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Abstract: Osteosarcoma is the most common cancer-caused dead and the prognosis remains incompletely un-
derstand. Clinical manifestations of osteosarcoma are caused by gene mutations in interstitial cells range from
abnormal cell proliferation to other tumor metastasis. Given the important role of the gene mutations in the clinical
outcome of osteosarcoma, it is essential to analyze functional single nucleotide polymorphisms (SNP) in tumor-
related genes contribute to define the clinical manifestations of human osteosarcoma. DNA samples from retro-
spective cohort of osteosarcoma individuals in China were used to determine the frequency of SNPs in TRIM and
TLR4 genes. DNA samples were obtained a total of 142 patients with different period of clinical osteosarcoma.
Genotyping of TRIM-412 G/A and TLR4 Asp299Gly and Thr399lle SNPs was performed by PCR-restriction fragment
length polymorphisms. The associations between Allele, genotype, frequencies and SNPs were evaluated in clini-
cal groups. Results showed that The G allele in TRIM-412 G/A SNP was found more frequently in individuals with
osteosarcoma, and the TLR4 Asp299Gly and Thr399lle SNP was more frequent in patients with osteosarcoma. No
significant differences in allele frequencies for TRIM and TLR4 were found in patients with different period of clinical
osteosarcoma. In conclusion, these results suggest that TLR4 gene may contribute to the etiology of osteosarcoma.
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wever, the poor survival has not been improv-
ed for patients with osteosarcoma.

Introduction

Osteosarcoma is one of the most common

malignant tumors and the prognosis remains Tumor early diagnosis is crucial for the treat-

incompletely understand due to the paucity of
effective therapeutic targets that significantly
influences quality of life and mean survival ra-
te of the patients with osteosarcoma [1, 2]. Os-
teosarcoma is also a typical systemic malig-
nant disease that mainly leads to common
symptom of bone and joint pain, lump, claudi-
cation and fatigue in patients [3-5]. Many re-
ports have been proposed strategies of targ-
eted therapies evaluated by the pediatric pre-
clinical testing program for osteosarcoma and
further promoted hypothesis-driven drug dis-
covery and development in the search for new
therapies for this pediatric disease [6-8]. Ho-

ments of human osteosarcoma that contrib-
utes to long-term survival for clinical patients
[9]. Single nucleotide polymorphism (SNP) re-
fers only polymorphism of a single base muta-
tions in DNA, which has be found to relate wi-
th tumor classification and progression based
on DNA copy number aberrations determined
using SNP arrays [10]. In addition, SNP arrays
in heterogeneous tissue indicated that special
SNP can be regarded as mutations that may
explain part of the “missing” heritability in can-
cer by highly accurate collection of both germ-
line and somatic genetic information from un-
paired single tumor samples [11, 12]. Further,
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Table 1. Baseline characteristics of the study groups

DNA genotyping

Characteristic Osteosarcoma  Health

P value

Age-years. Mean (range) 12.4-34.6 12.8-26.4
Male; % (n) (49.2%) 70 (48%) 24
Female; % (n) (50.8%) 72 (52%) 26
Clinical stage: % (n)

| (38.1%) 54 N (A)
[ (24.6%) 35 N (A)
i (21.1%) 30 N (A)
\Y (16.2%) 23 N (A)

0.0284
0.0186 typing of TRIM-14 G/A, and TLR4, Asp-

10 pg of genomic DNA were isolated fr-
om osteosarcoma or normal bone cells
and used for PCR amplification. Geno-

299Gly (A/G) and Thr399lle (C/T) was
conducted by PCR-restriction fragment
length polymorphisms (RFLP) as descri-
bed previously [16, 17]. All primer sequ-
ences, restriction endonucleases and fr-

SNP microarray analyses have revealed copy
number alterations and progressive genome
reorganization during tumor development in
SVT/t driven mice breast cancer [13]. Howev-
er, the relationships between TRIM-14 and
TLR4 SNP and osteosarcoma have not been
well understood.

Evidences have showed that TRIM-14 and TL-
R4 play vital role in tumor progression and me-
tastasis, which has been identified as a ge-
ne promoting angiogenesis, invasion and ap-
optotic resistance of bone cancer [14, 15]. The
aim of this study was to investigate the frequ-
ency of SNPs in TRIM-14 and TLR4 genes in
individuals with clinical osteosarcoma in Chi-
na, and to explore its relationships with the
clinical progression with osteosarcoma.

