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Abstract Objective We examined the interaction of polymorphisms in the genes heme oxy-
genase-1 (HMOXT) and nitric oxide synthase (NOS3) in patients with preeclampsia (PE)
as well as the responsiveness to methyldopa and to total antihypertensive therapy.
Methods The genes HMOXT1 (rs2071746, A/T) and NOS3 (rs1799983, G/T) were
genotyped using TagMan allele discrimination assays (Applied Biosystems, Foster City,
CA, USA ), and the levels of enzyme heme oxygenase-1 (HO-1) were measured using
enzyme-linked immunosorbent assay (ELISA).

Results We found interactions between genotypes of the HMOX-1 and NOS3 genes
and responsiveness to methyldopa and that PE genotyped as AT presents lower levels of
protein HO-1 compared with AA.

Conclusion We found interactions between the HMOX-1 and NOS3 genes and
responsiveness to methyldopa and that the HMOX1 polymorphism affects the levels
of enzyme HO-1 in responsiveness to methyldopa and to total antihypertensive
therapy. These data suggest impact of the combination of these two polymorphisms
on antihypertensive responsiveness in PE.
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Resumo Objetivo Examinamos a interacdao dos polimorfismos nos genes heme oxigenase-1
(HMOXT) eo6xido nitrico sintase (NOS3) em pacientes com pré-eclampsia (PE)bem como
as capacidades de resposta a metildopa e a terapia anti-hipertensiva.
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Métodos Os polimorfismos nos genes HMOX1 (rs2071746, A|/T) e NOS3 (rs1799983,
G/T) foram genotipados usando TagMan allele discrimination assays (Applied Biosys-
tems, Foster City, CA, EUA), e os niveis da enzima heme oxigenase-1 (HO-1) foram
medidos por enzyme-linked immunosorbent assay (ELISA).

Resultados Foram encontradas interacoes entre os gendétipos da HMOX-1 e NOS3 e
responsividade a metildopa, e que pacientes genotipados como AT apresentam niveis
mais baixos de proteina HO-1 em comparacdo com o genotipo AA.

Conclusao Foram encontradas interacdes entre os genes HMOX-1 e NOS3 e responsi-
vidade a metildopa e que o polimorfismo localizado no gene HMOX1 afeta os niveis de
enzima HO-1 na resposta a metildopa e a terapia anti-hipertensiva. Esses dados
sugerem o impacto da combinacdo desses dois polimorfismos na resposta anti-

= Oxido nitrico hipertensiva na PE.

Introduction

Preeclampsia (PE) is a syndrome characterized by hyperten-
sion associated with proteinuria or other systemic signs and
is considered one of the major causal factors for maternal and
fetal morbidity worldwide.! Several studies have explored
the role of an unbalance between antioxidant and oxidant
agents in the pathophysiology of PE, as reviewed elsewhere.?
However, despite these efforts, a small number of clinical
studies have investigated the heme oxygenase-1 (HO-1), a
pivotal enzyme that protects cells against oxidative stress.>
Heme oxygenase-1 cleaves heme-producing bilirubin and
carbon monoxide (CO), thus promoting cell protection by its
antiapoptotic, antioxidant and antiinflammatory properties.
Besides, in a rat model of PE a possible effect of HO-1 in
regulating blood pressure levels was found.®'°

The gene code for enzyme HO-1 (HMOX1) and its GT,
polymorphism were related to lower HO-1 expression and
associated with non-severe late-onset PE.'"'2 However,
other HMOX1 polymorphisms were not examined in PE,
with particular focus on single nucleotide polymorphisms
(SNPs) located at the promoter of HMOX]1. For example, the
rs2071746 (A/T) was associated with protective factor for
patients with stroke carriers of the A allele, and it was
associated with higher expression of HM0X1.'3:14

The nuclear factor-erythroid-derived 2-related factor-2
(Nrf2) regulates the expression of several antioxidant proteins,
including HO-1."> Notably, the rs35652124 T > C polymor-
phism located at the promoter of nuclear factor, erythroid 2
like 2 (NFE2L2) gene was found to modulate the forearm
vasodilator response in humans.'® Moreover, the C allele
was associated with higher diastolic blood pressure levels in
Japanese women, and with high risk of cardiovascular mortal-
ity in hemodialysis patients.'” Notably, Nrf2 binds to the
antioxidant response element (ARE) at the HMOX1 promoter
and can regulate HO-1 expression.'”

