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ABSTRACT

Objective: To evaluate the association of protein carbonylation with preeclampsia and its correla-

tion with urinary protein misfolding.

Method: Protein carbonyl and misfolded protein levels were measured in the midstream urine
sample (58 preeclamptic and 44 normotensive pregnancy) by ELISA and Congo Red Dot assay

respectively.
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Results: Significant difference was observed in the levels of protein carbonyls (P = 0.002) and
misfolded proteins (P = 0.001). Correlation between protein carbonyl and misfolded proteins

levels was significant but weak (r = 0.3; P = 0.018).

Conclusion: Urinary protein carbonyl level is elevated in preeclampsia but plays a minor role in

proteins misfolding.

Introduction

Preeclampsia is a common complication of pregnancy
that is characterized by de novo hypertension and pro-
teinuria. Preeclampsia is a major public health burden
that affects 5-8% of pregnancies globally (1). Also, it is
one of the leading cause of perinatal morbidity and
mortality. Impaired placental vascularization and
endothelial damage are the etiological hallmarks of
preeclampsia. Endothelial damage has been documen-
ted in the vessels of the glomerulus, umbilical cord, and
placenta (2). Also, markers of endothelial activation like
adhesion molecules, cytokines, and pro-coagulant and
anti-angiogenic factors (sFLT-1 and sENG) are elevated
in the plasma of preeclamptic women (2). Endothelial
dysfunction is assumed to be responsible for the pro-
teinuria in preeclampsia (2).

Oxidative stress plays an important role in endothelial
damage. Involvement of oxidative stress in preeclampsia is
indicated by the elevated levels of oxidative stress markers
in the placenta, maternal, and fetal plasma. Commonly
observed markers of oxidative stress are protein carbonyl
(due to protein oxidation), malonaldehyde (due to lipid
peroxidation), and 8-hydroxy-2'-deoxyguanosine (due to
DNA oxidative) (3-5). Furthermore, a reduction in the
total antioxidant status has been demonstrated in the
maternal plasma and placenta (6).

Urine is an important specimen in preeclampsia
since it is diagnostically altered in most patients due
to proteinuria. Recent studies have shown that the
urine of preeclamptic women contains misfolded pro-
teins (7-10). This observation extends the spectrum of
abnormalities in the urine of preeclamptic women.
Though the presence of misfolded proteins has been
confirmed by subsequent studies, the cause of misfold-
ing is still not clear. Protein oxidation may be linked to
the misfolding of urinary proteins in preeclamptic
women. Oxidative damage is an established factor in
protein misfolding (11). The aim of this study was to
evaluate the urinary levels of protein carbonyl in pre-
eclamptic pregnant women and its correlation with
urinary protein misfolding.

Materials and methods
Study design

We conducted a case-control study by including 44
normotensive and 58 preeclamptic pregnant women,
respectively.  Subjects were enrolled  between
November 2016 - October 2017 from the Department
of Obstetrics and Gynecology of R. L. Jalappa Hospital
and Research Centre attached to Sri Devaraj Urs
Medical College. The study was approved by the
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Institutional Ethics Committee of Sri Devaraj Urs
Medical College, Kolar, Karnataka, India. Written
informed consent was obtained prior to the recruitment
of the subjects. Midstream urine sample was collected
from the study participants and used to evaluate the
levels of protein carbonyl and misfolded proteins.

Patient selection

Preeclampsia was diagnosed in the pregnant women
on the basis of the following criteria: (i) de novo
hypertension (systolic blood pressure >140 mm Hg
or diastolic blood pressure 290 mm Hg measured 4
h apart twice while the patient is on bed rest, (ii) >20
weeks of gestation, (iii) new onset proteinuria
(2300 mg protein in 24-h urine sample or +1 on
dipstick), (iv) in the absence of proteinuria, other
symptoms like Hemolysis Elevated Liver Low
Platelet counts syndrome, edema, thrombocytopenia,
impaired liver function, new-onset cerebral or visual
disturbances and renal insufficiency (in the absence
of other renal diseases) nausea, severe headache, and
convulsions (12). Inclusion criteria for the cases were:
(i) pregnant women diagnosed with preeclampsia, (ii)
superimposed eclampsia, (iii) singleton and multiple
gestation, and (iv) primigravida and multigravida
condition. Exclusion criteria for the cases were: (i)
pregnant women with chronic hypertension and (ii)
co-morbidities such as diabetes mellitus, epilepsy,
respiratory diseases, and heart diseases. Pregnant
women were defined as “normotensive” if they did
not develop any complications till the time of
delivery.

Sample collection and storage

Midstream urine sample was collected in a sterile urine
container (Himedia, Mumbai, India) and centrifuged at
2,500 rpm for 5 min at room temperature. The super-
natant was preserved at — 80°C till further analysis.

Estimation of protein concentration

Total protein content of the midstream urine sample
was determined by the Bradford method using standard
Bovine Serum Albumin (13). Urine samples were nor-
malized to the required protein concentration by dilu-
tion or concentration by dialysis method (14).

