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Abstract In pre-eclampsia, poor placentation causes both

oxidative and endoplasmic reticulum stress of the placenta.

The anti-oxidative protein Haptoglobin has three pheno-

types: 1-1, 1-2, and 2-2. Haptoglobin 1-1 is a more potent

antioxidant. Our objective was to determine whether

haptoglobin 1-1 was less common in women with pre-

eclampsia which is a disease with an oxidatives-stress

component, compared to the healthy population. Hapto-

globin phenotype was compared in 240 healthy and 120

preeclamptic gravida in a case–control study. Statistical

analysis was performed using Chi square test. The preva-

lence of haptoglobin 1-1 was 13% among healthy women

and 6% among preeclamptic women (P = 0.049). Sec-

ondary analysis was also performed. The prevalence of

haptoglobin 1-1 is higher in healthy compared to pre-

eclamptic subjects, a finding compatible with a protective

role. Haptoglobin 1-1 might have a protective role in pre-

eclampsia. Further work is needed with more Hp 1-1

subjects before we can conclude on the possible use of

Haptoglobin phenotype to assess the risk of preeclampsia.

Keywords Haptoglobin � Phenotype � Preeclampsia �
Oxidative stress

Introduction

Preeclampsia is a leading cause of maternal morbidity and

mortality, and one of the most common complications of

pregnancy [1], characterized by hypertension and proteinuria,

developing after 20 weeks of gestation. Many etiologies have

been implicated in its pathogenesis [2–6], and it appears that

the disease results from an abnormal invasion of the chorionic

villi after implantation [3]. In the last few years, several studies

have suggested that preeclampsia is in fact related to an

imbalance of circulating angiogenic factors resulting in

endothelial dysfunction [7] and increased oxidative stress.

According to one hypothesis, an inflammatory process is

involved, leading to oxidative stress [5]. This oxidative stress

is the result of placental hypoxia and reperfusion, with pro-

duction of reactive free oxygen species causing endothelial

dysfunction [8]. Antioxidants, therefore, have been postulated

to have a protective role against preeclampsia, even though

inconsistent results have been obtained in studies that

examined the relationship between various antioxidants like

vitamin C and E and preeclampsia [6, 9, 10].

Haptoglobin is an alpha-2 sialoglycoprotein that is found

in plasma. Its primary physiological role consists of binding

free hemoglobin [11], thereby preventing the release of

heme iron which can cause oxidative damage [12]. There-

fore, Haptoglobin is considered to have antioxidative
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properties [13]. Additional roles consist of inhibition of

prostaglandin synthesis and induction of vascular endothe-

lial proliferation [14].

The Haptoglobin gene is polymorphic with two classes of

alleles denoted 1 and 2 and correspondingly there exists

three Haptoglobin genotypes: Hp 1-1, Hp 2-1, and Hp 2-2

[15]. The Haptoglobin phenotype is defined as the polymer

distribution of Haptoglobin molecules identified by elec-

trophoresis in the serum of a given individual, with dimers

found in Hp 1-1 individuals, linear polymers in Hp 2-1

individuals, and cyclic polymers found in Hp 2-2 individuals

[11]. There is a 100% correspondence between the Hapto-

globin genotype as determined by PCR and the Haptoglobin

phenotype as determined by gel electrophoresis [16, 17]. Hp

1 and Hp 2 allelic protein products have different biological

properties [11, 18]. Hp 1-1 binds and clears free hemoglobin

with higher efficacy compared to the larger Hp 2-2 molecule.

It is possible that the smaller size of Hp 1-1 improves the

clearance of the Haptoglobin–Hemoglobin complex by the

CD163 Haptoglobin–hemoglobin scavenger receptor com-

pared to the larger Hp 2-2 [19]. Therefore, Hp 1-1 is con-

sidered to be a more potent antioxidant than the other two

phenotypes. The relative frequency of the different Hapto-

globin phenotypes varies among different ethnic groups and

in different geographical areas [20].

The aim of our study was to determine the distribution

of the various Haptoglobin phenotypes in preeclamptic and

healthy gravida. Assuming a protective role for antioxi-

dants in preeclampsia, we hypothesized that Hp 1-1 would

be less prevalent in preeclamptic women compared to the

control group, while Hp 2-2 would be more prevalent in

preeclamptic women.

Results

Two hundred and forty healthy women and 120 women

with preeclampsia were included in this study. Demo-

graphic and obstetrical data are presented in Table 1.

Among women with preeclampsia, 7 had the 1-1 phe-

notype, 62 had the 2-1 phenotype, and 51 had the 2-2

phenotype. In the control group, 30 women had the 1-1

phenotype, 109 had the 2-1 phenotype, and 101 had the 2-2

phenotype. The results are shown in Fig. 1. The difference

between the Hp 1-1 phenotype (vs. non 1-1 phenotype)

prevalence in the two groups (e.g. preeclampsia and heal-

thy) was statistically significant, with a P [ 0.05.