Remarkably, gene-gene interactions have also been taken
into report in pharmacogenomics studies.'®~2? Therefore, it
is possible that combinations of NFE2L2 and HMOX1 geno-
types may be associated with the development of PE and
with the responsiveness to antihypertensive therapy in

patients with PE. In addition, the increased oxidative stress
in PE can potentially scavenge and reduce the bioavailability
of nitric oxide (NO), which may be impaired by some SNPs of
the endothelial nitric oxide synthase (NOS3) gene.m"24 No-
tably, haplotypes formed by the combination of alleles of
NOS3 polymorphisms were associated with different sub-
groups of response to antihypertensive therapy in PE.»

In the present study, we examined the distributions of
NFE2L2 and HMOX1 polymorphisms in pregnant patients
with PE who responded to antihypertensive therapy with
those who did not respond to antihypertensive therapy. We
further verified whether NFE2L2 and HMOX1 polymorphisms
affect plasma HO-1 levels in these subgroups of pregnant
patients with PE. We also investigated if interactions among
NFE2L2, HMOX1, and NOS3 polymorphisms were associated
with PE and with the responsiveness to antihypertensive
therapy in pregnant patients with PE.

Methods

Subjects
Approval for use of human subjects was obtained from the
Institutional Review Board at the Ribeirdo Preto Medical School
of the Universidade de Sdo Paulo (FMRP-USP, in the Portuguese
acronym). All pregnant women were enrolled in the High Risk
Ambulatory of the University Hospital at the FMRP-USP. Pre-
eclampsia was defined in accordance to the American College
of Obstetricians and Gynecologists (ACOG) as high blood
pressure (>140 mmHg systolic or >90 mmHg diastolic at
two or more measurements at least 6h apart) associated
with severe features in a woman after 20 weeks of gestation.
In the present study, women with preexisting hypertension,
with or without superimposed PE were not included.
Written informed consent was provided and maternal
venous blood samples were collected. Genomic DNA was
isolated from the cellular component of 1 mL of whole blood
by a salting-out method and stored at — 20°C until use.
Plasma was obtained from centrifugation of whole blood
in ethylenediaminetetraacetic acid (EDTA) at 2,000g for
10 min and stored at — 70°C until assayed.
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Antihypertensive Treatment and Drug Response
Evaluation

We carefully monitored for signs and symptoms of PE in
pregnant women enrolled in the present study and for fetal
surveillance and laboratory tests at least once weekly.
Responsiveness to therapy was evaluated through the
clinical and laboratory parameters (see below) in response
to the antihypertensive drugs treatment. The initial anti-
hypertensive drug was methyldopa (1,000-1,500 mg per
day) followed by nifedipine (40-60 mg per day) and/or
hydralazine (5-30 mg), which were added in case of lack
of significant responses to methyldopa. One of the follow-
ing clinical and laboratory outcomes were considered to
classify a patient as nonresponsive to antihypertensive
therapy:

(1) Clinical symptoms including blurred vision, persistent
headache or scotomata, persistent right upper quadrant
or epigastric pain;

(2) Systolic blood pressure above 140 mmHg and diastolic
blood pressure >90mmHg, as assessed by the blood
pressure curve;

(3) Hemolysis, elevated liver enzymes, low platelet count
(HELLP) syndrome; or proteinuria > 2.0 g per 24 h; creat-
inine > 1.2 mg per 100 mL or blood urea nitrogen > 30 mg
per 100 mL; aspartate aminotransferase >70 Ul~' and
alanine aminotransferase > 60 Ul~!; and

(4) Fetal hypoactivity or nonreactive fetus, as revealed by
cardio tocography; intrauterine growth restriction, oli-
goamnio, abnormal biophysical profile score, and Doppler
velocimetry abnormalities, as evaluated by ultrasound.?

