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Preeclampsia (PE) is a human pregnancy disorder that begins with high blood pressure. This
disorder occurs after 20 weeks of pregnancy and is defined by the high pressure of blood and
proteinuria symptoms. Also, PE is recognized as a multifactorial disease that causes damage
to some systemic organs including the lungs, brain, kidneys and liver. In some cases, high
blood pressure might happen without proteinuria but includes complications including acute
renal failure, thrombocytopenia, and fetal growth limitations. Hyperuricemia is known as a
serum urate concentration of more than 6.8 mg/dL. Uric acid, which is mainly synthesized in
the liver, is released into the bloodstream, only a small percentage of which binds to proteins.
Thus, most circulating urate is readily available for filtration in the glomerulus and for
participation in a number of complex renal mechanisms. Uric acid amounts in non-pregnant
women usually range from 0.3 up to 6.0 mg/dL. Surprisingly, the levels of uric acid in
pregnant women up to the twentieth week of pregnancy are 20 to 25 percent lower than in
non-pregnant women. This reduction in levels of uric acid in the first trimester is due to
hemodilution because of increased blood levels due to elevated filtration rate of glomeruli
and decreased proximal tubular reabsorption. Uric acid is an identified biomarker for
oxidative stress, kidney damage, and placental ischemia. Specifically, these are also the
properties of PE. However, uric acid is sometimes referred to as a biomarker of PE. Elevated
levels of serum uric acid in PE vs. usual pregnancies have been shown and recommend levels
of serum uric acid as a risk indicator for progression of PE. According to the above
discussion, the objective of this study was to review the role of hyperuricemia in the
pathophysiology of PE. As a conclusion, PE is specified by hyperuricemia and signs of
elevated creation of ROS and reduced antioxidants levels. There are GCKR, PDZK1, LRP2,
ABCG2, SLC2A9, SLC17A1, LRRC16, SLC22A12, SLC17A3, SLC22A11, and SF1 genes
involved in the uric acid transport that may contribute in the hyperuricemia during PE and
Alterations in the function of these genes might increase the risk of this disease.
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Introduction
A deep understanding of all cellular, molecular, and biomedical aspects of acute and chronic diseases is

needed to find effective ways based on novel technology to treat these diseases (1-5). Preeclampsia (PE) is a
unique disorder in human pregnancies that begins with hypertension. This disorder happens after 20 weeks of
pregnancy and is specified by high pressure of blood and proteinuria. Factors that predispose pregnant women
to preeclampsia include a previous preeclampsia history, a chronic hypertension history, kidney disease,
cardiovascular disease, gestational hypertension, gestational diabetes, age over 35, and overweight (6).

Preeclampsia is a multifactorial disorder that causes damage to certain organs including the kidneys, lungs,
liver, brain, and. In some cases, high blood pressure may occur without proteinuria but includes complications
including thrombocytopenia (decreased platelet count), acute renal failure, and fetal growth limitations, as well
as long-term complications of cardiovascular disease and diabetes for both mother and baby. PE cause is
ambiguous (7, 8). The only currently known treatment is delivery and placental abruption at the same time as
the fetus, with accurate monitoring of patient for up to 72 hours after delivery. Moreover, preeclampsia could
result in further complications for baby and mother. The mother might later create conditions including stroke,
cardiovascular disease, and chronic hypertension, and the baby may suffer from limited growth effects, and
later in life coronary heart disease, metabolic disorders including stroke and diabetes. High blood pressure
disorders during pregnancy are the leading cause of death for mothers and infants worldwide and affect 2 to
10% of all pregnancies. These disorders are classified into various category and of these categories,
preeclampsia is the most prevalent disease with an incidence of 40 to 60% in developing countries. Preeclampsia
occurs in about 10% of pregnancies worldwide (9-11).

The pathogenicity of PE is associated with factors that the mother was involved with before pregnancy,
including kidney disease, diabetes type 2, autoimmune diseases, chronic hypertension, and thrombophilic
syndromes. Some other factors that elevate the PE risk include immune factors, maternal age, metabolic
syndrome, insulin resistance, and nutrient deficiencies (calcium, antioxidants, and vitamins). The PE
pathogenesis is affected by genetic and environmental factors. Studies show that preeclampsia is a two-stage
disease. The first stage is associated with the formation of the defective placenta and failure to remodeling of the
spiral artery, which leads to reduced blood flow, and as a result, the growing fetus's need for oxygen and
nutrients is not met. Decreased oxygen supply results in placental ischemia and hypoxia, leading to the onset of
the second stage. Placental ischemia is a condition that leads to threatens life for the fetus because it can lead to
intrauterine growth restriction and death. Some conditions such as oxidative stress also releases inflammatory
cytokines including IL-6, IL-18, and TNF-a (12-14).

