Brefeldin A (Sigma-Aldrich) for 4 hours and

stained with anti-IL-12 antibody (BD Biosciences) after treatment

with BD Cytofix/Cytoperm buffer (BD Biosciences) according to

the manufacturer’s protocol. To detect regulatory T cells,

intranuclear staining was performed using a Foxp3 Transcription

Factor staining buffer kit (Invitrogen) and anti-FOXP3 antibody

(BioLegend). All cytometric data were collected using a flow

cytometer (FACS Celesta; BD Biosciences) and analyzed using

FlowJo software (BD Biosciences).
2.4 Statistical analysis

Unpaired t-test was used to compare groups with equal

variance. For serum IgG2b growth curves, significance was

determined using a two-way analysis of variance. Statistical

analyses were performed using GraphPad Prism software

(GraphPad Software Inc.). The level of significance is indicated as

*p<0.05, **p<0.01, and ***p<0.001, and is described in the

figure legends.
3 Results

3.1 Depletion of cDC1 suppresses
myeloma progression

To test whether cDC1 supports or inhibits the progression of

myeloma, we used a Vk*MYC myeloma mouse model that can be

used to monitor the tumor based on CD155 and IgG2b expression,

and the XCR1-DTR mouse line that can inductively deplete cDC1

in the body. Because the chemokine receptor XCR1 is specifically
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expressed by cDC1, injections of DT selectively deplete cDC1 in the

body. More than 95% of cDC1s is depleted in the spleen (Ref. 7, data

not shown). Transplanted Vk*MYC myeloma cells expanded in the

bone marrow and secreted IgG2b as M-protein. After expansion,

the myeloma cells proliferated exponentially in the spleen (8).

XCR1-DTR and wildtype mice were transplanted with Vk*MYC

cells and injected with DT every other day, starting 12 days after

transplantation. Interestingly, depletion of cDC1 drastically

suppressed the production of M-protein (Figure 1A) and the

expansion of myeloma cells for CD155high large cells in the bone

marrow and spleen, as revealed by flow cytometry (Figures 1B–D).

In addition, DT injection from Day 0 failed to reduce

the numbers of bone marrow and splenic myeloma cells

(Supplementary Figure 1).
3.2 Appearance of mature cDC1 in the
bone marrow of myeloma-
transplanted mice

To clarify the role of cDC1 in myeloma progression, we

investigated the phenotype of cDC1 in the bone marrow

of myeloma- transplanted mice. In general, few mature

cDC1s remain in normal bone marrow. Interestingly, mature

CD11c+CD8a+XCR1+CD11b- cDC1s accumulated in the bone
Frontiers in Immunology 03
marrow 14 and 24 days after myeloma transplantation (Figure 2).

The mature cDC1s expressed some markers for activation (CD80,

CD83, CD86 and MHC class II) and migration (CCR7 and CXCR4)

as well as splenic cDC1 at steady state (Figure 3A). A marker for

tissue residency of cDC, CD103 (integrin aE) was expressed eight-

fold higher than normal cDC1, which may be considered as a

marker of myeloma-restricted cDC1 (Figure 3B). Integrin aV, PD-
L1, and BTLA are expressed in suppressive and tolerogenic cDC1s

inducing regulatory T cells and exhausted T cells (9). Myeloma-

induced cDC1 did not significantly expressed molecules that might

function as tolerogenic cDC1 (Figures 3A, B). To examine whether

cDC1 is functional for cellular immunity to myeloma, the

expression of the cytokine IL-12, which is involved in Th1 and

cytotoxic T cell differentiation, was analyzed using flow cytometry.

Myeloma-induced bone marrow cDC1 produced lower IL-12 than

normal splenic cDC1 4 hours after stimulation with

LPS (Figure 3C).
3.3 cDC1 alters the proportion of T cell
populations in the bone marrow