In the =~ Supplementary Figure S1, we show the schematic
diagram of the study workflow.

Genotyping

Genotypes for the rs35652124 polymorphism of the NFE2L2
gene were determined by polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP). The forward
and reverse primers were respectively: 5’‘CCTAGAGGAGGT
CTCCGTTAG3' and 5'CTGGTACTATTTTGTGAGTACGTG3'. The
PCR reaction generated product of 608 bp that was digested
with BseRI (New England Biolabs, Ipswich, MA, USA) restric-
tion enzyme. Three bands were visualized when heterozygote
680 bp, 401 bp, and 268 bp; 2 bands (401 bp and 268 bp when
TT genotype), and 1 band 608 bp when CC.

Genotypes for the rs2071746 polymorphism of the HMOX1
gene were obtained using TagMan allele discrimination assays
(Applied Biosystems, Foster City, CA, USA) using real-time PCR.
Probes and primers used were designed by Applied Biosystems
(Assay ID: C__15869717_10 for rs2071746). Polymerase chain
reactions were performed in a total volume of 12 ul (3 ng of
template DNA, 1 x TagMan genotyping master mix (Life Tech-
nologies Corporation, Grand Island, NY, USA) and 1 x TagMan
allele discrimination assay). Thermal cycling was performed in
standard conditions, and fluorescence was recorded by the
StepOne Plus Real-Time PCR equipment (Applied Biosystems).
Results were obtained with manufacturer’s software. The two
polymorphisms of NOS3 (rs1799983 and rs2070744) were

Rev Bras Ginecol Obstet  Vol. 42 No. 8/2020

determined using also allele discrimination assays, as described
previously.22

Enzyme Immunoassays of plasma HO-1

The levels of HO-1 were measured in plasma (EDTA) using a
Human total HO-1/HMOX1 kit (R &D Systems, Minneapolis,
MN, USA), according to manufacturer’s instructions. Briefly,
50 pL of plasma was used to each patient, and the optical
density was determined at 450 nm using in a Synergy 4
microplate reader (BioTek, Winooski, VT, USA).

Statistical Analysis

The clinical characteristics of groups were compared by
Student unpaired t-test, Mann-Whitney U-test, or X2, as
appropriate. The modulation of the genotypes for the
NFE2L2 and HMOX1 polymorphisms on plasma HO-1 con-
centrations were compared by one-way analysis of variance
(ANOVA). The distribution of genotypes was analyzed for
deviation from the Hardy-Weinberg equilibrium. The differ-
ences in genotype and allele frequencies among subgroups
were assessed using the x? test. A value of P<0.05 was
considered statistically significant.

Multifactor dimensionality reduction (MDR) identifies
interactions of genotypes for their ability to classify them
into high and low-risk cells or into responsive or nonrespon-
sive groups through cross-validation (CV) steps and permu-
tation testing.26 We used the robust MDR approach to
characterize these interaction models, which performs con-
structive induction using a Fisher exact test rather than a
predetermined threshold and has the advantage of only
considering statistically significant genotype combinations
in its analysis.?” The best interaction model was the model
that had the maximum testing score and CV consistency.
Permutation testing was performed to determine the statis-
tical significance of the best model.2%28

