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Abstract
Background: Although the mechanisms responsible for pathogenesis of preeclampsia(PE) have not been entirely
clari�ed, oxidative stress are thought to be its leading cause. As a major component responsible for ROS production
during oxidative stresses, p22phox, encoded by CYBA, is one essential subunit of Nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase. The aim of this study is to investigate whether CYBA expression and its polymorphism
were associated with PE.

Methods: The expression of CYBA was analyzed in placenta of PE and control group, as well as in the HTR-8 / Svneo
cells stimulated with CoCL2 and TNF-α, respectively. Then, the CYBA C242T polymorphism in 1184 patients with PE
and 1421 healthy controls was genotyped by TaqMan probe, and the different distributions were con�rmed by a
case-control association study.

Results: The expression of CYBA mRNA and protein in placenta of pregnant women with PE increased signi�cantly.
The expression of CYBA mRNA was also increased in HTR-8/Svneo cells, collected after 24 hours separately
stimulated by cobalt chloride and TNF-α. In addition, there was no signi�cant difference in the distribution of C242T
locus genotype and allele frequency of CYBA between the case group and the control group (P>0.05).

Conclusions: CYBA may play a role in the pathogenesis of oxidative stress in PE, in which it may function via
cooperating with TNF-a related in�ammatory pathway. Although there was no discrepant distribution of CYBA C242T
polymorphism in Chinese population, it is necessary to perform the genetic studies on more CYBA SNPs for multiple
regions to gain further insights into its pathogenesis.

Introduction
Pre-eclampsia(PE) is a pregnancy-speci�c disease characterized by newly formed hypertension and proteinuria after
20 weeks gestation with an incidence worldwide of about 5–8%(1). Aside from causing various damages to
pregnant women such as kidney damage, liver damage, central nervous system damage, respiratory distress
syndrome and even death, PE can lead to intrauterine growth restriction, placental abruption, premature delivery and
other related complications including neonatal respiratory distress syndrome, cerebral palsy and perinatal death(2).
As more than 60,000 maternal died of PE worldwide each year, it has become the third leading cause of maternal
death after bleeding and embolism(3).

Up to date, oxidative stress, immune imbalance and endothelial dysfunction have been widely recognized as the
major pathogeny of PE(4). Pregnant women are in a condition of mild in�ammation that peripheral blood leukocytes
is activated in the third-trimester pregnancy, and also increases the oxidative stress in a relatively balanced state(5).
The immune system, if overactivated, can affect the secretion of cytokines (such as IL-6, IL-17) and placental growth
factors (such as VEGF) and further impact on trophoblast invasion and placental angiogenesis(6), which cause
chronic in�ammatory status and oxidative stress in the body(7) that promote the pathophysiological process of PE.
In addition, the oxidative stress status of PE patients is partly re�ected by increased levels of superoxide (ROS) and
decreased levels of antioxidants. Therefore, detection of ROS produced by nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase in the pregnant placenta and antioxidant vitamin C in peripheral blood showed
increased activity of NADPH oxidase and decreased antioxidant activity in PE patients(8, 9).

NADPH oxidase is the main cradle of ROS in trophoblast and vascular endothelial cells and consists of �ve subunits:
gp91phox, p22phox, p47phox, p67phox and p40phox(10).Encoding the crucial p22phox subunit, cytochrome b-245
alpha chain gene ( CYBA) is located on the long arm of chromosome 16 and contains 6 exons and 5 introns(11).
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Microarray analysis of placental tissue transcriptome indicated an increased expression of CYBA in placental tissue
of PE patients(12). Besides, TNF-α which showed a same increased tendency in patients with PE(13),could inhibit the
invasion of HTR-8/SVneo trophoblast cells and induce endothelial barrier dysfunction mediated by NADPH oxidase
in the form of increased expression of CYBA protein and ectopic p47phox subunit(14). Located in exon 4 of CYBA,
the C242T variant (rs4673)results in change from His72 to Tyr72 that is located in the extracellular loop of the
putative Nox2-binding region(15). Previous studies have indicated CYBA is mainly associated with hypertension and
stroke, and its T allele of the C242T polymorphic locus is a protective mutation of cardiovascular disease(16–19).

