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ABSTRACT

Breast cancer is the most common cancer in women worldwide. Numerous reports have demonstrated that
circRNAs play an essential role in regulating the biological characteristics of breast cancer. However, there are
currently no reports regarding the role of hsa_circ_0006014 in breast cancer. In this study, qRT-PCR was used to
detect the expression of hsa_circ_0006014 and related genes. MTT, colony formation and Transwell assays
were used to explore the potential biological functions of hsa_circ_0006014 in breast cancer cells. Western
blotting was used to explore the potential molecular mechanisms involving hsa_circ_0006014. In vivo
experiments were used to evaluate the influence of hsa_circ_0006014 on animal tumors. In this study, we
found higher expression of hsa_circ_0006014 in breast tumor samples than in matched adjacent normal
samples, and its expression was positively correlated with histological grade (grade iii). Phenotypically,
hsa_circ_0006014 promoted the proliferation of MDA-MB-231 and MCF-7 breast cancer cells. Mechanistically,
there were confirmed binding sites between hsa_circ_0006014 and miR-885-3p, and hsa_circ_0006014
promoted breast cancer cell proliferation partially by sponging miR-885-3p and influenced CDK2/CCNE1 and
CDK4/6/CCND1. Furthermore, we found that hsa_circ_0006014 regulated NTRK2 through miR-885-3p to
modulate the PIK3/AKT signaling pathway. Our results demonstrated that hsa_circ_0006014 promotes breast
cancer progression by sponging miR-885-3p to regulate the NTRK2/PIK3CA/AKT axis.

INTRODUCTION in 2020 with a rate of 19.9% [1] and results in a major
cancer burden in China. To date, high endogenous
Breast cancer (BC) is due to uncontrolled proliferation estrogen levels [3], family history of breast cancer
of mammary epithelial cells under the action of various [4, 5], endometriosis [6], genetic mutations [7, 8], etc.
carcinogenic factors. There were 2.26 million new cases have been proven to be risk factors for breast cancer.
worldwide in 2020, which ranks as the highest However, the exact cause of breast cancer remains
incidence rate of 11.7% according to the International unknown. Therefore, identification of the probable
Agency for Research on Cancer (IARC) [1, 2]. In mechanism of tumorigenesis and therapeutic targets for
addition, 680,000 women died of breast cancer in 2020, breast cancer is urgently needed.
which is the highest number of female cancer-related
deaths in the world, accounting for 15.5% of all cancer Circular RNAs (circRNAs) are stable noncoding small
deaths [2]. Similarly, breast cancer had the highest RNAs due to their covalently bonded loop structure
number of new cases of cancer among Chinese women without 5" and 3’ polyadenylation and a poly-A tail and
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were initially thought to be the product of splicing
errors of endogenous RNAs [9]. It has been reported
that circRNAs participate in various biological
processes because of their unique structures, and the
most researched function of circRNAs is sponging
microRNAs (miRNAs) and inhibiting miRNA activity
and therefore regulating the expression of target genes
[10]. For example, circ0061825 was reported to regulate
breast cancer progression and EMT by sponging miR-
326 and targeting TFF1 [11]; circ0002178 sponged
miR-328-3p to regulate cellular viability, metabolism
and angiogenesis in breast cancer [12].

MiRNAs are small endogenous RNAs with lengths of
approximately 19-25 nucleotides that negatively
regulate gene expression by directly binding to target
genes and are involved in various biological functions,
including cancer cell proliferation, metastasis, and
progression [13]. One study reported that exosomal
miR-7641 could drive breast cancer progression and
metastasis via the transportation of exosomes [14];
miR-142-3p could suppress breast cancer malignancy
by targeting HMGAZ2 [15] I In addition, many studies
have reported that miRNAs are key regulators of
different cancer types and are promising targets for
cancer treatment and diagnostic tools [16]. For instance,
exosomal miRNA-205 could promote chemoresistance
and tumorigenesis through E2F1 in breast cancer, and
targeting exosomal miRNA-205 may be a treatment
strategy to reduce cancer chemoresistance [17]; One
study reported that five plasma miRNAs (let-7b-5p,
miR-122-5p, miR-146b-5p, miR-210-3p and miR-215-
5p) could serve as promising biomarkers for breast
cancer detection [18].

Neurotrophic receptor tyrosine kinase 2 (NTRK?2), also
known as Trk-B, encodes a member of the NTRK
family of proteins [19]. NTRK fusions were reported to
occur in a variety of solid tumors, especially in
secretory carcinomas, such as breast cancer [20]. NTRK
family proteins bind with neurotrophins, which are
transmembrane bridges that cause dimerization and
subsequent phosphorylation of the neurotrophin protein,
thus activating several key downstream intracellular
pathways, such as the MAPK, PIK3, PLC-gamma and
PI3/AKT pathways [20]. The fusion type of NTRK?2 is
specifically decreased in breast cancer [21] while
NTRK?2 itself is closely related to breast cancer; it is
related to sleep disorders after surgery and increases the
incidence of side effects after chemotherapy [22]. The
PI3K/AKT signaling pathway is one of the most
important cellular signaling pathways and plays a
critical role in cell survival, cell cycle progression and
cancer angiogenesis [23]. Various studies have reported
that miRNAs can target the major components of the
PI3K/AKT signaling pathway and act either as

oncogenes by activating the PI3K/AKT pathway or as
tumor suppressors by suppressing this pathway [24].

In our study, we found that the expression of
hsa circ 0006014 (circ_ 6014) was higher in breast
tumor tissues than in paracarcinoma tissues, and
functional assays revealed that circ_6014 could affect
the proliferation, migration and invasion of breast
cancer. Moreover, we observed that overexpression of
circ 6014 led to the downregulation of miR-885-3p
expression and upregulation of NTRK2 expression in
vitro, suggesting that circ 6014 acts as a ceRNA.
Furthermore, inhibition of circ 6014 inhibited the
PIK3/AKT pathway. Our study indicates that circ_6014
could sponge miR-885-3p and thus regulate the
NTRK2/PIK3/AKT pathway in breast cancer, which we
hope could be a new therapeutic strategy for breast
cancer in the future.

