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Highlights:

e Urinary congophilia was elevated in preeclamptic pregnant women

e Urinary congophilia was not affected by gestational age of onset.

e Urinary congophilia may be used for predicting the risk of preeclampsia.
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CRDB : Congo Red Dot Blot

CRR : Congo Red Retention

PE : Preeclampsia

IUGR . Intrauterine growth restriction
IUD - Intrauterine death

HELLP : Hemolysis Elevated Liver Low Platelet Count



Abstract

Objectives: To evaluate the presence of urinary congophilia among Indian patients with
preeclampsia.

Study design: A prospective case control study in which congophilia of urine samples from
preeclamptic pregnant women (n = 62) and normotensive pregnant women (n = 65) was

compared by using Congo Red Dot Blot assay.

Main outcome measures: Presence of urinary congophilia.

Results: Mean percentage of Congo Red Retention was 37.9 + 4.1 in the normotensive pregnant
group and 77.9 £ 11.5 in the preeclamptic pregnant group (P < 0.001). The mean percentage of
Congo Red Retention in both early-onset (70.5 = 9.0) and late-onset (82.7 + 10.3) groups were
significantly higher than in normotensive controls (P < 0.001). The mean percentage of Congo
Red Retention in mild (61.2 + 3.2) and severe (82.4 + 8.4) types of preeclampsia were also as
significantly higher than in normotensive controls (P < 0.001). The mean percentage of Congo
Red Retention in preeclampsia superimposed by eclampsia (89.4 + 2.0) and preeclampsia
complicated by intrauterine growth restriction and intrauterine death (74.6 + 5.8) were

significantly higher than-in normotensive controls (P < 0.001).

Conclusions: The results of this study confirms the presence of urinary congophilia in Indian
pregnant women with preeclampsia. Furthermore, our study shows that urinary congophilia is not
affected by clinical variables like gestational age of onset, severity, superimposition by eclampsia
and complication by intrauterine growth restriction and intrauterine death. Urinary congophilia
can be used to differentially identify preeclamptic pregnant women from normotensive pregnant

women.
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Introduction:

Mature proteins are folded into a specific three dimensional confirmation.
Pathophysiological conditions in some diseases can disturb the ordered folding and lead to the
formation of structurally abnormal misfolded proteins. Protein misfolding may contribute to
disease pathogenesis by either reducing the biological activity of the protein or due. to toxicity of
the misfolded proteins [1,2]. Misfolded proteins are well known for their role in‘the formation of
amyloid plaques seen in neurodegenerative disorders like Alzheimer’s disease, Parkinson’s
disease, Huntington’s disease, Amyotrophic Lateral Sclerosis, Spongiform Encephalopathy and
Familial Amyloidotic Polyneuropathy [3]. An azo dye called Congo Red exhibits a special
affinity for misfolded proteins (a property referred to as congophilia) and is used as gold standard
to identify amyloid fibrils[4,5]. Recent studies have shown that misfolded proteins are abundantly
present in the urine of pregnant women who develop preeclampsia [6,7].

In addition to its importance in understanding the pathophysiology of preeclampsia,
misfolded proteins are indicated to hold diagnostic and prognostic value [6]. Pilot studies have
indicated that misfolded proteins appear in urine well before the onset of clinical symptoms [6].
This aspect along with the ease of determining the urinary misfolded proteins holds promise for
early diagnosis and risk prediction of preeclampsia particularly in resource limited settings like in
developing and underdeveloped nations. Urinary misfolded proteins can be detected by a simple
paper-based dot-blot technique using congo red staining; the method is referred to as Congo Red
Dot Blot (CRDB) [6]. Congo red is a synthetic diazo dye with specific affinity for B-sheets of
amyloid fibrils of misfolded proteins [8-10]. This special affinity of misfolded proteins to congo
red dye is known as congophilia. In addition to the simplicity of congophilia based dot blot
technique, the non-invasiveness of the technique is useful in adapting the CRBD assay for self-
collected urine samples.

In order to establish the clinical utility of CRDB assay, extensive data from diverse geo-
ethnic populations is necessary. At present, there are only two studies on the presence of
misfolded protein in the urine of preeclamptic women. Both of these studies were carried out in
western population mainly involving pregnant women of Caucasian descent [6,7]. There are no
studies from developing societies where this assay promises the highest benefit to maternal health

management. In this study, we have evaluated the presence of misfolded proteins in the urine of



preeclamptic women in a tertiary care hospital located in a rural and economically backward area

in India.

Materials and Methods

Study design: We conducted a case control study comprising of pregnant women with and
without preeclampsia. The study was approved by the Institutional Ethics Committee of Sri
Devaraj Urs Medical College, Kolar, Karnataka, India. Informed consent was obtained in writing
before recruiting the patients. Patients were recruited from the Department of Obstetrics and
Gynecology of R. L. Jalappa Hospital and Research Centre attached to Sri Devaraj Urs Medical
College between November 2016 — October 2017. A total of 127 pregnant women were recruited
of whom 62 were affected with preeclampsia while the<remaining 65 pregnant women were
normotensive and presented no complications till delivery. Midstream urine sample was collected

from all the study participants and congophilia was measured by CRDB assay.

