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Abstract

The current researches have reported that circular RNA is an important regulatory factor in the progression of various
human disease. However, the function and mechanism of most circular RNAs remain unknown in cancers including
multiple myeloma. Our study has confirmed that hsa_circ_0007841 is up regulated in U266 doxorubicin resistant cells
(U266R) and 8226 doxorubicin resistant cells (8226R) compared to U266 parent cells (U266P) and 8226 parent cells
(8226P). Silence of hsa_circ_0007841 in U266R and 8226R could reduce the half-maximal inhibitory concentration which
indicated reduction in chemoresistance. In doxorubicin resistant cells, the messenger RNA and protein level of ATP-
binding cassette transporters G2 increased. Silence of hsa_circ_0007841 in drug resistant cells could decrease both the
messenger RNA and protein levels of ATP-binding cassette transporters G2; reexpression of hsa_circ_000784I could
block the reduction. However, overexpression of hsa_circ_0007841 could effectively upregulate the ATP-binding cassette
transporters G2 messenger RNA and protein level. Inhibition of ATP-binding cassette transporters G2 could block
hsa_circ_0007841 overexpression induced chemoresistance in U266P and 8226P cells. What’s more, inhibition of ATP-
binding cassette transporters G2 could reduce differences of half-maximal inhibitory concentration between parent cell
lines and drug-resistant cell lines. Our data collectively suggest a new model in which hsa_circ_000784| promotes
acquired chemotherapy resistance by upregulating ATP-binding cassette transporters G2 providing a novel molecular basis
of chemotherapy in multiple myeloma cancer.
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Introduction

Circular RNAs (circRNA) are a newly found class of noncod-
ing RNAs with widespread expressions in human tissue.'*
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Both animal and human studies have suggested that cir-
cRNAs are evolutionarily conserved, indicating important roles
of circRNAs in cellular physiology.” One the most reported
function of circRNAs is acting as endogenous miRNA sponges
since some circRNAs have microRNA-binding sites allowing
them to arrest microRNA.*? Abundance and relative stable
structure make circRNAs to be effective sponges than linear
messenger RNAs (mRNAs).'*!'! CircRNAs could also regulate
RNA-binding proteins activity by forming RNA—protein com-
plex.'? Circular RNAs have been reported to regulate cancer
development in various cancer including multiple myeloma
(MM)."3

Multiple myeloma is the second most common hematologic
malignancy, which is characterized with uncontrolled prolif-
eration of plasma cells within the bone marrow without initial
symptoms.'* Multiple myeloma accounts 15% of hematologi-
cal neoplasms with 4.5 to 6 cases per 100 000 people annu-
ally."> Approximately 86 000 new MM cases occur worldwide
every year.

Despite the advent of novel agents such as thalidomide,
bortezomib, lenalidomide, and autologous stem cell trans-
plantation, MM still remains incurable with a 5-year survival
rate of 40%.'” What’s more, most of the patients relapse or
become resistance to chemotherapies, suggesting that drug
resistance (DR) is responsible for the ineffective treatment
of MM.

Despite the development of antimyeloma treatment, the
acquisition of DR is still a major cause of MM relapse.'® Mul-
tiagent combination chemotherapy is used in MM treatment,
such as VDT-PACE (doxorubicin, bortezomib, dexametha-
sone, thalidomide, cisplatin, cyclophosphamide, and etopo-
side).'>?° As one of the primary components of MM
chemotherapy, resistance to doxorubicin (DOX) is quite com-
mon.>' The main mechanisms underlying DR is multifactorial
processes including increase in drug efflux pumps proteins
expression, decrease in drug uptake, changes in metabolism,
repair of DNA damage, alterations of proliferation or
apoptosis.?

Overexpression of drug efflux pumps proteins plays impor-
tant roles in the DR of MM.** P-glycoprotein (ABCB1), ATP-
binding cassette transporters G2 (ABCG2) have been reported
to be upregulated in response to many chemotherapeutic
drugs which have been extensively studied in patients with
MM. The upregulations of ABC transporters lead to the
decrease in the intracellular concentrations of several drugs
and limit their therapeutic activity in the treatment of MM.
ATP-binding cassette transporters G2 transports diverse
arrays of substrates. Initially, many of the ABCG2 substrates
were reported to be chemotherapeutics such as mitoxantrone;
tyrosine kinase inhibitors such as imatinib and gefitinib; fla-
vopiridol, camptothecins, topotecan, irinotecan, SN-38, and
so on. Some drug-selected cell lines that express ABCG2
increase resistance to anthracyclines (DOX, daunorubicin)
and rhodamine 123. Other drugs also act as substrates of
ABCG such as cimetidine, prazosin, statins, and zidovudine.
Additionally, ABCG2 can also transport biological substrates

such as estrone, 17f estradiol, porphyrins such as protopor-
phyrin IX; and the dietary carcinogen, 2-amino-1-methyl-6-
phenylimidazo[4,5-b] pyridine.**

