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Problem: Previous studies identified circulating CD14*HLA-DR!®-monocytic cells as an
immune suppressive subset in solid malignancies, such as prostate, renal cell carcinoma, and
pancreatic cancer. Such monocytic cells have been implicated not only in tumor progression but
also as a potential barrier for immunotherapy. This study examined the relationship between the
frequency of circulating monocytic cells and epithelial ovarian cancer (EOC) progression pre- and
post-frontline chemotherapy, defined by disease stage, which is a leading prognostic factor for this
malignancy.

Method of study: Incident cases of 236 women with EOC were recruited and comprehensive
flow cytometry was utilized to assess the frequency of peripheral blood CD33*CD11b*HLA-DR
-llowCcD14*CD15~ monocytic cells, henceforth termed CD14*HLA-DR!®- monocytic cells, prior
to and after completion of frontline chemotherapy. Multivariable odds ratios (OR) were used to
estimate the association between CD14*HLA-DR!?- monocytic cell percentages and disease stage.
Wilcoxon signed-rank tests evaluated changes in these monocytic cell levels pre- and post-
chemotherapy in a patient subset (n=70).

Results: Patients with elevated frequencies of circulating CD14*HLA-DR!® monocytic cells at
diagnosis were at 3.33-fold greater odds of having advanced stage (111/1VV) EOC (CI: 1.04-10.64),
with a significant trend in increasing CD14*HLA-DR!® monocytic cell levels (p=0.04). There
was a 2.02% median decrease of these monocytic cells post-chemotherapy among a subset of
patients with advanced stage disease (p<0.0001).

Conclusion: These findings support the potential clinical relevance of CD14*HLA-DR!%-
monocytic cells in EOC for prognosis and may indicate a non-invasive biomarker to measure
disease progression.

Keywords
Monocytes; MDSC; ovarian cancer; biomarker; monocytic cells

Introduction

Ovarian cancer has a low rate of incidence, but a high rate of mortality [1]. Most women
diagnosed with this disease have distant metastasis at initial presentation, with a five-year
relative survival of approximately 30% [1-3]. Immunosuppression in ovarian cancer may
represent an important mechanism for poorer survival; therefore, considerable interest is
devoted to the design of immune-based therapeutic interventions that convert a pro-tumor- to
an antitumor microenvironment to prolong survival [4].

Various types of immune cells within both the adaptive and innate immune systems have
been shown to either inhibit or promote the growth of epithelial ovarian cancer (EOC) [5].
On the one hand, tumor-infiltrating CD8" T cells of the adaptive immune system have been
associated with improved prognostic outcomes among women with EOC. For example,
among women with high-grade serous EOC, increasing levels of tumor-infiltrating
lymphocytes are associated with improved survival [6]. Furthermore, CD4* T cells of the
adaptive immune system have been associated with improved EOC prognosis, largely
related to their role in expanding the antitumor CD8" T cell response [5]. On the other hand,
it has been well documented that interactions with other immune cells, such as those of the
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innate immune system, namely the myeloid compartment, can inhibit T cell activity and aid
solid tumor progression, including metastasis [5, 7-10].

Such myeloid cells can be further divided into specific populations derived from either the
granulocytic or the monocytic lineage. The granulocytic lineage of myeloid cells includes
populations of neutrophils and polymorphonuclear myeloid-derived suppressor cells (PMN-
MDSCs) associated with the progression of solid tumors, including EOC [8, 9, 11, 12]. The
monocytic lineage of myeloid cells consists of macrophages, monocytes, dendritic cells, and
monocytic MDSCs (M-MDSCs) [5, 8, 13]. The work presented in this study focuses on
monocytic cells in EOC progression, which are of particular interest given their capacity to
promote immune suppression, tumor angiogenesis and limit immunotherapy efficacy [8, 14—
16]. Given that immunotherapeutic approaches in women with EOC have been largely
unsuccessful, identifying potential barriers for such therapies, such as immune suppressive
myeloid cells, may guide future approaches to enhance treatment success [17].

