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Abstract: Objective: This study was conducted to investigate the association between N-acetyltransferase 2 (NAT2) 
gene polymorphism and the susceptibility to osteosarcoma (OS) and to explore the functional activity significance 
of NAT2 gene polymorphism in OS susceptibility. Methods: 283 cases of OS were selected as the OS group, and 
264 subjects who received health examination in The Third People’s Hospital of Qingdao during January 2012 
and September 2014 were selected as the control group. Polymerase Chain Reaction-Restriction Fragment Length 
Polymorphism (PCR-RFLP) was applied to identify the NAT2 gene polymorphism, and SPSS 21.0 software was ap-
plied for data analyses. Results: Four types of WT, M1, M2 and M3 NAT2 alleles were identified among the 283 
OS patients, including the rapid acetylators genotype and the slow acetylators genotype. The frequencies of NAT2 
genotypes (homozygous wild-type WT/WT, heterozygous mutant WT/Mx, homozygous mutant Mx/Mx) were 36.36%, 
51.14%, and 12.50% in the control group, and 47.35%, 45.23%, and 7.42% in the OS group, and the frequencies 
of the two groups were significantly different (all P < 0.05). The frequencies of the four alleles were not significantly 
different between the two groups (all P > 0.05). The frequency of the rapid acetylators genotype in the OS group 
was significantly higher than that of the control group (92.58% vs. 87.50%), while the frequency of the slow acetyl-
ators genotype in the control group was significantly lower than that of OS group (7.42% vs. 12.50%, χ2 = 3.961, P 
< 0.05). Patients with the rapid acetylators genotype was 1.782 times higher in risk of OS formation than patients 
with the slow acetylators genotype (95% CI = 1.003~3.168, P < 0.05). The OS patients with the rapid acetylators 
genotype had bigger tumor size (OR = 3.706, 95% CI = 1.007~9.396, P = 0.039), lower tumor differentiation (OR = 
3.350, 95% CI =1.192~9.414, P = 0.016), and higher transitivity (OR = 5.116, 95% CI = 1.917~13.65, P < 0.001) 
compared with those with the slow acetylators genotype. Age, gender, tumor location were not significantly differ-
ent (all P > 0.05). Conclusion: NAT2 gene polymorphism may be associated with OS susceptibility, and NAT2 rapid 
acetylators genotype may be a risk factor for OS.
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Introduction 

Osteosarcoma (OS), which may occur in any 
bone (the frequent sites are femur, tibia and 
the humerus), is the most common bone malig-
nancy and most frequently observed in children 
and young adults [1, 2]. It originates from primi-
tive bone-forming mesenchymal cells and is 
characterized by complex, unbalanced karyo-
types and changes in multiple genes and path-
ways [3]. Many studies have been conducted 
on the etiology of OS, but the exact mechanism 
remains poorly understood. With the rapid 
development of genetics and molecular biolo-
gy, more and more researchers have started to 

investigate the mechanism of OS development 
at the genetic level, which is significant for 
developing new clinical methods of detection, 
diagnosis, and treatment for OS [4, 5]. 

N-acetyltransferase 2 (NAT2), which is known to 
metabolize the carcinogen arylamine, is based 
on several point mutations in the coding area 
[6]. The polymorphism of the NAT2 gene, known 
as an important determinant of individual sus-
ceptibility to OS, has also been reported to be 
associated with the susceptibility to various 
types of cancers and some other diseases [7, 
8]. Based on the speed of acetylation, NAT2 
polymorphisms can be divided into two types, 
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the rapid acetylators genotype with autosomal 
dominant and the slow acetylators genotype 
with autosomal recessive. Notably, there were 
very few studies describing in detail the asso-
ciation between NAT2 gene polymorphisms 
and OS susceptibility [9, 10]. This study focused 
on the association between NAT2 gene poly-
morphisms and OS susceptibility with an expec-
tation of providing a new and effective target 
for the treatment of OS.

Materials and methods

Study subject

A total of 283 cases of OS were selected as the 
OS group from the Third People’s Hospital of 
Qingdao during January 2012 and September 
2014. Another 264 subjects who received 
health examination in the same hospital were 
selected as the control group during the sa- 
me period. Inclusion criteria for the OS group: 
patients should be pathologically diagnosed as 
OS (including newly diagnosed patients and 
patients who were already diagnosed with OS) 
in accordance with the 2002 bone tumor clas-
sification standards of WHO [11], and the 
patients should have no history of other malig-
nancies. There was no restriction on gender, 
age or pathological type. Inclusion criteria for 
the control group: patients without tumor his-
tory; patients without history of radiation thera-
py and/or chemotherapy treatment for unknown 
circumstances.

Polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) for 
identification of NAT2 gene polymorphisms

Peripheral blood sample (3 ml) was collected 
from each included subject. Furthermore, he 

people and their descendants [12]. PCR-RFLP 
was adopted to detect polymorphism for restric-
tion enzyme could identify different loci of NAT 
structural gene. There were 100 ng of genomic 
DNA, 200 nmol/L of sense primer and anti-
sense primer, 1× PCR of buffer solution (pro-
duced by Shanghai Biological Engineering 
Technology Services Limited) and 1 U of Taq 
enzyme (produced by Shanghai Biological 
Engineering Technology Services Limited) in 
the 50 μl reaction system. Reaction conditions: 
5 min of denaturation at 94°C, 35 cycles of 45 
s of denaturation, 40 s of annealing at 58°C, 
and 50 s of extension at 72°C, followed by 7 
min of final extension at 72°C. Primers were 
designed as follows: 5’-CTTCTCCTGCAGGTG- 
ACCAT-’3 (sense primer) and 5’-AGCATGAAT- 
CACTCTGCTTC-’3 (anti-sense primer). 1 μl PCR 
products were extracted and added with 10 U 
of KpnI, TaqI and BamHI endonucleases, 5 μl of 
10× endonuclease reaction buffer solution, fol-
lowed by 3 hours of endonuclease digestion at 
37°C and 10 min of endonuclease inactivation 
at 65°C afterward. Gel electrophoresis stained 
by 0.1% AgNO3 solution was applied for gene 
classification after endonuclease reaction.

Analysis of detection results

Restriction enzyme sites of the four NAT2 
alleles are shown in Figure 1. NAT2 gene muta-
tion occurred mainly in three sites (481, 590 or 
857), and there were four types of alleles 
detected in this study: wild type (WT), M1, M2 
and M3. M1 allele represented loss of Kpn Ñ 
restriction site; M2 allele represented loss of 
Taq Ñ restriction site; M3 allele represented 
loss of BamH Ñ restriction site. NAT2 rapid 
acetylators genotype contained WT genoty- 
pe (WT/WT, WT/M1, WT/M2, WT/M3), which 

Figure 1. Restriction enzyme sites of four NAT2 alleles (Wild type: Wild al-
lele; M1, M2, M3: mutant allele; arrow (↓) indicates restriction enzyme sites); 
Restriction enzyme sites of four NAT2 alleles. 815 bp (322~1137) for PCR-
amplified products, arrow (↓) for restriction enzyme sites.

extracted blood samples we- 
re added into the test tubes 
containing EDTA anticoagu-
lant. DNA extraction was per-
formed using a rapid extrac-
tion kit for whole blood ge- 
nomic DNA (Aidlab Biotech- 
nologies Co., Ltd, Beijing). The 
NAT2 polymorphisms involved 
four types of gene mutations 
(M1, M2, M3, M4), but only 
three gene mutations (M1, 
M2, M3) were observed in th- 
is study, because M4 gene 
mutation only exists in African 
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belonged to homozygous wild type or heterozy-
gous wild type; NAT2 slow acetylators genotype 
didn’t contain WT genotype (M1/M1, M1/M2, 
M1/M3, M2/M2, M2/M3, M3/M3), which were 
all homozygous mutant.

Statistical analysis

The SPSS 21.0 software (SPSS Inc, Chicago, IL, 
USA) was used for statistical analysis. The 
quantitative data were presented as mean ± 
standard deviation. χ2 test of goodness-of-fit 
index (GFI) was applied to determine whether 
the genotype distributions of the two groups 
were in accordance with Hardy-Weinberg equi-
librium or not. The categorical data were tested 
by χ2 test. Comparisons on the distribution fre-
quencies of the alleles and genotypes between 
the OS group and the control group were per-
formed by χ2 test. Odds ratios (OR) with 95% of 
confidence intervals (CI) were calculated to 
measure the relative risks. P < 0.05 was con-

were 477 and 522 bp; the fragment length of 
homozygous mutant (M1/M1) was 999 bp; the 
fragment lengths of heterozygous mutation 
(WT/M1) were 999 bp, 477 bp and 522 bp 
(Figure 2A). NAT2 gene also presented three 
genotypes after PCR amplification and TaqI 
enzyme digestion, with the second mutant (M2) 
was generated G→590→A. The fragment leng- 
ths of homozygous wild-type (WT/WT) were 170 
bp, 226 bp, 244 bp and 359 bp; the fragment 
lengths of homozygous mutant (M2/M2) were 
244 bp, 359 bp and 396 bp; the fragment 
lengths of heterozygous mutation (WT/M2) 
were 170 bp, 226 bp, 244 bp, 359 bp and 396 
bp (Figure 2B). NAT2 gene produced three gen-
otypes after PCR amplification and BamHI 
enzyme digestion, with the third mutant (M3) 
generated by G→857→A. The fragment lengths 
of homozygous wild-type (WT/WT) were 146 
and 853 bp; the homozygous mutant (WT/M3) 
fragment length was 999 bp. The fragment 

