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Abstract

Preeclampsia is a complex disorder with genetic and environmental interactions. In this study, we analyzed the assooiationg
KCNQ1gene polymorphisms with preeclampsia in Chinese pregnant women. The 3 candidate single-nucleotide polymorphisms
rs231840, rs2237892, and rs2237895 were genotyped in this case-control study; clinical and biochemical data were included
and SNPs were gathered from 248 individuals with preeclampsia and 237 controls. The TT genotype rs231840 increased the
risk of preeclampsia (OR: 1.633; 95% ClI: 1.027-2.597) and was associated with higher blood glucose levels. The haplotype TCA
containing the allele of rs231840 (T), rs2237892 (C), and rs2237895 (A) was highly protective against preeclampsia and associated
with the levels of blood glucose in preeclamptic patients. A novel function was found for the haplotype CCA in SNPs rs231840 (C),
rs2237892 (C), and rs2237895 (A); it might be a protective combination against preeclampsia. The KCNQ17 (TT) genotype seems
to be associated with preeclampsia and might affect the regulation of blood glucose in Chinese pregnant women.

Abbreviations: BMI| = body mass index, FT3 = serum-free triiodothyronine, FT4 = serum-free thyroxine, KCNQ1 = Potassium
Voltage-Gated Channel Subfamily Q Member 1, OR = odds ratios, PE = preeclampsia, RBG = random blood glucose, TSH =

thyroid-stimulating hormone.
Keywords: KCNQ1, polymorphism, preeclampsia

1. Introduction

Preeclampsia is traditionally detected by the presence of hyper-
tension and proteinuria. Research on its pathogenesis emphasized
the critical pathologic processes of endothelial cell activation,
intravascular inflammation, and syncytiotrophoblast hypoxia/
reoxygenation injury.'! The excessive decidual inflammation
and reoxygenation injury in preeclampsia could be triggered by
maternal obesity, diabetes mellitus, chronic hypertension, and
autoimmune diseases.””) Our previous studies showed that dys-
regulated glycolipid metabolism contributed to the pathology of
preeclampsia.>* We could perceive clues of glucose metabolism
disorders in the development of those metabolic diseases, which
seemed to share similar genetic backgrounds.
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Genome-wide association studies (GWAS) data have also
shown that Potassium Voltage-Gated Channel Subfamily Q
Member 1 (KCNQ1) genes were candidate genes related to
levels of fasting glucose and insulin secretion and sensitiv-
ity.>¢! The research on gene polymorphism can not only pre-
dict diseases, but also be applied to the field of targeted drug
therapy.! The KCNQ1 gene, located in the region of chro-
mosome 11p15.5, encodes a voltage-gated potassium channel
and contributes to diverse physiological phenomena, including
modulation of the membrane potential and neurotransmitter,
hormone release, and electrolyte transport in epithelia.!®! The
rs2237892 and rs2237895 polymorphisms in the KCNQ1
gene have been identified to be associated with type 2 diabetes
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(T2D) susceptibility in a meta-analysis that included over
70,000 T2D cases and 90,000 controls.’! The rs231357 poly-
morphism of the KCNQ1 gene was also associated with DNA
methylation and insulin sensitivity, and the latter condition
might be involved in the pathology of preeclampsia.*1%!! The
methylation of the KCNQ1 gene has been linked to the level
of insulin sensitivity and serum adiponectin levels, as revealed
through a comparative population analysis driven by the SNP
rs231840.112

The KCNQT1 gene was an essential factor for proliferation
inhibition in placentation and was involved in a response to
an oxygenation stimulus.'>'* An increasing level of KCNQ1
gene mRNA expression in placental tissue from preeclamptic
women was also identified."’! It also played an essential role in
regulating the vascular tone during the critical window of fetal-
placental vascular development. Hence, it is the primary mecha-
nism affecting perfusion in the placenta and vascular adaptation
in patients with preeclampsia.l'®!

