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Abstract

Osteosarcoma (OS) is a high-grade intraosseous malignancy. Twenty to thirty percent of
OS patients react poorly to standard therapy with a combination of surgical resection and
chemotherapy. It is necessary to find molecules that play an important role in this. This
study explored the role of TRIM4 in OS chemotherapy sensitivity and malignant progres-
sion. The expression of TRIM4 in OS tissues and cells was examined by RT-qPCR, immu-
nohistochemical staining, and western blot. Specific siRNA was transfected into U2-OS
and SAOS?2 cells to target TRIM4. Cell biological behavior was examined by CCK-8,
Transwell, and flow cytometry experiments. Cisplatin-resistant SAOS2 (SAOS2-Cis-R)
cells were established, and the effect of TRIM4 expression on the cisplatin response of
SAOS2 cells was tested. Knockdown of TRIM4 significantly inhibited the proliferation,
migration, and invasion of U2-OS and SAOS?2 cells and induced apoptosis. TRIM4 expres-
sion was significantly higher in chemotherapy-resistant OS tissues compared to chemother-
apy-sensitive OS tissues. Furthermore, the expression of TRIM4 in SAOS2-Cis-R cells
was significantly increased compared to parental SAOS2 cells. Moreover, overexpression
of TRIM4 enhanced cisplatin resistance in parental SAOS?2 cells, while the downregulation
of TRIM4 expression enhanced cisplatin sensitivity of SAOS2-Cis-R cells. High TRIM4
expression might be associated with malignant progression and poor response to chemo-
therapy response of OS. Targeting TRIM4 may be beneficial for OS treatment or combina-
tion therapy.
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Introduction

Osteosarcoma (OS) is one of the three most common primary bone tumors that also
include Ewing’s sarcoma and chondrosarcoma, which is characterized by osteolytic,
proliferative lesions and a propensity for lung metastasis [1]. Bone cancers are rela-
tively uncommon cancers with 800—1000 diagnosed cases each year, and OS accounts
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for about 20% [1]. OS shows a bimodal distribution, the first peak appears at 15-19
years old (8 cases/million/year), the second peak appears at 75-79 years old (6 cases/
million/year), and 25-59 years old is the low-medium platform period (1-2 cases/
million/year) [2]. Since the 1970s, standard therapy with a combination of chemo-
therapy and surgical resection has raised the long-term survival rate of OS patients
from less than 20 to 70% [3]. However, over the past three decades, continued pro-
gress in standard therapies to improve survival has slowed. Twenty to thirty percent
of OS patients react poorly to conventional treatment. OS patients with unresectable
primary tumors or metastatic tumors (mainly in the lungs) have a low 5-year survival
rate, about 30% or less [4]. Therefore, there is still a need to find novel therapeutic
targets, methods, and agents.

TRIM4 is an E3 ubiquitin ligase that regulates steroid hormone levels [5], oxi-
dative stress [6, 7], mitochondrial dysfunction [6], and interferon activation after
viral infection [8]. TRIM4 sensitizes cells to H202-induced cell death [6]. TRIM4
is expressed differently in human tissues and in most of the analyzed human can-
cer cell lines [6]. Furthermore, its different types of genetic mutations are found
in many types of diseases. For example, in non-alcoholic steatohepatitis hepa-
tocellular carcinoma (HCC) [9] and neural tube defects [10], the TRIM4 gene is
hypomethylated and highly expressed at mRNA and protein levels. TRIM4-BRAF
or TRIM4-MET fusion gene is identified in aggressive mucinous adenocarcinoma
[11], glioblastoma [12, 13], gastrointestinal stromal carcinoma [14], and melanoma
[15]. In addition, Bien et al. report that the risk of colorectal cancer is closely
related to the single nucleotide polymorphism of TRIM4 and PYGL genes using
a genome-wide analysis [16]. However, little is currently known about the role of
TRIM4 in cancer.

In this study, the differential expression of TRIM4 in OS tissues with different responses
to chemotherapy was investigated, and its effects on OS cell proliferation, invasion, apopto-
sis, and cisplatin tolerance were analyzed.

