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Abstract

Background: Preeclampsia, characterized by hypertension and proteinuria, is a multifactorial disease caused by complex
interactions between environmental and genetic factors. A recent genome-wide association study of blood pressure
reported an association between hypertension and rs11646213. This study evaluated the association between preeclampsia
and rs11646213.

Methods: A total of 454 cases and 460 controls were recruited to participate in this study. The single nucleotide
polymorphism (SNP) rs11646213 was genotyped by polymerase chain reaction (PCR) and direct sequencing.

Results: The allele frequency of rs11646213 was significantly different between the preeclampsia and control groups
(P = 0.017, OR = 1.36, 95% CI = 1.06–1.76). Differences were particularly significant in the severe preeclampsia subgroup
(P = 0.002, OR = 1.54, 95% CI = 1.17–2.03) and the early-onset preeclampsia subgroup (P = 0.004, OR = 1.57, 95% CI = 1.16–
2.13). Genotyping analysis showed that the T allele of rs11646213 could confer a risk for preeclampsia, severe preeclampsia
and early-onset preeclampsia.

Conclusions: Rs11646213 upstream of the CDH13 gene is associated with preeclampsia in Han Chinese women.
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Introduction

Preeclampsia affects approximately 2.5% to 3% of all pregnan-

cies and is a leading cause of maternal morbidity and mortality in

developing countries [1]. Although the exact pathogenesis of

preeclampsia remains unclear, proposed mechanisms include

endothelial cell dysfunction, intravascular inflammation, oxidative

stress and angiogenesis imbalance [2–4]. Data has shown that

daughters and sisters of women with preeclampsia are prone to

developing preeclampsia, indicating that genetic factors play a

significant role in the pathogenesis [5]. Twin studies estimated the

heritability of preeclampsia to be approximately 22%–54% [6,7].

Epidemiological studies have shown that women with chronic

hypertension are at an increased risk of developing preeclampsia

and that a family history of chronic hypertension is more common

in preeclamptic patients compared with controls [8–11]. A

genome-wide association study (GWAS) of blood pressure has

reported that the single nucleotide polymorphism (SNP)

rs11646213 located upstream of the cadherin 13 preprotein

(CDH13) gene is associated with hypertension in Europeans [12].

Another European study confirmed that the T allele of the SNP

rs11646213 conferred a risk for developing hypertension [13].

Thus, we proposed that SNP rs11646213 might be a genetic risk

factor for preeclampsia and investigated the association between

preeclampsia and rs11646213 in a cohort of Han Chinese women.

Materials and Methods

Ethics Statement
The study was approved by the Institutional Review Board of

the Provincial Hospital Affiliated to Shandong University. And

written informed consent was obtained from each participant.

Subjects
A total of 914 Han Chinese pregnant women who visited

Provincial Hospital Affiliated to Shandong University were

enrolled from December 2009 to November 2011. Controls were

normotensive women with no antenatal medical or obstetric

complications, presenting normal fetal growth at $37weeks of

gestation (birth weight between the 10th and the 90th percentile),

and with a regular postpartum course. Preeclampsia was defined

as gestational hypertension with proteinuria (the presence of blood

pressure values $140/90 mm Hg on 2 measurements at least

6 hours apart; 24 hour urinary protein $300 mg or urine dipstick
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protein$+) after the 20th week of pregnancy in a previously

normotensive and non-proteinuric woman [14]. Blood pressure

and proteinuria cut-offs for classifying the cases as mild

preeclampsia or severe preeclampsia were greater than 160/

110 mmHg and 24 hour urinary protein $5 g or urine dipstick

protein$3+, respectively [14]. Early-onset preeclampsia was

defined as manifestation before 34 gestational weeks and late-

onset preeclampsia thereafter.

Blood pressure was measured in the right arm after a 5-minute

period of rest. The following clinical data were collected: maternal

age, parity, gestational age at birth, fetal weight and prepregnancy

body mass index (pre-BMI). Participants were excluded for the

following reasons: a previous renal, autoimmune, metabolic or

cardiovascular disease, chronic hypertension, lost to follow-up and

multiple pregnancies. Women with gestational hypertension,

which is defined as elevated blood pressure without proteinuria,

were also excluded from the study.

Genotyping methods
Genomic DNA was extracted by QIAamp DNA mini kit

(Qiagen, Hilden, Germany). Polymerase chain reaction (PCR)

conditions were as followings: 95uC for 10 minutes, followed by 34

cycles at 95uC for 30 seconds, 58uC for 30 seconds, 72uC for

45 seconds, and a final step at 72uC for 10 minutes.