Among women with the 1-1 phenotype, 7/37 (18.9%)

had preeclampsia and 30/37 (81.1%) were healthy, in

women with the 2-2 phenotype, 51/152 (33.6%) had pre-

eclampsia and 101/152 (66.4%) were healthy, and in

women with the 2-1 phenotype, 62/171 (36.3%) had pre-

eclampsia and 109/171 (63.7%) were healthy (P = 0.127

refers to the comparison between all three phenotype

groups of the percentage of preeclamptic women in each

group).

Among women at first delivery (n = 183), 75% with the

1-1 phenotype were healthy (n = 12), while only 49.7%

with the other two phenotypes (n = 83) were healthy

(P = 0.053). The odds ratio for having preeclampsia

among women at first delivery with the Hp 1-1 phenotype

compared to the other two phenotypes was 0.329 (95% CI

Table 1 Summary of demographic and obstetrical data in the two

groups (Preeclampsia & Healthy)

Preeclampsia

(n = 120)

Healthy

(n = 240)

P value

Age (SD) 29.9 (6.5) 30.9 (5.5) 0.05

Jewish patients (%) 75 (62.5) 150 (62.5) 0.05

Non-Jewish patients (%) 45 (37.5) 90 (37.5) 0.05

Gravidity (SD) 2 (1.7) 2.6 (1.8) 0.0001

Parity (SD) 1.5 (1.1) 2 (1.3) 0.0001

Gestational week at

delivery (SD)

35.6 (4) 38.5 (2) 0.0001

SD standard deviation

Fig. 1 Differentiation between Haptoglobin phenotypes by gel

electrophoresis. Representative patterns of Hp phenotypes1-1, 2-1,

and 2-2 after polyacrylamide gel electrophoresis hemoglobin-

enriched serum. Bands correspond to Hp–hemoglobin complexes. A

band visible in each lane corresponding to free unbound hemoglobin

(Hb) is indicated with an arrow. Hp 1-1 shows a single rapidly

migrating band. Hp 2-2 has a series of more slowly migrating bands.

Hp 2-1 displays another series of slowly migrating bands and a weak

band that migrates similar to the Hp 1-1 band. Sample preperation,

electrophoresis, and staining with peroxidase were performed as

described in Sect. 2. Hp 1-1 is present in lanes 1 and 9; Hp 2-1 is

present in lanes 2, 4, and 8; Hp 2-2 is present in lanes 3, 5, 6, and 7
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0.1–1.06) (P value = 0.063). In multiparous women, the

difference in prevalence of the different phenotypes was

not statistically significant (P [ 0.05).

There were 66 women with severe preeclampsia and 54

women with mild preeclampsia. The distribution of the

different phenotypes among them is shown in Table 2. The

P value was 0.99 for all comparisons. The 2-2 phenotype

was not found to be more prevalent in women with severe

preeclampsia (P [ 0.05). Additionally, no statistically

significant difference was found when comparing women

with severe preeclampsia to healthy women.

In women with preeclampsia, 38 gave birth at or before

34 full weeks, and 82 gave birth after 34 weeks. The dis-

tribution of the different phenotypes among them is shown

in Table 2. The P value was 0.43 for the comparison in the

1-1 phenotype group, 0.126 for the 2-2 phenotype group,

and 0.3 for the 2-1 phenotype group. Additionally, no

statistically significant difference was found when com-

paring women with early preeclampsia to healthy women.

There were 33 women with the severe disease who gave

birth at or before 34 weeks, and 87 women with other

preeclampsia. The differences were not statistically sig-

nificant (P value = 0.67, 0.22 and 0.4 for the 1-1, 2-2, and

2-1 phenotypes, respectively). Additionally, no statistically

significant difference was found when comparing women

with early and severe preeclampsia to healthy women.

Discussion

In this study, we have demonstrated that women with the

Hp 1-1 phenotype had a significantly lower likelihood of

developing preeclampsia suggesting that women with this

type of Haptoglobin may be protected from developing

preeclampsia. This appears to be consistent with several

current models of the pathogenesis of preeclampsia and

differences in the biological activity of the protein products

of the two different Haptoglobin alleles. Specifically,

hemoglobin-induced oxidative stress has recently been

demonstrated to play an important role in the pathogenesis

of preeclampsia [21]. The primary role of the Haptoglobin

protein is to bind to hemoglobin and inhibit hemoglobin-

induced oxidative stress [11]. Moreover, the Haptoglobin

1-1 protein is superior to the Haptoglobin 2-1 and Hapto-

globin 2-2 proteins in blocking oxidative stress mediated

by hemoglobin [19]. In a secondary analysis, we have

examined the prevalence of the different haptoglobin

phenotypes according to the severity of preeclampsia.

