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Epithelial ovarian cancer (EOC) is the most lethal gynecological malignancy. The insulin-like growth factor (IGF) sys-
tem plays a key role in regulating growth and invasiveness in several malignancies, including ovarian cancer. IGF1R
targeting showed antiproliferative activity of EOC cells. However, clinical studies failed to show significant benefit.
EOC cells suppress antitumor immune responses by inducing dendritic cell (DC) dysfunction. The IGF1 axis can regu-
late DC maturation.
The current study evaluated involvement of the IGF1 axis inDCdifferentiation in EOC. Studies were conducted on EOC
and on a human monocyte cell line. Tissue microarray analysis (TMA) was performed on 36 paraffin blocks from EOC
patients. Expression of IGF1R, p53, Ki67, BRCA1, and DC markers was evaluated using immunohistochemistry. Co-
culture of EOC cells with DC pretreated with IGF1R inhibitor blocked cancer cell migration. TMAdemonstrated higher
rate of IGF1R protein expression in patients with advanced (76.9%) as compared to early (40%) EOC. A negative cor-
relation between IGF1R protein expression and the CD1c marker was found. These findings provide evidence that
IGF1R axis inhibition could be a therapeutic strategy for ovarian cancer by restoring DC-mediated antitumor
immunity.
Introduction

Epithelial ovarian cancer (EOC) is the most lethal gynecologic malig-
nancy and the fifth most common cause of cancer-related death in
women. Worldwide, more than 200,000 women are diagnosed with ovar-
ian cancer and 152,000 die each year [1]. Among most EOC patients, the
disease is diagnosed at an advanced stage and the prognosis is poor. Al-
though most patients will respond to primary treatment, 80% will have re-
current disease, ultimately resistant to chemotherapy and targeted biologic
therapies [2].

The insulin-like growth factor (IGF) axis, which plays a key role in
regulating growth and development, was identified as a potential thera-
peutic target, at least 10 years ago [3–5], purportedly due to hyperacti-
vation of the IGF signaling pathway, which is implicated in the
development, progression, and survival of many types of cancer, includ-
ing ovarian [6–11]. The IGF system regulates both physiological and
pathophysiological processes involved in glucose metabolism and cell
proliferation. It is comprised of the transmembrane receptor, insulin-
like growth factor receptor type I (IGF1R), the growth factor ligands
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IGF1 and IGF2, and IGF binding proteins [12–16]. Ligand-receptor in-
teraction transduces downstream signaling via the canonical phos-
phatidylinositol 3-kinase (PI3K)-AKT and RAS-extracellular signal–
regulated kinase (ERK) pathways [12,17,18].

The success of IGF1R targeting in ovarian cancermodels, which demon-
strated a significant inhibitory effect on ovarian cancer cell proliferation,
initiated great hope [19–25]. However, in clinical settings, IGF1R targeted
monotherapy failed to demonstrate significant inhibition of various human
malignancies. This lack of clinical effect and the need for new strategies
have been widely discussed [26–29]. A possible approach proposed by
Liefers-Visser et al. is the combination of IGF1R targeting and immunother-
apy [27]. As with other types of cancer, immunotherapy has great potential
for improving EOC outcomes. Several studies demonstrated a correlation
between tumor infiltrating lymphocytes and increased EOC patient survival
[30–32]. Combining IGF1R inhibitors with immunotherapy entails a deep
understanding of the interplay between the IGF1 axis and the immune en-
vironment in EOC.

Immune cells produce a variety of factors that influence the function of
ovarian cancer cells [33]. In addition to cytotoxic T cells, which display
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antitumor features, ovarian tumors contain an abundance of immune cells
that create an immunosuppressive tumormicroenvironment (TME), includ-
ing myeloid dendritic cells (DCs) [34]. A recent study demonstrated that
ovarian tumors block the immune response and induce DC dysfunction by
expressing immunosuppressive factors, including IDO [35], arginase I
[36], IL-10 [37], TGF-β [38], and VEGF [39,40]. These factors can impair
the differentiation, maturation, and function of the host DC. Dysfunction
of DCs ultimately blocks the local activation and expansion of the
intratumoral T cells [41]. In addition, human ovarian cancer was shown
to upregulate immunosuppressive ligands such as PD-L1 and CD277 on
the surface membrane of DCs [42,43], which led to inhibition of TCR-
mediated proliferation of human T cells as well as Th1-related cytokine se-
cretion. Several recent studies have shown that a vaccine of autologous den-
dritic cells enhanced immune response against ovarian cancer by induction
of T cells that reduced the tumor mass and decreased the number of regula-
tory T cells [44–46].