The association between levels of uric acid and preeclampsia has been described by several scientists. Uric
acid is increased in preeclampsia and might involve in the disease pathogenesis. Preeclampsia is associated
with placental hypoperfusion, which leads to ischemia in placenta and the placental factors release into the
maternal circulation. These factors cause a systemic inflammation and vascular endothelial impairment. Also,
the placental ischemia causes uric acid production. Symptoms of hyperuricemia before hypertension and
proteinuria may indicate involvement of uric acid in pathogenesis of PE. In addition, it has been reported that
kidney damage from the disease may lead to elevated levels of serum uric acid, which involves in the PE
pathogenesis (11, 15). The aim of this study was to review the role of hyperuricemia in the pathophysiology of

preeclampsia.

Relationship between preeclampsia and hyperuricemia

Uric acid in the liver is produced from purine-derived nutritional resources including fatty meats, seafood,
fruit fructose, excess sugars, and consumption of alcohol due to genetic inhibition of the hepatic uricase enzyme
and is oxidized to allantoin soluble in water. The kidneys have a dominant role in the excretion of uric acid and
excrete about 70% of the daily urate production. This compound is present as a weak acid at physiological pH

and most of it is decomposed in the blood and is filtered freely through the glomerulus, ie it enters the proximal
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tube in its anionic form and is excreted. In humans, uric acid is usually completely reabsorbed, eventually
leading to the excretion of about 10% of the filtered capacity. In humans, the lack of uricase enzyme and the
existence of an actual reabsorption of urate in kidney result in higher levels of blood urate (11, 16). The
biological synthesis of urate is caused by the xanthine oxidase (XO) activation. In preeclampsia, cytokines and
oxidative stress induced by ischemia in placenta further stimulate the activity of this enzyme. This enzyme
changes xanthine to urate by oxidants production, including superoxide anion. Plasma urate concentrations in
humans (approximately 300 mM) are much higher than in other mammals. Therefore, impaired renal urate
transport is thought to cause hyperuricemia, and decreased urate clearance is thought to lead to hyperuricemia,
leading to gout, hypertension, cardiovascular disease, and subsequent preeclampsia (17, 18).

Hyperuricemia can be defined in many ways. In the physicochemical definition, hyperuricemia is described
as a serum urate concentration more than 6.8 mg/dL. Uric acid, which is mainly synthesized in the liver, is
released into the bloodstream, with only a small percentage (less than 4%) binding to proteins. Thus, most
circulating urate is readily available for filtration in the glomerulus and for participation in a number of
complex renal mechanisms. Additional studies have also confirmed that overproduction and decreased renal
excretion of uric acid, alone or in combination, is the cause of hyperuricemia. Uric acid levels in non-pregnant
women usually range from 0.3 to 6.0 mg/dL. Levels of uric acid in women are lower than in men due to the
uricosuric function of estrogen. In pregnancy condition, both the developing fetus and the placenta involve in
metabolism of purine. Amazingly, uric acid concentrations in pregnant women up to the twentieth week of
pregnancy are 20 to 25 percent lower than in non-pregnant women. This reduction in the level of uric acid in the
first trimester is due to hemodilution caused by an elevation in blood levels due to increased glomerular
filtration and decreased proximal tubular reabsorption (11, 19).

In the second trimester, levels of uric acid fall as a result of elevated estrogen-related uricosuric activity.
Nonetheless, in the third trimester, the levels of uric acid gradually increase and then return to normal due to
increased fetal growth and decreased uric acid excretion. Impaired regulation of uric acid metabolism has been
recognized as one of the clinical symptoms of PE and has been extensively studied since 1917. Studies have
indicated a significant elevation in levels of uric acid in women with preeclampsia vs. usual pregnancies. There
are several reasons for the increase in levels of uric acid in preeclampsia. As shown, vasoconstrictors including
angiotensin II reduce renal blood flow, reduce urate secretion, and slow glomerular filtration rate, which in turn
reduces excretion of uric acid. Second, PE is detected by poor trophoblast invasion, leading to exacerbation of
hypoxia, and oxidative stress. Hypoxia induces the production of lactate, which inhibits the secretion of uric
acid. As a result, increased uric acid retention increases sympathetic activity. Therefore, it reduces the function
of the angiotensin system and increases the blood pressure in PE (11, 20).

