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Abstract

Background/Aims: Gain-of-function of mutant p53 is associated with a high rate of lung
metastasisin osteosarcoma. Toinvestigate the mechanismof mutant p53-induced osteosarcoma
metastasis, expression array analysis was performed, comparing non-metastatic osteosarcomas
from p53*~ mice with metastatic osteosarcomas from p53f72#/+ mice. Onzin (Plac8) was
identified as one of the genes upregulated in p53f7?#+ mouse metastatic osteosarcomas.
Accordingly, we investigated the role of ONZIN in human osteosarcoma metastasis. Methods:
ONZIN function and its downstream targets were examined in osteosarcoma cell lines. Assays
related to tumorigenesis and metastasis, including cell migration, invasion, clonogenic survival,
and soft agar colony formation, were performed in osteosarcoma cells. Additionally, mouse
xenograft models were used to examine the role of ONZIN overpression in tumorigenesis in
vivo. Lastly, 87 osteosarcoma patients were recruited to investigate the clinical relevance of
ONZIN overexpression in metastasis and prognosis. Results: ONZIN overexpression enhanced
osteosarcoma cell proliferation, clonogenic survival, migration, and invasion independent of
p53 status. Furthermore, ONZIN overexpression induced CXCL5 upregulation and resulted in
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increased ERK phosphorylation, which contributed to more aggressive osteosarcoma metastatic
phenotypes. More importantly, overexpression of ONZIN in human osteosarcoma patients
was closely associated with lung metastasis, poor prognoses, and survival. Conclusions:
Overexpression of ONZIN promotes osteosarcoma progression and metastasis, and can serve
as a clinical biomarker for osteosarcoma metastasis and prognosis.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Osteosarcoma is the most common primary bone tumor in young adults [1, 2] and
frequently occurs in the femur (42%), tibia (19%), and humerus (10%) [3]. Since the 1970s,
despite the use of multi-agent chemotherapy and improvement in surgical techniques, the
5-year overall survival rate of osteosarcoma remains approximately 60% [4]. As in other
tumor types, metastasis is the main cause of osteosarcoma lethality. Osteosarcoma patients
without metastasis have a 5-year survival rate from 60% to 80%, but those with metastases
only have a 5-year survival rate from 15% to 30% (https://www.cancer.net/cancer-
types/osteosarcoma-childhood/view-all). Thus, it is important to unveil the mechanisms
contributing to osteosarcoma metastasis and identify new biomarkers and therapeutic
targets.

Many new biomarkers, therapeutic targets, and treatments for osteosarcoma have been
studied in recent years. SPARCL1 inhibits osteosarcoma metastasis by activating the WNT/
beta-catenin pathway, and it can also induce osteosarcoma cell secretion of chemokine
ligand 5 to recruit macrophages; this suggests that induction of SPARCL1 can be serve as
a new anti-metastatic strategy for osteosarcoma patients [5]. Additionally, overexpression
of miR-194 significantly attenuates proliferation and migration and induces apoptosis of
osteosarcoma cells, indicating that miR-194 may act as a tumor suppressor in osteosarcoma
[6]. To develop a new treatment for osteosarcoma, the anti-tumor effect of the proteasome
inhibitor MLN9708 /2238 was tested in osteosarcoma cells, where it can inhibit cell growth
and induce cell cycle arrest and apoptosis, indicating the proteasome may be a novel
biochemical target for osteosarcoma treatment [7]

To expore other biomarkers and therapeutic targets for osteosarcoma, we have
previously identified more than 200 genes that are differentially expressed between the
metastatic osteosarcomas from p53%72#/* mice and non-metastatic osteosarcomas from p53*-
mice. Among these more than 200 genes, we further demonstrated PlaZg16 overexpression
induced by mutant p53 contributes to osteosarcoma progression and metastasis [8, 9]. It is
unclear whether other genes such as Onzin contribute to osteosarcoma metastasis.

Gain-of-function (GOF) activities of mutant p53 proteins can be tumor-type specific.
Mutant p53 interacts with sterol regulatory element-binding proteins to increase the
expression of enzymesin the mevalonate synthesis pathway in breast cancer cells [10]. Mutant
p53 also extends NF-kB activation to promote metastatic colorectal cancer [11] and inhibits
the p73/NF-Y complex to increase PDGF receptor beta signaling in metastatic pancreatic
cancer [12]. More interestingly, mutant p53 proteins often interact with transcription factors
to regulate multiple downstream genes to demonstrate GOF. Mutant p53 proteins interact
with NFY and bind to CCAAT sites to promote DNA synthesis in breast and colon cancer cells
[13]. Mutant p53 proteins also bind to ETS2 to modulate chromatin pathways in pancreatic
cancer cells and Li-Fraumeni syndrome fibroblasts [14, 15]. Mutant p53 binds to nuclear
factor erythroid-related factor 2 to induce the expression of proteasome genes, resulting in
the reduction of tumor suppressor proteins in triple-negative breast cancer cells [16-18].
Thus, it is likely that multiple genes deregulated in p53R172H tumors in our expression
array analyses may have important roles in driving osteosarcoma metastasis.

