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SUPPLEMENTARY INFORMATION
Supplementary Materials and Methods
Patients and clinical samples
All human samples used in this study were collected from the Sun Yat-sen
University Cancer Center (SYSUCC). For NGS, 10 OC tissues (5 chemo-resistant
tissues vs. 5 chemo-sensitive tissues) were obtained from 10 patients undergoing
cytoreductive surgery. For IHC, 119 paraffin-embedded tissues that had been diagnosed
and surgically resected at SYSUCC from 2001 to 2012 were obtained from patients
with primary OC. The clinicopathological characteristics of the OC patients are
summarized in Supplemental Table 1. For FACS and ELISA, a cohort of 30 serum
samples and another cohort of 40 ascites samples were harvested from patients with
primary OC obtained at SYSUCC. In addition, twenty OC tissues derived from patients
with chemoresistance and twenty OC tissues collected from patients with
chemosensitivity were used in our study for the qRT-PCR assay.

Cell lines and animals
The human OC cell lines OVCAR3, SKOV3, TOV21G, TOV112D and CAOV3
were obtained from the American Type Culture Collection (Manassas, VA, USA),
A2780 cells were purchased from the National Institutes for Food and Drug Control
(Dongcheng District, Beijing, China) and all these cells were authenticated using short
tandem repeat profiling. ID8, a mouse ovarian epithelial cancer cell line, was purchased
from iCell Bioscience Inc. (Shanghai, China). All female animals used in the study were
purchased from Beijing Vital River Laboratory Animal Technology (Chaoyang district,
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Beijing, China) and maintained under specific pathogen-free conditions.

Reagents
A human FGF9-neutralizing antibody (#36912, R&D Systems, USA), 4′,6diamidino-2-phenylindole (DAPI) (Thermo Scientific, 62247), Alexa Fluor™ 594
Phalloidin (Invitrogen™), Alexa Fluor™ 674 Phalloidin (Invitrogen™) and Alexa
Fluor™ 488 Phalloidin (Invitrogen™) were used followed the manufacturer’s
instructions.
RNA extraction and qRT-PCR
RNA extraction, reverse transcription, and qRT-PCR were performed as described
in our previous study1. The primer sequences used in the study are listed in
Supplemental Table S4.
Western blot analysis
Western blot analyses were performed1 using anti-cleaved PARP (#5625, Cell
Signaling Technology, USA), anti-cleaved caspase 3 (#9661, Cell Signaling
Technology, USA), anti-ABCB1 (D3H1Q, Cell Signaling Technology, USA), antiFGF9 (ab115821, Abcam, Cambridge, MA), anti-IGF2BP2 (116011-AP, Proteintech,
Chicago, USA), anti-Flag (8146, Cell Signaling Technology, USA), anti-ITGB6
(ab233519, Abcam, Cambridge, MA), anti-β-actin (13E5, Cell Signaling Technology,
USA) and anti-GAPDH antibodies (D16H11, Cell Signaling Technology, USA).
GAPDH or β-actin was selected as a loading control.

ISH and IHC
IHC1 and ISH2 were performed to detect circITGB6 expression in paraffin-embedded
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OC tissues and xenograft tumor tissues from mice.
For ISH assay, briefly, the sections were digested with proteinase K (20 μg/ml,
Thermo Fisher), fixed in 4% paraformaldehyde, hybridized with a biotin-labeled
circITGB6 probe (Focobio, China) with denatured hybridization buffer (Focobio, China)
at 37°C overnight, and then incubated with HRP-conjugated streptavidin (Thermo
Fisher) at 37°C for 1 hour. Finally, the sections were stained with a DAB Enhanced
Liquid Substrate System (ZSGB-BIO, China) for 3 minutes, subsequently stained with
hematoxylin for 1 minute, dehydrated with an alcohol gradient and mounted for further
examination.
The probe sequence used in the study was as follows:
circITGB6: 5’AUUGACCACAGUCACAGUCGCCGUUACCUUCUUCUCACUGA-3’-biotin
FGF9: 5’- GCACACCGAAAUAGUUCCCAACUUCACCUAAGGG -3’-biotin
IHC analyses were conducted as described in our previous study1 using Ki-67
antibody (#9449, CST) and F4/80 (ab111101), CD206 (ab64693), and FGF9 (ab115821)
antibodies. The ISH and IHC scores of OC specimens were determined by two
experienced pathologists. Cell proportion scores were assigned as follows: 0, no
positive cells; 1, <10% positive cells; 2, 10–35% positive cells; 3, 35–75% positive
cells; and 4, >75% positive cells. Staining intensity was graded according to the
following scale: 0, no staining; 1, weak (light yellow) staining; 2, moderate (yellowbrown) staining; and 3, strong (brown) staining. The staining index (SI) was calculated
as the product of the cell proportion and staining intensity scores of the positive cancer
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cells. CircITGB6 expression in OC tissue specimens was assessed according to SIs
determined with the above method, with possible scores including 0, 1, 2, 3, 4, 6, 8, 9,
and 12. Specimens with SI values ≥6 was defined as having high expression, while
samples with SI values<6 was defined as having low expression.