RESULTS

Characteristics in breast cancer

patients and cells

of circ_6014

According to the ENCORI database (http:/starbase.
sysu.edu.cn/index.php) (Figure 1A), we found that
ILKAP (Gene ID: 80895, location: 2q37.3,
chr2:239082174-239093928, https://www.ncbi.nlm.nih.
gov/gene/80895) is highly expressed in breast cancer
samples compared with adjacent normal samples. In
addition, the Kaplan-Meier survival curve from LOGpc
(http://bioinfo.henu.edu.cn/DatabaseList.jsp)  revealed
that patients with higher ILKAP expression levels had a
worse overall survival rate than those with lower
ILKAP expression levels from GSE10885 (p = 0.0148)
(Figure 1B), GSE10893 (p = 0.0179) (Figure 1C), and
GSE2741 (p = 0.0221) (Figure 1D). qRT-PCR of the
relative expression of ILKAP between breast cancer
tissues and paired adjacent normal tissues from
Shanghai Tenth Hospital corresponded to the results of
the database (Figure 1E) (Student’s ¢ test, p < 0.05). Our
research focused on noncoding RNA regulation in
breast cancer. Therefore, the circRNA circ_6014, which
is from the host gene ILKAP and cyclized in the head-
to-tail direction from exon 6 to exon 10, attracted our
attention  (http://circrna.org/cgi-bin/simplesearch.cgi)
(Figure 1F).

Importantly, the fold changes of circ 6014 in breast
cancer tissues were positively correlated with those of
ILKAP (Y = 1.120X + 8.484, R? = 0.3492, p = 0.334;
Figure 1G). Similarly, we found that circ 6014 has
higher expression in breast cancer tissues, which
corresponded to the results that ILKAP is highly
expressed in breast cancer tissues (Figure 1H)
(Student’s ¢ test, p < 0.05). Furthermore, we determine
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the relative expression of circulating circ_6014 in blood
between preoperative and postoperative plasma from
BC patients, and the relative expression level of
circ_ 6014 apparently decreased after the tumor was
removed (Figure 1I) (Student’s ¢ test, p < 0.05). Our
data showed that higher expression of circ_6014 was
related to a worse histological grade (grade iii)
(Table 1) (Fisher’s exact test, p < 0.05). To confirm the
existence and stability of circ_6014 in breast cancer, we
treated MDA-MB-231 and MCF-7 cells with
actinomycin D, which can inhibit transcription, and
observed that the level of linear ILKAP was decreased,
while the circ 6014 level was maintained over time
(Figure 1J, 1K). Our results confirmed that circ_6014

was present in breast cancer and highly expressed in
breast cancer tissues and was positively correlated with
clinical-pathological parameters and worse overall
survival.

circ_6014
proliferation

promoted breast cancer cellular

MDA-MB-231 and MCF-7 cells were used, and three
circ_6014 siRNAs were separately transfected into both
cell lines to eliminate off-target effects (Supplementary
Figure 1A, 1B). Circ_6014 plasmids were also
transfected. Then, qRT-PCR was used to verify the
efficiency of siRNA and the constructed plasmid
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Figure 1. Analysis of circ_6014 in breast cancer. (A) Relative expression of the host gene circ_6014 in breast cancer according to
ENCORI. (B—D) Kaplan-Meier survival curve showed higher ILKAP expression indicated worse patient prognosis in GSE10885 (B), GSE10893
(C), and GSE2741 databases (D). (E) Relative expression of ILKAP in breast cancer and adjacent noncancer tissues. (F) The simplified graphic
of the spliced location of circ_6014 from its host gene and the 6-10 exons that constituted this circRNA. (G) The positive linear correlation
between the mRNA level of ILKAP and the expression level of circ_6014 in breast cancer tissues. (H) circ_6014 was more highly expressed in
breast cancer tissues compared to adjacent non-cancer tissues. (I) Relative expression of circ_6014 between the patients’ preoperative and
postoperative plasma and downregulation of its expression after the operation. (J, K) Relative abundance of circ_6014 and its host gene
ILKAP under treatment with actinomycin D for different times. The abundance of ILKAP decreased, while that of circ_6014 remained

ok

invariant. *p < 0.05, “*p < 0.01, "*p < 0.001.

WwWw.aging-us.com

3107

AGING



Table 1. Statistical analysis of correlations between clinical pathological parameters characteristics and expression of

hsa_circ_0006014 in BC tissues (Fisher exact test).

circ_6014 expression

Clinical pathological parameters - P
high low
<50 2 0 1.000
Age
>50 9 5
T ize (mm) <20 4 1 1.000
umor size (mm 20 . 4
Lymphonodus Yes 4 2 1.000
metastasis No 7 3
I~11 9 3 0.547
TNM status
HI~1v 2 2
Histoloeical eradi i~ii 2 4 0.036
istological gradin
gica gracing i 9 1
+ 5 2 1.000
ER stat
status - 6 3
+ 5 1 0.588
PR status
- 6 4
+ 1 0 1.000
HER-2 status
- 10 5
. <30% 3 2 1.000
Ki67 status >30% 8 3
Molecular TNBC 5 3 1.000
classification the others 6 2
(Figure 2A, 2B) (Student’s 7 test, p < 0.05). The MTT influence breast cancer cellular proliferation via

results showed that downregulation of circ 6014
expression suppressed the proliferation of MDA-MB-
231 and MCF7 cells and that upregulation of circ_6014
expression promoted breast cancer cell proliferation in a
time-dependent manner (Figure 2C, 2D). Additionally,
colony formation and Transwell assays confirmed the
biological function of circ_6014 in proliferation, migration
and invasion (Figure 2E-2H and Supplementary Figure
1C, 1D) (Student’s ¢ test, p < 0.05).

Then, we used flow cytometry to detect the cell cycle
progression of both breast cancer cell lines. The results
indicated that downregulation of circ 6014 expression
arrested the cell cycle in the GO/G1 phase (Figure 21 and
Supplementary Figure 1E, 1F) (Student’s ¢ test, p < 0.05),
and upregulation of circ_6014 expression promoted this
phase (Figure 2J and Supplementary Figure 1G, 1H)
(Student’s ¢ test, p < 0.05). Then, we detected the
potential protein levels of cell cycle and proliferation
markers after transfection of circ 6014 siRNAs and
plasmids. We found that decreased expression of
circ 6014 decreased the protein expression levels of
PCNA, CDK2/CCNEI1, and CDK4/6/CCNDI1, and
overexpression of circ_6014 increased the expression of
these proteins in breast cancer cells (Figure 2K-2N)
(Student’s ¢ test, p < 0.05). Thus, circ 6014 could

regulation of the cell cycle through changes in
CDK2/CCNE1 and CDK4/6/CCND1 cell cycle proteins
and regulation of the G0/G1 phase of the cell cycle.

