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ABSTRACT

Haptoglobin (Hp) is a hemoglobin (Hb) binding pro-
tein which plays an important role in neutralizing
oxidation reactions stimulated by heme-derived iron.
Differences in Hp types due to the polymorphic na-
ture of the gene have led to the discovery that indivi-
duals carrying the Hp 2-2 genotype are at increased
risk of developing vascular complications in the sett-
ing of diabetes. Preeclampsia is a pregnancy related
disease that is thought to be caused by increases in
oxidative stress. The role of Hp polymorphism is de-
termining preeclampsia has been addressed by se-
veral clinical studies but the results have been con-
tradictory. Larger longitudinal studies are needed to
answer this important question.
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1. INTRODUCTION

Preeclampsia is a multi-factorial and multisystem disease
of pregnancy that is a leading cause of maternal and
perinatal morbidity and mortality. About 3% - 8% of all
pregnancies are affected by it. Although the pathophy-
siology of this disease is not completely understood, re-
cent evidence suggests that an increase in reactive oxy-
gen species (ROS) may contribute to the etiology of the
disease. Haptoglobin (Hp) is an acute-phase serum pro-
tein whose primary function is to bind extracellular he-
moglobin and prevent heme-iron from participating in
oxidative reactions. Since Hp is a polymorphic gene
whose function is related to oxidative stress, it has been
suggested that Hp genotype may influence the develop-
ment of preeclampsia. This review will summarize the
current knowledge of Hp and its possible role in pree-
clampsia as well as studies using antioxidants in the
treatment thereof.

2. PREECLAMPSIA

The known risk factors for preeclampsia are kidney dis-
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ease, age over 35, obesity, diabetes, chronic hyperten-
sion, multi fetal pregnancy, and previous preeclampsia or
fetal congenital abnormality. The risk of preeclampsia is
two to fivefold higher in pregnant women if they have a
family history of the disease [1]. Therefore, a genetic
factor also exists. Preeclampsia is characterized by re-
duced placental perfusion due to increased peripheral
vascular resistance and vasospasm and usually develops
after 20 weeks of gestation. Preeclampsia is diagnosed
using three concomitant parameters: hypertension over
140/90 mmHg, proteinuria of at least 300 mg protein in a
24 h urine collection, and edema. Women with severe
preeclampsia show other symptoms such as renal and
liver dysfunction as well as hematological, neurological
and visual disturbances. One such complication is known
as the HELLP syndrome (hemolysis, elevated liver enzy-
mes, and low platelets). There is no cure for this disease
except delivery of the baby. Therefore, up to 15% of pre-
term births are a result of preeclampsia.

Pathophysiology of Preeclampsia

Preeclampsia can be considered as a two stage disease.
The first stage of preeclampsia is abnormal placentation.
Inadequate invasion of the chorionic villi after implant-
tation causes increased uterine arterial resistance, in con-
trast to decreased resistance, as occurs in normal preg-
nancies. This decrease in uterine arterial resistance is
essential for retaining blood flow to the fetus. Thus the
increase in arterial resistance causes chronic placental
ischemia that can lead to intrauterine growth retardation
and fetal death. The second stage of preeclampsia, which
is less well understood, involves development of mater-
nal endothelial cell dysfunction, which is the main cause
of all clinical symptoms.