In addition to Pla2g16, Onzin is also upregulated in p53#72#/* metastatic osteosarcomas.
Onzin also plays important roles in immune responses [19-21] and pancreatic tumor
progression [22]; thus, it is interesting to investigate whether Onzin function is relevant to
osteosarcoma metastasis. ONZIN, also known as PLAC8 or C15, is a cysteine-rich protein
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consisting of only 115 amino acids. Although the Onzin gene was originally identified as a
highly expressed protein in mouse placenta at 8.5 to 12.5 dpc, ONZIN is also highly expressed
in the immune system [23, 24], suggesting its importance in immune function. Consistently,
ONZIN reduction is required for phorbol 12-myristate 13-acetate-induced monocytic
differentiation of acute myeloid leukemia cells [19]. Additionally, Onzin’- mice exhibit less
optimal function of neutrophils in response to bacteria uptake [20] and have impaired
contact hypersensitivity responses caused by downregulation of pro-inflammatory factors
[21]. In addition to being invovled in immuno-responses, Onzin is an important regulator
of brown fat differentiation by inducing C/EBPf expression [25]. Thus, Onzin participates
in many important physiological activities in different contexts. Notably, human ONZIN also
plays important roles in tumor cells. ONZIN is repressed by c-Myc in myeloid cells and ONZIN
overexpression in fibroblasts promotes cell growth and survival [26]. ONZIN also regulates
apoptosis in a cell-type-specific manner in cancer cells [27]. More recently, ONZIN has been
shown to promote pancreatic cancer progression [22]. Thus, ONZIN may play different
roles in a cell- or tissue-type specific manner. Although Onzin was upregulated in metastatic
osteosarcoma from p53%!72H/* mice based on expression array analysis, it is unclear whether
Onzin contributes to osteosarcoma progression or metastasis.

In this study, ONZIN overexpression in human osteosarcoma cells and xenograft
models demonstrates an important role in promoting tumor progression and metastasis.
Furthermore, CXCL5wasidentified as one of the downstream targets of ONZIN overexpression
by RNA-seq analysis. Clinically, ONZIN overexpression in human osteosarcoma patients was
shown to be associated with lung metastasis and poor prognosis.

Materials and Methods

Cell lines and cell culture

Osteosarcoma cell lines Saos2, U20S, and MG63 were purchased from the China Infrastructure
of Cell Line Resource( Beijing, China) and were cultured according to American Type Culture Collection
instructions.

ONZIN overexpression and shRNA knockdown in cells

To generate ONZIN-overexpressing cell lines, flag-tagged human ONZIN cDNAs were cloned into
PBABE-puro vector and transfected into Phoenix cells. U20S and MG63 cells were transduced with a
lentivirus-containing culture medium that was passed through a 0.45-um syringe filter, and then cells were
selected with 2.5 pg/ml and 1.5 pg/ml puromycin for 1-2 weeks. To knock down ONZIN expression in Saos2
cells, three different target sequences against ONZIN (ONZIN-sh1, CAACTGAAATATGATGGATA; ONZIN-sh2,
AATGTTGTCCCTGAACTTAG; ONZIN-sh3, CTGATATGAATGAATGCTGT) were cloned into the PLKO.1-puro
shRNA vector and transfected into 293T cells to produce lentivirus. Supernatants containing lentivirus were
collected 48 h after transfection and then used to infect cells. Cells were selected with 1.5 pg/ml puromycin for
1-2 weeks. Similarly, three different target sequences against CXCL5 (shCX1, GTTTGTTTACAGACCACGCAA;
shCX2, GATCAGTAATCTGCAAGTGTT; shCX3, CGGGAAGGAAATTTGTCTTGA) were used to knock down
CXCL5 expression in MG63 cells.

Real-time quantitative PCR and western blotting

Total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Then, 1 pg of total
RNA was used to generate cDNA with the FastQuant RT Kit (Tiangen Biotech, Beijing, China). Quantitative
PCR primers for human ONZIN included a forward primer (5-TTCAGCGACTGCGGAGTCT-3") and reverse
primer (5’-CCCAAGGCACGGGAAA-3’), while S-actin was used as an internal control (forward primer,
5-AGAGGGAAATCGTGCGTGAC-3’; reverse primer, 5’-CAATAGTGATGACCTGGCCGT-3’).

Cell lysates were separated by 10% or 15% sodium dodecyl sulfate-polyacrylamide gel and
immunoblotted overnight at 4°C with antibodies against ONZIN, CXCL5 (Abcam, Cambridge, MA, USA),
vinculin, Flag M2 (Sigma-Aldrich, St. Louis, MO, USA), p-AKT, AKT, ERK, and p-ERK (Cell Signaling Technology,
Beverly, MA, USA). The signals were detected using a chemiluminescence phototype-HRP kit (Bio-RAD,
Hercules, California, USA).
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Cell proliferation, soft agar colony formation, clonogenic survival, migration, and invasion assays

Cell proliferation, soft agar colony formation, and clonogenic survival assays were described previously
[6]. One thousand H318, 0263, 222, and U20S cells and 500 MG63 cells were used in cell proliferation (3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide; MTT), clonogenic survival, and soft agar colony
formation assays. For the migration assay, culture inserts (Ibidi, Madison, WI, USA) were placed into 24-well
plates. Then, 70 pl of cell suspension per well at a concentration of 3 x 10° cells/ml were incubated for 24 h.
The culture inserts were gently removed using sterile tweezers. Cells were washed with phosphate-buffered
saline 1 or 2 times and incubated in Dulbecco’s modified Eagle’s medium (DMEM) with 1% fetal bovine
serum (FBS). Photographs were taken immediately, and the wound width was set to 100% (time zero). For
invasion assays, Boyden chambers were coated with 1:5 diluted Matrigel (BD Biosciences, Franklin Lakes,
NJ, USA) and dried overnight. Then, 100 pl of cells in a serum-free suspension at 3 x 10° cells/ml were
used for the assays, to which 500 pl of DMEM containing 20% FBS were added to the lower chamber. After
incubation for 24 h, cells that passed through Matrigel to the bottom surface of the insert were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet. Recombinant CXCL5 was purchased from Sigma-
Aldrich.

