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Abstract
Among the various histologic subtypes of ovarian cancers (OCs), ovarian clear cell carcinoma (OCCC)
represents a great challenge due to its disease aggressiveness and resistance to chemotherapy. IGF1 is
overexpressed in epithelial ovarian cancer (EOC), and IGF1 pathway activation is related to the
chemoresistance of various cancers. In this study, we found that the expression level of IGF1 was higher
in OCCC than in the most common type of OC, high-grade serous adenocarcinoma (HGSC). Then, we
investigated the role of IGF1 pathway activation in the progression of OCCC, observing that activation of
the IGF1 pathway using IGF1 promoted the proliferation and migration of ES2 cells, while inactivation of
the IGF1 pathway using the selective IGF1R inhibitor OSI-906 reversed the alteration mediated by IGF1.
Based on the role of the IGF1 pathway in cancer chemoresistance, we proposed that OSI-906 may restore
the sensitivity of OCCC to cisplatin. We �rst validated that IGF1 increased the IC50 value of cisplatin in
ES2 cells, while OSI-906 decreased it. Then we con�rmed that IGF1 decreased the apoptosis rate of ES2
cells induced by cisplatin, while OSI-906 increased it. Finally, we conducted animal experiments to
investigate whether OSI-906 helps cisplatin control the growth of OCCC. As expected, OSI-906 increased
the effect of cisplatin in attenuating the growth of OCCC in vivo. Therefore, we conclude that using OSI-
906 may be an effective method to restore the sensitivity of OCCC to cisplatin by targeting the
IGF1R/AKT pathway.

Introduction
Ovarian cancer (OC) is still the most fatal gynecological malignancy, and the majority of OCs are
epithelial ovarian cancer (EOC). The 5-year-survival rate of EOC at all stages is just 47%1. In 2020,it was
predicted that there would be 23,900 new cases and 15,200 deaths due to ovarian cancer worldwide, and
that OC was the seventh most common and eighth leading cause of cancer death in women2. EOC can be
histologically subdivided into high grade serous cancer(HGSC), which is the main form (accounting for
over 70% of EOCs), low-grade serous ovarian cancer(10%), ovarian clear cell carcinoma(OCCC) 5% ,
endometrioid ovarian cancer 10% , and mucous ovarian cancer 2.4% 2–3. Although OCCC is not very
common, its prognosis is very poor, with a 5 year survival rate of just 12.48%2. The median survival time
of HGSOC is 40.8 months, while that of OCCC is just 21.3 months4.One of the main reasons for poor
prognosis of OCCC is the high rate of resistance to standard cis-platinum and paclitaxel combination
chemotherapy5. A multicenter retrospective study of patients with stage /  disease after surgery showed
that the response rate in OCCC patients to platinum-based chemotherapy was just 11.1%, compared with
72.5% in HGSOC patients 4, 6.Therefore, developing new methods to increase the sensitivity of OCCC to
cisplatin is important to improve the outcome of OCCC patients.

Insulin-like growth factor 1(IGF1) contributes to the growth and maturation of almost every tissue. The
activation of insulin-like growth factor 1 receptor (IGF1R) enhances survival, proliferation, anabolic
processes, and metabolism and inhibits cell cycle arrest, apoptosis, catabolism and autography by
activating the AKT pathway7. On the other side, it encourages cell survival, proliferation, RNA translation,
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and stability via activating MAPK pathway8. Abnormal activation of the IGF1 pathway contributes to the
progression of various cancers. For example, IGF1 promotes colorectal cancer metastasis by mediating
HOXA13-IGF1R positive feedback loop9.IGF1/IGF1R/STAT3 signaling inducible IFITM2 promotes gastric
cancer growth and metastasis10.IGF1 is also signi�cantly overexpressed in ovarian cancer11–12.IGF1
downregulates E-cadherin expression and the upregulates snail and slug, thus promoting the EMT of OC
cells13.Low IGFBP-3 expression is related to advanced stage, high grade, and poor survival in OC
patients14.

