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ABSTRACT. We examined polymorphism of the TCTA tetranucleo-
tide sequence in the 3rd intron of the hypoxanthine-guanine phosphori-
bosyltransferase (HPRT) gene in the Han population of Ningxia Prov-
ince in China. We also looked for a possible relationship between STR
polymorphism in the 3rd intron of the HPRT gene and primary hyper-
uricemia. We used Chelex-100 to extract DNA, then PCR, PAGE and
silver staining for allele genotyping and DNA sequencing to obtain the
distribution of the alleles. We found, for the first time, that there is high
STR polymorphism in the 3rd intron of the HPRT gene. We detected 5
STR alleles in this intron in the Han population of Ningxia Province,
with 15 genotypes in females; significant differences were observed in
the distribution of alleles and genotypes between control and patient
groups for both males and females. Alleles of the TCTA repeat in the
3rd intron of the HPRT gene were found to be associated with primary
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hyperuricemia; consequently, these alleles may be considered risk fac-
tors for primary hyperuricemia.

Key words: Primary hyperuricemia; Tetranucleotide repeat;
Hypoxanthine-guanine phosphoribosyltransferase

INTRODUCTION

Primary hyperuricemia, a disease that is caused by the primary uric acid metabo-
lism disorder and not associated with other acquired diseases, is clinically manifested with
increased blood uric acid, urate deposition and gout syndrome. Hypoxanthine-guanine phos-
phoribosyltransferase (HPRT) is a key enzyme in the purine metabolism salvage route. The
decrease in enzyme activity will slow down the process of hypoxanthine and guanine turning
into inosine monophosphate and guanosine monophosphate. This will lead to these two pu-
rines not being used in the synthesis of nucleic acids, which will eventually lead to an increase
in the formation of uric acid (Fujimori, 1996; Srivastava et al., 2002; Yamamoto et al., 2005).
Yamada et al. (2007) discovered 9 novel mutations of the HPRT gene in Asian patients with
clinical manifestations, by analyzing the 9 exons in the DNA level and reverse transcripted
mRNA level on the HPRT gene and by using PCR as well as DC (direct sequencing) technol-
ogy, which further updated the HPRT mutation spectrum. However, research and development
on the short tandem repeat (STR) polymorphism in the HPRT gene is scarce.

To study the relationship between the HPRT gene and the incidence of primary hy-
peruricemia in a Chinese population, we first carried out a full-gene scanning of the STRs in
the HPRT gene, and then used PCR, PAGE, silver staining for allele genotyping and DNA se-
quencing for polymorphism screening and verification. We found polymorphism of the TCTA
tetranucleotide sequence in the 3rd intron of the HPRT gene. We submitted this new STR to
European Molecular Biology Laboratories (EMBL), and received Accession No. FN557525,
which was named DXSHPRT-in3. In addition, we carried out a case-control study to find out
the relationship between TCTA alleles and the incidence of primary hyperuricemia.

SUBJECTS AND METHODS

A total of 669 EDTA-anticoagulated blood samples were collected from the Ningxia
region of China in 2004-2009, among which 319 cases of primary hyperuricemia patients
from the Ningxia Medical University Hospital, 20 to 64 years of age, met diagnostic criteria
for primary hyperuricemia, that is, intermittent patients diagnosed with primary gout and with
a history of gout attack in the past year or patients diagnosed with chronic gouty arthritis, who
have a serum uric 2416 uM even after 5 to 7 days of low-purine diet; asymptomatic hyperuri-
cemia patients with uric acid >475 uM even after 5 to 7 days of low-purine diet. Secondary
hyperuricemia patients, such as hyperuricemia caused by congenital metabolic diseases, my-
eloproliferative disorders, advanced stages of hypertension, or diabetic ketoacidosis; patients
with hyperuricemia caused by diuretics such as HCT, furosemide, ethacrynic acid, etc., and
ethambutol, pyrazinamide or aspirin; patients who have taken drugs for gout and hyperurice-
mia within 2 weeks from disease onset; patients with a serious heart, liver, lung, or blood dis-
ease, or other fatal diseases; pregnant or breast-feeding women, and inappropriate conditions
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judged by researchers were ruled out. All patients provided informed consent. A total of 350
healthy subjects constituted the control group.

