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Abstract. Previous studies have shown that insertion/deletion 
polymorphisms in the angiotensin-converting enzyme (ACE) 
gene and the endothelial nitric oxide synthase (eNOS) gene are 
associated with Henoch-Schönlein purpura nephritis (HSPN). 
However, further studies are required to prove the relation-
ship between HSPN and ACE and eNOS single nucleotide 
polymorphisms (SNPs). We studied six ACE SNPs and two 
eNOS SNPs by genotyping HSPN patients. Statistical analyses 
indicate that four ACE SNPs and two eNOS SNPs are associ-
ated with HSPN susceptibility. A cumulative effect analysis 
suggested that an increased number of unfavourable genotypes 
may lead to an increased risk of HSPN. By comparing alleles, 
genotypes and haplotypes that are associated with lupus 
nephritis (LN) and HSPN, we found genetic heterogeneity 
between HSPN and LN.

Introduction

Henoch-Schönlein purpura (HSP) is an autoimmune disorder 
that is associated with environmental and genetic factors, such 
as infection and genetic polymorphisms in the associated 
genes (1-3). HSP may cause multisystem clinical symptoms 
including arthritis, skin rashes and abdominal pain (4). Renal 
injury is a serious complication that occurs in 33% of children 
and 63% of adults with HSP (5).

Previous studies have suggested that the angio-
tensin‑converting enzyme (ACE) gene is associated with 

Henoch-Schönlein purpura nephritis (HSPN). Ozkaya et al 
and Zhou et al previously reported that an insertion/deletion 
polymorphism in the ACE gene is associated with HSPN (6,7). 
The ACE gene, which encodes for the enzyme that converts 
angiotensin I to angiotensin  II, is expressed in numerous 
tissues and is important in regulating renal cell growth (8). 
HSP is a form of small vessel vasculitis that is characterised 
by mediation of the IgA immune complex (9,10). Deposits of 
the IgA immune complex in the capillary walls may cause 
vasculitis, and if these deposits precipitate in the kidney, 
they may cause HSPN. ACE polymorphisms may affect 
angiotensin II regulation, which may lead to renal injury. 
Furthermore, ACE polymorphisms are associated with 
the risk of many other autoimmune diseases, such as IgA 
nephropathy and lupus nephropathy (LN) (11,14). Therefore, 
SNPs in the ACE gene may be a genetic component of HSPN. 
We also chose to study the association between endothelial 
nitric oxide synthase (eNOS) and HSPN. eNOS plays a role 
in nitric oxide (NO) synthesis  (15), which is associated 
with autoimmune-mediated tissue destruction and autoim-
mune diseases, such as systemic lupus erythematosus (SLE) 
and experimental autoimmune encephalomyelitis  (16,17). 
Moreover, eNOS also plays an important role in vascular 
disease pathogenesis.

Although several studies have focused on the association 
between the previously described ACE gene insertion/deletion 
polymorphism and HSPN occurrence and severity, as well as 
the association between NO and the occurrence of SLE, few 
studies have analysed the association between ACE and eNOS 
polymorphisms with HSPN. However, previous studies have 
analysed ACE and eNOS gene polymorphisms in association 
with LN by studying six ACE SNPs (A-5466C, T-3892C, 
A-240T, C1237T, G2215A and A2350G) and two eNOS SNPs 
(T-786C and G894T). As SLE and HSP are autoimmune 
diseases that commonly result in renal injury, we analysed 
these eight SNPs to study the relationship between ACE and 
eNOS gene polymorphisms and HSPN (10,18). In addition 
to studying the relationship between ACE and eNOS poly-
morphisms and HSPN, we also sought to explore the genetic 
heterogeneity of LN and HSPN. This study will provide infor-
mation about the molecular mechanisms of HSPN disease 
pathogenesis and may provide information that will aid in 
HSPN clinical diagnosis and treatment.
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Materials and methods