IGF1 also plays an important role in the chemoresistance of cancers. It was detected to be a hub gene in
the chemoresistance of hepatocellular carcinoma by bioinformatic identi�cation15. IGF1BP3 methylation
de�ciency in NSCLC cells treated with cisplatin may activate IGF1R/PI3K/AKT pathway, thus inducing
resistance to cisplatin16. Abnormal activation of the IGF1 pathway also contributes to the resistance of
OC to cisplatin17. IGF1/PI3K/NFκB/ERK signaling is overactivated in the platinum-resistant group
compared with platinum-sensitive HGSC cells18. Cancer associated �broblasts in the tumor
microenvironment promote cisplatin resistance in bladder cancer cells by activating IGF1/ERβ/Bcl2
signaling19. With the development of the concept of precision targeted therapy, it has become necessary
to detect different molecular types of OC. A recent and unprecedented example is that OC patients with
BRCA mutations will bene�t more from PARP inhibitors than those without BRCA mutations20.Similarly,
ARID1A de�ciency increases the effect of immune checkpoint blockade therapy in OC21.

Here, we serendipitously observed that OCCC expressed higher levels of IGF1 than the most common
subtype of HGSC in pre-experiments. Then, we validated the results in a larger number of samples.
According to current reports that IGF1 pathway activation plays an important role in cancer progression,
we validated that IGF1 activated the IGF1R/AKT pathway and promoted the proliferation and migration
of ES2 cells, while the IGF1R inhibitor OSI-906 inactivated the IGF1R/AKT pathway and inhibited the
proliferation and migration of ES2 cells. Additionally, because activation of the IGF1 pathway is related to
cisplatin resistance in cancers, we validated that IGF1 treatment increased the IC50 value of cisplatin in
ES2 cells to cisplatin, while OSI-906 treatment decreased it. In vivo experiments also revealed that OSI-
906 increased the sensitivity of ES2 cells to cisplatin. Therefore, we conclude that OSI-906 is an effective
method to restore the sensitivity of OCCC to cisplatin by targeting the IGF1R/AKT pathway.

Material And Methods

2.1. Tissue Samples and Immunochemistry Staining
Pathological sections of HGSCs, and CCCs were purchased from Avila Biotechnology. IHC staining was
performed following the protocol presented in Liu’s paper11.Brie�y, following depara�nization and
rehydration, 4-μm-specimens underwent heat-induced epitope retrieval. Slides were blocked with 1% goat
serum, and then incubated with IGF1 primary antibodies (1:125) (A�nity, Soochow, China) at 4°C
overnight. Then the sections were incubated with a biotinylated goat anti-rabbit antibody (1:125) (CST,
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MA, USA) and an ABC kit was used. Slides underwent color development with DAB and hematoxylin
counterstaining. Cells with cytoplasmic immunohistochemical expression were regarded as IGF1-
positive.The IRS system was used to evaluate the expression level of IGF1 according to the percentage of
positively stained cells(no staining, score=0; 10% of cells, score=1;11-50% of cells, score=2; 51-80% of
cells, score=3; 81% of cells stained, score=4) and multiplied by staining intensity(weak staining, score=1;
moderate staining, score=2; strong staining, score=3).

2.2. ES2 cell culture 
The OCCC ES2 cell line was kindly donated by Doctor Pingping Liu from Oncology Control Center, Sun
Yat-sen University, and was identi�ed using Short Tandem Repeat analysis. ES2 cell was cultured in
RPMI-1640 medium with 10% fetal bovine serum(FBS), 100U/ml penicillin , and 100μg/ml streptomycin
at 37°C in a humidi�ed environment containing 5% CO2.

2.3. Western blot analysis
Total protein of ES2 cells was extracted with RIPA lysis buffer (Beyotime, Shanghai, China) supplemented
with 1mM PMSF and 1× phosphatase inhibitor cocktail (Beyotime, Shanghai, China). Protein
quanti�cation was conducted with BCA kits (Thermo Fisher, Rockford, IL, USA) following the
manufacturer's instruction. 20 μg of protein was separated on 10% SDS-PAGE gels(EpiZyme, Shanghai,
China) at constant voltage of 80 V in stacking gel and 120 V in separating gel. Then the protein was
transferred onto polyvinylidene di�uoride membranes at stationary electricity of 300 mA for 2 h. After
washed with TBST, the membranes were blocked in TBST buffer with 5% bovine serum albumin (BSA) for
2h at room temperature, then incubated with the following primary antibodies at 4 ℃ overnight:IGF1R
1:1000 monoclonal, rabbit to mouse, Abcam, Cambridge, MA,USA , phospho-IGF1R 1:1000

