The Open Access

@HSPI

(¢)7])(0) G )CLINICAL JOURNAL OF
e "issn PIIMBEEN|OBSTETRICS AND GYNECOLOGY

Research Article

Comparative Analysis of HtrA3 and
NGAL as Viable Biomarkers for Pre-
eclampsia

Suraj Narayanan Chembukavu?, Sana Syed Samreen” and
Pankaj Yadav*

Fly Laboratory # 210, Anusandhan Kendra-ll, School of Chemical & Biotechnology, SASTRA
Deemed to be University, Thanjavur-613401, Tamil Nadu, India
#Authors contributed equally

Abstract

Pre-eclampsia is a pregnancy-associated condition, which is characterized by the onset of
hypertension and proteinuria. It is one of the leading causes of maternal and neonatal mortality
and this affliction has been recorded in around 8% of all pregnancies in the world. In addition to
this, the etiopathology of this condition is very less understood and the resources available to
diagnose and treat it are limited. Prior studies suggest more than a hundred possible diagnostic
biomarkers that could be used to detect this disease early on. However, most of them are not
feasible due to several reasons including stability, cost, safety, etc. Here two biomarkers HtrA3
(high-temperature requirement A3) and NGAL (Neutrophil Gelatinase Associated Lipocalin) are
selected for the detection of pre-eclampsia, and we compare their efficacy in the detection of
pre-eclampsia based on their specificity, ease of use, speed, stage of detection and source
(invasiveness). We found that these two biomarkers are efficient under some parameters, and
inefficient under others. The scoring system used in the current study suggests that NGAL is a
superior biomarker. The results of this study help to develop a stronger understanding of both
these biomarkers in the short and long term to classify the biomarkers more efficiently and
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understand the complicated pathologies of pre-eclampsia.

Introduction

Pre-eclampsia is a pregnancy complication that has been
classified as a hypertensive disorder of pregnancy. It has been
a major cause of maternal and fetal morbidity and mortality
in developing countries including Latin America, Africa,
and India. Pre-eclampsia is responsible for ~60,000 annual
maternal deaths worldwide and ~8.3% maternal mortality
ratein India [1]. This is a multisystem disorder that collectively
affects the renal, hepatic, neurological, and cardiopulmonary
systems [2]. Manifestation of its symptoms begins post 20
weeks of gestation which include hypertension, proteinuria,
HELLP Syndrome (Hemolysis, Elevated Liver enzymes, and
Low Platelets), water retention and swelling due to edema,
nausea, upper abdominal pain, and migraines [3]. There is a
lack of clear etiopathology of this disease and some studies
attribute it to the improper remodeling of the uteroplacental
arteries in the early stages of pregnancy [4]. This leads to
poor placental perfusion, impaired placental development,
and its function. Eventually, it causes a surge in the amount
of placental and angiogenic factors in maternal circulation-
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which triggers endothelial dysfunction [5]. Decreased
placental perfusion causes a major risk to the fetus stems
which in turn leads to the decreased blood supply, oxygen, and
nutrients that are required for fetal growth and development
[6]- This disorder has further been classified into mild or
severe based on the factors such as blood pressure (BP),
proteinuria levels, and platelet count. “Mild pre-eclampsia” is
categorized with BP 2140/90 mmHg, but less than 160/110
mmHg with proteinuria 2300 mg/24 h while “Severe pre-
eclampsia” is classified with BP 2160/110 mmHg with urinary
protein excretion of 22.0 g/24 h or any of these, oliguria or
<400 ml urine/24 h, visual disturbances, serum creatinine
>1.2 mg/d], platelets less than 100,000/mm?3, and hemolysis.
[7]- Here we aim to compare high-temperature requirement
A3 (HtrA3; henceforth) and Neutrophil Gelatinase Associated
Lipocalin (NGAL; henceforth) as prospective biomarkers for
pre-eclampsia. This was achieved by:

a. Setting up a specific set of parameters.

b. Establishing a scoring system to compare them with
said parameters.
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Existing treatment

Diagnosis and detection of pre-eclampsia in its early
stage has been a major challenge of modern obstetrics.
While its diagnosis, doctors take various risk factors into
account such as the family history of pre-eclampsia, chronic
hypertension, first pregnancy, race, maternal age, obesity and
multiple pregnancies (this condition is exacerbated in women
carrying twins or triplets [8]. In countries across America
and Europe, a low dose of Aspirin is prescribed for patients
that are exhibiting certain risk factors. A dosage of ~ 81 mg
of Aspirin beginning after 12 weeks of pregnancy is thus
prescribed for such patients. Methyldopa is a commonly used
adrenergic agonist drug that manages hypertension [5]. Alpha
methyldopa (FDA category B drug) has been prescribed in
case of mild pre-eclampsia and is safe for both mother and the
fetus while in case of severe pre-eclampsia, calcium channel
blocker with methyldopa is prescribed [5].