Filtrating miRNAs that bind to circ_6014 in breast
cancer

To identify the miRNAs that may have a potential
binding site of circ 6014, we examined four circRNA
databases (circular RNA interactome, ENCORI, miRanda,
and RNA hybrid). The schematic binding sites of 17
miRNAs and circ_6014, which were randomly selected
from two of four databases, are shown in Figure 3A. A
total of eight miRNAs that were predicted in three of
four databases (Supplementary Table 1) were selected
and analyzed in the literature of https://pubmed.gov/ to
identify potential functions in cancer. According to the
logical relationships of ceRNAs, four miRNAs were
chosen for further experiments (Supplementary
Table 2). qRT-PCR was performed to verify whether
these four miRNAs are sponged by circ_ 6014 in breast
cancer cells (Supplementary Figure 2A, 2B). We found
that after changing the expression of circ 6014, miR-
885-3p was changed accordingly compared to that of a
negative control group in both cell lines (Figure 3B, 3C)
(Student’s ¢ test, p < 0.05).
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Figure 2. Biological functions of circ_6014 in breast cancer cells. (A, B) Expression levels of circ_6014 in both MDA-MB-231 and
MCF-7 cells after transfection with the second small interfering RNA and circ_6014 plasmids. (C, D) MTT assays of both cell lines showed
that the proliferation was inhibited (C) or promoted (D) with decreased or overexpressed levels of circ_6014. (E, F) Colony formation assays
showed that the down- or upregulated level of circ_6014 suppressed (E) or enhanced (F) the cellular colony-forming capacity. (G, H)
Transwell assays showed that migration and invasion were suppressed (G) by downregulating circ_6014 expression and promoted (H) by
upregulating circ_6014 expression. (I, J) The percentage of cell cycle distribution of the GO/G1, S, and G2/M phases with down- or
upregulation of circ_6014 expression in both breast cancer cells; circ_6014 could affect the progression of GO/G1 phase. (K) Protein levels
of CDK2, CCNE1, CDK4, CDK6, CCND1, and PCNA in MDA-MB-231 and MCF-7 cells decreased after decreasing the expression of circ_6014.
(L) Columns were used to quantify the cell cycle protein expression levels in (K) relative to B-actin. (M) Protein levels of CDK2, CCNE1, CDK4,
CDK6, CCND1, and PCNA in MDA-MB-231 and MCF-7 cells increased after increasing the expression of circ_6014. (N) Columns were used to
quantify the cell cycle protein expression levels in (M) relative to B-actin. "p < 0.05, “*p < 0.01, ***p < 0.001.
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circ_6014 interacted with miR-885-3p this hypothesis. Therefore, two special vectors
involving the wild-type and mutant-type binding

According to the above results, miR-885-3p had the domains of the circ_6014 predicted binding region were
highest possibility of directly binding to circ 6014. constructed (Figure 3D). Compared with the negative
Hence, luciferase reporter assays were used to prove control, miR-885-3p obviously decreased the relative
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Figure 3. Circ_6014 regulated the expression of miR-885-3p. (A) MiRNAs that have binding sites with circ_6014 according to two
databases (miRanda and RNA hybrid). (B, C) The expression level of miR-885-3p increased (B) or decreased (C) with the down- or
upregulation of circ_6014 expression. (D) The predicted wild-type binding sites and designed mutant-type binding sites of miR-885-3p and
circ_6014. (E, F) Dual-luciferase reporter assays conducted in HEK293T and MDA-MB-231 cells with miR-885-3p and circ_6014 suggested
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activity (Renilla/firefly) of luciferase reporters of the
wild-type group, while the mutant-type group revealed
no change (Student’s # test, p < 0.05) in accordance with
the predictions (Figure 3E). Then, we cotransferred the
vectors and mimics into MDA-MB-231 cells and
obtained results similar to those in HEK293T cells
(Figure 3F). These results verified that miR-885-3p can
directly bind to circ_6014.

To confirm whether the promotional function of
circ 6014 in BC occurs by binding miR-885-3p, we
performed rescue experiments. The siRNA of circ_6014
described above was cotransfected with the inhibitor of
miR-885-3p, while the circ 6014 plasmid was
cotransfected with the mimics of miR-885-3p. Their
negative controls were cotransfected at the same time
into both MDA-MB-231 and MCF-7 cells. Functional
assays revealed that a decrease or increase in miR-885-
3p could restrain the impact caused by the interference
or increase in circ 6014 (Figure 3G-3L). Taken
together, our results demonstrated that circ 6014 can
interact with miR-885-3p in breast cancer cells.

miR-885-3p inhibited breast cancer cell proliferation
and motility ability

Since circ_6014 could interact with miR-885-3p in
breast cancer, we explored its potential functions in
breast cancer cells. We transfected mimics of miR-
885-3p and its negative control into both BC cell lines
and used qRT-PCR to ensure the overexpression
efficiency (Figure 4A) (Student’s ¢ test, p < 0.05).
Then, functional experiments were performed to
validate the function of miR-885-3p. MTT
proliferation assays of the two cell lines suggested that
miR-885-3p inhibited the proliferation of BC cells in
vitro (Figure 4B, 4C). Furthermore, the colony
formation and Transwell assays indicated that BC
cellular proliferation and motility were depressed
(Figure 4D, 4E and Supplementary Figure 2C)
(Student’s ¢ test, p < 0.05). Then, we used flow
cytometry to detect the cell cycle progression of both
breast cancer cell lines after increasing the expression
level of miR-885-3p, and the results suggested that the
cell cycle was arrested at the GO/G1 phase (Figure 4F
and Supplementary Figure 11, 1J) (Student’s ¢ test, p <
0.05). In addition, western blotting indicated that miR-
885-3p suppressed the progression of breast cancer
cells by downregulating the expression level of PCNA
and the expression levels of CDK2/CCNE1 and
CDK4/6/CCND1 (Figure 4G—41I) (Student’s ¢ test, p <
0.05). Our results suggested that miR-885-3p could
suppress the proliferation of breast cancer cells,
partially by suppressing the expression levels of
CDK2/CCNE1 and CDK4/6/CCND1 and arresting the
cell cycle in the GO/G1 phase.

miR-885-3p targeted NTRK2/PIK3CA/AKT pathway

In accordance with the four miRNAs that may bind to
circ 6014, we used reliable databases (TargetScan/TS,
miRDB) to identify the mRNAs that may have binding
sites with miRNAs by using the keywords miR-885-3p
and miR-766-3p and drew a Venn diagram to determine
whether the potential mRNAs identified from the two
databases overlapped (Supplementary Figure 2D). Then,
we selected nine mRNA candidates from the four
overlapping areas that were proven to promote the
progression of cancer from published articles
(Supplementary Table 3). We then tested these candidates
by downregulating the expression of circ_ 6014 in MDA-
MB-231 cells and found that NTRK2 was the most likely
candidate (Supplementary Figure 2E).