Previous study employed bioinformatics in high-
throughput circRNA microarray and identified differentially
expressed circRNAs in MM patient’s tissue.”> The
hsa_circ_0007841 expressions were confirmed in the MM
tissues of 86 patients, which closely associated with DR
and poor prognosis. The hsa_circ_0007841 locates on
chr3:127778944-127779504. The genomic length is
560 bp, and spliced sequence length is only 265 bp. It is
transcripted by gene SEC61A1. Because of the limited
researches on hsa_circ_0007841, more information and
function of hsa_circ_0007841 need to be investigated in the
future. In our study, we investigate the role of hsa_-
circ_0007841 in MM and the specific mechanism through
biology experiments.

Materials and Methods

Cell Culture

THP-1, KM3, U266, and RPMI-8226 were obtained from
ATCC cell bank (The Global Bioresource Center). The cells
were cultured in the 1640 culture medium with 10% fetal
bovine serum, 50 U/mL penicillin, and 50 g/mL streptomycin,
The cells were incubated with 37 °C, 5% CO, .The DOX
resistant cell lines were obtained with culture of increase con-
centrations of DOX.

RNA Extraction

Total RNAs were extracted by TRIzol Reagent. We carried out
qualitative real-time—polymerase chain reaction (qQRT-PCR)
with SYBR kit according to the manuscript instructions. Com-
plementary DNAs were synthesized using the M-MLV Reverse
Transcriptase Synthesis Kit (Promega) according to the proto-
col of the manufactory. Power SYBR Green PCR Master Mix
Kit according to the manufacturer’s instructions were used for
qRT-PCR.

Quantitative RT-PCR

RNA was reversely transcribed into complementary DNA by
M-MLV Reverse Transcriptase Synthesis Kit. Real-time qRT-
PCR was implemented by Power SYBR Green PCR Master
Mix Kit. The total system is 10 pL. The mix was added into
384-well PCR plate, which was then placed in the real-time
PCR instrument for PCR reaction. The PCR conditions: 95 °C,
5 minutes; 95 °C, 15 seconds, 40 cycles; 53 °C, 30 seconds; 72
°C, 35 seconds. B-actin was used as internal reference. 242
methods were used to analyze results. The primers used for
each target gene are shown as followings.
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Gene Forward Reverse

B-actin 5’GTGGCCGAGGACTTTGATTG 3’ 5'CCTGTAACAACGCATCTCATATT 3/
circ_0007841 5'CTAACATCTGTGAAACCATCGT3' 5S'TCATCACATACACGATAGACTG 3/
ABCBI S'TTGGCTGATGTTTGTGGGAA 3’ 5" CCAAAAATGAGTAGCACGCCT 3/
ABCG2 5"CAGGTGGAGGCAAATCTTCGT 3’ 5ACCCTGTTAATCCGTTCGTTTT 3’
ABCBI11 S'TTGGCTGATGTTTGTGGGAAG3’ 5'CCAAAAATGAGTAGCACGCCT 3’
ABCC1 5'CTCTATCTCTCCCGACATGAC 3’ 5’AGCAGACGATCCACAGCAAAA3’
ABCC2 5'CCCTGCTGTTCGATATACCAAT3' STCGAGAGAATCCAGAATAGGGA3'
ABCC3 5'CACCAACTCAGTCAAACGTGC3’ 5’GCAAGACCATGAAAGCGACTC3’
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Figure 1. Hsa_circ_0007841 was upregulated in MM chemotherapy resistance cells. A, IC50s of doxorubicin in U266P and U266R cells at
72 hours. B, IC50s of doxorubicin in 8226P and 8226R cells at 72 hours. C, Real-time PCR was carried out in U266P and U266R cells to identify
hsa_circ_0007841 expression level. D, Real-time PCR was carried out in 8226 and 8226R cells to identify hsa_circ_0007841 expression level.

1C50, half-maximal inhibitory concentration; MM, multiple myeloma; PCR, polymerase chain reaction.