Materials and methods
Study design, subjects and sampling

A total of 142 osteosarcoma patients and 150
healthy volunteers were recruited in this an-
alysis. The age was 12.4-34.6 and 13.2-38.6
years old in patients and healthy volunteers,
respectively. Human biological samples were
collected from years May 2010 to March 2016
in Zhejiang Hospital. The frequencies of SNPs
in osteosarcoma-related genes were designed
in this retrospective pilot case-control study.
Inclusion criteria for individuals with osteosar-
coma were diagnosed by tumor histopathology.
Patients with osteoarthritis, orthopedic surgery
and cancer history were excluded in this study.
The characteristics of patients with osteosar-
coma and healthy volunteers were summarized
in Table 1. All patients were required to write
informed consent with signature.
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agment sizes are shown in Table 2 and
PCR products were analyzed by electro-
phoresis on a 3% agarose gel stained with
ethidium bromide.

Quantitative real time PCR (qRT-PCR) analysis

Total RNA was obtained from different clinical
stage osteosarcoma cells by using RNAeasy
Mini Kit (QIAGEN, Gaithersburg, MD). TRIM-14
and TLR4 expression levels in osteosarcoma
and normal bone cancer cells were determin-
ed by applying a gRT-PCR [18] (Invitrogen, CA,
USA). All the forward and reverse primers we-
re synthesized by Invitrogen. Relative mRNA
expression level changes were calculated by
288t The results are expressed as the n-fold
way compared to control.

Western blotting

Osteosarcoma cells were homogenized in ly-
sate buffer containing protease-inhibitor and
were centrifuged at 8000 rpm/min at 4°C
for 10 min. The supernatant of mixture were
used for analysis of purpose protein. All anti-
bodies were purchased from Abcam (Shang-
hai) trading co. LTD (Abcam, Shanghai, China)
For western blotting, rabbit anti-human prim-
ary antibodies: TRIM-14 (1:1000, ab90541, Ab-
cam) and TLR4 (1:1000, ab22048, Abcam)
and B-actin (1:1000, ab8826, Abcam) were ad-
ded after blocking (5% skimmed milk) for 1
hour at 37°C and then incubated horseradish
peroxidase (HRP)-conjugated anti-rabbit IgG
antibodies for 24 hours at 4°C. The results
were visualized by using chemi-luminescence
detection system (Amersham Biosciences, Pis-
cataway, NJ).

Statistical analysis

Data were shown as mean + SD and analyzed
by students t test. Multiple groups were ana-
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Table 2. Primer sequences and restriction endonucleases used for RFLP analysis and fragment sizes

for identification of SNPs

. . Restriction .
SNP Primers (5-3") endonuclease Fragment sizes (bp)
TRIM-14 A/C F, 5’-TCATTCTATGTGCTG GAG ATG G-3 Mae lll CC: 128 + 96
R, 5-TTTGGGGGAAGTGGG TAAGAGT-3’ TT: 236
TC: 426 + 238 + 98
TLR4 G/A (Asp299Gly) F, 5’-GATTAGCATATCTAG ACTACTACCTCCATG-3’ I Nco | AA: 214
R, 5’-GATCAACTTCTGAAA AAGCATTCCCAC-3’ GG: 230 + 32
GA: 236 + 218 + 46
TLR4 C/T (Thr399lle) F, 5-GGTTGCTGTTCTCAA AGTGATTTTGGGAGAA-3’ Hinf | CC: 418
R, 5’-ACCTGAAGACTGGAG AGTGAGTTAAATGTT-3’ TT: 392 + 40
CT: 414 + 378 + 52
A 3 3 B_ C
N _%
% ) % Normal | m m v
- 204
3 3 TRIM-14 *5 s g Sey 9
S p Bractin e . ——— —
§° :
E o - g °
3 25 D —
i 25 E 2.5- e
4
g % 2.0
o § 1.5+
= <
=
F__‘ E 1.0
5 2 054 E
g 1L PR
&« Normal

