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Background: The use of circulating cDC1 to generate anti-cancer vaccines is
among the most promising approaches to overcome the limited immunogenicity
and clinical efficacy of monocyte-derived DC. However, the recurrent
lymphopenia and the reduction of DC numbers and functionality in patients with
cancer may represent an important limitation of such approach. In patients with
ovarian cancer (OvC) that had received chemotherapy, we previously showed that
cDC1 frequency and function were reduced.

Methods: We recruited healthy donors (HD, n=7) and patients with OvC at
diagnosis and undergoing interval debulking surgery (IDS, n=6), primary
debulking surgery (PDS, n=6) or at relapse (n=8). We characterized longitudinally
phenotypic and functional properties of peripheral DC subsets by multiparametric
flow cytometry.

Results: We show that the frequency of cDC1 and the total CD141+ DC capacity to
take up antigen are not reduced at the diagnosis, while their TLR3 responsiveness is
partially impaired in comparison with HD. Chemotherapy causes cDC1 depletion
and increase in cDC2 frequency, but mainly in patients belonging to the PDS
group, while in the IDS group both total lymphocytes and cDC1 are preserved. The
capacity of total CD141* DC and cDC2 to take up antigen is not impacted by
chemotherapy, while the activation capacity upon Poly(l:C) (TLR3L) stimulation is
further decreased.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1119371/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1119371/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1119371/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1119371/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1119371&domain=pdf&date_stamp=2023-02-10
mailto:selena.vigano@hotmail.it
https://doi.org/10.3389/fimmu.2023.1119371
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1119371
https://www.frontiersin.org/journals/immunology

Mastelic-Gavillet et al.

10.3389/fimmu.2023.1119371

Conclusions: Our study provides new information about the impact of
chemotherapy on the immune system of patients with OvC and sheds a new
light on the importance of considering timing with respect to chemotherapy when
designing new vaccination strategies that aim at withdrawing or targeting specific

DC subsets.
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Introduction

DC vaccination is a very promising approach for inducing specific
immune responses against cancer. Indeed, despite the limited clinical
efficacy observed so far, vaccines have the potential to improve cancer
immunotherapy efficacy in combinatorial approaches by inducing
specific recognition of tumor cells with little or no evidence of
treatment-limiting toxicity (1). Recently, novel approaches aim at using
circulating DC as an alternative to monocyte-derived DC that, so far,
have not shown objective clinical antitumor activity. Two conventional
DC (cDC) subsets that are important in developing anti-tumor T cell
responses are found in the peripheral blood: cDC1s (CD141°7€"), which
are fundamental for CD8 T cell activation, and cDC2s (CD1c") which are
key for CD4 T cell activation (2, 3). Among the conventional DC (cDC)
subsets, cDCI are the most promising for promoting antigen-specific
tumor cell killing. Indeed, they are endowed with the highest cross-
presentation capacity and secrete chemoattractant molecules for CD8 T
cells (3-5). Of importance, cDC1 tumor infiltration has been associated
with better clinical outcome in some tumor types (6, 7). Moreover,
BATF3-/-_mice deficient in cDC1 do not respond to various types of
immunotherapies (6, 8).

Ovarian cancer (OvC) is the most lethal gynecological cancer,
with an overall 5-year-survival rate below 50%. Despite optimal first-
line treatments including surgery and platinum-based chemotherapy,
75% will eventually relapse. These disappointing results are partially
improved by recent advances in maintenance treatment including
bevacizumab and poly-adenosine diphosphate-ribose polymerase
(PARP) inhibitors. Despite these, only a subset of patients
experiences long lasting clinical benefits. Interestingly, patients
presenting high immune cell infiltrated tumors have an increased
overall survival, thus suggesting potential for immunotherapy to
mediate clinical benefit (9). However, the efficacy of current
immune checkpoint inhibitors, such as the Pembrolizumab, a PD-1
inhibitor, showed an overall response rate of only 11.5% (10).
Moreover, adoptive T cell therapy is hindered by frequent poor T
cell infiltration and low antigen presenting function of infiltrating DC
(11). Thus, new immunotherapeutic strategies need to increase the
overall antigen presentation at the tumor site and improve T cell
infiltration, throwing the light on DC-based vaccines.

The low frequency and severity of adverse events together with
encouraging results from clinical trials, makes the use of DC vaccines
a promising approach to improve clinical outcome in patients with
OvC (12, 13). A main limitation, likely impacting the success of DC-
based vaccines in cancer patients, is the alteration of lymphocyte
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number and function (6-8, 14, 15). Indeed, multiple clinical trials that
combined DC vaccines with other immunotherapies and were
targeting multiple antigens (pool of peptides or whole tumor
lysates), showed clinical efficacy, but only in a subgroup of patients
(13, 16-18). The use of circulating DC for vaccine strategies must also
keep into consideration potential alterations in DC frequency and
function. In patients with OvC, the frequency of DC subsets in ascites
is not correlated with their survival (19). However, tumor-infiltrating
DC are predominantly plasmacytoid and show a partially mature
phenotype and display regulatory functions (20-24).

Of importance, we recently showed that the frequency and the
function of cDC1 and total CD141* DC in periphery is reduced in
patients with OvC who already underwent treatment (25), rendering
the use of such cells for vaccines difficult. However, information
regarding the contribution of the disease, the stage and the treatment
on the quantitative and qualitative characteristics of DC in patients
with OvC is still missing. Addressing these points is pivotal to
understand whether DC-based therapies for OvC would require
optimized timing for DC isolation, or particular combination with
strategies preventing/restoring DC number or function (6, 26, 27) or
to use/target DC subsets triggering the most effective anti-
tumor response.

In the present study, we characterized the phenotype and the
function of immune subsets in the peripheral blood from patients
with OvC at diagnosis (treated by interval debulking surgery (IDS), or
primary debulking surgery (PDS)) or at recurrence (relapse group),
and during treatment (Carboplatin with or without Paclitaxel +
surgery). At diagnosis, cDC1 were not significantly lower in
patients with OvC than in healthy donors (HD). However, both
lymphocyte counts and cDCI frequency were significantly reduced by
chemotherapy in PDS and recurrence groups but not in the IDS
group, which also presented a reduction in the PDLI expression by
CD141" DC and stable expression of CD80. In addition, we show that
the total CD141" DC were not impaired in their capacity to capture
the antigen in patients with OvC; however, for the first time, we
indicated that among the CD141" DC the most able to take the
antigen are cells expressing CD86 and co-expressing ILT3 and ILT4.
Finally, CD141" DC in patients with OvC responded only partially to
Poly(I:C) stimulation at diagnosis and this function was further
reduced by chemotherapy.

Our study indicates that the IDS group had better preserved
lymphocytes and ¢cDCI than the PDS group and sheds the light on
new clinical implications when considering immunotherapy. In
addition, the use of circulating DC drawn from OvC patients as

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1119371
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Mastelic-Gavillet et al.

vaccine may require to collect cDC1 before starting chemotherapy, to
combine strategies aiming at improving response to TLR agonists
and, eventually, to select subsets that have the highest antigen
uptake potential.