monoclonal, rabbit to mouse, CST, Danvers, MA,USA ,AKT 1:1000 monoclonal, rabbit to mouse, Abcam,
Cambridge, MA,USA , phospho-KAT 1:500 monoclonal, rabbit to mouse, Abcam, Cambridge, MA,USA ,
GAPDH(1:5000, Abways, monoclonal, rabbit to mouse, Shanghai, China).The membranes were incubated
in HRP-conjugated rabbit secondary antibody (1:5000, Proteintech, Wuhan, Hubei, China) at room
temperature for one hour. Finally, the protein signals were collected using enhanced chemiluminescent
HRP substrate (Merck Millipore, Bedford, MA, USA).

2.4. MTS proliferation assay
ES2 cells were plated in 96-well plates at a density of 2,000 cells/well and cultured in 100 μl of medium at
37°C with 5% CO2.At the end of the MTS assay, each well of cells were incubated in 80 μl RPMI-1640
culture medium supplemented with 20μl of MTS Solution Reagent (Promega Biosciences, Madison, WI,
USA) was added to each well. Then, the cells were incubated at 37°C in a 5% CO2 atmosphere for 1 hour.
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The absorbance at 490 nm was measured using a 96-well plate spectrometer. There were six replicates in
each group.

2.5. Wound healing assay
Cell motility was evaluated by a wound-healing assay. Initially,105 cells were plated in six-well plates and
cultured overnight. The cells were mechanically scratched with pipette tips and washed three times using
1×PBS.Cells in different groups were treated with OSI-906 20μM ,IGF1(200ng/ml) or PBS in equal
volumes. After 16 hours of incubation, the cells that had migrated to the wound surface were recorded
under an inverted microscope. The wound width was measured using ImageJ software. The assays were
performed in triplicate and repeated at least three times.

2.6. Flow cytometry
ES2 cells exposed to IGF1, OSI-906 or cisplatin for 48 hours were harvested and incubated with PI and
Annexin V antibodies (Key Gene Bio Tech, Nanjing, China) at room temperature for 30 minutes. Then, the
cells were washed twice. Apoptosis was determined using a �ow cytometer. The results were analyzed
using Flow Jo software.

2.7. Animal experiment
All animal experiments received approval from the Institutional Use and Care of Animal Committee of The
Third A�liated Hospital, Sun Yat-sen University. BALB/c nude mice were purchased from Hunan Silaike
Jingda Laboratory Animal Co., Ltd. ES2 cells (3×106 cells in 200 μl of PBS) were intraperitoneally
inoculated into nude mice to generate an abdominal ovarian cancer model. Two weeks later, animals
were divided into control, OSI-906, cisplatin and combination groups. Animals in the OSI-906 group were
intraperitoneally injected with OSI-906(25mg/kg) twice a week, those in the cisplatin group were
intraperitoneally injected with cisplatin (3 mg/kg) twice a week, those in the combination group were
intraperitoneally injected with both medicines, and those in the control group were treated with PBS. The
treatment in each group all lasted two weeks. All animals were euthanized by CO2 asphyxiation with
subsequent cervical dislocation two weeks after the treatment. The tumors were isolated by dissection
and weighed using an electronic balance. Tumor tissues were stained by HE.

2.8. Hematoxylin-eosin (HE) staining
The para�n-embedded sections were dewaxed. Then the nuclei were stained using hematoxylin for 5
minutes. The cells were then dissimilated with 1% ethanol-hydrochloric acid for 30 s, and the cytoplasm
was stained using eosin for 2 minutes. The sections were sealed using neutral gum. Finally, images were
captured under an optical microscope.
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2.9. Statistical analysis
All experiments in this study were independently repeated at least three times. SPSS 21.0 statistical
software was used for data analysis. The measurement data are expressed as the mean ± standard error
of the mean SEM or standard deviation SD .Comparisons between two groups were analyzed using
Student’s t-test or the Mann-Whitney test. P 0.05 was considered to be statistically signi�cant.