Subjects. The control samples were obtained from healthy 
consenting blood donors from the northern Chinese popula-
tion, and the HSPN samples were obtained from hospitalised 
renopathy patients. All the patients were selected according to 
the following criteria: i) a history of skin purpura and kidney 
damage, with or without symptoms involving the gastrointes-
tinal tract and joints; ii) a renal biopsy pathology corresponding 
to HSPN; iii) the exclusion of systemic diseases, such as throm-
bocytopenic purpura, SLE, systemic vasculitis and rheumatoid 
arthritis; and iv) no history of treatment with large doses of 
hormones or immunosuppressive agents, such as cyclophos-
phamide. Samples where the specific locus of interest could not 
be genotyped were excluded from the analysis. Therefore, our 
final data set consisted of 160 case samples (out of 229 patients) 
and 137 control samples (out of 218 controls). The case and 
control samples were age- and gender‑matched. All research 
adhered to the legal requirements of the study country. The 
study was approved by the ethics committee of Harbin Medical 
University. The investigators educated potential subjects 
to ensure that they could reach an informed decision about 
whether or not to participate in the research. Their informed 
consent was given freely, without coercion, and based on a clear 
understanding of what participation involves.

SNP genotyping. A description of the eight SNPs (six ACE 
gene and two eNOS gene polymorphisms) used in our analysis 
is shown in Table I. After the DNA was extracted from the 
blood samples, the DNA quality was analysed by electropho-
resis. PCR amplification was performed for each locus, and the 
detailed information for the PCR reaction and cycling condi-
tions for each locus is shown in Table II.

Statistical analysis. After we genotyped the HSPN and 
control subjects, the distribution of the genotypes was 
directly computed. The Hardy-Weinberg equilibrium test was 
performed for all eight SNPs in the control group. The asso-
ciation analysis of the genotypes and HSPN was performed 
by logistic regression, and the risk alleles were determined by 
a Chi-squared test. In addition, the association between the 
G894T genotype and HSPN was analysed with a Chi-squared 
test. The odds ratio (OR) and the associated 95% confidence 
interval (CI) were computed for each genotype.

Haplotype analysis of the six ACE SNPs and the two eNOS 
SNPs was performed with HaploView. We obtained the haplo-
types and the estimated frequency of each haplotype for the 
case and control groups with HaploView. We then performed 
a Chi-squared test to analyse the association between each 
haplotype and HSPN. If the number of haplotypes was fewer 
than 5, we then used Fisher's exact test to calculate the p-value 
and assess significance.

We also analysed the cumulative effect of the unfavourable 
genotypes. An unfavourable genotype was defined as a geno-
type that was significantly associated (p<0.05) with HSPN and 
had a corresponding OR greater than 1. We divided the disease 
and control samples into three groups according to the number 
of unfavourable genotypes in an individual. The groups are: 2 or 
fewer unfavourable genotypes; 3-4 unfavourable genotypes; and 
5 or more unfavourable genotypes. We defined the 2 or fewer 

unfavourable genotypes group as the reference and compared 
this group to the other two groups with a Chi-squared test.

Results

Genotype distribution of ACE and eNOS and the associa-
tion between these polymorphisms and HSPN. The genotype 
frequencies of each ACE SNP (A2350G, A-5466C, C1237T, 
A-240T, A2215G and T-3892C) are shown in Table III. The 
frequencies in the case group were 23.13 (AA), 70.00 (AG) and 
6.87% (GG) for A2350G; 9.38 (AA), 32.50 (AC) and 58.12% 
(CC) for A-5466C; 11.25 (CC), 55.63 (CT) and 33.13% (TT) for 
C1237T; 10.63 (AA), 81.88 (AT) and 7.50% (TT) for A-240T; 
32.50 (AA), 23.75 (AG) and 43.75% (GG) for A2215G; and 11.88 
(TT), 43.75 (TC) and 44.37% (CC) for T-3892C. In the control 
group, the values were 18.25 (AA), 53.28 (AG) and 28.47% 
(GG) for A2350G; 3.65 (AA), 40.15 (AC) and 56.20% (CC) for 
A-5466C; 10.95 (CC), 49.64 (CT) and 39.42% (TT) for C1237T; 
7.30 (AA), 61.31 (AT) and 31.39% (TT) for A-240T; 35.04 (AA), 
13.14 (AG) and 51.82% (GG) for A2215G and 18.25 (TT), 27.74 
(TC) and 54.01% (CC) for T-3892C. Three loci (A-240T, A2215G 
and T-3892C) that were not in Hardy-Weinberg equilibrium in 
the control subjects were also included in our analysis.