Plasmid construction, RNA interference and cell infection
A circITGB6-overexpressing lentiviral plasmid was obtained from Geneseed
(Guangzhou, China). Flag-IGF2BP2 WT and truncated plasmids were obtained from
VigeneBio (Shandong, China). shRNAs targeting circITGB6 and FGF9 were
synthesized by GenePharma (Shanghai, China). Both the overexpression plasmid and
shRNAs were confirmed by sequencing and transfected into ovarian cancer cells using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) to establish stable cells following
the manufacturer’s protocols. Cells were selected for 7 days with puromycin or
geneticin (Sigma-Aldrich) to obtain stable cells.

Generation of CRISPR/Cas9 KO cell lines
An sgRNA targeting TGCAGGACGCGGTACCGTTC of FGF9 was designed,
cloned into lenti-SpCas9 puro (Addgene Plasmid 10499) and packaged into HEK293T
cells using a Lenti-Pac HIV Expression Packaging Kit (GeneCopia). ID8 cells were
transduced with lenti-SpCas9-2A-Puro (empty vector) or lenti-SpCas9-2A-Puro FGF9
lentiviral particles supplemented with 5 μg/ml polybrene for 2 days and selected using
2.5 μg/ml puromycin. Validation was performed by immunoblotting for anti-FGF9;
anti-β-actin was included as a control.
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Actinomycin D and RNase R treatment
OC cells were treated with actinomycin D (Abmole, Guangzhou, China,5 μg/ml)
or DMSO when the cells reached 60% confluency and were harvested obtained at the
indicated time points. Total RNA was treated with RNase R (Sigma-Aldrich, USA) at
37°C for 15 minutes. The expression of circITGB6 and other mRNAs was examined
by qRT-PCR after incubation with actinomycin D or RNase R.

Colony formation assay
A colony formation assay was performed as previously reported1. Briefly, the
indicated OC cells were plated in 6-well plates at a density of 2000 cells per well. After
10 days of cultivation, the cells were fixed in 4% paraformaldehyde and stained with
1% crystal violet. The colonies were counted under a stereomicroscope. All
experiments were conducted three times.

Nuclear and cytoplasmic extraction
To detect the subcellular localization of circITGB6, cytoplasmic and nuclear
fractions were isolated using a PARIS™ Kit (AM1556, Thermo Fisher, USA) according
to the instructions. Briefly, OC cells were lysed in Cell Fraction Buffer and centrifuged
at 500 ×g for 3 minutes at 4°C, and the supernatant was obtained and regarded as the
cytoplasmic fraction. The nuclei were obtained by washing the pellet with Cell Fraction
Buffer.

TUNEL assay
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A TUNEL assay was conducted using an In Situ Cell Death Detection Kit (Roche
Applied Science, IN) according to the instructions to detect apoptotic cells. Briefly,
cells were fixed with 4% paraformaldehyde for 1 hour and permeabilized with 0.1%
Triton X-100 on ice for 2 minutes. The TUNEL reaction mixture was used to label these
cells at 37°C for 1 hour, after which the cells were stained with VECTASHIELD sealant
containing DAPI (Beyotime, China). The percentage of TUNEL+ cells was assessed by
counting in 5 random fields of view in three repeated experiments.

Ovarian cancer tumor models
To investigate the effects of circITGB6 from OC cells on the OC tumor response to
cisplatin in vivo, the indicated luciferase-expressing ID8 cells (1.0 × 107 in 100 µl of
PBS) were intraperitoneally injected into female C57BL/6 mice or NCG mice aged 6–
7 weeks (n=6 per group). When the luminescence signal reached 2×107 p/sec/cm2/sr,
the mice were intraperitoneally treated with PBS (control) or CDDP (5 mg/kg) three
times per week (one cycle) for up to 6 weeks. The tumors were monitored once per
week using an in vivo imaging system (PerkinElmer). Six weeks after tumor
implantation, the tumors were excised for subsequent experiments. To establish an i.p.
model with which to explore the role of circITGB6 in the crosstalk between tumor cells
and TAMs in vivo, luciferase-expressing ID8 cells (1.0 × 107 in 100 µl of PBS)
transfected with circITGB6 were intraperitoneally injected into female C57BL/6 mice
aged 6–7 weeks. After the luminescence signal reached 2×107 p/sec/cm2/sr, the mice
were randomly divided into two groups (n=6 per group) and intraperitoneally treated
with CDDP (5 mg/kg) three times per week (per cycle) for up to 6 weeks. An ASO
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targeting circITGB6 was designed and used to evaluate the pathophysiological function
of endogenous circITGB6 in the response to cisplatin. Mice were injected
intraperitoneally with ASO-circITGB6 (10 mg/kg, Exiqon, Denmark, Once a week) or
the negative control (PBS) weekly for 6 weeks. The mice were monitored weekly and
euthanized at the experimental endpoint, and the tumors were excised for further
experiments.