The primer sequences were:

Forward: 59-AAGGAGGGAAGTGTTGACC-39;

Reverse: 59-GTCTGGCTTTCATTTCTGG -39.

The products were analyzed by agarose gel electrophoresis and

then were sequenced by an automated sequencer (ABI PRISM

310; Applied Biosystems, Foster City, CA, USA).

Statistical analysis
General characteristics of the cases and controls were expressed

as mean6SD. Linkage disequilibrium (LD) was assessed using

Haploview software (Broad Institute, Cambridge, MA, USA). The

chi-square test was performed to compare allele frequency.

Genetic models were divided into additive (+/+ vs. +/2 vs. 2/

2), dominant (+/+ plus +/2 vs. 2/2) and recessive (+/+ vs. +/2

plus 2/2) groups and analyzed by one-way ANOVA. Uncondi-

tional logistic regression analysis was used for parity, pre-BMI and

maternal age adjustments using SPSS statistical software (version

17.0; SPSS Inc., Chicago, IL, USA). P,0.05 was considered

statistically significant.

Results

The clinical characteristics of the cases and controls are shown

in Table 1. Women with preeclampsia had a higher pre-BMI and

mean maternal age than the controls (P,0.05). Gestational age at

birth and fetal weight were significantly lower among cases

compared with controls (P,0.05).

No deviation of allele frequencies from Hardy–Weinberg

equilibrium was found in both the cases and controls. As shown

in Table 2, the minor allele frequency (MAF) was significantly

different between the case and control groups (P = 0.017,

OR = 1.36, 95% CI = 1.06–1.76). Relative to the controls, an

association with rs11646213 was observed in women with severe

(P = 0.002, OR = 1.54, 95% CI = 1.17–2.03), but not mild

preeclampsia (P = 0.91, OR = 1.02, 95% CI = 0.70–1.50). The

MAF was also significantly different between early-onset pre-

eclampsia and the controls (P = 0.004, OR = 1.57, 95% CI = 1.16–

2.13), although no difference was found between late-onset

preeclampsia and controls (P = 0.27, OR = 1.19, 95% CI = 0.87–

1.62).

Women with preeclampsia were further divided into four

subgroups: early-onset mild preeclampsia (28 cases), early-onset

severe preeclampsia (183 cases), late-onset mild preeclampsia (121

cases) and late-onset severe preeclampsia (122cases). The MAF

Table 1. Clinical characteristics of women with and without preeclampsia.

Characteristics Control (N = 460) PE (N = 454) PE PE

M PE (N = 149) S PE (N = 305) Early-onset (N = 211) Late-onset (N = 243)

Maternal age 28.165.0 29.065.5a 28.665.3 29.265.6a 29.465.3a 28.765.7

Pre-BMI 22.163.2 24.263.9a 23.463.5a 24.563.9a,b 24.963.9a 23.563.7a,c

Primiparas 264(57.4%) 280 (61.7%) 91(61.1%) 189(61.9%) 123(58.3%) 157(64.6%)

SBP(mmHg) 118.6610.0 163.1620.1a 148.4615.1a 170.2618.3a,b 169.3620.4a 157.8618.3a,c

DBP(mmHg) 76.367.1 107.2614.2a 99.6612.1a 114.8613.4a,b 115.2614.1a 105.3613.9a,c

Delivery weeks 39.261.3 35.963.5a 36.862.9a 35.163.7a,b 33.163.3a 37.562.5a,c

Fetal weight(g) 3398.56482.8 2539.76926.9a 2818.16970.1a 2371.26875.1a,b 1951.46746.9a 2966.16797.1a,c

Notes: PE = preeclampsia; MPE = mild preeclampsia; SPE = severe preeclampsia;
Pre –BMI = prepregnancy body mass index; SBP = Blood pressure, systolic; DBP = Blood pressure, diastolic.
aP value,0.05 VS control.
bP value,0.05 VS M PE.
cP value,0.05 VS early-onset PE.
doi:10.1371/journal.pone.0071202.t001

Table 2. Allele frequencies of rs11646213 in women with and
without preeclampsia.