Monocytic cells that contribute to tumor growth and metastasis have been identified in the
ovarian tumor microenvironment, and continue to be of interest to study with regard to EOC
prognosis [18]. An immunosuppressive subset of monocytic cells defined as CD14*HLA-
DR which may contain monocytes and M-MDSCs, have been observed across diverse
solid malignancies [14, 16, 19-22]. Such cells act to inhibit T cell responses and,
importantly, a high lymphocyte-to-monocyte ratio has been found to be beneficial for EOC
prognosis [7, 8, 23, 24]. However, the impact of the association between these CD14*HLA-
DR!?- monocytic cells and EOC disease progression or prognosis has not been rigorously
studied with respect to the consistency of cell surface markers needed to identify this cell
population, as well as recognition of clinical variables to address potential confounding, and
small sample sizes across existing studies [25-30]. Therefore, we examined the relevance of
this cell population as a potential non-invasive biomarker in the peripheral blood of EOC
patients for its association with progression.

Data collection

Pre- and post-treatment peripheral blood samples and clinical data were collected on patients
with incident ovarian cancer seen at Hillman Cancer Center (HCC, n=133), Roswell Park
Comprehensive Cancer Center (n=88), and Mayo Clinic-Rochester (Mayo, n=15) between
2016 and 2019. Clinical and demographic data collected from medical records and self-
administered questionnaires included: age at diagnosis, presence of ascites (yes/no), tumor
grade (well/moderately differentiated or poorly differentiated), FIGO stage (I/11 or 111/1V),
tumor histotype (serous or non-serous), body mass index at diagnosis (BMI), age at
menopause (<50 years or =50 years), smoking history including pack-years, and history of
autoimmune disease (any vs none).

Sample processing

Peripheral blood was collected by trained hospital phlebotomists in an EDTA-containing
lavender top tube, prior to any treatment; additionally, a second sample was collected on
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patients from HCC and Roswell Park when possible (n=70), after completion of first-line
treatment. Whole-blood samples collected from patients at HCC and Mayo Clinic were
shipped ambient to Roswell Park overnight, where they were processed along with samples
from Roswell Park patients. Peripheral blood mononuclear cells (PBMCs) were isolated
from whole blood of patients using lymphocyte separation medium (LSM) (Mediatech, 25—
072-CV) and 50 mL SepMate tubes (Stemcell Technologies, 85450) following
manufacturer’s protocol, followed by centrifugation in a SepMate at 1200g for 10 minutes.
Cells in interphase were collected and centrifuged with Dulbecco’s Phosphate-Buffered
Solution (DPBS) at 1200g for 10 minutes. The cell pellet was cryopreserved in freezing
medium (70% RPMI, 20% FBS, 10% DMSO), aliquoted into 1.5 mL cryovials, which were
placed into containers with alcohol for controlled rate freezing, placed in a —80 freezer for
2-24 hours, then for long-term storage in liquid nitrogen. Samples underwent controlled cell
thawing prior to flow cytometry.

Flow cytometry

Cells for immunophenotyping were pre-blocked using 200ug of mouse 1gG (Invitrogen) at
room temperature for 30 minutes. Up to 1x10° cells per evaluation were incubated with a
reactive monoclonal antibody mixture (Table 1), while in a dark environment for 30 minutes.
Cells were fixed with 0.5% paraformaldehyde in PBS. Acquisition was performed using a
FACSCanto (BD BioSciences, San Jose, CA) flow cytometer equipped with 405 nm, 488
nm, and 640 nm lasers. Minimum target event count was set at 150,000. The raw flow
cytometry data were then analyzed using WinList 3.0 (Verity Software House). Statistical
analysis examined percent of CD45" mononuclear cells using a panel of surface markers for
monocytic cells of interest (Lymphoid lineage negative, CD33*CD11b*HLA-DRI?-
CD14*CD157). Gating strategy for flow cytometry is demonstrated in Figure 1.