Patient selection: Women were diagnosed with preeclampsia based on the following criteria: i)
new onset hypertension (two readings of systolic blood pressure > 140 mm Hg or diastolic blood
pressure > 90 mm Hg measured 4 hours apart while the patient is on bed rest ii) > 20 weeks of
gestation iii) new onset proteinuria ( >300 mg protein for 24 hours of urine 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 disease) nausea, severe
headache and convulsions [11]. Inclusion criteria were: (i) pregnant women with preeclampsia,
(i) superimposed eclampsia, (iii) singleton and multiple gestation and, (iv) primigravida and
multigravida condition. Exclusion criteria were: (i) pregnant women with chronic hypertension

and (ii) co-morbidities such as diabetes mellitus, epilepsy, respiratory diseases, and heart diseases.

Sample collection and storage: Midstream urine samples were collected in sterile urine
container (Himedia, Mumbai. India) and centrifuged at 2,500 rpm for 5 min. The supernatant was

stored at -80° C till analysis.



Congo Red Dot Blot assay: Total protein content of the urine sample was estimated by Bradford
method using Bovine Serum Albumin as the standard [12]. Protein concentration of all the urine
samples were normalized to 15 pg/ml by concentration or dilution depending on the starting level.
Concentration of the urine samples were carried out by using dialysis method [13]. CRDB assay
was performed according to the method of Buhimschi et al [6]. 5 ul of congo red in water (5
pg/ml) was added to 100 pl of normalized urine sample and vortexed for 1 h at room temperature.
5 pl of vortexed mix was spotted on a strip of nitrocellulose membrane (Himedia, Mumbai, India)
in duplicates. The spot was air dried for 15 min, and washed with Milli-Q water for 3 min. Image
of the membrane strip was captured using Gel Doc Molecular imager (Bio-Rad, Hercules, USA).
The membrane 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 again captured as before.
Colour intensity of the spot was measured using Image Lab software which was available in the
Gel Doc instrument. Congo Red Retention (CRR) was calculated using the formulae given below

and expressed in percentage.

Spot intensity after wash
CRR (%) = ( ) 0

Spot intensity before wash

Statistical analysis: Statistical analysis-was performed with the use of IBM SPSS Statistics for
Windows, Version 20.0. The quantitative data was presented using mean, standard deviation and
confidence interval and qualitative data by percentages. The data was checked for normality using
Shapiro-Wilk test. ANOVA was used to compare the difference in the means across the groups.
Post-hoc test was used for pairwise comparison. P value <0.05 was considered as statistically

significant.

Results:

The baseline characteristics and clinical outcome profile of the participants in the study
groups is depicted in Table No 1. The preeclamptic group includes clinical subgroups with
respect to severity, gestational age of onset and fetal complications in the form of intrauterine
growth restriction (IUGR) and intrauterine death (IUD). The CRR values were found to show
normal distribution. Post-hoc analysis indicated that there was > 90% power to detect at least 15

% difference in CRR value.



The mean CRR (%) of preeclamptic pregnant women was 77.9 + 11.5 which is 2.1 times
higher than that of mean CRR value of normotensive pregnant women which was 37.9 = 4.1. The
difference in the mean CRR of the two groups was found to be statistically significant (P <
0.001). We also analyzed the data after stratifying the preeclamptic patients into clinical
subgroups. The mean CRR (%) value of preeclamptic women with early-onset (70.5 £9.0) and
late-onset (82.7 = 10.3) was 1.9 and 2.2 times higher relative to that of the mean CRR of
normotensive pregnant women. The mean CRR of the two groups were significantly different
from that of the normotensive control groups (P < 0.001). The mean CRR (%) of mild subtype
(61.2 + 3.2) and severe subtype (82.4 + 8.4) of preeclampsia was 1.6 and 2.2 times higher than
that of normotensive pregnant women. The mean CRR of the mild and severe groups were
significantly different from that of the normotensive control groups (P < 0.001).

We also analyzed the data after stratifying w.r.t., the presence of co-morbidities. The mean
CRR (%) of preeclamptic pregnant women superimposed with eclampsia (89.4 + 2.0) was 2.4
times higher than that of normotensive pregnant women (P < 0.001). The mean CRR (%) of
preeclamptic subgroup with fetal complications i.e., IUGR and IUD (74.6 + 5.8) was 2.0 times

higher than that of normotensive pregnant women (P < 0.001).
Discussion:

This study confirms the presence of urinary congophilia in Indian women with
preeclampsia. Hitherto, the data on urinary congophilia was restricted to western populations.
Availability of urine samples from preeclamptic women of different clinical subgroups is main
strength of .this study. There were sufficient number of preeclamptic women (P > 0.05) with
early-onset (40.3 %) and late-onset (59.7 %) thus permitting us to evaluate the impact of
gestational age of onset on the level of urinary congophilia. There was adequate power (> 90%)

both at the level of the overall group and subgroups.

