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Butorphanol, a partial agonist of opioid receptor k 1 receptor, can and is widely used as an
analgesic drug to relieve moderate and severe pain in clinic. Osteosarcoma is one of the
most common malignant bone tumor in adolescents under the age of 20. To our
knowledge no study has investigated the effect of butorphanol on the proliferation of
osteosarcoma cells. In this study, The proliferation of osteosarcoma cells was measured
by CCK-8 and colony formation assays, and the migration of osteosarcoma cells were
detected by scratch and transwell assays. The expression of piRNA was detected by RNA
sequencing and real-time PCR. PIRNA mimics or inhibitors have been used to upregulate
or inhibit piRNA expression in osteosarcoma cells, respectively. We found that
butorphanol, at the concentration of 10ug/ml or higher, could significantly inhibit the
proliferation and migration of osteosarcoma cells. Our resuslts indicated that butorphanol
promoted the expression of piIRNA hsa_piR_006613 and overexpression of piRNA
hsa_piR_006613 inhibited the proliferation and migration of osteosarcoma cells. our
study also showed that inhibition of the expression of piRNA hsa_piR_006613 could
promote the proliferation and migration of osteosarcoma cells. Butorphanol played the
regulatory role on osteosarcoma cells in dependent of piRNA hsa_piR_006613.
Butorphanol was found to inhibit the proliferation and migration of osteosarcoma cells
by promoting piRNA hsa_piR_006613 expression. Bioinformatics analysis showed that
hsa_piR_006613 downregulated FN1 protein expression by binding with 3'-UTR of FN1
mMRNA. In all, the present research indicated that butorphanol suppresses the proliferation
of osteosarcoma by promoting the expression of piRNA hsa_piR_006613, which
downregulated the expression of FN1. Has_piR_006613 may become a new
therapeutic target for osteosarcoma.
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INTRODUCTION

Butorphanol is a synthetic mixed opioid receptor agonist and
antagonist. Since it was listed in the United States in 1978, it has
been listed in other countries worldwide and is widely used in
clinical analgesia and adjuvant therapy (1). Butorphanol acts as
an agonist for the K receptor, exerts an excitatory effect on the &
receptor and shows different degrees of antagonism on the
receptor (2). Clinically, it is mainly used in the adjuvant
treatment of different types of pain, including moderate to
severe pain during or after operation or acute headache and
migraine (3). Its administration methods are very diverse,
including intramuscular injection, intravenous injection,
brachial plexus administration or epidural administration.
However, few reports have investigated the effect of
butorphanol on the proliferation and migration of tumors.

Osteosarcoma is a common malignant tumor in children
worldwide (4). Osteosarcoma develops from osteoblasts and
usually occurs during rapid bone growth. Primary tumors
typically occur in long tubular bone, and a small part
originates from axial bone. Typically, chemotherapy after
surgical resection improves the efficacy of patients with local
tumors, and the 5-year event-free survival (EFS) of treated
patients is 65-70% (5). Unfortunately, most patients with
osteosarcoma have metastasis at the time of diagnosis, and
metastasis often occurs in patients with nonmetastatic
osteosarcoma for the first time. Osteosarcoma metastasis
usually occurs in the lung, followed by other bones.
Chemotherapy, with or without surgical resection, has little
effect on metastatic osteosarcoma, and the 5-year productivity
of these patients is quite low. Butorphanol has been used for
postoperative analgesia of various tumors, but the effect of
butorphanol on osteosarcoma cells has not been reported.

Piwi interaction RNA, also known as piRNA, is differentially
expressed in many solid tumors, including breast cancer,
pancreatic cancer, liver cancer, lung cancer and gastric cancer (6,
7). Although few studies have investigated the functions of piRNAs
in human cancer, piRNAs play a critical role in the development of
cancer and are expected to be markers of tumor diagnosis and
prognosis (8). At present, there are more than 3000 confirmed
piRNAs in humans, and there are still a large number of undetected
and unverified piRNAs (9). Till now, no study is available on the
regulatory effect of piRNAs on osteosarcoma cells.

In this study, we investigated the regulatory effect of
butorphanol on osteosarcoma and the expression of piRNA
and explored the effect of piRNA on the function of
osteosarcoma to provide new therapeutic methods and targets
for osteosarcoma treatment.