Results

3.1. IGF1 expression is abnormally higher in OCCC tissues
IGF1 is highly expressed in ovarian cancer11,but whether different pathological types of OC express
different levels of IGF1 has not been reported. We �rst noticed that the IGF1 level of CCC was signi�cantly
higher than that of HGSC tissues. To validate this, we expended samples from 10 ovarian benign
carcinoma,10 HGSC and 10 CCC.As predicted, CCC tissues expressed higher levels of IGF1 than HGSC
tissues(Fig. 1A).We semi-quantitatively evaluated the IGF1 level using the IRS system, and found that
score of the IGF1expression level was higher in CCC than in HGSC (Fig. 1B).

3.2. IGF1 promotes the proliferation and migration of OCCC
cells
IGF1 pathway activation is closely related to the proliferation and migration of cancer cells. To
investigate the role of IGF1 in the promotion of OCCC, we used IGF1 to treat OCCC cells to activate the
IGF1R/AKT pathway (Fig. 2A). We evaluated the effect of IGF1 on the proliferation of OCCC cells. Both
the gross appearance (Fig. 2B) and the MTS assay (Fig. 2C) showed that IGF1 promoted the proliferation
of OCCC cells. At the same time, we evaluated the effect of IGF1 on the migration ability of OCCC cells,
and the results showed that IGF1 accelerated their migration of OCCC cells (Fig. 2D).

3.3 Targeting IGF1R using OSI-906 reverses the proliferation
and migration of OCCC cells induced by IGF1
Based on these results, we proposed that targeting the IGF1 pathway could attenuate the proliferation
and migration of OCCC. Actually, in our another report, we found that OSI-906 could reverse the
proliferation and migration of OC cells induced by tumor associated macrophages11. Here, we tried to use
OSI-906 to inactivate the IGF1 pathway in OCCC cells. We observed that OSI-906 successfully inhibited
the activation of the IGF1 pathway in OCCC cells treated with IGF1 (Fig. 3A).Under a light microscope, we
observed that OSI-906 successfully inhibited the proliferation of ES2 cells treated with IGF1(Fig. 3B).At
the same time, we conducted an MTS assay to evaluate the effect of OSI-906 on the proliferation of ES2
cells, and observed that proliferation induced by IGF1 was negatively reversed(Fig. 3C).Finally, we
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investigated the effect of OSI-906 on the migration of ES2 cells treated with IGF1. As expected, the results
showed that OSI-906 attenuated their migration enhanced by IGF1(Fig. 3D).

3.4 OSI-906 restores the sensitivity of OCCC to cisplatin in
vitro
It has been reported that activation of the IGF1 pathway contributes to platinum resistance in many
cancers such as lung cancer and hepatocellular carcinoma 15, 22. Thus, we investigated its role in
cisplatin resistance in OCCC. We observed that IGF1 treatment increased the IC50 value of cisplatin in
OCCC cells, while OSI-906 treatment decreased it(Fig. 4A and B).Furthermore, we investigated the effects
of IGF1 and OSI-906 on the apoptosis of OCCC cells induced by cisplatin, and the results showed that
IGF1 treatment reduced the apoptosis induced by cisplatin, while OSI-906 had the opposite function(Fig.
4C and D).

3.5 Targeting IGF1R restores cisplatin the sensitivity of
OCCC in vivo
To validate the in vitro results, we conducted animal experiments. Four-to-six-week-old mice were equally
divided into a control group, a cisplatin group, an OSI-906 group and a combination group.ES2 cells were
injected into abdominal cavity of BALB/c nude mice to generate an OCCC tumor model. Two weeks later,
the BALB/c nude mice with tumors received different treatments. Two weeks after the treatments were
terminated, the mice were sacri�ced, and tumors in the abdominal cavity were recorded and weighed (Fig.
5A). Obviously, we observed that cisplatin signi�cantly restored the sensitivity of OCCC to cisplatin (Fig.
5B). The tumor weight was signi�cantly lower in the combination group than the other groups (Fig. 5C).
Finally, the tumors were analyzed using HE staining (Fig. 5D).

