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ABSTRACT. The aim of this study was to determine whether single
nucleotide polymorphisms (SNPs) in APM1 contribute to disorders of lipid
metabolism in hypertensive disorder complicating pregnancy (HDCP).
The study included 178 pregnant women with HDCP and 243 healthy
pregnant controls. Using PCR-restriction fragment length polymorphism,
we detected the frequencies of genotypes, alleles, and haplotypes of
two SNPs, +45T>G (rs2241766) and +276G>T (rs1501299), in APM1.
We found that the SNP +276 TT genotype was significantly associated
with protection against HDCP compared to the pooled G genotypes. The
genotype and allele frequency distributions of SNP +276 were significantly
different between the cases and controls. Single-point genotype and
allele distributions in SNP +45 were not statistically different between the
groups. The pooled G haplotypes were significantly overrepresented in
the case group compared to the TT haplotype. Plasma adiponectin (APN)
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concentration was determined by enzyme-linked immunosorbent assay,
and we found that APN levels in cases were significantly lower than those
in controls. Using the clinical data, we evaluated the correlation between
the two SNPs and HDCP development, and revealed an association
between the two SNPs and disorders of lipid metabolism in patients with
HDCP. Except for fasting insulin levels, which was higher in cases than
in controls, there were no significant differences in the other clinical data
between the two groups.
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INTRODUCTION

Hypertensive disorder complicating pregnancy (HDCP) is a common but severe
complication, with symptoms that include transient hypertension (systolic blood pressure: SBP
> 140 mmHg and/or diastolic blood pressure: DBP = 90 mmHg), edema, and proteinuria, that
occurs after the 20th week of pregnancy through the 2nd week postpartum, but often disappears
after delivery. According to Williams Obstetrics, HDCP, which includes hypertension of pregnancy,
preeclampsia (mild and severe), eclampsia, chronic hypertension with preeclampsia, and
pregnancy with chronic hypertension affected 7 to 12% of pregnancies in other countries and
9.4% of pregnancies in China (Cunningham et al., 2014). HDCP greatly influences mother and
infant health. For example, HDCP in pregnant women may lead to convulsions, coma, heart
and renal failure, or even death. In infants, placental insufficiency and hypofunction induced by
uterine vasospasm can lead to infant distress, retardation, fetal death, and neonatal death (Yue,
2008). Furthermore, HDCP is one of the reasons for the increasing prevalence of maternal and
perinatal mortality. Preeclampsia is characterized by the symptoms of HDCP with accompanying
headache, dizziness, blurred version, epigastric discomfort, nausea, etc., before convulsions,
which can precede eclampsia.

For a century, many theories have tried to explain the mechanism underlying HDCP, which
have included dysfunction of the placenta, endothelium dysfunction, disorders of lipid metabolism,
heredity, and inflammatory reactions. However, the etiology and pathogenesis have remained
unclear, which has created difficulties for the prevention and treatment of HDCP. Recently, with
the exception of low-age or elderly primiparity, high-risk factors for HDCP development including
nutritional deficiency, multiple pregnancy with a history of essential hypertension (EH), nephritis,
and diabetes mellitus have been shown to be genetically influenced by the interplay of multiple
genes or polymorphic sites (Harrison et al., 1997; Serrano et al., 2004). Since the 19th century,
familial preeclampsia has been confirmed, which shows that genetic factors play an important
role in the development of HDCP (Kruglyak, 1999). Currently, the detection of HDCP mainly
depends on clinical symptoms combined with biochemical indices, but these diagnostic methods
do not provide early warnings. As the development and clinical application of biological techniques
in prenatal diagnosis increases, especially the development of those in molecular biology and
medical genetics, more and more diseases could be safely and accurately diagnosed during early
embryo development.