METHODS

Cell Culture and Treatment

Osteosarcoma cell lines MG63 and U20S purchased from
National Collection of Authenticated Cell Cultures and were
cultured in high glucose DMEM supplemented with 10% fetal
bovine serum and 1% penicillin/streptomycin antibiotics. The

cells were cultured in an incubator under saturated humidity,
with a CO, concentration of 5% and a temperature of 37°C.

CCK-8 Assay

The cells were inoculated into 96-well plates at a density of 1000/
well, and 5 parallel samples were set in each group. The cells were
cultured in a 5% CO?2 incubator at 37°C, and cell proliferation
was detected after 12, 24, 48 and 72 hours. Before detection, the
cell culture medium was discarded, 100 pl of complete medium
containing CCK-8 (#CK04, Dojindo) (including 10 pl of CCK-8)
was added to each well, and the plate was placed in the incubator
for 2 hours. The 96-well plate was placed in a multifunctional
microplate reader to detect the absorbance at 450 nm.

Scratch Assay

A horizontal straight line was drawn on the bottom of each well
of a 6-well plate using a marker pen. Five parallel lines were
drawn on the back of each hole. The transfected cells were
inoculated into 6-well plates, and different cell quantities
were collected according to the cell volume and growth rate.
After 24 hours, the cell confluence was approximately 90%.
Using a 1 ml pipette, a scratch was made perpendicular to the
straight line at the bottom, followed by washing with PBS three
times to remove the floating cells. Serum free DMEM medium was
added, and the cells were incubated at 37°C in 5% CO2. Images
were acquired at fixed points for 0 h and 24 h and compared.

Colony Formation Assay

When the cell confluence in the culture dish was 80% ~ 90%,
trypsin was added to digest the cells, complete culture medium
was added to neutralize trypsin, and the supernatant was
centrifuged and resuspended. Six-well plates were inoculated at
a density of 400 cells/well, and then complete medium was added
to 2 ml The cells were then cultured in a 5% CO, incubator at 37°
C for 14 days. Next, the supernatant was discarded, the cells were
washed with PBS, and then the cells were fixed with 2 ml of 4%
paraformaldehyde for 30 min. After that, crystal violet dye
solution was added, followed by incubation for 20 min. The
six-well plate was then inverted to dry. A piece of white paper was
placed at the bottom of the 6-well plate as the photo background,
photos were taken, and colonies visible to the naked eye
were counted.

Transwell Assay

The chamber (#3428, Corning) was placed in the culture plate, 300
ul of serum-free medium was added to the upper chamber, and the
plate was placed in the incubator for prewarming. The cells were
digested, washed with PBS and resuspended twice to completely
remove the serum. The serum-free medium was then resuspended
and counted. In total, 20000 cells were inoculated into the upper
chamber, the total liquid volume of the upper chamber was
supplemented to 500 pl, and 1.5 ml of DMEM containing 2.5%
FBS was injected into the lower chamber to remove the bubbles
under the chamber. After culture, the plate was removed, the
culture medium was discarded, the cells were fixed with 4%
paraformaldehyde for 10 minutes and then stained with crystal
violet for 10 minutes. After that, the upper ventricular cells were
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removed with a cotton swab, and the migrating cells were counted
under the microscope.

piRNA Sequence

MG63 cells were divided into two groups: control and
butorphanol groups. The cells in the butorphanol group were
treated with 10 ng/ml of butorphanol for 24 hours. The cells were
collected with TRIzol reagent(#B610409,Sangon Biotech) for
piRNA sequencing analysis, which was performed by
SANGON Biotech (Shanghai) Co., Ltd.

Real-Time PCR

MG63 cells were collected, total RNA was extracted, RNA
concentration was measured, and DNA was removed. The RNA
was then reverse transcribed into cDNA (the procedure was
performed according to the instructions of the Takara Kit,
#RR036A). The reaction conditions were as follows: 37°C for
15 min, 85°C for 5 s, and a 4°C infinite cycle. PCR amplification
was performed using cDNA as a template and piRNA-specific
primers. The PCR conditions were as follows: 95°C for 30 s, 95°C
for 5 s, and 60°C for 34 s, for a total of 40 cycles. The relative
expression was calculated using the 2T method. The primer
used were listed in Supplementary Table S1.