Discussion
Chemoresistance is one of the most signi�cant challenges affecting the prognosis of OCCC. As
summarized in the schematic diagram, based on the initial result that the expression level of IGF1 was
signi�cantly higher in OCCC tissues than in HGSC tissues(the most common type of ovarian cancer), we
validated that IGF1/IGF1R/AKT signaling activation contributed to malignant behaviors including the
proliferation and migration of OCCC cells, while blocking the IGF1 pathway using OSI-906 reversed these
effects. Then, we observed that OSI-906 restored the sensitivity of OCCC cells to cisplatin. Finally, we
veri�ed these results in vivo.

Different types of ovarian cancers have different molecular pro�les. For example, hypoxia-inducible
factor 1 alpha(HIF1α) is overexpressed in CCC compared with other types of ovarian cancer23. The
concept of precision targeted therapy calls for detecting genes that are expressed at different levels in
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different types of ovarian cancers, and great progress has been gained in precision therapy in recent
years. A representative breakthrough is that the SOLO1 phase 3 clinical trial showed that maintenance
therapy with the poly ADP-ribose polymerase inhibitor olaparib resulted in a 70% lower risk of disease
progression or death in newly diagnosed advanced ovarian cancer patients with BRCA1/2
mutations24.Additionally, targeting the VEGF/VEGFR pathway has also shown great potential in the
treatment of OC with a great effect on inhibiting angiogenesis25.In addition, many potential therapy
targets against speci�c molecular alterations have been investigated for the treatment of OC, including
BRCA1/2 mutations, the PI3K/AKT/mTOR pathway, TP53 mutation, the RAS/RAF/MEK/ERK pathway,
and HER2 status. Our previously published study revealed that IGF1 levels are higher in EOC than in
benign ovarian carcinoma. In this study, we found that OCCC tissues expressed higher levels of IGF1 than
HGSC tissues(Fig. 1), which suggested that the IGF1 pathway may play an important role in the
progression of OCCC, and targeting the IGF1 pathway could be effective in controlling OCCC, which is
supported by Nagle’s conclusion that the loss of E-cadherin enhances IGF1 pathway activation and
sensitizes breast cancers to IGF1R/INsR inhibitors26

IGF1 pathway activation promotes the proliferation, survival and metabolism of cells17, 27. IGF1 pro-forms
can induce breast cancer cell proliferation via the IGF1 receptor28.IGF1 pathway activation is also related
to the migration of hepatocellular carcinoma29. Here, we observed that after activating the IGF1R/AKT
pathway using IGF1, the proliferation and migration of OCCC cells were promoted (Fig. 2), while the
proliferation and migration of OCCC cells enhanced by IGF1 were attenuated when the IGF1 pathway was
blocked by the IGF1R inhibitor OSI-906(Fig. 3).There have been some evidence that targeting the IGF1
pathway may be effective in controlling a variety of cancers. An IGF1 inhibitor could strongly control cell
growth of ER positive breast cancer cells30.Targeting IGF1R ampli�es the effects of chemotherapy via
autophagy and immune-dependent mechanisms in triple-negative breast cancer31. Some researchers
have developed IGF1R targeted theranostic nanoparticles for precision therapy of pancreatic
cancer32.However, there is still a lack of relevant researches in OC, especially in OCCC.