Materials and Methods
Patients and Tissue Samples

OS tissue samples were obtained from 39 patients who underwent histopathological diag-
nosis and surgical resection at Shandong Second Provincial General Hospital. All patients
had primary OS without other cancers or major diseases, and not received chemotherapy or
other therapy before surgical resection. Twenty-four patients were followed who received
chemotherapy postoperatively, of which 12 were chemotherapy sensitive and 12 were
resistant. The study was approved from the institutional research ethics committee and
received written consent from patients.

Cell Lines and Culture

HOS, MG63, U2-0S, SAOS2, and hFOB1.19 were obtained from ATCC and cul-
tured in DMEM (Gibco, Hyclone, UT) containing 10% FBS at 37 °C in a 5% CO,
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atmosphere. Cisplatin-resistant SAOS2 (SAOS2-Cis-R) cells were established by
gradually increasing the concentrations of cisplatin (0.1 to 1 pg/ml) (Sigma-Aldrich,
Germany) in the culture medium. When cells grow to 60-70% confluence, cispl-
atin was added in steps at concentrations of 0.1, 0.2, 0.3, 0.5, and 1 pg/ml. Cells
were first exposed to cisplatin for two consecutive days and then replaced with fresh
medium without cisplatin until the surviving cells recover. When the cells grow
again to 60-70% confluence, cisplatin was added to the medium again. Each concen-
tration was repeated 6 times, and there were 7 passages for each concentration. The
fold increase in cisplatin resistance for each variant was determined by comparing
its IC50 value (the concentration of the drug that resulted in a 50% inhibition of cell
growth after 96 h of in vitro treatment) with that of its corresponding parental cell
line. Finally, the cells that could grow in 1 pg/ml cisplatin were SAOS2-Cis-R cells.

Plasmid, siRNA, and Transfection

The human full-length TRIM4 cDNA sequence was cloned into the pcDNA3.1 plas-
mid to construct the TRIM4 overexpression plasmid. The siRNA specifically target-
ing human TRIM4 was synthesized by Invitrogen. 1 x 10° cells were inoculated into
each well of a 6-well plate and cultured in serum-free medium. Cells were required
to grow to 50-65% confluence for siRNA transfection and 75-95% confluence for
overexpression plasmid transfection. Two hundred fifty microliters of Opti-MEM
low-serum medium diluted 100 pmol siRNA (4 pg overexpression plasmid) and Lipo-
fectamine 2000 reagent (Invitrogen, Carlsbad, CA), respectively. Subsequently, the
two dilutions were mixed and added to the cells after standing for 20 min at room
temperature.

Immunohistochemistry (IHC)

Samples were formalin-fixed and embedded in paraffin. Paraffin blocks were sectioned
and sequentially dewaxed and antigenically repaired. Tissue sections were blocked with
5% goat serum and incubated with TRIM4 antibody (1:500, PA5-31491, rabbit polyclonal
antibody, ThermoFisher Scientific) overnight at 4 °C, followed by incubation with a sec-
ondary antibody at room temperature for 1 h. Immunoreactivity was visualized with an
enhanced DAB chromogenic kit.

Immunostaining scores were given by two independent and experienced pathologists.
The score was the product of the positive stained cell ratio (R) and the staining intensity
(D). R: 0(<5%), 1 (5-25%), 2 (25-50%), 3 (>51%). S: 0 (negative), 1 (weak), 2 (middle), 3
(strong). A total score less than 4 was considered as low expression, while 4-9 was consid-
ered as high expression.

RNA Isolation and RT-qPCR

Total RNA was extracted from human tissues and cultured cells using TRIzol reagent (Inv-
itrogen, Carlsbad, CA), and reverse transcribed into cDNA using the Reverse Transcription
Kit. PCR was performed using Power SYBR Green Master Mix. Relative expression levels
were calculated by 2-88C4 and GAPDH was used as an internal control.
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Fig.1 TRIM4 expression is upregulated in chemotherapy-resistant OS tissues. A The mRNA levels of
TRIM4 in 39 cases of OS tissue samples using qRT-PCR. The test of each tissue sample was repeated 3
times. B The sample proportion with TRIM4 mRNA low or high expression. Those lower than the average
relative expression level of TRIM4 were low expression, and those higher were high expression. C The pro-
tein expression of TRIM4 in 12 cases of chemotherapy-sensitive and 12 cases of chemotherapy-resistant OS
tissue samples with IHC. D The sample proportion with TRIM4 protein low or high expression