Figure 1. TRIM-14 and TLR4 gene and protein expression in different clinical stage osteosarcoma. A. TRIM-14
mMRNA expression levels is up-regulated in osteosarcoma tissues compared to normal bone cells. B. TLR4 mRNA
expression levels is up-regulated in osteosarcoma tissues compared to normal bone cells. C. TRIM-14 protein ex-
pression levels is up-regulated in osteosarcoma tissues compared to normal bone cells. D. TLR4 protein expression

levels is up-regulated in osteosarcoma tissues compared to normal bone cells. **P<0.01.

lyzed by one-way variance (ANOVA). All data
were analyzed using SPSS Statistics 19.0
and Graphpad Prism version 5.0 with the help
of Microsoft Excel. Allele and genotype frequ-
encies were calculated in each group (I-IV pa-
tients and healthy individuals) using direct co-
unting. Hardy-Weinberg equilibrium (HWE) and
the differences between allele and genotype
frequencies were calculated using Fisher’s ex-
act test or Chi-square test. 95% confidence
intervals (Cl) and odds ratios (OR) were pres-
ented using logistic regression models to as-
sess the magnitude of association between
osteosarcoma patients and healthy volunteers
groups. Hardy-Weinberg tests were used to
check the observed genotype distribution in
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patients and in the healthy control group.
Results of allele and genotype frequencies
were determined by STATA SE 12.1 software.
Minor allele frequencies (MAF) were calculated
using the prop.test function on R 3.1.1 soft-
ware. *P<0.05 was considered statistical dif-
ferences.

Results

TRIM-14 and TLR4 gene and protein expres-
sion in different clinical stage osteosarcoma

TRIM-14 and TLR4 gene and protein expressi-
on levels were investigated in different clini-
cal stage osteosarcoma. Results showed that
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Table 3. Genotype, allele frequency and MAF of TRIM-14 gene poly-
morphisms in individuals with different stage of osteosarcoma

ed, while genotype nucleo-
tide GG and GA was incre-

Frequency; %

SNPs
Normal | Il 1]

ased in patients in clinical

Genotype  AA 13.2 4.6 4.5 6.6

GG 5.4 126 16.2 13.6 13.8
21,4

GA 4.8 85 135 175

Allele A 5 4 4 5
C 6 10 12 12
MAF 0.174 0.126 0.247 0.185 0.546 0.622

OR (95% Cl) I-IV stage osteosarcoma co-
mpared to healthy control

0.28(012-1.10)  (h<0.05, OR = 0.28-2.42,
1.38(0.12-1.10) 95% Cl (0.12-1.10). The fre-
2.42(0.12-1.10) quencies of the A allele in
1.06 (0.12-1.10) the -400 position of the pr-
1.32(0.12-1.10) omoter region of the TRIM-

14 gene was similar betwe-

50- —— r=0.998

Frequency of
TRIM-14 G/A genotype (%)
S
1

4

=10

Figure 2. Correlation analysis between the genotype
nucleotide GA and clinical osteosarcoma stage in
TRIM-14 gene.

TRIM-14 and TLR4 mRNA expression levels
were up-regulated in osteosarcoma tissues
compared to normal bone cells (Figure 1A,
1B). We also showed that TRIM-14 and TLR4
protein expression levels were increased in
clinical osteosarcoma tissues (Figure 1C, 1D).
Data analysis showed that TRIM-14 and TLR4
protein expression levels were increased in
clinical stage osteosarcoma (**P<0.01, oste-
osarcoma tissues vs. normal tissue). These
results showed that TRIM-14 and TLR4 gene
and protein expression levels were up-regu-
lated in clinical osteosarcoma tissues com-
pared to adjacent normal tissues.

TRIM-14 SNP in different clinical stage osteo-
sarcoma

DNA samples were collected form a total of
142 patients with different clinical stage ost-
eosarcoma and used to TRIM-14 SNP analys-
es in this study. The distribution of the geno-
typic variants for TRIM-412 G/A SNPs met
the HWE (Fisher's exact test). Alignment of
sequence data of 142 patients in clinical I-IV
stage osteosarcoma revealed the following
SNPs: Genotype nucleotide AA was decreas-
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en each group, while the C
allele was found more fre-
quently in patients with osteosarcoma com-
pared to healthy control (12.5% vs. 6.6%, Tab-
le 3). Notably, significant differences in allele,
genotype frequencies and MAF values in TR-
IM-412G/A were found between the normal
samples and osteosarcoma samples (r =
0.998. p<0.01, osteosarcoma tissues vs. nor-
mal tissue, Supplementary Figures 1, 2). The
genotype nucleotide GA was positively corre-
lated with clinical osteosarco-ma stage (Figure
2).