Tumors increase the number of suppressive T cells, such as

exhausted and regulatory T cells. In the Vk*MYC mouse model,

frequencies of activated/memory-phenotype CD44highCD62L- T
FIGURE 1

Depletion of cDC1 suppresses myeloma progression. (A) Loss of cDC1 decreases the serum titers of M-protein (IgG2b). XCR1-DTR and wild-type
mice were transplanted with Vk*MYC cells and injected with DT 12, 14, 16, 18, 20 and 22 days after transplantation. Sera on days 10, 15, 20 and
24 were analyzed via ELISA. Data were merged from four independent experiments. Data are shown as mean ± SD. N=10-16. ns: not significant,
*:p<0.05. (B-D) Loss of cDC1 decreases the numbers of myeloma cells in the bone marrow and spleen. Following transplantation and DT
administration as well as (A), CD155high myeloma cells in the bone marrow (B) and spleen (C) were counted via flow cytometry 24 days after
transplantation. Numbers (B, C) and dot plots in live cells (D) are shown. Data were merged from four independent experiments. N=7-10. ns, not
significant, **:p<0.01.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1444821
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Suzuki et al. 10.3389/fimmu.2024.1444821
FIGURE 2

Mature cDC1s are present in the bone marrow of myeloma-transplanted mice. The number of XCR1+CD11chigh cells increased in the bone marrow
of myeloma-transplanted mice. Dot plots on days 0 and 24 (A) and the numbers on days 0, 14, and 24 (B) of bone marrow XCR1+CD11chigh cells
analyzed via flow cytometry. Data were merged from four independent experiments. N=7-13. ns, not significant; *:p<0.05, ***:p<0.001.
FIGURE 3

Phenotypes of myeloma-induced bone marrow cDC1. (A) The expression of DC maturation makers in myeloma-induced cDC1. The histograms
show the expression of CD80, CD83, CD86, MHC class II, CD103, CXCR4, CCR7, integrin aV, Tim3, PD-L1 and BTLA in bone marrow cDC1s
(XCR1+CD8a+CD11chigh) of myeloma-transplanted mice (green, filled) and splenic cDC1s of normal mice (grey, empty) 24 days after
transplantation. (B) CD103 expression is significantly higher in myeloma-induced cDC1 than in normal cDC1. The graph shows the mean
fluorescence intensity (MFI) of CD103, CXCR4, integrin aV and CD86 in bone marrow cDC1s of myeloma-transplanted mice (green) and splenic
cDC1s of normal mice (red). (C) Myeloma-induced cDC1 suppressed IL-12 production. The histogram shows the expression of intracellular IL-12
in bone marrow XCR1+CD11chigh cDC1s of myeloma-transplanted mice (green, filled) and splenic cDC1s of normal mice (grey, filled) following
LPS stimulation with Brefeldin A for 4 hours. The graph shows the proportion of intracellular IL-12 positive cDC1s in bone marrow cDC1s of
myeloma-transplanted mice (green) and splenic cDC1s of normal mice (red). Data were merged from three independent experiments. N=4-9.
ns, not significant; *:p<0.05, **:p<0.01.
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cells were increased in myeloma-transplanted bone marrow

(Supplementary Figure 2). However, suppressive T cells increased

21 days after transplantation (Figure 4). Myeloma-induced cDC1s

lowly expressed IL-12. To investigate whether cDC1 generates

exhausted T cells and regulatory T cells, Tim3+PD-1+ CD8 T cells

and Foxp3+ CD4 T cells in the bone marrow were counted after

cDC1 depletion. On day 21 after transplantation (11-12 days after

DT injection), the increased frequencies of Tim3+PD-1+ and

Foxp3+ regulatory T cells by myeloma transplantation were

cancelled by the loss of cDC1s (Figures 4A, B), whereas those of

total CD8, Tim3-PD-1+ CD8 T, and total CD4 T cells in the bone

marrow were comparable. Furthermore, in the Tim3+PD-1+ CD8 T

cells, two inhibitory molecules, TIGIT- and LAG3- double-positive

cells were increased by myeloma transplantation and the increment

was cancelled by cDC1 depletion (Figure 4A). These results suggest

that cDC1 is altered by myeloma, induces immunosuppressive T

cells, and supports myeloma progression.
3.4 cDC1 increases also in the spleen

The bone marrow contains few mature cDC1s in a steady

state. However, how mature cDC1 accumulates in the bone

marrow remains unclear. In the Vk*MYC mouse model,
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myeloma cells spread in the bone marrow mainly 10-20 days

after transplantation and then expanded in the spleen, leading to

splenomegaly. In the early phase, for example, 14 days after

transplantation, the spleen had few tumors (data not shown).