Materials and methods
Subjects and specimen preparation

Human blood samples from HD and patients were collected in
accordance with the declaration of Helsinki principles. Written
informed consent was obtained from all HD and patients
(protocols: 2016-02094 and 2019-00546). Blood draws in patients
with OvC were taken at diagnosis/relapse, at 2 time points during
treatment and at the end of treatment (last day of treatment). Clinical
data and time points of blood draws from patients with OvC are
described in Table 1.

PBMC isolation

Fresh anticoagulated blood diluted at a 1:2 ratio in PBS was
layered on lymphoprep (ratio of diluted blood:lymphoprep 1.5:1).
Mononuclear cells were isolated by density gradient centrifugation
(1800 rpm, 20 min centrifugation without break, room temperature),
washed twice and immediately cryopreserved in 90% fetal calf serum
(ECS) and 10% DMSO.

Culture media

RPMI 1640 Glutamax Supplement (Thermo Fisher Scientific,
Waltham, MA, United States), 10% Human Serum (BIOWEST,
Riverside, MO, United States), ImM Na pyruvate (Thermo Fisher
Scientific, Waltham, MA, United States), 10mM/ml Hepes (Thermo
Fisher Scientific, Waltham, MA, United States), 1X MEM Non-
Essential Amino Acids (Thermo Fisher Scientific, Waltham, MA,
United States), 0.1% P-mercaptoethanol and 1% penicillin-
streptomycin (Bioconcept, Allschwil/BL, Switzerland).

Antibodies and reagents

Anti-CD11c BV650 (clone 3.9), anti-CD80 PeCy5 (clone 2D10),
anti-CD1c BV510 (clone L161), anti-HLA-DR BV570 (clone 1243),
anti-XCR1 PE (clone S15046E), anti-CD40 BV605 (clone 5C3), anti-
CD303 (BDCA2) PE/Dazzle 594 (201A), anti-CD3 BV421 (clone
UCHT1), anti-CD19 BV421 (clone HIB19), anti-ILT4 PE (clone
42D1), anti-ILT3 PE-Cy7 (clone ZM4.1), were purchased from
BioLegend (San Diego, CA, United States). Anti-Clec9a VioBright-
FITC (clone 8F9), anti-CD123 APC-Vio770 (clone AC145), anti-
CD141 APC were purchased from Miltenyi Biotec (Bergisch
Gladbach, Germany). Anti-CD274 (PDL1) PE-Cy7 (clone MIH1),
anti-CD86 AlexaFluor 700 (clone 2331), Anti-CD276 BV711 (clone
232-5), anti-CD14 PB (clone M5E2) were purchased from BD-
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Biosciences (Franklin Lakes, NJ United States). RBC lysis solution
was purchased from Qiagen (Hilden, Germany). FcR blocking
reagent was purchased from Miltenyi (Bergisch Gladbach,
Germany). Poly(I:C) HMW was purchased from In vivogen (San
Diego, CA, United States). Fluorescein isothiocyanate-dextran was
bought from Sigma-Aldrich.

Flow cytometry analyses

Fluorescein isothiocyanate-dextran staining

When indicated cells were incubated for 30 minutes at 4°C or 37°
C with Img/ml of fluorescein isothiocyanate-dextran in 24 wells
plates (2-4 x10° cells/well), then washed with cold PBS and before
proceeding with surface staining.

Poly(l:C) stimulation

When indicated cells were incubated for 16-18 hours in 24 wells
plates (1-2 x10° cells/well) at 37°C with or without 20 pg/ml of Poly (I:
C). Cells were collected, stained, and analyzed by flow cytometry.

Flow cytometry staining and data analysis

Cells were incubated for 10min with FcR blocking reagent and
stained in PBS-EDTA with the appropriate antibodies.

Flow cytometry acquisition was performed with an LSR Fortessa
flow cytometer (BD Biosciences, Franklin Lakes, NJ United States).
Flow cytometry analysis was performed with FlowJo software
(Version 10.2, Treestar). Data were analyzed by Prism v7.

Statistical analysis

Statistical analysis was performed with Prism software (Version 7,
GraphPad). Statistically significant differences among multiple groups
and adjusted p-values were calculated by one-way ANOVA followed
by pairwise comparisons using Dunn’s test. Rank correlations were
performed by using the nonparametric Spearman’s test to determine
the Spearman’s rank correlation coefficients (r) and their associated p-
values. A p-value of 0.05 or lower was considered as indicating a
statistically significant difference.

Results

Patients with OvC in the IDS cohort have
lower chemotherapy-induced lymphopenia
and less loss of cDC1

Recently, we showed that the frequency of ¢cDCI is reduced in
patients with OvC (25). However, the impact of cancer-related
pathogenesis vs therapeutic intervention (chemotherapy and
surgery) on the frequency of DC subsets was not dissected. Thus,
we recruited three groups of patients with different clinical
characteristics (Table 1 and Supplementary Figure 1A). Patients
recruited at diagnosis who could not have surgery received
neoadjuvant chemotherapy before surgery (IDS group), while the
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TABLE 1 Clinical characteristics of the patients with OvC.

DFits Delta last Leucocyte
(day, FIGO n°of  Best reponse Date of CA125 Y
Group Age BRCA | | : relapse count
month, Stage lines  to latest line death (ku/1)
(months) G/
year)
00IP PreT 22.01.2020 283 8.8
00IP PreD 30.03.2020 54 4.7
DS 75 1IIC WT 1 NED na 2021
001P PostD | 03.04.2020 9% 4.9
00IP EndT 17.06.2020 58 7.1
1G5G PreT 15.01.2020 2336 7.2
1G5G PreD 23.03.2020 119 3.8
IDS 70 IVB WT 1 PR na na
1G5G  PostD | 09.04.2020 na 8.2
1G5G  EndT 27.05.2020 na 5.1
1FRU PreT 09.08.2019 4886 9.2
1FRU PreD 04.12.2019 DS 75 1IC WT 1 PR na na 73 1.9
IFRU  EndT 28.02.2020 17 4.9
1FQI PreT 26.07.2019 3295 8.7
1FQI PreD 25.09.2019 311 194
IDS 75 IVA WT 1 PR na na
1FQI PostD | 22.11.2019 88 2.1
1FQI EndT 23.01.2020 57 4.7
1CU4 PreT 14.09.2019 109 4.6
1CU4 PreD 11.12.2019 51 4.4
DS 73 11IC WT 1 CR na na
1CU4  PostD = 09.01.2020 19 33
1CU4  EndT 02.04.2020 15 35
1FIB PreT 17.04.2019 1382 8.8
1FIB PreD 17.07.2019 177 8.5
IDS 79 IIIC WT 1 CR na na
1FIB PostD | 22.07.2019 177 5.7
1FIB EndT 25.09.2019 164 4.2
1IEW1 | PreD 06.03.2019 179 4.2
1EW1 PreT 05.04.2019 70 3.8
PDS 67 1AL WT 1 PR na na
1IEW1 | MidT 07.06.2019 34 1.6
1IEW1  EndT 02.08.2019 39 2.7
18GV PreD 04.07.2018 1097 8.7
18GV | MidT 17.07.2018 PDS 66 111A2 WT 1 PR na na 1097 59
18GV | EndT 21.11.2018 43 22
1FJA PreD 17.05.2019 365 6.8
1FJA MidT 28.06.2019 PDS 68 IVB WT 1 PR na na 27 4
1FJA EndT 30.08.2019 20 3
1AK9 PreD 12.10.2018 32 8.6
1AK9 | MidT 19.12.2018 PDS 58 1B WT 1 PR na na 5 2.8
1AK9  EndT 23.01.2019 5 3.6
1FQJ PreD 24.07.2019 136 5.4
1FQJ MidT 04.09.2019 PDS 38 111A2 WT 1 CR na na 14 23
1FQJ EndT 13.11.2019 10 36
(Continued)
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TABLE 1 Continued

