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Upregulated circZMIZ1 promotes the proliferation of prostate cancer cells and

is a valuable marker in plasma
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Increasing evidences have proved that circular RNAs (circRNAs), identified as a specific kind of non-coding RNAs,
play a potential critical role in tumorigenesis including prostate cancer. However, the function of circRNAs in human
prostate cancer remains largely unknown. In this study, we demonstrated that the expression of circZMIZ1 was higher
in plasma of human prostate cancer than the paired benign prostatic hyperplasia (BPH) patients’ plasma. Moreover, in
cultured prostate cancer cells, knockdown of circZMIZ1 inhibited cell proliferation and caused cell cycle arrest at G1.
Mechanistically, we also showed that circZMIZ1 could increase the expression of androgen receptor (AR) and androgen
receptor splice variant 7 (AR-V7), which may be partly contributed to the occurrence and development of prostate
cancer. In conclusion, these results revealed that circZMIZ1 might serve as a novel biomarker and a treatment target for

prostate cancer treatment.
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Prostate cancer (PCa) is one of the most common malig-
nant tumor among males on a global scale [1]. Despite low
incidence, the morbidity of PCa has been increasing rapidly
in China year by year, especially in the urban area [2, 3]. On
the other hand, PCa is characterized by an insidious onset, a
slowly progressive course, and there is no obvious symptom
in the early stage of PCa, hence, it usually progresses into an
advanced stage. Although the early diagnosis and treatment
of PCa have been improving, approximately 30% of patients
will progress to advanced stages despite initial curative treat-
ment [4], and up to 90% of those patients develop metastases
in the bones [5, 6]. However, the tumorigenesis and progres-
sion of prostate cancer remain unclear.

CircRNAs are a certain kind of non-coding RNAs,
rather than splicing errors, generated by non-sequential
back splicing through various mechanisms with covalently
linked loops by free 3’ and 5 ends [7]. Thus, their molec-
ular structures are quite stable, and cannot be hydrolyzed by
RNA enzyme. Recently, increasing studies have shown that
circRNAs are intimately associated with various diseases,
such as malignances [8-10], cardiovascular diseases [11],

and central nervous system diseases [12]. It has been noted
that inhibition of ZMIZ1 could impair the proliferation of
PCa cell lines [13], and ZMIZ1 could enhance the transcrip-
tional activity of androgen receptor by modulating the
polyQ tract length [14]. According to CircBase database
annotation, circZMIZ1 derives from exon 2, 3 and 4 of
the ZMIZ1 gene locus (CircBase ID: hsa_circ_0005844,
termed as circZMIZ1), which locates at chr10: 80878671-
80921890 (Figure 1A and Figure S1). We hypothesize that
circZMIZ1 maybe plays physiological and pathological role
in tumorigenesis and progression of PCa. However, the role
of circZMIZ1 in PCa carcinogenesis has not been reported.

In our study, we assessed the expression level of
circZMIZ1 in PCa cell lines and peripheral blood of prostate
cancer patients by quantitative polymerase chain reaction
(qQRT-PCR). Subsequently, we investigated the functions
and cellular localization of circZMIZ1 in PCa cell lines, and
the relationship between circZMIZ1 and AR was explored.
Opverall, we intend to elucidate whether circZMIZ1 could be
a promising biomarker and potential therapeutic target for
PCa patients.
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Patients and methods

Patients. In the test group, the fasting plasma samples
were obtained from 14 patients, who were diagnosed for PCa
by prostate biopsy and surgical prostate tissue specimens. The
patients were recruited from NanFang hospital of Southern
Medical University from March 2018 to July 2018. In the
control group, the fasting plasma samples from 14 age and
gender matched healthy volunteers who were recruited from
physical examination department, were obtained. Patients
did not receive any endocrine therapy or radiotherapy before
surgery and blood collection.

All patients consisted of 3ml of peripheral blood were
collected from inpatient in with ethylenediaminetetraacetic
acid (EDTA) coated tubes. The venous blood samples were
centrifuged (Eppendorf 5415R) at 2000 xg for 10 min at 4°C
to isolate plasma. Then the plasma collected from peripheral
blood was immediately transferred to a RNase free tube and
preserved at —-80 °C until RNA isolation.