However, the number of cDC1 transiently increased in the spleen

(Figure 5A). The increased cDC1 highly expressed CD103 as

well as bone marrow cDC1 induced by myeloma (Figures 5B,

C). In the circulation, cDC1 significantly increased on day 24 but

not 14 after transplantation (Supplementary Figure 3), suggesting

that cDC1 is independently increased in the bone marrow

and spleen.
4 Discussion

4.1 cDC1 contributes to
myeloma progression

In this study, we showed that mature cDC1 is present in the

bone marrow of myeloma-transplanted mice and that depletion of

cDC1 suppresses myeloma progression. We also showed that

myeloma-induced cDC1 highly express a marker for tissue-

residency, CD103, and reduce the production of a cytokine

inducing cellular immunity, IL-12. The presence of cDC1
FIGURE 4

Loss of cDC1 suppresses the generation of exhausted and regulatory T cells. (A) cDC1 depletion in myeloma-transplanted mice reduces the
frequency of exhausted CD8 T cells. Dot plots (left) and graph (right) show the frequencies of Tim3+PD-1+ in CD8 T cells and TIGIT+LAG3+ in
Tim3+PD-1+ CD8 T cells 24 days after transplantation by flow cytometry. (B) cDC1 depletion in myeloma-transplanted mice reduces the frequency
of regulatory CD4 T cells. Dot plots (left) and graph (right) show the frequencies of Foxp3+ in CD4 T cells 24 days after transplantation by flow
cytometry. Data were merged from three independent experiments. N=6-9. ns, not significant; *:p<0.05, **:p<0.01, ***: p<0.001.
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subsequently induces an increase in the numbers of exhausted and

regulatory T cells, which contributes to myeloma progression. To

the best of our knowledge, this is the first evidence that cDC1

supports the progression of multiple myeloma in vivo.
4.2 Loss of cDC1 inhibits
myeloma progression

Myeloma-induced cDC1 highly expressed CD103 (known as

integrin aE). Tumor-infiltering DCs express CD103, are called

mature DCs enriched in immunoregulatory molecules, mregDC1

(10, 11). MregDC1 is considered to have a regulatory function, but

this remains unclear. CD103 forms dimers with the integrin b7
subunit and binds to E-cadherin expressed mainly on epithelial

cells. CD103 is expressed in tissue-resident T cells and functions as a

homing/retention molecule in or within peripheral tissues, such as

the skin, lungs, and the gut (12). Myeloma cells express E-cadherin

and interact with plasmacytoid DC using CD103/E-cadherin for

progression (13), suggesting that they directly interact with cDC1

and alter their function.

CD103+ cDC1s were also increased in the spleen but not the

circulation on day 14 after transplantation, suggesting that splenic

and bone marrow cDC1 were independently increased. cDC1s

expressed CD103 but not any inhibitory molecules; integrin aV,
PD-L1, and BTLA. Myeloma decreased IL-12-expressing functional

cDC1 and did not increase suppressive and tolerogenic cDC1 in the

bone marrow as an immune-editor. Since cDC1 had no phenotype

for tolerogenic cDC1 which induces suppressive T cells directly,

functional T cells may be infiltrated by increased cDC1s in the bone

marrow and spleen and directly changed into suppressive T cells by

myeloma. Myeloma cells were from B cells ad have high affinity to

T cells.
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4.3 cDC1 as a clinical target of
multiple myeloma

Our study indicates that loss of cDC1 reverses the immuno

suppressive microenvironment and inhibits myeloma progression,

suggesting that the presence of cDC1 is harmful in the middle phase

of myeloma progression. In clinical trials, vaccination and DC

therapies for multiple myeloma have failed to work effectively

(14). Our data suggest that DC can be easily altered in the

myeloma-induced TiME. Injection of DT into XCR1-DTR mice

induced cDC1 depletion in the whole body, not only within the

tumor. This means that all cDC1s can be clinically targeted.

cDC1 plays a key role in priming anti-tumor cytotoxicity and

inducing immune tolerance. Myeloma cells strongly induce a

tolerant microenvironment in the bone marrow, and cDC1

contributes to the immunosuppression of tumors, cooperating

with exhausted and regulatory T cells. A frequency of regulatory

T cells increases in the bone marrow of Vk*MYC myeloma-

transplanted mice and their depletion promotes myeloma

progression (15). Taken together, the results suggest that cDC1

edited by myeloma cells expands regulatory T cells and forms an

immunosuppressive microenvironment.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The animal studies were approved by The Animal Experiment