Flow cytometry analysis
Flow cytometry analysis was performed to assess the surface expression of CD206,
CD163, CD80 and CD86 by macrophages treated under the indicated conditions as
previously described. Briefly, cells were washed twice with cold PBS twice, treated
with FcR blocking reagent (Miltenyi Biotec, Auburn, CA) and then incubated for
CD206 and CD86 or with HLA-DR fluorochrome-conjugated monoclonal antibodies
(BD Bioscience, San Diego, USA). Each antibody was used at the concentration
recommended by the product protocol. After incubation at 4°C in the dark for 30
minutes, the cells were washed with FACS buffer (1500 rpm, 4°C, 5 minutes) and then
analyzed on a flow cytometer. FlowJo (TreeStar, USA) software was used to analyze
the flow cytometry data. The results are expressed as the mean ±SD from three
independent experiments.

ELISA
Secretion of Arg-1, IL-10, IL-6, MCP1, TNF-α, and FGF9 into the serum or culture
supernatant was detected with ELISA kits (Abcam and Sino Biological) following the
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manufacturers’ instructions.

Annexin V/propidium iodide (PI) assay
The protocol used for the Annexin V/PI assay has been described elsewhere1.
Briefly, the indicated cells were stained with an anti-human Annexin V antibody and PI
(BD Pharmingen) at 4°C in the dark for 15 minutes, and the apoptotic cells were
examined by flow cytometry.

IF staining
OC cells were plated on confocal dishes (Corning, USA), fixed with 4%
paraformaldehyde solution and subsequently permeabilized with or without 0.1%
Triton X-100 on ice. After washing the cells with PBS three times, the cells were
blocked with 5% BSA at 37°C for 30 minutes and incubated with primary antibodies
overnight at 4°C. After washing with PBS, the cells were incubated with the appropriate
secondary antibody conjugated with fluorescent dye for 1 hour and then stained with
DAPI for nuclear staining. Images were acquired by confocal microscopy (Olympus
FV1000).
Bioinformatics analysis
A TCGA dataset for OC was obtained from the UCSC Cancer Browser
(https://genome-cancer.ucsc.edu). The gene expression levels based on the TCGA
mRNA-seq data are shown as the mean ± standard error of the mean of triplicate
determinations. Cell enrichment analysis was performed with xCell
(http://xCell.ucsf.edu/)3. In addition, CIBERSORT (http://cibersort.stanford.edu) 4
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was used to investigate the infiltrated immune cell phenotypes according to the TCGA
mRNA-seq data for OC.

Human PBMC isolation
PBMCs were isolated from healthy donors using Ficoll (PromoCell, Heidelberg,
Germany) density gradient centrifugation. Anti-CD14 magnetic beads (Miltenyi Biotec,
Auburn, CA) were used to positively select CD14+ monocytes following the
manufacturer’s instructions.

Human CD14+ monocyte isolation and in vitro differentiation of human CD14+
monocytes into macrophages
To explore the function of circITGB6, 105 CD14+ monocytes per well (24-well
dish) were seeded on FBS-coated surfaces in RPMI-1640/10% FBS plus 50 ng/ml MCSF (PeproTech) for 7 days to differentiate into M0 macrophages. On day 8, the
medium was replaced with 50% fresh medium (RPMI-1640/10% FBS) and 50% CM
derived from the indicated OC cells, and the cells were cultured for 3 additional days.
The medium was changed every other day. A panel of known stimuli were used as
positive controls for different types of differentiated/polarized macrophages. M-CSF
(50 ng/ml, PeproTech), IL-4 (20 ng/ml, PeproTech), IL-10 (20 ng/ml, PeproTech), or
IFN-γ (20 ng/ml, PeproTech) plus LPS (100 ng/ml, Sigma) was added on day 7 to the
monocytes after medium replacement. CD14+ cells with medium only were regarded
as controls.
For macrophage differentiation with patient-derived serum, CD14+ monocytes
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(106/ml) from healthy PBMCs were seeded in RPMI-1640 medium, and 10% OC
patient serum was added per well. The serum from OC patients was divided into two
subgroups: the high-circITGB6-expression subgroup and the low-circITGB6expression subgroup. The cells were incubated in RPMI-1640/10% FBS plus 50 ng/ml
M-CSF (PeproTech) for 7 days in 5% CO2 at 37°C. On day 8, the medium was replaced
with fresh RPMI-1640 and 10% OC patient serum, and the cells were incubated for 3
additional days. Then, the cells and culture supernatants were collected and used for
subsequent experiments.