Common genetic variation, such as single nucleotide polymorphisms (SNPs) of key genes
or haplotype combinations, could be important in the susceptibility of complex diseases. As a type
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of base substitution, SNPs are a common biallelic variation caused by transition or transversion
of a single nucleotide with a frequency >1%. SNPs in the coding and regulatory regions may
change gene expression levels or the function of the gene products, and have thus become the
most commonly studied genetic polymorphisms in the fields of genetics, human genomics, and
pharmacogenomics (Riley et al., 2000; John et al., 2004). As such, the development of biological
techniques has made the estimation of allelic frequency of SNPs easier. Technically, there has
been a massive implementation of automatic analysis of biallelic SNPs. Computer analysis has
therefore made it easy to study the correlation between SNPs and the susceptibility to complex
diseases. As techniques have continued to advance, methods for simple and non-invasive
detection of SNPs have garnered more and more attention. Therefore, the identification of genes
or polymorphic sites that increase the susceptibility of HDCP will help confirm the genetic basis
of HDCP development. This in turn may lead to the prevention, early diagnosis, and treatment of
HDCP, which could be accomplished through a combination of molecular biological and clinical
approaches.

Adiponectin (APN) is a specific type of protein hormone secreted by adipocytes that plays
an important role in regulating lipid metabolism, sugar metabolism, and insulin resistance, and has
anti-atherosclerosis and anti-inflammatory activities (Maeda et al., 2002; Yamauchi et al., 2002).
The mRNA transcript that encodes for APN is the most abundant gene transcript in adipose tissue,
and thus was named Adipose most abundant gene transcript 1 (APM1). The APM1 gene is located
on chromosome 3qg27. The full-length of APM1 is 17 kb with 3 exons and 2 introns, and contains
multiple SNPs. The coding region starts from the second exon and ends at the front of the third
exons, encoding for a total of 244 amino acids with a 30-kDa molecular weight, and is found at
the susceptibility loci for metabolic syndrome (Kissebah et al., 2000; Matsuda et al., 2002). Much
research has concentrated on the relationship between APN and HDCP with idea that disorders
of lipid metabolism could lead to vascular endothelial cell injury, which could in turn be related to
metabolic hypertension, cardiovascular diseases, type 2 diabetes mellitus, and HDCP among other
disorders (Francke et al., 2001; Ramsay et al., 2003).

Many researchers have shown that APN is correlated with lipid metabolism. For example,
Lindsay et al. (2002) demonstrated that there was a significant negative correlation between APN
and triglycerides (TG). Wolf et al. (2004) showed that while insulin resistance played a role in the
development of preeclampsia, APN had an effect on the regulation of insulin and sugar metabolism,
and had anti-inflammation and anti-atherosclerosis activity; therefore relieving vascular endothelial
injury. D’Anna et al. (2005) measured the plasma APN concentration of 1842 pregnant women
in the first trimester and followed their pregnancy outcomes. The authors found that the plasma
APN concentration in the gestational hypertension group during the second and third trimesters
was significantly lower than that in the control group, and further found that the APN concentration
in the preeclampsia group was significantly lower than that in the gestational hypertension
group. Moreover, there was a negative correlation between the plasma APN concentration and
maternal age, gestational age, maternal body mass index, SBP, and content of urinary protein in
the preeclampsia group, indicating that hypoadiponectinemia was significantly correlated to an
increased risk of gestational hypertension and preeclampsia. Therefore, we hypothesized that
APN plays a role in the underlying mechanism of preeclampsia development. Regarding SNPs
of APM1, Zhang et al. (2011) studied 5 SNPs in the APM1 promoter region and found that 1)
-11426A>G and -11156insC/A were in complete linkage disequilibrium (LD, D’ = 1; r> = 1), indicating
that -11426G could be the TagSNP of EH risk haplotype without measuring -11156insCA; 2)
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-11426G and -11426G-11377C were EH risk factors and EH risk haplotypes in the Han of Yanbian
region; 3) in the EH group, the plasma APN level was significantly lower than that in the control
group. Furthermore, the study of Avery et al. (2011) showed that the -11377C>G (rs266729) SNP
was an independent factor influencing SBP of patients with hypertension. Wang et al. (2009)
evaluated the correlation between type 2 diabetes mellitus (T2DM) and APM1 SNPs, including
those in the second intron (IVS2) +712A>G (rs3774261) and +349A>G (rs2241767); third exon
(Exon3) +331T>C (rs17366743); promoter region -11391G>A and -11377C>G; and in the 3'-UTR
+4545G>C (rs1063539). The authors found that in the IVS2 +712A>G SNP, there was a correlation
between the GG genotype and T2DM, in which plasma TC and LDL levels were increased. The
polymorphism of A—G increased the risk of T2DM and metabolism disorder of blood lipid. The
authors further demonstrated that the polymorphisms of -11377C>G and +4545G>C were correlated
to obese and non-obese T2DM separately, indicating that they were both susceptible genotypes of
obese and non-obese T2DM. In comparing preeclamptic patients to the control subjects, Saarela
et al. (2006) found that in the second intron region +276T>G of APM1, the TT genotype was a
protective factor against preeclampsia. Furthermore, there was a significant difference between the
allelic frequency of the two groups at site +276T>G, while there was no significant difference at site
+45T>G. Tang et al. (2008) demonstrated that both the polymorphism of APM1 +45T>G and the
plasma APN concentration were correlated to hypertension. While studying patients with severe
preeclampsia, Bai et al. (2010) found that APN concentration, SBP, and 24-h proteinuria levels of
patients with the TT genotype at site +45T>G were significantly lower than those in G allele carriers
(TG+GG), which identified APN as a new susceptibility gene for EH.