Before the recruitment of the study sample, the researchers
obtained approval from the Human Research Ethics of
Science and Technology Department of Southern Medical
University, and all participants who took part in the study
gave written informed consents.

Cell culture and treatment. The prostate cancer cell lines
(DU145, C4-2,LNCaP, 22RV1), and normal human epithelial
cell line (RWPE-1) were purchased from Cell Bank of Type
Culture Collection, Chinese Academy of Science (Shanghai,
China). These four prostate cancer lines were cultured in
RPMI-1640 medium supplemented with 10% FBS (Gibco,
USA). To remove the lipotropic hormone, LNCaP cells were
cultured in steroid hormone depleted RPMI-1640 medium
containing 10% charcoal-dextran stripped FBS (Invitrogen
Life Technologies, Carlsbad, CA, USA ) [15] for 3 days,
and were maintained at 37°C in 5% CO, incubator. The
LNCaP cells were treated with double hydrogen testosterone
(DHT) (Solarbio, Beijing, China) (0.01, 0.1, 1, 10, 100, and
1000 nM) for 24 h and 48 h. All the cell lines were checked for
mycoplasma contamination.

RNA extraction, quality control and reverse transcrip-
tion. Total RNA was extracted from serum of patients with
prostate cancer and healthy control groups with TRIzol LS
Reagent (Invitrogen Life Technologies, Carlsbad, CA, USA),
according to the protocol. Quantitation and estimation of
total RNA samples purity were measured using NanoDrop
ND-2000 (Thermo Scientific, DE, USA) spectrophotometer
reading of A260/A280, and all the ratios of A260/A280 are in
the range of 1.8-2.1.

Total RNA of each sample (500 ng) was reversely
transcribed using the 5xPrime Script™ RT Master Mix
(perfect Real Time) with 10 ul of reaction solution (Takara,
Dalian, China), following the manufacturer’s instruction.

Quantitative real-time PCR. The quantitative real
time PCR (qRT-PCR) analysis was carried out using SYBR
Premix Ex Taq II (Takara Bio Inc.) with 7500 Real-Time PCR

system (Applied Biosystems) according to the manufactur-
er’s protocol. The divergent primers were applied to detect
abundance of circZMIZ1. Glyceraldehyde 3-Phosphate
Dehydrogenase (GAPDH) expression was used as an internal
control. For quantitative results, the relative expression level
of each circRNAs were calculated via the 2724 calculation.
The probe sequences and optimized primer are listed in
Table S1.

Treatment with Actinomycin and RNase R. To verify
the structure of circRNA derived from back-splicing events,
resulting in a circular, and not a linear RNA, we routinely
use actinomycin D (Sigma, St. Louis, MO, USA) to block
transcription and RNase R (Epicentre Biotechnologies,
Madison, WI, USA) treatment to analyze the physical
properties of these RNAs.

Actinomycin D (2 mg/ml) was used to prevent elongation
of RNA chain by RNA polymerase [16], DMSO was used
as negative control. 2 ug of total RNA of C4-2 was treated
with 10 U RNase R (Epicenter, Technologies, Madison, W1,
USA) at 37°C for 15 min. The treated RNA was detected by
qRT-PCR to analyze the expression level of circZMIZ1 and
linear ZMIZ1 after treatment with actinomycin D and RNase
R. 18S RNA was used as an internal control. The primers are
listed in Table SI.

The isolation of nuclear and cytoplasmic RNA. To detect
the expression of circZMIZ1 in nuclear and cytoplasmic,
we used PARIS™ Kit (Ambion, Austin, TX, USA) to isolate
nuclear and cytoplasmic according to the manufacturer’s
protocol. Briefly, fresh cultured cells (1x107 to 2x107) were
collected, washed once in PBS, and kept on ice. The cells
were resuspended in 500 ul ice-cold cell fractionation buffer,
then incubated on ice for 10 min, and centrifuged at 500xg
for 5 min at 4°C. The supernatants and the nuclear pellet
were sub packaged in two RNase-free microfuge tubes. The
nuclear pellet was lysed in ice-cold cell disruption buffer and
placed on ice. An equal volume of 2xLysis/Bing Solution was
added to the same volume of 100% ethanol to the mixture.
The sample mixture was transferred to a filter cartridge
and washed once with 700 ul wash solution 1. The mixture
was centrifuged for 1 min. Then the samples were washed
with 2x500pul wash solution 2/3 and centrifuged for 30 s.
Subsequently, the RNAs were eluted with 50 ul of hot eluted
solution (95-100°C). At last, the ideal RNA samples were
stored at —80 °C for further analysis and total RNA was deter-
mined by qRT-PCR. U6 and GAPDH were used as nuclear
and cytoplasmic markers, respectively. The primers are listed
in Table S1.