In a hyperuricemia condition, nitric oxide is reduced in endothelial cells, leading to weak trophoblast
invasion. Nitric oxide is a potent vasodilator that helps relax endothelial cells and migrate trophoblast cells into
spiral arteries. The influence of urate on production of nitric oxide not only endangers placental arteries but also
could impact arteries of mother. Decreased production of nitric oxide may also impact the endothelial cells
function in the mother's arteries and cause vasoconstriction due to nitric oxide deficiency. This mechanism also
indicates the role of hyperuricemia in the pathogenesis of PE. In preeclampsia, oxidative stress results in the
metabolism of fetal DNA from urate by the xanthine oxidase. Xanthine oxidoreductase has two isoforms,
xanthine dehydrogenase (XDH) and xanthine oxidase (XO) (Figure 1). XO isoform is toxic because it is
responsible for the reactive oxygen species (ROS) formation. Whereas XDH is considered as the active form. PE
intensification is predicted to be correlated with production of uric acid through XO. Whereas healthy pregnant
women produce uric acid through XDH. Therefore, increasing uric acid levels are used as a factor in predicting
PE (11, 21).

Uric acid also increases repair of endothelial cell by affecting the motility of endothelial precursor cells,
which regenerate the endothelial lining of blood vessels. However, this just happens at normal uric acid

concentrations. But hyperuricemia in PE might lead to a reduction in progenitor cells of endothelium due to
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increased cell damage. The use of hyperuricemia as a diagnostic factor for PE is different in some studies. These
studies suggest that PE occurs before hyperuricemia and may not be correlated with the disease pathogenesis.
These studies suggest that kidney damage happens in preeclampsia and might result in elevated uric acid
concentration. Because kidney damage is specified by endotheliosis of glomeruli, which slows down glomerular
filtration and reduces renal blood flow, thereby reducing the excretion of uric acid. As a result, uric acid levels
can be associated with glomerular endotheliosis. Uncertainty about whether hyperuricemia is a disease factor or
a sign of preeclampsia has been examined. Using a lot of data, they concluded that an elevation in uric acid of
serum at the beginning of the twentieth week of pregnancy may be considered as a maternal response and not a
disorder-promoting factor. In one study, it was found that serum urate could not be a suitable predictor of early

detection of preeclampsia (22, 23).
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Figure 1. Two isoforms of XOR enzyme. The XO isoform results in ROS production and hypertension while the
XDH isoform is the active form of XOR enzyme (24).

Uric acid as a preeclampsia biomarker

Uric acid is an identified biomarker for the ischemia of placenta, oxidative stress and kidney impairment (25,
26). Particularly, these are also properties of preeclampsia, which stimulate xanthine oxidase, which in turn
triggers the production of uric acid. As a result, it leads to hyperuricemia (27). Uric acid is sometimes used as a
biomarker, indicates an elevation in the levels of serum uric acid in preeclampsia vs. usual pregnancies, and
suggests the levels of serum uric acid as a risk indicator for PE progression (11).

In addition, in a similar experiment, levels of serum uric acid were recorded in women with PE and women
with usual pressure of blood (6.2+1.4 mg/dl in PE and 4.3+0.8 mg/dl in healthy pregnant women). The results of
this experiment also suggest the application of uric acid as a PE predictor. Nevertheless, the uric acid
application as a predictor of PE progression appears to have conflicting outcomes. Some studies have not
shown significant differences in levels of serum uric acid in preeclampsia vs. usual pregnancies. In fact,
although a substantial increase in levels of serum uric acid was reported in severe preeclampsia vs. usual
pregnancies, no truly difference was observed between patients with mild preeclampsia compared to normal.
Also, they reported that pre-eclamptic women with levels of uric acid above 6.0 mg/dL were at a higher risk for
preterm delivery than pre-eclamptic women with uric acid levels below 6.0 mg/dL. Levels of uric acid above 5.5
mg/dL are diagnosed in women with preeclampsia and syndrome of HELLP and postpartum hemorrhage.
Levels of uric acid above 7.8 mg/dL are powerfully associated with maternal mortality (11, 28).