As is shown in Table  III, the A2350G AG (p=0.003; 
OR=2.046; 95% CI=1.270-3.294) and GG (p=0.000; OR=0.186; 
95% CI=0.091-0.380) genotypes, A-240T AT (p=0.000; 
OR=2.850; 95% CI=1.679-4.838) and TT (p=0.000; OR=0.177; 
95% CI=0.089-0.353) genotypes, A2215G AG genotype 
(p=0.021; OR=2.059; 95% CI=1.113-3.809) and T-3892C TC 
genotype (p=0.005; OR=2.026; 95% CI=1.245-3.299) were 
distributed significantly differently in the case and control 
subjects. By contrast, there was no difference in the distribu-
tion of the other ACE genotypes between HSPN patients and 
the control subjects (p>0.05, Table I). Additionally, the A240 
allele (p=0.001; OR=1.739; 95% CI=1.253-2.415) and the 
A2350 allele (p=0.001; OR=1.704; 95% CI=1.230-2.358) were 
significantly associated with HSPN.

The two eNOS SNPs (G894T and T-786C) were in 
Hardy‑Weinberg equilibrium in the control group. The G894T 
GT (p=0.000; OR=0.339; 95% CI=0.284-0.404) and TT 
genotypes (p=0.000; OR=3.025; 95% CI=2.526-3.623), as well 
as the T-786C TT (p=0.001; OR=2.779; 95% CI=1.484-5.207) 
and TC genotypes (p=0.034; OR=0.600; 95% CI=0.374-0.962) 
were distributed significantly differently between the HSPN 
and control subjects. In addition, the G894T and T-786C 
alleles were significantly associated with HSPN (p=0.000 and 
p=0.022, respectively).

ACE and eNOS haplotype distribution and the association 
between these variations and HSPN. We manually obtained 33 
ACE gene haplotypes with HaploView and analysed the haplo-
type distribution of the six SNPs in the case and control subjects. 
As is shown in Table IV, the CCTTGG (p=0.012; OR=0.517; 
95% CI=0.307-0.873), CCTTAG (p=0.023; OR=0.536; 95% 
CI=0.311-0.923), CCACAA (p=0.013; OR=2.604; 95% CI=1.198-
5.658), CTATAA (p=0.024; OR=0.319; 95% CI=0.112-0.906) 
and ACTCGA haplotypes (p=0.040; OR=0.347; 95% CI=0.121-
0.996) were significantly different (p<0.05) in the case and 
control groups. Moreover, only the CCACAA haplotype (OR>1) 
is more common in the HSPN group than in the control group.
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Haplotype analysis of the eNOS gene indicated that the two 
eNOS polymorphism loci are closely linked. Three haplotypes 

were identified with HaploView. As shown in Table V, the 
frequency of these three haplotypes was significantly different 

Table I. Description of the six ACE gene and two eNOS gene SNPs.

			   Amplification	 Length of digested
SNP	        Primer sequence	 Enzyme	 length (bp)	 fragments (bp)

ACE (A-5466C)	 F-gccatgtcacatgtattatagga
	 R-cgtctttggaaacttgtctgc	 EcoRV	 133	 24+109
ACE (T-3892C)	 F-atagtgtatatagggcttggtac
	 R-agaagatatttgcaaagtatgtactg	 PstI	 114	 90+24
ACE (A-240T)	 F-tgtcactccggaggcgggaggct
	 R-gagaaagggcctcctctctct	 XbaI	 168	 145+23
ACE (C1237T)	 F-agtgcacacgggtcacgatg
	 R-caccaagtagccaaagggcag	 BsmBI	 287	 95+192
ACE (G2215A)	 F-cacaccctgaagtacggcac
	 R-tcctccagctcctgggcag	 HaeII	 131	 109+22
ACE (A2350G)	 F-ctgacgaatgtgatggccgc
	 R-ttgatgagttccacgtatttcg	 BstUI	 122	 103+19
eNOS (T-786C)	 F-tggagatgatggtgtacccca
	 R-gcctccacccccaccctgtc	 MspI	 180	 92+46+42
eNOS (G894T)	 F-aaggcaggagacagtggatgga
	 R- cccagtcaatccctttggtgctca	 BanII	 248	 163+85

ACE, angiotensin-converting enzyme; eNOS, endothelial nitric oxide synthase; SNP, single nucleotide polymorphism; F, forward; R, reverse.