TLR4 SNP in different clinical stage osteosar-
coma

TLR4 SNP was investigated in DNA samples
in 142 patients with different clinical stage os-
teosarcoma. TLR4 genotyping were obtained
from 142 clinical I-IV stage osteosarcoma sa-
mples (Table 4). Results showed that TLR4
Asp299Gly was frequencies AA and AG geno-
types in osteosarcoma DNA samples compar-
ed to healthy controls [AA, OR = 0.76, 95% ClI
(0.35-2.28), AG, OR = 1.66 95% CI (0.38-
3.21)]. The CC genotype is frequencies in ost-
eosarcoma samples, while is significant differ-
ence in among clinical I-IV stage osteosarco-
ma samples. Findings demonstrated that Thr-
399lleu of the TLR4 frequencies of TT and CT
were not significantly between normal and os-
teosarcoma DNA samples, while CC was more
frequency in osteosarcoma samples compared
to healthy controls. We found that the frequ-
encies of the G allele in the -1210 position of
the promoter region of the TLR4 Asp299Gly
gene was similar between osteosarcoma sam-
ples and healthy controls, while the A allele
was found more frequently in patients with
osteosarcoma. Minor allele frequency (MAF)
and co-segregation analysis with TLR4 Asp-
299Gly SNP showed significant differences
between the normal samples and osteosarco-
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Table 4. Genotype, allele frequency and MAF of TLR4 gene polymor-
phisms in individuals with different stage of osteosarcoma

errant growth and mi-
gration. In the current

study, we investigated

SNPs Frequency; % OR (95% Cl)
Normal | I m v Tthe frequency of SNPs
TLR4 Asp299Gly in TR(M antd TLR4 ge-
n n rcom
Genotype AA 41 7.3 12.2  10.7 13.6 0.76(0.35-2.28) es In osteosa (.:0. a
samples from clinical
AG 3.6 8.5 9.4 104 9.2 1.66 (0.38-3.21) .
I-IV stage patients. Po-
CC 5.0 75 10.6 158 21.4 3.12(0.70-6.48) lymorphisms in promo-
Allele G 80 80 75 82 83 248(0.96-6.58) ter and coding regions
A 423 534 56.6 523 56.4 4.18(1.20-10.26) of TRIM and TLR4 ge-
MAF 0.082 0.012 0.024 0.035 0.020 nes have shown asso-
TLR4 Thr399lle ciations with the pro-
Genotype T 6.8 7.6 6.2 6.6 6.4 1.48 (0.47-3.66) gression of human ca-
CT 7.4 7.5 6.8 7.5 8.0 4.18(1.06-12.26) ncers [19, 20]. The di-
CC 32 64 87 124 178 6.35(2.0815.30) vergence in the frequ-
Allele C 66 124 186 262 346 7.20(1.90-14.46) ency of the genotypic
T 46 10 12 12 14 1.32(0.12-1.10) variants for TRIM-412
MAF 0.074 0.086 0.038 0.025 0.044 G/A SNPs between nor-
mal samples and oste-
osarcoma samples ref-
501 —= 4 r=0.999 lected the distinct mechanisms of TRIM-14
2 0 — T overexpression. We also found that frequen-
- § o . —_ cies of CC are higher in DNA sample_s form
5.-2 —_— osteosarcoma and were concordant with up-
§ 8 20- regulation of TLR4 gene and protein in pati-
g5 10 ents with osteosarcoma.
9
<
e 01—k 3 + 1 + i i i -
= Norwal | = i * RecentI)./, the functions gf smglg nucleotide po
-10- lymorphisms for the diagnosis and progres-

Figure 3. Correlation analysis between the genotype
nucleotide CT and clinical osteosarcoma stage in
TLR gene.

ma samples. No significant differences were
found between osteosarcoma groups. Results
also showed that C and T alleles in the -784
position of the promoter region of the TLR4
Thr399lleu were significant differences bet-
ween the normal samples and osteosarcoma
samples. However, there is no significant am-
ong osteosarcoma groups. We also indicate
that genotype nucleotide CT was positively cor-
related with clinical osteosarcoma stage (Fi-
gure 3, P<0.01, R = 0.999). These results sh-
owed that frequencies of Thr399lleu of the
TLR4 are differences between the normal sa-
mples and osteosarcoma samples and C/T
genotype of TLR4 gene is positively correlated
with clinical stage of osteosarcoma.