Then, we chose a binding site that has highest context
score percentile and constructed luciferase reporter
plasmids according to the binding sites of miR-885-3p
and the 3'-UTR of NTRK2 mRNA (Figure 4J and
Supplementary Figure 2F). The two vectors were
cotransfected into both HEK293T cells and MDA-MB-
231 cells with mimics of miR-885-3p or its negative
control. The results indicated that miR-885-3p could
target NTRK2 in both cell lines (Figure 4K, 4L)
(Student’s ¢ test, p < 0.05). In addition, overexpression of
miR-885-3p suppressed the mRNA and protein levels of
NTRK?2 in MDA-MB-231 and MCF-7 cells. The qRT-
PCR results for the relative expression of NTRK?2 in the
miR-885-3p overexpression group also indicated that the
miR-885-3p target NTRK2 had strongly downregulated
expression (Figure 4M) (Student’s 7 test, p < 0.05), which
proved the close relationship between miR-885-3p and
NTRK2. The protein-protein interaction database
STRING (https://string-db.org/cgi/input.pl) was applied
to explore whether the protein translated from NTRK2-
mRNA can interact with other proteins. Therefore, we
detected the expression and phosphorylation of AKT
after overexpression of miR-885-3p. We found that the
expression of PIK3CA and phosphorylation of AKT
(threonine 308) were obviously weakened, while that of
AKT remained unchanged in both BC cell lines. (Figure
4N—4P). Taken together, our results indicated that miR-
885-3p could target NTRK2 and suppress the expression
of PIK3CA and phosphorylation of AKT (threonine 308).

circ_6014 regulated PIK3CA/AKT pathway through
NTRK2

As the relative expression level of the assumed target
gene NTRK2 was verified in the circ_6014-silenced
MDA-MB-231 cells, we further determined that in
another BC cell line, MCF-7, the results indicated that
NTRK2 was apparently decreased (Figure 5A)
(Student’s ¢ test, p < 0.05). Overexpression of circ_6014
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increased the expression of NTRK2 in both BC cell lines
(Figure 5B) (Student’s ¢ test, p < 0.05). The positive
correlation between the expression level of NTRK2 and
that of circ_6014 was further confirmed by western blots
of both MDA-MB-231 and MCF-7 cells. Likewise, the
protein expression of PIK3CA and phosphorylation of
AKT (threonine 308) were obviously weakened by
decreasing the expression of circ 6014 and strengthened
by increasing the expression of circ_6014 in both BC cell
lines (Figure SC—5H). Our results indicated that NTRK2
is one of the target genes of circ 6014 and governs the
biological function of circ 6014 by affecting the
PIK3CA/AKT pathway.

Knockdown of circ_6014 suppressed breast cancer
tumor growth in vivo

The xenograft assay was carried out to observe the
ability of circ_6014 to promote tumorigenesis with the
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support of MDA-MB-231 cells infected with lentivirus
expressing Plko.1-sh_ NC or Plko.1-sh _circ_6014. The
efficiency of infection in MDA-MB-231 cells was
ensured by qRT-PCR (Figure 6A), which indicated that
the expression of circ 6014 was significantly
downregulated by shRNA. The results showed that the
loss of function of circ 6014 could suppress tumor
growth in vivo (Figure 6B—6D). Moreover, there was no
significant difference in body weight between the two
groups of nude mice over time (Figure 6E).
Furthermore, the histograms of the relative expression
of miR-885-3p and NTRK2 (Figure 6F, 6G) were
consistent with the trend observed in the in vitro
experiments. The relative protein expression of NTRK2
was decreased with the knockdown of circ 6014, while
those of PIK3CA, p-AKT at threonine 308, and AKT
were also decreased in the circ_6014 knockdown group
(Figure 6H, 6I). Our results indicated that knockdown
of circ_ 6014 can suppress BC tumor growth in vivo.
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DISCUSSION

In contrast to traditional noncoding RNAs, circRNAs
are a group of highly conserved, covalent closed-looped
RNAs with a reversed 5’ to 3’ end head-to-tail
connection [25, 26]. The increased level of circRNF20
in BC indicates a poor clinical prognosis of patients
[27]. These results suggest that circRNAs can be both
oncogenes and  potential  therapeutic  targets.
Nevertheless, another novel circRNA, circ_ 6014, had
upregulated expression in BC tumor samples compared
with paracarcinoma samples and downregulated
expression after the patients underwent the operation,
but its mechanism in breast cancer is unknown.

The best-known mechanisms of circRNAs are serving
as miRNA sponges [28], binding with RNA binding

proteins (RBPs) [29] transferring miRNAs into cells
[30], encoding proteins [31], etc. Among them,
competitive endogenous binding to miRNAs has been
the most studied. Circ_0060428 was shown to promote
osteosarcoma cell proliferation through the miR-
375/RBPJ axis [32]. In addition, the migration of
hepatocellular carcinoma cells was found to be impeded
by the circ_0003645/miR-1299/PI3K/mTOR pathway
[33]. In this research, circ_ 6014 was predicted to have
binding sites with miR-885-3p via bioinformatics
analysis (Figure 3A). Moreover, miR-885-3p expression
was apparently upregulated with circ_6014 interference
but downregulated when exogenous circ 6014 was
introduced. Moreover, the relative intensity of luciferase
confirmed this hypothesis, which suggests that
circ_6014 has a similar function as a miRNA sponge.
Overexpressing circ_ 6014 can protect the inhibitory
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Figure 6. Xenograft experiments in female nude mice with circ_6014 knockdown. (A) Expression level of circ_6014 in stable
circ_6014 knockdown MDA-MB-231 cells. (B) Photo of individual tumors. (C) The size of tumors of each group varied with time, and that of
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function of miR-885-3p in the proliferation of BC cells.
Mechanistically, circ_ 6014 promoted proliferation by
competing with miR-885-3p for binding.