In our study, we �rst measured CYBA expression in placenta of PE patients and healthy controls at mRNA and protein
levels, and then, we investigated its probable mechanism of action in human trophoblast HTR-8/Svneo cell line
stimulated separately by cobalt chloride (CoCL2) and TNF-α at mRNA levels. Lastly, the TaqMan probe method was
performed a correlation analysis between CYBA C242T polymorphism and PE susceptibility by genotyping 1184
patients with pure PE and 1421 healthy controls.

Methods

Acquisition of placental tissue in PE group and control group
The placental tissues were taken from 21 patients with PE and an equivalent number of healthy controls. After all
participants had signed the informed consent, the sampling process rigorously were complied with the ethics code
established by the Ethics Committee of the Zaozhuang Maternal and Child Health hospital in accordance with the
Helsinki Declaration. PE were diagnosed according to a new onset of hypertension (blood pressure ≥ 140 / 90
mmHg) and proteinuria (urinary protein ≥ 0.3g / 24 h or the result of the test strip method ≥ 1+) after 20 weeks of
gestation(20). The control group must be the normal pregnant women matched with more than 26 years old, after 30
weeks pregnancy. The exclusion criteria for the case-control groups were the chronic hypertension, coronary heart
disease, kidney disorder, diabetes, thyroid disease, blood transfusion, immunotherapy, premature rupture of fetal
membranes, placenta previa, threatened abortion, arti�cial insemination, gemellary pregnancy and fetal macrosomia
(≥ 4000g), detected as urine protein (-) and urine sugar (-).

The main procedures of acquiring the placenta samples are as follows: The placenta of the delivery were cut tissue
of about 1.5cm* 1.5cm size through the maternal surface of the placenta and the fetal surface (avoiding necrosis,
hemorrhage and calci�cation) within 5 minutes. Then the sample tissues were immediately rinsed thoroughly in cold
phosphate buffered saline (PBS) and cut into pieces to store in RNA preservation solution at -80°C.

Evaluating placental expression of CYBA at mRNA and protein levels

Total RNA and protein were extracted from 21 placental samples per group utilizing the Trizol method. 1000ng total
RNA from each sample was reverse-transcribed into cDNA by TAKARA reverse transcription kit, and the relative
quanti�cation of CYBA mRNA was measured using TransStart Tip Green ampli�cation system and qRT-PCR
technique. The CYBA protein was semi-quanti�ed by Weston-Blot method: a 100ug total protein was separated by
polyacrylamide gel electrophoresis at 80 mV for about 20 min, then 120 mV until bromophenol blue running out of
the gel. The isolated sample was subsequently transferred to a nitrocellulose membrane at 300 mA for 3 h and
blocked for 1 hour by buffers. The rabbit anti-human CYBA and rabbit anti-human β-action antibody were hybridized
with the membrane at 4℃ overnight as the primary antibody meanwhile the goat anti-rabbit antibody as the
secondary antibody. The digital visualization and semi-quantitative analysis of the CYBA protein were executed by
Odyssey CLx infrared scanner (LI-COR) and ImageJ free software.
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Quanti�cation of CYBA mRNA in HTR-8/Svneo cell line severally stimulated by CoCL2 and TNF-α

The human trophoblast cell line HTR-8/Svneo was maintained in a 24-well plate �lled with 1ml DMEM medium
containing 20% fetal bovine serum and 1 kU / ml penicillin/streptomycin each well. In one process, one well was set
as the control and three wells were used as the experiment. The three experiment wells were respectively stimulated
by 1 ml DMEM medium containing 10µL 100mM/ml CoCL2 and 1µL 1 ng/ml TNF-α, and the control well was added
with an equal amount of pure DMEM medium. At 24 hours after stimulation, the total RNA of each well was extracted
by Trizol method, and 1000 ng of each RNA sample was reverse-transcribed into cDNA using the TAKARA reverse
transcription kit, and the relative quantitative analysis of CYBA was performed via the SYBA GREEN ampli�cation
system and the qRT-PCR method. The above process was repeated three times to acquire three duplicated
specimens.