Discussion

Osteosarcoma cancer is a disease that cells
occur in skeleton and affiliates and present ab-
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sion and of osteosarcoma have been wildly
investigated in different genes, which related
the risk or metastasis of osteosarcoma [21,
22]. Tripartite motif containing-14 (TRIM-14)
is identified as an important member of TRIM
family proteins, which presents the promontory
effects on growth, invasiveness and resistan-
ce to cisplatin-induced tumor apoptosis [23].
Previous studies have suggested that TRIM-
14 overexpression could induce an aggressive
phenotype in cancer progression through re-
gulation of the NF-kB signaling pathway [24].
Therefore, understanding the role of TRIM-14
is necessary for tumor research and treatment
in human tumorigenesis and metastasis. The
current study analyzed TRIM-14 SNPs in clini-
cal osteosarcoma samples. Results showed
that TRIM-14 is overexpressed in osteosarco-
ma tissues since significant differences in al-
lele, genotype frequencies and MAF values in
TRIM-412 G/A between normal samples and
osteosarcoma samples. Interestingly, the fre-
quencies of the A allele in the -400 position
of the promoter region of the TRIM gene was
similar between each group, while the C allele

Int J Clin Exp Med 2018;11(5):4822-4828
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was found more frequently in patients with
osteosarcoma, which may contribute to TRIM-
14 overexpression in osteosarcoma tissues.

Studies suggest that toll like receptor 4 (TL-
R4) plays an important role in the initiation
and/or maintenance of pathological pain state
in bone cancer pain [25]. Genetic variants in
TLR4 gene correlate with many human disease,
such as myeloproliferative disorders, infectious
diseases and inflammatory disease [26-28].
However, the role of TLR4 SNP in patients with
osteosarcoma has not reported yet. Previous
reports have indicated that TLR4 co-segregat-
ing polymorphisms Asp299Gly and Thr399lle
in TLR4 have been shown to increase the risk
of Gram-negative infections, sepsis, and seve-
re malaria [29-31]. In this study, we explored
TLR4 SNP in different clinical I-IV stage osteo-
sarcoma samples. Our results showed that TL-
R4 Asp299Gly was frequencies between gr-
oups for the AA and AG genotypes (72.4 and
17.8%, respectively) and AC genotype is fre-
quencies in osteosarcoma samples, while is
not significant difference in among clinical I-IV
stage osteosarcoma samples. No significant
differences were found between osteosarco-
ma groups, but genotype nucleotide CT was
positively correlated with clinical osteosarco-
ma stage.

In conclusion, the current study found a sig-
nificant association between TRIM and TLR4
genes polymorphism and clinical osteosarco-
ma stage. The results of SNPs TRIM and TLR4
genes indicate that the efficiency of used as-
sociated tumor-related genes to predict clinical
stage of human osteosarcoma using the SNPs
of TRIM and TLR4, which may contribute to un-
derstand the pathology of osteosarcoma and
provide possible target therapies.
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SNPs of TRIM and TLR4 in individuals with osteosarcoma
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Supplementary Figure 1. PCR-Restriction Fragment Length Polymorphism (PCR-RFLP) TRIM genotyping. Lanes 1,
3 and 5: undigested samples; lanes 2, 4: Accl digested sample; lane 6: homozygous wildtype sample; Lane M: 100
bp DNA ladder.
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Supplementary Figure 2. PCR-Restriction Fragment Length Polymorphism (PCR-RFLP) TLR4 genotyping. Lanes 1
and 3: undigested samples; lane 2: Pme | digested sample; lane 4: homozygous wildtype sample. Lane M: 100 bp
DNA ladder.