Results

=Table 1 summarizes the clinical parameters of the pregnant
women enrolled in the present study. Preeclampsia was
older than healthy pregnant (HP) patients (P < 0.05) and
increased body mass index was found in PE compared with
HP patients (P < 0.05). We found lower gestational age at
delivery (GAD) and lower newborn weights in PE (all
p <0.05) compared with HP patients. =Supplementary
Table S1 shows clinical characteristics of preeclampsia wom-
en responsive or not to methyldopa or total antihypertensive
therapy. Unresponsiveness (both methyldopa and total ther-
apy) was associated with higher systolic and diastolic blood
pressure, and lower GAD and newborn weighs (all P < 0.05).
All the polymorphisms showed no deviation from Hardy-
Weinberg equilibrium (all p > 0.05, data not shown). The NFE2L2
and HMOX1 alleles and genotype frequencies distributions are
similar between HP and PE patients (P> 0.05) (~Table 2).
We, then, examined the effects of NFE2L2 and HMOX1
polymorphisms on the plasma levels of HO-1 in the groups
studied. Due to lack of available plasma, we were not able to
measure the levels of HO-1 for all subjects enrolled in the



Table 1 Demographic characteristics of study subjects

Parameters Healthy pregnancy Preeclampsia

(n=217) (n=181) p-value
Age (years) 26 £1 27 £1 0.48
Ethnicity 152 (70) 129 (71) 0.91
(% White)
Current 17 (8) 16 (9) 0.73
smokers (%)
BMI (Kg/m?) 2141 2841 < 0.0001
SBP (mmHg)  110+1 142 +£2 < 0.0001
DPB (mmHg) 70 +1 89+1 < 0.0001
Primiparity (%) 98 (45) 76 (42) NS
Fasting glucose 70+2 69 +2 0.48
(mg/dl)
Hemoglobin 12+1 121 1.00
(g/dl)
Hematocrit (%) 37 +5 37+4 1.00
Urea (mg/dl) ND 23+1 -
GAD (weeks) 40+1 361 0.0053
Newborn 3,359+40 2,536 +68 < 0.0001
weight (g)
AST (1U/1) ND 26£17 -
24-hour Pr ND 1,402 £1,628 -
GAS (weeks) 361 3441 0.04

Abbreviations: 24-hour Pr, 24-hour proteinuria; AST, aspartate trans-
aminase; BMI, body mass index; DBP, diastolic blood pressure; GAD,
gestational age at delivery; GAS, gestational age at sampling; ND, not
determined; SBP, systolic blood pressure.

Values are the mean & SEM “p < 0.05 versus healthy pregnant group.

study. Therefore, the values are shown for 177 HP and 116 PE
patients. We found no significant differences in the levels of
HO-1 between NFE2L2 and HMOX1 genotypes nor in HP or in
PE (P> 0.05). Genotype and allele relative frequencies for
NFE2L2 and HMOX1 polymorphisms according to responsive-
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ness to methyldopa and to total antihypertensive therapy are
shown in =Table 3. Nuclear factor, erythroid 2 like 2 polymor-
phism had no effects on the responses to methyldopa or to the
total antihypertensive therapy. However, the TT genotype of
the rs2071746 (A/T) polymorphism of HMOX1 was more
frequent in the pregnant with PE nonresponsive to methyldo-
pa group (P = 0.02) (~Table 3). However, we found no associ-
ation with total antihypertensive therapy responsiveness.

Regarding the levels of HO-1, we found lower levels of HO-1
in patients with PE patients carrying the genotype AT for the
HMOX1 polymorphism who were responsive to both methyl-
dopa and to the total antihypertensive therapy compared with
patients with AA genotype (~Fig. 1) (P < 0.05). However,
genotypes for the NFE2L2 polymorphism were not found to
be associated with the levels of HO-1 in HP and PE patients,
(=Supplementary Figure S2) (P > 0.05) neither in responsive-
ness and NFE2L2 polymorphism (=Supplementary Figure S3)
(P> 0.05).

Next, we examined whether interactions among NFE2L2,
HMOX1, and NOS3 polymorphisms were associated with PE
and with responsiveness to methyldopa and total antihyper-
tensive therapy. Subjects with any missing genotype data for
these polymorphisms were not considered in the interaction
analyses. We found a significant model of interaction among
HMOX1 and NOS3 genotypes associated with responsiveness
to methyldopa in pregnant patients with PE (p =0.0125)
(=Table 4).