Cell Proliferation/Viability Assay and Half-Maximal
Inhibitory Concentration Values

Briefly, cancer cells were suspended at the concentration of
1 x 10° cells/mL in cell culture and seeded in a 96-well plate;
1000 cells were seeded per well for growth assay. The cell
growth was tested at day 0, day 2, day 4, and day 6. Cell
viability was identified by the cell counting kit-8 (CCKS)
according to the manufacturer’s instructions (Dojindo Molecu-
lar Technologies).

Six thousand cells were seeded per well for drug viability
assay. The cells were cultured overnight and then treated with
DOX at different concentrations. After 72 hours’ treatment,
10-uL CCKS8 was added and cultured for another 2 hours, then
the absorbance of 450 nm was measured by Synergy H4
Hybred Reader (BioTek Instruments). Relative growth

inhibition and the half-maximal inhibitory concentration
(IC50) values were analyzed through the GraphPad Prism 6.0
software (GraphPad Software, Inc).

Western Blot

NETN 150 lysis buffer was prepared (0.5% NP-40, 20 mM
Tris [pH 8.0], 150 mM NaCl, 6 mM EDTA). Cells were
collected by trypsinization and lysated by NETN buffer.
Proteins were quantified by Bradford kit; 20 pg protein was
loaded and separated through sodium dodecyl sulphate—
polyacrylamide gel electrophoresis and transferred to the
NC membrane (Axygen). Immobilon Western Chemilumi-
nescent HRP Substrate kit (Millipore Corporation) was used
for detection.
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Figure 2. Hsa_circ_0007841 contributes to doxorubicin resistance in multiple myeloma.A, hsa_circ_0007841 siRNA-A and siRNA-B were
transfected in U266R cells. Real-time PCR was carried out to identify the effect of gene silence. B, hsa_circ_0007841 siRNA-A and siRNA-B
were transfected in 8226R cells. Real-time PCR was carried out to identify the effect of gene silence. C, IC50s of doxorubicin in U266R NC and
U266R si-hsa_circ_0007841-A/B cells at 72 hours. D, IC50s of doxorubicin in U8226R NC and U8226R si-hsa_circ_0007841-A/B cells at 72
hours. IC50, half-maximal inhibitory concentration; PCR, polymerase chain reaction; siRNA, small interfering RNA.

Statistical Analysis

We use SPSS 20.0 software for statistical analysis. The data
were shown as mean + standard deviation. We used Mann-
Whitney test for pair wise comparison, and Kruskal-Wallis H
test for multiple comparison.”® P < .05 indicated significant
difference. *P < .05, **P < .01, and ***P < .001.

Results
Hsa_Circ_0007841 Was Upregulated in MM DR Cells

As previous study showed,25 hsa_circ_0007841 was signifi-
cantly upregulated in bortezomib-resistant cell lines. In our
study, we obtained DOX resistant MM cell lines by DOX treat-
ment with increasing concentrations. To identify the DR of
MM cells, we carried out the IC50 assays. The results showed
that the U266 resistant cell line (U266R) had higher IC50 than
U266 parent cell line (U266P; Figure 1A); and the 8226 resis-
tant cell line (8226R) had higher IC50 than 8226 parent cell
line (8226P; Figure 1B). As many drugs could be the substrate
of ABCG2, we carried out the experiments of IC50s of gefiti-
nib. The supplemental results showed that MM resistant cells
are also resistant to another ABCG2 substrate drugs gefitinib
(Supplemental Figure 1).

We tested the expression level of hsa_circ_0007841 in both
parent and drug resistant cell lines. The results showed that
hsa_circ_0007841 was upregulated in both U266R and
8226R cells lines suggesting its important role in MM che-
moresistance (Figure 1C and D).

Hsa_circ_0007841 Enhances the DR of MM Cells

As the report and our results showed that hsa_circ_0007841
was upregulated in MM DR cells,”® we wanted to investigate
the function and mechanism of hsa_circ_0007841 in chemore-
sistance. In U266R and 8226R cells, we silenced
hsa_circ_0007841 (Figure 2A and B) and tested the DR by
IC50 assays (Figure 2C and D). Silence of hsa_circ_0007841
decreased the IC50s of both U266R and 8226R cells (Figure 2C
and D). The results confirmed that hsa_circ_0007841 could
enhance the DR of MM cells.