Because it is still unknown whether those polymorphisms in
the KCNQ1 gene are associated with preeclampsia, we decided
to investigate the relationship between the 3 SNPs rs231840,
rs2237892, and rs2237895 and preeclampsia. A secondary
study was performed to investigate the random blood glucose
levels in Chinese pregnant women and the effects of genetic fac-
tors on these levels.

2. Methods and materials
2.1. Study design and population

This case-control study involved 485 pregnant women, 248
with preeclampsia and 237 controls, at the First Hospital of Jilin
University from January 2019 to September 2021. All subjects
were 16 to 45 years of age. All individuals from the Han pop-
ulation in Northeast China consented in writing to participate
in the study. The research project was performed following the
stipulations of the Declaration of Helsinki. Ethical approval was
obtained from the local Ethics Committee of the First Hospital
of Jilin University, Changchun, China (permission number:
2018-401). We had no conflicts with any medical advice or
medications.

2.2. Inclusion and exclusion criterion

Preeclampsia was diagnosed based on the Gestational
Hypertension and Preeclampsia: ACOG Practice Bulletin
Summary, Number 222.1'71 Preeclampsia was defined as the
new onset of hypertension and/or proteinuria (systolic blood
pressure > 140 mm Hg and/or diastolic blood pressure > 90 mm
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Hg) after 20 weeks of gestation in a pregnant woman without
previous hypertension. Severe hypertension is defined as systolic
blood pressure of 160 mm Hg or higher and/or diastolic blood
pressure of 110mm Hg or higher, with or without significant
end-organ dysfunction, persistent and/or severe headache, visual
abnormalities, epigastric pain, or HELLP syndrome (hemolysis,
elevated liver enzymes, low platelets).

The control group included normotensive pregnant females
without a history of chronic hypertension, infection, hepatic or
kidney diseases, gestational diabetes mellitus, heart failure, or
systemic lupus erythematosus.

2.3. Data gathered on patients

General information, clinical parameters, and biochemical
test results were obtained for women admitted to the hospital
before delivery. Available characteristic information, includ-
ing the patient’s age, weeks of pregnancy, body mass index
before pregnancy (BMI = weight [kg]/height [m?]), twins, and
use of assisted reproduction, a history of hypertension, was
also noted. The blood pressure was measured by automated
noninvasive devices twice at intervals of 30 minutes before
hospitalization. Levels of the random blood glucose (RBG),
thyroid-stimulating hormone (TSH), triiodothyronine (FT3),
and thyroxine (FT4) were measured before delivery when the
patient had had an empty stomach for more than 6 hours by an
automatic biochemical analyzer (SEKISUI Medical Technology
Ltd., Tokyo, Japan). A quantity of 3ml of venous blood was
extracted and stored at —20°C for DNA extraction at the time
of hospital admission.

2.4 DNA extraction and genotyping

DNA was extracted from leucocytes, and second-generation
sequencing technology examined SNPs rs231840, rs2237892,
and rs2237895. The detection method was the same as used in
previous research studies.>*!

2.5. Statistical analysis

Based on Wayne W’s advice in medical statistics,!'¥ patients were
divided into 2 groups based on the diagnostic criteria. Among
the parameters, twins, assisted reproduction, and a history of
hypertension, as well as genotype and allele information, were
statistically described as categorical data.'”’ For continuous
variables such as patient’s age, weeks of pregnancy, BM, RBG,
TSH, FT3, and FT4, statistical descriptions were performed sep-
arately after the normality test.!*"!

The clinical and demographic data of pregnant women with PE.