RNA fluorescence in situ hybridization (FISH).
Cy3-labeled circZMIZ1 probes (sequence available upon
request) was designed and synthesized by RiboBio (Guang-
zhou, China). C4-2 cells were harvested in exponential
growth phase and about 80-90% confluency at the time of
fixation. After pre-hybridization in a hybridization buffer,
C4-2 cells were hybridized in a dark moist chamber for 12 h
at 37 °C with circZMIZ1 FISH Probe Mix provided by the kit.
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After washing, cell nuclei were stained with 4} 6-diamidino-
2-phenylindole (DAPI). Fluorescent images were obtained
using a confocal microscope (Carl Zeiss, LSM 510, Wetzlar,
Germany).

Transient RNA interference. To investigate the function
of circZMIZ1, small interference RNA (siRNA) (RiboBio,
Guangzhou, China) was used to silence the expression of
circZMIZ1, the sequence of circZMIZ1 was obtained from
article [17]. We designed specific siRNA targeting the back-
splice junction of circZMIZ1 (RiboBio, Guangzhou, China;
Table S1). Transient transfection was performed using
Lipofectamine 3000 reagent (Life Technologies, Carlsbad,
CA, USA) according to the manufacturer’s recommendation.
The expression of AR and AR-V7 were detected by qRT-PCR,
siAR sequence was from report by Lorenzo et al. [18]. The
sequences used are shown in Table SI.

Preparation and electrophoretic analysis of Genomic
DNA. In DNA agarose gel electrophoresis, DNA was
extracted from prostate cancer cells and plasma samples by
using EasyPure Genomic DNA Kit (TransGen-EasyPure,
Beijing, China). Extracted DNA samples were amplified by
polymerase chain reaction (PCR) and the products were
analyzed with Bio RAD. The PCR reaction mixture contained
12.5ul of 2xTaq PCR Master Mix, 1ul of each primer
(10puM), 1 pl of DNA template (<1 pg), and 9.5 ul of nuclease-
free water for a total volume of 25ul. Thermal cycling was
conducted in the temperature as follows: initial denaturation
at 94°C for 3 min; followed by 30 cycles of denaturation 94°C
for 30 s; annealing, 55 °C for 30 s; elongation, 72 °C for 1 min,
and with a final extension at 72 °C for 5 min and hold at 4°C.
The primers are listed in Table SI.

The samples were separated on a 2% agarose gel containing
0.5 mg/ml ethidium bromide, and electrophoresis was
performed at 100 V for 30 min. 5pl of DI2000 (Sigma, St.
Louis, MO, USA) was used as DNA molecular weight marker.
They were then photographed on Bio-Rad Molecular Imager
Gel Doc™ XR + Imaging System (Hercules, CA, USA).

Cell proliferation assay. To evaluate the proliferation
of C4-2 and LNCaP cells, the cell counting kit-8 (CCK-8)
assay (Dojindo Laboratories, Kumamoto, Japan) was used
to measure the cellular proliferation. Transfected cells were
seeded into 96-well plates (3x10° cells per well) and incubated
for 0, 24, 48, 72, 96, and 120 h, respectively, 10 pl of CCK-8
reagent was added to each well and the incubation continued
for another 2 h in an incubator at 37°C and 5% CO,, and the
optical density (OD) value at 450 nm was detected in each
well (ELx808; Bio Tek, Winooski, VT, USA). The assay was
performed in triplicate.