Allele
(T/A) MAF P OR(95%CI) Padjust

a

Control 124/796 0.135

PE 159/749 0.175 0.017 1.36(1.06–1.76) 0.046

PE M PE 41/257 0.138 0.91 1.02(0.70–1.50) 0.352

S PE 118/492 0.193 0.002 1.54(1.17–2.03) 0.054

PE Early-onset 83/339 0.197 0.004 1.57(1.16–2.13) 0.040

Late-onset 76/410 0.156 0.27 1.19(0.87–1.62) 0.330

Notes: PE = preeclampsia; MAF = minor allele frequency; OR = odds radio
between case and control group; 95%CI = 95% confidence interval.
aThe P value was adjusted by parity, pre-BMI and maternal age.
doi:10.1371/journal.pone.0071202.t002
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was significantly different between early-onset severe preeclampsia

and controls (P = 0.003). No significant differences were observed

between the controls and other subgroups (Table S1).

Genotype frequency was further analyzed under additive,

recessive and dominant models (Table 3). Significant differences

were identified between cases and controls under the additive

(P = 0.040) and dominant models (P = 0.010). There was a

significant difference between severe preeclampsia and the

controls under additive (P = 0.006) and dominant models

(P = 0.001). Similar results were observed in the early-onset group

under additive (P = 0.013) and dominant models (P = 0.019).

Discussion

In the present study, a significant association between

preeclampsia and rs11646213 was identified in a cohort of Han

Chinese women. When the cases were divided into subgroups,

there was a significant association between early-onset severe

preeclampsia and the controls.

The participants were all Han Chinese women in our study, so

that there was no variation in genetic background. The T allele,

which confers an increased risk of developing preeclampsia, was

the minor allele. As shown in the GWAS blood pressure study, the

A allele was identified as the minor allele in a European

population [12], demonstrating racial variations of rs11646213.

CDH13, located on chromosome 16q24, encodes cadherin-13

and is highly expressed in the cardiovascular system [15].

Cadherin-13 plays an important role in many biological processes,

including vascular wall remodeling, modulating angiogenesis and

protecting endothelial cells from oxidative stress-induced apoptosis

[16,17], most of which are involved in the pathogenesis of

preeclampsia. Cadherin-13 has been identified as the receptor for

adiponectin in vascular endothelial and smooth muscle cells

[18,19]. Several GWA studies have reported a significant

association between plasma adiponectin levels and genetic variants

of CDH13 [20–24]. Based on the close association between

adiponectin and preeclampsia [25–29], it is rational to speculate

that CDH13 may be involved in the pathogenesis of preeclampsia

through interactions with adiponectin.

Preeclampsia is currently recognized as a syndrome rather than

a definite disease. In this study, significant differences in genotype

distribution were observed between early-onset severe preeclamp-

sia and the controls after the cases were divided into subgroups.

These results are in agreement with the theory that defective

placental angiogenesis plays an important role in the development

of early-onset preeclampsia, while late-onset preeclampsia gener-

ally has a normal placenta morphology [30,31]. Severe pre-

eclampsia, which usually develops earlier than mild preeclampsia,

has been closely associated with impaired placentation [31].

Several limitations should be considered. First, genetic factors

that influence the pathogenesis of preeclampsia differ by ethnic

group, and the association between CDH13 and preeclampsia

need to be confirmed in a larger sample size composed of different

ethnic groups. Second, the functional significance of the SNP

rs11646213 remains unknown and molecular mechanisms regard-

ing CDH13 in the pathophysiology of preeclampsia should be

examined in future studies. Third, while we limited our study to

only one genetic variant of CDH13, future studies should evaluate

associations between preeclampsia and other genetic variants,

particularly those that lack strong linkage disequilibrium with

rs11646213.

In conclusion, we identified a significant association between

rs11646213 and preeclampsia in Han Chinese women.

Supporting Information

Table S1 Allele frequencies of rs11646213 in control,
early-onset mild preeclampsia, early-onset severe pre-
eclampsia, late-onset mild preeclampsia and late-onset
severe preeclampsia subjects. PE: preeclampsia; MAF:

minor allele frequency; OR: odds radio; 95% CI: 95% confidence

interval.
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variant upstream of the CDH13 adiponectin receptor gene and metabolic
syndrome in Swedes. Am J Cardiol 108: 1432–1437.

14. NHBPEPW Group (2000) Report of the National High Blood Pressure
Education Program Working Group on High Blood Pressure in Pregnancy.

American Journal of Obstetrics and Gynecology 183: S1–S22.