OC cell-secreted CM
CM was harvested by exchanging the medium of the indicated OC cells (at 70%
confluency) with 5 ml of complete RPMI-1640 medium containing 10% FBS. After 24
hours, the cell culture supernatant was collected, centrifuged to eliminate debris and
used in subsequent experiments. DCM was collected by first incubating 1 × 106 CD14+
monocytes positively selected from PBMCs with CM (4 ml) derived from OVCAR3
and CAOV3 cells that were transduced with circITGB6, vector, sh-circITGB6 or shNC for 24 hours, exchanging the medium (RPMI-1640 supplemented with 10% FBS,
4 ml) and collecting the cell culture supernatant after 24 hours. The CM and DCM were
collected for further experiments.
Preparation of single-cell suspensions from tumors
TAMs were isolated from tumors as previously reported5. Briefly, tumors were
excised from mice and digested with collagenase I, collagenase IV and DNase I (SigmaAldrich, USA) at 37°C for 1 hour; crushed gently for homogenization; and then filtered
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through a 100-μm cell strainer (Becton Dickinson, USA). Erythrocytes in single-cell
suspensions were lysed with red blood cell lysis buffer (Roche) and then washed with
PBS. Leukocytes were further separated from contaminating tumor cells by
centrifugation over a 40%–75% Ficoll-Paque (Life Technologies) gradient at 600 ×g
for 30 minutes at room temperature.
Dual-luciferase reporter assay
A luciferase reporter assay was conducted as described in our previous study1.
Briefly, the sequence of FGF9 was cloned downstream into the p-GLO dual-luciferase
vector (Vigenebio, Maryland, USA). Mutations were conducted in the binding sites.
OC cells at 60–80% confluence were seeded in 24-well plates after 24 hours of culture
and then co-transfected with the p-GLO dual-luciferase reporter and siRNA using
Lipofectamine 3000 reagent (Invitrogen) following the manufacturer’s instructions.
Forty-eight hours later, a Dual Luciferase Reporter Assay Kit (Promega) was used to
analyze the ratio between firefly luciferase activity and Renilla luciferase activity.
Renilla luciferase activity was used as an internal control. For circITGB6-knockdown
or circITGB6-overexpressing cells, the relative firefly luciferase/Renilla luciferase
ratio was further normalized to that of control cells.

Total RNA extraction and RNA-SEQ
RNA from control or sh-circITGB6 OVCAR3 cells was used to generate
libraries for RNA-seq analysis. The RNA-seq data have been deposited in the
National Center for Biotechnology Information Sequence Read Archive (SRA)
database.
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RNA pulldown assay
Biotin-coupled RNA complexes were pulled down by incubating the OC cell lysates
with

streptavidin-coated magnetic beads

(Invitrogen, USA)

following

the

manufacturer’s protocols. qRT-PCR analysis was used to examine the enrichment of
circITGB6 or FGF9 in the captured fractions. The bound proteins were eluted from the
packed beads and analyzed by SDS-PAGE.

CircITGB6 junction probe:
5′- AUUGACCACAGUCACAGUCGCCGUUACCUUCUUCUCACUGA-3′-biotin
Control probe: 5′-UUGUACUACACAAAAGUACUG-3′-biotin

The proteins in the captured complex were detected by western blotting, silver
staining or MS analysis.

Silver staining and MS analysis
Silver staining was conducted with a Fast Silver Stain Kit (Sigma, USA) following
the manufacturer’s instructions, and the specific bands were excised and analyzed by
MS at Wininnovate Bio (Shenzhen, China).

RIP assay
A RIP assay was conducted by using a Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore) following the manufacturer’s protocols. Briefly,
OVCAR3 cells were collected at 48 hours post transfection and lysed in RIP lysis buffer
on ice for 30 minutes. After centrifugation, the supernatant was collected and incubated
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with 30 μl of Protein-A/G agarose beads (Roche, USA) and antibodies. After incubation
at 4°C overnight, the immune complexes were centrifuged and subsequently washed
with washing buffer six times for further experiments. The proteins bound to the beads
were examined by western blot analysis, and the immunoprecipitated RNA was
detected by qRT-PCR analysis.

Platinum efflux kinetics
The platinum efflux kinetics were examined according to procedures described
previously6. Briefly, the indicated OC cells were treated with cisplatin for 10 minutes,
and cisplatin was then removed from the medium. The cells were further incubated in
regular medium for 10, 20, and 30 minutes. At each time point, cells were centrifuged
at 400 ×g for 10 minutes. The pellets were washed twice with ice-cold PBS and digested
at 60°C with 1 M benzethonium hydroxide (Sigma-Aldrich) overnight. Before
digestion, a small proportion of the cell pellet was taken for protein determination. The
protein concentrations were examined using a BCA Protein Assay Reagent Kit
(Beyotime Biotechnology, China). After digestion, the pellets were acidified with 1 M
HCl, and the platinum amount was determined by flame atomic absorption
spectroscopy (Varian).

Determination of intercellular and DNA-bound platinum
The intercellular and DNA-bound platinum were detected followed the procedures
described previously6. Briefly, to detect intercellular DNA-bound platinum, cells were
incubated at 37°C in the presence of cisplatin (5 µM) for 4 hours and then centrifuged
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at 400 ×g for 10 minutes. The pellets were washed with cold PBS two times. Highmolecular-weight DNA was isolated from the cell pellets according to standard
protocols. Briefly, the pellets were lysed using extraction buffer (10 mM Tris, 100 mM
EDTA, 20 μg/ml RNase, 0.5% SDS, pH 8.0), treated with proteinase K (1 mg/ml) at
37°C for 1 hour and then incubated at 50°C for 2 hours. DNA was precipitated by
phenol chloroform extraction and then washed 2 times with 70% ethanol solution. The
DNA pellet was partially dried and dissolved in 50 μl of buffer (10 mM Tris, 1 mM
EDTA, pH 8.0). The DNA content and purity were assessed by spectrophotometry at
260 and 280 nm, and the amount of platinum in the sample was determined directly by
flame atomic absorption spectroscopy.