RNA sequence analyses

ONZIN-overexpressing MG63 and control cell lines were used to as source material for RNA sequencing
(BGI Genomics Co., Ltd., Guangdong, China), and the differentially expressed genes were determined by
sequences with fold changes greater than 2 and p-values less than 0.05.

Animal experiments

All animal experiments were approved by the Animal Ethics Committee of Dalian Medical University.
MG63 and U20S cells with or without ONZIN overexpression were suspended in 50% Matrigel at a
concentration of 2 x 107 cells/ml. Four-week-old male nude mice (BALB/c, nu/nu; specific pathogen free
Laboratory Animal Center of Dalian Medical University, Dalian, China) were subcutaneously injected with
two million cells. Tumor size was calculated as 1/2 a®b (where a is the short axis and b is the long axis of the
tumor). Growth curves were plotted as the mean tumor volume * standard error of the mean (SEM).

Immunohistochemistry

TMA construction and immunochemistry staining were previously described in detail [28].
Immunohistochemistry was performed with an ONZIN antibody at a 1:100 dilution (Abcam). Only tissue
samples remained after the products of the staining process were examined by two independent pathologists.

Survival analysis

Overall survival (0OS) was defined as the interval between the date of diagnosis and death or the last
observation. The duration of metastasis-free survival (MFS) was defined as the time from diagnosis until the
occurrence of metastasis or the last follow up.

Statistical analysis

All statistical analyses were performed using SPSS (SPSS Inc., Chicago, IL, USA). All results were shown
as the mean * standard deviation or mean * SEM of three independent experiments. Statistical significance
was determined by one-way analysis of variance. In all figures, * indicates p < 0.05, ** indicates p < 0.01, and
*** indicates p < 0.001.

Results

Overexpression of Onzin promotes mouse osteosarcoma cell clonogenic survival, migration,

and invasion

To understand the mechanism of mutant p53-driven osteosarcoma metastasis, gene
expression array analysis was previously performed by comparing metastatic osteosarcomas
from p53%172H/* mice with those of non-metastatic p53*" mice [8]. More than 200 genes were
differentially expressed in the tumors, and Pla2g16 is specifically upregulated in mutant
p53 cells, contributing to osteosarcoma metastasis [8]. Since multiple genes regulated by
mutant p53 could play important roles in osteosarcoma progression and metastasis, we
examined whether other genes that are differentially expressed in these two groups of
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tumors could be regulated by mutant p53. When mutant p53R172H expression was knocked
down by shRNA in the mouse osteosarcoma cell line H318-1 [29] (Fig. 1A, lower panel), the
expression of the candidate genes identified by expression array analysis were examined by
quantitative real-time PCR (qRT-PCR). Onzin expression was found to be significantly lower
in the p53 knockdown cells (Fig. 1A, upper panel), indicating Onzin is another gene that is
upregulated by mutant p53. Since Onzin expression is known to promote cell proliferation
and contribute to pancreatic tumor progression [22, 26], the role of Onzin in osteosarcoma
was then further investigated. Onzin expression was knocked down by two different shRNAs
in H318-1 cells, which decreased the expression to 47% and 30% by shOnzin1 and shOnzin2,
respectively (Fig. 1B). Wound-healing, low-density clonogenic survival, and invasion assays
were performed, revealing that cell migration, (Fig. 1C), clonogenic survival (Fig. 1D), and
invasion were all reduced in Onzin knockdown cells (Fig. 1E). Conversely, Flag-tagged Onzin
was overexpressed in mouse osteosarcoma cell lines 222 and 026-3 [8] (Fig. 2A). Although
Onzin overexpression only slightly increased cell proliferation in 222 cells, but not in 026-3
cells (Fig. 2B), it significantly increased cell migration (Fig. 2C) and clonogenic survival (Fig.
2D). The difference in migration and clonogenic survival was not likely, owing to slightly
faster cell proliferation of 222 cells. These data clearly demonstrated the importance of
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Onzin in mouse osteosarcoma cell migration, invasion, and clonogenicity, suggesting Onzin
may contribute to osteosarcoma metastasis.

Human ONZIN contributes to osteosarcoma cell proliferation, clonogenic survival,

migration, and invasion

To examine whether the human ONZIN homolog has similar roles in osteosarcoma
metastasis, ONZIN expression levels in different human osteosarcoma cell lines were
first examined by qRT-PCR. Despite the different p53 statuses (i.e., MG63 and Saos2 cells
are p53 null, while U20S has wild-type p53), U20S and MG63 cells showed relative lower
ONZIN mRNA levels compared with Saos2 cells (Fig. 3A). To examine the role of ONZIN in
osteosarcoma cells, Flag-tagged ONZIN was overexpressed in U20S and MG63 cells (Fig.
3B). MTT, wound healing, clonogenic survival, and invasion analyses were then performed
using the ONZIN-overexpressing cell lines. ONZIN overexpression clearly promoted cell
proliferation (Fig. 3C) and increased migration (Fig. 3D), invasion (Fig. 3E), and clonogenic
survival (Fig. 3F) in both U20S and MG63 cells. Furthermore, overexpression of ONZIN in
MG63 cells enhanced soft agar colony formation clonogenic survival (Fig. 3G). These data
clearly demonstrated ONZIN overexpression in human osteosarcoma cells contributed to
tumor progression and metastasis in vitro.