CYBA C242T polymorphic locus genotyping
All participants were admitted to the A�liated Hospital of Qingdao University, Shandong Provincial Hospital, the
A�liated Hospital of Binzhou Medical College and so on. We applied the logit model (PS value ± 0.2SD) in R i 386
3.4.3 software to mate the ethnic group, age, body mass index (BMI index) and gestation duration in case group and
control groups with a sample size ratio of 1:1.2 propensity score matching (PSM) (Fig. 1). Afterwards, t-test analysis
function of SPSS 24.0 software was employed to verify whether the age, BMI index, gestation duration, ethnic group,
and abortion frequency were identical among the two groups in which P < 0.05 was considered to be statistically
signi�cant. And �nally, 1184 cases of pure PE and 1421 healthy controls were selected from 1800 cases of pure PE
and 5000 healthy controls for genotyping studies. As early-onset PE (EOPE) can generate more severe fetal growth
restriction, higher maternal and perinatal morbidity and mortality, and higher NADPH oxidase activity in the
organism’s placenta compared with late-onset PE (LOPE)(21), we further divided PE group into two subgroups of
EOPE diagnosed before 34 weeks of gestation and LOPE diagnosed at 34 weeks of gestation or after for further
study(22). In addition, we included only severe PE cases with a gestational age of more than 28 weeks in our cohort.
According to the guidelines of the American Academy of Obstetricians and Gynecologists(22), PE is considered
severe if one or more of the following criteria is present: blood pressure of 160 mm Hg systolic or higher or 110 mm
Hg diastolic or higher on two occasions at least 6 hours apart while the patient is on bed rest,proteinuria of 5 g or
higher in a N-hour urine specimen or 3t or greater on two random urine samples collected at least 4 hours apart,
oliguria of less than 500 ml in 24 hours, cerebral or visual disturbances, pulmonary edema or cyanosis, epigastric or
right upper-quadrant pain, impaired liver function, thrombocytopenia, fetal growth restriction.

400µL of peripheral blood genomic DNA was extracted with TIANGEN Blood Genomic DNA Extraction Kit (centrifugal
column type) and stored at -20℃ for use. The CYBA C242T loci in 1184 PE cases and 1421 control samples was
genotyped exploiting TaqMan probe synthesized by American ABI Company. The elaborate sequence of the probe
was: 5'-AACAGCTTCACCACGGCGGTCATGT[A/G]CTTCTGTCCCCTGGGGGAGGGAGGA-3' (FAM labeled the primer
speci�c to T, and VIC labeled the primer speci�c to C). The real-time PCR reaction system was added up to total 7µL,
consisted of 1.75µL of 2X MIX solution, 0.05µL of 20X SNP probe, 1µL of template DNA and 4.2µL of deionized
water. The ampli�cation reaction procedure was: denaturation at 95℃ for 10 min; 45 cycles of annealing at 95℃ for
15s and extending at 60℃ for 1min. Fluorescence signal was captured at 60℃ extending. To con�rm the accuracy
of the TaqMan probe method, 20 DNA samples from the two groups by randomly drawing were made for Sanger
sequencing and the results manifested that the consistency of the two methods was 100%.

Statistical analysis.
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We analyzed the expression differences of CYBA mRNA and protein of case group and control group and differences
of CYBA mRNA in HTR-8/Svneo cell line severally stimulated by CoCL2 and TNF-α by the t-test analysis in Graphpad
Prism software. Hardy-Weinberg equilibrium was examined in the control group with goodness-of-�t x2 test to ensure
the validity and representativeness of the site by SPSS 24.0 software. We compared the distributions of allelic
frequency and genotypic frequencies between the case group and control group by Pearson’s x2 test. And P < 0.05
was considered statistically signi�cant.

Results
Differential expression of CYBA in placenta of PE group and control group

The results of real-time PCR showed that the expression of CYBA mRNA in the placenta of 21 patients with PE was
signi�cantly higher than in the placenta of the control group (control vs PE: 1.323 ± 0.2110 N = 21 vs2.117 ± 0.2893
N = 21, t = 2.216,P = 0.0324, Fig. 2A). The semi-quantitative analyses of CYBA protein expression in above samples
detected by Western-Blot indicated that the expression level of CYBA protein in PE patients was also signi�cantly
increased than that of the control group (control vs PE: 1.031 ± 0.1269 N = 21 vs 1.952 ± 0.2709 N = 21, t = 3.080,P = 
0.0037, Fig. 2B).