One most common function of miRNAs is base-pairing
with specific mRNAs [34], followed by cleavage of the
mRNA into two pieces or a decrease in the translation
of the mRNA [35, 36], e eventually silencing target
mRNAs or regulating these molecules post-transcription
[34, 37]. Several studies have been carried out on the
function of miR-885-3p as a tumor suppressor, such as
Cao J et al. proved that miR-885-3p can directly target
the mitotic serine/threonine kinase Aurora A and help to
increase the sensitivity to docetaxel chemotherapy in
lung adenocarcinoma [38]. Moreover, this molecule can
inhibit the process of gastric malignancy by combining
with CDK4 [39]. Likewise, miR-885-3p decreased the
activity of cellular proliferation and the ability of colony
formation in BC, and miR-885-3p could affect the
expression of CDK2/CCNE1 and CDK4/6/CCNDI,
which was consistent with the reported studies. Our in
vivo results showed that loss of function of circ_6014
could suppress tumor growth and resulted in no
significant difference in body weight between the two
groups of nude mice over time. Furthermore, the
histograms of the relative expression of miR-885-3p
and NTRK2 were consistent with the trend observed in
the in vitro experiments.

Additionally, bioinformatics analysis revealed possible
binding sites between miR-885-3p and the 3'UTR of
NTRK2 mRNA (Figure 4L). The two vectors were
cotransfected into both HEK293T cells and MDA-MB-
231 cells with mimics of miR-885-3p or its negative
control. The results indicated that miR-885-3p could
target NTRK2 in HEK293T and MDA-MB-231 cell
lines. In addition, overexpression of miR-885-3p
suppressed the mRNA and protein levels of NTRK2 in
MDA-MB-231 and MCF-7 cells. The qRT-PCR results
for the relative expression of NTRK?2 in the miR-885-
3p-overexpressing group also indicated that the miR-
885-3p target NTRK2 showed strongly downregulated
expression.

It has been reported that NTRK2 has significant
associations with the side effects of breast cancer
patients after chemotherapy [22]. Moreover, according
to a bioinformatics analysis of differentially expressed
genes between luminal B2 breast cancer tumor and
nontumor tissues, NTRK2 participates in tumor-
promoting pathways, focal adhesion, and ECM-receptor
interactions and plays a leading role in tumorigenesis
[40]. The PIK3/AKT pathway is tightly related to
tumorigenesis, cellular progression, and transference in
breast cancer [41, 42]. The relative expression level of
NTRK?2 decreased as expected when miR-885-3p was

overexpressed or circ 6014 was knocked down.
Furthermore, the relative expression of PIK3CA and
phosphate AKT (threonine 308) showed the same trend
as NTRK2, which is in agreement with the connection
between NTRK2 and AKT predicted in a reliable
database. Therefore, our results demonstrated that
circ 6014 can sponge miR-885-3p to regulate the
NTRK2 and PIK3/AKT pathways in breast cancer.

In summary, we found that circ_6014 may inhibit breast
cancer, serve as a ceRNA and participate in the
proliferation of breast cancer cells through the
circ_6014/miR-885-3p/NTRK2-PIK3CA/AKT axis
(Supplementary Figure 3), which suggests that
circ 6014 can be a potential biomarker and clinical
therapeutic target.

MATERIALS AND METHODS
Clinical specimen achievement and RNA extraction

16 pairs of matched tissues of breast cancer and para-
carcinoma breast gland tissues were obtained from
patients who underwent surgeries in the Department of
Thyroid and Breast Surgery, Shanghai Tenth People’s
Hospital (Shanghai, China). The approved ethics
number is SHDSYY-2020-4531(Shanghai  Tenth
People’s Hospital). Likewise, 12 pairs of matched
venous blood samples were drawn to sodium citrate-
treated blood-collection tubes from patients from the
same group of patients before and one day after the
surgery. Every patient involved provided written
informed consent, the experiments obtained ethical
approval from the Ethical Committee of Shanghai Tenth
People’s Hospital at the same time.

Cell culture and transfection

Breast cancer cell lines MDA-MB-231 and MCF-7
were purchased from the Chinese Academy of Science
at Shanghai (Shanghai, China). Human embryonic
kidney (HEK) 293 T cell line was a kind gift from the
Department of Laboratory Medicine, Shanghai Tenth
People’s Hospital. The cells were cultured in
Dulbecco’s Modified Eagle's medium (DMEM, Gibco,
New York, USA) with 10% fetal bovine serum (FBS,
Lonsera Lonsa Science SRL, Shanghai, China) and 1%
penicillin-streptomycin  (PS, Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany), in an incubator equipped
with an artificial environment at 37°C with 5% CO..

Small interfering RNAs (siRNAs), mimics and inhibitor
of miR-885-3p and their negative control (NC),
pcDNA3.1 (+) circRNA Mini Vector- circ_6014 and its
empty vector for transient transfection were synthesized
and purchased from Ibsbio (Shanghai, China). Their
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sequences were listed in Supplementary Table 4.
Meanwhile, vectors were maintained in puncture
bacteria and extracted with TIANprep Midi Plasmid Kit
(TIANGEN, Beijing, China). All of the above were
transfected with HieffTrans™ Liposomal Transfection
Reagent (Yeasen, Shanghai, China) according to the
manufacturer’s instructions with a concentration of 100
nM/mL for siRNA of circRNA, mimics, and inhibitor of
miRNA, and a concentration of 2 pg/mL for the plasmid
of pcDNA3.1(+) circRNA Mini Vector.

Quantitative reverse transcription-polymerase chain
reaction (QRT-PCR)

Total RNA was isolated from MDA-MB-231 and MCF-7
cells with TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol, which
cells were treated by siRNA, mimics, inhibitor or plasmid
for 36 to 48 hours. cDNAs were generated by HiScript 11
Q Select RT SuperMix Kit (Vazyme; Nanjing, Jiangsu,
China) followed by the manufacture’s protocol. qRT-
PCR was performed on a 7900HT fast real-time PCR
system (Applied Biosystems, Singapore). Primers used
for detecting the abundance of circ 6014, miR-885-3p,
NTRK2, and primers regarding internal calibrate the
expression of hsa circ 0006014, miRNA, and mRNA,
which were respectively 18s TRNA, U6 snRNA, and -
ACTIN were listed in Supplementary Table 4.