Conversely, ONZIN knockdown was performed by shRNAs in Saos2 cells, which have
relatively higher endogenous ONZIN expression (Fig. 3A). ONZIN expression was significantly
knocked down by three different shRNAs, as shown by both qRT-PCR and western blot (Fig.
4A). MTT, wound healing, Boyden chamber invasion, clonogenic survival, and soft agar colony
formation assays were performed, and the knockdown cells had significantly decreased
activities in cell proliferation (Fig. 4B), migration (Fig. 4C), invasion (Fig. 4D), clonogenicity
(Fig. 4E), and anchorage-independent growth (Fig. 4F). Collectively, the data indicate ONZIN
plays important roles in human osteosarcoma progression and metastatic potential.

ONZIN oncogenic function is partially mediated by increased MAPK pathway signaling

To investigate the mechanism of ONZIN-mediated osteosarcoma progression and
metastasis, the activities of several oncogenic-related signaling pathways, including the
MAPK, PI3K-Akt, mTOR, and Hippo-YAP pathways, were examined by western blot analyses.
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ONZIN overexpression increased the phosphorylation of ERK1/2 in U20S cells under
normal culture conditions with 10% FBS (Fig. 5A). Interestingly, after overnight serum
starvation (at 0 h in Fig. 5B), both U20S and MG63 cells with overexpression of ONZIN
showed higher levels of ERK phosphorylation, indicating ONZIN overexpression contributes
to a higher basal MAPK pathway activity under nutrient-deficient conditions. Although ERK
phosphorylation was initially decreased for unknown reasons at 3 h in both the control and
ONZIN-overexpressing cell lines after 0.2% FBS treatment, higher ERK phosphorylation at
6 and 9 hours was observed in the ONZIN-overexpressing cells (Fig. 5B), showing a faster
MAPK pathway activation upon serum stimulation in those cells.

To further determine the functional relevance of the MAPK pathway activation mediated
by ONZIN expression in osteosarcoma progression, a specific inhibitor targeting the ERK1/2
upstream kinase MEK (U0126 monoethanolate) was used to suppress the phosphorylation
of ERK1/2 in U20S and MG63 cells. The inhibition of ERK1/2 phosphorylation by U0126
clearly resulted in reduced migration (Fig. 5C) and clonogenic survival in both U20S and
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knockdown cells. Initial wound width after removing
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MG63 cells (Fig. 5D). Thus, ERK1/2 phosphorylation at least partially contributes to the
migration and clonogenic survival activities induced by ONZIN overexpression.

ONZIN overexpression induces CXCL5 upregulation, contributing to MAPK pathway

activation and metastatic phenotypes

To investigate the downstream genes induced by ONZIN overexpression, RNA-
sequencing analyses were performed to examine differentially expressed genes between
ONZIN-overexpressing MG63 and control cell lines. More than 2900 genes were significantly
differentially expressed (data not shown). We then validated 14 upregulated genes with the
largest fold change and most statistical significance by qRT-PCR. The CXCL5 gene showed
the highest fold change (Fig. 6A), and CXCL5 protein expression was higher in ONZIN-
overexpressing cells, as determined by western blots (Fig. 6B), demonstrating CXCL5
expression was indeed induced by ONZIN overexpression.

CXCL5 is reported to have important roles in recruiting neutrophils, promoting
angiogenesis, and remodeling connective tissues [30]. Additionally, CXCL5 overexpression
is associated with late stage gastric cancer and lymph node metastasis [31]. CXCL5 also
promotes cell proliferation and invasion in prostate cancer cells [32]. Thus, there is value in
investigating the role of ONZIN-induced CXCL5 expression in osteosarcoma.

Since ONZIN overexpression induced the MAPK pathway in osteosarcoma cells (Fig. 5A
and 5B), ERK phosphorylation in the osteosarcoma cells was examined by the addition of
recombinant CXCL5 protein to the culture media. Both U20S and MG63 cells had increased
ERK phosphorylation within 5 minutes upon the initiation of the CXCL5 treatment (Fig. 6C),
indicating CXCL5 indeed activated the MAPK pathway in these cells. To further investigate
the role of CXCL5 upregulation in osteosarcoma metastasis, cell migration, invasion, and
proliferation under the CXCL5 treatment were examined. CXCL5 treatment clearly induced
migration both in U20S and MG63 cells in wound healing assays, although the migration
ability was still less than that observed under ONZIN overexpression (Fig. 6D). The increased
invasion ability under the CXCL5 treatment at 24 hours was comparable to that under ONZIN
overexpression (Fig. 6E). Furthermore, cell proliferation as measured by MTT assays also
increased after 48 h (Fig. 6F). Since cell proliferation did not show a significant difference
after 24 h of the CXCL5 treatment (data not shown), the increase in migration and invasion
under the CXCL5 treatment is not likely caused by cell proliferation.

In contrast, three shRNAs were used to knock down CXCL5 in MG63 cells. The expression
of CXCL5 was significantly decreased by shCX2 and shCX3, as shown by western blot assays

Fig. 6. ONZIN-induced CXCL5
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(Fig. 7A). MTT analyses showed reductions in cell
proliferation with CXCL5 knockdown in MG63 cells
(Fig. 7B). Additionally, CXCL5 knockdown also
resulted in decreased clonogenic survival in MG63
cells (Fig. 7C). Thus, these data strongly indicate
that CXCL5 upregulated by ONZIN overexpression
contributes to metastatic phenotypes in
osteosarcoma cells.

ONZIN contributes to tumorigenesis in vivo

To determine the effect of ONZIN
overexpression in osteosarcoma in vivo, MG63 and
U20S cell lines with ONZIN overexpression were
subcutaneously injected into BALB/c nude mice,
and subsequent tumorigenesis was monitored.
The tumor volumes from ONZIN-overexpressing
U20S and MG63 cells were significantly larger
than those of the control group (Fig. 8A), indicating
overexpression of ONZIN promoted tumorigenesis
in vivo.