Figure 2. Agarose gel electrophoresis of polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) fragments. A. The fragment length of homozygous mutant (M1/M1) was 999 bp; the fragment lengths of het-
erozygous mutation (WT/M1) were 999 bp, 477 bp and 522 bp. B. The fragment lengths of heterozygous mutation 
(WT/M2) were 170 bp, 226 bp, 244 bp, 359 bp and 396 bp. C. The fragment lengths of heterozygous mutant (WT/ 
M3) were 146 bp, 853 bp and 999 bp.

Table 1. Frequencies of alleles/genotypes of the NAT2 SNPs be-
tween OSAs group and Control group 

Genotypes Control group (%)
(n = 264)

Case group (%)
(n = 283) OR (95% CI) P

WT/WT 96 (36.36%) 134 (47.35%) Ref.
WT/Mx 135 (51.14%) 128 (45.23%) 0.679 (0.476~0.970) 0.033
Mx/Mx 33 (12.50%) 21 (7.42%) 0.456 (0.248~0.836) 0.010
WT 327 (61.93%) 396 (69.96%) Ref.
M1 34 (6.44%) 25 (4.42%) 0.607 (0.355~1.039) 0.066
M2 94 (17.80%) 83 (14.66%) 0.729 (0.524~1.014) 0.060
M3 73 (13.83%) 62 (10.96%) 0.701 (0.485~1.014) 0.059
Note: Mx = M1+M2+M3; OR, odd ratio; 95% CI, 95% confidence interval; Ref, refer-
ence.

sidered statistically signifi- 
cant.

Result

Genotype analysis of NAT2

Three genotypes of NAT2 
gene were obtained after 
PCR amplification and KpnI 
enzyme digestion, with the 
first mutant (M1) generat- 
ed by the mutation proce-
dure of C→418→T. The 
fragment lengths of homo-
zygous wild-type (WT/WT) 
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lengths of heterozygous mutant (WT/ M3) were 
146 bp, 853 bp and 999 bp (Figure 2C).

Distribution of NAT2 genotypes and alleles 

The frequencies of all NAT2 genotypes and 
alleles were in accordance with Hardy-Weinberg 
genetic equilibrium (P > 0.05). As shown in 
Table 1, the frequencies of NAT2 genotypes 
(homozygous wild-type WT/WT, heterozygous 
mutant WT/Mx, homozygous mutant Mx/Mx) 
were 36.36%, 51.14%, and 12.50% in the con-
trol group, and 47.35%, 45.23%, and 7.42% in 
the OS group; the frequencies of the two groups 
were significantly different (all P < 0.05). But 
the frequencies of four NAT2 alleles between 
the groups were not significantly different (all P 
> 0.05).

Distribution of rapid acetylators genotype and 
slow acetylators genotype between groups 

As shown in Table 2, the frequency of the rapid 
acetylators genotype in the OS group was sig-

nificantly higher than the control group (92.58% 
vs. 87.50%, P < 0.05), while the frequency of 
the slow acetylators genotype in the OS group 
was significantly lower than the control group 
(7.42% vs. 12.50%, χ2 = 3.961, P < 0.05). The 
risk of OS for subjects with the rapid acetyl-
ators genotype in NAT2 was 1.782 times than 
the risk for subjects with the slow acetylators 
genotype (95% CI = 1.003~3.168, P < 0.05). 
Therefore, the rapid acetylators genotype might 
be a risk factor of OS.

Relationship of NAT2 gene polymorphism and 
clinical features of OS 

The results in Table 3 show that the tumor size 
of the OS patients with the rapid acetylators 
genotype were larger (OR = 3.706, 95% CI = 
1.007~9.396, P = 0.039), lower in the degree 
of tumor differentiation (OR = 3.350, 95% CI = 
1.192~9.414, P = 0.016) and higher level of 
metastasis (OR = 5.116, 95% CI = 1.917~13.65, 
P < 0.001) compared with the OS patients with 
the slow acetylators genotype. Age, gender, 

Table 2. Frequencies of the NAT2 SNPs of the rapid/slow acetylator between OSAs group and Control 
group 
Groups n Rapid acetylator [n (%)] ORa (95% CI) Slow acetylator [n (%)] ORb (95% CI)
Control group 264 231 (87.50) 1.782 (1.003~3.168) 33 (12.50) 0.561 (0.316~0.997)
OSAs group 283 262 (92.58) P < 0.05 21 (7.42) P < 0.05
Note: ORa (95% CI), compared with the Slow acetylator; ORb (95% CI), compared with the Rapid acetylator. OR, odd ratio; 95% CI, 
95% confidence interval; Ref, reference.