Hyperuricemia is considered as a diagnostic and predictive factor of fetal condition in PE. Uric acid with a
low molecular weight could pass from the placenta to the fetus, and has been shown to inhibit the growth of
nephrons in the fetus. Studies have shown that women with hyperuricemia have babies before the 35th week of
pregnancy with unfavorable fetal conditions. Approximately 56% of hyperuricemic women with had

intrauterine death, intrauterine growth restriction, or both. It has also been reported that hyperuricemia has a
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negative effect on fetal weight at birth. 72% of babies born to mothers with hyperuricemia are underweight at
birth. Only 20% of these babies are at a healthy weight, whereas 62% of babies with usual levels of uric acid are
normal at birth (11). In short, hyperuricemia occurs in early PE. As levels of uric acid increase at 10 weeks of
gestation, glomerular endotheliosis may reduce uric acid secretion. It is noteworthy that the elevation in uric
acid causes abnormal invasion of trophoblasts in preeclampsia. Uric acid is not the main source of the disorder.
Nevertheless, hyperuricemia is associated with the severity of PE. In addition to being involved in the disease

progression, hyperuricemia is also a valuable predictor of maternal and fetal status (29).

Protein factors involved in hyperuricemia

The interaction between genetic variations and environmental factors could clarify the progression of
hyperuricemia and its involvement in gout and PE. One of the largest genomic studies in more than 110,000
Europeans and other races has identified 28 genetic loci associated with urate. These sites contain genes
encoding uric acid transporter proteins in the kidneys and gastrointestinal tract that affect the reabsorption or
excretion of uric acid. Some of these genes are SLC2A9, SLC22A6, SLC22A8, SLC22A11, SLC22A12, SLC16A9,
SLC17A1, GCKR, LRR16A, ABCG2, and PDZK1. For example, the ATP binding cassette transporter, encoded
by the ABCG2 gene, is a major transmitter of urate excretion and is positioned in the apical membrane in the
proximal tube of the kidney. This gene encodes a transporter for urate in cells of the proximal tubule of the
kidney and gastrointestinal tract and encodes a transporter of ATP, thus the existence of variations might have
clinical consequences, increasing or decreasing the risk of hyperuricemia and gout. The ABCG2 gene has a high
affinity and capacity for excretion of uric acid and is expressed in various tissues such as the intestines, kidneys,
and liver. So, the polymorphism of this gene can result in reduced urate excretion and insufficient response to
urate-lowering drugs, such as allopurinol (30-32).

Another sample is the SLC2A9, which encodes the GLUT9 vector with a high affinity for urate and is said to
be strongly involved in the regulation of urate in the human body. This gene is chiefly expressed in the liver
and kidneys, but can also be expressed in articular cartilage of human, and it has been reported that about 3.5%
of changes in levels of serum uric acid are related to a variety of changes in this gene. The transfer of uric acid
by GLUT? is electrogenic and associated to the potential of membrane. GLUTY, along with ABCG2, OAT4,
URATI, and OAT10, is believed to be the most important carriers of uric acid. GLUT9 is an exception to the
glucose transporter family, meaning that although it was originally used to transport fructose and glucose, its
chief substrate is uric acid. Monosaccharides and other small carbon compounds are transported through cell
membranes by glucose transporter proteins encoded by the SLC2 gene family. Membrane transporter GLUT9
(SLC2A9) differs from other members of the GLUT glucose transporter family (SLC2) due to its different
substrate and sequence. A structural feature common to all members of the glucose transporters (SLC2 family)
is the existence of 12 membrane helixes with cytoplasmic N- and C-terminal and an N-linked glycosylation
region. GLUT9b and GLUT9a are two variants of the SLC2A9 gene that differ only in the 29 primary amino acid
residues at the N-terminal. Excess glucose or fructose does not prevent uric acid transfer. In the proximal tube
of the kidney, GLUT9 could transport urate through the basolateral membrane to the blood as part of the
reabsorption procedure (16, 33).

Though other urate transporters in the renal system involve in homeostasis of urate, GLUT9 is functionally
the most chief transporter of uric acid, so loss of function leads to renal hyperuricemia. Renal hyperuricemia is a
common inherited disease specified by damaged reabsorption of renal urate, followed by low levels of serum
urate, and is usually correlated with severe problems including acute renal failure. A mutation in the gene
encoding URATI, called SLC22A12, has been reported to cause renal hyperuricemia. However, in some renal
hyperuricemic patients, no mutation in URAT1 is observed. This indicates the presence of another key urate
transporter called GLUT9 in the human kidney. It has shown important genetic associations between the most
important single nucleotide polymorphisms (SNPs) in the GLUT9 gene and urate concentrations. In addition,