Variables Controls (N = 237) PE (N = 248) Pvalue
Maternal age (yr) 30.00 (28.00-33.00) 31.00 (28.00-35.00) .083

AG (wk) 39.00 (38.43-39.71) 35.00 (31.93-37.29) <.001*
Assisted reproduction 11 (4.6%) 27 (10.9%) 011"
Twins 6 (2.5%) 15 (6.0%) .057

History of hypertension 0 (0%) 11 (4.4%) .001*
Systolic blood pressure (mm Hg) 117.00 (110.00-123.00) 170.00 (160.00-180.00) <.001*
Diastolic blood pressure (mm Hg) 78.00 (72.00-82.00) 110.00 (105.00-120.00) <.001*
BMI before pregnancy 21.09 (19.28-23.14) 23.44 (21.27-27.04) <.001*
RBG (mmol/L) 4.35 (3.90-4.95) 4.64 (4.13-5.50) <.001*
TSH (ull/mL) 1.97 (1.36-2.68) 3.24 (2.18-4.91) <.001*
FT3 (pmol/L) 4.59 (3.95-5.14) 3.96 (3.47-4.53) <.001*
FT4 (pmol/L) 10.40 (9.64-11.67) 11.15 (9.82-13.01) .008*

AG = age of gestation, BMI = body mass index, FT3 = free triiodothyronine, FT4 = free thyroxine, PE = preeclampsia, RBG = random blood glucose, TSH = thyroid-stimulating hormone.

*P <.05.
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To control for the confounding effects of multiple factors
on genetic susceptibility to disease, regression analysis was
utilized. Through univariate analysis, significant indepen-
dent variables were identified and selected for inclusion in
the regression model. Within this regression analysis, further
investigation was undertaken to comprehend how these inde-
pendent variables collectively and individually influence the
dependent variable, with their respective impacts being quan-
titatively assessed.

Statistical analysis was performed using SPSS Version 18.0
(SPSS Inc., Chicago). All the continuous variables with non-
normal distribution were represented as the median (inter quar-
tile range), and the U test was used to assess the differences
between the control and preeclampsia groups. The Hardy—
Weinberg equilibrium was calculated, and the differences in the
distribution of the alleles and genotypes were determined using
information found at https://www.snpstats.net/start.htm?. Odds
ratios (ORs) with 95% confidence intervals (Cls) were calcu-
lated using a logistic regression model to determine the odds of
developing preeclampsia. A P value of <.05 was considered a
significant difference.

www.md-journal.com

3. Results

The epidemiological data are shown in Table 1. All the con-
tinuous variables were examined and identified as non-normal
distributions. Compared with the controls, the patients with
preeclampsia were found to have significantly higher systolic
blood pressure measurements, BMIs before pregnancy, and lev-
els of RBG, TSH, and FT4, and the gestational weeks, diastolic
blood pressure, and FT3 were much lower in the patients with
preeclampsia. Moreover, the use of assisted reproduction, twins,
and a history of hypertension were noticeably more common in
the patients with preeclampsia than in the controls. The char-
acteristics of lipid metabolism, thyroid function, and BMI had
been noted in previous reports, and the results were similar.[3#+2]
The RBG level was obtained in patients who had had an empty
stomach for over 6 hours.

All the genotype frequencies are shown in Table 2. The distri-
bution of the genotypes followed the Hardy—Weinberg equilib-
rium (P >.05), and the results are shown in the supplementary
information in Table S1, Supplemental Digital Content. http://
links.lww.com/MD/N628

Analysis of association between genotype and preeclampsia.