10.3389/fimmu.2023.1119371

DFiE Delta last Leucocyte
(day, FIGO n°of  Best reponse Date of CA125 Y
Group Age BRCA | | . relapse count
month, Stage lines  to latest line death (kU/1)
(months) G/
year)
1FS9 PreD 14.08.2019 93 9.5
1FS9 PreT 11.09.2019 PDS 60 IVB WT 1 PR na na 111 8.8
1FS9 EndT 15.01.2020 8 4.6
OXLZ | PreR 16.08.2017 8 38
OXLZ | PreT 23.01.2019 205 7.8
Relapse 50 1Ic WT 2 PR 15 na
OXLZ | MidT 06.03.2019 13 5
OXLZ = EndT = 03.04.2019 10 19.2
OS5K | PreR 30.08.2017 25 5.4
0S5K PreT 14.12.2018 1798 59
Relapse 77 IVB WT 2 PR 28 2020
OS5K | MidT 06.02.2019 78 2.9
OS$5K | EndT = 01.05.2019 73 157
OTRA | PreT 13.03.2019 79 7.4
OTRA | MidT 03.04.2019  Relapse 80 IVB WT 3 PD 3 2019 79 8.5
OTRA | EndT = 08.05.2019 122 117
261 PreT 13.03.2019 22 58
261 MidT 12042019 | Relapse 67 111B WT 3 PR 2 na 20 2.4
261 EndT 16.08.2019 16 2.7
14W7 | PreT 08.03.2019 134 33
14W7 | MidT 17.042019  Relapse 51 TI1A2 WT 3 PD 4 2020 113 36
14W7 | EndT = 25.06.2019 223 36
OYDN | PreR 30.08.2017 6 23
OYDN | PreT 24.04.2019 931 4.2
Relapse 49 IC MUT 5 PR 19 na
OYDN | MidT 14.08.2019 94 11
OYDN | EndT 11.09.2019 68 3.1
1475 PreR 21.03.2018 2827 73
1475 PreT 03.05.2019 244 na
Relapse 65 IVB WT 2 PR 8 2020
1475 MidT 09.07.2019 170 35
1475 EndT | 26.09.2019 30 34
1CD5 PreT 11.12.2019 110 6.5
1CD5 | MidT 11.02.2020  Relapse 62 IVA WT 2 PR 2 2021 48 229
1CD5 | EndT 14.05.2020 13 6.3
0X7Z PreR 20.12.2016 na 5.8
0X7Z PreT 08.01.2020 38 5
Relapse 62 1I1C WT 4 PR 0 2021
0X7Z | MidT 18.03.2020 33 54
0X7Z EndT | 20.05.2020 14 4.8
1E7E PreT 22.01.2020 134 7.2
1E7E MidT 18.03.2020  Relapse 84 IVB WT 3 PD 2 2020 1017 43
1E7E EndT | 20.05.2020 722 5.9
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second group of patients was treated with chemotherapy after
undergoing debulking surgery (PDS group); the third group was
composed of patients already treated in the past but in which the
cancer recurred (relapse). The recruitment was done at diagnosis (IDS
and PDS) or at time of relapse and samples were collected at four time
points (Table 1 and Supplementary Figure 1A).

To date, there is no clear indication of whether IDS is to be
preferred to PDS as standard of care. However, IDS has been reported
to reduce the postoperative rates of adverse effects and mortality (28,
29) and is recommended in patients with high tumor burden or worse
clinical presentation. Consistent with the literature (30), in our study,
patients belonging to the IDS group in our study showed the highest
circulating CA125 levels (Table 1 and Supplementary Figure 1B).
In all groups, however, CA125 decreased upon treatment
(Supplementary Figure 1C). On the other hand, lymphocyte counts
did not differ between IDS and PDS groups, while they tended to be
lower in relapsing patients, likely due to previous treatments
(Figure 1A). Of interest, upon initiation of chemotherapy the
lymphocyte count was more strongly reduced in the PDS group
than in the IDS group (Figures 1A, B) leading to a significant

10.3389/fimmu.2023.1119371

difference in lymphopenia at the end of therapy (Figure 1A). These
data may have important implications for immunotherapy efficacy as
they suggest a better immunological state in patients belonging to the
IDS group compared to the PDS group.

In the present study, we comprehensively analyzed by flow
cytometry the frequency of different lymphocytic- and monocytic-
cell subsets in the peripheral blood of the enrolled patients at different
time points and in HD (age- and sex-matched). We found that
chemotherapy led to a statistically significant reduction of T cell
frequency only in the relapsing group (Supplementary Figure 1D). In
addition, the ratio CD4 to CD8 T cells was higher in the IDS group
before treatment than in HD or other patient groups, but this was
partially reduced upon treatment (Supplementary Figure 1E). Finally,
we found an increased proportion of circulating classical monocytes
in patients with OvC when compared to HD (Supplementary
Figures 1F, I).

Next, we monitored the frequency of DC populations (i.e., cDC1,
cDC2, pDC) as well as of the total CD141" DC (Supplementary
Figure 1]) in patients with OvC and in HD. Consistently with our
previous findings (25), we observed a reduction in the frequency of
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FIGURE 1
Longitudinal monitoring of lymphocytes and DC populations in patients with OvC and HD. (A) Lymphocyte counts in patients with OvC measured at
recruitment or at the end of treatment (EoT). White dots represent patients undergoing IDS regimen, grey dots represent patients undergoing PDS
regimen, while black dots represent relapsing patients. The box encompasses the interquartile range, the central band indicates the median, and the
whiskers reach the minimum and maximum values. (B) Lymphocyte counts in patients with OvC measured at recruitment, during treatment and at EoT.
(C) Frequency of cDCL1 in patients with OvC belonging to IDS or PDS groups at the end of treatment and in HD. Cumulative data of the frequency of DC
subsets in HD (dark grey squares) and in patients with OvC (grey dots) belonging to (D) IDS group, (E) PDS group and (F) relapse group. *p < 0.05, **p <
0.01. One-way ANOVA tests followed by pairwise Dunn'’s tests.
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cDCI and an increase in ¢cDC2 in relapsing patients in comparison
with HD (Figure 1F). Of importance, this difference was not present at
diagnosis for the IDS and PDS groups (Figures 1D, E). However, upon
initiation of chemotherapy, only patients in the PDS group had a
statistically significant loss of cDC1 (Figures 1D, E) that became lower
in frequency than the ones measured in HD (Figure 1C). Along the
same line, only patients in the PDS group had an increase in cDC2
(Figures 1D, E) even though we did not find a statistical difference
with the HD (Figure 1E). These data indicate a leading role for
chemotherapy in depleting cross-presenting DC, but also suggest that
lymphocyte loss is prevented in the IDS group.