Approximately 3~5 mL peripheral blood samples was collected with EDTA-
anticoagulated vacuum tubes. Genomic DNA was extracted with Chelex-100 (Mygind
et al., 2002) and stored at -20°C. Primers were designed with Primer 5.0. Primers for the
DXSHPRT-in3 are as follows: sense: 5'-TCCATCTCTGTCTCCATCTTT-3', anti-sense:
5-CTTTCTCTCACCCCTGTCTAT-3'". The reaction system for PCR amplification is 12 pL
and consists of the following: 50-200 ng genomic DNA, 2X PCR buffer, 15 mM MgCL,, 5 uM
primer, 0.5 U Tag enzyme (Beijing, Tiangen). PCR amplification cycle parameters were set as
follows: predegeneration at 95°C for 4 min; denaturation at 95°C for 30 s; annealing at 58.3°C
for 40 s; extension at 72°C for 40 s; in a total of 30 cycles, and a total extension at 72°C for 15
min, paused at 4°C. Using 6% polyacrylamide gel electrophoresis and silver staining for allele
typing, the alleles were named according to the number of repeats reading from the sequences,
as suggested by the International Society of Forensic Genetics (ISFG).

The Modified-Powerstats software was used for forensic parameter calculations, for
the Hardy-Weinberg equilibrium test and for determining case and control group allele and
genotype frequencies. The y* test, and allele and genotype frequency difference analysis were
done with the SPSS 11.5 software, where P < 0.05 denotes a significant difference.

RESULTS

STR sequences of the HPRT gene were first scanned by the SSHunter software. PCR
amplification was carried out with primers designed by the Primer 5.0 software; 6% polyacryl-
amide gel electrophoresis showed that there is polymorphism of DXSHPRT-in3. They were
also sequenced for allele verification (Figure 1).
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Figure 1. DNA sequencing results of PCR products showing DXSHPRT-in3 allele 12 and 16.
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Our results showed that there were five alleles in the Han population in Ningxia, and
their frequency distribution is listed in Table 1. The allele frequency distribution varied from
5.06 to 35.39% in the male control group, while in the male patient group, the allele frequen-
cies varied from 1.88 to 41.88%. Fifteen genotypes were detected in the female Han popula-
tion in Ningxia and their frequency distribution is listed in Table 2. Genotyping frequencies
varied from 1.16 to 22.09% in the female control group, of which the highest frequency is
genotype 14,15; while in the female patient group, the genotyping frequencies varied from
0.63 to 21.38% with genotype 13,14 as the highest frequency. There are significant differ-
ences in allele and genotype distribution between the case and control groups in both males
and females (P < 0.01).

Table 1. Frequencies of the alleles of DXSHPRT-in3 in primary hyperuricemia patients and healthy controls.

Allele Fragment length (bp) Male* Female”

Controls Patients Controls Patients
12¢ 154 13 (7.30) 32 (20.00) 28 (8.14) 22 (6.92)
13° 158 63 (35.39) 67 (41.88) 51(14.83) 84 (26.42)
14 162 51(28.65) 41 (25.63) 115 (33.43) 120 (37.74)
15¢ 166 42 (23.60) 17 (10.63) 96 (27.91) 72 (22.64)
16¢ 170 9 (5.06) 3(1.88) 54 (15.70) 20 (6.29)
Total 178 160 344 318

Data are reported as number with percent in parentheses. *Significant difference between the DXSHPRT-in3
genotype frequencies of male patients and control groups, Fisher exact test (3>= 21.929, P < 0.01). *Significant
difference between the genotype frequencies of female patients and control groups, Fisher exact test (y*=26.964, P
<0.01). a, ¢ = significant difference between the allele 12 and 13 frequencies of male patients and controls, Fisher
exact test (y>= 11.769, P < 0.01; y>*= 9.838, P < 0.01). b, d = significant difference between the allele 15 and 16
frequencies of female patients and controls, Fisher exact test (y>= 13.672, P <0.01; x>= 14.732, P <0.01).

Table 2. Frequencies of the genotypes of DXSHPRT-in3 in primary hyperuricemia female patients and healthy
controls.

Genotypes™ Controls Patients Genotypes* Controls Patients Genotypes* Controls Patients
12,12 2 (1.16) 1(0.63) 13,13 4(2.33) 13 (8.18) 14,15 38 (22.09) 22 (13.84)
12,13 3(1.74) 1(0.63) 13,14 20 (11.63) 34 (21.38) 14,16 12 (6.98) 4(2.52)
12,14 5(2.91) 8(5.03) 13,15 13 (7.56) 19 (11.95) 15,15 5(2.91) 10 (6.29)
12,15 12 (6.98) 7 (4.40) 13,16 7 (4.07) 4(2.52) 15,16 23 (13.37) 4(2.52)
12,16 4(2.33) 4(2.52) 14,14 20 (11.63) 26 (16.35) 16,16 4(2.33) 2 (1.26)

Data are reported as number with percent in parentheses. *Significant difference between the DXSHPRT-in3
genotype frequencies of female patients and controls, Fisher exact test (3>*=37.980, P < 0.01).