Actinomycin D treatment assay

Both breast cancer cell lines were respectively
cultivated in 6-well plates till the cell confluence
reached 90% to 100% per well. Then every well was
changed with fresh full DMEM medium and exposed to
2 pg/mL Actinomycin D (KE1084, Kingmorn life
science, Shanghai, China) for four, eight, or twelve
hours. Then, total RNA was extracted from these cells
and the expression of ILKAP mRNA and circ_ 6014
were detected by qRT-PCR, the details of RNA
extraction and qRT-PCR are described at the third part
of Materials and Methods.

Methylthiazolyldiphenyl-tetrazolium bromide (MTT)
proliferation assay

Treated breast cancer cells were transferred to a 96-well
plate from a 6-well plate 24 hours after transfection.
The cell proliferation rate was measured by testing the
absorbance after dissolving the MTT (Beyotime,
Shanghai, China) with dimethyl sulfoxide (DMSO,
Sangon Biotech, Shanghai, China) according to the
manufacturer’s instructions (Beyotime, Shanghai,
China) for five days. A microplate spectrophotometer
(BioTek, Winooski, VT, USA) was used to measure the
absorbance of each sample at a wavelength of 490 nm.

Colony formation assay

After transfected with siRNA, mimics, inhibitor, or
plasmid for 24 hours, breast cancer cells were collected
by centrifugation and prepared for single-cell
suspensions. Then they were cultured in a new 6-well
plate at a consistency of 600 cells per well for MDA-
MB-231 cells and 800 cells per well for MCF-7 cells.
Fresh complete medium was changed every three days.
Approximately 10 days later, the bottom of the wells
was washed with PBS twice, fixed with 4%
paraformaldehyde for 10 minutes, stained with Crystal
Violet and washed with ddH,O three times. Photos of
the whole cloned cells of the per well were taken
eventually.

Transwell formation assay

After transfection mentioned above, breast cancer cells
were collected by centrifugation and then they were
cultured with 200 ul 2% FBS-DMEM in an upper-
transwell cup with 30,000 cells per well for migration
and 80,000 cells per well for invasion. The lower well
was fulfilled with 500 ul 10% FBS-DMEM.
Approximately 12 hours later, the bottom of the wells
was washed with PBS twice, fixed with 4%
paraformaldehyde for 10 minutes, stained with Crystal
Violet and washed with ddH>O for three times and
washed with ddH,O three times. Photos of the whole
bottom migrated or invasive cells of the well were taken
eventually.

Cell cycle analysis

The MDA-MB-231 and MCF-7 cells transfected with
siRNA, mimics, or plasmid for 36 hours subsequently.
After that, the cells were respectively collected and
washed with ice-bathed PBS twice, fixed in ice-bathed
75% ethanol, and stored at 4°C for 24 hours. Finally,
after washing with ice-bathed PBS twice, both cells
were stained with propidium iodide (PI)/ RNase A
mixture (Beyotime, Shanghai, China) at 37°C for 30
minutes and analyzed by flow cytometry (BD
Pharmingen Franklin Lakes, NJ, USA).

Western blot assay

Total proteins of breast cancer cells MDA-MB-231 and
MCF-7 were extracted 72 hours after transfection. They
were washed with precooled PBS three times and lysed
for 30 minutes on ice with RIPA lysis buffer (Beyotime,
Shanghai, China), which was pre-mixed with InStab™
phosphatase inhibitor cocktail (Yeasen, Shanghai,
China) according to the manufacturer’s protocol. Then
the protein concentration was detected by BCA Protein
Assay Kit (Beyotime, Shanghai, China) and dyed in 6x
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sodium dodecyl sulfate (SDS) loading buffer
(Beyotime, Shanghai, China), denatured at 100°C for 10
minutes finally. Subsequently, 60 microliters of
denatured protein samples were separated on a 7%
SDS-PAGE gel and then electrophoretically transferred
onto 0.45-um nitrocellulose membranes (Beyotime,
Shanghai, China). The membranes were blocked with
5% BSA for (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) an hour and incubated with specific primary
antibodies at 4°C overnight. Afterwards, the membranes
were washed with PBS joined with Tween 20 (1000:1)
to gotten rid of the rest of primary antibodies, then
incubated with fluorescently conjugated secondary anti-
rabbit or anti-mouse antibodies. The target protein
bands were scanned by an Odyssey Scanning System
(LI-COR Biosciences, Lincoln, NE, USA) at last.
Details for primary and secondary antibodies used were
listed in Supplementary Table 5.

Dual-luciferase reporter assay

Specific fragments of circ_ 6014 and NTRK2 3'-UTR
containing the predicted binding site of miR-885-3p
were inserted into the dual luciferase plasmid
psiCHECK?2 vector (Ibsbio, Shanghai, China) at the
downstream of the Renilla luciferase gene to construct
pmirGLO- circ_6014 vector and pmirglo-NTRK2
3’-UTR vector.

HEK 293T cells and MDA-MB-231 cells were
transiently co-transfected with 0.5 micrograms of
psiCHECK2 vectors constructed above in addition to 50
nmol of miR-885-3p mimics or its negative control
using Hieff Trans™ Liposomal Transfection Reagent
(Yeasen, Shanghai, China). 48—72 hours later, total
protein from cell lysates was collected and centrifuged.
Afterward, firefly and renilla signals were determined
using a Dual-Lumi™ Luciferase Reporter Gene Assay
Kit (Beyotime, Shanghai, China). Firefly signals were
normalized to the corresponding renilla signals while
the results were offered as the ratio of firefly to renilla
signals.

Stable cell line construction

The shRNA of hsa circ 0006014 (Plko.1-puro-GFP-
circ_6014) and its empty vector for stable transfection
were synthesized by Ibsbio (Shanghai, China). They
were separately constructed into lentivirus purchased
from Zorin (Shanghai, China) according to the
manufacturer's protocol.