Fluorescence in situ hybridization (FISH)
FISH assays were conducted to detect the localization of circITGB6 in EOC cells.
An oligonucleotide-modified probe sequence for circITGB6 was obtained from
Focobio (Guangzhou, China). Briefly, cells were fixed in 4% paraformaldehyde,
washed in PBS and treated with RNase R at 37°C for 15 minutes. The cell suspension
was pipetted onto autoclaved glass slides. The cells were dehydrated in 70, 95 and 100%
ethanol and then hybridized at 37°C overnight in a dark, moist chamber. The slides were
incubated with the reagents in Alexa FluorTM 594 Tyramide SuperBoost™ Kits
(Thermo Fisher, USA) for 30 minutes and then washed three times in 50%
formamide/2× SSC for 5 minutes. Finally, the slides were sealed with gum containing
DAPI. Fluorescence microscopy (Olympus FV1000 confocal microscope, Japan) was
used to obtain the images. The probe sequences used in the study were as follows:

circITGB6: 5’AUUGACCACAGUCACAGUCGCCGUUACCUUCUUCUCACUGA-3’-biotin
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FGF9: 5’- GCACACCGAAAUAGUUCCCAACUUCACCUAAGGG -3’-biotin

EMSA
An RNA EMSA was performed using a LightShift™ Chemiluminescent RNA
EMSA Kit (Thermo Fisher Scientific, Waltham, USA) following the manufacturer’s
instructions and as previously described7. The probe sequences were as follows:

circITGB6 wild type: 5’ ACCAUCAGUGAAGAAGAAGGUAA 3’-biotin
circITGB6 mutant type: 5’ ACACAGAGUGAAGAAGAAGGUAA 3’-biotin

Study approval
All procedures involving the use and care of animals were conducted in compliance
with standard procedures approved by the Institutional Animal Care and Use
Committee of the Sun Yat-sen University cancer center. The procedures to obtain all
human material were approved by the medical ethics committee of the Sun Yat-sen
University cancer center.

Statistical analysis
The statistical analyses were carried out using the SPSS 20.0 statistical software
package (IBM, Armonk, USA) or GraphPad Prism (version 7.0). All experiments were
performed at least three times, and data from one representative experiment are shown.
The data are shown as the mean ± SD. The statistical tests used for data analysis
included Fisher’s exact tests, log-rank tests, chi-square tests, two-tailed Student’s t tests
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and two-way ANOVA. Overall survival and progression-free survival were assessed
with the Kaplan-Meier method and compared with the log-rank test. The relationships
between circITGB6 expression and clinicopathological characteristics were analyzed
by the chi-square test and Fisher’s exact test. The correlations among circITGB6,
IGF2BP2 and FGF9 expression in OC patients were explored by Pearson correlation
analysis. Differences with P values < 0.05 were regarded as statistically significant. * p
< 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001, ns. indicates no significance.
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Supplementary Tables
Supplementary Table 1.
ovarian cancer.

Clinicopathological characteristics and expression of circITGB6 in

Characteristic

Cases, n (%)

Age (years)
≤53
>53

63(52.9)
56(47.1)

FIGO stage
I
II
III
IV

23(20.4)
15(13.3)
66(58.4)
9(7.9)

Histological type
Serous adenocarcinoma
Mucoid adenocarcinoma
Endometrial adenocarcinoma
Clear cell carcinoma
Intraperitoneal metastasis
No
Yes
Intestinal metastasis
No
Yes
CircITGB6 Expression
Low
High
Vital status at last follow-up
Alive
Dead
Tumor recurrence
No
Yes

95(80.5)
18(15.3)

3(2.5)
2(1.7)

50(42.0)
69(58.0)
62(53.9)
53(46.1)
57(47.9)
62(52.1)
64(53.8)
55(46.2)
53(44.9)
65(55.1)

Drug resistance
No

34(51.5)

Yes

32(48.5)

Ascites with tumor cells
No

34(28.6)

Yes

85(71.4)
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Supplementary Table 2. Correlation between circITGB6 expression and the
clinicopathological features of ovarian cancer.
circITGB6 Expression
Characteristic

Total

Low, n (%)

High, n (%)

≤53

63

31(49.2)

32(50.8)

>53

56

28(50.0)

28(50.0)

Serous

95

46(48.4)

49(51.6)

18

9(50.0

9(50.0)

3

3(100.0)

0(0.00)

2

0(0.00)

2(100.0)

I
II
III
IV

23
15
66
9

14(60.9)
9(60.0)
32(48.5)
2(22.2)

9(39.1)
6(40.0)
34(51.5)
7(77.8)

No
Yes

34

24(70.6)

10(29.4)

45

16(35.6)

29(64.4)

Intraperitoneal

No

50

29(58.0)

21(42.0)

metastasis

Yes

69

28(40.6)

41(59.4)

Intestinal
metastasis

No

62

34(54.8)

28(45.2)