DCs are professional antigen-presenting cells with specialized features,
such as pathogen recognition and antigen-capturing and -processing ma-
chinery, which stimulate proliferation of naive T cells and initiate an im-
mune response [47,48]. Conventional DCs can be divided into two main
subsets: DC1 (CD141+) and DC2 (CD1c+, CD11c+, and CD11b+)
[49]. CD11b is predominantly expressed in monocytes and granulocytes.
CD11b+ DCs preferentially induce CD4+ T-cell immunity [49,50]. CD1c
and CD141 are specific DCmarkers. Stimulated CD1c+DCs can secrete in-
terleukin (IL)-12, tumor necrosis factor (TNF)-α, IL-8, and IL-10. CD141+
DCs secrete high levels of type I interferon (IFNa) and IL-12 upon activation
[51]. Both CD1c+ and CD141+ DCs can cross-present antigens to CD4+
and CD8+ T cells and suppress tumor growth [52]. However, CD141+
DCs may show more suppressive potential depending on the type of
antigens.

DCs regulate humoral and cellular functions of the immune system and
therefore were suggested as valuable targets for therapeutic approaches.
Data regarding involvement of the IGF1 axis in the (TME) immune cells
such as DCs are limited. Our recent study [53] provided a glimpse of the in-
volvement of IGF1R in DCs in EOC cell lines. In the current study, we delve
further into the nature of this relationship.

Materials and Methods

Cell Lines and Treatments

Human ES2 and SKOV3 ovarian cancer cells lines were provided by
Prof. Ilan Tsarfaty, Department of Clinical Microbiology and Immunology,
Sackler Faculty of Medicine, Tel Aviv University. They were maintained
in Dulbecco's modified Eagle's medium with 10% fetal bovine serum
(FBS), 2 mM glutamine, and 100 μg/ml streptomycin in 5% CO2. THP-1,
a human monocyte cell line derived from a patient with acute monocytic
leukemia, was obtained from Prof. Isaac Witz lab, Faculty of Life Sciences,
Tel Aviv University. THP-1was cultured in RPMI-1640medium (Biological
Industries, Kibbutz Beit Haemek, Israel). Media were supplemented with
10% FBS, 2 mM glutamine, and 100 μg/ml streptomycin in 5% CO2. In ad-
dition, 10 mM HEPES, 1 mM sodium pyruvate, 1500 mg/l sodium bicar-
bonate, and 0.05 mM 2-mercaptoethanol were added. All reagents were
purchased from Biological Industries. The NVP-AEW541 selective IGF1R
inhibitor was obtained from Novartis Pharma (Basel, Switzerland) and
kept as a stock solution (10 mM) in DMSO and stored at −20°C. In some
of the experiments, cells were treated with IGF1 (50 ng/ml) (Cytolab Ltd.,
Rehovot, Israel).

Study Population

The studywas approved by the Hillel YaffeMedical Center, Institutional
Helsinki Committee (0019-16HYMC). Formalin-fixed, paraffin-embedded
(FFPE) tissue samples from36 patients with EOCwhowere operated at Hil-
lel Yaffe Medical Center during 2012-2018 were collected from the pathol-
ogy department. Clinical and pathological data of EOC patients, including
2

age, weight, surgical-pathological stage, treatment protocol after diagnosis,
pathological type, and histological grade were obtained from their medical
records.

Inducing Differentiation of Mature DCs

THP-1 cells were harvested by centrifugation, resuspended in complete
RPMI at a concentration of 2 × 105 cells/ml, and transferred into six-well
culture plates. To induce differentiation, 100 ng IL-4 and 100 ng GM-CSF
were added. Cells were cultured for 5 days to acquire the properties of im-
mature DCs. Medium was exchanged every 2 days with fresh cytokine-
supplemented medium. Mature DCs were generated from immature DCs
by the addition of 200 ng IL-4, 100 ng GM-CSF, 20 ng/ml TNFα, and
200 ng/ml Ionomycin in serum-free culture media, at a concentration of
2 × 105 cells/ml for 2 days, in a humidified incubator at 37°C and 5%
CO2 [54].

Co-Culturing of DCs and Ovarian Cancer Cell Lines

THP-1 and differentiated mature DCs were grown on six-well culture
plates in RPMI-1640 and treated with 5 μM NVP-AEW541. Following DC
differentiation for 7 days, media were removed, and 6*105 ovarian cancer
cell lines (ES2 and SKOV3) were seeded along with Dulbecco's modified
Eagle's medium 10% FBS media (without IGF1R inhibitor). The co-
culture cells (DCs and ES2/SKOV3) were incubated at 37°C in 5% CO2.