Due to their relevance in antigen uptake and presentation
capacity, and homing (31-33), we evaluated the expression of
CLEC9A and XCRI1 by the cDC1. No difference was observed
between patients with OvC and HD or among the different time
points of blood sampling. (Supplementary Figures 1K-M).

We then evaluated the costimulatory molecule expression profile
by the different DC subsets in patients having OvC (Supplementary
Figure 2A). Because the frequency of cDC1 and pDC subsets was too
low to perform this in-depth analysis, we only considered total
CD141" DC and ¢DC2. CD80 expression by total CD141" DC and
c¢DC2 was significantly reduced in the PDS group and in relapsing
patients (Figures 2A, B, D, E), but not in the IDS group (Figures 2A-
C). On the other hand, PDL1 expression by total CD141" DC was
reduced during treatment in the IDS group (Figure 2A), reaching

10.3389/fimmu.2023.1119371

significant lower levels at EoT when compared to the relapse group
(Supplementary Figure 2B).

Total CD141* DC expressing CD86 or
ILT3*/ILT4* are the most proficient in
antigen capture

We measured the capacity of total CD141" DC and cDC2 to take
up antigens by FITC-dextran uptake assay. This assay encompasses
the quantification of both the micropinocytosis and the mannose
receptor-mediated endocytosis capacity by DC and monocytes and it
has been previously used to measure extracellular antigen capture
(34-36). For these next assays, we only considered total CD141" DC
and ¢DC2 since the frequency of cDC1 and pDC subsets was too low
to dissect them. Consistently with previous studies (37), total CD141"
DC tended to be better than ¢cDC2 in taking up antigen, however this
difference did not reach statistical significance probably due to low
number of samples analyzed (data not shown). We did not observe
differences in the overall capacity to take up antigens between patients
and HD, or between different time-points in blood of patients upon
initiation of treatment (Figures 3A-C).

DC are characterized by the expression of costimulatory (e.g.,
CD86) and inhibitory molecules (e.g., ILT3, ILT4) that can be
regulated by DAMP and PAMP signaling. These molecules are also
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FIGURE 2
Longitudinal monitoring of the activation profile of DC populations in patients with OvC and HD. Cumulative data of the CD80 expression levels in total
CD141* DCs (A) and in cDC2 (B) measured in patients with OvC at the end of treatment and in HD. Cumulative data of the CD80, CD86 and PDL1
expression levels in total CD141* DCs and in cDC2. Measurements were performed in patients with OvC (grey dots) at recruitment, during treatment and
at EoT, belonging to (C) IDS group, (D) PDS group, or (E) relapse group and are compared to HD (dark grey squares). In the relapse group, analyses have
also been performed at a time-point before time of relapse (PreR). *p < 0.05, **p < 0.01. One-way ANOVA tests followed by pairwise Dunn'’s tests.
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FIGURE 3

Longitudinal monitoring of the capacity to uptake dextran in vitro by DC populations in patients with OvC and in HD. Cumulative data of the frequency
of dextran positive total CD141* DC and cDC2. Measurements were performed in patients with OvC (grey dots) at recruitment, during treatment and at
EoT, and compared to HD (dark grey squares). We show data from patients undergoing (A) IDS treatment regimen, (B) PDS treatment regimen and

(C) relapsing patients. *p < 0.05, ** p < 0.01. One-way ANOVA tests followed by pairwise Dunn's tests. Correlations between the frequency of dextran
positive total CD141* DC and ¢cDC2 and the frequency of total CD141" DC positive for CD86, ILT3 and/or ILT4 or the frequency of cDC2 positive for
CD86, ILT3 only or negative for both ILT3 and ILT4. Correlations were performed with data derived from HD and patients undergoing (D) IDS treatment
regimen, (E) PDS treatment regimen and (F) relapse. Spearman'’s rank correlation tests were performed. (G) Cumulative data of the frequency of dextran
positive total CD141" DC/CD86" (light grey symbols) or CD141" DC/CD86" (dark grey symbols) and cDC2/CD86" (light grey symbols) or cDC2/CD86"
(dark grey symbols) measured in HD and in patients with OvC belonging to the IDS, PDS or relapse group. (H) Cumulative data of the frequency of
dextran positive total CD141" DC/ILT3*ILT4™ (light grey symbols) or CD141* DC/ILT3*ILT4" (dark grey symbols) and cDC2/ILT3*ILT4" (light grey symbols)
or cDC2/ILT37ILT4" (dark grey symbols) measured in HD and in patients with OvC belonging to the IDS or PDS or relapse group. *p < 0.05, **p < 0.01.
One-way ANOVA tests followed by pairwise Dunn’s tests. ***p < 0.001
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expressed at resting conditions; thus, we investigated their impact on
DC function ex vivo. We measured the expression of ILT3 and ILT4
on total CD141" DC and ¢DC2 (Supplementary Figure 3A). Firstly,
we showed that total CD141" DC are mostly ILT3"ILT4" and
ILT3"ILT4", while ¢cDC2 were mostly only ILT3" or negative for
these molecules (Supplementary Figures 3A, B). In addition, the
activation status of DC was not different between patients with
OvC and HD, and did not change in patients during treatment
(Supplementary Figures 3C-E). Then, we investigated whether
there was a specific DC activation status principally responsible for
antigen uptake (Supplementary Figures 3F, G). Interestingly, we
found a positive association between the expression of CD86 and
the capacity of both DC subsets to take up antigens in the IDS and
PDS groups (Figures 3D, E). This association was also found for the
total CD141" DC in the relapse group (Figure 3F). In addition, the
expression of ILT3 and ILT4 was also influencing the DC capacity to
capture antigens. We found that the antigen uptake capacity of total
CD141" DC correlated directly with the frequency of ILT3"ILT4"
CD141" DC, while it correlated indirectly with the frequency of total
CD141" DC expressing only ILT3 (Figures 3D-F). However, for
cDC2 and only in the IDS cohort, the antigen uptake capacity was
directly correlated with the frequency ILT3'ILT4  ¢DC2, while it
correlated indirectly with the frequency of cDC2 expressing none of
these molecules (Figures 3D-F). Importantly and consistently with
these correlations, the CD86" CD141" DC were more able to take up
antigen in comparison to the CD86 CD141" DC (Figure 3G). In
addition, ILT3"ILT4" CD141" DC were more able to take up antigen
than the total CD141" DC expressing only ILT3 (Figure 3H). This was
not observed when comparing the ability of CD86" and CD86™ cDC2,
or ILT3"ILT4" and ILT3ILT4 c¢DC2 to take up the dextran
(Figures 3G, H).