High ONZIN expression is associated with lung

metastasis and poor prognosis in osteosarcoma

patients

To examine the significance of the ONZIN
overexpression in primary patient samples,
immunohistochemistry staining was performed
on a human osteosarcoma tissue array. After all
the staining process steps, 87 samples remained
in the tissue array and were submitted to two
independent pathologists for examination. A total
of 32 out of 87 osteosarcoma samples (36.8%) had
ONZIN-positive staining (only ++ and +++ samples
were considered as to be positive; Fig. 8B). The
clinical and histopathologic details of these 87
cases are listed in Tables 1 and 2. Although sex,
age, tumor location, histological classification,
histological grade, and Enneking staging were
irrelevant to ONZIN expression, lung metastasis
was clearly associated with ONZIN-positive
staining (p = 0.015; Table 1), indicating high ONZIN
expression could be a biomarker of lung metastasis
in osteosarcoma patients. Furthermore, Enneking
staging, histology grade, and lung metastasis
showed a significant association with 3-year OS
and MFS rates. More importantly, the patients
with ONZIN-positive staining had significantly
lower 3-year OS and MFS rates compared with
patients with ONZIN-negative staining (Table
2 and Fig. 8C and 8D). These data demonstrate
ONZIN overexpression is associated with lung
metastasis and poor prognoses in osteosarcoma
patients. Subsequently, the multivariate Cox
regression analysis showed that ONZIN expression
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Fig. 7. CXCL5 knockdown inhibits cell
proliferation and clonogenic survival. (A)
CXCL5 expression was decreased by shRNA
knockdown as determined by western blot
analysis in MG63 cells. (B) MTT and (C)
low-density clonogenic survival assays were
performed using CXCL5 knockdown cells.
Vin was used as the loading control. The
three different shRNAs used against CXCL5
were shCX1, shCX2, and shCX3.

Table 1. Relationship between ONZIN and
clinicopathologic factors of patients

Variables Total ONZIN expression (n)

(n=87) Positive Negative p-values

Sex

Male 51 20 31 0.575
Female 36 12 24

Age at diagnosis

<20 years 54 19 35 0.693
>20 years 33 13 20

Tumor location

Femur 42 19 23 0.143
Tibia 18 3 15

Humerus 11 4 7

Fibula 7 4 3

Others 9 2 7

Histological classification

Osteoblastic 59 19 40 0.243
Chondroblastic 16 6 10

Others 12 7 5

Lung metastasis

Yes 37 19 18 0.015
No 50 13 37

Histological grade

I 29 9 20 0.553
11 37 16 21

11 21 7 14

Enneking staging

I 10 1 9 0.149
1A 18 6 12

1B 52 21 31

11 7 4 3
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Fig. 8. ONZIN overexpression contributes to
osteosarcoma progression in vivo. (A) Tumor
growth curves from the xenograft experiments using
ONZIN-overexpressing MG63 and U20S cells. (B)
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Table 2. Clinicopathologic patient characteristics and
univariate survival analysis. Abbreviation: 3-y, 3-year;
0S, overall survival; MFS, metastasis-free survival

factors for OS and MFS (p < 0.05; Table 3)

in osteosarcoma patients.

Variables Patients (n=87) 3-yOSrate p-values 3-y MFSrate p-values
Sex
Male 51 68.8% 0.576 58.2% 0.850
D' . Female 36 77.8% 66.2%
iscussion Age at dignosis
<20 years 54 741% 0.733 60.4% 0.756
. . >20 years 33 69.7% 63.6%
Increased  metastasis rate IS Lumoriocation
an indicator of mutant p53 GOF in  Femu ” 738% 0449 663% 0458
osteosarcoma. Multiple genes are " ° ooT8 oo
; . ) p g . Humerus 11 72.7% 53.0%
differentially expressed when comparing  siua 7 714% 429%
metastatic p53%72/+* osteosarcomas to ot ’ 778% 778%
. +/- Histological classification
non-metastatic ~ p53 osteosarcomas. Osteoblastic 59 729% 0527 605% 0511
Previously, PlaZg16 was determined to be  chondroblastic 16 56:3% 50.0%
Others 12 91.7% 82.5%
one of the genes upregulated by mutant | .
. ung metastasis
p53 as a part of enhancmg osteosarcoma Yes 37 43.2% <0001  17.5% <0.001
metastasis [8]. Inthe presentstudy, ONZIN =~ * 50 0% 92.0%
. . istological grade
overexpression induced by mutant p53 29 862% 0039 792% 0025
is also shown to enhance osteosarcoma 37 67.6% 59.1%
. . I 21 61.9% 41.6%
progression and metastasis. Furthermore,
g staging
ONZIN overexpression also contributed 10 100% <0001  100% <0.001
to osteosarcoma metastasis in cells with " . o o
wild-type p53 (i.e.,, U20S cells) or p53 null 7 143% 0
mutations (i.e., MG63 cells), suggesting  ovan
. . Negative 55 78.2% 0.002 70.9% 0.003
that ONZIN function in osteosarcomacells  ,~ . - s2500 A%

does not depend on mutant p53. Thus,
other mechanisms that can induce ONZIN
expression could also increase osteosarcoma metastasis.
The notable role of ONZIN overexpression in osteosarcoma
metastasis was consistent with a recent pancreatic cancer
study [19], which indicated ONZIN can enhance metastasis
in different tumor types.