In Vitro Scratch Assay

After 24 hours of DC and SKOV3/ ES2 co-culture, a wound scratch assay
was performed using a pipette tip. Migration of SKOV3 and ES2 into the
scratch area was evaluated. Images were captured at 0, 24, and 48 hours
using a Nikon ECLIPSE Ti microscope. Photomicrographs were analyzed
with ImageJ software (National Institutes of Health, version 1.48v). Each
experiment was repeated three times, and a representative experiment is
presented.

Flow Cytometry Assay

For cell surface staining, THP-1 and differentiated DCs were incubated
with CD141 (344,110, Biolegend) and CD11b (101,206, Biolegend) anti-
bodies for 20minutes on ice in the dark. Stainingwas terminated by adding
FACS buffer [phosphate-buffered saline (PBS) with 3% FBS and 2 mM
EDTA]. Samples were run on an LSRII flow cytometer (BD Biosciences)
and analyzed using FlowJo software, version 9.7.6 (TreeStar, Becton Dick-
inson & Co., Ashland, OR). The expression of stained molecules at the cell
surface was determined as percentage.

For intracellular staining, THP-1 cells were washed twice with PBS and
fixed by using 4% paraformaldehyde for 15 minutes at room temperature
(RT). Cells were then washed with PBS and permeabilized by adding 1%
Triton for 10minutes at RT. Cells were thenwashed and incubatedwith pri-
mary antibodies total IGF1R (tIGF1R) (sc-81,167, Santa Cruz Biotechnol-
ogy, Inc.) and phospho IGF1R (pIGF1R) (Y1135/1136, Cell Signaling) for
1 hour at RT. Cells were washed and incubated with secondary antibodies
Alexa Flour donkey Anti-mouse (715-545-150, Jackson Immuno Research,
West Grove, PA) and CY3 donkey anti-rabbit (7111-165-152, Jackson
Immuno Research) antibodies for 20 minutes in the dark on ice. Staining
was terminated by adding FACS buffer (PBS with 3% FBS and 2 mM
EDTA). Samples were run on an LSRII flow cytometer (BD Biosciences)
and analyzed using FlowJo software, version 9.7.6 (BD). The expression
of stained molecules at the cell surface was determined as a percentage.

Western Immunoblots

Cells were treated with 5 μM of NVP-AEW541, with or without the ad-
dition of IGF1. Cells were then harvested, washed twicewith PBS, and incu-
bated with lysis buffer for 20 minutes. The suspension was centrifuged at
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13,000 rpm for 10 minutes, diluted with sample buffer, and boiled for
5 minutes. Samples were electrophoresed through 8% SDS-PAGE, followed
by electrophoretic transfer of the proteins to nitrocellulose membranes.
After blocking with 5% milk in 20 mM Tris-HCl (pH 7.5), 135 mM NaCl,
and 0.1% Tween 20, the blots were incubated overnight with antibodies
against tIGF1R β-subunit (Cell Signaling, Danvers, MA), pIGF1R (Y1135/
1136), total Akt (tAKT) (CST-9272S), phospho Akt (pAKT) (Ser473) (Cell
Signaling), and tubulin (Sigma-Aldrich). All antibodies were used at a
1:1000 dilution. After blotting, membranes were washed and incubated
with a horseradish peroxidase–conjugated secondary antibody. Proteins
were detected using the SuperSignal West Pico Chemiluminescent Sub-
strate (Pierce, Rockford, IL).