15. Ivanov D, Philippova M, Antropova J, Gubaeva F, Iljinskaya O, et al. (2001)
Expression of cell adhesion molecule T-cadherin in the human vasculature.

Histochemistry and cell biology 115: 231–242.
16. Philippova M, Joshi MB, Pfaff D, Kyriakakis E, Maslova K, et al. (2012) T-

cadherin attenuates insulin-dependent signalling, eNOS activation, and
angiogenesis in vascular endothelial cells. Cardiovasc Res 93: 498–507.

17. Pfaff D, Philippova M, Kyriakakis E, Maslova K, Rupp K, et al. (2011)

Paradoxical effects of T-cadherin on squamous cell carcinoma: up- and down-
regulation increase xenograft growth by distinct mechanisms. J Pathol 225: 512–

524.
18. Hug C, Wang J, Ahmad NS, Bogan JS, Tsao TS, et al. (2004) T-cadherin is a

receptor for hexameric and high-molecular-weight forms of Acrp30/adiponec-

tin. Proceedings of the National Academy of Sciences of the United States of
America 101: 10308–10313.

19. Denzel MS, Scimia MC, Zumstein PM, Walsh K, Ruiz-Lozano P, et al. (2010)
T-cadherin is critical for adiponectin-mediated cardioprotection in mice. J Clin

Invest 120: 4342–4352.

20. Wu Y, Li Y, Lange EM, Croteau-Chonka DC, Kuzawa CW, et al. (2010)

Genome-wide association study for adiponectin levels in Filipino women

identifies CDH13 and a novel uncommon haplotype at KNG1-ADIPOQ. Hum

Mol Genet 19: 4955–4964.

21. Chung CM, Lin TH, Chen JW, Leu HB, Yang HC, et al. (2011) A genome-wide

association study reveals a quantitative trait locus of adiponectin on CDH13 that

predicts cardiometabolic outcomes. Diabetes 60: 2417–2423.

22. Morisaki H, Yamanaka I, Iwai N, Miyamoto Y, Kokubo Y, et al. (2012) CDH13

gene coding T-cadherin influences variations in plasma adiponectin levels in the

Japanese population. Hum Mutat 33: 402–410.

23. Ling H, Waterworth DM, Stirnadel HA, Pollin TI, Barter PJ, et al. (2009)

Genome-wide linkage and association analyses to identify genes influencing

adiponectin levels: the GEMS Study. Obesity (Silver Spring) 17: 737–744.

24. Jee SH, Sull JW, Lee JE, Shin C, Park J, et al. (2010) Adiponectin

concentrations: a genome-wide association study. Am J Hum Genet 87: 545–

552.

25. Ramsay JE, Jamieson N, Greer IA, Sattar N (2003) Paradoxical elevation in

adiponectin concentrations in women with preeclampsia. Hypertension 42: 891–

894.

26. D’Anna R, Baviera G, Corrado F, Giordano D, Di Benedetto A, et al. (2005)

Plasma adiponectin concentration in early pregnancy and subsequent risk of

hypertensive disorders. Obstet Gynecol 106: 340–344.

27. D’Anna R, Baviera G, Corrado F, Giordano D, De Vivo A, et al. (2006)

Adiponectin and insulin resistance in early- and late-onset pre-eclampsia. BJOG

113: 1264–1269.

28. Masuyama H, Segawa T, Sumida Y, Masumoto A, Inoue S, et al. (2010)

Different profiles of circulating angiogenic factors and adipocytokines between

early- and late-onset pre-eclampsia. BJOG 117: 314–320.

29. Tie W, Yu H, Chen J, Wang X, Chen W, et al. (2009) Expressions of

adiponectin receptors in placenta and their correlation with preeclampsia.

Reprod Sci 16: 676–684.

30. Junus K, Centlow M, Wikström AK, Larsson I, Hansson SR, et al. (2012) Gene

expression profiling of placentae from women with early- and late-onset pre-

eclampsia: down-regulation of the angiogenesis-related genes ACVRL1 and

EGFL7 in early-onset disease. Mol Hum Reprod 18: 146–155.

31. Oudejans CB, van Dijk M, Oosterkamp M, Lachmeijer A, Blankenstein MA

(2007) Genetics of preeclampsia: paradigm shifts. Hum Genet 120: 607–612.

CDH13 Gene Polymorphism and Preeclampsia

PLOS ONE | www.plosone.org 4 August 2013 | Volume 8 | Issue 8 | e71202