Our findings that, there is significant difference in the level of urinary congophilia
between early-onset and late-onset of preeclampsia provides useful insight into the source of
misfolded proteins. An expanding body evidences indicate that early-onset and late-onset
preeclampsia are distinct entities with respect to the underlying pathophysiology [14-22].

Placental factors are indicated to be predominantly associated with early-onset while maternal



factors are mostly associated with late-onset preeclampsia. Maternal factors include pro-
inflammatory cytokines and anti-angiogenic factors that induces the activation of maternal
endothelial cells through diverse pathways [23-25]. Recent studies have shown that the activation
of Unfolded Response Pathway in the placenta is different between early-onset and late-onset
preeclampsia [26]. Compared to the placenta from early-onset preeclampsia, the nature of
Unfolded Response Pathway was found to be similar in both late-onset and normotensive
placentae. Our findings with significant difference in urinary congophilia between early-onset and
late-onset preeclampsia indicates that placenta may not be the main source of misfolded proteins
in the urine. In the studies by Buhimschi and co-workers, major plasma proteins like serum
albumin, alpha-1 antitrypsin, ceruloplasmin, and 1gG-kappa chain® were identified in the
misfolded protein fraction of urine [6]. In addition, presence of misfolded protein has been
demonstrated in the plasma of preeclamptic women [27].  Thus urinary misfolded proteins in
preeclamptic women appear to be derived mostly from the plasma. Furthermore, a growing body
of evidences indicate that endothelial dysfunction, a cardinal pathological feature in preeclampsia,
is a consequence of chronic activation of Unfolded Response Pathway [28]. In this light, we are
compelled to assume that misfolded proteins in the urine of preeclamptic women reflects maternal
and not placental etiologic factor. Furthermore, the maternal factor that leads to urinary misfolded
proteins appears to be shared by both early-onset and late-onset preeclampsia and thus represents
a core pathophysiological event.

Studies by McCarthy et al found that urinary congophilia was present in women with
chronic kidney disease. This issue questions the clinical utility of urinary congophilia in the
management of preeclampsia. At present, there is a paucity of data on the prevalence of chronic
kidney disease among pregnant women in India. However, in the general Indian population, the
mean age for CKD is in the range of 35.6 — 45.2 years [29]. In contrast, the mean age at first birth
(given the predominance of preeclampsia in primigravida) in the Indian subcontinent is about
22.7 years [30]. It appears that the age spectrum for the risk of preeclampsia and CKD are
separated by at least 10 years in the Indian population. Thus, CKD may not be a major
confounding factor in the clinical utility of urinary congophilia. Furthermore, we argue that the
utility of urinary congophilia is mainly as a test for screening pregnant women for the risk of
preeclampsia rather than as a diagnostic test for women with symptoms indicative of

preeclampsia. Screening tests are offered to large group of patients while diagnostic tests are



offered to specific patients with reasonable clinical indications. The cost of the screening test is
under pressure since it has to cover large group of patients of whom only a small fraction
eventually derive its benefit. CRDB holds promise as a screening test as the cost of the assay
consumables and the amount of labour involved are negligible.

This study confirms that urinary congophilia level is elevated in preeclamptic women
compared to normotensive pregnant women in the Indian population. The level of congophilia
varies across the clinical subgroups of preeclampsia but the average level remains significantly
higher than the normotensive pregnant women. We are motivated to explore the utility of CRDB

assay in the prediction of preeclampsia well in advance of the onset of clinical symptoms.
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Table No. 1: Baseline parameters and clinical outcome of the study participants

Parameter Preeclamptic Normotensive
pregnant women pregnant women
(n=62) (n=65)
Age (years) 23.9+3.6 242+3.1
Gravida
e Primigravida e 33(53.2%) e 26 (40 %)
e Multigravida o 29 (46.8 %) o 39(60 %)
Severity
e Mild e 13(20.9 %) NA
e Severe e 49 (79.1 %)
Gestational age of onset
e Early onset (< 34 weeks) e 25(40.3 %) NA
e Late onset (> 34 weeks) o 37 (59.7 %)
Blood pressure (mm Hg) Mild PE Severe PE
e Systolic Blood Pressure 1446+£59 | 172.3+135 116.9+4.9
e Diastolic Blood Pressure 935+3.8 1135+4.4 755+5.4
Proteinuria
o 1+ e 37(59.6 %) NA
o 2+ e 15(24.1%)
o 3+ e 10(16.1%)
Co-morbidity
e Eclampsia e 23(37.0%)
e IUGR o 7(11.3 %) NA
e IUD o 3(4.8%)
e HELLP syndrome e 1(1.6%)

NA = Not Applicable
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Figure No. 1: Profile of mean Congo Red Retention (%) values in the study groups.
(* P <0.001; w.r.t. normotensive control group)

(PE: Preeclmapsia)



Highlights:

e Urinary congophilia was elevated in preeclamptic pregnant women

e Urinary congophilia was not affected by gestational age of onset.

e Urinary congophilia may be used for predicting the risk of preeclampsia.