Tissue Microarray (TMA) Construction and Immunohistochemistry

The next-generation TMA was created as previously described [55].
FFPE tissue specimens were chosen based on clinical data and retrieved
from the pathology archives. All slides stained with hematoxylin and
eosin were reviewed, and representative tumor tissue samples were se-
lected for each case. The selected area was marked for TMA construc-
tion: 36 EOC samples, 29 cases of high-grade serous histology, and 7
cases of low-grade serous histology. There were 8 cases with stage I, 2
with stage II, 15 with stage III, and 11 with stage IV. The staging met
the criteria of the clinical staging of International Federation of Gyne-
cology and Obstetrics (FIGO). Two TMA blocks (block A and block
B) were punched from FFPE human serous ovarian carcinoma speci-
mens with a tissue microarray. From each case, two cores of tumor tis-
sue with a diameter size of 2 mm were punched by TMA grand master
(3DHISTECH, Budapest, Hungary). FFPE TMA blocks were cut into 4-
μm sections on coated slides and deparaffinized. Peroxidase was
blocked using 3% H2O2. Antigens were retrieved using 1 M citrate
buffer for 20 minutes. The following primary antibodies were used:
IGF1R (sc-81167, Santa Cruz Biotechnology, Inc.), p53 (M7001,
DAKO), Ki67 (M 7240, DAKO), BRCA1 (ab16780, Abcam), CD141
(ab109189, Abcam), and CD1c (ab156708, Abcam). Slides were then
counterstained with hematoxylin and mounted. Each IHC reaction was
accompanied by positive control tissue, according to antibody manufac-
turer's instructions. Digital slides were scanned using Panoramic MIDI
(TMA Scanner), and the images were captured using 3DHISTECH soft-
ware. Results of the 36 EOC samples were quantified by an experienced
pathologist at the Pathology Institute of Haemek Medical Center, who
was blinded to clinical data regarding the patients and samples. Protein
expression was analyzed and correlated to the clinical data of the EOC
patients, including previous hormonal therapy, tumor stage and grad-
ing, treatment protocol after diagnosis, progression-free survival
(PFS), and overall survival (OS).

Scoring

Levels of staining were subjectively graded by the pathologist based on
the number of reactive versus total cells. They were categorized as: (0) no
staining and few scattered positive cells (<5%), (1) 5%-25% of cells
stained, (2) 26%-50% of cells stained, (3) 51%-75% of cells stained, and
(4) 76%-100% of cells stained. Staining intensity was categorized as: (0)
no staining, (1) weak staining, (2) moderate staining, and (3) strong stain-
ing. Immunohistochemical results of IGF1R, p53, BRCA1, CD1c, and CD141
were divided into low– and high–staining intensity groups, where 0 to 1
was classified as a low-staining group and 2 to 3 as a high-staining group.
The percentage of Ki67 was measured using the median value. If the cell
density was above the median value (16%), the sample was defined as
high staining.

Statistical Analysis

Western blot data and open wound area of scratch assay data were col-
lected using ImageJ software. All statistical analyses were performed using
3

Microsoft Excel. Values reported in figures are expressed as the standard
error of the mean, unless otherwise indicated. For normally distributed
datasets observed between groups, we used two-tailed Student’s t tests. P
values≤ .05 were considered significant.

Wilcoxon paired test was used to test the similarity of the extensity and
intensity values of the different proteins between block A and block B. Also,
McNemar-Bowker test and marginal homogeneity test were used to evalu-
ate the similarity of the categorical levels of the proteins.

Differences in protein extensity between groups (high-grade serous vs
low grade, neoadjuvant vs chemotherapy, and stage 1 + 2 vs 3 + 4)
were tested using the Mann-Whitney U test. Categorical protein intensity
levels were tested using Fisher exact test. Spearman's correlation was used
to test the relation between proteins. OS and PFS were presented with odds
ratios and 95% confidence intervals (CI). SPSS version 25 was used for the
statistical analysis.

Descriptive statistics in terms of mean, SD, median, percentiles, and
ranges were performed for all the study parameters.

Results

Our recent study [53] provided evidence that inhibition of the IGF1R
signaling pathway inmonocyte cells might be linked to enhancedDCdiffer-
entiation. Initial experiments aimed to investigate the IGF1R signaling
pathway in dendritic cells. For this purpose, the human leukemic monocyte
cell line THP-1 was used.

In Vitro Studies

Differentiation of THP-1 to DC
THP-1 cells were differentiated into mature dendritic cells (mDCs)

(Figure 1A). To validate cell differentiation, cells were stained with the
DC markers CD11b and CD141. Specific antibodies and flow cytometry
analysis were applied. The percentage of DC populations is shown in
Figure 1B. THP-1 cells treated with IL-4, GM-CSF, TNFα, and Ionomycin
expressed significantly higher CD141 and CD11b levels compared to un-
treated THP-1 cells (Figure 1B).

IGF1R Protein Expression Levels in Myeloid Differentiated Dendritic Cells
The expression of tIGFR and pIGF1R in THP-1 cells was evaluated by

flow cytometry assay (Figure 1E). We found positive expression of tIGFR
and pIGF1R in THP-1 cells.