Yes

53

21(39.6)

32(60.4)

Vital status at last
follow-up

Alive

64

52(81.2)

12(18.8)

Dead

55

5(9.1)

50(90.9)

Tumor

No

53

42(79.2)

11(20.8)

recurrence

Yes

65

14(21.5)

51(78.5)

Drug resistance

No

34

20(58.8)

14(41.2)

Yes

32

3(9.4)

29(90.6)

Age (years)

Chi-square Fisher’s Exact
Test

Test

p-value

p-value

0.503

0.582

0.159

-

adenocarcinoma
Mucoid
Histological type

adenocarcinoma
Endometrial
adenocarcinoma
Clear cell
carcinoma

FIGO stage

Ascites with tumor
cells

0.034

-

0.002

0.003

0.060

0.066

0.103

0.134

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Supplementary Table 3. Cox regression univariate and multivariate analyses of prognostic
factors in ovarian cancer.
Univariate Analysis

Variable

Patients
(n)

Multivariate Analysis

Regression
p

Coefficient

p

(SE)

Relative
Risk

95%
Confidence
Interval

circITGB6
Low expression

57

High expression

62

<0.001

2.154(0.368)

0.046

5.102

1.026-25.364

<0.001

1.807(0.407)

0.422

1.663

0.481-5.752

0.026

0.613(0.276) 0.490

1.411

0.531-3.749

0.002

0.643(0.207)

3.938

1.427-10.866

Intraperitoneal metastasis
No

50

Yes

69

Intestinal metastasis
No

62

Yes

53

Drug resistance
No

34

Yes

32

0.008
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Supplementary Table 4
qRT-PCR primers
Primer names
circITGB6 divergent primer

circITGB6 convergent primer

ITGB6

GAPDH

FGF9

Arg1

Il10

INOS

Tnf

Il10

CD206

CD80

U3

Sequences (5’—3’)
Forward

CAGGCTGAAGAAGACTCTGT

Reverse

CTGGTGCCTGCTTCATCTTT

Forward

TCCCAGTGCAAGATTCTTCT

Reverse

GGACTCCTGGATTCTCA

Forward

TCTCCTGCGTGAGACACAAAGG

Reverse

GAGCACTCCATCTTCAGAGACG

Forward

GTCTCCTCTGACTTCAACAGCG

Reverse

ACCACCCTGTTGCTGTAGCCAA

Forward

CCAGGAAAGACCACAGCCGATT

Reverse

CCATACAGCTCCCCCTTCTCAT

Forward

CCACAGTCTGGCAGTTGGAAG

Reverse

GGTTGTCAGGGGAGTGTTGATG

Forward

GGTTGCCAAGCCTTATCGGA

Reverse

ACCTGCTCCACTGCCTTGCT

Forward

CCAAGCCCTCACCTACTTCC

Reverse

CTCTGAGGGCTGACACAAGG

Forward

TCTCATGCACCACCATCAAGGACT

Reverse

TGACCACTCTCCCTTTGCAGAACT

Forward

TCCAGTTGCCTTCTTGGGAC

Reverse

GTACTCCAGAAGACCAGAGG

Forward

AGCCAACACCAGCTCCTCAAGA

Reverse

CAAAACGCTCGCGCATTGTCCA

Forward

CTCTTGGTGCTGGCTGGTCTTT

Reverse

GCCAGTAGATGCGAGTTTGTGC

Forward

TTCTCTGAGCGTGTAGAGCACCGA

Reverse

GATCATCAATGGCTGACGGCAGTT
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Supplementary Table 4

siRNA, ASO & shRNA sequence
Name

Sequence (5’-3’)

si-IGF2BP2

GGAAAGGAGGGCTTGACCATA

circITGB6-shRNA-1

TGAAGAAGAAGGTAACGGCGA

circITGB6-shRNA-2

GAAGAAGGTAACGGCGACTGT

ASO circITGB6

AGTGAAGAAGAAGGTAACGG
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Supplementary Table 5

List of top 10 candidates of circITGB6-interacting proteins that were identified by
RNA pull down and MS
Gene Name

Unique
Peptides

Coverage (%)

Molecular Weight
(kDa)

Accession

IGF2BP2

22

44

66.1

Q9Y6M1

CLPX

20

35

69.2

O76031

IGF2BP1

18

32

63.5

Q9NZI8

HSPA1A

12

41

70.1

P0DMV9

FUT8

9

25

66.5

Q9BYC5

IGF2BP3

4

14

63.7

O00425

EIF2AK2

6

15

62.1

P19525

DDX3X

4

11

73.2

O00571

CDC23

5

15

68.8

Q9UJX2

SPATS2L

4

8

61.7

Q9NUQ6
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Supplemental Figure 1. Constructions of stable circITGB6-knockdown and
circITGB6-overexpression ovarian cancer cell line
(A) qRT-PCR for the abundance of circITGB6 in six OC lines and the non-neoplastic
cell line HosePic. (B) qRT-PCR for the expression of circITGB6 in OC tissues and
normal ovarian epithelial tissues. (C) Multivariate Cox regression analysis to evaluate
the significance of the association between high circITGB6 expression signature and
OS in the presence of other important clinical variables. (D, E) qRT–PCR analysis for
the expression of circITGB6 and ITGB6 mRNA after treatment with RNase R in
CAOV3 and OVCAR3 cells. (F-H) qRT-PCR for circITGB6 and ITGB6 mRNA in
OVCAR3 and CAOV3 cells treated with two shRNAs as described. (I-J) qRT-PCR for
circITGB6 and ITGB6 mRNA in OVCAR3 and CAOV3 cells transfected with vector
or circITGB6 plasmid. (K) qRT-PCR for circITGB6 and ITGB6 mRNA in ID8 cells