The combinations of genotypes are shown in =Fig. 2.
The combinations of the GG genotype for the NOS3
rs1799983 SNP with the AA and AT +TT genotypes for
the HMOX1 rs2071746SNP were more frequent in the
nonresponsive PE patients. Conversely, the combinations
of the GT + TT genotypes for the NOS3 rs1799983 SNP with
the AA and AT +TT genotypes for the HMOX1 rs2071746
A>T SNP were more frequent in the responsive subgroup
of PE patients (=Fig. 2). However, we found no interac-
tions associated with PE or with responsiveness to total
antihypertensive therapy (=Supplementary Tables S2
and s3) (P> 0.05).

Table 2 Genotype and allele relative frequencies for NFE2L2 and HMOX1 polymorphisms in the study groups

Genes and polymorphisms Genotypes and alleles HP PE OR (95% Cl) p-value
n (%) n (%)
NFE2L2 1T 89 (41) 76 (42) 1.00 (reference) -
rs35652124 TC 100 (46) 81 (45) 0.933 (0.515-1.688) 0.880
T>C CC 28 (13) 4(13) 0.953 (0.395-2.299) 1.000
T 278 (64) 236 (65) 1.00 (reference) -
156 (36) 126 (35) 0.957 (0.536-1.709) 1.000
HMOX1 AA 56 (26) 49 (27) 1.00 (reference) -
rs2071746 AT 106 (49) 89 (49) 0.963 (0.493-1.879) 0.963
A>T T 54 (25) 43 (24) 0.924 (0.425-2.011) 0.924
A 226 (52) 188 (52) 1.00 (reference) -
T 208 (48) 174 (48) 1.041 (0.597-1.813) 1.000

Abbreviations: HMOX1, heme oxygenase-1; HP, healthy pregnancy; NFE2L2, nuclear factor, erythroid 2 like 2; OR, odds ratio; PE, preeclampsia.
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Table 3 Genotype and allele relative frequencies for NFE2L2 and HMOXT1 polymorphisms according to responsiveness to
methyldopa or to the total antihypertensive therapy

Genotype Methyldopa responsiveness Antihypertensive therapy responsiveness
orallele ¢ NR OR (95% Cl) p-value R NR OR (95% Cl) p-value
n(%) n(%) n (%) n (%)
NFE2L2 1T 27 (48) 50 (40) 1.00 (reference) - 48 (47) 30(37) 1.00 (reference) -
rs35652124 TC 23 (41) 58 (47) 1.376 (0.760-2.489) 0.365 43 (42) 38 (48) 1.452(0.798-2.639)  0.229
T>C cc 6(11) 16(13) 1.418(0.573-3.510) 0.495 11 (11) 11(15) 1.7329(0.712-4.216) 0.265
T 76 (68) 159 (64) 1.00 (reference) - 139 (68) 96 (61) 1.00 (reference) -
36 (32) 92(36) 1.195(0.665-2.148) 0.654 67 (32) 61(39) 1.359 (0.759-2.430)  0.375
HMOX1 AA 15(28) 33 (26) 1.00 (reference) - 29 (28) 20 (24) 1.00 (reference) -
rs2071746 AT 34 (61) 55 (44) 0.776 (0.401-1.503) 0.502 53 (52) 36 (45) 1.010 (0.513-1.985)  1.000
A>T 1 6(11) 38(30) 2.937(1.226-7.033) 0.020 20 (20) 25 (31) 1.808 (0.826-3.958) 0.168
A 65 (58) 119 (47) 1.00 (reference) - 108 (54) 76 (47) 1.00 (reference) -
T 47 (42) 131 (53) 1.555(0.890-2.722) 0.156 92 (46) 85 (53) 1.324(0.759-2.308) 0.396

Abbreviations: Cl, confidence interval; HMOX1, heme oxygenase 1; NFE2L2, nuclear factor, erythroid 2 like 2; NR, non-responsive; OR, odds ratio; R,
responsive.
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Fig.1 PlasmaHO-1 levels in patients with preeclampsia grouped according to the genotypes for the HMOX1 polymorphism and responsiveness
to methyldopa (responsive A and nonresponsive B) or total antihypertensive therapy (responsive C and nonresponsive D). The bars show the
boxplot indicates median [min — max]. *P < 0.05 versus the AA genotype.