Statistical analysis

CD14*HLA-DR!- monocytic cells were categorized into levels by tertile cut-off
measurements (low: <3.6%, intermediate: 3.6-9.2%, high: 29.3%). Age at diagnosis, BMI at
diagnosis, and lifetime smoking pack-years were analyzed in relation to monocytic cell
tertiles by ANOVA testing. All other categorical variables were evaluated using chi-square
tests to identify any significant differences in clinical and demographic variables among
monocytic cell tertiles of patients. To estimate the association between monocytic cell levels
and tumor stage, multivariable odds ratios (OR) with corresponding 95% confidence
intervals (Cls) were calculated, adjusting for shipment, tumor histotype and tumor grade.
The decision to not include presence of ascites in the multivariable model was made a priori,
given the strong collinearity of stage and ascites, and that ascites is thought to be a direct
consequence of stage, therefore, is not a confounder [31]. Stratified analysis for site
(Roswell Park, HCC) were performed using multivariable logistic regression to examine the
association between CD14*HLA-DR!?- monocytic cells and disease stage to compare ORs
among patients from different clinic sites. We were unable to look at site specific ORs for
Mayo Clinic, due to small sample size. To examine how tumor histology may play a role in
CD14*HLA-DR!- monocytic cells and the relationship with disease stage, multivariable
ORs were performed, stratifying by histology (serous/non-serous). We calculated differences
in pre- and post-treatment monocytic cell measurements (continuous % gated) among
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women with available data (n=70), using Wilcoxon signed-rank tests to examine stage-group
differences in the median. For all analyses, p-values <0.05 were considered statistically
significant. All analyses were performed using SAS version 9.4.

Patients with the highest tertile of CD14*HLA-DR!?- monocytic cells (=9.3% of gated
CD45+ cells) were more likely to have advanced stage disease at diagnosis, and present with
ascites (Table 2). Those with intermediate or high levels of CD14*HLA-DR!?- monocytic
cells were more likely to have serous histotype (as compared to non-serous consisting of
mucinous, endometroid, clear cell, and unspecified epithelial). CD14*HLA-DR!°
monocytic cell distributions also differed by clinical site, suggesting potential effects from
shipment of samples, which was subsequently included in the multivariable model. There
were no significant differences in race, BMI, age at menopause, smoking history, history of
autoimmune disease, or tumor grade across monocytic cell tertiles. However, with a small
sample size of patients identified as a race/ethnicity that is not White, and a small sample
size of patients with a documented history of autoimmune disease, these variables may
require further analyses in future studies where these populations are larger, and therefore
these results described here are limited.

There was a 3.33-fold greater probability of being diagnosed with advanced stage disease
(OR: 3.33, 95% CI: 1.04-10.64) among patients in the highest tertile of CD14*HLA-DR!°"
monocytic cells when compared to the lowest tertile (Table 3a). There was a significant
trend in increasing levels of monocytic cells and odds of advanced stage (p=0.04). When
stratifying to compare by clinic site in sub-analysis, we did not find significant increased
odds of advanced stage disease among women with elevated frequencies of CD14*HLA-
DR!?- monocytic cells diagnosed with ovarian cancer at Roswell Park (OR: 5.35, 95% ClI:
0.90-31.69, Supplementary Table 1a) and at HCC (OR: 3.32, Cl: 0.46-24.17,
Supplementary Table 1b). Though these associations by clinic site were not statistically
significant, this is likely a result of decreased sample sizes in the stratified analysis.

As previously noted, patients with serous tumors had elevated levels of CD14*HLA-DR!?-
monocytic cells (Table 2). When stratifying by tumor histology, there remained a significant
association between increasing CD14*HLA-DR!?- monocytic cell levels and disease stage
among patients with serous ovarian tumor histology (Supplementary Table 2). Patients with
serous ovarian tumors presenting with highest levels of CD14*HLA-DR!?- monocytic cell
levels had greater odds of disease progression (OR: 8.81, Cl: 1.88-41.27). There was a
significant trend demonstrating that increasing CD14*HLA-DR!?- monocytic cell levels
were associated with greater odds of disease progression among patients with serous disease
(p=0.005). However, there was no significant association observed among patients with non-
serous ovarian tumors, but this may be limited by small sample size of patients with non-
Serous ovarian cancer.