Total CD141* DC response to Poly(l:C) is
impaired in patients with OvC and it is
worsened by chemotherapy

To prime a proper adaptive immune response against a specific
antigen, DC need to mature through TLR and/or inflammasome
signaling mediated by PAMPs and DAMPs. Mature DC express
costimulatory molecules required for T cell priming (e.g., CD40,
CD80 and CD86) as well as inhibitory molecules required to avoid
excessive immune responses (e.g., PDL1, CD276, and ILT3). We
previously observed that total CD141" DCs in patients with OvC
were less responsive to TLR3 stimulation (Poly(I:C)) than total
CD141" DCs in HD (25). However, the impact of chemotherapy on
the capacity of DC to respond to Poly(I:C) has not been addressed.
Thus, we investigated the capacity of DC subsets from OvC patients
and HD to respond to Poly(I:C) by measuring the change in expression
of CD40, CD80, CD86, PDL1, CD276, and ILT3 (Supplementary
Figure 4). Total CD141" DC triggered directly ex vivo, responded to
Poly(:C) by increasing CD40 and ILT3, while decreasing CD86 and
CD276 expression in HD (Supplementary Figure 4 and Figures 4A-C).
In patients with OvC, total CD141" DC isolated before starting
treatment increased the expression of CD40 in response to Poly(I:C)
(both IDS and PDS groups), but they did not increase ILT3, CD86 or
CD276 expression (Figures 4A, B). Upon initiation of treatment,
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however, the capacity to upregulate CD40 was also lost (Figures 4A-
C). These data show that total CD141" DC tend to be functionally
impaired in patients with OvC already at diagnosis and this is worsened
by the initiation of chemotherapy. The ¢cDC2 subset responded to Poly
(I:C) by increasing the expression of CD40 and CD80 in HD, but this
response was weaker in all patient groups (Figures 4D-F), suggesting
that the cDC2 subset may also be functionally impaired in patients with
OvC independently of treatment.

Discussion

Exploiting circulating cDC1 to generate cancer vaccines instead of
monocyte-derived DC may give better immunogenicity and efficacy
due to their better cross-presenting capacity and pro-inflammatory
phenotype. However, in patients affected by OvC that were previously
treated, this may be a challenge due to the reduced frequency and
function of this DC subset (25). We therefore performed a detailed
immunomonitoring and functional characterization of DC subsets in
patients with OvC before, during, and after receiving chemotherapy
to identify the optimal timing to harvest these cells.

Newly diagnosed treatment-naive patients had comparable levels
of ¢cDC1 than HD, while, consistent with our previous findings (25),
patients with OvC that were undergoing relapse had a reduced
frequency of cDC1. Thus, our data identify the chemotherapy as a
critical cause of ¢cDC1 depletion in patients with OvC. This
observation may be applied to patients affected by other cancer
types that are treated by platinum-based chemotherapy. However,
we also identify the IDS as a cohort that may better preserve the cDC1
subset. Indeed, patients belonging to the IDS group did not show
significant loss of total lymphocytes or cDC1 when compared to HD,
while chemotherapy was reducing both total lymphocytes and ¢DC1
frequency in the PDS group. This difference may be due to the
fractionation of the therapy in the IDS group due to the surgery that is
performed in between of the treatment doses. Moreover, in the IDS
group the expression of PDLI decreased upon therapy initiation and
potentially rendering the cells less tolerogenic. Even though antigen
uptake capacity of total CD141" DC was not impaired by the
pathology nor by the treatment, the capacity to respond to TLR3
ligand was partially decreased in cells taken at most of the analyzed
time-points in all groups of patients and treatment did not restore this
function. Moreover, for the first time, we identified a subset of cDC1
(CD86" and/or ILT3"/ILT4") potentially able to better capture
exogenous antigen surrogates directly ex vivo. Although
contradictory with a previous study showing no expression of ILT3
and ILT4 by total CD141" DC (38), we used different culture and
analysis conditions that may explain the observed discrepancies.
Finally, the overall immune profile in blood of patients with OvC
showed an increase in classical monocytes. Quantitative and
phenotypic alterations in monocytes have been suggested as
prognostic biomarker in patients with OvC (39, 40). Classical
monocytes produce more IL-10, while non-classical monocytes
constitute the subset capable of producing inflammatory cytokines
in response to TLR ligands (41-43). The increased proportion of
classical monocytes that we report in patients with OvC may
contribute to the immunosuppression established by the tumor and,
thus, to cancer progression.
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FIGURE 4

Longitudinal monitoring of the capacity to respond to Poly(l:C) in vitro by DC populations in patients with OvC and in HD. Cumulative data of the
variation (frequency subtraction from the unstimulated cells) in the expression of CD40, CD80, CD86, CD276 and ILT3 by total CD141" DC after Poly(l:C)
stimulation in HD (dark grey squares) and in patients (grey dots) belonging to (A) IDS, (B) PDS, or (C) relapse group. Cumulative data of the variation
(frequency subtraction from the unstimulated cells) in the expression of CD40, CD80 CD86, CD276 and ILT3 by cDC2 after Poly(l:C) stimulation in HD
(dark grey squares) and in patients (grey dots) belonging to (D) IDS, (E) PDS or, (F) relapse group. *p < 0.05, **p < 0.01. One-way ANOVA tests followed
by pairwise Dunn'’s tests. Statistical differences refer to comparison with the unstimulated control.

Overall, our study indicates that the IDS group better preserves
lymphocytes and ¢DC1 than the PDS group. Taking this into
account when considering immunotherapy, for patients in the IDS
group that usually present worse clinical conditions at diagnosis, the
apheresis procedure needed to retrieve circulating DC may be better
performed at the end of treatment when the patients are in a better
clinical presentation. On the other hand, patients in the PDS group
have a significant loss of lymphocytes and ¢cDCI during
chemotherapy, but have usually a better clinical presentation at
diagnosis; thus, for these patients, apheresis may be performed
before starting standard of care chemotherapy. Of relevance,
molecules such as sFIt3L and GM-CSF (44, 45) are able to
increase the number of circulating DC, thus improving isolation
yield (44) as well as vaccine immunogenicity (46). However, the
phenotype and the function of such DC have not been characterized
in patients with OvC. In addition, future vaccine strategies may
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include a combination of molecules aiming at improving ¢DC1
survival and/or response to TLR agonists and selection of subsets
that have the highest potential to take up antigens. Antigen
presentation and response to TLR ligands may also be improved
by the metabolic reprogramming of isolated DC. Indeed, DC
metabolism is altered in presence of tumor and multiple
metabolic pathway have shown their importance in regulating DC
development and activation (47). Recently, direct reprogramming
from embryonic fibroblast has resulted in successful generation of
human ¢DCl1 (48) paving a new way for vaccination strategies. Of
relevance, mechanisms of action and the clinical efficacy of multiple
checkpoint inhibitors and adoptive cell therapy also depend on DC
function and localization (8, 14, 15, 49-52). Thus, our observations
are not only important for the efficacy of vaccine strategies but also
for other immunotherapies and even other treatments that likely
rely on DC functionality.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1119371
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Mastelic-Gavillet et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by CHUV ethic committee, oncology department. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

Conceptualization: M-GB, VS, RP, KL, SA. Methodology: M-GB, LL.
Analyses: VS, LS, M-GB, WT. Funding acquisition: RP, KL, VI, ML
Supervision: VS, M-GB, RP, KL, HA. Writing - original draft: VS.
Writing — review & editing: VS, M-GB, WT, RP, KL, HA, VI, ML All
authors contributed to the article and approved the submitted version.

Funding

The European Community’s Horizon 2020 (EU grant PROCROP,
no 635,122).