Next, we analyzed the expression of IGF1R in DC compared to THP-1. A
representative Western blot analysis (Figure 1C) shows a significant de-
crease in phosphorylated and total IGF1R levels in differentiated DCs. As
shown, pIGF1R levels were reduced by 95% and tIGF1R levels by 50% as
compared to THP-1 cells (Figure 1D). In addition, pAKT expression levels
were significantly decreased in differentiated DCs as compared to THP-1
cells (Figure 1E). Of interest, undifferentiated THP-1 cells displayed high
basal phosphorylated IGF1R levels (Figure 1F).

Effect of IGF1R Inhibition in DCs on Ovarian Carcinoma Cell Migration
A recent study showed that IGFs treatment resulted in delayed mat-

uration of DCs. Moreover, the suppressive effects of the IGFs on DCs
were blocked by IGF1R kinase inhibitor-NVP-AEW541 [56]. We first
assessed the effect of IGF1R inhibition on DCs. To confirm IGF1R inhibi-
tion, THP-1 cells were treated with NVP-AEW541, and Western blot
analysis was applied. As shown in Figure 2A, treatment of THP-1 cells
resulted in decreased IGF1R phosphorylation levels after 24 hours. DC
differentiation was induced with or without NVP-AEW541 treatment.
We then assessed the effect of IGF1R inhibitor-treated DCs on EOC mi-
gration. Differentiated DCs pretreated with NVP-AEW541 treatment
were co-cultured with SKOV3 (Figure 2B) and ES2 cells (Figure 2C),
and a wound scratch assay was performed [57]. A 26.5% decreased mi-
gration of SKOV3 cells was observed when co-cultured with NVP-
AEW541 pretreated DCs as compared to untreated DCs after 24 hours
(Figure 2B). SKOV3 migration was reduced by 18% after 48 hours in



Figure 1. Reduced total and phosphorylated IGF1R protein levels in differentiated DCs. (A) Human leukemic THP-1 cells were differentiated to immature DCs by treatment
with 100 ng/ml IL-4 and 100 ng/ml GM-CSF for 5 days and then differentiated to DCs by treatment with 200 ng/ml IL-4, 100 ng/ml GM-CSF, 20 ng/ml TNFα, and 200 ng/ml
Ionomycin for 2 days. THP1 scale bar = 50 μm, immature DCs scale bar = 500 μm, DCs scale bar = 500 μm. (B) DC marker expression via CD11b and CD141 in THP-1,
ImDC, and mDC. (C) THP-1 and THP-1 cells were treated with 200 ng/ml IL-4, 100 ng/ml GM-CSF, 20 ng/ml TNFα, and 200 ng/ml Ionomycin for 72 hours and were
incubated with IGF1 for 10 minutes before harvest, after which cell extracts were prepared. Proteins were separated through SDS-PAGE, followed by electrophoretic
transfer and incubation with antibodies against tIGF1R, pIGF1R, tAKT, and pAKT. (D) Scanning densitometry analysis of tIGF1R (blue bars) and pIGF1R (red bars) levels
in THP-1 and DCs. A value of 100% was given to the expression level of untreated THP-1 cells. Levels of tubulin were measured as a loading control. *P < .05. Bars
represent SEM values. (E) Scanning densitometry analysis of pAKT levels in THP-1 and DCs. A value of 100% was given to the expression level of untreated THP-1 cells.
Levels of tubulin were measured as a loading control.*P < .05. Bars represent SEM values. The graphs represent average of three independent experiments.
(F) Expression of tIGF1R and pIGF1R with (green) or without (blue) IGF1 treatment in THP-1 cells.
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pretreated DCs compared to untreated DCs (Figure 2B). Consistently,
NVP-AEW541–treated DCs led to 15% reduction in ES2 cell migration
as compared to untreated DCs after 24 hours (Figure 2C). Similarly,
NVP-AEW541 pretreated DCs led to significantly decreased migration
4

of ES2 cells (26.5%) as compared to untreated DCs after 48 hours
(Figure 2C). In addition, IGF1R inhibition in pretreated and untreated
DCs led to 39% decreased migration of ES2 cells as compared to 24%
in untreated ES2 cells (data not shown).