Ectopic Tumorigenesis in Nude Mice

The collected cells were in good condition. When the cells were
80% confluent, they were washed with PBS, digested with
trypsin, neutralized with serum-containing medium, collected
into a centrifuge tube, and centrifuged at 1100 rpm for 3 min.
Next, complete medium was added, and the cell density was
adjusted to 1x107cell/ml. After disinfecting the back skin of nude
mice, they were injected subcutaneously with 0.2 ml of the cell
suspension. The nude mice were observed every day, and tumor
growth was measured once a week.

Western Blot

Protein lysate was acquired with RIPA and supernatant was
collected with 30 minutes reaction on ice and 15 minutes
centrifugation at 13000 rpm. The protein concentration was
determined by BCA Protein Assay Kit (#NCI3225CH, Pierce,
Illinois, USA). Twenty microgram of total protein was resolved
by SDS-PAGE, followed by transferring onto a PVDF membrane
(#ISEQ00010, Millipore Billerica, USA). The membranes
were blocked in TBSTcontaining 5% non-fat milk and
immunoblotted with FN1 (#ab268020, Abcam,1:1000) and
GAPDH (#ab8245, Abcam,1:2000) and detected using HRP-
labeled secondary antibody.

Statistical Analysis

SPSS version 20.0 software (SPSS Inc., Chicago, IL) was used for
data analysis. The results were described as means + standard
deviation. To compare two groups, t-test was applied; one-way
ANOVA was used to compare the differences between multiple
groups. P < 0.05 was considered statistically significant.
“*” indicated a significant difference (p<0.05), and “**”
indicated an extremely significant difference (p<0.01).

RESULTS

Butorphanol Suppresses the Proliferation
and Migration of Osteosarcoma

To investigate detect the effect of butorphanol on the function of
osteosarcoma cells, we first detected the effect of butorphanol on
the viability of MG63 and U20S osteosarcoma cells using the
CCK-8 assay. The CCK-8 assay results showed that butorphanol
significantly inhibited the viability of MG63 and U20S cells
when the concentration of butorphanol was 10 pg/ml or higher
(Figure 1A). Scratch tests found that pretreatment of MG63 and
U20S cells with 10 pg/ml of butorphanol significantly inhibited
the migration of MG63 and U20S cells (Figure 1B). The colony
formation assay revealed that 10 pg/ml of butorphanol
significantly inhibited the proliferation of MG63 and U20S
osteosarcoma cells (Figure 1C). The Transwell assay showed
that pretreatment of MG63 and U20S cells with 10 pg/ml of
butorphanol significantly inhibited the migration of MG63 and
U20S cells (Figure 1D). Together, these results indicated that
butorphanol inhibited the proliferation, migration of
osteosarcoma cells.

Butorphanol Promotes the Expression

of piRNA hsa_piR_006613

To further study the mechanism of butorphanol in regulating
osteosarcoma cells and the regulation of piRNA in osteosarcoma
cells, we analyzed piRNA expression in the existence of butorphanol
in osteosarcoma cells based on the piRNA sequence. We found that
Butorphanol regulated the expression of different piRNAs in MG63
cells (Figures 2A-C). Real-time PCR showed that butorphanol
promoted the expression of hsa_piR 006613, hsa_piR_016659,
hsa_piR_020008 and hsa_piR_006426 and inhibited the
expression of hsa_piR_016926, hsa_piR_001633, hsa_piR_006658
and hsa_piR_004234 in MG63 cells (Figures 2D, E).