Western Blot

Cells were lysed in RIPA buffer, and cell lysates were centrifuged at 12,000 g for 10 min at 4
°C to remove impurities. Proteins were electrophoresed by SDS-PAGE, separated according
to molecular weight size, and transferred to a PVDF membrane. After being blocked with 5%
skim milk, the membrane was incubated with TRIM4 antibody (PA5-90823, ThermoFisher
Scientific) at 4 °C overnight, followed by secondary antibody (31466, ThermoFisher Scien-
tific) for 2 h at 37 °C. Finally, the band was visualized using an enhanced chemiluminescent
HRP substrate.

CCK-8 Assay

1 x 10° cells were inoculated into each well of a 96-well plate and continued to be cultured or
treated with different concentrations of cisplatin for a certain time. Ten percent CCK-8 reagent
was added to each well. After incubation for 2 h at 37 °C, the absorbance was measured at 450
nm using a microplate reader.
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Fig.2 The expression of TRIM4 was downregulation in U2-OS and SAOS?2 cells. The mRNA (A) and pro-
tein (B) expression of TRIM4 in OS cell lines (HOS, MG63, U2-0S, and SAOS2) and normal osteoblast
cell line (hFOB1.19) were examined. The specifical siRNA (KD) significantly reduced the mRNA (C) and
protein (D) expression of TRIM4 in U2-OS and SAOS2 cells. The proliferation of U2-OS (E) and SAOS2
(F) by using CCK-8 assay. *P < 0.05

Transwell Assay

Cells were inoculated on the top of Matrigel-coated Chambers (BD Biosciences) and incu-
bated or treated with cisplatin for 24 h at 37 °C to analyze cell invasion. For migration assay, a
chamber uncoated with Matrigel was used. Migrated or invaded cells were fixed and stained,
and finally counted.
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Fig.3 Knockdown of TRIM4 inhibits the malignant proliferation and invasion of U2-OS and SAOS?2 cells
in vitro. The migration (A) and invasion (B) of U2-OS and SAOS?2 cells by Transwell assays. C The apop-
tosis of U2-OS and SAOS2 by using flow cytometry. *P < 0.05

Apoptosis Detection

Cells were cultured or treated with cisplatin for 24 h. Then, cells were digested with EDTA-
free trypsin and resuspended to 1 X 10° cells/ml with binding buffer. Five microliters of FITC-
Annexin V and 5 pl PI were added to 1 ml of cell suspension. After gentle mixing, the assay
was performed with a FACScan flow cytometry system.

Statistical Analysis

Data were analyzed using SPSS 21.0 software and performed as mean + SD. Two-tailed
Student’s z-test and ANOVA were used to evaluate statistical differences between different
groups. P < 0.05 was considered statistically significant.

Results
TRIM4 Expression is Upregulated in Chemotherapy-Resistant OS Tissues

Firstly, mRNA levels of TRIM4 in 39 cases of OS tissue samples were examined using qRT-
PCR (Fig. 1A and B). The TRIM4 mRNA was highly expressed in 69.23% (27/39) of OS
tissue samples. Subsequently, 12 cases of samples that were sensitive to postoperative chemo-
therapy and 12 cases who responded poorly to chemotherapy were screened. Compared to
chemotherapy-sensitive OS tissues (8/12), TRIM4 was higher expressed in chemotherapy-
resistant OS tissues (11/12) (Fig. 1C and D).
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Fig.4 The cisplatin-resistant cell line (SAOS2-Cis-R) is established. The cell survival of parent SAOS2
(A) and SAOS2-Cis-R (B) cells treated with difference cisplatin concentration and treatment time by using
CCK-8 assays. C The apoptosis ratio of parental SAOS2 and SAOS2-Cis-R cells treated with 5 pg/ml cispl-
atin for 24 h by using flow cytometry. D The protein expression of TRIM4 in parental SAOS2 and SAOS2-
Cis-R cells by western blot. E The expression of TRIM4 in the parental SAOS?2 cells was upregulated using
the transfection of pcDNA3.1-TRIM4 plasmid (OE), and the expression of TRIM4 in SAOS2-Cis-R cells
was downregulated using the transfection of siRNA (KD). NC, negative control. *P < 0.05, *P < 0.05