Figure 2.NVP-AEW541–treatedDCs decrease ovarian cancer cellmigration. (A) THP-1myeloid cells were treatedwith 5 μMofNVP-AEW541 for 1, 24, and 48 hours.Whole-
cell lysates were resolved on SDS-PAGE and immunoblotted with tIGF1R and pIGF1R antibodies. Level of tubulin was used as a loading control. Cell migration was detected
by wound scratch assay. (B, left panel) Human leukemic THP-1 cells were differentiated to DCs and treated with 5 μM of NVP-AEW541, after which they were co-cultured
with SKOV3; scratch was applied 24 hours after cell merge. The growth of EOC cells into the scratch zone is demonstrated here at time 0, 24,and 48 hours after scratch; scale
bar=500 μm. (B, right panel) Scanning densitometry analysis of%migration in co-culture of SKOV3withDCs. A value of 100%was given to%migration in untreatedDCs at
0 hour. (C, left panel) THP-1 cells were differentiated to DCs and treated with 5 μM of NVP-AEW541, after which they were co-cultured with ES2; scale bar = 500 μm. (C,
right panel) Scanning densitometry analysis of %migration in co-culture of ES2 with DCs. A value of 100%was given to the expression level of untreated DCs at 0 hour. The
graphs represent average % migration of three independent experiments of ES2 and SKOV3 cells. Images were captured at a magnification of ×4. * P< .05. Bars represent
SEM value.
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Study of Clinical Tissues

Patients' Baseline Characteristics
To identify the interplay between IGF1R expression and DC markers

with clinicopathological data of EOC patients, 36 EOC samples were
stained with IGF1R, p53, Ki67, BRCA1, and DC cell-surface molecules
(CD141, CD1c).
5

Table 1 summarizes baseline demographic and clinicopathological
characteristics of 36 patients diagnosed with EOC, ages 27 to 87 years
(mean 62.8 ± 14 years), with a median age of 61 years. Ten patients had
early-stage disease (stage I-II) and 26 (72.3%) had advanced disease
(stage III-IV).

All patients had histologic subtypes with ovarian serous carcinoma: 7
low grade (19.4%) and 29 high grade (80.5%). Follow-up ranged from 13



Table 1
Demographic and Pathological Data of 36 Patients with EOC

Age, mean ± SD
[range]

62.8 ± 14.0;
[27-87]

Ethnicity mother; n = 22
Jewish 17 (77%)
Arab 5 (23%)

BMI (n = 33), mean ± SD
(range)

27.8 ± 6.1;
[18.3-42.2]

Parity 2.83 ± 1.72;
[0-8]

Comorbidities
Hypertension 14 (39%)
Diabetes 7 (19%)
Dyslipidemia 8 (22%)
Other 22 (64%)

Primary site
Ovary 33 (91.6%)
Fallopian tube 1 (2.77%)
Primary peritoneal 3 (8.33%)
Unknown 1 (2.77%)

Histology
High-grade serous carcinoma 29 (81%)
Low-grade serous carcinoma 7 (19%)

Stage
1 8 (22%)
2 2 (6%)
3 15 (42%)
4 11 (31%)

Other malignancy
Breast 2 (5.5%)
Lymphoma 2 (5.5%)
None 32 (89%)

Neoadjuvant chemotherapy 17 (47.3%)
Primary surgery 19 (52.7%)
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to 78 months (median 30). The median PFS was 24 months (range 7-36)
and OS was 38 months (range 15-82).

IGF1R, p53, Ki67, BRCA1, CD141, and CD1c Expression in EOC
The immunohistochemical expression of IGF1R, p53, Ki67, BRCA1, and

the DCmarkers CD1c and CD141 is shown in Table 2. Among EOC patients,
66.7% had high IGF1R expression. Furthermore, high staining rates of
CD141 and CD1c were found in 36.2% and 44.4% of EOC cases,
Table 2
Protein Expression (Intensity) Rates in EOC Tissue

Tissue
Simples

n=36 Proportion
(%)

IGF1R
Low staining 12 33.3
High
staining

24 66.7

P53
Low staining 7 19.4
High
staining

29 80.6

Ki67
Low staining 18 50
High
staining

18 50

BRCA1
Low staining 22 61.2
High
staining

14 38.8

CD1c
Low staining 20 55.55
High
staining

16 44.44

CD141
Low staining 23 63.8
High
staining

13 36.2

6

respectively. High staining of p53, Ki67, and BRCA1 was found in 80.6%,
50%, and 38.8% of EOC cases, respectively.

Association Between Protein Expression in EOC and OS with PFS
No correlationwas found between the expression of the stained proteins

and PFS or OS.

Correlation Analysis Between Protein Expression and Clinicopathological
Characteristics

IGF1R intensity (expression) correlated with FIGO stage (P = .05) and
neoadjuvant chemotherapy treatment (P= .014), although not with histo-
logical grade (P= .19; Table 3).Moreover, the TMA analysis demonstrated
higher rate of p53 (P= .018) and Ki67 (P= .02) mean protein extensity in
patients with high-grade as compared to low-grade EOC (Table 4). How-
ever, there was no significant correlation between the p53 and Ki67 inten-
sity (protein expression) and FIGO stage or neoadjuvant treatment
(Table 3). CD1c expression was 33.8% higher in advanced-stage (53.8%)
as compared to early-stage EOC (20%); however, this difference was not
statistically significant due to the small sample size.