There are a number of mechanisms that may contri-
bute to endothelial cell dysfunction. First, chronic pla-
cental ischemia blocks normal progression of the elec-
tron transport chain and leads to build up of ROS which
are released into the maternal circulation and can ad-
versely affect endothelial cell function. The role of in-
creased oxidative stress in preeclampsia will be dis-
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cussed more extensively below. Second, an inappropriate
balance of angiogenic factors exists in women with pree-
clampsia as a result of placental ischemia. For example,
in preeclampsia patients, the levels of soluble fms-like
tyrosine kinase-1 (sFltl), a VEGF antagonist, are ele-
vated, leading to decreased free VEGF [2]. Thus, the role
of VEGF in maintaining the integrity of the glomerular
filtration barrier is impaired leading to decreased fil-
tration in the glomeruli and increased proteinuria. Third,
faulty invasion of the chorionic villi is thought to cause
disruption of the placental barrier and release of necrotic
trophoblastic tissue into the maternal circulation. Another
abnormality involves deposition of lipid deposits in the
wall of the spiral arteries. Both of these processes stimu-
late the maternal immune response, leading to increased
levels of cytokines and immune cells which can adver-
sely affect the maternal endothelium.

3. OXIDATIVE STRESS IN PREGNANCY

Oxidative stress results from decreased levels of antioxi-
dants or increased levels of ROS followed by lipid per-
oxidation. Free radicals, such super oxide and hydroxyl
radical can oxidize proteins and cell membranes which
lead to their dysfunction. Under normal conditions free
radicals are formed during cell metabolism but are im-
mediately neutralized by intracellular antioxidants such
as catalase, superoxide dismutase (SOD) and glutathione
peroxidase or by extracellular antioxidants such as trans-
ferrin, albumin and lactoferrin in the plasma. Also die-
tary antioxidants such as vitamin E scavenge lipid solu-
ble free radicals while vitamin C scavenges water soluble
free radicals [3].

Oxidative stress is known to increase during normal
pregnancy. This increase evolves from increased metabo-

lism and increased basal oxygen and energy consumption.

The main organ that produces free radicals is the placenta,
which is highly vascular and is rich in mitochondria and
macrophages. These cell organelles produce large amount
of oxidants that can damage the placenta. However, in
order to prevent this damage antioxidant levels also in-
crease. An increase in radical scavengers such as SOD,
catalase, bilirubin, glutathione peroxidase and glutathi-
one reductase has been shown. Also, there is an increase
in uptake of vitamin C by an ATP-driven mechanism or
by diffusion if the concentration is high enough. Vitamin
E decreases during the course of pregnancy and can be
augmented by oral supplementation. Therefore, in nor-
mal pregnancy, the elevated levels of oxidants are coun-
ter balanced by elevated levels of antioxidants, so no
severe oxidative damage is done [3].

Oxidative Stress in Preeclampsia

Unlike normal pregnancy, in preeclampsia the antio-
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xidant levels are not sufficient to prevent the oxidative
damage cause by elevated levels of free radicals. More-
over, some antioxidant levels and activities are decreased,
such as vitamin E, glutathione peroxidase and SOD.
SOD is important for preventing peroxynitrite formation
from NO and superoxide. Because SOD levels are de-
creased, more peroxynitrite is formed. In addition to its
role as a strong oxidant, peroxynitrite formation results
in decreased levels of NO, which is important for vaso-
dilatation. Another source of oxidative stress is leukocyte
activation, resulting in increased activity of NADPH
oxidase and production of pro-inflammatory cytokines
such as TNF-¢, 1L-6 and VCAM-1. The combined effect
of all of these factors is an increase in lipid peroxidation,
endothelial cell dysfunction and vasospasm [3].

4. HAPTOGLOBIN

Haptoglobin (Hp) is a plasma protein, which is known
best as a hemoglobin binding protein. It is an acute phase
protein and thus its transcription is increased due to some
inflammatory stimuli, such as IL6, IL1 and TNF. Hp
gene is located on chromosome 16922 and has two major
classes of alleles in humans—1 and 2. As a result three
different genotypes can be formed: homozygous (1-1 or
2-2) and heterozygous (2-1). Hp allele 1 is common to
human and animals, but allele 2 is unique to humans, and
was created during evolution from an unequal crossing
over between two Hp 1 alleles. Allele 2 has a duplication
of exons 3 and 4 of allele 1. This duplication leads to
differences in the polymeric structure of the protein. Hp
1-1is a dimer, Hp 2-1 is a linear polymer and Hp 2-2 is a
cyclic polymer [4]. Using gel electrophoresis these pro-
teins can be identified due their unique patterns: Hp 1-1
shows one fast migrating band, Hp 2-2 shows series of
slow migrating bands, and Hp 2-1 shows a weak fast
migrating band and another series of slow migrating
bands [5] (Figure 1).