Genotypes Controls (N = 237) PE (N = 248) OR (95% CI) Pvalue
rs231840
Codominant 138 (58.2%) 162 (65.3%) 1.00
T
C/T 87 (36.7%) 79 (32.0%) 0.77 (0.53-1.13)
C/C 12 (5.1%) 7 (2.8%) 0.50 (0.19-1.30) 18
Dominant 138 (58.2%) 162 (65.3%) 1.00
7T
C/T-C/C 99 (41.8%) 86 (34.7%) 0.74 (0.51-1.07) 1
Recessive 225 (94.9%) 241 (97.2%) 1.00
T/1-C/T
c/C 12 (5.1%) 7 (2.8%) 0.54 (0.21-1.41) 20
Overdominant 150 (63.3%) 169 (68.2%) 1.00
T/T-C/C
CT 87 (36.7%) 79 (31.9%) 0.81(0.55-1.17) 26
rs2237892
Codominant 108 (45.6%) 116 (47.0%) 1.00
C/C
C/T 97 (40.9%) 94 (38.0%) 0.90 (0.61-1.33)
T 32 (13.5%) 38 (15.0%) 1.11 (0.65-1.89) 74
Dominant 108 (45.6%) 116 (46.8%) 1.00
C/C
C/T-T/T 129 (54.4%) 132 (53.2%) 0.95 (0.67-1.36) .79
Recessive 205 (86.5%) 210 (84.7%) 1.00
C/C-C/T
7 32 (13.5) 38 (15.3%) 1.16 (0.70-1.93) .57
Overdominant 140 (59.1%) 154 (62.1%) 1.00
C/C-T/T
C/IT 97 (40.9%) 94 (37.9%) 0.88 (0.61-1.27) .50
rs2237895
Codominant 120 (50.6) 106 (43.0%) 1.00
AA
A/C 91 (38.4%) 110 (44.0%) 1.37 (0.93-2.00)
C/C 26 (11.0%) 32 (13.0%) 1.39(0.78-2.49) .22
Dominant 120 (50.6%) 106 (42.7%) 1.00
AA
A/C-C/C 117 (49.4%) 142 (57.3%) 1.37 (0.96-1.97) .082
Recessive 211 (89%) 216 (87.1%) 1.00
NA-A/C
C/C 26 (11%) 32 (12.9%) 1.20 (0.69-2.09) 51
Overdominant 146 (61.6%) 138 (55.6%) 1.00
AA-C/C
AC 91 (38.4%) 110 (44.4%) 1.28 (0.89-1.84) 18

Cl = confidence interval, OR = odds ratio.
*P < .05 defined as statistically significant.
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The distribution of the genotypes of SNPs of the KCNQ1
gene (rs231840,rs2237892, and rs2237895) among the patients
is shown in Table 2. There was no association between the geno-
type and preeclampsia on single-factor analysis when a P value
of <.05 was defined as statistically significant.

KCNOQT1 gene (rs231840, rs2237892, and rs2237895) haplo-
type analysis. To investigate the association between the KCNQ1
gene SNPs and preeclampsia, we analyzed the haplotypes of the
KCNQT1 gene and found a linkage disequilibrium (7> = 0.196;
D’ =0.8833). Then, we further determined which allele com-
bination from the 3 SNPs was associated with preeclampsia.
Table 3 shows the association between haplotype frequency and
preeclampsia. The C(rs231840)-C(rs2237892)-A(rs2237895)
haplotype combination had frequencies ranging from 12.19%
down to 6.47% in the control group compared with the pre-
eclampsia group. The haplotype combination C-C-A bestowed
an effect against the development of preeclampsia (P =.026,
0.51 [0.28-0.92]).

Binary logistic regression analysis. We used binary logistic
regression analysis for the risk factors involved, and the involved
criteria were designated as having a P value of <.20 as calculated
by single-factor analysis. All the risk parameters, including the
SNPs, age of the patient, BMI before pregnancy, history of the
patient, and TSH levels, were involved in the regression model.
The results showed that rs231840 (TT), the BMI, the TSH lev-
els, a history of chronic hypertension, and the use of assisted
reproduction were associated with preeclampsia.

Table 4 shows the relationships between the risk parameters
and preeclampsia. The area under curve (AUC) of the receiver
operating characteristic (ROC) curve was 0.842 (P <.001, 95%
CI: 0.808-0.876) based on the above parameters, and it might
be used to predict the risk of preeclampsia.

We further investigated the relationships between the RBG
and the genotypes in the preeclampsia group and found that

Haplotype frequency and association with preeclampsia for KCNQ1.

rs231840 rs2237892 rs2237895 Frequency OR (95% CI) Pvalue
T T A 0.2666 1.00 -

T C C 0.2648 1.15(0.79-1.66) A7

T C A 0.2512 1.04 (0.71-1.52) .86

C C A 0.0934 0.51(0.28-0.92)  .026*
C T A 0.062 1.07 (0.51-2.23) .86

C C C 0.0494 1.41(0.63-3.14) 4

T T C 0.007 1.07 (0.27-4.16) 93f

Cl = confidence interval, OR = odds ratio.
*P < .05 defined as statistically significant.
1 OR was co-calculated for rare haplotype combination.