Most recently, research regarding APM1 and HDCP has only concentrated on particular
regions or sites, with less attention being spent on the combination effect of multiple regions and
multiple sites of APM1, such as correlation analyses between haplotypes and diseases or between
haplotypes and clinical and/or biochemical indices. In China, there has been limited reporting on
the correlations between APM1 SNP genotypes, alleles, or haplotype combinations and disorders
of lipid metabolism, such as HDL-C, TG, and ApoB in patients with gestational hypertension.
Whether the correlations mentioned above could lead to vascular endothelial injury, which could
influence HDCP development remains unclear. Therefore, confirmation of the correlation between
disorders of lipid metabolism and vascular endothelial injury may lead to the prevention, prediction,
and treatment of HDCP, which may also play an important role in enhancing the health of mother
and infant while decreasing maternal and perinatal mortality.

MATERIAL AND METHODS
Subjects

Written approval for the study was obtained from the Zhongshan Hospital Xiamen
University. Informed consent was obtained from all patients and controls. Information was collected
retrospectively in connection with 178 single pregnant women with HDCP, average age: 27.52 +6.33
years, gestational age: 38.10 + 2.86 weeks, and without history of chronic hypertension, nephritis,
diabetes mellitus, or cardiovascular disease. The control group was comprised of 243 healthy
pregnant women with no history of HDCP, average age: 28.65 + 5.69 years, and gestational age:
37.81 £ 3.09 weeks. All participants were recruited from the Han of Fujian Province at Zhongshan
Hospital between August 2005 to August 2007, and had no genetic relationship. All diagnostic
criteria were referenced to the Obstetrics and Gynecology (Yue, 2008).

Genetics and Molecular Research 14 (4): 15213-15223 (2015) ©FUNPEC-RP www.funpecrp.com.br



APM1 SNPs are associated with HDCP 15217

Genomic DNA extraction

Blood was drawn from the antecubital vein into EDTA tubes and samples were stored at
-80°C. DNA was extracted by means of the TGuide blood genomic DNA extraction kit (OSR-M102),
obtained from TIANGENG Biotech (Beijing) Co., Ltd. following manufacturer instructions.

DNA concentration and purification detection

The ratio of the absorbance at 260 and 280 nm of total DNA measured with an ultraviolet
spectrophotometer was used to assess DNA purity, and the content of total DNA was calculated.
DNA was stored at -80°C prior to use.

PCR amplification primers

The primers for PCR amplification were designed with the Primer Premier5 software and
reference literature by Shanghai Generay Biotech Co., Ltd., with specification 10D*2. Dry powder
primers were centrifuged at 12,000 rpm for 2 min, dissolved in Tris-EDTA buffer solution (10 mM Tris-
HCI, 1 mM EDTA, pH 8.0), kept as 100 uM mother liquor, separated, and stocks were stored at -20°C.
Stocks thawed and diluted as needed. The primers and restriction enzyme sites for APM1 SNPs are
shown in Table 1. Amplification conditions and system are shown in Tables 2 and 3.

Table 1. Primer sequences, annealing temperatures, lengths, and restriction enzymes.