piRNA hsa_piR_006613 Overexpression
Inhibits the Proliferation and Migration

of Osteosarcoma

To detect the effect of hsa_piR_006613 on the function of
osteosarcoma cells, we used hsa_piR_006613 mimics to
upregulate the expression of hsa_piR_006613 in osteosarcoma
cells. We first detected the effect of hsa_piR_006613 on the
viability of MG63 and U20S osteosarcoma cells using the CCK-8
assay. Overexpression of hsa_piR_006613 significantly inhibited
the viability of MG63 and U20S cells (Figure 3A). Scratch tests
found that hsa_piR_006613 overexpression significantly
inhibited the migration of MG63 and U20S cells (Figure 3B).
A colony formation assay found that hsa_piR_006613
overexpression significantly inhibited the proliferation of
MG63 and U20S osteosarcoma cells (Figure 3C). The
Transwell assay showed that MG63 and U20S cells with
hsa_piR_006613 overexpression could significantly inhibit the
migration of MG63 and U20S cells (Figure 3D).
has_piR_006613 overexpression inhibited the proliferation and
migration of osteosarcoma cells.
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FIGURE 1 | Butorphanol suppresses the proliferation and migration of osteosarcoma. (A) CCK-8 assay to detect the viability of MG63 and U20S cells incubated
with 0, 5, 10, 20, 40 and 60 pg/ml of butorphanol for 0, 12, 24, 48 h and 72 h ** indicates the 10 pug/ml group versus O pug/ml group (p<0.01), * indicates the 20
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group (p<0.01). (B) Scratch assay of the migration of MG63 and U20S cells treated with 10 pg/ml of butorphanol for 24 h (C) Colony formation assay of the
proliferation of MG63 and U20S cells treated with 10 pg/ml of butorphanol. ** indicates p<0.01 and *** indicates p<0.001. (D) Transwell assay of the migration of
MG63 and U20S cells treated with 10 ug/ml of butorphanol for 24 h ** indicates p<0.01, and *** indicates p<0.001.
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Inhibition of the Expression of piRNA
hsa_piR_006613 Suppresses the
Proliferation and Migration of
Osteosarcoma

We used hsa_piR_006613 inhibitors to suppress the function of
hsa_piR_006613 in osteosarcoma cells. The CCK-8 assay showed
that hsa_piR_006613 inhibitors significantly promoted the
viability of MG63 and U20S cells (Figure 4A). Scratch tests
found that hsa_piR_006613 inhibitors significantly promoted the
migration of MG63 and U20S cells (Figure 4B). The colony
formation assay showed that hsa_piR_006613 inhibitors
significantly increased the proliferation of MG63 and U20S
osteosarcoma cells (Figure 4C). The transwell assay showed
that MG63 and U20S cells treated with hsa_piR_006613
inhibitors significantly inhibited the migration of MG63 and
U20S cells (Figure 4D). hsa_piR_006613 inhibitors promoted
the proliferation and migration of osteosarcoma cells.

Butorphanol Regulates the Proliferation
and Migration of Osteosarcoma in a
pPiRNA hsa_piR_006613-Dependent

Manner

To further confirm whether butorphanol regulates osteosarcoma
cells through piRNA hsa_piR_006613, hsa_piR_006613
inhibitors were used to inhibit the function of hsa_piR_006613.

Results showed that inhibition of has_piR_006613 reduced the
effect of butorphanol on the proliferation and migration of
osteosarcoma cells (Figures 5A-C).

piRNA hsa_piR_006613 Suppresses the
Proliferation of Osteosarcoma In Vivo

To detect the effect of hsa_piR_006613 on the proliferation of
osteosarcoma cells in vivo, we constructed a mouse subcutaneous
ectopic tumor formation model. Hsa_piR_006613
overexpression reduced the proliferation of osteosarcoma cells
and hsa_piR_006613 inhibition promoted the proliferation of
osteosarcoma cells in vivo (Figures 6A-C).

Butorphanol Downregulated the
Expression of FN1 in a piRNA
hsa_piR_006613-Dependent Manner

The source of piR_hsa_006613 was piRNABank (http://pirnabank.
ibab.ac.in/index.shtml) and the sequence was 5-UGAAGCUG
CAGAACCAACGAGGUGGCC-3’. Bioinformatics analysis
showed that a putative binding site was found between
hsa_piR_006613 and 3’-UTR of FN1 mRNA (Figure 7A). The
mRNA expression of FN1 was not affected by the altered
expression of hsa_piR_006613 (Figure 7B). However, the protein
expression of FN1 was decreased when hsa_piR_006613
was overexpressed while it was increased when hsa_piR_006613
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was knocked down (Figure 7C). Luciferase Reporter assay
showed that hsa_piR_006613 binded with 3’-UTR of FN1
mRNA in U20S and MG63 cells (Figure 7D). When the
expression of hsa_piR_006613 was knockdown, the impact of
butorphanol on FN1 protein was reduced (Figure 7E). The
results indicated that the regulation of butorphanol on FN1 was
dependented on piRNA hsa_piR_006613.