0dds ratios (95% confidence intervals) for the association between PE and
different parameters.

95% CI for EXP
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the pregnant women with the T/T (rs231840) or A/C-A/A
(rs2237895) genotypes had higher levels of RBG (Table 5).

All the preeclamptic pregnant women were divided into
2 subgroups: those with RBG levels of 5.1 mmol/L or higher
(n =88 women) and those with RBG levels of <5.1 mmol/L
(n =160 women). A haplotype analysis of the RBG subgroup
showed that combinations of the haplotypes TTA, CCA, and
CCC were present more frequently in preeclamptic women with
lower RBG levels (Table 6).

4. Discussion

In this study, we first reported that the KCNQ1 gene SNP
rs231840 became associated with preeclampsia by influencing
the blood glucose levels. The haplotype combination CCA was
a protective factor for preeclampsia and one of 3 advantageous
haplotype combinations (TTA, CCC, and CCA) associated with
lower RBG levels. We speculated that the polymorphism of the
KCNOQ1 gene was an essential hereditary parameter influenc-
ing the pathology of preeclampsia by regulating the level of the
blood glucose.

KCNQT1 is also known to be a voltage-dependent K+ chan-
nel that regulates glucose homeostasis.*!" SNP rs231840 could
drive methylation at the KCNQ1 gene locus by the polymor-
phically substitution of a cytosine residue within a CpG site.??!
A study cohort focused on the “Relationship between Insulin
Sensitivity and Cardiovascular Disease” (RISC) revealed that
the single nucleotide polymorphism (SNP) rs231840 serves
as a robust predictor for the methylation status of rs231840,

The relationships between RBG and genotypes.

Parameters Genotypes RBG (mmol/L) Pvalue
15231840 T/T(N=162) 4,72 (4.18-5.55) .015*
Codominant C/TIN=79) 4.64 (4.11-5.15)
(N = 248) C/CIN=7) 3.89 (3.54-4.33)
Dominant T/T(N=162) 4.72 (4.18-5.55) .045*
C/T + C/C (N = 86) 4.55(3.99-5.11)
152237892 C/C(N=116) 4.72 (4.17-5.54) <.001*
Codominant C/T (N=94) 4.86 (4.18-5.58)
(N = 248) T/T (N =38) 4.25 (3.84-4.70)
Dominant C/C(N=116) 4.72 (417-5.54) 118
C/T+T/T(N=132) 4.55 (4.06-5.23)
rs2237895 A/A (N =106) 4.42(3.93-5.12) .009*
Codominant A/C (N =110) 4.77 (4.20-5.49)
(N = 248) C/C(N=232 5.14 (4.50-5.87)
Dominant A/A (N = 106) 4.42(3.93-5.12) .006*
(N =248) A/C-C/C (N =142 4.82 (4.21-5.58)

RBG = random blood glucose.
*P < .05 defined as statistically significant.

Haplotype frequency and association with RBG in preeclampsia for KCNQ1

(B) (n = 248).

Parameters B Pvalue OR Lower  Upper rs231840 rs2237892 rs2237895 Frequency OR (95% Cl) Pvalue
rs231840 (TT) 0.519 .028* 1.680 1.057 2.671 T C C 0.2821 1.00 -
Assisted reproduction 0.998 017 2714 1194 6.170 T C A 0.26 0.69 (0.39-1.22) 2
History of chronic hypertension ~ 2.230 .040 9297  1.109 77.953 T T A 0.2567  0.29 (0.16-0.53) 1e-04*
BMI before pregnancy 0.221 .000* 1.247 1169 1.331 C T A 0.0723  0.55(0.23-1.31) 18
TSH (ulU/mL) 0.679 .000* 1972 1.662 2.339 C C A 0.0603  0.19 (0.04-0.83) .028*
RBG (mmol/L) 0.342 .001* 1.408 1.152 1.720 C C C 0.0549  0.18 (0.03-0.92) 041

T T C 0.0138  0.69(0.10-4.94) 71

BMI = body mass index, Cl = confidence interval, OR = odds ratio, PE = preeclampsia, RBG =
random blood glucose, TSH = thyroid-stimulating hormone.
*P < .05 defined as statistically significant.