Cell cycle analysis. Cell cycle analysis was executed as
described previously [19, 20]. Briefly, we collected the trans-
fected cells by centrifugation (500xg, 5 min). The cell number
was determined by counting in a hemocytometer, and the
final cells concentration was adjusted to approximately 2x10°
per milliliter. Cells were fixed with absolute ethanol (final
concentration approx. 70%), and RNase A was used to get

rid of RNAs contamination. Then, C4-2 and DU145 cells
were incubated with PBS containing 0.5% Triton X100, and
propidium iodide (PI, final concentration, 50 ng/ml, Sigma,
St Louis, MO, USA) was used to stain DNA for 15 min at
room temperature in the dark. After staining with PI, the cell
cycle distribution was measured by flow cytometry (Beckman
FC500, Los Angeles, CA, USA). The data were presented as
the percentages of cells at each phase.

5-Ethynyl-2-deoxyuridine (EdU) incorporation assay.
The EdU assay was performed using a Cell-Light™ EAU DNA
cell proliferation Detection Kit (RiboBio, Shanghai, China).
DU145 cells were seeded in each well of 96-well plates for
transfection with sicircZMIZ1 and negative control (NC).
After incubation at 37 °C and 5% CO, for 2 days, EAU (50 uM/
well) was added for 2 h, and then the cells were fixed with 4%
paraformaldehyde for 20 min. Apollo Dye Solution (RiboBio,
Shanghai, China) for proliferating cells was used for staining
at room temperature for 30 min. After washing three times
with PBS, Hoechst 33342 was used to stain nuclei acids for
30 min at room temperature. Images were observed with
an Olympus FSx100 microscope (Olympus, Tokyo, Japan),
and the percentage of EAU positive cells were counted. The
experiment was carried out in triplicate.

Statistical analysis. The data were presented as mean
+ standard deviation (SD). All experimental data were
performed by Statistical Program for Social Sciences (SPSS)
19.0 Software (SPSS, Chicago, IL, USA) and GraghPad Prism
6.0 (GraghPad Software Inc., San Diego, CA, USA). Differ-
ences of circZMIZ1 levels among groups were performed
using two-tailed Student’s t-test. The correlation between
two variables was performed with Pearson linear correla-
tion. A p<0.05 was considered to have significant difference.
*p<0.05, *p<0.01, **p<0.001.

Results

CircZMIZ1 expression is upregulated in PCa patients’
peripheral blood and cell lines. CircZMIZ1 was generated
from exon 6 and exon7 of ZMIZ1 gene as illustrated in scheme
(Figure 1A and Figure S1). To determine whether circRNAs
are differently expressed in PCa patients and normal control,
we first carried out qRT-PCR analysis to identify expres-
sion profiles in human PCa cell lines. Five commonly used
PCa cell lines were selected for in vitro study (Figure 1B),
including RWPE-1, C4-2, DU145, LNCaP and 22Rv1 cells.
We found that the expression level of circZMIZ1 was signifi-
cantly upregulated in DU145, LNCaP and C4-2 cell lines
compared to RWPE-1. Subsequently, we demonstrated that
circZMIZ1 was considerably higher in PCa patients’ plasma
samples than in corresponding normal control (Figures 1C
and 1D). These results indicated that circZMIZ1 may play an
oncogenic role in PCa.

Characteristic of circZMIZ1. The location of circRNA is
vital for its function. Interestingly, as showed in Figures 2A
and 2B, we found circZMIZ1 distributed almost equally
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Figure 1. Differential expression profiles of circZMIZ1 in prostate cancer. A) Scheme illustrating the production of circZMIZ1. The back-splicing site of
circZMIZ1 is shown with a red arrow. B) Relative expression level of circZMIZ1 was measured in normal human epithelial cell line RWPE-1 and four
prostate cancer lines, LNCaP, DU145, 22RV1 and C4-2 by qRT-PCR. C and D) The expression of circZMIZ1 was observed by qRT-PCR in 14 prostate
cancer patients blood samples compared with their corresponding normal control. GAPDH was used as internal control. Data are presented as the
mean + SD (n=3). Statistically significant was identified as p<0.05. (*p<0.05, **p<0.01). Student’s t test was utilized.