Table 3. Associations between Clinical parameters and NAT2 genotypes in OSAs patients

Clinical parameters
Rapid acetylator (n = 262) Slow acetylator (n = 21)

OR (95% CI) P
n % n %

Age ≤ 25 156 59.54 15 71.43 1
> 25 106 40.46 6 28.57 0.589 (0.221~1.566) 0.284

Gender Male 94 35.88 8 38.10 1
Female 168 64.12 13 61.90 0.909 (0.364~2.273) 0.839

Tumor site Femur 145 55.33 10 47.62 1
Tibia 66 25.19 4 19.05 0.879 (0.266~2.905) 0.832
Humerus 38 14.50 4 19.05 1.526 (0.454~5.137) 0.492
Other bones 13 4.96 3 14.28 3.346 (0.817~13.70) 0.077

Tumor size ≤ 5 cm 110 41.98 4 19.05 1
> 5 cm 152 58.02 17 80.95 3.076 (1.007~9.396) 0.039

Tumor grade Low 134 51.15 5 23.81 1
High 128 48.85 16 76.19 3.350 (1.192~9.414) 0.016

Metastasis No 176 67.17 6 28.57 1
Yes 86 32.83 15 71.43 5.116 (1.917~13.65) < 0.001

Note: OR, odd ratio; 95% CI, 95% confidence interval; Ref, reference.
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tumor location were not significantly different 
(all P > 0.05).

Discussion

Expression dysregulation of several growth fac-
tors, such as transforming growth factor beta 
(TGF-β), connective tissue growth factor (CTGF), 
and insulin-like growth factors (IGFs), were sug-
gested to accelerate the occurrence and devel-
opment of OS [13-15]. In recent years, some 
studies have also pointed out that genetic poly-
morphisms of some other genes play important 
roles in the occurrence and development of OS, 
including ARHGAP35 gene, FGFR3 gene, MDM 
2 gene, FGFR 3 gene, and p53 genes [16, 17]. 
Some genes polymorphisms may be associat-
ed with the prognosis of OS patients, such as 
ERCC1Asn118Asn, ERCC1Gln504Lys, ERCC2- 
Asp312Asn and ERCC2Lys751Gln [18]. Some 
gene polymorphisms will affect the treatment 
of OS, such as ABCB1 and ABCC3 [19]. However, 
the association between NAT2 gene polymor-
phisms and OS remains poorly understood.

The genetic polymorphisms in NAT2 expression 
are due to four mutant alleles (M1, M2, M3 and 
M4) and the NAT structural genes that modify 
recognition sites for restriction enzymes. The 
M1, M2, M3 and M4 mutant NAT2 alleles can 
be identified by RFLP analysis, followed by 
NAT2 amplification by PCR. NAT2 activity can 
be identified through the combination of these 
NAT2 alleles. According to several previous 
studies, the presence of at least one wild type 
(WT) allele results in a rapid acetylator pheno-
type, whereas carrying two mutant alleles 
results in a slow acetylator phenotype [6, 20, 
21]. There are significant interethnic differenc-
es in certain NAT2 allele frequencies [22, 23]. 
Thus, it is necessary to investigate the frequen-
cies of all major polymorphic loci in the gene 
and the roles they might play in OS suscep- 
tibility. 

Recently, a practical genotyping method has 
been developed to predict the acetylator geno-
type and to distinguish NAT2 alleles by using 
three sets of PCR primers [6, 22, 24]. The 
results of this study indicate that the four NAT2 
alleles are not significantly different. However, 
the rapid genotype frequencies in the OS group 
were significantly higher than the control group, 
while the slow phenotype frequencies in the OS 
group were significantly lower than the control 

group. The rapid acetylators genotype not only 
can catalyze the N-acetylation of aromatic 
hydroxylation to achieve the effect of detoxifica-
tion, but also catalyze O-acetylation of aromatic 
hydroxylation which can activate the perfor-
mance of carcinogenicity, thus contributing to 
the occurrence of cancer cells. Therefore, 
patients with NAT2 rapid acetylators genotype 
have a higher risk of OS than those with the 
slow acetylators genotype. All of the above indi-
cates that NAT2 gene polymorphism is associ-
ated with the occurrence and development of 
OS, and the rapid acetylators genotype may be 
a risk factor for OS. 

In summary, this study documented that the 
rapid acetylators genotype in NAT2 gene might 
be a risk factor for OS, which could be poten-
tially used for the treatment and prognosis of 
OS. Since the development mechanism of NAT2 
gene polymorphism for the treatment of OS is 
still unclear, future studies are expected to fur-
ther investigate the mechanisms.
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