ABCG2 Woas Upregulated in MM DR Cells

As researches have reported that ABC transporters play impor-
tant roles in cancer chemotherapy resistance®’ we carried out
the real-time PCR to identify the relative expression of several
important ABC transporters in both MM parent and drug resis-
tant cells (Figure 3A and B). We identified the expression of
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Figure 3. ABCG2 is upregulated in MM doxorubicin resistant cells. A, The mRNA level of indicated ABC transporters were identified in
U266P and U266R cells by real-time PCR. B, The mRNA level of indicated ABC transporters was identified in 8226P and 8226R cells by real-
time PCR. C, The protein level of indicated ABC transporters was identified in U266P and U266R cells by real-time PCR. D, The protein level
of indicated ABC transporters was identified in 8226 and 8226R cells by real-time PCR. ABCG2, ATP-binding cassette transporters G2; MM,
multiple myeloma; mRNA, messenger RNA; PCR, polymerase chain reaction.

ABCBI, ABCB11, ABCCI1, ABCC2, ABCC3, and ABCG2.
The results showed that ABCG2 was significantly upregulated
in both U266R and 8226R cells (Figure 3A and B) .Western
blot identified the increase in ABC transporters protein level.
The results totally confirmed the upregulation of ABCG2 in
MM resistant cells, suggesting that ABCG2 played important
roles in MM DR. But whether hsa_circ_0007841 leads to the
DR through the regulation of ABCG2 remains unclear.

Silence of hsa_circ_000784 1 Downregulated ABCG2

To investigate whether ABCG2 is the downstream of hsa_-
circ_0007841, we tested the influence of hsa_circ_0007841 on
ABCGQG?2 expression by overexpression or silence of it. In U266R
and 8226R cells with high level of hsa_circ_0007841, we
silenced it by transfection of small interfering RNAs. The figure
showed that silence of hsa_circ_0007841 could reduce the

mRNA (Figure 4A and B) and protein level of ABCG2 (Figure
4E and F); reexpression of hsa_circ_0007841 in si-
hsa_circ_0007841 (si-circ) rescued the ABCG2 mRNA (Figure
4A and B) and protein level (Figure 4E and F). On the other
hand, overexpression of hsa_circ_0007841 could upregulate
ABCG2 mRNA (Figure 4C and D) and protein level (Figure
4E and F) in U266P and 8226P cells. In addition, silence of
hsa_circ_0007841 could specifically block the overexpression
induced ABCG?2 upregulation. All the results above showed that
hsa_circ_0007841 promoted the expression of ABCG2; silence
of hsa_circ_0007841 decreased the expression of ABCG2.

ATP-Binding Cassette Transporters G2 Is Responsible for
hsa_Circ_0007841 Induced Chemotherapy Resistance

As the results showed that hsa_circ_0007841 was responsible
for ABCG2 expression, we wanted to confirm whether
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Figure 4. Hsa_circ_0007841 promotes the ABCG2 upregulation. A, hsa_circ_0007841 was silenced in U299R cells and then transfected with
hsa_circ_0007841 overexpression plasmids. Real-time PCR was carried out to identify the mRNA level of ABCG2. B, hsa_circ_0007841 was
silenced in 8226R cells and then transfected with hsa_circ_0007841 overexpression plasmids. Real-time PCR was carried out to identify the
mRNA level of ABCG2. C, hsa_circ_0007841 plasmids and vector were transfected in U266P cells, then the hsa_circ_0007841 was silenced in
overexpression cells. Real-time PCR was carried out to identify the mRNA level of ABCG2. D, hsa_circ_0007841 plasmids and vector were
transfected in 8226P cells, then the hsa_circ_0007841 was silenced in overexpression cells. Real-time PCR was carried out to identify the
mRNA level of ABCG2. E, hsa_circ_0007841 was silenced in U299R cells and then transfected with hsa_circ_0007841 overexpression
plasmids. Western blot was carried out to identify the protein level of ABCG2. F, hsa_circ_0007841 was silenced in 8226R cells and then
transfected with hsa_circ_0007841 overexpression plasmids. Western blot was carried out to identify the protein level of ABCG2. G,
hsa_circ_0007841 plasmids and vector were transfected in U266P cells. Western blot was carried out to identify the protein level of ABCG2. H,
hsa_circ_0007841 plasmids and vector were transfected in 8226P cells. Western blot was carried out to identify the protein level of ABCG2.
ABCQG2, ATP-binding cassette transporters G2; mRNA, messenger RNA; PCR, polymerase chain reaction.
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Figure 5. Inhibition of ABCG2 block the hsa_circ_0007841 induced drug resistance. A, hsa_circ_0007841 overexpression plasmids were
transfected in U226P cells and then treated with ABCG2 inhibitor RG14620. The live cell numbers were tested by CC88 at 48 hours and