Committee of Tottori University. The studies were conducted in
FIGURE 5

Splenic cDC1 levels are increased in myeloma-transplanted mice. (A) cDC1s are transiently increased in the spleen of myeloma-transplanted mice. The
numbers of splenic XCR-1+CD11chigh cells 0, 14 and 24 days after transplantation were determined via flow cytometry. (B) cDC1s of the spleen are distinct
from those of the bone marrow in myeloma-transplanted mice. The histograms show the expression of CD103, integrin aV, and CXCR4 in splenic XCR 1
+CD11chigh cells of myeloma-transplanted mice (blue, filled) and normal mice (grey, empty) 24 days after transplantation by flow cytometry. (C) CD103
expression is higher in myeloma-induced cDC1 than in normal cDC1. The graph shows MFI of CD103 in splenic cDC1s of myeloma-transplanted (green) and
normal mice (red). Data were merged from two independent experiments. N=4-13. ns: not significant, *: p<0.05, **: p<0.01.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1444821
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Suzuki et al. 10.3389/fimmu.2024.1444821
accordance with the local legislation and institutional requirements.

Written informed consent was obtained from the owners for the

participation of their animals in this study.
Author contributions

SS: Formal analysis, Funding acquisition, Investigation, Writing –

original draft. KKo: Formal analysis, Investigation,Writing – review &

editing. ST: Formal analysis, Methodology, Writing – review &

editing. MY: Methodology, Supervision, Writing – review & editing.

TK: Methodology, Supervision, Writing – review & editing. PB:

Methodology, Writing – review & editing. KKa: Project

administration, Supervision, Writing – review & editing. TF: Project

administration, Supervision, Writing – review & editing. KT:

Conceptualization, Funding acquisition, Project administration,

Supervision, Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study is

supported by a JSPS KAKENHI Grant Number JP23K15300 (SS),

20K22764, 21K07081, AMED (23gm1610004h0003), The

Sumitomo Foundation, The Waksman Foundation of Japan, The

Novartis Foundation (Japan) for the Promotion of Science (KT).
Frontiers in Immunology 07
Acknowledgments

We sincerely appreciate the assistance of all members of Division

of Hematology and Clinical Laboratory Medicine and Division of

Immunology, Faculty of Medicine, Tottori University. We would like

to thank Editage (www.editage.jp) for English language editing.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1444821/

full#supplementary-material
References
1. Aldahlawi AM, Zaher KSA. Dendritic Cell-Based Immunity: Screening of
dendritic cell subsets in breast cancer-bearing mice. J Microsc Ultrastruct. (2023)
11:150–60. doi: 10.4103/jmau.jmau_85_22

2. Carenza C, Calcaterra F, Oriolo F, Di Vito C, Ubezio M, Della Porta MG, et al.
Costimulatory molecules and immune checkpoints are differentially expressed on different
subsets of dendritic cells. Front Immunol. (2019) 10:1325. doi: 10.3389/fimmu.2019.01325

3. Teijeira A, Garasa S, Luri-Rey C, de Andrea C, Gato M, Molina C, et al. Depletion
of conventional type-1 dendritic cells in established tumors suppresses immunotherapy
efficacy. Cancer Res. (2022) 82:4373–85. doi: 10.1158/0008-5472.CAN-22-1046

4. Garcia-Ortiz A, Rodriguez-Garcia Y, Encinas J, Maroto-Martin E, Castellano E,
Teixido J, et al. The role of tumor microenvironment in multiple myeloma development
and progression. Cancers (Basel). (2021) 13:217. doi: 10.3390/cancers13020217

5. Moser-Katz T, Joseph NS, Dhodapkar MV, Lee KP, Boise LH. Game of bones:
How myeloma manipulates its microenvironment. Front Oncol. (2020) 10:625199.
doi: 10.3389/fonc.2020.625199

6. Nakamura K, Smyth MJ, Martinet L. Cancer immunoediting and immune
dysregulation in multiple myeloma. Blood. (2020) 136:2731–40. doi: 10.1182/
blood.2020006540

7. Yamazaki C, Sugiyama M, Ohta T, Hemmi H, Hamada E, Sasaki I, et al. Critical
roles of a dendritic cell subset expressing a chemokine receptor, XCR1. J Immunol.
(2013) 190:6071–82. doi: 10.4049/jimmunol.1202798