Site Primer sequence Annealing temperature (°C) Length (bp) Restriction endonuclease
+45T>G (rs2241766) F: 5-CTGAGATGGACGGAGTCCTTT-3' 60° 456 Smal

R: 5'-CCAAATCACTTCAGGTTGCTT-3'
+276G>T (rs1501299)  F: 5-CTGAGATGGACGGAGTCCTTT-3' 59° 456 Bsml

R: 5-CCAAATCACTTCAGGTTGCTT-3'

F: forward primer; R: reverse primer.

Table 2. PCR amplification conditions.

Step Temperature (°C) Time Cycle number
Predegeneration 94° 5 min

Degeneration 94° 30s 30 cycles
Annealing 59°-61° 30s

Extension 72° 30s

Extension terminal 72° 7 min 1 cycle
Storage 4° —0

Table 3. PCR amplification system (20-uL reaction system).

Composition Volume (pL)
Ultrapure water 7
2X PCR Mix 10
Primer

F 1

R 1
Template DNA 1
Total volume 20
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Genotype identification by RFLP (30-pL reaction system)

Reactions were incubated overnight at 37°C. The PCR products were then separated and
purified by 3% agarose gel electrophoresis, and stained with ethidium bromide. The genotypes
were identified with Epichemi 3 Darkroom image acquisition and analysis system from UVP Co.,
Ltd. Reaction components are provided in Table 4.

Table 4. Genotype identification by restriction fragment length polymorphism (30-pL reaction system).

Composition Volume (pL)
Ultrapure water 17
PCR products 10
10X Green Buffer 2
Restriction endonuclease 1
Total volume 30

Plasma APN concentration measurement by enzyme-linked immunosorbent
assay (ELISA)

Blood samples were taken after an overnight fast. Time of sampling was standardized
at 8-9 am. The samples were venous blood, and tripotassium ethylenediamine tetraacetic acid
anticoagulant was added. The samples were stored at -80°C before use. Plasma APN was
evaluated in the blood samples of the cases and the controls as measured by sandwich ELISA
with a commercially available APN ELISA kit (Linco Research Inc., St. Charles, MO, USA).

Statistical analysis

The polymorphism allele frequencies were consistent with Hardy-Weinberg equilibrium.
LD was analyzed by the SHEsis online analysis software. Means, proportions, and SDs (+) were
used for descriptive purposes. Data are reported as means + SD. Correlations between parameters
were examined by means of Pearson (a value of P > 0.05) correlation coefficients, and using log-
transformed parameters where required. A value of P < 0.01 was considered to be statistically
significant.

RESULTS
Clinical data

Patient characteristics and clinical data for the cases and controls are shown in Table 5.
Correlations between the influencing factors and HDCP

Demographic characteristics of the cases and control subjects are shown in Table 2. There
were no significant differences in BMI, SBP, DBP, LDL-C, and HDL-C between the cases and
control subjects. Gestational age at delivery was earlier in women with HDCP, but this difference

did not reach significance compared to that in control subjects. Fasting insulin was significantly
higher in women with HDCP than that in the control group (P > 0.01).
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Table 5. Clinical characteristic of women with (case group) or without (control group) HDCP (means + SD).

Variable Case (N=178) Control (N = 243) P
Age (years) 27.52+6.33 28.65 + 5.69 0.899
Gestational age at delivery (weeks) 35.10 +£ 2.86 37.81+3.09 <0.01
BMI (kg/m?) 28.88 +5.01 23.97 +2.80 <0.01
SBP (mmHg) 153.79 £ 19.77 131.56 + 14.13 <0.01
DBP (mmHg) 104.33 £ 15.32 90.87 +7.90 <0.01
Fasting insulin (mIU/L) 22.35+12.75 1347 +7.78 0.093
LDL-C (mM) 2.01+0.49 1.90 £ 0.33 <0.01
HDL-C (mM) 1.09 £0.29 1.35+0.20 <0.01

BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure.

Allele frequencies and distribution

In SNP +276, the T allele was significantly protective against HDCP (P < 0.05; Pearson).
Additionally, the genotype distribution of SNP +276 differed between the cases and controls (P
< 0.05; Pearson) where the TT genotype was associated with protection against the condition
compared to the GG and GT genotype (P < 0.05; Pearson). The allele and genotype frequencies
of SNP +45 did not significantly differ between the cases and controls (P > 0.05; Pearson; Table 6).