MDA-MB-231 cells (2.0 x 10°/well) were cultured in 6-
well plates till they reached 90% to 100% confluence
for lentivirus infection. The eventual volume of the
mixture of the solution was two milliliters per

hsa_circ_0006014 knock-down well and
hsa_circ_0006014 knock-down negative-control well,
blank wells without any disposing were also set.
Hsa circ_ 0006014 knocked-down MDA-MB-231 cells
and its negative-control cells were amplified when the
cells in the blank wells were demised and get the
hsa circ_0006014 stable knockdown cell lines.

Tumor growth in nude mice

Weighing more than 20 grams and four-week-old
athymic female nude mice (n = 10) were obtained from
LinChang (Shanghai, China) and maintained in the SPF
animal house of the North Campus of Tongji
University. MDA-MB-231 Plko.1-sh NC or Plko.1-
sh_circ 6014 cells (1.5 x 10° were subcutaneous
injections under the left side of the second pair of
mammary glands in nude mice. The tumor volume was
measured every three days and calculated by the
following formula: Volume (mm?) = Length (mm) x
Width? (mm?) x 0.5. After 30 days, the mice were
sacrificed, and the tumors were collected for weighing.
All the operations were conducted under the permission
of the ethical committee of Shanghai Tenth People’s
Hospital.

Statistical analysis

SPSS v20.0 software (SPSS, Inc., Chicago, IL, USA)
was used for Pearson’s * test to analyze the associated
expression levels between circ 6014 and clinical-
pathological parameter features of patients. ModFitLT
3.2 software (Verity Software House, Inc., Topsham,
ME, USA) was used for analyzing the percentage of cell
cycle distribution of GO/G1, S, and G2/M phases.
GraphPad Prism v6.0 software (GraphPad, San Diego,
CA, USA) was used for all statistical analyses. All
quantitative results included in this study were
representations of at least three duplicates in three
separated experiments, then presented as
mean + standard (mean+SD), in case of specially
intents like the tumor volumes and weights of the
xenograft assay were represented as the mean = SEM of
five mice. Moreover, student’s f-test and one-way
ANOVA were used to value the data, and differences
regarded significantly when p < 0.05.
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Supplementary Figure 1. Complementary biological functions of circ_6014 in breast cancer cells. (A, B) Expression levels of
circ_6014 in both MDA-MB-231 and MCF-7 cells after transfection with three small interfering RNAs synthesized by Ibsbio (Shanghai,
China). (C, D) Cell counting numbers of per area of the colony formation assay with decreased or overexpressed levels of circ_6014.
(E-J) Original flow cytometry graphs of the cell cycle assay with decreased or overexpressed levels of circ_6014, or increased levels of
miR-885-3p. “p < 0.05, **p < 0.01, **"p < 0.001.
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Supplementary Figure 2. Additional information of miRNAs and mRNAs. (A, B) Relative expressions of four miRNAs filtrated from
four databases in both MDA-MB-231 and MCF-7 cells. (C) Cell counting numbers of per area of the colony formation assay with increased
levels of miR-885-3p. (D) The Venn diagram of potential mRNAs that have binding sites with miR-885-3p and miR-766-3p according to
TargetScan and miRDB. (E) Relative expressions of the nine candidates in circ_6014 downregulated MDA-MB-231 cells. (F) Five probable
binding sites between miR-885-3p and the 3'-UTR region of NTRK2 mRNA. “p < 0.05, “p < 0.01, *"p < 0.001.
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Supplementary Figure 3. Simulated mechanism diagram of the circ_6014/miR-885-3p/NTRK2-PIK3CA/AKT axis in breast
cancer.
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Supplementary Tables

Supplementary Table 1. MiRNAs that have potential binding sites with hsa_circ_0006014 predicted by
circular RNA interactome, ENCORI, miRanda, and RNA hybrid databases.

Circular RNA Interactome StarBase MiRanda RNA hybrid

miR-1236
miR-1238
miR-1247-5p
miR-1251-5p
miR-1304-5p
miR-139-5p
miR-142-5p
miR-149-5p
miR-182-5p
miR-186-5p
miR-409-3p
miR-485-3p
miR-488
miR-545-3p
miR-548p
miR-571
miR-572
miR-616-3p
miR-651
miR-671-5p
miR-766-3p
miR-885-3p
miR-934
miR-940

g
<2 2

<2 2
2. 2 2 2 2 g

< <2

222 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
< 2 =2
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Supplementary Table 2. The biological functions of the 8 miRNAs which coincidently predicted in three out of
four databases and half of them have clear evidence that they can suppress cancer.

The total article

. . Tumor . Tumor .
associated with cancer Evidence Evidence
(update to 202110114) Promoter Suppressor
PMID:30249392;
. . . PMID:30175411;
miR-1247-5p 8 + PMID:25731699; + PMID-28586038.
PMID:30967263;
. PMID:31278033; _
miR-1251-5p 2 * PMID-31918285
PMID:29335523;
PMID:29618950;
miR-139-5p 192 + PMID:29516499; + PMID:31571923;
PMID:29673587;
PMID:30710422;etc.
PMID:29361949;
. PMID:30205384; PMID:30037856;
miR-182-5p 128 * PMID:30285878 * PMID:30285878-
PMID:30666836;¢tc.
PMID:30443183;
. ) . PMID:30897321;
miR-186-5p 56 + PMID:30981721; + PMID-29325758.
PMID:30662805;etc.
miR-616-3p 3 + PMID:29777710 -
PMID:30145863;
miR-766-3p 12 - + PMID:28657135;
PMID:31330234;
miR-885-3p 11 _ n PMID:30784279;

PMID:24882581;etc.
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https://pubmed.ncbi.nlm.nih.gov/28586038
https://pubmed.ncbi.nlm.nih.gov/30967263
https://pubmed.ncbi.nlm.nih.gov/31278033
https://pubmed.ncbi.nlm.nih.gov/31918285
https://pubmed.ncbi.nlm.nih.gov/29516499
https://pubmed.ncbi.nlm.nih.gov/29335523
https://pubmed.ncbi.nlm.nih.gov/29618950
https://pubmed.ncbi.nlm.nih.gov/31571923
https://pubmed.ncbi.nlm.nih.gov/29673587
https://pubmed.ncbi.nlm.nih.gov/30710422
https://pubmed.ncbi.nlm.nih.gov/29361949
https://pubmed.ncbi.nlm.nih.gov/30205384
https://pubmed.ncbi.nlm.nih.gov/30285878
https://pubmed.ncbi.nlm.nih.gov/30666836
https://pubmed.ncbi.nlm.nih.gov/30037856
https://pubmed.ncbi.nlm.nih.gov/30285878
https://pubmed.ncbi.nlm.nih.gov/30981721
https://pubmed.ncbi.nlm.nih.gov/30443183
https://pubmed.ncbi.nlm.nih.gov/30897321
https://pubmed.ncbi.nlm.nih.gov/29325758
https://pubmed.ncbi.nlm.nih.gov/30662805
https://pubmed.ncbi.nlm.nih.gov/29777710
https://pubmed.ncbi.nlm.nih.gov/30145863
https://pubmed.ncbi.nlm.nih.gov/28657135
https://pubmed.ncbi.nlm.nih.gov/31330234
https://pubmed.ncbi.nlm.nih.gov/30784279
https://pubmed.ncbi.nlm.nih.gov/24882581

Supplementary Table 3. Nine mRNAs marked red were candidates from the four middle coincident areas which
were proved to promote the progression of cancer from published articles.