Table II. PCR reaction and cycling conditions for each locus.

SNP	 PCR reaction components	 PCR cycling conditions

ACE (A-240T)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 m dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 60˚C 30 sec; 35 cycles; 
	 10 M each primer 1 µl; DNA 4 µl; H2O 3 µl; Total 19 µl	 72˚C 30 sec; 72˚C 5 min
ACE (A2350G)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 M dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 60˚C 30 sec; 10 cycles; 
	 10 M each primer 1 µl; DNA 2 µl; H2O 5 µl; Total 19 µl	 72˚C 30 sec; 94˚C 30 sec; 50˚C 30 sec; 30 cycles; 
		  72˚C 30 sec; 72˚C 5 min
ACE (A-5466C)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 M dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 50˚C 30 sec; 35 cycles; 
	 10 M each primer 1 µl; DNA 2 µl; H2O 5 µl; Total 19 µl	 72˚C 30 sec; 72˚C 5 min
ACE (A2215G)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 M dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 60˚C 30 sec; 35 cycles; 
	 10 M each primer 1 µl; DNA 2 µl; H2O 5 µl; Total 19 µl	 72˚C 30 sec; 72˚C 5 min
ACE (T-3892C)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 M dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 50˚C 30 sec; 35 cycles; 
	 10 M each primer 1 µl; DNA 2 µl; H2O 5 µl; Total 19 µl	 72˚C 30 sec; 72˚C 5 min
ACE (C1237T)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 M dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 60˚C 30 sec; 10 cycles; 
	 10 M each primer 1 µl; DNA 2 µl; H2O 5 µl; Total 19 µl	 72˚C 30 sec; 94˚C 30 sec; 50˚C 30 sec; 30 cycles;
		  72˚C 30 sec; 72˚C 5 min
eNOS (G894T)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 M dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 60˚C 30 sec; 10 cycles; 
	 10 M each primer 1 µl; DNA 2 µl; H2O 5 µl; Total 19 µl	 72˚C 30 sec; 94˚C 30 sec; 50˚C 30 sec; 30 cycles;
		  72˚C 30 sec; 72˚C 5 min
eNOS (T-786C)	 2X buffer 10 µl; Taq-E 0.5 µl; 10 M dNTPs 0.5 µl; 	 94˚C 5 min; 94˚C 30 sec; 60˚C 30 sec; 10 cycles; 
	 10 M each primer 1 µl; DNA 2 µl; H2O 5 µl; Total 19 µl	 72˚C 30 sec; 94˚C 30 sec; 50˚C 30 sec; 30 cycles; 
		  72˚C 30 sec; 72˚C 5 min

ACE, angiotensin-converting enzyme; eNOS, endothelial nitric oxide synthase; SNP, single nucleotide polymorphism.
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(p<0.05) in the HSPN and control subjects. The association 
between the ACE and eNOS haplotypes and HSPN was anal-
ysed with a Chi-squared test. If the number of the haplotypes 
was fewer than 5, we then used Fisher's exact test value to 
calculate a p-value and analyse significance.

Cumulative effect of ACE and eNOS unfavourable geno-
types on HSPN. The six SNPs [A-240T (AT), A2350G (AG), 
A2215G (AG), T-3892C (TC), G894T (TT) and T-786C 

(TT)] were analysed with a cumulative effect analysis. The 
frequency of five ACE genotypes [A-240T (AT), A2350G 
(AG), A2215G (AG), T-3892C (TC) and T-786C (TT)] was 
significantly different (p<0.05) between the case and control 
groups, and the OR values were greater than 1. Additionally, 
the proportion of the G894T phenotype (TT) in the case group 
was significantly higher than the control group. Therefore, 
we defined G894T (TT) as an unfavourable genotype. The 
subjects were divided into groups based on their number of 

Table III. The SNP distribution of the ACE and eNOS genotypes and alleles.