DISCUSSION

Malignant tumors are the main cause of the high incidence rate
and mortality worldwide. Even if surgery aims to remove the

primary lesion, recurrence and metastasis are the main causes of
death. As the main method to treat malignant tumors, surgery
may also cause tumor recurrence and metastasis. The possibility
of tumor metastasis depends on the balance between the
tendency of tumor metastasis and the body’s defense function
against cell metastasis. As an important part of surgery and
postoperative analgesia, whether anesthesia and analgesia affect
tumor recurrence and metastasis has become a research hotspot
for anesthetists in recent years. Animal experiments have
suggested that the opioids morphine and fentanyl promote
tumor metastasis and recurrence. Mathew et al. found that the
expression of opioid p-receptors in non-small cell lung cancer
cells is 5-10 times higher than that in normal lung tissue (10).
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FIGURE 5 | Butorphanol regulates the proliferation and migration of osteosarcoma in a piRNA hsa_piR_006613-dependent manner. (A) CCK-8 assay of the viability of
MGES cells treated with butorphanol and hsa_piRNA_006613 inhibitors. (B) CCK-8 assay of the viability of U20S cells treated with butorphanol and hsa_piRNA_006613
inhibitors. (C) Transwell assay of the migration of U20S and MG63 cells treated with butorphanol and hsa_piRNA_006613 inhibitors. ** indicates p<0.01.

B (&7
15 - 2.0- —¢ hsa_piR_006613 mimics
1.84 = piRNAmimics NG
S El_ “;E 1.6 - heapiR 006613 niitors
= ] S 1.4 -& piRNAinhibitors NC &
Z1.0 2 4o )
=] £ -
] i 510
: A g 05
o % » 0.4
0.5 ;g'; A o
: w o ¥
° " o1
0.0 T T T T 0.0
O > ot o &
& & & & 2 o
& o & & & & &
& & & & N v )
& 5 & L
QI F
N N & b
& ; < &
Q & b
3 &
s B
o

FIGURE 6 | piRNA hsa_piR_006613 suppresses the proliferation of osteosarcoma in vivo. (A) Subcutaneous injection of U20S cells with piRNA hsa_piR_006613
overexpression or inhibition into xenograft tumors. (B) Tumor weight of xenograft tumors. (C) Tumor volume of xenograft tumors. ** indicates compared to piRNA
inhibitors NC group p<0.01, *# indicates compared to piRNA mimics NC group p<0.01.

Morphine promotes the growth of Lewis lung cancer cells in  clinically, inhibits the formation of peroxides and expression of
vitro. Opioid p-receptor blockers or inhibitors inhibit the  cytokines, macrophage function, and NK cell activity. Morphine
proliferation and migration of 50% to 80% of Lewis lung  increases COX-2 expression, promotes the release of
cancer cells (10). In vitro, morphine, an opioid commonly used  prostaglandins, and then promotes tumor growth and
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FIGURE 7 | piRNA hsa_piR_006613 suppresses the expression of FN1. (A) Software predicted the binding site between piRNA hsa_piR_006613 and FN1 mRNA
3’-UTR. (B) The expression of FN1 mRNA in U20S and MG63 cell transfected with hsa_piR_006613 mimics or inhibitors analyzed by gRT-PCR. (D) The expression
of FN1 protein in U20S and MG63 cell transfected with hsa_piR_006613 mimics or inhibitors analyzed by western blot. (E) The luciferase assay confirmed that FN1
was the target of piRNA hsa_piR_006613. (F) Western blot analyzed the protein expression of FN1 in U20S cell co-treatment with butorphanol and
hsa_piR_006613 inhibitor. Data were expressed as mean + S.D. of three independent experiments. “**” indicates P<0.01.

metastasis (11). Opioids also have no positive effect on tumor
recurrence and metastasis. They inhibit the activity of some
immune cells and supress the immune monitoring of tumors
(12). However, in the present study, butorphanol effectively
inhibited the proliferation and migration of osteosarcoma cells.
However, no study has reported the effect of butorphanol on
osteosarcoma metastasis in vivo. Butorphanol, a commonly used
analgesic, must be further studied regarding its immune function
in patients with osteosarcoma and its function in
osteosarcoma cells.