Changes of CYBA mRNA expression in HTR-8/Svneo cell line stimulated independently by CoCL2 and TNF-a

Real-time PCR results displayed that the mRNA expressions in CYBA were all statistically signi�cant in HTR-8/Svneo
cells at 24 hours after respective stimulation by CoCL2 and TNF-a compared to the control (control vsCoCL2: 1.000 ± 
0.0 N = 6 vs1.543 ± 0.1443 N = 6, t = 3.762,P = 0.0037. control vs TNF-a: 1.000 ± 0.0 N = 6 vs 1.834 ± 0.2602 N = 6, t = 
3.205,P = 0.0094)(Fig. 3).

Genotype frequency and allele frequency analysis of CYBA gene C242T locus

The outcomes of the logit model in R i386 3.4.3 software were veri�ed by the t-test analysis function in SPSS 24.0
software. The results showed that there were no signi�cant differences among age, BMI index, pregnancy time and
ethnicity between the case group and control group (P > 0.05), revealing that the selection is effective. In addition,
there was no signi�cant difference in the number of forepassed abortions between the two groups (P > 0.05) (Table
1).

Table 1
The clinical characteristics of the case group and control group(X ± S)

characteristics the case group control group t p-value

Age(year) 31.64 ± 5.507 31.6 ± 4.614 0.226 0.821

BMI(kg/m2) 23.99 ± 2.64 24.00 ± 3.00 -0.072 0.942

Pregnancy time 2.59 ± 1.377 2.51 ± 1.337 1.357 0.175

ethnic group 1.02 ± 0.310 1.01 ± 0.189 0.969 0.333

Abortions time 0.72 ± 1.043 0.79 ± 0.967 -1.706 0.088

The genotypic distributions of C242T locus in CYBA of control group followed the Hardy-Weinberg equilibrium
(χ2control = 0.975, P control>0.05), indicating that this locus was valid and the selected samples could represent the
population.
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TaqMan probe genotyping method followed by chi-square test demonstrated that the comparison of genotypic and
allelic frequencies between the case group and control group were no signi�cant difference (genotype χ2 = 1.381, P = 
0.501; additive geneχ2 = 1.147, P = 0.284, OR = 1.566, 95%CI = 0.684 ~ 3.585; alleleχ2 = 0.804, P = 0.37, OR = 1.091,
95%CI = 0.902 ~ 1.320) (Table 2).  

Table 2
The comparison of genotypic and allelic frequencies between case group and control group
SNP the case group control group χχ2 P OR 95%CI

genotype     1.381 0.501  

TT 13 10  

CT 195 225  

CC 976 1186  

additive gene     1.147 0.284 1.566 0.684 ~ 3.585

TT 13 10

CT + CC 1171 1411

allele     0.804 0.37 1.091 0.902 ~ 1.320

T 221 245

C 2147 2597

To further assess the relationship between the CYBA polymorphism and the development of PE, we investigated the
distribution of C242T in the EOPE and LOPE subgroups. Table 3 showed that there was no signi�cant difference in
the distribution of genotypic frequency and allelic frequency between EOPE, LOPE and the control group (EOPE VS
control group: genotype χ2 = 1.78, P = 0.41; additive geneχ2 = 0.58, P = 0.45, OR = 1.46, 95%CI = 0.55 ~ 3.84; alleleχ2 = 
1.71, P = 0.19, OR = 1.16, 95%CI = 0.93 ~ 1.45. LOPE VS control group: genotype χ2 = 1.26, P = 0.53; additive gene χ2 = 
1.11, P = 0.29, OR = 1.72, 95%CI = 0.62 ~ 4.75; allele χ2 = 0.01, P = 0.93, OR = 1.01, 95%CI = 0.78 ~ 1.31. EOPE VS LOPE:
genotype χ2 = 1.51, P = 0.47; additive geneχ2 = 0.09, P = 0.77, OR = 0.95, 95%CI = 0.28 ~ 2.54; alleleχ2 = 0.88, P = 0.35,
OR = 1.15, 95%CI = 0.86 ~ 1.52.)
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Table 3
The comparison of genetic distributions between EOPE, LOPE and control group