Comparison according to these three definitions, in groups

of severe disease, mild disease, and no disease, yielded no

statistically significant differences in the distribution of the

different phenotypes. This may possibly be related to the

insufficient sample size of the groups. However, there was

a clear trend of increasing prevalence of Hp 1-1 phenotype

from early onset disease, to late onset disease to no disease,

and a similar trend of increasing prevalence, from early

severe disease to other disease to no disease. These results

support the hypothesis that Hp 1-1 may offer protection

against preeclampsia.

There were some differences in the obstetrical charac-

teristics between healthy and preeclamptic women; the

gravidity and parity were lower in the preeclampsia group,

as was the mean gestational age at delivery. The lower

gravidity/parity is explained by the well-known increased

incidence of preeclampsia in nulliparous women. The

lower gestational week at delivery is probably iatrogenic,

as preeclampsia is known to be an indication for early

induction of labor. However, we assume these differences

would not act as confounding factors since they have no

effect of the prevalence of the different haptoglobin phe-

notype, which is genetically determined. The ethnic origin

which might actually affect the relative frequency of the

different phenotypes was equal in the two groups, due to

intentional stratification.

There have been three prior reports examining the

relationship between the Haptoglobin type and pre-

eclampsia. Chandra et al. [22] demonstrated that preg-

nancy-associated hypertension was significantly higher in

Hp 2 individuals, consistent with our findings presented

here. Raijmakers et al. [23] demonstrated no differences

between healthy women and women with either severe

preeclampsia or hemolysis, elevated liver enzymes and low

platelets (HELLP) syndrome in regard to the relative

prevalence of the different haptoglobin phenotypes. Of

note there were only 25 women in this study with pre-

eclampsia with the majority of the study population having

the HELLP syndrome so that the study population may

have been too small to observe a protective effect of the

Haptoglobin 1-1 type on preeclampsia. Finally, Depypere

[24] demonstrated an increased prevalence of Hp 1-1

phenotype in women with preeclampsia, and even more so

in women with the severe disease. One possible reason for

the differences between our study and that of Depypere

Table 2 The frequency of the different phenotypes among groups

according to severity of preeclampsia

Preeclampsia Healthy

(n = 240)

P value

Severe

(n = 66)

Mild

(n = 54)

No. of 2-2 phenotype (%) 28 (42.4) 23 (42.6) 101 (42.1) 0.05

No. of 2-1 phenotype (%) 34 (51.5) 28 (51.8) 109 (45.4) 0.05

No. of 1-1 phenotype (%) 4 (6.1) 3 (5.6) 30 (12.5) 0.05
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may have been due to genetic differences between the two

ethnically distinct populations.

In conclusion, our study is the fourth report in the

medical literature to discuss the relationship between pre-

eclampsia and haptoglobin phenotype. It is the largest, and

its findings, that Haptoglobin 1-1 appears to provide pro-

tection against preeclampsia, are supported by pathophys-

iological mechanisms suggesting free hemoglobin plays

an important role in the development of eclampsia and

by functional differences between different Haptoglobin

proteins.

Establishing the role of the haptoglobin phenotype in the

future as a protective factor against preeclampsia might

lead to its integration as a screening tool for predicting this

disease. If prophylactic measures against preeclampsia are

to be found in the future, determining the haptoglobin

phenotype might establish a high risk group wherein pro-

phylactic antioxidative treatment might be most useful.

Methods

Subjects

The study population consisted of 240 healthy and 120

preeclamptic women (matched by origin: Jewish/Arab),

delivered at the Bnai-Zion Medical Center, which is a level

3 university hospital that mainly serves the urban popula-

tion of the city of Haifa, Israel. All pregnant women giving

birth after 24 weeks of gestation were eligible for the study.

Women with chronic hypertensive disorder were excluded.

Preeclampsia was defined as blood pressure exceeding 140/

90 mmHg in repeat measurements, along with proteinuria

of ?1 or more measured by Mann–Whitney test (Mann–

Whitney U test is the alternative test to the t-test. Mann–

Whitney U test is a non-parametric test that is used to

compare two population means that come from the same

population. Mann–Whitney U test is also used to test

whether two population means are equal or not) or 300 mg

or more in 24 h urine collection. The group with severe

preeclampsia (n = 120) was defined when one of the

following existed: systolic blood pressure exceeding

160 mmHg, diastolic blood pressure exceeding 110 mmHg,

proteinuria exceeding 5 g in a 24 h urine collection, labo-

ratory findings consistent with the hemolysis, elevated liver

enzymes and low platelets syndrome (HELLP), or the

existence of intrauterine growth restriction. The control

group (n = 240) consisted of healthy women with no

known hypertension or a history of a hypertensive disorder

of pregnancy in prior gestations, with normal blood pressure

measurements throughout the entire hospital stay. For

each woman, age, gestational age at delivery, number of

prior gestations and deliveries, ethnic origin, severity of

preeclampsia, and haptoglobin phenotype were docu-

mented. The study was approved by the Human Research

Ethics Committee of the Bni-Zion Medical Center.