Representative samples with significantly higher IGF1R intensity
(37.9%) in advanced-stage EOC (Figure 3G) as compared to early stage
(Figure 3A) are shown in Figure 3. Similarly, samples of increased expres-
sion in advanced stage EOC are shown in Figure 3, F and L.

Correlation Between IGF1R and DC Marker Expression Levels
Next, we analyzed the correlation between expression levels of IGF1R

and DC markers in EOC cases. A negative correlation between IGF1R and
CD1c was found. This was confirmed by a strong Pearson correlation (r
= −0.394, P = .017) (Figure 4). IGF1R did not have significant correla-
tions with p53 (r = 0.216, P = .205), Ki67 (0.147, P = .393), BRCA1
(−0.061, P = .725), or CD141 protein expression.

Discussion

IGF1 ligand binding stimulates cancer progression through activa-
tion of the PI3K/Akt and the Raf-1/MEK/ERK cascades, which induce
cell cycle and cellular proliferation. The relation between IGF1R and im-
mune function has remained poorly characterized. Recent findings
imply that the IGF1/IGF1R pathway plays diverse roles in regulating im-
mune function. Several immune cells, such as T and B lymphocytes [58],
monocyte-macrophage cells, and NK cells [59], display many different
surface growth factor receptors, including IGF1R [58]. IGF1 enhances
lymphocyte survival [60] and can also block IL-2–dependent lympho-
cyte growth and function [61]. However, the exact function of IGFs on
host immunity and on immune cells such as DC remains unclear. The
case is different with DCs, in which activation of the Raf-1/MEK/ERK
pathway by IGF1 results in delayed cell maturation [56]. Similarly,
Xuan et al. showed that, through PI3K/Akt signaling, IGFs subsequently
inhibit the functional maturation of DCs [62]. In turn, IGF1R inhibitor
treatment rescued DC maturation [56]. Moreover, IGFs increased IL-
10 secretion of DCs, thereby enhancing the immunosuppressive status
of the tumor environment.

In the current study, we demonstrated that co-culture of EOC cells with
THP1-DCs pretreated with IGF1R inhibitor reduced cancer cell migration
(Figure 3). This experiment was performed based on the finding that DCs
(derived from human PBMCs) can directly inhibit proliferation of various
human tumor lines apart from their ability to execute antitumor effect by
stimulation of T lymphocytes [63]. Our recently published study presented
similar findings using HL-60-DCs [53]. Hence, the direct effect of DCs on
cancer cells is influenced by the IGF1 axis activation status. The TMA led
to several assessments. We found high expression of IGF1R in advanced-
stage EOC patients and in samples of patients who underwent neoadjuvant
chemotherapy (Table 2). On the other hand, OS and PFS were not corre-
lated with IGF1R expression, as we have a small sample size limitation of
N= 36. A large body of evidence indicates that IGF1R enhances prolifera-
tion, survival, and migration of EOC cells in vitro [24,64,65]. Nevertheless,



Table 3
Relation Between Intensity (Protein Expression) and Clinicopathological Parameters of EOC

Pathological Data STAGE GRADE Neoadjuvant Chemo

I+II III+IV Low High No Yes

IGF1R
Low 6 (60%) 6 (23.1%) 4 (57.1%) 8 (27.6%) 10 (52.6%) 2 (11.8%)
High 4 (40%) 20 (76.9%)* 3 (42.9%) 21 (72.4%) 9 (47.4%) 15 (88.2%)*

p53
Low 1 (10%) 6 (23.1%) 2 (28.6%) 5 (17.2%) 2 (10.5%) 5 (29.4%)
High 9 (90%) 20 (76.9%) 5 (71.4%) 24 (82.8%) 17 (85.9%) 12 (70.6%)

Ki67
Low 6 (60%) 12 (46.2%) 6 (85.7%) 12 (41.4%) 7 (36.8%) 11 (64.7%)
High 4 (40%) 14 (53.8%) 1 (14.3%) 17 (58.6%) 12 (63.2%) 6 (35.3%)

BRCA1
Low 5 (50%) 17 (65.4%) 5 (71.4%) 17 (58.6%) 11 (57.9%) 11 (64.7%)
High 5 (50%) 9 (34.6%) 2 (28.6%) 12 (41.4%) 8 (42.1%) 6 (53.3%)