References

1. Weculek SK, Cueto FJ, Mujal AM, Melero I, Krummel MF, Sancho D. Dendritic cells
in cancer immunology and immunotherapy. Nat Rev Immunol (2020) 20(1):7-24.
doi: 10.1038/s41577-019-0210-z

2. Durai V, Murphy KM. Functions of murine dendritic cells. Immunity (2016) 45
(4):719-36. doi: 10.1016/j.immuni.2016.10.010

3. Jongbloed SL, Kassianos AJ, McDonald K]J, Clark GJ, Ju X, Angel CE, et al. Human
CD141+ (BDCA-3)+ dendritic cells (DCs) represent a unique myeloid DC subset that
cross-presents necrotic cell antigens. J Exp Med (2010) 207(6):1247-60. doi: 10.1084/
jem.20092140

4. Theisen DJ, Davidson JTT, Briseno CG, Gargaro M, Lauron EJ, Wang Q, et al.
WDFY4 is required for cross-presentation in response to viral and tumor antigens. Science
(2018) 362(6415):694-9. doi: 10.1126/science.aat5030

5. Weculek SK, Amores-Iniesta ], Conde-Garrosa R, Khouili SC, Melero I, Sancho D.
Effective cancer immunotherapy by natural mouse conventional type-1 dendritic cells
bearing dead tumor antigen. J Immunother Cancer (2019) 7(1):100. doi: 10.1186/s40425-
019-0565-5

6. Salmon H, Idoyaga ], Rahman A, Leboeuf M, Remark R, Jordan §, et al. Expansion
and activation of CD103(+) dendritic cell progenitors at the tumor site enhances tumor
responses to therapeutic PD-L1 and BRAF inhibition. Immunity (2016) 44(4):924-38.
doi: 10.1016/j.immuni.2016.03.012

7. Meyer MA, Baer JM, Knolhoff BL, Nywening TM, Panni RZ, Su X, et al. Breast and
pancreatic cancer interrupt IRF8-dependent dendritic cell development to overcome
immune surveillance. Nat Commun (2018) 9(1):1250. doi: 10.1038/s41467-018-03600-6

8. Sanchez-Paulete AR, Cueto FJ, Martinez-Lopez M, Labiano S, Morales-Kastresana
A, Rodriguez-Ruiz ME, et al. Cancer immunotherapy with immunomodulatory anti-
CD137 and anti-PD-1 monoclonal antibodies requires BATF3-dependent dendritic cells.
Cancer Discovery (2016) 6(1):71-9. doi: 10.1158/2159-8290.CD-15-0510

9. Zhang L, Conejo-Garcia JR, Katsaros D, Gimotty PA, Massobrio M, Regnani G,
et al. Intratumoral T cells, recurrence, and survival in epithelial ovarian cancer. N Engl |
Med (2003) 348(3):203-13. doi: 10.1056/NEJMo0a020177

10. Varga A, Piha-Paul S, Ott PA, Mehnert JM, Berton-Rigaud D, Morosky A, et al.
Pembrolizumab in patients with programmed death ligand 1-positive advanced ovarian

Frontiers in Immunology

1

10.3389/fimmu.2023.1119371

Acknowledgments

The authors thank all the members of the European Community’s
Horizon 2020-supported Professional cross-priming for ovarian and
prostate cancer (PROCROP) consortium.

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.2023.1119371/
full#supplementary-material

cancer: Analysis of KEYNOTE-028. Gynecol Oncol (2019) 152(2):243-50. doi: 10.1016/
j.ygyno.2018.11.017

11. Kandalaft LE, Odunsi K, Coukos G. Immunotherapy in ovarian cancer: Are we
there yet? J Clin Oncol (2019) 37(27):2460-71. doi: 10.1200/JC0O.19.00508

12. Rahma OE, Ashtar E, Czystowska M, Szajnik ME, Wieckowski E, Bernstein S, et al.
A gynecologic oncology group phase II trial of two p53 peptide vaccine approaches:
subcutaneous injection and intravenous pulsed dendritic cells in high recurrence risk
ovarian cancer patients. Cancer Immunol Immunother: CII (2012) 61(3):373-84.
doi: 10.1007/s00262-011-1100-9

13. Tanyi JL, Bobisse S, Ophir E, Tuyaerts S, Roberti A, Genolet R, et al. Personalized
cancer vaccine effectively mobilizes antitumor T cell immunity in ovarian cancer. Sci
Transl Med (2018) 10(436):eaa05931. doi: 10.1126/scitranslmed.aa05931

14. Hammerich L, Marron TU, Upadhyay R, Svensson-Arvelund ], Dhainaut M,
Hussein S, et al. Systemic clinical tumor regressions and potentiation of PD1 blockade
with. Situ Vaccin Nat Med (2019) 25(5):814-24. doi: 10.1038/s41591-019-0410-x

15. Spranger S, Dai D, Horton B, Gajewski TF. Tumor-residing Batf3 dendritic cells
are required for effector T cell trafficking and adoptive T cell therapy. Cancer Cell (2017)
31(5):711-23 e4. doi: 10.1016/j.ccell.2017.04.003

16. Kandalaft LE, Powell DJJr., Chiang CL, Tanyi J, Kim S, Bosch M, et al. Autologous
lysate-pulsed dendritic cell vaccination followed by adoptive transfer of vaccine-primed ex
vivo co-stimulated T cells in recurrent ovarian cancer. Oncoimmunology (2013) 2(1):
€22664. doi: 10.4161/0nci.22664

17. Chu CS, Boyer J, Schullery DS, Gimotty PA, Gamerman V, Bender J, et al. Phase I/
II randomized trial of dendritic cell vaccination with or without cyclophosphamide for
consolidation therapy of advanced ovarian cancer in first or second remission. Cancer
Immunol Immunother: CII (2012) 61(5):629-41. doi: 10.1007/s00262-011-1081-8

18. Schirrmacher V. Clinical trials of antitumor vaccination with an autologous tumor
cell vaccine modified by virus infection: improvement of patient survival based on
improved antitumor immune memory. Cancer Immunol Immunother: CII (2005) 54
(6):587-98. doi: 10.1007/500262-004-0602-0

19. Wefers C, Duiveman-de Boer T, Yigit R, Zusterzeel PLM, van Altena AM,
Massuger L, et al. Survival of ovarian cancer patients is independent of the presence of

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1119371/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1119371/full#supplementary-material
https://doi.org/10.1038/s41577-019-0210-z
https://doi.org/10.1016/j.immuni.2016.10.010
https://doi.org/10.1084/jem.20092140
https://doi.org/10.1084/jem.20092140
https://doi.org/10.1126/science.aat5030
https://doi.org/10.1186/s40425-019-0565-5
https://doi.org/10.1186/s40425-019-0565-5
https://doi.org/10.1016/j.immuni.2016.03.012
https://doi.org/10.1038/s41467-018-03600-6
https://doi.org/10.1158/2159-8290.CD-15-0510
https://doi.org/10.1056/NEJMoa020177
https://doi.org/10.1016/j.ygyno.2018.11.017
https://doi.org/10.1016/j.ygyno.2018.11.017
https://doi.org/10.1200/JCO.19.00508
https://doi.org/10.1007/s00262-011-1100-9
https://doi.org/10.1126/scitranslmed.aao5931
https://doi.org/10.1038/s41591-019-0410-x
https://doi.org/10.1016/j.ccell.2017.04.003
https://doi.org/10.4161/onci.22664
https://doi.org/10.1007/s00262-011-1081-8
https://doi.org/10.1007/s00262-004-0602-0
https://doi.org/10.3389/fimmu.2023.1119371
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Mastelic-Gavillet et al.