The IGF1 pathway has also been reported to be related to chemoresistance in some types of cancers,
which we reviewed in our previous paper33. It has been proven that chemotherapy-induced IGF1R
activation provides for enhanced sensitivity to IGF1R targeted therapy34. Some researchers have reported
that chemoresistance in pancreatic cancer is driven by stroma derived IGFs35.IGF1 mediates 5-
�uorouracil chemoresistance in esophageal carcinoma cells by increasing survival stability36. There have
been some reports that targeting IGF1 can reverse chemotherapy in cancers. Inhibition of IGF1R can
overcome the chemoresistance induced by IGFBP7 in T- ALL37.IGF1R axis inhibition restores the dendritic
cell antitumor response in ovarian cancer38.In this study, we observed that IGF1 treatment increased the
IC50 value of cisplatin in OCCC cells, while OSI-906 reversed it. We observed the effects of IGF1 and OSI-
906 on the apoptosis of ES2 cells induced by cisplatin, and found that OSI-906 restored the sensitivity of
OCCC to cisplatin in vitro and in vivo (Figs. 4 and 5). These results suggested that targeting the IGF1
pathway has the potential to reverse the resistance of OCCC to cisplatin.
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In conclusion, our study suggested that abnormally high levels of IGF1 may play an important role in the
chemoresistance of OCCC, and that OSI-906 can effectively restore the sensitivity of ovarian clear cell
carcinoma to cisplatin by targeting the IGF1R/AKT pathway. In the future:(1) We will investigate the
toxicity of OSI-906 to each organ of mice; (2)We will research the mechanism of IGF1 overexpression in
OCCC; (3) A clinical study will be necessary to compare whether OCCC patients will bene�t more than
HGSC patients from therapy targeting the IGF1R pathway (4) As noncoding RNAs have been found to be
closely related to the regulation of downstream genes, in the future, we will investigate ncRNAs that may
participate in the regulation of IGF1s. Noncoding RNAs such as microRNAs, lncRNAs, and circRNAs have
also been considered for use the targeted therapy of ovarian cancer. (5) Furthermore, the tumor
microenvironment or chemotherapy may contribute to the upregulation of IGF1 in cancer cells. For
example, radiotherapy-activated cancer associated �broblasts promote tumor progression through
paracrine IGF1R activation39.More research needs to be conducted to deeply explore the mechanism by
which IGF1 is overexpressed in OCCC.
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Figure 1

IGF1 expression is higher in OCCC than HGSC cells. (A)IHC staining showed that CCCs express higher
IGF1 than ovarian benign carcinomas and HGSCs. (B)The IRS score of OCCC tissues was higher than
that of HGSC tissues. **p 0.01,***p 0.001.

Figure 2
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IGF1 pathway activation accelerates the proliferation and migration of OCCC. (A)Western blotting was
used to determine the activation of IGF1/AKT pathway in ES2 cells treated with IGF1. (B, C) Light
microscopy and MTS assay were used to evaluate the effect of IGF1 200ng/ml on the proliferation of
ES2 cells. (D)The migration ability of ES2 cells was measured by wound healing assays after exposure to
IGF1(200ng/ml). * p 0.05,**p 0.01,***p 0.001.

Figure 3

IGF1 pathway inactivation reversed the proliferation and migration of OCCC cells induced by IGF1.
(A)Western blotting was used to evaluate the effect of OSI-906 on the activation of the IGF1R/AKT
pathway in ES2 cells treated with IGF1. (B)Representative appearance of ES2 cells exposed to IGF1 under
a microscope after treated with OSI-906. (C)The proliferation ability of ES2 cells exposed to IGF1 was
evaluated by MTS assay after treated with OSI-906. (D)The migration ability of ES2 cells exposed to IGF1
was measured by wound healing assays after treated with OSI-906.*p 0.05,** p 0.01.



Page 17/18

Figure 4

OSI-906 restores the sensitivity of OCCC to cisplatin in vitro. (A and B) The IC50 values of ES2 cells
exposed to IGF1 and OSI-906 was measured by MTS assay. (C and D) The apoptosis of ES2 exposed to
IGF1, OSI-906 or cisplatin were measured by �ow cytometry. * p 0.05,**p 0.01,***p 0.001.

Figure 5
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OSI-906 restores the sensitivity of OCCC to cisplatin in vivo. (A) Animal experimental procedures.
(B)Gross appearance of the abdominal cavities of the different groups. (C)Tumor weight was measured
using an electronic balance. (D)HE staining was used to identify the tumor tissue of each group. **p
0.01,***p 0.001.

Figure 6

OSI-906 restores the sensitivity of OCCC to cisplatin in vivo. IGF1 is abnormally overexpressed in OCCC
cells. IGF1 promotes proliferation and migration and induces cisplatin resistance in OCCC cells, while OSI-
906 reverses this effect. In vivo experiments also showed that OSI-906 increases sensitivity of OCCC to
cisplatin.