Informed consent was obtained from all women.

Phenotyping

In women with preeclampsia, blood was collected upon

arrival to the delivery room or maternity ward, and after the

diagnosis of preeclampsia had been established. In healthy

women, blood was collected 24 h after delivery in order to

rule out cases of preeclampsia that developed intrapartum

or postpartum. Five milliliters of blood were drawn from

each woman through venipuncture. Samples were allowed

to clot and stored at 4�C until analysis. A 10% hemoglobin

solution in water was prepared from heparinized blood by

first washing the blood cells five times in phosphate-buf-

fered saline and then lysing the cells in 9 ml of sterile

water per milliliter of pelleted cell volume. The cell lysate

was centrifuged at 10,0009g for 40 min and the superna-

tant containing hemoglobin was aliquoted and stored at

-70�C. Haptoglobin phenotyping was determined by gel

electrophoresis and peroxidase staining using a modifica-

tion of previously described methods [6, 25]. Briefly,

serum (10 ll) was mixed with 2 ll of the 10% hemoglobin

solution and the samples permitted to stand for 5 min at

room temperature in order to allow the Haptoglobin–Hb

complexes to form. An equal volume (12 ll) of sample

buffer containing 125 mM TrisBase pH 6.8, 20% (w/v)

glycerol and 0.001% (w/v) bromophenol blue was added to

each sample prior to running on the gel. The Haptoglobin–

Hb complex was resolved by polyacrylamide gel electro-

phoresis (PAGE) using a buffer containing 25 mM TrisBase

and 192 mM glycine. The stacking gel was 4% polyacryl-

amide (29:1 acrylamide/bis-acrylamide) in 125 mM Tris-

Base, pH 6.8 and the separating gel was 4.7% polyacryl-

amide (29:1 acrylamide/bis-acrylamide) in 360 mM Tris-

Base, pH 8.8. Electrophoresis was performed at a constant

voltage of 250 V for 3 h. After the electrophoresis was

completed, the Haptoglobin–Hb complexes were visualized

by soaking the gel in freshly prepared staining solution in a

glass tray. The staining solution (prepared by adding the

reagents in the order listed) contained 5 ml of 0.2% (w/v)

3,30,5,50-tetramethylbenzidine in methanol, 0.5 ml dimeth-

ylsulfoxide, 10 ml of 5% (v/v) glacial acetic acid, 1 ml of 1%

(w/v) potassium ferricyanide and 150 ll of 30% (w/w)

hydrogen peroxide. The bands corresponding to the Hap-

toglobin–Hb complex were readily visible within 15 min

and were stable for over 48 h. All gels were documented

with photographs. The staff performing the analysis was

blinded to the presence/absence of preeclampsia in each

individual.
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Statistical analysis

SPSS 15 software was used [26]. The continuous and

ordinal variables were presented by mean, median, and

standard deviation. The categorical variables were pre-

sented in percentages. Statistical analysis was performed to

check for differences between healthy and preeclamptic

women in age, gravidity, parity, ethnic origin, and gesta-

tional age. Chi square test was used to check the difference

between the categorical variables. Mann–Whitney test was

used to check differences between the ordinal variables.

Independent t-test was used to check differences between

the continuous variables. Comparisons of the different

phenotypes among women were performed using the chi

square test. Logistic regression was used to check the

relationship of multiple variables with preeclampsia and

calculate the odds ratio with 95% confidence interval.

The distribution of the different phenotypes was com-

pared in the following groups:

(1) Preeclamptic versus healthy, (2) Severe preeclamp-

sia compared with mild preeclampsia and healthy women

(separately), (3) Preeclampsia with delivery at or below

34 weeks compared with preeclampsia beyond 34 weeks

and healthy women (separately), and (4) Severe pre-

eclampsia at or below 34 weeks compared with other

preeclampsia (mild preeclampsia at or below 34 weeks,

mild preeclampsia beyond 34 weeks, and severe pre-

eclampsia beyond 34 weeks) and healthy women. The

study population was also grouped according to the hap-

toglobin phenotype, and the proportion of healthy and

preeclamptic women was compared in each groups. In

addition, in each of the three groups, stratification was

performed according to parity (first delivery vs. repeat

delivery).
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