Estimation of urinary protein carbonyl

Protein concentration of the urine samples was normal-
ized to 10 pg/ml. Protein carbonyl levels of the

normalized sample were determined by the ELISA
method using a commercial kit (Cell BioLabs, San
Diego, CA).

Estimation of urinary misfolded proteins

Protein concentration of the urine samples was normalized
to 15 pg/ml. Misfolded protein levels were determined by
Congo Red Dot assay (8). One hundred pl of the normal-
ized urine sample was mixed with 5 pl of Congo Red (5 pg/
ml in water) and vortexed for 1 h at room temperature.
Five ul of the mix was spotted in duplicates on a strip of
supported nitrocellulose membrane (Himedia, Mumbai,
India), air dried for 15 min, and then washed with Milli-
Q water for 3 min. Image of the nitrocellulose membrane
strip was recorded using Gel Doc Molecular imager (Bio-
Rad, Hercules, USA). Nitrocellulose membrane strip was
then sequentially washed with 50% methanol for 3 min,
70% methanol for 1 min and 90% methanol for 10 min.
The image of the washed spot was recorded as before. The
color intensity of the spot was measured by using Image
Lab software (Bio-Rad, Hercules, USA). Percentage of
Congo Red Retention (CRR) was determined using the
formula given below.

CRR (%) < Spot intensity after wash > 100

Spot intensity before wash

Statistical analysis

Statistical analysis was carried out using SPSS
Statistics V22.0 (International Business Machine
Corporation, Armonk, New York). Quantitative vari-
ables were represented as mean, standard deviation
and confidence interval. Qualitative variables were
represented as percentages. Shapiro-Wilk test was
performed with Q-Q plots and normality plots.
Mean was determined if the data showed normal
distribution; otherwise, the median was calculated.
Means of the two groups was compared using stu-
dent t-test while medians of the two groups were
compared using the Mann-Whitney U test.
Pearson’s correlation coefficient was used to assess
the correlation between the variables. P value <0.05
was considered to be statistically significant.

Results

The clinical parameters of the study participants are sum-
marized in Table 1. A total of 102 pregnant women were
included in the study. Of these, 58 women were preeclamp-
tic and 44 women were normotensive pregnant. The



Table 1. Clinical parameters of the study groups.

Preeclamptic
pregnant women

Normotensive
pregnant women

Parameter (n = 58) (n = 44)
Age (years) 239 + 35 246 + 3.3
Gravida ® 32 (55.2%) e 19 (43.2%)
® Primigravida ® 26 (44.8%) o 25 (56.8%)
o Multigravida
Severity e 13 (22.4%) NA
o Mild ® 45 (77.6%)
® Severe
Gestational age of onset o 25 (43.1%) NA
o Early onset (< 34 weeks) ® 33 (56.9%)
e Late onset (> 34 weeks)
Blood pressure (mm Hg) ® 166 + 17.1 ® 117.0 + 46
o Systolic Blood Pressure e 1089 + 9.4 ® 759+ 49
e Diastolic Blood Pressure
Dipstick proteinuria ® 36 (62.1%) NA
e 1+ e 14 (24.1%)
® 2+ e 08 (13.8%)
® 3+
Co-morbidities e 19 (32.8%) NA
e Eclampsia o 7(12.1%)
e IUGR ® 3(5.2%)
o Stillbirth o 1(1.7%)

® HELLP syndrome
NA = Not Applicable

protein concentration of the urine samples was normalized
to ensure that the differences observed in the study para-
meters reflected baseline modifications and were not due to
proteinuria.

Firstly, we determined the urinary levels of protein
carbonyl both in preeclamptic and normotensive pregnant
women (Figure 1). The protein carbonyl levels did not
show normal distribution. Therefore, we calculated the
median and interquartile range (IQR) for both the patient
groups. The median protein carbonyl levels in the urine
were 1.1 nmol/mg (IQR = 0.4-2.1 nmol/mg) in the pre-
eclamptic women and 0.58 nmol/mg (IQR = 0.19-1.08
nmol/mg) in the normotensive women. The urinary pro-
tein carbonyl levels in the preeclamptic pregnant women
were 1.96 times higher than in the normotensive pregnant
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Figure 1. Comparison of urinary protein carbonyl levels in pre-
eclamptic and normotensive pregnant women.
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women. The difference in the urinary protein carbonyl
levels between the two groups was statistically significant
(P=0.002; Mann-Whitney U test; 2-tailed).

Secondly, we determined the urinary levels of misfolded
protein by measuring the percentage of Congo Red
Retention (Figure 2). Misfolded protein levels in both pre-
eclamptic and normotensive pregnant women followed the
normal distribution. Therefore, we calculated the mean and
standard deviation for each patient group. The mean
Congo Red Retention of the urine was 77.2 + 11.5% in the
preeclamptic women and 38.0 + 4.3% in the normotensive
women. The mean Congo Red Retention of urine from
preeclamptic pregnant women was 2.03 times higher than
that of normotensive pregnant women. The difference in
the means of Congo Red Retention between the two groups
was statistically significant (P=0.001; student t-test).