With unbiased RNA sequence analysis, CXCL5 was
identified as one of the downstream targets of ONZIN
overexpression. As a proangiogenic chemokine, CXCL5 is an
inflammatory mediator. Previous studies have shown ONZIN
null mice had defective neutrophil function in response
to bacteria uptake [20]. Interestingly, Cxcl5 antibody can
reduce lipopolysaccharide-induced neutrophil accumulation
in the lung [33]. Thus, these studies support that CXCL5 can

KARGER

Table 3. Multivariate analysis of
factors associated with OS and
MFS. Abbreviations: HR, hazard
ratio; CI, confidence interval;
0S, overall survival, MEFS,
metastasis-free survival

Variables HR (95% CI) p-values

0s

ONZIN (+vs -) 2.108 (1.150-3.864)  0.016

Histological grade  1.510 (0.985-2.315)  0.059
2.557

Enneking stagin 0.001
€ Stagine (1.444-4.529)

MFS

ONZIN (+vs -) 2.073 (1.133-3.975)  0.018
Histological grade  1.496 (0.981-2.283) 0.062
Enneking staging  3.052(1.551-6.005)  0.001
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mediate ONZIN-induced immune responses. Indeed CXCL5 has been shown to be secreted
by non-immune cells [34, 35].

CXCL5 treatment increases migration and invasion of prostate cancer cells [29].
Consistently, when osteosarcoma cells were treated with CXCL5 in the culture media,
cells showed increased migration, invasion, and proliferation. Since ONZIN is important
in neutrophil responses, it will be interesting to examine whether ONZIN-induced CXCL5
upregulation plays a role in neutrophil recruitment in osteosarcoma lung metastasis in the
future. Like CXCL5 treatment, ONZIN overexpression also induces or respresses many other
targets as identified by RNA-seq, so CXCL5 may only partially contribute to the effects of
ONZIN overexpression in osteosarcoma metastasis. Decreasing the level of CXCL5 in ONZIN-
overexpressing cells may partially decrease the metastatic potential of these cells.

Furthermore, both ONZIN and CXCL5 activate the MAPK pathway in osteosarcoma
cells. Although other oncogenic pathways, such as PI3K-AKT, mTOR, and Hippo-YAP, have
also been examined in cells with ONZIN overexpression or CXCL5 treatment, no significant
activation of those pathways has been identified. Notably, both PLA2G16 and ONZIN
activate Erk phosphorylation to promote osteosarcoma metastasis, suggesting mutant p53
upregulates the MAPK pathway through multiple target genes. These data are in agreement
with p53 GOF results in mammary tumor cells, in which multiple genes of the mevalonate
pathway are activated by mutant p53 [10]. Additionally, the activated MAPK pathway is
strongly associated with osteosarcoma metastasis and poor prognoses [9]. Thus, multiple
mechanisms that activate the MAPK pathway may be important for mutant p53 GOF in
osteosarcoma.

More importantly, the analyses of clinical patient samples demonstrated that ONZIN
overexpression was significantly associated with osteosarcoma lung metastasis and poor
prognoses. ONZIN overexpression may serve as a biomarker and therapeutic target in
osteosarcoma patients.

Conclusion

These data indicate that ONZIN plays an important role in osteosarcoma progression
and metastasis, and is an independent biomarker of lung metastsis in osteosarcoma patients.
ONZIN may therefore serve as a therapeutic target for osteosarcoma treatment.
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tetrazolium bromide ); qRT-PCR (quantitative real-time PCR ); OS (overall survival, ); SEM
(standard error of the mean).

Acknowledgements

We thank Dr. Amanda Wasylishen, Grace Xiong and Yuqing Xiong for help with English
editing, and Drs. Yuhui Yuan and Wuguo Deng for helpful discussions.

This research was supported by grants (No. 81472715,81572829, and 81773031) from
National Natural Science Foundation of China. The funders had no role in the study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

The authors declare that data supporting the findings of this study are avaialbe within
the article.

Y.Z., QH, G.L, L.L, S.L. and T.M. performed the experiments. Y.Z. and S.X. wrote the
manuscript with support from L.L., B.Z,, Y.R, XY, S.C,, Y.Z,, ].L., Z.F. TM. and G.W. helped to
supervise the project. S.X. conceived the original idea and supervised the whole project.

KARGER

1109


http://dx.doi.org/10.1159%2F000491976

Cellular Physiology Cell Physiol Biochem 2018;48:1099-1111
DOL:

>1

»2

>3

>4

»>5

»6

»7

>3

»9

>10

>11

>12

>13

>14

»15

© 2018 The Author(s). Published by S. Karger AG, Basel

and BiOChemiStry Pubiished online: July 24, 2018 www.karger.com/cpb 1110

Zhang et al.: ONZIN Contributes to Osteosarcoma Metastasis

Disclosure Statement

The authors declare that they have no competing interests.

References

Yu S, Fourman MS, Mahjoub A, Mandell JB, Crasto JA, Greco NG, Weiss KR: Lung cells support osteosarcoma
cell migration and survival. BMC Cancer 2017;17:78.

Lopes LJS, Tesser-Gamba F, Petrilli AS, de Seixas Alves MT, Garcia-Filho R], Toledo SRC: MAPK pathways
regulation by DUSP1 in the development of osteosarcoma: Potential markers and therapeutic targets. Mol
Carcinog 2017;56:1630-1641.

RuJY, Cong Y, Kang WB, Yu L, Guo T, Zhao JN: Polymorphisms in TP53 are associated with risk and survival
of osteosarcoma in a Chinese population. Int ] Clin Exp Pathol 2015;8:3198-3203.

Maugg D, Rothenaigner I, Schorpp K, Potukuchi HK, Korsching E, Baumhoer D, Hadian K, Smida J,

Nathrath M: New small molecules targeting apoptosis and cell viability in osteosarcoma. PLoS One
2015;10:e0129058.