PiRNA specifically binds to piwi subfamily proteins in the
argonaut protein family, which guides the piwi protein and its
related epigenetic mechanism to program the genome or
transcriptome by identifying many piRNA complementary
sequences (7, 13, 14). These activities result in the
transcriptional silencing of specific target genes while helping
to maintain DNA integrity and tumor stem cell differentiation,
epigenetic regulation and embryonic development and disease
occurrence and development. In the present study, butorphanol
regulates the expression of piRNA in osteosarcoma cells and the
regulation of the function of osteosarcoma cells by butorphanol
is piRNA dependent. PiIRNA-piR651 was reported to be
overexpressed in several human cancer tissues compared with
paired adjacent normal tissues, including gastric cancer, lung
cancer, mesothelial carcinoma, cervical cancer, colon cancer,
liver cancer, breast cancer and multiple myeloma tissue. These

findings suggest that pir651 may play a carcinogenic role. Recent
studies have also found that piR651 improves the clinical
diagnosis and treatment of non-small cell lung cancer.
PiR36712 inhibits breast cancer metastasis and chemotherapy
resistance by regulating the function of SEPW1 (15) and piRNA
participate in the metastasis of pancreatic cancer simultaneously
(16), and piR54265 promotes the proliferation and migration of
colorectal cancer (17). Additionally, a clear cell renal cell
carcinoma (ccrcc) study revealed that some characteristics of
specific piRNAs can be used as prognostic predictors. Using
piRNA microarrays and further identifying candidate piRNAs in
a larger cohort, Busch et al. identified three piRNAs significantly
associated with tumor recurrence and overall survival: piR-
30924, piR-57125 and piR-38756. PIRNA may become a tumor
marker through its disease-related biological role and may also
be used as a potential clinical therapeutic tool in the future.
PiRNA hsa_piR_006613 inhibited the proliferation and
migration of osteosarcoma cells and inhibited the proliferation
of osteosarcoma cells in vivo.

Butorphanol was a commonly used anesthetic and analgesic
in clinic, but its regulatory effect on the function of osteosarcoma
cells was unknown. In this study, we found that butorphanol
could inhibit the proliferation and migration of osteosarcoma
cells in vitro. In this study, we confirmed that butorphanol could
regulate the function of osteosarcoma cells. However, the
regulatory mechanism of butorphanol on tumor cell function
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was unknown. Through sequencing analysis, we found that
butorphanol could regulate the expression of piRNA in
osteosarcoma cells. At the same time, piRNA hsa_piR_006613
sensitive to butorphanol was found for the first time. We further
confirmed the regulatory effect of piRNA on osteosarcoma cells.
We also reported for the first time that piRNA hsa_piR_006613
could regulate the proliferation and migration of osteosarcoma
cells in vitro. However, the mechanism by which hsa_piR_006613
regulates the function of osteosarcoma cells needs to be further
studied. It is reported that piRNA can combine with the 3’- UTR
region of mRNA to regulate mRNA translation (18). Through
bioinformatics research, we found hsa_piR_006613 could bind to
the 3’- UTR region of FNI mRNA. Our results showed that
hsa_piR_ 006613 could bind to the 3’- UTR region of FN1 mRNA
and inhibit the expression of FN1 protein. Several studies have
reported that FN1 promotes the proliferation and metastasis of
osteosarcoma cells (19-21). Has_piR_006613 may become a new
therapeutic target for osteosarcoma.

CONCLUSION

Butorphanol inhibits the proliferation and migration of
osteosarcoma cells and can regulate the expression of piRNA
hsa_piR_006613 in osteosarcoma cells. hsa_piR_006613 can
inhibit the proliferation and migration of osteosarcoma
cells. Butorphanol regulates the function of osteosarcoma
cells in a piRNA hsa_piR_006613-dependent manner.
Hsa_piR_006613 downregulated FN1 protein expression by
binding with 3-UTR of FN1 mRNA. Butorphanol downregulated
the expression of FN1 in a piRNA hsa_piR_006613-
dependent manner.
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