Thirdly, we carried out Pearson’s correlation test to
determine the correlation between protein carbonyl levels
and Congo Red Retention of the urine from preeclamptic
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Figure 2. Comparison of urinary misfolded protein levels in
preeclamptic and normotensive pregnant women.
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Figure 3. Correlation between urinary protein carbonyl levels
and Congo red retention in preeclamptic pregnant women.
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pregnant women (Figure 3). The correlation between the
two parameters was statistically significant (P = 0.018) but
weak (r = 0.3). We also analyzed early-onset and late-onset
subgroups for correlation separately. Positive correlation
was observed with early-onset but not with late-onset.
However, the results were not significant (early-onset:
r = 0.22; P = 0.27; late-onset: r = —0.02; P = 0.92). This
appears to be due to fractioning of the sample size and the
consequent loss of normal distribution in the data
(early-onset: skewness = 0.08 isfolding 2-63 carbonyls late-
onset: skewness = —1.15 1isfolding 071 carbonyl)-

Discussion

In this study, we have evaluated the association of
urinary protein carbonyl levels with preeclampsia.
To the best of our knowledge, this is the first
study to determine the urinary levels of protein
carbonyl with preeclampsia. Furthermore, we have
examined the association of protein carbonyl with
urinary protein misfolding. The main findings of
this study are: (i) urinary protein carbonyl levels
are elevated in preeclampsia and (ii) elevation in
protein carbonyl levels showed a significant but
weak correlation with protein misfolding. These
results show that urinary proteins in preeclampsia
are subjected to oxidative damage and this may be
one of the causes of misfolding.

Elevated levels of protein carbonyl have been demon-
strated in the plasma of the preeclamptic women. It is
seen that the protein carbonyl levels in the maternal
plasma are higher in pregnant women than in non-
pregnant women (3). Furthermore, the protein carbonyl
levels are significantly higher in preeclamptic women
than in normotensive women. The association of plasma
carbonyl levels with preeclampsia has been confirmed by
several studies (6,15-17). The elevation in protein carbo-
nyl levels was in the range of 1.6-2.7 fold.

Elevated levels of protein carbonyl have also been
documented in the cord blood of preeclamptic pregnan-
cies (16,18-20). The relative increase in the protein carbo-
nyl levels between preeclamptic and normotensive
pregnant women was 1.6-2.0 times. Association of ele-
vated protein carbonyl levels with preeclampsia has also
been verified in the placenta (21). Our results extend the
spectrum of protein oxidation in preeclampsia to urine.
This observation is significant in view of the diagnostic
value of urine in preeclampsia.

Recent studies have shown that preeclampsia is an amy-
loidosis, that is, a disorder of protein conformation.
Misfolded proteins have been demonstrated in the mater-
nal plasma, maternal urine, and placenta (7-10). In addi-
tion, unfolded protein response that counters accumulation

of misfolded proteins has been shown to be elevated in
preeclamptic placenta (22). Misfolded proteins are known
to bind with high affinity to dyes like Congo Red, Thioflavin
T, and Curcumin. The affinity for Congo Red has been
exploited to develop a non-invasive test for preeclampsia
using urine sample (8). The association of preeclampsia
with urinary misfolded proteins is now well established.
However, the cause of protein misfolding in preeclamptic
women is not known. The major causes of protein misfold-
ing are disruption of protein stability and excessive protein
synthesis (23,24). Oxidative damage has been shown to
result in protein misfolding (11). Our observation of
a weak correlation between protein carbonyl and Congo
Red Retention indicates that protein oxidation plays
a minor role in the misfolding of urinary proteins in pre-
eclampsia. Plasma proteins like albumin, alpha-1-antitryp-
sin, IgG x-free light chain, ceruloplasmin, and interferon
inducible protein 6-16 have been observed in the misfolded
protein fraction of urine from preeclamptic women (8).
Hence, the congophilia in the present study may reflect
plasma proteins misfolded as a result of the elevated sys-
temic oxidative stress during preeclampsia. Also, urinary
congophilia has been demonstrated even in chronic kidney
disease (9). Therefore, kidney lesions, which are common
to both preeclampsia and chronic kidney disease, may have
also contributed to congophilia. If placenta was the source
of congophilia, then the correlation between protein carbo-
nyl and congophilia would have been stronger with early-
onset than with late-onset preeclampsia. Because, placental
endoplasmic reticulum stress is comparatively higher in
early-onset preeclampsia (22). Our results appear to indi-
cate this possibility, but the correlation lacks statistical sig-
nificance possibly due to insufficient samples at the level of
subgroups.

To conclude, this study adds protein oxidation to the
spectrum of abnormalities in the urine of preeclamptic
women. Protein oxidation along with proteinuria and
misfolding may serve as a comprehensive panel to screen
and diagnose preeclampsia.
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