Cl = confidence interval, OR = odds ratio, RBG = random blood glucose.
*P < .05 defined as statistically significant.
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whereas this methylation pattern was not found to cor-
relate with any other metabolic indicators in a European
population.!?!

The KCNQT1 gene SNP rs231840 might be associated with
preeclampsia potentially, and this hypothesis could be tested
through binary logistic regression analysis. However, it is
important to note that in the current study, the P value obtained
from single-factor analysis was <.05, indicating statistical sig-
nificance but requiring further validation through multivariate
analysis or replication in larger studies. In diabetes patients,
the levels of DNA methylation with the rs231840 TT genotype
were significantly lower than with the other variant alleles.!'!
The level of methylation of the KCNQT1 gene imprinted gametic
differentially methylated domains, as a key regulator of placen-
tal function, was associated with trophoblastic giant cell expan-
sion.”’! We have not learned how the KCNQT1 gene influences
the onset of preeclampsia, but we did find that it played an
essential role in controlling the vascular tone and responses to
altered oxygenation.!'>22!

Besides influencing DNA methylation, the SNP rs231840
also affects insulin sensitivity.'” Animal studies in gene-
targeted mice revealed that the KCNQ1 gene knockout
resulted in enhanced insulin sensitivity and that increased
KCNQI1 protein expression could limit insulin secretion in
pancreatic beta cells. This is, in turn, critically important for
the regulation of positive feedback in glucose metabolism by
influencing K+-dependent insulin signaling. The expression of
both placental growth factor and vascular endothelial growth
factor was significantly higher in choriocarcinoma cells in vivo
conditions with high blood glucose levels.** Abnormal glucose
metabolism is a significant risk factor for preeclampsia because
it disrupts the balance of placental angiogenic factors.*s! In
our study, the pregnant women with the rs231840 TT geno-
type had higher blood glucose levels and also a greater risk for
preeclampsia.

It was observed that the haplotype CCA containing the allele
of rs231840 (C), rs2237892 (C), and rs2237895 (A) was highly
protective against preeclampsia and decreased RBG levels in
those women with preeclampsia. There was a linkage disequilib-
rium in the 3 SNPs rs231840, rs2237892, and rs2237895 in the
KCNQ1gene. The haplotypes rs2237892 (T) and rs2237895
(A) were highly protective against T2D in a previous report,2®!
which also showed the protective associations of RBG with
preeclampsia in our study. Among those haplotypes, CCA also
showed a protective effect against preeclampsia in Chinese preg-
nant women, although we did not find the mechanism of the
pathophysiology. Further studies could build on our findings
and investigate the polymorphism of the KCNQ1 gene and gene
expression levels.

5. Conclusions

A novel function was found and indicated that the haplotypes
CCA in SNPs rs231840 (C), rs2237892 (C), and rs2237895
(A) might form a protective combination against preeclampsia.
KCNQ1 gene polymorphisms are associated with preeclamp-
sia and might affect the regulation of blood glucose levels in
Chinese pregnant women.

5.1. Limitations

The number of people included in this study is limited, and
more stable conclusions will be obtained after expanding
the number of study participants. Another limitation of this
article is that it ignores the impact of environmental factors
on disease and fails to incorporate patients’ lifestyle factors
in experimental design, resulting in a lack of research on
the interaction between genes and human behavior habits.
Despite these limitations, the study demonstrates that the
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haplotypes CCA in SNPs rs231840 (C), rs2237892 (C), and
rs2237895 (A) might form a protective combination against
preeclampsia.
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