DC and T cell subsets in ascites. Front Immunol (2018) 9:3156. doi: 10.3389/
fimmu.2018.03156

20. Scarlett UK, Rutkowski MR, Rauwerdink AM, Fields J, Escovar-Fadul X, Baird J,
et al. Ovarian cancer progression is controlled by phenotypic changes in dendritic cells.
Exp Med (2012) 209(3):495-506. doi: 10.1084/jem.20111413

21. Cubillos-Ruiz JR, Martinez D, Scarlett UK, Rutkowski MR, Nesbeth YC,
Camposeco-Jacobs AL, et al. CD277 is a negative co-stimulatory molecule universally
expressed by ovarian cancer microenvironmental cells. Oncotarget (2010) 1(5):329-38.
doi: 10.18632/oncotarget.165

22. Krempski J, Karyampudi L, Behrens MD, Erskine CL, Hartmann L, Dong H, et al.
Tumor-infiltrating programmed death receptor-1+ dendritic cells mediate immune
suppression in ovarian cancer. J Immunol (2011) 186(12):6905-13. doi: 10.4049/
jimmunol.1100274

23. Labidi-Galy SI, Sisirak V, Meeus P, Gobert M, Treilleux I, Bajard A, et al.
Quantitative and functional alterations of plasmacytoid dendritic cells contribute to
immune tolerance in ovarian cancer. Cancer Res (2011) 71(16):5423-34. doi: 10.1158/
0008-5472.CAN-11-0367

24. Huang CT, Chang MC, Chen YL, Chen TC, Chen CA, Cheng WF. Insulin-like
growth factors inhibit dendritic cell-mediated anti-tumor immunity through regulating
ERK1/2 phosphorylation and p38 dephosphorylation. Cancer Lett (2015) 359(1):117-26.
doi: 10.1016/j.canlet.2015.01.007

25. Mastelic-Gavillet B, Sarivalasis A, Lozano LE, Wyss T, Inoges S, de Vries IJM, et al.
Quantitative and qualitative impairments in dendritic cell subsets of patients with ovarian
or prostate cancer. Eur ] Cancer (2020) 135:173-82. doi: 10.1016/j.ejca.2020.04.036

26. Mastelic-Gavillet B, Balint K, Boudousquie C, Gannon PO, Kandalaft LE.
Personalized dendritic cell vaccines-recent breakthroughs and encouraging clinical
results. Front Immunol (2019) 10:766. doi: 10.3389/fimmu.2019.00766

27. Scarlett UK, Cubillos-Ruiz JR, Nesbeth YC, Martinez DG, Engle X, Gewirtz AT. Et
al. in situ stimulation of CD40 and toll-like receptor 3 transforms ovarian cancer-
infiltrating dendritic cells from immunosuppressive to immunostimulatory cells. Cancer
Res (2009) 69(18):7329-37. doi: 10.1158/0008-5472.CAN-09-0835

28. Kong TW, Lee JD, Son JH, Paek J, Chun M, Chang SJ, et al. Corrigendum to
“Treatment outcomes in patients with FIGO stage IB-IIA cervical cancer and a focally
disrupted cervical stromal ring on magnetic resonance imaging: A propensity score
matching study’ [Gynecol. oncol. 143 (2016) 77-82]. Gynecol Oncol (2017) 144(1):228.
doi: 10.1016/j.ygyno.2016.11.004

29. Vergote I, Trope CG, Amant F, Kristensen GB, Ehlen T, Johnson N, et al.
Neoadjuvant chemotherapy or primary surgery in stage IIIC or IV ovarian cancer. N
Engl ] Med (2010) 363(10):943-53. doi: 10.1056/NEJM0a0908806

30. Wang D, Zhang G, Peng C, Shi Y, Shi X. Choosing the right timing for interval
debulking surgery and perioperative chemotherapy may improve the prognosis of
advanced epithelial ovarian cancer: a retrospective study. J Ovarian Res (2021) 14
(1):49. doi: 10.1186/513048-021-00801-4

31. Villani AC, Satija R, Reynolds G, Sarkizova S, Shekhar K, Fletcher J, et al. Single-
cell RNA-seq reveals new types of human blood dendritic cells, monocytes, and
progenitors. Science (2017) 356(6335):eaah4573. doi: 10.1126/science.aah4573

32. Giampazolias E, Schulz O, Lim KHJ, Rogers NC, Chakravarty P, Srinivasan N,
et al. Secreted gelsolin inhibits DNGR-1-dependent cross-presentation and cancer
immunity. Cell (2021) 184(15):4016-31 e22. doi: 10.1016/j.cell.2021.05.021

33. Sanchez-Paulete AR, Teijeira A, Quetglas JI, Rodriguez-Ruiz ME, Sanchez-Arraez
A, Labiano S, et al. Intratumoral immunotherapy with XCL1 and sFIt3L encoded in
recombinant semliki forest virus-derived vectors fosters dendritic cell-mediated T-cell
cross-priming. Cancer Res (2018) 78(23):6643-54. doi: 10.1158/0008-5472.CAN-18-0933

34. Liu Z, Roche PA. Macropinocytosis in phagocytes: regulation of MHC class-II-
restricted antigen presentation in dendritic cells. Front Physiol (2015) 6:1. doi: 10.3389/
fphys.2015.00001

35. Nagata Y, Ono S, Matsuo M, Gnjatic S, Valmori D, Ritter G, et al. Differential
presentation of a soluble exogenous tumor antigen, NY-ESO-1, by distinct human
dendritic cell populations. Proc Natl Acad Sci United States America (2002) 99
(16):10629-34. doi: 10.1073/pnas.112331099

Frontiers in Immunology

12

10.3389/fimmu.2023.1119371

36. Sallusto F, Cella M, Danieli C, Lanzavecchia A. Dendritic cells use
macropinocytosis and the mannose receptor to concentrate macromolecules in the
major histocompatibility complex class II compartment: downregulation by cytokines
and bacterial products. ] Exp Med (1995) 182(2):389-400. doi: 10.1084/jem.182.2.389

37. Maier B, Leader AM, Chen ST, Tung N, Chang C, LeBerichel ], et al. A conserved
dendritic-cell regulatory program limits antitumour immunity. Nature (2020) 580
(7802):257-62. doi: 10.1038/s41586-020-2134-y

38. Colletti NJ, Liu H, Gower AC, Alekseyev YO, Arendt CW, Shaw MH. TLR3
signaling promotes the induction of unique human BDCA-3 dendritic cell populations.
Front Immunol (2016) 7:88. doi: 10.3389/fimmu.2016.00088

39. Prat M, Le Naour A, Coulson K, Lemee F, Leray H, Jacquemin G, et al. Circulating
CD14(high) CD16(low) intermediate blood monocytes as a biomarker of ascites immune
status and ovarian cancer progression. J Immunother Cancer (2020) 8(1):e000472.
doi: 10.1136/jitc-2019-000472

40. Gong J, Jiang H, Shu C, Hu MQ, Huang Y, Liu Q, et al. Prognostic value of
lymphocyte-to-monocyte ratio in ovarian cancer: a meta-analysis. ] Ovarian Res (2019) 12
(1):51. doi: 10.1186/s13048-019-0527-z