SNP	 Genotype	 Control n=137 (%)	 Case n=160 (%)	 P-value	 OR (95% CI)

ACE (A-240T)	 1(AA)	 10 (7.30)	 17 (10.63)	 0.323	 1.510 (0.667-3.417)
	 2(AT)	 84 (61.31)	 131 (81.88)	 0.000a	 2.850 (1.679-4.838)
	 3(TT)	 43 (31.39)	 12 (7.50)	 0.000a	 0.177 (0.089-0.353)
	 A allele	 104 (37.96)	 165 (51.56)	 0.001a	 1.739 (1.253-2.415)
	 T allele	 170 (62.04)	 155 (48.44)	 0.001a	 0.575 (0.414-0.798)
ACE (A2350G)	 1(AA)	 25 (18.25)	 37 (23.13)	 0.304	 1.348 (0.763-2.379)
	 2(AG)	 73 (53.28)	 112 (70.00)	 0.003a	 2.046 (1.270-3.294)
	 3(GG)	 39 (28.47)	 11 (6.87)	 0.000a	 0.186 (0.091-0.380)
	 A allele	 123 (44.89)	 186 (58.13)	 0.001a	 1.704 (1.230-2.358)
	 G allele	 151 (55.11)	 134 (41.87)	 0.001a	 0.587 (0.424-0.813)
ACE (A-5466C)	 1(AA)	 5 (3.65)	 15 (9.38)	 0.058	 2.731 (0.966-7.721)
	 2(AC)	 55 (40.15)	 52 (32.50)	 0.172	 0.718 (0.446-1.155)
	 3(CC)	 77 (56.20)	 93 (58.12)	 0.739	 1.082 (0.682-1.715)
	 A allele	 65 (23.72)	 82 (25.63)	 0.592	 1.107 (0.762-1.610)
	 C allele	 209 (76.28)	 238 (74.38)	 0.592	 0.903 (0.621-1.313)
ACE (A2215G)	 1(AA)	 48 (35.04)	 52 (32.50)	 0.645	 0.893 (0.551-1.446)
	 2(AG)	 18 (13.14)	 38 (23.75)	 0.021a	 2.059 (1.113-3.809)
	 3(GG)	 71 (51.82)	 70 (43.75)	 0.165	 0.723 (0.457-1.143)
	 A allele	 114 (41.61)	 142 (44.38)	 0.497	 1.120 (0.808-1.550)
	 G allele	 160 (58.39)	 178 (55.62)	 0.497	 0.893 (0.645-1.237)
ACE (T-3892C)	 1(TT)	 25 (18.25)	 19 (11.88)	 0.126	 0.604 (0.316-1.152)
	 2(TC)	 38 (27.74)	 70 (43.75)	 0.005a	 2.026 (1.245-3.299)
	 3(CC)	 74 (54.01)	 71 (44.37)	 0.098	 0.679 (0.429-1.074)
	 T allele	 88 (32.12)	 108 (33.75)	 0.673	 1.076 (0.764-1.517)
	 C allele	 186 (67.88)	 212 (66.25)	 0.673	 0.929 (0.659-1.309)
ACE (C1237T)	 1(CC)	 15 (10.95)	 18 (11.25)	 0.934	 1.031 (0.498-2.132)
	 2(CT)	 68 (49.64)	 89 (55.63)	 0.303	 1.272 (0.805-2.010)
	 3(TT)	 54 (39.42)	 53 (33.13)	 0.261	 0.761 (0.473-1.224)
	 C allele	 98 (35.77)	 125 (39.06)	 0.408	 1.151 (0.824-1.608)
	 T allele	 176 (64.23)	 195 (60.94)	 0.408	 0.869 (0.622-1.213)
eNOS (G894T)	 1(GG)	 3 (2.19)	 0 (0)	 0.097	 -
	 2(GT)	 55 (40.15)	 0 (0)	 0.000a	 -
	 3(TT)	 79 (57.66)	 160 (100)	 0.000a	 -
	 G allele	 61 (22.26)	 0 (0)	 0.000a	 -
	 T allele	 213 (77.74)	 320 (100)	 0.000a	 -
eNOS (T-786C)	 1(TT)	 16 (11.68)	 43 (26.88)	 0.001a	 2.779 (1.484-5.207)
	 2(TC)	 61 (44.53)	 52 (32.50)	 0.034a	 0.600 (0.374-0.962)
	 3(CC)	 60 (43.80)	 65 (40.63)	 0.581	 0.878 (0.553-1.394)
	 T allele	 93 (33.94)	 138 (43.13)	 0.022a	 1.475 (1.057-2.062)
	 C allele	 181 (66.06)	 182 (56.88)	 0.022a	 0.678 (0.485-0.946)