First-line chemotherapy treatment primarily included platinum and taxane-based regimens,
either alone or together, in patients with available post-chemotherapy monocytic cell
measurements (n=70), regardless of disease stage. Among these patients with blood samples
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available for both time points, there was a significant decrease in median CD14*HLA-DR!%
monocytic cell levels, comparing pre- to post-chemotherapy, among serous ovarian cancer
patients (n=49) with advanced stage disease (Table 3b, Figure 2). Median measurements
were 8.45% gated pre-treatment, and 4.88% gated post-treatment, and a 2.02% median
decrease in monocytic cells (p<0.0001). Furthermore, there was a decrease in these cells
post-treatment among patients (n=21) with early stage disease, but it was not statistically
significant, likely due to small sample size (1.18% reduction, p=0.19).

Discussion

The findings from this study identified a significant association between an increasing
frequency of circulating CD14*HLA-DR!®- monocytic cells and advancing stage of EOC
patients at diagnosis. This is an important finding given the strong role disease stage plays in
ovarian cancer survival [1]. Furthermore, these monocytic cells decreased following
chemotherapeutic treatment. Our panel of surface markers was specific for monocytic cells
of the myeloid lineage that were negative or expressed low levels of HLA-DR. The panel of
surface markers used in this study also likely captured M-MDSCs, which includes those
expressing a CD14*HLA-DR!?- phenotype [14-16, 19-21].

Monocytes observed in different malignancies, including EOC, have demonstrated the
potential to exhibit immune suppressive effects in response to exposure to tumor-derived
factors (TDFs) [5, 14, 15, 32, 33]. Additionally, it’s been described that TDFs in EOC
promote the differentiation of peripheral blood monocytes into M2-like polarized
macrophages, also known to promote immune suppression and angiogenesis [18, 34].
Furthermore, it has been suggested that CD14*HLA-DR!®- monocytes may be indicative of
disease unresponsive to immunotherapy [15]. Lack of HLA-DR expression in monocytes
across malignant and non-malignant conditions has been associated with monocytic cell
dysfunction and immune suppression.

As previously mentioned, our monocytic population also captured CD14*HLA-DR!?- M-
MDSCs. MDSCs are predominantly immature, dysfunctional cells of the myeloid lineage
[35-38]. These cells have the ability to suppress CD8* T cell activity, increase tumor-
supportive M2-like macrophage and regulatory T cell responses, and release inflammatory
cytokines and mediators, which are all implicated in pro-metastatic behavior [39, 40]. Two
primary subsets of MDSCs are present during malignant progression (M-MDSCs and PMN-
MDSCs). However, M-MDSCs have been described as the more immunosuppressive subset,
and therefore may be a key barrier in EOC immunity [40].

This clinical study, through a multi-center collaboration, had a larger sample size of patients
compared to previous work exploring CD14*HLA-DR!®- monocytic cell populations in
EOC [19, 26-29]. We not only approached our study with a larger sample size, but we
included clinical variables that are critical to consider in relation to ovarian cancer, which
may guide future prognostic studies. Our study builds on existing literature, producing new
information regarding populations of CD14*HLA-DR!?- monocytic cells in EOC disease
progression, and the impact of standard-of-care chemotherapeutic intervention on these
cells.
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Though our study adds to the understanding of CD14*HLA-DR'®- monocytic cells in EOC,
there are also limitations that should be noted. Our study measured immunophenotypically
defined monocytic cell levels solely in the peripheral blood and not in the tumor
microenvironment. Future studies exploring this cell population collected from other
environments, such as those in the ascites fluid, may add to the growing literature and
knowledge on this topic. However, developing a prognostic biomarker in the blood will
expand its potential merit in a broader patient population, as well as potentially offer non-
invasive methods for predicting disease progression. Our cell populations were defined
phenotypically through flow cytometry and did not include functional studies to examine
immunosuppressive cell behavior. Future work should examine additional features of these
populations, particularly their ability to inhibit T cell function and how that may change in
relation to disease status or response to cancer treatment. Finally, there was some
heterogeneity observed in cell levels across clinic sites. However, it will be important to
continue collaborative efforts to obtain larger patient sample sizes, and future studies should
examine strategies to preserve cell populations.