SNP the case
group

control
group

EOPE VS control
group

LOPE VS control
group

EOPE VS LOPE

EOPE LOPE χ² P OR
95%CI

χ² P OR
95%CI

χ² P OR
95%CI

genotype                        

TT 7 6 10                  

CT 121 75 225 1.78 0.41   1.26 0.53   1.51 0.47  

CC 557 418 1186                  

additive
gene

                       

TT 7 6 10 0.58 0.45 1.46
0.55 
~ 
3.84

1.11 0.29 1.72
0.62 
~ 
4.75

0.09 0.77 0.85
0.28 
~ 
2.54

CT + CC 678 493 1411                  

allele                        

T 135 87 245 1.71 0.19 1.16
0.93 
~ 
1.45

0.01 0.93 1.01
0.78 
~ 
1.31

0.88 0.35 1.15
0.86 
~ 
1.52

C 1235 911 2597                  

Discussion
PE, a characteristic hypertensive disorder in pregnancy, can lead to maternal placental abruption, pulmonary edema,
DIC, HEPLL syndrome, postpartum hemorrhage and other acute complications, and causes fetal distress, stillbirth,
neonatal death, etc, and additionally, further gives rise to increased risk of long-term hypertension, which poses a
huge threat to pregnant women and the fetus. Although previous studies generally recognized that trophoblast
in�ltration abnormalities, immune regulation dysfunction, endothelial cell damage, oxidative stress, genetic and
nutritional factors can induce PE, its pathogenesis is still obscure at present.

A survey of a family history for PE indicated that apart from ethnic, geographic and socioeconomic factors, genetic
factor contributed more than 50% of PE development(23). According to this survey statistics, women who are �rst-
degree biological relatives of the PE suffered were �ve times more likely to be ill, and those second-degree kinships of
the probands twice likely than the health groups as well(23, 24). In the wake of the continual in-depth study of the
hereditary basis of PE, some different studies regarding the same susceptibility genes had contradictory results(23,
25, 26). Therefore, these candidate genes for PE are still indistinct and far from understood, needing further
investigation.

Many pre-existing researches(27) have demonstrated that oxidative stress is an crucial metabolic pathway and plays
more and more important role in PE(28). Experiments executed by Wang YP and Zalba G.(28, 29) indicated that
during normal pregnancy, ROS activity and antioxidant activity were always maintained a balance, while during PE,
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high levels of superoxide (OS) and the main precursor of ROS(30) were present in the placenta, which can cause
endothelial dysfunction. NADPH oxidase is the main source of the OS generation and its activity is determined and
regulated by genetic variants(31) such as CYBA A640G, C242T, -930A/G), which conditioned the stability of the b558
cytochrome and alter the NADPH oxidase activity. The excessive production of ROS in pregnant women caused by
NADPH oxidase in pathological conditions may damage the individual’s vascular endothelium, and ulteriorly,
in�uence the emergence of PE.

NADPH oxidase is distributed in both trophoblast and vascular endothelial cells and is consisted of �ve subunits:
gp91phox, p22phox, p47phox, p67phox, and p40phox(32). As a core group, p22phox subunit, along with the
gp91phox subunit according to a ratio of 1:1, constitutes the cytochrome b 558 adhered to the membranes of
particular granules, forming a compound, while P47phox, p67phox and p40phox subunits are suspended in
cytoplasm and move to cytomembrane to combine with the b558 to generate an active oxidase once the p47phox
subunit is phosphorylated stimulated by the cell’s exposure to oxidative stimulation. Since the NOX family are
homologues of NADPH oxidase and the catalytic domain include the cytochrome b558, the p22phox subunit is
concerned in the activation of NOX1-4 that are also key components in the oxidative stress(33). Encoded by CYBA,
the p22phox subunit is located on the long arm of chromosome 16 and contains six exons and �ve introns, encoding
a 195 amino acid fragment(11). The TT genotype at the C242T site of CYBA can make histidine 72 shift to tyrosin of
the p22phox subunit and may signi�cantly reduce the NOX2 expression in vascular endothelial cells, TNF-α induced
NOX2 activation, and the stability between NOX2 and p22phox, which could further reduce the activity of NADPH
oxidase and the production of reactive oxygen, lessen vascular endothelial dysfunction and protect cardiovascular
system from related diseases such as hypertension and atherosclerosis(34). In addition, the genome-wide
association study (GWAS) of Trifonova EA demonstrated that there was a correlationship between CYBA and PE(12).
Thus, our study performed the mRNA and protein expression both in vivo and vitro, and simultaneously, genotypic
and allelic frequency distribution analyses of CYBA were manipulated in order to initially explore the possible
mechanism consigned to CYBA in PE pathogenesis in Chinese population.