Table 4 Robust multifactor dimensionality reduction interaction model among the NFE2L2, HMOX1, and NOS3 polymorphisms in
preeclampsia patients classified as nonresponsive and responsive to methyldopa

Interaction models Training score Testing score CVC  p-value
NOS3rs1799983 0.7220 0.7220 10/10 -
HMOXT rs2071746; NOS3 rs1799983 0.7186 0.6898 7/10  0.0125"

Rev Bras Ginecol Obstet  Vol. 42 No. 8/2020
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Table 4 (Continued)

Interaction models Training score Testing score CVC  p-value
HMOX1 rs2071746; NOS3 rs2070744; NOS3 rs1799983 0.7183 0.6263 6/10 0.1565
NFE2L2 rs35652124; HMOXT1 rs2071746; NOS3 rs2070744; NOS3 rs1799983 0.5799 0.4572 10/10 0.9420

Abbreviations: CVC, cross-validation consistency; GH, gestational hypertension; HMOX1, heme oxygenase-1; HP, healthy pregnancy; MDR,
multifactor dimensionality reduction; NFE2L2, nuclear factor, erythroid 2 Like 2; NOS3, nitric oxide synthase 3; PE, preeclampsia.

*P-value after 1,000 permutations.
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Fig.2 The best robust multifactor dimensionality reduction model of
interaction between genotypes for the HMOX1 rs2071746 A>T and
NOS3 151799983 G > T (Glu298Asp) polymorphisms when comparing
preeclampsia patients classified according to responsiveness to
methyldopa. The distributions of nonresponsive (left bars) and re-
sponsive (right bars) patients are illustrated for each combination of
multilocus genotypes. The dark gray cells are labeled as high risk or
nonresponsive, light gray cells are labeled as low risk or responsive,
and white cells are labeled as unknown.

Discussion

The present study was the first to examine whether interac-
tions among genes NFE2L2, HMOX1, and NOS3 are associated
with PE, and with the responsiveness to methyldopa and total
antihypertensive therapy in PE. Moreover, this study was the
first to evaluate the effect of NFE2L2 and HMOX1 polymor-
phisms on the plasma levels of HO-1 in both in HP and PE
patients and with the responsive and nonresponsive groups to
methyldopa and antihypertensive therapy in PE patients. Our
main novel findings are (1) the TT genotype of the HMOX1
rs2071746 polymorphism is associated with the patients with
PE who were nonresponsive to methyldopa; (2) the rs2071746
polymorphism affects the plasma levels of HO-1 in the meth-
yldopa and total antihypertensive responsive group of patients
with PE, and (3) significant interactions between genotypes of

the HMOX1 rs2071746 and NOS3 rs1799983 polymorphism
were found to be associated with responsiveness to methyldo-
pa in PE patients.