Table 6. Genotype and allele distribution of APN genes among women with (case group) or without (control group) HDCP.

Genotype Group Number of samples Genotype (%) Allele (%)
TIT TIG GIG T G
SNP +45 (exon 2) Case (N =178) 178 156 (87.6) 22 (12.4) 0(0) 334 (93.8) 22 (6.2)
Control (N = 243) 243 220 (91.0) 22(9.1) 1(0.4) 462 (95.1) 24 (4.9)
SNP +276 (intron 2) Case (N =178) 178 5(2.8) 80 (44.9) 93 (52.2) 90 (25.3) 266 (74.8)
Control (N = 243) 190 25(10.3) 109 (44.9) 109 (44.9) 159 (32.7) 327 (67.3)

Asymptotic P values for the SNP +45 (exon 2) genotype were P = 0.489 and P = 0.510 for
cases and controls, respectively. Pooled SNP +45 genotype frequencies (GG vs GT and TT) were
not significantly different between the cases and controls.

Asymptotic P values for the SNP +276 (intron 2) genotype were P = 0.033 and P = 0.043
for cases and controls, respectively. Pooled SNP +276 genotype frequencies (TT vs TG and GG)
were significantly different between the cases and controls (P = 0.012).

Both SNP +45 and SNP +276 were found to be in Hardy-Weinberg equilibrium, in the
cases and controls.

APN concentration

The plasma APN concentrations were determined via ELISA. APN levels in cases were
8.87 £ 6.01 pg/mL, while in controls the levels were 12.09 + 3.33 pg/mL. The APN concentration in
cases was significantly lower than that in the control group (P > 0.01).

Haplotype

We used the genotype data from the exon 2 SNP and the intron 2 SNP in cases and
controls to carry out a haplotype estimation analysis (Table 7). Estimated overall pairs of locus
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haplotype frequencies were not significantly different between the two groups (P > 0.05), whereas
in the single-haplotype association analysis, the TT haplotype was significantly less common in
cases than in controls (P < 0.05).

Table 7. Estimated haplotype frequency distributions of the APN gene polymorphisms (SNP +45 and SNP +276) on
chromosomes from women with (case group) or without (control group) HDCP.

Haplotype Haplotype frequency (+ SD)

Case (N = 356) Control (N = 486)
T-G 0.728 + 0.035 0.656 + 0.029
TT 0.237 + 0.026 0.311 £ 0.024
G-G 0.035 +0.015 0.033 + 0.008

Pooled haplotype frequencies (T-T vs pooled T-G and G-G) differed with statistical significance (P < 0.05) between the
cases and controls.