Hp synthesis occurs mainly in the liver. Recent studies
suggest that it is also produced by the endometrium and
decidua cells and during pregnancy the levels of Hp in-
crease [6].

Hp is synthesized as a single polypeptide chain, which
being cleaved into « and £ chains that are joined by di-
sulfide bonds. The Hp 1-1 and Hp 2-2 proteins have the
same size f chain (45 kD). However, due to the duplica-
tion event, they differ in o chain size, which is 9 kD for
Hpl and 16 kD for Hp 2 [4].

Due to positive selection during the evolution, allele 2
became more common in the northwestern European
population, which may be related to its superior function
as an antibacterial agent. The prevalence of the Hp 1-1,
2-2 and 2-1 genotypes in most western countries is 16%,
36% and 48% respectively. However, there is consider-
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Figure 1. Hp typing of hemoglobin enriched serum by gel ele-
ctrophoresis. Each Hp type has a characteristic banding pattern.
Lanes 1 and 9 are Hp 1-1, lanes 2, 4, and 8 are Hp 2-1, and 3, 5,
6 and 7 are Hp 2-2 [4].

able variability in the prevalence of the three Hp types in
other geographic areas. For example, in Southeast Asia,
about 90% of all individuals have Hp 2-2 genotype [5].

4.1. Hp Biological Functions

4.1.1. Antioxidant Role

The main function of Hp is to bind Hb and to form a Hp-
Hb complex. Free Hb is toxic to the cell membrane and
to plasma proteins due to its oxidative potential. By bind-
ing to Hb, Hp serves as an anti-oxidant, and prevents Hb
from interacting with other components to yield free
radicals [4]. As part of the Hp-Hb complex Hp stabilizes
the iron in the heme pocket of Hb and prevents its par-
ticipation in oxidative reactions. Previous research showed
that Hp 1-1 is more effective than Hp 2-2 in preventing
Hb-induced oxidation of plasma components [7].

Hb-Hp complexes are cleared in the liver by binding
to CD163, a receptor on Kupffer cells. In this manner,
iron loss in the urine and renal oxidative damage is pre-
vented [4]. It was found that Hp 2-2-Hb complexes are
cleared more slowly than Hp 1-1-Hb complexes, which
may allow the Hb which is complexed with Hp 2-2 more
opportunity to react with oxidizing agents [8]. One im-
portant molecule that can bind to the Hp/Hb complex is
nitric oxide (NO) which is important in maintaining
vascular tone, especially in the uterine arteries. In Hp 2-2
individuals the Hp/Hb complex binds and deoxygenates
NO, resulting in its decreased availability [4].

4.1.2. Angiogenesis

Hp is as an angiogenic factor and is important in the pro-
liferation and differentiation of endothelial cells. It was
found that Hp 2-2 has greater angiogenic potency than
Hp 1-1. Hp has other important roles, such as antiin-
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flammatory effects, regulator of leukotrienes and pro-
staglandins, and immunomodulation that will not be dis-
cussed here [4].

4.1.3. Hp in Diabetes Mellitus

Due to the role of Hp as an antioxidant, its function is
crucial under conditions of oxidative stress and hemoly-
sis. A common disease in which oxidative stress and in-
travascular hemolysis are increased is Diabetes Mellitus
(DM). High levels of glucose cause the Hb in Hb-Hp
complexes to be more redox active, and thus can undergo
oxidation reactions more easily [4].