To our knowledge, only two studies have compared the
circulating levels of HO-1 in PE and HP patients. One study
found higher levels of HO-1 in PE patients.* However, we found
no significant differences when we compared HP with PE
patients. Our findings are supported by another study showing
no differences in the serum levels of HO-1 between HP and
mild PE women. Moreover, we found no effects of genotypes
for NFE2L2 and HMOX1 polymorphisms on the plasma levels of
HO-1 in PE or in HP patients.> While no study has examined
whether NFE2L2 and HMOX1 polymorphisms affect the re-
sponsiveness to methyldopa and total antihypertensive thera-
py in PE, we have also examined the effects of these
polymorphisms on the plasma levels of HO-1 in PE patients.
We found that the AT genotype for the rs2071746 polymor-
phism of HMOX1 is associated with lower plasma levels of HO-
1 in PE patients responsive to methyldopa and total antihyper-
tensive therapy in PE patients. It is probable that we cannot
find lower levels of HO-1 in patients with TT genotype due of
the lower number of subjects carrying this genotype. However,
no functional study was performed to show how the
rs2071746 HMOX1 polymorphism affects HMOX1 expression.

We found significant interactions among HMOX1 and
NOS3 polymorphisms associated with responsiveness to
methyldopa in PE patients. Although the single-analysis
found that the HMOX1 polymorphism was more frequent
in the subgroup of PE patients who are nonresponsive to
methyldopa, the combinations with the genotypes for the
NOS3 rs1799983 SNP were associated with both the respon-
sive and the nonresponsive subgroup of PE patients. These
findings suggest that specific combinations of genotypes of
the HMOX1 and NOS3 SNPs may affect the responses to
antihypertensive therapy using methyldopa in PE patients.

There is mounting evidence that suggest a relationship
between NO and HO-1 pathways. It seems to be a cross-
regulation in which NO can be directly involved in the modu-
lation of HO-1 expression, and, likewise, HO-1 expression may
increase NO bioavailability.?>3? Different substances that
release NO were shown to significantly upregulate HO-1
mRNA and protein expression, as well as the enzyme activity
in different tissues.3'~33 In addition, increased endogenous NO
derived from stimulated iNOS appears to enhance HO-1 protein
expression, which was suppressed in the presence of NOS
inhibitors.>*3® These findings show that endogenously
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generated NO can trigger the expression of HO-1. Nevertheless,
the exact molecular mechanisms involving both exogenous
and endogenously formed NO (or NO-related species) and how
they activate the HMOX1 gene are not clear. Conversely, there
may be other possible mechanisms for vascular NO regulation
via HO-1 and its products, as reviewed elsewhere3°

One possibility is through the modulation of eNOS expres-
sion and activity. When the concentrations of .-arginine or BH,
are low, eNOS activity can be altered due to eNOS uncoupling,
which can generate superoxide (O,~). Superoxide can react
spontaneously with NO, leading to the formation of peroxyni-
trite (ONOO ™), which, in turn, decreases NO bioavailability.>
Increased HO-1 expression via pharmacological Nrf2 activation
was shown to down-regulate eNOS expression, thereby con-
tributing to eNOS coupling by ensuring stoichiometric balance
between BH, and eNOS.3® Other possible mechanism for the
regulationvia HO-1 and its products is reducing NO inactivation
by inhibiting the sources of O,~ production, such as NADPH
oxidase, or up-regulating antioxidant enzymes, such as super-
oxide dismutase (SOD) and catalase.>®~* Finally, other possible
mechanism is compensating the loss of NO by CO effects. Since
CO and NO have similar properties, as CO has been shown to
reduce vasoconstriction and stimulate vascular relaxation by
soluble guanylate cyclase (sGC) and cyclic guanosine mono-
phosphate (cGMP).3>%6 In conclusion, although there are sev-
eral findings evidencing the relationship between NO and HO-
1, further studies need to be performed to fully elucidate the
potential mechanisms underlying this cross-regulation.

Conclusion

In conclusion, the rs2071746 polymorphism of HMOX1
affects the plasma levels of HO-1 in patients with PE who
are responsive to methyldopa and total antihypertensive
therapy, and we found significant interactions between the
genotypes of HMOX-1 rs2071746 and NOS3 rs1799983 poly-
morphisms associated with responsiveness to methyldopa.
Taken together, our findings suggest that the HMOX1 and
NOS3 polymorphisms may affect the levels of HO-1 and NO
mainly in PE patients who are responsive to methyldopa.
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