20 common elements in ''targetscan766",
"targetscan885", "mirdb766" and
"mirdb885":

9 common elements in ""targetscan885"

1 common element in

"targetscan885",
and "mirdb766": "mirdb766" and
"mirdb885"':
VAPB FBLNI NTRK2
SLC8BI1 FAM120C
SH3PXD2A DSG1
ASTNI1 RNASEL
ZNF783 UBR2
ERC1 PGM3
AMOTLI TRIM35
PAN3 ASPHD2
TSHZ2 PIAS2
SLCI12A5
FAMI126B
BTBD9
KDM3B
SCMHI1
CDK6
ZHX3
SMIM12
GGCX
SPATS2L
CELF3

WwWw.aging-us.com

3126

AGING



Supplementary Table 4. Sequences for transient transfection RNAs and primers for circular RNA, micro RNAs,
and mRNAs.

Name Sequence (5'-3")
GRNA-hsa circ 0006014-1 Sejnse CAAUGACAGUACUCGGGUUTT
- - Antisense AACCCGAGUACUGUCAUUGTT
. . Sense ACAGUACUCGGGUUUCAUATT
siRNA-hsa circ_0006014-2 .
- - Antisense UAUGAAACCCGAGUACUGUTT
GRNA-hsa circ 0006014-3 Sense CCAAUGACAGUACUCGGGUTT
- = Antisense ACCCGAGUACUGUCAUUGGTT
. Sense UUCUCCGAACGUGUCACGUTT
siRNA-NC .
Antisense ACGUGAACGUUCGGAGAATT
. . Sense AGGCAGCGGGGUGUAAGUGGAUA
mimics of miR-885-3p .
Antisense UCCACUACACCCcCcGCuUGCCcuuu
. Sense UCACAACCUCCUAGAAAGAGUAGA
mimics of NC .

Antisense UACUCUUUCUAGGAGGUUGUGAUU
inhibitor of miR-885-3p UAUCCACUACACCCCGCUGCCU
inhibitor of NC UCUACUCUUUCUAGGAGGUUGUGA
18S Forward CAGCCACCCGAGATTGAGCA

Reverse TAGTAGCGACGGGCGGTGTG
hsa cire 0006014 Forward AAGAGCGGATGAGGATACAG
- = Reverse AACAGCAAAATATGAAACCC
RT AAAAATATGGAACGCTCACGAATTTG
U6 Forward GTGCTCGCTTCGGCAGCACATATAC
Reverse AAAAATATGGAACGCTCACGAATTTG
miR-139-5p Forward CTCTGCTCTACAGTGCACGTGTC
Reverse TATGGTTGTTCTCGACTCCTTCAC
miR-186-5p Forward CTCCAACGCAAAGAATTCTCC
Reverse TATGCTTGTTCTCGTCTCTGTGTC
miR-766-3p Forward AATACACTCCAGCCCCACAGC
Reverse ATTCCATGTTGTCCACAGTCTCC
miR-885-3p Forward CAGTAGGCAGCGGGGTGTAG
Reverse TATGCTTGTTCTCGTCTCTGTGTC
B-ACTIN Forward CCTCGCCTTTGCCGATCC
Reverse GGATCTTCATGAGGTAGTCAGTC
NTRK2 Forward GCAATCCATTTACATGCTCCTGT
Reverse CATATTAGGAACCGGATCACCTG
UBR2 Forward GTACCAGCATTTAGCCCACTATG
Reverse TGCAAGAATATGTAGGCTCTCCT
PGM3 Forward GCAGAGAGTGCTTATTGACATCA
Reverse TGTGAAAGTTTCTCACTGCTGG
Forward AGACTATCTACCGGAGGTACAGC
SH3PXD2A
Reverse GCCACCTTCAATGGGAAACTT
ASTNI Forward ACGACCTGAGCATCATGCAC
Reverse CACCACGACCATTTCTCCCG
AMOTL1 Forward GAAACATCTGCTTTGACGGTGG
Reverse GAAGTTTGGGGAGTGGAAGTTAC
SLC12AS Forward GCCACCATGCTAAACAACCTG
Reverse GGTTCTCAGGAGTAGATGGTGAT
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Forward GCTTCGGTTCCTGTCAGATG

KDM3B
Reverse GACCTCGGCTGAATATCTCTTG
SPATSIL Forward CAACGCTGCACCGTTTCTCTA
Reverse GACGAGCAGTCAGGATTTCCA

Supplementary Table 5. Details for primary and secondary antibodies.

Name Dilution Ratio Company

TrkB 1:500 Abcam, Cambridge, UK
PIK3CA 1:2000 Abcam, Cambridge, UK
pan-AKT 1:500 Abcam, Cambridge, UK
pan-AKT (T308) 1:500 Abcam, Cambridge, UK
CDK2 1:500 Bioworld, Minnesota, USA
Cyclin E1 1:1000 CST, Massachusetts, USA
CDK4 1:1000 CST, Massachusetts, USA
CDK6 1:50000 Abcam, Cambridge, UK
Cyclin D1 1:10000 Abcam, Cambridge, UK
PCNA 1:1000 Abclonal, WuHan, China
B-actin 1:1000 Santa Cruz Biotechnology, CA, USA
Anti-rabbit secondary fluorescent antibody 1:1000 Santa Cruz Biotechnology, CA, USA
Anti-mouse secondary fluorescent antibody 1:1000 Santa Cruz Biotechnology, CA, USA
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