the presence of certain polymorphisms in this gene may increase the risk of hyperuricemia and increase serum
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uric acid levels. For example, the rs734553 polymorphism (G> T) in this gene is correlated with an alteration in
the affinity of GLUT9 transporter for urate transport. This type of polymorphism powerfully influences uric
acid levels, especially in women. Another protein factor involved in uric acid transport is URAT1, which is
encoded by the SLC22A12 gene and is existed on the apical side of the kidney. This carrier is responsible for
most of the urea reabsorption from the kidneys and is the primary target of urate reduction treatments. Loss of
activity in URAT1 causes hyperuricemia, indicating that URAT1 has a main role in regulating renal urate
reabsorption. Cases with this disease show very low levels of serum urate, generally below 2.0 mg/dL (34-36).
GCKR is a gene that encodes a glucokinase-regulating protein. This protein factor is involved in the
development of metabolic syndrome as well as in the regulation of triglyceride and glucose metabolism. Several
studies have shown a correlation between the levels of uric acid and metabolic syndromes, including
hypertension and insulin resistance, via the inflammatory pathway and oxidative stress. The presence of some
polymorphisms in this gene is significantly correlated with increased levels of uric acid. Because this protein is
involved in modulating metabolic activity, genetic changes in its genes may lead to metabolic heart disorders,
including hyperuricemia and gout, as well as the symptoms of gestational diabetes and hypertension in

pregnant women (37, 38).

Investigation of genetic polymorphism of uric acid transporter proteins

Hyperuricemia is affected by genetic factors as well as heredity. Genome association studies have recognized
genes that control the serum concentration of urate. According to research, polymorphism of genes involved in
uric acid metabolic pathways such as SLC and ABCG?2 is associated with chronic kidney damage. In addition,
this type of genetic variation affects the regulation of the levels of serum uric acid in humans. In a study, the
association between 11 single-nucleotide polymorphisms of uric acid (LRP2, PDZK1, GCKR, ABCG2, SLC2A9,
LRRC16, SLC17A3, SLC17A1, SLC22A12, SLC22A11, and SF1) and urate levels in the serum of the Chinese
population was investigated. The schematic of these genes is summarized in Figure 2. According to the results
of this study, 3 SNPs including SLC2A9 (rs11722228), GCKR (rs780094), and SF1 (rs606458) were associated
with uric acid levels in men, while SLC2A9 (rs3775948) and SF1 (rs606458) are correlated with uric acid levels
regardless of sex. Polymorphism in SLC22A12 is correlated with uric acid level in women. However, more
studies are needed to clarify this effect. Researchers later identified a number of single nucleotide
polymorphisms that affect uric acid levels, including SLC2A9, ABCG2, SLC17A1, and SLC22A11. They have a

wonderful effect on the level of uric acid (39, 40).
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Figure 2. Genes involved in hyperuricemia. There are many genes involved in hyperuricemia including GCKR,

PDZK1, LRP2, ABCG2, SLC2A9, SLC17A1, LRRC16, SLC22A12, SLC17A3, SLC22A11, and SF1 (41).
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Also, in recent studies, a significant relationship in terms of rs1014290 polymorphism has been observed
between the control group and the early onset preeclampsia (EOPE) group. These studies indicate that this
variant is correlated with the EOPE pathogenesis. Early-onset of preeclampsia accounts for 20% of all PE
patients and is possibly the leading cause of fetal and maternal mortality. Early-onset of preeclampsia has been
reported to be more harmful to the fetus than the mother because it causes the weak placenta to form, leading to

intrauterine growth restriction and subsequent infant death (41).

Conclusion

Hyperuricemia is correlated with the preeclampsia severity and outcome of fetal. Usually the high
concentrations of uric acid in this disorder have been attributed only to the impaired kidney function.
Preeclampsia is similarly specified by elevated ROS and increased oxidative stress. Xanthine
dehydrogenase/oxidase is involved in the production of uric acid. This enzyme has two different isoforms in
vivo. Production of uric acid is coupled with the ROS formation when the mentioned enzyme is in the form of
oxidase. Some factors could elevate the activity of holoenzyme and the conversion of the enzyme to the form of
oxidase. Preeclampsia is specified by hyperuricemia and signs of elevated creation of ROS and reduced
antioxidants levels. There are some genes involved in the uric acid transport that may contribute in the

hyperuricemia during PE. Alterations in the function of these genes might increase the risk of this disease.
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