aindicates alleles or genotypes with a p-value <0.05. ACE, angiotensin-converting enzyme; eNOS, endothelial nitric oxide synthase.
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unfavourable genotypes, and the group with 2 or fewer unfa-
vourable genotypes was defined as the reference. Compared 
to the reference, the group with 3-4 unfavourable genotypes 
has a higher odds risk (OR=4.528), while the group with 5 or 
more unfavourable genotypes has an even higher OR value 
(OR=61.923) (Table VI).

Heterogeneity analysis between LN and HSPN. LN and 
purpura nephritis are immune complex-mediated diseases that 
often result in renal injury. Additionally, it has been reported 
that LN may co-occur with immune thrombocytopenic 
purpura (19). We compared the genetic polymorphisms asso-
ciated with LN and HSPN to study the genetic heterogeneity 
between LN and HSPN. For this analysis, we utilised LN 
data from our previous study (20), in which we showed that 

two ACE alleles (A-5466 and A2350) and one eNOS allele 
(G894) were associated with lupus nephropathy susceptibility. 
In comparison, two ACE alleles (A-240 and A2350) and one 
eNOS allele (T-786) were associated with HSPN susceptibility 
(Table VII). 

Analysis of the alleles associated with HSPN and LN indi-
cates that G894, A2350 and A5466 are unfavourable alleles 
for LN, while T786, A2350 and A240 are unfavourable alleles 
for HSPN. Thus, these results indicate that A2350 is a risk 
allele for both HSPN and LN. The genotype analysis indicates 
that the A2350G AG (A2350G) genotype may be associated 
with HSPN susceptibility, although this genotype may also 
protect individuals from LN. Moreover, five haplotypes 
(CCTTGG, CCTTAG, CCACAA, CTATAA and ACTCGA) 
were distributed significantly differently in the case and 

Table IV. Haplotype analysis of the ACE gene.

Haplotype	 Case 2n=320 (%)	 Control 2n=274 (%)	 P-value	       OR (95%CI)