Knockdown of TRIM4 Inhibits the Malignant Progress of U2-0S and SAOS2 Cells
In Vitro

Compared to hFOB1.19 cell line, the expression of TRIM4 in all HOS, MG63, U2-0S,
and SAOS2 cell lines was significantly upregulated (P < 0.05, Fig. 2A and B). Subse-
quently, U2-OS and SAOS2 cell lines were selected for cellular experiments in vitro.
The siRNA specifically targeting TRIM4 (KD) significantly reduced TRIM4 expression
in U2-0OS and SAOS2 cells (P < 0.05, Fig. 2C and D). Moreover, the downregulation
of TRIM4 expression significantly inhibited the proliferation (Fig. 2E and F), migration
(Fig. 3A), and invasion (Fig. 3B) of U2-OS and SAOS2 cells, and promoted apoptosis
(Fig. 3C). The results of CCK-8 experiments showed that TRIM4-siRNA-transfected
cells had much lower absorbance values at 450 nm at 48 h and 72 h after transfection
than that in control cells (Fig. 2E and F). The results of Transwell assays suggested
that the number of cells completing migration and invasion simulation in the KD group
was much less than that in the NC group (Fig. 3A and B). In addition, the flow cytom-
etry results displayed a significant upregulation of the proportion of apoptotic cells after
TRIM4 knockdown (Fig. 3C).
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TRIM4 Enhances Cisplatin Resistance in SAOS2 Cells

In view of the high expression of TRIM4 in chemotherapy-resistant OS tissues, we
established a cisplatin-resistant cell (SAOS2-Cis-R) to explore the role of TRIM4 in cis-
platin resistance in OS cells. Figure 4A—C demonstrates the response of parental SAOS2
cells and SAOS2-CIS-R cells to cisplatin. As shown in Fig. 4A and B, the number of
surviving parental SAOS2 cells decreased significantly with increasing cisplatin con-
centration or treatment time (Fig. 4A), while SAOS2-Cis-R cells maintained good cell
viability under 1 pg/ml cisplatin treatment, and some cells survived even at 10 pg/ml
cisplatin treatment for 72 h (Fig. 4B). In addition, SAOS2-Cis-R cells (Cis(—)) showed
a lower apoptosis rate compared to the parental SAOS2 cells (P < 0.05, Fig. 4C). After
24 h of 5 pg/ml cisplatin treatment (Cis(+)), SAOS2-CIS-R cells still showed a lower
apoptosis rate compared to parental SAOS2 cells (P < 0.05, Fig. 4C). Critically, accord-
ing to the results of western blot, compared to the parental SAOS2 cells, the protein
expression of TRIM4 in SAOS2-Cis-R cells was increased significantly (P < 0.05,
Fig. 4D).

To verify the association of TRIM4 expression with cisplatin response in SAOS2
cells, TRIM4 expression in parental SAOS2 cells was upregulated using overexpression
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Fig.5 TRIM4 enhances the cisplatin resistance of SAOS2 cells. A The cell survival of parent SAOS2 cells
upregulated the TRIM4 expression (SAOS2-TRIM4) and SAOS2-Cis-R cells downregulated the TRIM4
expression (SAOS2-Cis-R-siRNA) that treated with difference concentration of cisplatin for 24 h by using
CCK-8 assays. B and C The apoptosis ratio of parent SAOS2 cells upregulated the TRIM4 expression
(SAOS2-TRIM4) and SAOS2-Cis-R cells downregulated the TRIM4 expression (SAOS2-Cis-R-siRNA)
that treated with 5 pg/ml cisplatin for 24 h by using flow cytometry. *P < 0.05
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plasmid transfection (OE, Fig. 4E), and it was downregulated in SAOS2-Cis-R cells
using siRNA transfection (KD, Fig. 4E). Subsequently, the effect of TRIM4 expression
on cisplatin response in SAOS2 cells was examined using CCK-8 and apoptosis experi-
ments. As shown in Fig. 5, overexpression of TRIM4 enhanced the cisplatin resistance
of the parental SAOS2 cells, while the downregulation of TRIM4 enhanced the cisplatin
sensitivity of SAOS2-Cis-R cells.