41. Cros J, Cagnard N, Woollard K, Patey N, Zhang SY, Senechal B, et al. Human
CD14dim monocytes patrol and sense nucleic acids and viruses via TLR7 TLR8 receptors.
Immunity (2010) 33(3):375-86. doi: 10.1016/j.immuni.2010.08.012

42. Wong KL, Tai JJ, Wong WC, Han H, Sem X, Yeap WH, et al. Gene expression
profiling reveals the defining features of the classical, intermediate, and nonclassical
human monocyte subsets. Blood (2011) 118(5):e16-31. doi: 10.1182/blood-2010-12-
326355

43. Smedman C, Ernemar T, Gudmundsdotter L, Gille-Johnson P, Somell A,
Nihlmark K, et al. FluoroSpot analysis of TLR-activated monocytes reveals several
distinct cytokine-secreting subpopulations. Scand J Immunol (2012) 75(2):249-58.
doi: 10.1111/j.1365-3083.2011.02641.x

44. FongL, Hou Y, Rivas A, Benike C, Yuen A, Fisher GA, et al. Altered peptide ligand
vaccination with FIt3 ligand expanded dendritic cells for tumor immunotherapy. Proc
Natl Acad Sci United States America (2001) 98(15):8809-14. doi: 10.1073/pnas.141226398

45. Disis ML, Rinn K, Knutson KL, Davis D, Caron D, dela Rosa C, et al. Flt3 ligand as
a vaccine adjuvant in association with HER-2/neu peptide-based vaccines in patients with
HER-2/neu-overexpressing cancers. Blood (2002) 99(8):2845-50. doi: 10.1182/
blood.v99.8.2845

46. Bhardwaj N, Friedlander PA, Pavlick AC, Ernstoff MS, Gastman BR, Hanks BA,
et al. Flt3 ligand augments immune responses to anti-DEC-205-NY-ESO-1 vaccine
through expansion of dendritic cell subsets. Nat Cancer (2020) 1(12):1204-17.
doi: 10.1038/s43018-020-00143-y

47. Moller SH, Wang L, Ho PC. Metabolic programming in dendritic cells tailors
immune responses and homeostasis. Cell Mol Immunol (2022) 19(3):370-83.
doi: 10.1038/541423-021-00753-1

48. Rosa FF, Pires CF, Kurochkin I, Halitzki E, Zahan T, Arh N, et al. Single-cell
transcriptional profiling informs efficient reprogramming of human somatic cells to
cross-presenting dendritic cells. Sci Immunol (2022) 7(69):eabg5539. doi: 10.1126/
sciimmunol.abg5539

49. Gardner A, de Mingo Pulido A, Hanggi K, Bazargan S, Onimus A, Kasprzak A,
et al. TIM-3 blockade enhances IL-12-dependent antitumor immunity by promoting CD8
(+) T cell and XCR1(+) dendritic cell spatial co-localization. ] Immunother Cancer (2022)
10(1):e003571. doi: 10.1136/jitc-2021-003571

50. Koster BD, Lopez Gonzalez M, van den Hout MF, Turksma AW, Sluijter BJ,
Molenkamp BG, et al. T Cell infiltration on local CpG-b delivery in early-stage melanoma is
predominantly related to CLEC9A(+)CD141(+) ¢cDClI and CD14(+) antigen-presenting cell
recruitment. J Immunother Cancer (2021) 9(3):¢001962. doi: 10.1136/jitc-2020-001962

51. Somri-Gannam L, Meisel-Sharon S, Hantisteanu S, Groisman G, Limonad O,
Hallak M, et al. IGFIR axis inhibition restores dendritic cell antitumor response in
ovarian cancer. Transl Oncol (2020) 13(8):100790. doi: 10.1016/j.tranon.2020.100790

52. Barry KC, Hsu ], Broz ML, Cueto FJ, Binnewies M, Combes AJ, et al. A natural
killer-dendritic cell axis defines checkpoint therapy-responsive tumor
microenvironments. Nat Med (2018) 24(8):1178-91. doi: 10.1038/s41591-018-0085-8

frontiersin.org


https://doi.org/10.3389/fimmu.2018.03156
https://doi.org/10.3389/fimmu.2018.03156
https://doi.org/10.1084/jem.20111413
https://doi.org/10.18632/oncotarget.165
https://doi.org/10.4049/jimmunol.1100274
https://doi.org/10.4049/jimmunol.1100274
https://doi.org/10.1158/0008-5472.CAN-11-0367
https://doi.org/10.1158/0008-5472.CAN-11-0367
https://doi.org/10.1016/j.canlet.2015.01.007
https://doi.org/10.1016/j.ejca.2020.04.036
https://doi.org/10.3389/fimmu.2019.00766
https://doi.org/10.1158/0008-5472.CAN-09-0835
https://doi.org/10.1016/j.ygyno.2016.11.004
https://doi.org/10.1056/NEJMoa0908806
https://doi.org/10.1186/s13048-021-00801-4
https://doi.org/10.1126/science.aah4573
https://doi.org/10.1016/j.cell.2021.05.021
https://doi.org/10.1158/0008-5472.CAN-18-0933
https://doi.org/10.3389/fphys.2015.00001
https://doi.org/10.3389/fphys.2015.00001
https://doi.org/10.1073/pnas.112331099
https://doi.org/10.1084/jem.182.2.389
https://doi.org/10.1038/s41586-020-2134-y
https://doi.org/10.3389/fimmu.2016.00088
https://doi.org/10.1136/jitc-2019-000472
https://doi.org/10.1186/s13048-019-0527-z
https://doi.org/10.1016/j.immuni.2010.08.012
https://doi.org/10.1182/blood-2010-12-326355
https://doi.org/10.1182/blood-2010-12-326355
https://doi.org/10.1111/j.1365-3083.2011.02641.x
https://doi.org/10.1073/pnas.141226398
https://doi.org/10.1182/blood.v99.8.2845
https://doi.org/10.1182/blood.v99.8.2845
https://doi.org/10.1038/s43018-020-00143-y
https://doi.org/10.1038/s41423-021-00753-1
https://doi.org/10.1126/sciimmunol.abg5539
https://doi.org/10.1126/sciimmunol.abg5539
https://doi.org/10.1136/jitc-2021-003571
https://doi.org/10.1136/jitc-2020-001962
https://doi.org/10.1016/j.tranon.2020.100790
https://doi.org/10.1038/s41591-018-0085-8
https://doi.org/10.3389/fimmu.2023.1119371
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Longitudinal analysis of DC subsets in patients with ovarian cancer: Implications for immunotherapy
	Introduction
	Materials and methods
	Subjects and specimen preparation
	PBMC isolation
	Culture media
	Antibodies and reagents
	Flow cytometry analyses
	Fluorescein isothiocyanate-dextran staining
	Poly(I:C) stimulation
	Flow cytometry staining and data analysis

	Statistical analysis

	Results
	Patients with OvC in the IDS cohort have lower chemotherapy-induced lymphopenia and less loss of cDC1
	Total CD141+ DC expressing CD86 or ILT3+/ILT4+ are the most proficient in antigen capture
	Total CD141+ DC response to Poly(I:C) is impaired in patients with OvC and it is worsened by chemotherapy

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