CCTTGG	 26 (8.13)	 40 (14.60)	 0.012a	 0.517 (0.307-0.873)
CCTTAG	 24 (7.50)	 36 (13.14)	 0.023a	 0.536 (0.311-0.923)
CCACAA	 26 (8.13)	 9 (3.28)	 0.013a	 2.604 (1.198-5.658)
CCACGA	 16 (5.00)	 13 (4.74)	 0.885	 1.057 (0.499-2.238)
CCATAA	 18 (5.63)	 8 (2.92)	 0.108	 1.982 (0.848-4.632)
CTACGA	 14 (4.38)	 10 (3.65)	 0.654	 1.208 (0.528-2.765)
CTTTGA	 13 (4.06)	 8 (2.92)	 0.452	 1.408 (0.575-3.449)
CTATGA	 12 (3.75)	 6 (2.19)	 0.269	 1.740 (0.644-4.700)
CTATAA	 5 (1.56)	 13 (4.74)	 0.024a	 0.319 (0.112-0.906)
ACTCGA	 5 (1.56)	 12 (4.38)	 0.040a	 0.347 (0.121-0.996)
CCATGG	 10 (3.13)	 6 (2.19)	 0.483	 1.441 (0.517-4.017)
ATATGG	 10 (3.13)	 4 (1.46)	 0.278	 2.177 (0.675-7.022)
CCTTAA	 10 (3.13)	 3 (1.09)	 0.157	 2.914 (0.794-10.697)
CCTCGG	 6 (1.88)	 7 (2.55)	 0.572	 0.729 (0.242-2.195)
CTTCAA	 8 (2.50)	 4 (1.46)	 0.400	 1.731 (0.515-5.811)
CCTTGA	 6 (1.88)	 6 (2.19)	 0.786	 0.854 (0.272-2.677)
CCTCAG	 8 (2.50)	 4 (1.46)	 0.400	 1.731 (0.515-5.811)
ATTCGG	 4 (1.25)	 6 (2.19)	 0.525	 0.565 (0.158-2.025)
CCTCGA	 4 (1.25)	 7 (2.55)	 0.361	 0.483 (0.140-1.667)
ACTTGG	 4 (1.25)	 5 (1.82)	 0.739	 0.681 (0.181-2.562)
CCACGG	 5 (1.56)	 4 (1.46)	 1.000	 1.071 (0.285-4.030)
CTTTGG	 6 (1.88)	 3 (1.09)	 0.516	 1.726 (0.428-6.968)
CCACAG	 6 (1.88)	 3 (1.09)	 0.516	 1.726 (0.428-6.968)
ATATGA	 6 (1.88)	 2 (0.73)	 0.298	 2.599 (0.520-12.982)
ACACAA	 6 (1.88)	 2 (0.73)	 0.298	 2.599 (0.520-12.982)
CTTTAG	 3 (0.94)	 5 (1.82)	 0.481	 0.509 (0.121-2.150)
ACATGA	 7 (2.19)	 1 (0.36)	 0.075	 6.105 (0.746-49.936)
CTTCAG	 4 (1.25)	 3 (1.09)	 1.000	 1.143 (0.254-5.154)
ACTTAG	 3 (0.94)	 4 (1.46)	 0.709	 0.639 (0.142-2.879)
ATTTGA	 4 (1.25)	 4 (1.46)	 1.000	 0.854 (0.212-3.449)
CTATAG	 1 (0.31)	 6 (2.19)	 0.053	 0.140 (0.017-1.170)
CCATGA	 5 (1.56)	 2 (0.73)	 0.460	 2.159 (0.415-11.216)
ACACGA	 3 (0.94)	 3 (1.09)	 1.000	 0.855 (0.171-4.270)

aP<0.05. ACE, angiotensin-converting enzyme.
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control groups. Of these haplotypes, CCACAA may increase 
HSPN susceptibility, and the other four haplotypes may 
protect individuals from HSPN. Similarly, three haplotypes 
(ACTTAA, ACACGG and ACATGC) may increase the risk of 
LN, and the other two haplotypes (ATTCGA and CTTCGA) 
may decrease the LN susceptibility. Although HSPN and LN 
both contribute to the onset of nephritis, they do not share any 
ACE gene haplotypes. All of the inconsistencies mentioned 
may be genetic factors that underlie the different clinical 
phenotypes of HSPN and LN. 

Discussion

Approximately 40% of children with HSP may develop 
nephritis (10), and this proportion is higher in adults. Both HSP 
and SLE are vascular autoimmune diseases (10,18,19) and SLE 
may occur in conjunction with other immune diseases, such as 

immune thrombocytopenic purpura (19). Many reports have 
suggested that ACE gene polymorphisms are associated with 
SLE and HSP (6,8). The ACE enzyme converts angiotensin I 
into angiotensin II, which is associated with reno-vascular 
hypertension and renal disease (21). Therefore, the ACE gene 
may play a role HSPN. eNOS also plays an important role in 
the occurrence of vascular disease (22) and is associated with 
autoimmune disease (23).

Haplotype analysis indicates that five ACE gene haplotypes 
(CCTTGG, CCTTAG, CCACAA, CTATAA and ACTCGA) 
are significantly associated with HSPN. Of these five haplo-
types, only CCACAA may increase the risk of HSPN. However, 
the six ACE SNPs were not closely linked in this analysis, and 
therefore this haplotype may require further validation. Three 
eNOS gene haplotypes (CT, TT and TG) were identified, and 
all three were associated with HSPN. eNOS gene haplotype 
analysis indicates that the two SNPs are closely linked.  

Table V. Haplotype analysis of the eNOS gene.

Haplotype	 Case 2n=320 (%)	 Control 2n=274 (%)	 P-value	 OR (95% CI)

CT	 182 (56.88)	 181 (66.06)	 0.022a	 0.678 (0.485-0.946)
TT	 138 (43.12)	   32 (11.68)	 0.000a	 5.734 (3.730-8.815)
TG	 0 (0)	   61 (22.26)	 0.000a	 -

aP<0.05. eNOS, endothelial nitric oxide synthase.