72 hours. B, hsa_circ_0007841 overexpression plasmids were transfected in 8226P cells and then treated with ABCG2 inhibitor RG14620. The
live cell numbers were tested by CC88 at 48 hours and 72 hours. C, U266P and U266 R cells were treated with different concentration of
doxorubicin with or without RG14620. Cell viability was tested at 72 hours and IC50 was calculated. D, 8226P and 8226R cells were treated
with different concentration of doxorubicin with or without RG14620. Cell viability was tested at 72 hours and IC50 was calculated. ABCG2,
ATP-binding cassette transporters G2; IC50, half-maximal inhibitory concentration.

hsa_circ_0007841 induced ABCG2 was the main cause for the
DR. We carried out the CCKS8 assay and IC50 assays to con-
firm the ABCG2 function in MM acquired chemoresistance.
We used ABCG?2 inhibitor RG14620 to inhibit the ABCG2
activation. In U266P and 8226P cells, ABCG2 inhibitor could
effectively block the hsa_circ_0007841 induced DR (Figure
5A and B). What’s more, inhibition of ABCG2 could decrease
the IC50s of U266R and 8226R cells (Figure 5C and D).Over-
all, ABCG?2 is responsible for hsa_circ_0007841 induced DR.

Discussion

The morbidity of MM has increased year by year duo to the
aging population partly.?®2° New therapies have improved the
prognosis of patients with MM in recent years. Despite devel-
opment in treatment, the acquisition of DR is the major limita-
tion of MM therapy failure.?°>° Increased level of drug
transporter protein, such as ABCG2, ABCB1, and other multi-
drug resistant proteins, is a major reason for chemotherapy
resistance in MM.?! Precision medicine therapy depends on
biomarkers, which could predict the efficacy of drug and
reduce disease recurrence. Our study focused on the function
of biomarker and its target in MM.

In previous study, bioinformatics methods with high
through sequence tissues were carried out in patients with
MM cancer. The study results showed that hsa_circ_0007841

was upregulated in MM drug resistant cell lines and closely
associated with poor survival in patients.*

In our study, we found that ABCG2 expression was upre-
gulated in drug resistant MM cells. The membrane-associated
protein encoded by ABCG2 is one important members of ABC
transporters superfamily. ABC genes are divided into 7 distinct
subfamilies (ABCA, ABCB, ABCC, ABCD, ABCE, ABCEF,
and ABCG). ATP-binding cassette transporters G2 is a member
of the G subfamily. ABCB1, ABCC1, and ABCG2 are the most
important ABC transporters.*> ABC family proteins could
transport various molecules across membranes. Human
ABCQG?2 are also known as breast cancer resistance protein
which functions as a homodimer.*®> ATP-binding cassette trans-
porters G2 is capable of transporting a wide range of traditional
chemotherapy agents such as topotecan, methotrexate, SN-38,
and mitoxantrone out of cancer cells.** What’s more, recent
studies suggested that ABCG2 could also transport many
molecular-targeted agents, such as imatinib, sunitinib, vemur-
afenib, and sorafenib.**=” In our study, we found that ABCG2
could regulate DOX resistance in MM cell lines. Inhibition of
ABCG2 could effectively increase DOX sensitivity in MM
cells.

Increasing reports have revealed connections between aber-
rant expression of circRNAs and cancer progression. Cir-
cRNAs could function as a microRNA sponge to regulate the
microRNA level, which indirectly regulates the expression of
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microRNA target genes.’® In our study, we found that
hsa_circ_0007841 could promote cancer chemotherapy resis-
tance through the upregulation of ABCG2. It was the first time
to investigate the function of hsa_circ_0007841 on MM cells.
However, the specific mechanism has not been investigated.
We will carry on the research to investigate how
hsa_circ_0007841 regulated ABCG2. We want to find out the
target microRNAs that are regulated by hsa_circ_0007841 and
indirectly influence ABCG?2 level.

In our study, we confirmed the important role of
hsa_circ_0007841 in MM cancer chemotherapy resistance.
Hsa_circ_0007841 could upregulate the expression of
ABCG?2, which is responsible for the DR. Silence of
hsa_circ_0007841 or inhibition of ABCG2 could reverse the
chemoresistance of MM cells. We provided a new mechan-
ism for hsa_circ_0007841-induced cancer chemoresistance.
Our study suggested that the combination of ABCG2 inhi-
bitor and hsa_circ_00078416 inhibitor could be a promising
therapy for MM cells.
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