between the cytoplasm and nucleus in PCa cells. This local-
ization is different from the circRNAs generated from exons,
since these are mainly distributed in cytoplasm [21, 22]. The
different circZMIZ1 expression may regulate the function
in PCa progression and transcription. As mentioned previ-
ously, circRNAs are circular shape and covalently closed,
often generated from back-splicing of protein-coding exon.
So, we designed divergent and convergent primer to amplify
circZMIZ1 and linear ZMIZ1 mRNA. The cDNA and gDNA
templates were extracted from two plasma samples and C4-2,
DU145 cell lines. As shown in Figure 2C, we found that
circZMIZ1 were amplified by divergent primers in cDNA but
not in gDNA. The total RNA of DU145 cells was separated at
the indicated time point after treatment with actinomycin D
and the total RNA of C4-2 with RNase R, then analyzed by
using qRT-PCR. As shown in Figures 2D and 2E, we found
that the linear ZMIZ1 was digested by RNase R. However,
circZMIZ1 was resistant to digestion by the 3’-5exonuclease
RNase R, meaning that circZMIZ1 is more stable than the
linear RNA, and sicircZMIZ1, which was designed, had no
effect on linear ZMIZ1.

CircZMIZ1 knockdown inhibits the proliferation of
PCa cells in vivo. We observed that circZMIZ1 was signif-
icantly increased in peripheral blood compared to the
matched controls. Hence siRNA targeting circZMIZ1 was
transfected to knockdown the expression of circZMIZ1,
as shown in Figure 3A. siRNA dramatically silenced
circZMIZ1 whereas linear ZMIZ1 didn’t changed. Subse-
quently, functional experiments were carried out to reveal
the effect of circZMIZ1 in the development and progression
of PCa. CCK-8 assay showed that knockdown of circZMIZ1
markedly suppressed proliferation rate in both DU145 and
C4-2 cells compared with control cells (Figure 3B). The EAU
cell proliferation assay also showed that the proliferation of
PCa DU145 cells was inhibited by transfection with knock-
down of circZMIZ1 (Figure 3C). Taken together, these results
reveal that circZMIZ1 may modulate the growth of PCa cells.

Silencing of circZMIZ1 arrests cell cycle. We next inves-
tigated the role of circZMIZ1 on the cell cycle distribution of
DU145 and C4-2 cells via flow cytometry analysis. We noted
that silencing of circZMIZ1 could obviously increase the
proportion of cells in G1-phase from 51.66% to 71.44%, and
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Figure 2. Characterization of circZMIZ1 in human prostate cancer cells. A) RNA fluorescence in situ hybridization (FISH). Nuclei were stained with
DAPI. Scale bar, 2um. B) qRT-PCR analysis of circZMIZ1 in prostate cancer cells, U6 and GAPDH served as positive controls in the nucleus and cy-
toplasm, respectively. C) Divergent primer amplified circZMIZ1 in cDNA but gDNA in C4-2 cell lines and two prostate cancer patients. D) QRT-PCR
analysis of circZMZI1 and ZMIZ1 mRNA after treatment with RNase R in C4-2 cells. E) qQRT-PCR analysis of circZMZI1 and ZMIZ1 mRNA after treat-
ment with Actinomycin D at the indicated time points in C4-2 cells, 18S RNA was used as internal control.

the cells in S-phase decreased from 31.79% to 21.49% in C4-2
cells compared to the NC cells (Figure 3D). Similar findings
were observed in the DU145 cells, as shown in Figure 3E.
These results clearly indicate that circZMIZ1 may play a
major role in cell cycle progression.

Androgen treatments promotes the expression level of
circZMIZ1. As we know, androgen strongly correlates with
PCa, and we have found that circZMIZ1 was significantly
upregulated in PCa cell lines. To further investigate the
relationship between androgen and circZMIZ1, we analyzed
the level of circZMIZ1 under treatment with different
concentration of DHT in the LNCaP cell line. As showed in
Figures 4A and 4B, we noted that expression of circZMIZ1
could be induced by DHT treatment in LNCaP cells, and there
is an obvious time and dose dependence trend. Meanwhile,
when AR expression was silenced by siAR, we found that
level of circZMIZ1 was markedly decreased (Figure 4C).
In addition, the expression of AR was positively correlated
with the expression of circZMIZ1 in LNCaP cell line (Figure
4D). In conclusion, these results indicated that circZMIZ1
is closely associated with androgen and androgen receptor.