DISCUSSION

Recently, HDCP has become one of the most important conditions leading to increased
mortality of pregnant women and perinatal infants. Compared to EH, HDCP has a more
complicated mechanism, and is causally associated with proteinuria during pregnancy. In addition
to known HDCP risk factors that include nutritional deficiency, multiple pregnancies, a history of
EH, nephritis, and diabetes mellitus, HDCP has been shown to have heritable factors influenced by
the interplay of multiple genes or multiple SNPs, with the exception of low-age or elderly primipara
(Harrison et al., 1997; Serrano et al., 2004). Studies on patients from different families have also
confirmed this heritable link (O’'Shaughnessy et al., 2000; Chappell and Morgan, 2006). Because
of the onset of symptoms during pregnancy, it is more important to know how the hereditary factors
play a role in disease development compared to other hereditary diseases. HDCP studies should
focus on the synergistic effects of multiple genes and SNPs because single SNPs may only slightly
influence disease development, while the combined effect of multiple relative genes may have a
profound effect on the disease. Previous studies have shown that disorders of lipid metabolism and
hypoadiponectinemia were related to abnormal reactions of endothelium-dependent vasodilation
in HDCP patients (Shimabukuro et al., 2003; Ouchi et al., 2003). APN is a plasma protein/hormone
secreted by adipocytes, and is one of the most abundant proteins expressed in adipose tissues
(Furukawa et al., 2004). Prior studies have shown that APN was the only down-regulated hormone
of all adipocyte cytokines, which played a crucial role in glucose and lipid metabolism of patients
with insulin resistance or cardiovascular diseases (Bacci et al., 2004; Nedvidkova et al., 2005).
The development of molecular biology techniques has enhanced studies into the underlying genes
that increase susceptibility of HDCP. Through genome-wide association studies, scientists have
revealed that chromosomal region 3927 contained the susceptibility gene for metabolic syndrome,
which encoded for APM1 (Guo et al., 2006). Therefore, scientists speculated that APM1 could affect
metabolism by regulating APN levels, which may also play an unknown role in lipid metabolism
disorder (Maeda et al., 2002; Yamauchi et al., 2002). Hyperlipidemia can influence blood vessel
endothelial injury, while HDCP has been shown to be closely correlated to both endothelial injury
and functional changes (Germain et al., 2007; Gilbert et al., 2008). Therefore, through molecular
biological techniques, we studied the relationship between APM1 SNPs and lipid metabolism, and
expected to find a genetic link between disorders of lipid metabolism and HDCP as this would offer
a new way of thinking about HDCP etiology.
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APN, as an adipose tissue-derived protein, has been shown to have a protective role in
insulin resistance, inflammation, endothelial dysfunction, obesity, and dyslipidemia (Redman et
al., 1999; Lindsay et al., 2002; Engeli et al., 2003; Spranger et al., 2003). Moreover, all of these
disorders have been connected with HDCP in the literature (Redman et al., 1999). Polymorphisms
within the APN gene have shown marked correlations with different features of the metabolic
syndrome (Filippi et al., 2004). Here, we explored the possible correlations between two SNPs
in APM1 and HDCP. The results herein indicate a correlation between SNP +276 and HDCP as
determined by the single-point association analysis. The minor TT genotype was significantly
protective against HDCP, especially when compared with the pooled G genotypes. SNP +45 was
not associated with HDCP risk in the allele and genotype frequency analysis. According to the
haplotype estimation analysis, the TT haplotype was less frequent in the case group compared to
the GG and GT haplotypes.

SNP +45 and SNP +276 were not likely to be functional polymorphisms because SNP +45
was a silent polymorphism and SNP +276 was located in an intron. However, due to the association
of SNP +276 with HDCP, it is possible that SNP +276 was in LD with a functional variant located
elsewhere in the gene. The association of SNP +276 with T2DM had been linked to the genotype
GG or the G allele (Hara et al., 2002), and with obesity and insulin resistance to the T allele (Filippi et
al., 2004). In the current study, the decrease in HDCP risk involved the T allele. In other populations,
it has been shown that there was an association between SNP +45 and T2DM, obesity, and insulin
resistance (Stumvoll et al., 2002; Hara et al., 2002), although no significant correlation between
HDCP and SNP +45 was observed herein. However, there could be differences in the LD structure
across populations, leading to different risk alleles in the same SNPs.

The magnitude of the increase of plasma APN levels in cases above those in controls
suggests that free-fatty acids and TG could help to predict HDCP when measured early in
pregnancy or even prior to pregnancy. Additionally, it has advantages over lipid measurements as
plasma APN levels have been shown to be unaltered in the postprandial state (Peake et al., 2003).
D’ Anna et al. (2005) found that plasma APN levels in patients with preeclampsia were lower than
those in healthy pregnant women. Ramsay et al. (2003) also found that plasma APN levels were
significantly higher in preeclamptic patients compared to those in healthy controls, although the
APN levels were unrelated to APN mRNA expression in the placenta. These results suggested that
the elevation of APN may have been a physiological response to avoid damage to endothelial cells.
Moreover, the extent of the increase in APN levels suggests that it may be a particularly sensitive
predictor of HDCP, but this will require further examination.

The key finding of this study was that there was a significant decrease in the risk of HDCP
in carriers of the minor T allele and the TT genotype of SNP +276. The biological relevance of this
finding requires further investigation with larger sample sizes. For example, the association of the
less frequent PPARYy Pro12Ala polymorphism with decreased risk of T2DM could not be confirmed
until a meta-analysis was performed by Altshuler et al. (2000). In a similar manner, large population
samples are likely necessary to show the associations linked to polygenic diseases. In conclusion,
the results of the present study indicate that the APN gene is a promising candidate susceptibility
gene for HDCP. Further investigations are needed to replicate our findings in other populations.
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