In the Strong Heart Study, a three- to fivefold in-
creased risk of CVD was found in type 2 diabetic indi-
viduals with Hp 2-2 phenotype [9]. Similar results were
found in the EDC study which prospectively followed
individuals with type 1 diabetes, where a twofold in-
creased risk in CVD was seen in Hp 2-2 individuals [10].
Numerous additional investigations have extended this
finding to include approximately 8 - 10 thousand diabetic
subjects of varying ethnic backgrounds [10-13]. These
findings have now established that Hp 2-2 genotype is a
risk factor for cardiovascular disease in the setting of
diabetes.

Hp 2-2 phenotype has also been found to be associated
with a more rapid decline in renal function in diabetes
patients, and therefore can be a marker for predicting the
risk of developing end stage renal disease [14]. Other
vascular complications of diabetes such as retinopathy
and stroke have been studied and shown to be associated
with the Hp 2-2 genotype [15,16]. Gestational diabetes
(GDM) and Hp type has also been investigated. In a
study involving 250 Caucasian pregnant women it was
found that GDM was significantly increased in women
with Hp 2-2 and Hp 2-1 phenotypes [17]. In summary,
these studies show that the Hp 2 allele is associated with
increased multi-organ vascular complications in the sett-
ing of diabetes.

4.1.4. Hp and Hypertension

There have been conflicting reports regarding the role of
Hp polymorphism in hypertension. A Brazilian cross
sectional study investigated the relationship between car-
diovascular disease in diabetics and Hp phenotype. Al-
though no association between CVD and Hp genotype
was identified, there was an approximately four fold in-
crease in refractory hypertension (RH) in type 2 diabetics
with Hp type 2-1 [18]. In a previous study on hyperten-
sion, an association between Hp 2-2 phenotype and
higher occurrence of RH was found [19]. A second re-
cent Brazilian study showed that individuals of the Hp
1-1 phenotype had an approximately 3 fold increase in
essential hypertension [20]. These conflicting reports
may be due to the cross sectional nature of the studies
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and indicates that additional prospective studies need to
be carried out.

5. HAPTOGLOBIN AND PREECLAMPSIA

As mention above, a possible cause for preeclampsia is
oxidative stress. Therefore it was suspected that due to
the superior role of Hp 1-1 as an anti-oxidant, the dis-
tribution of Hp 1-1 phenotype in preeclampsia might be
lower than other phenotypes. This hypothesis has been
checked in a case controlled study which included 120
women with preeclampsia and 240 healthy women. It
was found that the prevalence of Hp 1-1 was signifi-
cantly decreased among women with preeclampsia. In
addition almost 50% of the women at first delivery with
Hp 2-2 phenotype or Hp 2-1 phenotype developed pree-
clampsia while only 25% with the Hp 1-1 phenotype
developed preeclampsia. Surprisingly, it was not found
that the Hp 2-2 phenotype was more prevalent in women
with severe preeclampsia. Furthermore, no statistically
significant difference was established by comparing heal-
thy women to women with early or severe pree-clampsia.
The lack of statistical significance might be due to the
insufficient sample size of the group. However, these
data suggest that Hp 1-1 has a protective role in prevent-
ing the development of preeclampsia, possibly due to its
role in preventing oxidative damage caused by free Hb
[21].

However, in a study done by Depypere and associates,
opposite results were found. In this prospective study 60
Caucasian women with preeclampsia were followed
from the time that preeclampsia was diagnosed until de-
livery. Two hundred healthy women were chosen as a
control group. The results from this study showed that
the Hp 1-1 phenotype was significantly more prevalent
(28%) among women with preeclampsia than in healthy
women (16%). Also, more severe clinical symptoms
were found in patients with Hp 1-1 phenotype. Higher
diastolic blood pressure (DBP) and systolic blood pre-
ssure (SBP), and higher levels of proteinuria were found
in Hp 1-1 women. Surprisingly, the lowest levels of pro-
teinuria were found within patients with Hp 2-2 phe-
notype [22].