Discussion

In vitro cellular experiments performed in this study indicated that downregulating the
expression of TRIM4 in OS cells can significantly inhibit cell proliferation, migration, and
invasion and induce apoptosis. Targeting TRIM4 may be beneficial to inhibiting OS pro-
gression. Importantly, we found an association between TRIM4 expression and chemother-
apy resistance in OS cells. TRIM4 appeared to be highly expressed in cisplatin-resistant
OS tissues and cell lines, and altering the expression of TRIM4 in OS cell lines can affect
cellular sensitivity to cisplatin.

The combination of chemotherapy and surgical removal of the primary tumor is the
main reason for the cure of OS patients. Unfortunately, OS is a particularly chemother-
apy-resistant tumor. These tumors respond only to high-dose chemotherapy and are able
to rapidly acquire resistance, which is reflected in recurrent patients with salvage rates as
low as 20%. Although the addition of cisplatin and isocyclophosphamide has improved
survival rates in OS patients, there has been no improvement in OS outcomes or strate-
gies in the ensuing decades. Chemotherapy resistance includes both primary and acquired
resistance, with more than half of cancers exhibiting primary resistance and the remaining
50% acquiring resistance as a result of treatment. Targeting TRIM4 may be beneficial in
improving primary and acquired resistance in OS patients. It is also of great interest to
explore the response of TRIM4 protein expression to chemotherapeutics agents other than
cisplatin, and continued research is needed to investigate the molecular mechanisms by
which TRIM4 regulates the sensitivity and resistance of OS cells to chemotherapeutics. In
addition, OS lacks clear driver mutations and therapeutic targets, and the progress of tar-
geted therapy has been slow. The drivers and targets of TRIM4 and other family members
in OS progression deserve further investigation.

The human TRIM family has over 77 members, most of which belong to the E3 ubiqui-
tin ligase. Generally, TRIM proteins bind to ubiquitin conjugating enzyme (E2) through the
N-terminal RING domain to catalyze the formation of ubiquitin chains on substrates. The
expression of TRIM7, 10, 14, 46, 59, and 66 has been reported to be significantly upregu-
lated in OS and correlated with poor prognosis [17-22]. Furthermore, TRIM7, 10, 14, and
66 not only promote the malignant progression of OS but are also responsible for the tumor
chemoresistance [17-19]. In contrast, TRIM22 expression is reported to be downregulated
in OS and associated with a better prognosis, and its overexpression could inhibit cancer
progression by activating cellular autophagy [23, 24]. At present, little is known about the
biological functions of TRIM4. Zhan et al. find that compared to human bronchial epithe-
lial cell (HBE), the mRNA level of TRIM4 was upregulated in non-small cell lung cancer
cell lines using RT-qRCR [25]. However, Dong et al. report the low protein expression
of TRIM4 in HCC tissues and its independent correlation with prognosis [26]. Another
report seems to illustrate the opposite result. Tian et al. report the DNA hypomethylation
and high mRNA expression of TRIM4 in HCC tissues [9]. It is unclear whether there are
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post-transcriptional regulatory mechanisms in tumor tissues that make TRIM4 mRNA and
protein expression trends inconsistent. In addition, there is a need to reveal the presence
of TRIM4 gene mutations in cancer progression. There are some limitations in this study.
Physical activity has a positive impact on patients with osteosarcoma [27]. Physical activ-
ity was also associated with trait creativity [28].

In conclusion, TRIM4 expression was associated with malignant progression and chem-
oresistance of OS and has the potential to be a therapeutic target for OS. However, the cur-
rent studies are rather primitive and more in-depth studies are needed.
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