Table VI. Cumulative effect of ACE and eNOS unfavourable genotypes on HSPN.

Number of	
unfavourable genotypes	 Case (n)	 Control (n)	 OR	 95% CI	 P-value

2 or fewer	   26	 70	 1 (reference)		
3-4	 111	 66	 4.528	 2.629-7.798	 0.000a

5 or more	   23	   1	 61.923	     7.955-482.022	 0.000a

aP<0.05. ACE, angiotensin-converting enzyme; eNOS, endothelial nitric oxide synthase; HSPN, Henoch-Schönlein purpura nephritis.

Table VII. Genetic heterogeneity between LN and HSPN.

	 Associated alleles	 Associated genotypes	 Associated haplotypes
	---------------------------------------------------------------------------------------------------	 ---------------------------------------------------------------------------------------------	 --------------------------------------------------------
LN	          HSPN	                LN	             HSPN	        LN	 HSPN

T894(+), G894(-)	 T786(+), C786(-)	 A2350G: AA(+), AG(-)	 A2350G: AG(+), GG(-)	 CTTCGA(-)	 CCTTGG(-)
A2350(+), G2350(-)	 A2350(+), G2350(-)	 G894T: GG(+), GT(-)	 G894T: GT(?), TT(?)	 ATTCGA(-)	 ACATGG(+)
A5466(+), C5466(-)	 T240(+), A240(-)	 A-5466C: AA(+), CC(-)	 A-240T: AT(+), TT(-)	 CCTTAG(-)	 ACTCGA(-)
			   A2215G: AG(+)	 ACTTAA(+)	 ACACGG(+)
			   T-3892C: TC(+)	 CTATAA(-)	 CCACAA(+)
			   T-786C: TT(+), TC(-)	

(+) Indicates that the allele/genotype/haplotype is unfavourable (p<0.05 and OR>1), and (-) indicates that the allele/genotype/haplotype 
(p<0.05 and OR<1) will protect an individual from the indicated disease. (?) Indicates that the favourability of the genotype is unknown.  
LN, lupus nephritis; HSPN, Henoch-Schönlein purpura nephritis.
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For the cumulative effect of unfavourable genotype 
analysis, we set the group with the least number of unfa-
vourable genotypes (less than or equal to two unfavourable 
genotypes) as the reference. The group with a medium number 
of unfavourable genotypes (3-4 unfavourable genotypes) had 
a 4.528-fold increased risk of HSPN compared to the refer-
ence group, and the high-risk group (5 or more unfavourable 
genotypes) had a 61.923-fold increased risk.

A limitation of our study is that the samples we selected 
may contain some bias, which may explain why several of 
the ACE loci were not in Hardy-Weinberg equilibrium in the 
control subjects and why the six ACE SNPs were not closely 
linked. Furthermore, we did not consider genetic and envi-
ronmental factors, which may impact on HSPN pathogenesis. 
However, by analysing the association between the ACE and 
eNOS polymorphisms and HSPN, we did identify SNPs and 
haplotypes that may be associated with HSPN. Additionally, 
our cumulative effect data indicate that high-risk unfavourable 
genotypes may increase the risk of HSPN. However, larger 
studies are required to further analyse the effect of these poly-
morphisms on HSPN.

In conclusion, our data suggest that four ACE gene SNPs 
(A-240T, A2350G, A2215G and T-3892C) and two eNOS gene 
SNPs (G894T and T-786C) are significantly associated with 
HSPN. Five haplotypes (CCTTGG, CCTTAG, CCACAA, 
CTATAA and ACTCGA) were significantly differently 
distributed in the case and control groups. Of these haplotypes, 
only CCACAA is associated with an increased risk of HSPN 
susceptibility. However, our data here indicate that four other 
haplotypes may protect individuals from HSPN. Additionally, 
the accumulation of unfavourable genotypes may increase the 
risk of HSPN. By comparing the HSPN and LN risk alleles, 
we found that A2350 is also an unfavourable genotype for LN. 
Finally, we found that the AG genotype (A2350G) may also 
increase the risk of HSPN, but may protect against LN.
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