DISCUSSION

In recent years, the incidence of primary hyperuricemia has significantly increased
while the age of disease onset has become earlier, due to the fact that people’s standard of
living has improved and people’s diets have changed. It is expected that in the next 10 to 20
years, hyperuricemia will become a major metabolic diseases in China, second only to diabe-
tes. Therefore, it is of great importance to study the pathogenesis of primary hyperuricemia.
Not only is STR closely related to some virulence genes and predisposing genes related to
certain genetic diseases, but changes in STR itself can also cause certain diseases, for ex-
ample, the extension of the trinucleotide sequence can cause Huntington’s disease, Kennedy
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disease, Fragile X syndrome, etc., while the repeat of the tetranucleotide sequence can cause
phenylketonuria. As the second generation of genetic markers, the main advantage of STR is
its high information content. Our results showed that these STR loci are genetic loci with high
recognizability, indicating that it can be used to locate disease-susceptibility genes.

In patients with primary hyperuricemia, the extracellular fluid was super-saturated
with urate. Primary hyperuricemia is a disease characterized by purine metabolism disorder
and elevated uric acid, which can cause gout and uric acid nephropathy (Reginato and Olsen,
2007). The HPRT gene is located at Xq26.1, which is about 45 kb long, among which 657
bases are protein-encoding sequences (Mygind et al., 2002). HPRT is a key enzyme in the pu-
rine metabolism salvage route, and point mutation, insertion or deletion in this gene can lead
to a decrease in enzyme activity and increase in uric acid synthesis (Hong et al., 2004; Nyhan,
2005), with clinical manifestations of Lasch-Nylan syndrome, hyperuricemia or gout.

In this study, we selected patients strictly according to diagnostic criteria for pri-
mary hyperuricemia and used a single Han population in Ningxia as the subjects of our
study. We used the SSHunter software for HPRT gene STR sequence scanning, and through
the design of primers, PCR amplification, polyacrylamide gel electrophoresis for geno-
typing and sequencing. We studied the relationship between DXSHPRT-in3 and primary
hyperuricemia through a case-control method for the first time. Our research shows that in
the Han Chinese population, there is polymorphism in DXSHPRT-in3. All the four groups
were in line with Hardy-Weinberg equilibrium, indicating that our samples are represen-
tative. Statistical studies have shown that there are significant differences between the
DXSHPRT-in3 genotype frequencies in the case and control groups in both males and
females in the Ningxia Han population. Our data also showed that in the male group, the
frequency of DXSHPRT-in3 allele 12 in the patient group is significantly higher than that
of the control group (OR =3.173, P = 0.001), while DXSHPRT-in3 allele 15 frequency is
significantly lower than the control group (OR = 0.385, P = 0.002); whereas in the female
group, the frequency of DXSHPRT-in3 allele 13 in the patient group is significantly higher
than that of the control group (OR =2.062, P =0.0002), while DXSHPRT-in3 16 allele fre-
quency is significantly lower than the control group (OR = 0.360, P = 0.0001), indicating
that there is linkage between the polymorphism of DXSHPRT-in3 and primary hyperuri-
cemia. Therefore, in the male group, (TCTA) allele 12 is a risk factor, while (TCTA) allele
15 is a protective factor; whereas in the female group, (TCTA) allele 13 is a risk factor,
while (TCTA) allele 16 is a protective factor. As for the mechanism of STR generation, it
is widely believed that the slide in the process of DNA replication, or the base mismatch
between the sliding strand and complementary strand in the process of DNA replication
or repair, leads to one or a few repeat units of insertion or deletion. Valdes et al. (1993)
believed that, from a statistical point of view, it is formed through a gradual mutation
pattern, namely, one or several repeat units were added in each mutation, resulting in the
emergence of a new allele. The function of the nucleotide repeat sequences is not clear, but
it was found to be involved in genetic material structure changes, gene regulation and cell
differentiation. They had their own specific binding proteins, and also can directly encode
proteins, thus are very active base sequences. Intron STR distribution may influence the
secondary structure of the pre-mRNA molecule, modulate the efficiency and accuracy of
splicing, and then interfere with the formation of mature mRNA (Li et al., 2004). However,
more genotyping investigations and functional studies on DXSHPRT-in3 of the HPRT gene
are essential to elucidate the role of the HPRT gene in primary hyperuricemia.
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Studies related to the DXSHPRT-in3 of the HPRT gene still need a larger sample size
as well as other regional and national population data, and its relationship with primary hyper-
uricemia needs further investigation in different ethnic and regional populations.
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