Silence of circZMIZ1 downregulates the level of AR-V7.
As previously mentioned, circZMIZ1 is encoded by the gene
ZMIZ1, which could enhance the transcriptional activity
of androgen receptor [14]. Hence, we hypothesized that
circZMIZ1 may be correlated with AR. To prove this, we
measured the expression level of both AR and AR-V7 mRNA
in LNCaP cells using qRT-PCR. Meanwhile, as shown in
Figure 4E, we observed that the expression of AR and AR-V7
mRNA was dramatically downregulated in LNCaP cells
treated with sicircZMIZ1. These results further revealed that
the expression of circZMIZ1 might modulate expression level
of AR and AR-V7. Moreover, circZMIZ1 may play a key role
in the development and progression of castration-resistant
prostate cancer (CRPC), which is strongly correlated with
activation of AR-V7 [23].

Discussion

ZMIZ1, originally named ZIMP10 or RAIl7, is a
transcriptional co-activator, which shares a highly conserved
SP-RING/Miz domain of Protein Inhibitor of Activated
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Figure 3. Silencing of circZMIZ1 inhibits human prostate cancer cell proliferation. A) The expression of linear ZMIZ1 and circZMZI1 was tested after
treated with sicircZMIZ1 by qRT-PCR. B) Cell proliferation was tested with CCK-8 assay in C4-2 and DU145 cells at indicated time points. C) Obser-
vation of DNA synthesis of DU145 transfected with sicircZMIZ1 by EdU (5-Ethynyl-2-deoxyuridine) assays. Cells were fluorescently stained with EQU
(red). Nuclei were stained with DAPI (blue). Scale bar, 50 um. D and E) Cell cycle assay was analyzed using flow cytometry after transfected with siNC
or sicircZMIZ1 in C4-2 and DU145 cells. Knockdown of circZMIZ1 induced an increase in G1 phase and a decrease in S phase. Data are presented as

mean * SD, *p<0.05, **p<0.01, **p<0.001 (Student’s t test).

STAT (PIAS) family members [24]. ZMIZ1 could increase
transcriptional activity of other DNA-binding factors, such
as androgen receptor (AR), SMAD3, STAT and p53 [14,
25, 26], it has also been proved that ZMIZ1 co-localized
with AR and enhanced sumoylation of AR in vivo [25]. In

particular, it has been reported that ZMIZ1, as an oncogene
[27], plays a promoting role in the growth of human PCa cell
lines [13]. Another ZMIZ1 related circZMIZ1 was screened
to be upregulated in PCa [17], however, the mechanism of
circZMIZ1 in PCa has not been reported.
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There is a growing body of evidence indicating that
circRNAs are not accidental by-products of pre-mRNA
splicing, and more and more circRNAs have been found and
reported to play pivotal roles during cancer cells progression
[28], apoptosis [29], angiogenesis [30], autophagy [31], and
so on. These results provide the idea that circRNAs have a
great potential contribution to pathological states and/or as
biomarkers of human diseases [32]. However, their clinical
value remains largely unknown. In our study, we also found
that circZMIZ1 was significantly upregulated in plasma of
PCa patients and cell lines (LNCaP, C4-2 and DU145) by
qRT-PCR. Due to their lariat structure, circZMIZ1 is much
more stable than ZMIZ1 mRNA in PCa cell lines in a time-
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dependent manner, making its enrichment in peripheral
blood of patients with PCa. These results suggest that the
upregulated circZMIZ1 can be used as a novel diagnostic
serum biomarker for the detection of PCa.