Li H, et al. J Immunother Cancer 2022; 10:e004029. doi: 10.1136/jitc-2021-004029

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

transfected with vector or circITGB6 plasmid. (L) qRT-PCR for circITGB6 and ITGB6
mRNA in ID8 cells treated with two shRNAs as described. Data represent mean ±S.D.
from three independent experiments. The P values were determined by a two-tailed
unpaired Student’s t-test. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001, ns
indicates no significance.
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Supplemental Figure 2. CircITGB6 induced no change in colony formation
capacity without cisplatin treatment
(A) Representative images (B, C) and quantification of colony number of the indicated
cells. Data represent mean ±S.D. from three independent experiments. The P values
were determined by a two-tailed unpaired Student’s t-test. * P < 0.05, ** P < 0.01, ***
P < 0.001, **** P < 0.0001, ns indicates no significance.
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Supplemental Figure 3. CircITGB6 has no effects on cisplatin resistance without
co-culture with TAMs
(A, B) MTT cell viability assay in the indicated cells. (C-E) Representative images (L)
and quantification (M, N) of colony number of the indicated cells. (F-G) FACS analysis
of Annexin V/PI staining and quantification of indicated cells treated cisplatin (5μM)
after 24 hours. (H-J) TUNEL-stained cells in indicated cells. The proportion of
TUNEL-positive cells were qualified from 5 random fields, representing the apoptotic
index. Data represent mean ±S.D. from three independent experiments. The P values
were determined by a two-tailed unpaired Student’s t-test. * P < 0.05, ** P < 0.01, ***
P < 0.001, **** P < 0.0001, ns indicates no significance.
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Supplemental Figure 4. circlTGB6 has no significant effects on the proliferation
and chemoresistance of ID8 cells in vitro
(A, B) Cell populations were detected by EdU assay and Annexin V/PI assay in the
indicated ID8 cells.
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Supplemental Figure 5. Evaluated the effect of clodronate liposomes treatment
(A) The number of F4/80+ CD11b+ cells were analyzed by flow cytometry after
clodronate liposomes (clo) treatment (200μL) in the spleen of C57BL/6 mice. (B) The
tumor ascites volume was collected and measured in the indicated group mice. (C)
C57BL/6 mice (n = 6) intraperitoneal bearing ID8-circITGB6 overexpressing cells with
or without clo treatment were injected with PBS or cisplatin for 6 weeks. The tumor
growth was followed. Data represent mean ±S.D. from three independent experiments.
The P values were determined by a two-tailed unpaired Student’s t-test. * P < 0.05, **
P < 0.01, *** P < 0.001, **** P < 0.0001, ns indicates no significance.
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Supplemental Figure 6. Analyzing Immune cell infiltration in the TEM of ovarian
cancer via using CIBRSORT
(A, B) Analyzing immune cells infiltration from the data of The Cancer Genome Atlas
(TCGA) via CIBRSORT software.
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Supplemental Figure 7. The potential of circITGB6 in CD8+ T cells and Tregs
(A-D). The expression of circITGB6 in CD8+ T cells, Tregs and ovarian cancer cells
examined by qRT-PCR (A-C) and Fluorescence in situ hybridization (FISH) (D).
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Supplemental Figure 8. Representative images of circITGB6 ISH staining
(A, B) Representative images of circITGB6 ISH staining in ovarian cancer specimens
from platinum resistant (n = 32) and platinum sensitive (n = 87) patients. The
distribution of circITGB6 staining was compared. χ2 test was used. * P < 0.05, ** P
< 0.01, *** P < 0.001, **** P < 0.0001, ns indicates no significance.

Supplemental Figure 9. CircITGB6 expression was detected by qRT-PCR in the serum
obtained from OC patients.
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Supplemental Figure 10. circITGB6 induces macrophages polarization towards
an M2 phenotype in vivo
(A-C) Representative images and quantification of (B) F4/80, (C) CD206 in the
indicated tumors. (n=6). (D, E) Expression of IL-6 and IL-10 in the TAMs isolated from
the indicated mice tumor measured by ELISA. (F-J) Expression of Arg1, IL-10, Tnf-α,
iNOS and IL-6 was measured by qRT-PCR in the TAMs isolated from the indicated
tumors. Data represent mean ±S.D. from six independent experiments. The P values
were determined by a two-tailed unpaired Student’s t-test. * P < 0.05, ** P < 0.01, ***
P < 0.001, **** P < 0.0001, ns indicates no significance.
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Supplemental Figure 11. circITGB6 promotes ovarian cancer cells cisplatin
resistance in vitro via interaction with macrophage
(A, B) MTT cell viability assay in the OC cells with the indicated PBMC- derived DCM
treatment. (C-E) Representative images (C) and quantification (D, E) of colony number
in the OC cells with the indicated DCM treatment. (F-H) FACS analysis of Annexin
V/PI staining (F) and quantification (G-H) of the OC cells with the indicated PBMCderived DCM and CDDP (5μM) treatment. (I) Immunoblot analysis of expression
levels of indicated protein in the OC cells with the indicated PBMC- derived DCM and
CDDP (5μM) treatment. GAPDH served as the loading control. (J, K) Representative
images (J) and quantification (K) of colony number of the OC cells with the indicated
BMDM- derived DCM treatment. (L) MTT cell viability assay the OC cells with the