An additional study which looked at the association of
Hp polymorphism and the development of severe pree-
clampsia (with or without HELLP syndrome) found no
statistically significant differences in the prevalence of
disease among the different Hp genotypes [23].

The contradictory results from these studies might be
explained by ethnic differences between the groups or
possibly due to different screening criteria that were ap-
plied to the patient population. For example, one study
excluded only women with chronic hypertensive disorder,
while the other excluded pre-existing hypertension, mor-
bid obesity, gestational diabetes or multifetal pregnancy.
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The cross sectional nature of these studies may also in-
troduce a bias in the patient population, making it diffi-
cult to compare between studies. In addition there is evi-
dence that Hp phenotype may affect different aspects of
pregnancy such as the development of gestational diabe-
tes (as mentioned above) or the general level of fertility
[24]. All of these confounding factors suggest that more
carefully controlled longitudinal prospective studies in-
volving adequate numbers of patients need to be per-
formed in order to determine if there is a significant as-
sociation between Hp phenotype and preeclampsia.

6. TREATMENT OF PREECLAMPSIA
WITH ANTIOXIDANTS

A number of studies have looked at the effects of antio-
xidant treatment (vitamin E and C) on the development
of preeclampsia. While some studies have shown promis-
ing results [25,26], a large meta-analysis of 15 studies
concluded that there is no evidence to support treatment
of preeclampsia with vitamins E and C [27]. This is
similar to the results of a meta-analysis of vitamin E
treatment of CVD over the years which did not show
overall benefit [28]. However, a recent prospective study
reported that vitamin E supplementation resulted in less
CVD among diabetic Hp 2-2 patients compared to pla-
cebo controls [13]. These results suggest that in order to
see benefit it may be necessary stratify patients accord-
ing to antioxidant status. Interestingly, one trial of pree-
clampsia looked at the benefit of vitamin E and C in
women who were diabetic (type 1). While the overall
results showed no significant benefit, there was a trend
toward decreased disease in women with lower initial
antioxidant status (lower serum vitamin E and C levels).
These women may correspond the diabetic Hp 2-2 sub-
group in the CVD study that suffer higher levels of oxi-
dative stress compared to other Hp genotypes and may
have reduced endogenous antioxidant capacity. It would
be interesting to look at the benefit of antioxidant treat-
ment in preeclamptic women stratified by Hp genotype.

7. CONCLUSION AND FUTURE
DIRECTIONS

Preeclampsia is a severe pregnancy related disease with
many complications and a high percent mortality. There-
fore characterizing genetic risk factors that can identify
women at higher risk will allow for greater supervision
and treatment in order to prevent the development of the
disease. Hp has been found to be associated with several
diseases that are related to oxidative stress such as CVD,
nephropathy, and retinopathy in the setting of diabetes.
Due to its role as an antioxidant, Hp may play a critical
role in the development of preeclampsia.

Several conflicting studies have been reported con-

OPEN ACCESS



H. Goldenstein et al. / Advances in Bioscience and Biotechnology 3 (2012) 1037-1042

cerning the relationship between Hp genotype and pre-
valence of preeclampsia. The contradictions between the
studies cited may be due to small sample size, different
ethnic origins, and the examination of prevalent as op-
posed to incident disease. Therefore, in order to test this
hypothesis it is necessary to study a large number of pa-
tients from different ethnic backgrounds and to look at
longitudinal development of the disease. In addition, an
animal model may be helpful in normalizing the genetic
background of the participants and increasing the sample
size. Transgenic mice carrying the Hp 2 allele already
exist and are being used to study oxidative disease [29].
Finally, the possible beneficial effect of vitamin treat-
ment on preeclampsia in women of defined Hp genotype
should be determined. These studies might lead to find-
ing a simple and inexpensive treatment for a disease that
offers limited therapy and is cured only by premature
delivery.
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