Notably, emerging evidence has shown that circRNAs
can act as oncogenes Or cancer suppressor genes in cancer.
For example, circular RNA MYLK [9], hsa_circ_0009910
[33] and circ-10720 [8] promote cancer growth and metas-
tasis, while circular RNA_LARP4 [34] and circular RNA
¢SMARCAS5 [35] can inhibit tumor proliferation and
invasion, and circRNAs can regulate gene expression and
function as miRNA sponge in cancer progression [35-40].
To grasp the function of circZMIZ1, we knocked down the
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Figure 4. CircZMIZ1 is correlated with DHT and AR-V7. A and B) The level of circZMIZ1 was analyzed by qRT-PCR with androgen-depleted medium
for 72 h and then treated with double hydrogen testosterone (DHT) (0.01, 0.1, 1, 10, 100, and 1000 nM) for 24 h and 48 h. C) qRT-PCR analysis of cir-
cZMIZ1 expression detected after transfected with siAR in LNCaP. D) The relationship between AR and circZMIZ1 was analyzed with Pearson linear
correlation. E) The expression of AR and AR-V7 was tested after treatment with sicircZMIZ1 by qRT-PCR. Data are presented as mean + SD, *p<0.05,
**p<0.01, ***p<0.001 (Student’s t test).
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expression of circZMIZ1 in PCa cells using sicircZMIZ1 to
explore its role in PCa progression. Our functional experi-
ments results revealed that knockdown of circZMIZ1 inhib-
ited DNA synthesis and cell proliferation in two different
PCa cell lines. Our data suggested that circZMIZ1 may
function as a novel candidate oncogene in PCa development
and progression.

Recently, Huang et al. found that UAP56 (DDX39B)
and URH49 (DDX39A) could control nuclear export of
long and short circRNAs in human cells, respectively
[41], and the distribution of circRNAs is mainly associ-
ated with its different biological function, in the cytoplasm,
exonic circRNAs (ecircRNA) from exons could function
as miRNAs and proteins sponge [42-44], interacting with
proteins [45]. On the contrary, intronic circRNAs from
introns, which largely localize in the nucleus, regulate the
gene transcription [42, 43]. Interestingly, we first found that
circZMIZ1, which derives from exon almost equally local-
izes in the cytoplasm and nucleus, and its function in the
nucleus correlated with AR transcription, however, the role
of circZMIZ1 in the cytoplasm should be further investi-
gated in future research.

The AR signaling axis plays a pivotal role in both
androgen-sensitive PCa and CRPC, especially AR-V7 is
strongly associated with castration resistance [46]. As
mentioned before, ZMIZ1, as a transcriptional co-activator,
can increase the transcriptional activity of AR, so we carried
out qRT-PCR experiments to investigate the relationship
between AR, AR-V7 and circZMIZ1 in LNCaP cell lines
by transfected using sicircZMIZ1. The results showed that
expression of AR and AR-V7 was significantly downregu-
lated by treatment with sicircZMIZ1. Furthermore, our
results suggest clearly that level of circZMIZ1 could be
induced by DHT stimulation in LNCaP cells in a concentra-
tion dependent manner. In addition, the expression of AR
was positively correlated with the expression of circZMIZ1
in LNCaP cell line, due to the small number of cases,
coefficient of determination r* is just 0.3683. It implied
circZMIZ1 involvement in the modulation of AR and
AR-V7 expression, and this further raises the possibility of
use of circZMIZ1 as a therapeutic target.

In conclusion, we showed that circZMIZ1 is upregu-
lated in PCa patients’ peripheral blood and PCa cells, and
it could be induced by DHT, the expression of AR and
AR-V7 could be silenced by sicircZMIZ1 treatment. We
also demonstrated that circZMIZ1 acted as a novel candi-
date oncogene in prostate carcinoma by potentiating cell
proliferation and promoting cell cycle. Furthermore, our
findings provided novel insight into the biological function
of circZMIZ1 that may act as a promising biomarker and
an oncogenic circRNA with potential function for the treat-
ment of patients with PCa.

Supplementary information is available in the online version
of the paper.
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Supplementary Table S1. The sequence of primers used for experiments

circBase in this study.
home ist search table browser blat  downloads help Primer Name for PCR Sequence (5*-3)
GAPDH-F GGGAAACTGTGGCGTGAT
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ID hsa_circ_0005844
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Hs68_RNase 20 18 16 36
Jeck2013
G Hs68_control siRNAs
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Systems Biology, Max Delbruck Center for Molecular Medicine, Berlin,
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Supplementary Figure S1. circBase annotation for circZMIZ1 (ID: hsa_

circ_0005844).