Zhao SJ, Jiang YQ, Xu NW, Li Q, Zhang Q, Wang SY, Li ], Wang YH, Zhang YL, Jiang SH, Wang Y], Huang

Y], Zhang XX, Tian GA, Zhang CC, Lv YY, Dai M, Liu F, Zhang R, Zhou D, Zhang ZG: SPARCL1 suppresses
osteosarcoma metastasis and recruits macrophages by activation of canonical WNT/beta-catenin signaling
through stabilization of the WNT-receptor complex. Oncogene 2018;37:1049-1061.

Miao J, Wang W, Wu S, Zang X, Li Y, Wang ], Zhan R, Gao M, Hu M, Li ], Chen S: miR-194 Suppresses
Proliferation and Migration and Promotes Apoptosis of Osteosarcoma Cells by Targeting CDH2

Cell Physiol Biochem 2018;45:1966-1974.

Liu R, Fu C, Sun J, Wang X, Geng S, Wang X, Zou ], Bi Z, Yang C: A New Perspective for Osteosarcoma
Therapy: Proteasome Inhibition by MLN9708/2238 Successfully Induces Apoptosis and Cell Cycle Arrest
and Attenuates the Invasion Ability of Osteosarcoma Cells in vitro. Cell Physiol Biochem 2017;41:451-465.
Xiong S, Tu H, Kollareddy M, Pant V, Li Q, Zhang Y, Jackson ]G, Suh YA, Elizondo-Fraire AC, Yang P, Chau G,
Tashakori M, Wasylishen AR, Ju Z, Solomon H, Rotter V, Liu B, EI-Naggar AK, Donehower LA, Martinez LA,
Lozano G: Pla2g16 phospholipase mediates gain-of-function activities of mutant p53 Proc Natl
Acad SciUSA2014;111:11145-11150.

Li L, Liang S, Wasylishen AR, Zhang Y, Yang X, Zhou B, Shan L, Han X, Mu T, Wang G, Xiong S: PLA2G16
promotes osteosarcoma metastasis and drug resistance via the MAPK pathway. Oncotarget 2016;7:18021-
18035.

Freed-Pastor WA, Mizuno H, Zhao X, Langerod A, Moon SH, Rodriguez-Barrueco R, Barsotti A, Chicas

A, Li W, Polotskaia A, Bissell MJ], Osborne TF, Tian B, Lowe SW, Silva JM, Borresen-Dale AL, Levine AJ,
Bargonetti ], Prives C: Mutant p53 disrupts mammary tissue architecture via the mevalonate pathway. Cell
2012;148:244-258.

Cooks T, Pateras IS, Tarcic O, Solomon H, Schetter AJ, Wilder S, Lozano G, Pikarsky E, Forshew T, Rosenfeld
N, Harpaz N, Itzkowitz S, Harris CC, Rotter V, Gorgoulis VG, Oren M: Mutant p53 prolongs NF-kappaB
activation and promotes chronic inflammation and inflammation-associated colorectal cancer. Cancer Cell
2013;23:634-646.

Weissmueller S, Manchado E, Saborowski M, Morris JPt, Wagenblast E, Davis CA, Moon SH, Pfister NT,
Tschaharganeh DF, Kitzing T, Aust D, Markert EK, Wu ], Grimmond SM, Pilarsky C, Prives C, Biankin AV,
Lowe SW: Mutant p53 drives pancreatic cancer metastasis through cell-autonomous PDGF receptor beta
signaling. Cell 2014;157:382-394.

Di Agostino S, Strano S, Emiliozzi V, Zerbini V, Mottolese M, Sacchi A, Blandino G, Piaggio G: Gain of function
of mutant p53: the mutant p53/NF-Y protein complex reveals an aberrant transcriptional mechanism of
cell cycle regulation. Cancer Cell 2006;10:191-202.

Do PM, Varanasi L, Fan S, Li C, Kubacka I, Newman V, Chauhan K, Daniels SR, Boccetta M, Garrett MR, Li R,
Martinez LA: Mutant p53 cooperates with ETS2 to promote etoposide resistance. Genes Dev 2012;26:830-
845.

Zhu ], Sammons MA, Donahue G, Dou Z, Vedadi M, Getlik M, Barsyte-Lovejoy D, Al-awar R, Katona BW,
Shilatifard A, Huang J, Hua X, Arrowsmith CH, Berger SL: Gain-of-function p53 mutants co-opt chromatin
pathways to drive cancer growth. Nature 2015;525:206-211.

KARGER


http://dx.doi.org/10.1159%2F000491976

Cellular Physiology Cell Physiol Biochem 2018;48:1099-1111
DOL:

> 16

»17

»>18

»19

»20

»21

»22

»23

» 24

»25

»26

»27

»28

»29

»30

»31

»32

>33

>34

»35

© 2018 The Author(s). Published by S. Karger AG, Basel

and Biochemistry PubiiiWM, 2018 |wwwkargercom/cpb

Zhang et al.: ONZIN Contributes to Osteosarcoma Metastasis

Walerych D, Lisek K, Sommaggio R, Piazza S, Ciani Y, Dalla E, Rajkowska K, Gaweda-Walerych K, Ingallina
E, Tonelli C, Morelli M], Amato A, Eterno V, Zambelli A, Rosato A, Amati B, Wisniewski JR, Del Sal G:
Proteasome machinery is instrumental in a common gain-of-function program of the p53 missense
mutants in cancer. Nat Cell Biol 2016;18:897-909.

Lisek K, Walerych D, Del Sal G: Mutant p53-Nrf2 axis regulates the proteasome machinery in cancer. Mol
Cell Oncol 2017;4:e1217967.