CD1c
Low 8 (80%) 12 (46.2%) 5 (71.4%) 15 (51.7%) 12 (63.2%) 8 (47.1%)
High 2 (20%) 14 (53.8%) 2 (28.6%) 14 (48.3%) 7 (36.8) 9 (52.9%)

CD141
Low 6 (60%) 17 (65.4%) 5 (71.4%) 18 (62.1%) 12 (63.2%) 11 (64.7%)
High 4 (40%) 9 (34.6%) 2 (28.6%) 11 (37.9%) 7 (36.8%) 6 (35.3%)

Table 4
Correlation Between the Mean Extensity of IGF1R, p53, Ki67, and Histological
Grade

Pathological
Data

Low-grade Serous
Carcinoma
(N = 7)
(Mean ± SD)

High-Grade Serous
Carcinoma
(N = 29)
(Mean ± SD)

P Value

IGF1R 80.166 ± 20.5 81.44 ± 30.85 P = .21
P53 49 ± 27.38 77.87 ± 36.86 P =

.018*
Ki67 10.26± 9.4167 20.19± 27.069 P = .02*
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few studies have analyzed IGF1R expression in serous ovarian cancer using
immunohistochemical staining. Studies demonstrated that IGF1R expres-
sion was significantly increased in epithelial ovarian cancer tissues
[66,67]. Along with our results, Singh et al. reported that IGF1R expression
in ovarian cancer patients increased after chemotherapy [68]. These results
provide evidence that IGF1R could act as a mediator of chemoresistance
Figure 3. Positive immunohistochemical staining. (A-F) IGFIR, p53, Ki67, BRCA1, CD141
(G-L) IGFIR, p53, Ki67, BRCA1, CD141, and CD1c in advanced stage of serous subtypes
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[69,70]. King et al. showed IGF1 overexpression in low-grade serous as
compared to high-grade serous ovarian carcinomas [20]. Previous studies
showed that the pathogenesis of high-grade serous carcinoma is character-
ized by high levels of p53mutations [71–74] and that the Ki67 proliferation
index is markedly elevated in high-grade serous carcinoma [75]. In line
with this, we found significantly higher p53 and Ki67 expression in high-
grade serous carcinoma as compared to low-grade serous (Table 4).

Interestingly, we found a negative correlation between IGF1R protein
expression levels and the CD1c DC marker in EOC tumor samples
(Figure 4). CD1c+ DCs are known to prime cytotoxic T cell response,
which plays an important role in the control of tumor growth by activating
antitumor immune response [76]. Here, we infer that IGFs may lead to sup-
pression of antitumor immunity by inhibiting DC maturation. Conse-
quently, rescuing the impaired function of the DCs by blocking the IGF
signaling pathway constitutes a possible approach to generating a potent
antitumor immunity. Here, we present a preliminary effort to explore the
involvement of the IGF1R signaling pathway in DC differentiation in the
tumor microenvironment. Additional experiments are needed to reveal
the nature of this interaction.
, and CD1c in early stage of serous subtypes ovarian carcinoma (×40), respectively.
ovarian carcinoma (×40), respectively. Scale bar = 50 μm.



Figure 4. Correlation coefficient between each individual values of IGF1R expression and CD1c in EOC patients (P˂.05).

L. Somri-Gannam et al. Translational Oncology 13 (2020) 100790
Ovarian cancer is an immune responsive disease [77,78]. Expression of
Treg cells and immunosuppressive TGFβ isoforms is increased in ovarian
tumors as compared to normal ovarian tissue [79,80]. TGFβ reduces secre-
tion of GM-CSF by activated memory CD8+ T cells, which results in de-
layed maturation of DCs [81]. Preclinical and early clinical data have
confirmed the ability of DC vaccines to induce potent immune responses
that in some instances can lead to measurable clinical responses [82,83].
A phase I/II study demonstrated that the autologous DC vaccine provides
a safe and feasible therapy for advanced ovarian and primary peritoneal
cancers in remission. The autologous DC vaccine elicits modest immune re-
sponse by presenting tumor antigens and improves overall survival in ovar-
ian cancer [46]. These new insights become particularly important in the
context of our study results and in discovering a potential new therapy for
EOC patients.

Taken together, we suggest that the involvement of the IGF1 axis in DC
maturation affects the antitumor immunity in the tumor microenviron-
ment. Consequently, IGF1R blocking may play a key role in reversing the
immune escape in patients with advanced serous ovarian carcinoma.
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