Our study demonstrated a significant association between CD14*HLA-DR!®- monocytic
cells and advanced stage disease in EOC patients at diagnosis. Continuing to examine these
monocytic cells in EOC may identify a biomarker for monitoring disease progression and
prognostic outcomes. Our results demonstrated a reduction of CD14*HLA-DR!?- monocytic
cells with chemotherapy intervention, and it is plausible that further depletion of this
population through additional therapies may enhance an antitumor immune response.
Further research using large patient cohorts, with the inclusion of prognostic clinical
variables, will be necessary for identifying and strengthening potential prognostic
associations of the frequency of these monocytic cells with response to therapy. Such studies
may identify patients who would be selected for clinical trials aimed at depletion or
modulation of their pro-tumorigenic behavior.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Representative strategy used to identify CD14*HLA-DR!?- monocytic cell subsets in

women with epithelial ovarian cancer. Mononuclear cells were analyzed using a series of
sequential regions to exclude debris, apoptotic events, aggregates and CD45 negative events
(not shown). Panel 1: A series of regions were created to exclude lineage positive (CD3,
CD19, and CD56) cells (R1); Panel 2: CD33 and CD11b dual positive cells (R2); and Panel
3: HLADR negative to dim cells (R3). Panel 4: The CD15 vs. CD14 dotplot gated on R2,
R3, and excluding cells in R1 was used to define CD14*HLA-DR!?- monocytic cells
(excludes cells in R4).
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Figure 2.
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CD14*HLA-DR'*/-monocytic cell levels % gated

Pre-chemotherapy

@ Post-chemotherapy

Early stage serous EOC Advanced stage serous EOC

CD14+HLA-DRIo/- monocytic cell levels % gated pre- and post-chemotherapy
intervention. Among women with early stage serous EOC, CD14+HLA-DRIlo/~ monocytic
cell levels decreased from a median of 4.93% cells gated pre-chemotherapy to 3.57% cells
gated post-chemotherapy (P =.19). Among women with advanced stage serous EOC,
CD14+HLA-DRIo/- monocytic cell levels were found to decrease from a median of 8.45%
cells gated pre-chemotherapy to 4.88% cells gated post-chemotherapy (P < .0001)

Am J Reprod Immunol. Author manuscript; available in PMC 2022 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Stenzel et al.

Table 1.

Antibodies used in flow cytometry analysis

Fluorophore

Immune marker

Supplier details

FITC CD11b BC Bearl
PerCP CD45 BD clone 2D1
PECy7 CD33 BC clone D3HL60.251
APC HLA-DR Thermo Fisher clone TU36
APCH7 CD14 BD clone M¢P9
V450 CD15 BD clone MMA
CD3: BD HIT3a;
CD19: BioLegend HIB19
BV510 DUMP (CD3, CD19, CD56) CD56: BD NCAM16.2

Beckman Coulter (BC), BD Bioscience (BD)
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Table 2.
Distribution of clinical and epidemiologic characteristics among patients with ovarian cancer, by level of
CD14*HLA-DR!°"- monocytic cells’.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Characteristics Low Intermediate High P-Value
N 78 80 78
Clinic site:

Roswell Park 23 (295%) | 21(26.3%) | 44 (56.4%)

Hce 54 (69.2%) | 54 (67.5%) | 25 (32.1%)

Mayo 1 (1.3%) 5 (6.3%) 9 (11.5%) <.0001
Age at diagnosis:

Mean (SD) 63.1(11.9) | 63.7(13.1) | 62.6(11.2) 0.83
Race:

White 73 (93.6%) 72 (90%) 71 (91%)

Other 4 (5.1%) 5 (6.3%) 7 (9%)

Unknown 1 (1.3%) 3(3.8%) 0 0.36
Age at menopause:

<50 years 23(29.5%) | 18(22.5%) | 22 (28.2%)

>50 years 22(28.2%) | 18 (225%) | 17 (21.8%)

Unknown 33 (42.3%) 44 (55%) 39 (50%) 0.57
BMI:

Mean (SD) 30.6 (7.9) 30.4 (6.4) 28.1 (5.6) 0.08
Smoking history:

Never 34 (43.6%) 44 (55%) 36 (46.2%)

Former (28.2%) | 19 (13.8%) 19 (24.4%)

Current 14 (18%) 15 (18.8%) 7 (9%)

Unknown 8(10.3%) | 10(125%) | 16(205%) | 0.08
Smoking pack years:

Mean (SD) 25.4(188) | 25.3(17.7) | 20.6(20.2) 0.64
Autoimmune disease history’t:

Any 3 (3.9%) 4 (5%) 6 (7.8%)

None 75 (96.1%) 76 (95%) 72(92.3%) | 0.56
Evidence of malignant ascites:

Yes 37 (47.4%) | 46 (57.5%) | 48 (61.5%)

No 33(42.3%) | 23 (28.8%) 14 (18%)

Unknown 8(10.3%) | 11(13.8%) | 16(205%) | 0.02
Tumor grade§:

Low 15 (19.2%) | 11(13.8%) | 8(10.3%)

High 33 (42.3%) 48 (60%) 49 (62.8%)

Unknown 30 (38.5%) 21 (26.3%) 21 (26.9%) 0.09
Tumor histotype”z
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Characteristics Low Intermediate High P-Value
Serous 49 (62.8%) | 66 (82.5%) | 63 (80.8%)
Non-serous 29 (37.2%) 14 (17.5%) 15 (19.2%) 0.007

FIGO stage:

i 36 (46.2%) | 22 (275%) | 16 (20.5%)
v 38 (48.7%) 48 (60%) 59 (75.6%)
Unknown 4 (5.1%) 10 (12.5%) 3 (3.9%) 0.001

#

’tlncludes rheumatoid arthritis, systemic lupus erythematosus, Graves’ disease, and Hashimoto’s disease

§Low: well or moderately differentiated tumor, High: poorly differentiated tumor

CD14+HLA-DR|0/' monocytic cells: Low: <3.6%, Intermediate: 3.6-9.2%, High: 29.3%

T - . . . .
Non-serous histotype includes mucinous, clear cell, endometrioid, and mixed cell type

Am J Reprod Immunol. Author manuscript; available in PMC 2022 March 01.

Page 14



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Stenzel et al. Page 15

Table 3a.

Association between CD14*HLA-DR!?- monocytic cells percent gated and advanced ovarian cancer stage.

Monocytic cells Crude OR (95% CI) TAdj. OR (95% CI)
Low (<3.6%) 1.00 (ref.) 1.00 (ref.)
Intermediate (3.6-9.2%) 2.07 (1.05-4.08) 1.51 (0.54-4.18)
High (29.3%) 3.49 (1.71-7.15) 3.33 (1.04-10.64)

P for trend 0.0005 0.04

fMuItivariabIe logistic regression adjusted for shipment, grade and tumor histotype
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CD14*HLA-DR! monocytic cells levels among serous ovarian cancer patients pre- and post-treatment, by

disease stage.f

Table 3b.

Median CD14*HLA-DR'"" monocytic cells % gated

Disease stage Pre-treatment | Post-treatment | Median Decrease | P-value
Stage I/11 (n=21) 4.93 3.57 1.18 0.19
Stage HI/IV (n=49) 8.45 4.88 2.02 <0.0001

’tAmong patients with available post-treatment cD14HLA-DRIO/- monocytic cells levels
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