Haupt S, Raghu D, Haupt Y: Mutant p53 Drives Cancer by Subverting Multiple Tumor Suppression
Pathways. Front Oncol 2016;6:12.

Wu SE Huang Y, Hou JK, Yuan TT, Zhou CX, Zhang ], Chen GQ: The downregulation of onzin expression by
PKCepsilon-ERK2 signaling and its potential role in AML cell differentiation. Leukemia 2010;24:544-551.
Ledford ]G, Kovarova M, Koller BH: Impaired host defense in mice lacking ONZIN. ] Immunol
2007;178:5132-5143.

Ledford JG, Kovarova M, Jania LA, Nguyen M, Koller BH: ONZIN deficiency attenuates contact
hypersensitivity responses in mice. Immunol Cell Biol 2012;90:733-742.

Kaistha BP, Lorenz H, Schmidt H, Sipos B, Pawlak M, Gierke B, Kreider R, Lankat-Buttgereit B, Sauer M,
Fiedler L, Krattenmacher A, Geisel B, Kraus M, Frese KK, Kelkenberg S, Giese NA, Kestler HA, Gress TM,
Buchholz M: PLAC8 Localizes to the Inner Plasma Membrane of Pancreatic Cancer Cells and Regulates Cell
Growth and Disease Progression through Critical Cell-Cycle Regulatory Pathways. Cancer Res 2016;76:96-
107.

Rissoan MC, Duhen T, Bridon JM, Bendriss-Vermare N, Peronne C, de Saint Vis B, Briere F, Bates EE:
Subtractive hybridization reveals the expression of immunoglobulin-like transcript 7, Eph-B1, granzyme B,
and 3 novel transcripts in human plasmacytoid dendritic cells. Blood 2002;100:3295-3303.

Betts C], Moggs ]G, Caddick HT, Cumberbatch M, Orphanides G, Dearman R], Ryan CA, Hulette BC, Frank
Gerberick G, Kimber I: Assessment of glycosylation-dependent cell adhesion molecule 1 as a correlate of
allergen-stimulated lymph node activation. Toxicology 2003;185:103-117.

Jimenez-Preitner M, Berney X, Uldry M, Vitali A, Cinti S, Ledford ]G, Thorens B: Plac8 is an inducer of C/
EBPbeta required for brown fat differentiation, thermoregulation, and control of body weight. Cell Metab
2011;14:658-670.

Rogulski K, Li Y, Rothermund K, Pu L, Watkins S, Yi F, Prochownik EV: Onzin, a c-Myc-repressed

target, promotes survival and transformation by modulating the Akt-Mdm2-p53 pathway. Oncogene
2005;24:7524-7541.

Mourtada-Maarabouni M, Watson D, Munir M, Farzaneh F, Williams GT: Apoptosis suppression by
candidate oncogene PLACS8 is reversed in other cell types. Curr Cancer Drug Targets 2013;13:80-91.

Liang S, Ren Z, Han X, Yang ], Shan L, Li L, Wang B, Zhang Q, Mu T, Chen K, Xiong S, Wang G: PLA2G16
Expression in Human Osteosarcoma Is Associated with Pulmonary Metastasis and Poor Prognosis. PLoS
One 2015;10:e0127236.

Lang GA, Iwakuma T, Suh YA, Liu G, Rao VA, Parant JM, Valentin-Vega YA, Terzian T, Caldwell LC, Strong

LC, EI-Naggar AK, Lozano G: Gain of function of a p53 hot spot mutation in a mouse model of Li-Fraumeni
syndrome. Cell 2004;119:861-872.

Mei ], Liu Y, Dai N, Favara M, Greene T, Jeyaseelan S, Poncz M, Lee ]S, Worthen GS: CXCL5 regulates
chemokine scavenging and pulmonary host defense to bacterial infection. Immunity 2010;33:106-117.
Park ]Y, Park KH, Bang S, Kim MH, Lee JE, Gang ], Koh SS, Song SY: CXCL5 overexpression is associated with
late stage gastric cancer. ] Cancer Res Clin Oncol 2007;133:835-840.

Begley LA, Kasina S, Mehra R, Adsule S, Admon A], Lonigro R], Chinnaiyan AM, Macoska JA: CXCL5 promotes
prostate cancer progression. Neoplasia 2008;10:244-254.

Jeyaseelan S, Chu HW, Young SK, Worthen GS: Transcriptional profiling of lipopolysaccharide-induced acute
lung injury. Infect Immun 2004;72:7247-7256.

Nouailles G, Dorhoi A, Koch M, Zerrahn ], Weiner ], 3rd, Fae KC, Arrey F, Kuhlmann S, Bandermann S, Loewe
D, Mollenkopf H]J, Vogelzang A, Meyer-Schwesinger C, Mittrucker HW, McEwen G, Kaufmann SH: CXCL5-
secreting pulmonary epithelial cells drive destructive neutrophilic inflammation in tuberculosis. ] Clin
Invest 2014;124:1268-1282.

Jeyaseelan S, Manzer R, Young SK, Yamamoto M, Akira S, Mason R], Worthen GS: Induction of CXCL5 during
inflammation in the rodent lung involves activation of alveolar epithelium. Am ] Respir Cell Mol Biol
2005;32:531-539.

KARGER

1111


http://dx.doi.org/10.1159%2F000491976

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_25: 
	CitRef_26: 
	CitRef_27: 
	CitRef_28: 
	CitRef_29: 
	CitRef_30: 
	CitRef_31: 
	CitRef_32: 
	CitRef_33: 
	CitRef_34: 
	CitRef_35: 