8. Chesi M, Robbiani DF, Sebag M, Chng WJ, Affer M, Tiedemann R, et al. AID-
dependent activation of a MYC transgene induces multiple myeloma in a conditional
mouse model of post-germinal center Malignancies. Cancer Cell. (2008) 13:167–80.
doi: 10.1016/j.ccr.2008.01.007

9. Yin X, Chen S, Eisenbarth SC. Dendritic cell regulation of T helper cells. Annu Rev
Immunol. (2021) 39:759–90. doi: 10.1146/annurev-immunol-101819-025146

10. Maier B, Leader AM, Chen ST, Tung N, Chang C, Leberichel J, et al. A conserved
dendritic-cell regulatory program limits antitumour immunity. Nature. (2020)
580:257–62. doi: 10.1038/s41586-020-2134-y

11. Mestrallet G, Sone K, Bhardwaj N. Strategies to overcome DC dysregulation in
the tumor microenvironment. Front Immunol. (2022) 13:980709. doi: 10.3389/
fimmu.2022.980709

12. Szabo PA, Miron M, Farber DL. Location, location, location: Tissue resident
memory T cells in mice and humans. Sci Immunol. (2019) 4:eaas9673. doi: 10.1126/
sciimmunol.aas9673

13. Bi E, Li R, Bover LC, Li H, Su P, Ma X, et al. E-cadherin expression on multiple
myeloma cells activates tumor-promoting properties in plasmacytoid DCs. J Clin
Invest. (2018) 128:4821–31. doi: 10.1172/JCI121421

14. Verheye E, Bravo Melgar J, Deschoemaeker S, Raes G, Maes A, De Bruyne E,
et al. Dendritic cell-based immunotherapy in multiple myeloma: Challenges,
opportunities, and future directions. Int J Mol Sci. (2022) 23:904. doi: 10.3390/
ijms23020904

15. Kawano Y, Zavidij O, Park J, Moschetta M, Kokubun K, Mouhieddine TH, et al.
Blocking IFNAR1 inhibits multiple myeloma–driven Treg expansion and
immunosuppression. J Clin Invest. (2018) 128:2487–99. doi: 10.1172/jci88169
frontiersin.org

http://www.editage.jp
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1444821/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1444821/full#supplementary-material
https://doi.org/10.4103/jmau.jmau_85_22
https://doi.org/10.3389/fimmu.2019.01325
https://doi.org/10.1158/0008-5472.CAN-22-1046
https://doi.org/10.3390/cancers13020217
https://doi.org/10.3389/fonc.2020.625199
https://doi.org/10.1182/blood.2020006540
https://doi.org/10.1182/blood.2020006540
https://doi.org/10.4049/jimmunol.1202798
https://doi.org/10.1016/j.ccr.2008.01.007
https://doi.org/10.1146/annurev-immunol-101819-025146
https://doi.org/10.1038/s41586-020-2134-y
https://doi.org/10.3389/fimmu.2022.980709
https://doi.org/10.3389/fimmu.2022.980709
https://doi.org/10.1126/sciimmunol.aas9673
https://doi.org/10.1126/sciimmunol.aas9673
https://doi.org/10.1172/JCI121421
https://doi.org/10.3390/ijms23020904
https://doi.org/10.3390/ijms23020904
https://doi.org/10.1172/jci88169
https://doi.org/10.3389/fimmu.2024.1444821
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Type I-conventional dendritic cells support the progression of multiple myeloma in the bone marrow
	1 Introduction
	2 Materials and methods
	2.1 Mice and cell line
	2.2 Enzyme-linked immunosorbent assay (ELISA)
	2.3 Flow cytometry
	2.4 Statistical analysis

	3 Results
	3.1 Depletion of cDC1 suppresses myeloma progression
	3.2 Appearance of mature cDC1 in the bone marrow of myeloma-transplanted mice
	3.3 cDC1 alters the proportion of T cell populations in the bone marrow
	3.4 cDC1 increases also in the spleen

	4 Discussion
	4.1 cDC1 contributes to myeloma progression
	4.2 Loss of cDC1 inhibits myeloma progression
	4.3 cDC1 as a clinical target of multiple myeloma

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