Li H, et al. J Immunother Cancer 2022; 10:e004029. doi: 10.1136/jitc-2021-004029

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

indicated BMDM- derived DCM treatment. (M, O) Quantification of the OC cells with
the indicated BMDM-derived DCM and cisplatin (5μM) treatment. (N, P)
Representative quantification of γ-H2AX in the indicated cells with its corresponding
BMDM - derived DCM and cisplatin (5μM) treatment. Data represent mean ±S.D. from
three independent experiments. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001,
ns indicates no significance.
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Supplemental Figure 12. circITGB6 regulates cisplatin transport in ovarian
cancer cells
(A-B) Content of intercellular CDDP (A) and DNA-bound CDDP (B) in the indicated
cells. (C, D). Time kinetics of CDDP efflux in the indicated cells. Data represent mean
±S.D. from three independent experiments. * P < 0.05, ** P < 0.01, *** P < 0.001, ****
P < 0.0001, ns indicates no significance.
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Supplemental Figure 13. circITGB6 binds to IGF2BP2 directly
(A) Relative enrichment representing circITGB6 RNA levels associated with
circITGB6 junction compared to control. (B-D) qRT–PCR analysis for the RNA
expression of circITGB6 from RIP assays upon circITGB6 knockdown or
overexpression. Western blotting showing IGF2BP2 expression from RIP assays upon
circITGB6 knockdown or overexpression. Data represent mean ±S.D. from three
independent experiments. The P values were determined by a two-tailed unpaired
Student’s t-test. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001, ns indicates
no significance.
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Supplemental Figure 14. Targeting FGF9 in reversing circITGB6 induced ovarian
cancer cisplatin resistance
(A, B) MTT cell viability assay in the indicated OVCAR3 cells and PBMC co-culture
system with administration of anti-FGF9 neutralizing antibody or not under CDDP
treatment. (C) Representative images (left) and quantification (right) of colony number
of the indicated OVCAR3 cells and PBMC co-culture system with administration of
anti-FGF9 neutralizing antibody or not under cisplatin treatment. (D) FACS analysis of
Annexin V/PI staining and quantification of the indicated OVCAR3 cells and PBMC
co-culture system with administration of anti-FGF9 neutralizing antibody or not under
CDDP treatment. (E) Representative images and quantification of γ-H2AX in the
indicated OVCAR3 cells and PBMC co-culture system with administration of antiFGF9 neutralizing antibody or not under CDDP treatment. (F, G) The expression of
CD206 and CD80 were measured by RT-qPCR analysis in the indicated OVCAR3 cells
and PBMC co-culture system with administration of anti-FGF9 neutralizing antibody
or not. (H-I) ELISA analysis showing the expression of IL-10 and IL-6 in the indicated
OVCAR3 cells and PBMC co-culture system with administration of anti-FGF9
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neutralizing antibody or not. Data represent mean ±S.D. from three independent
experiments. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001, ns indicates no
significance.

Supplemental Figure 15. Clinical relevance of circITGB6/FGF9/ M2 macrophages
polarization axis in ovarian cancer
(A) RT-qPCR analysis of circITGB6 expression in ovarian cancer cells with treatment
of ASO targeting circITGB6. The P values were determined by a two-tailed unpaired
Student’s t-test. (B) Expression of FGF9 in the ascites of indicated mice groups mice
was measured by ELISA (n=6/group). The P values were determined by a two-tailed
unpaired Student’s t-test. (C) Correlation analyses between cisplatin response status and
FGF9 expression in ovarian cancer patient specimen. χ2 test was used. Data represent
mean ±S.D. from three independent experiments. (D-E) Proportion of CD206+
macrophages, CD8+T and CD8+ T Granzyme B+ cells isolated from the indicated
C57BL/6 mice group was measured by FACS analysis. *P < 0.05, ** P < 0.01, *** P <
0.001, **** P < 0.0001, ns indicates no significance.
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Supplemental Figure 16. The effect of targeting criclTGB6 on the therapeutic
effect of checkpoint inhibitors on OC
(A) The tumor growth and the ascites volume were measured in the indicated group.
(C-F) Proportion ofCD8+T and CD8+ T Granzyme B+ cells isolated from the indicated
C57BL/6 mice group was measured by FACS analysis.
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