The expressions of CYBA in placental tissues measured by the real-time PCR and Western Blot testi�ed that CYBA
displayed a signi�cant increase in mRNA and protein expression levels in PE patients, suggesting that CYBA was
very likely to play a role in the related pathways associated with the development of PE. For the sake of further
investigating the possible interplay of CYBA, CoCl2 and TNF-α were separately employed to create a hypoxic and
in�ammatory environment(27, 35) to stimulate the HTR-8/Svneo cell line, a human chorionic trophoblast cell in vitro,
to detect whether CYBA mRNA expression is affected by hypoxic environment and cytokines such as in�ammatory
factors. The results revealed that the expressions of CYBA were indeed remarkably increased after CoCl2 and TNF-α
stimulation, implying that the change of the gene in vivo may be contributed to the same factors. Synthesizing the
vivo and the vitro experiments, the speci�c mechanism of CYBA involved in the pathogenesis of PE should be
inferred that the CYBA would produce excessive ROS in the placenta once provoked by hypoxia or cytokines such as
in�ammatory factors, which could break the oxidation and antioxidation balance, and this disequilibrium would
cause the endothelial dysfunction, engendering the development of PE. However, this speculation requires in-depth
functional studies to prove.

Because of the signi�cant differences in the expressions of CYBA between the PE patients and the control ones, the
polymorphism distributions of C242T locus in CYBA were examined among them. However, the statistical results
showed that there were no difference in the allelic and genotype frequency of the C242T locus in 1184 PE women
and 1421 healthy pregnant women, or even in early-onset, late-onset PE. This consequence indicated that the C242T
polymorphism of CYBA may not be associated with PE in Shandong Province, consistent with the results of the
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Caucasian population(36) and Portugal population(37). In addition, we demonstrated that the genetic variants of
rs9932581 and rs1049255 in CYBA might not be associated with PE in Chinese population in our previous study(38).
However, the exploration does not exclude the effects including the incomplete coverage, insu�cient sample size and
diagnose elements such as threshold criteria.

In conclusion, CYBA may play a role in the pathogenesis of oxidative stress in PE, in which it may function via
cooperating with TNF-α related in�ammatory pathway. Although there was no discrepant distribution of the CYBA
C242T polymorphic loci in Chinese population, it is still to perform the genetic studies on more CYBA SNPs for larger-
scale and multiple regions to gain further insights into its pathogenesis.
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Figure 1

PSM results before and after matching between case group and control group

A, the propensity score distribution of the pre-matching case group; B, the propensity score distribution of the case
group after the matching; C, the propensity score distribution of the control group before the matching; D, the
propensity score distribution of the control group after the matching of. The results of PSM show that the propensity
score distribution after matching was relatively consistent. The statistical analysis was assessed using the logit
model (PS value ±0.2SD) in R i386 3.4.3 software.
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Figure 2

CYBA mRNA and protein expression in placenta of case group and control group

A, Relative human CYBA mRNA levels in preeclamptic placenta and normal placenta. B, Representative Western blot
images of CYBA in the placenta and quanti�cation of CYBA protein expression (optical density scanning analysis)
normalized to β-action protein expression in the placenta. The statistical analysis was assessed using a t-test
analysis. Results are expressed as mean ± SEM. * P <0.05,** P <0.01
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Figure 3

CYBA mRNA expression in HTR-8 / Svneo cells stimulated with CoCL2 and TNF-α for 24 hours

The expression of CYBA mRNA in the non-stimulated control cells the experimental group stimulated with CoCL2
and TNF-a. The statistical analysis was assessed using a t-test analysis. Results are expressed as mean ± SEM. ** P
<0.01
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