Biomarkers

Biomarkers are the quantifiable indicators of biological
processes either the products or side products of the
biological reactions. According to the WHO, a biomarker can
be defined as “any measurement reflecting an interaction
between a biological system and a potential hazard, which
may be a chemical, physical, or biological entity. The measured
response may be functional and physiological, biochemical
at the cellular level, or molecular interaction” [9]. The two
main factors required to assess the quality of a biomarker
are relevance and validity. Relevance refers to the clinically
relevant and accurate results that a biomarker can provide
whereas validity refers to the effectiveness or the utility
used for evaluation. An optimal biomarker must comprise
the disease-specific sensitivity and ubiquity for a diseased
population with accurate results across a wide range of
patients. Moreover, good biomarkers are capable of reducing
the time and cost of detection for a particular condition [10].

NGAL

NGAL, commonly known as Lipocalin-2 is a member of
the adipokines superfamily. These molecules are involved in
pathophysiological processes such as metabolic homeostasis,
apoptosis of hematopoietic cells, transport of fatty cells,
neuroendocrine functions, and blood pressure [11]. In recent
studies, NGAL has also been linked to the pathogenesis of
metabolic disorders due to its effects on inflammation [11].
Structurally, these proteins consist of a single disulfide bridged
polypeptide chain of 178 amino acids and it has emerged as
a novel biomarker for kidney injury and ischemic perfusion
injury [5].

NGAL is also expressed in immune cells and human
tissues, including the uterus, kidney, breast, and colon; and
it shows elevated levels in epithelia that have been damaged
due to inflammation [11]. Generally, NGAL binds to the
matrix metalloproteinase-9 (MMP-9) protein to protect itself
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from auto degradation [12]. Overexpression of NGAL leads
to overexpression in MMP-9 levels, which in turn leads to
increased angiogenesis and tumor cell proliferation. Hence,
serum and urine NGAL levels can be correlated to residual
renal function [13]. NGAL is an acute phase protein- a class of
proteins whose concentrations in blood plasma either increase
or decrease in response to inflammation [5]. NGAL levels
are usually low in biological fluids, yet they get upregulated
in inflammatory states. Studies show that NGAL levels are
particularly elevated at the end of the second trimester in
women who subsequently developed pre-eclampsia [5].
This protein has become increasingly relevant as a potential
clinical biomarker in recent years on account of the fact that
its levels in biological fluids are generally low, but show an
upregulation in cases of inflammation [5]. This strongly
indicates the use of NGAL as a clinical biomarker.

Detection of NGAL

The most commonly used method for detecting and
analyzing NGAL levels is the Enzyme-Linked Immunosorbent
Assay (ELISA) [5]. The completed methodology is described
elsewhere [5]; briefly, for the detection of NGAL levels,
samples of blood and first-morning mid-stream urine samples
of pregnant women were collected (Figure 1). These samples
are then immediately centrifuged at 15 min at 4 °C to remove
the debris. Supernatants are then separated and stored in 1.5
mL aliquots along with protease inhibitors in order to prevent
proteolysis at -80 °C. Thereafter, NGAL levels are detected by
ELISA and the results are measured at a particular wavelength
(450 nm +/- 10 nm) and the results are thus compared with
a standard curve. The inter and intra-assay coefficients are
subsequently noted to identify any inconsistencies or possible
errors in ELISA results.

HtrA3

Mammalian HtrA3 is a serine protease of the HtrA family,
which is important for placental development or cancer
progression and there are 4 recognized HtrA homologs, 3
of which have been extensively studied [14]. HtrA4 is the
most recently discovered and extensive studies are required
for its holistic understanding. HtrA3 has been associated
with trophoblast invasion which usually occurs within the
first trimester of pregnancy [15]. Taking this into account,
it suggests that this biomarker can be detected early on. As
there are no high throughput means of extracting HtrA3 from
the human serum, which is almost hard to detect. Hence, the
conventional method of using ELISA is not recommended [16].

Detection of HtrA3

Studies have shown that HtrA3 has two isoforms - the
long isoform (HtrA3-L) and the short isoform (HtrA3-S) [17].
These isoforms are nearly identical, except for the fact that
HtrA3-S lacks a C-terminal PDZ (postsynaptic density protein)
domain. Generally, Western blot analysis is used to analyze
HTRA3 levels. The completed methodology is described
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elsewhere [17] briefly a set of HTRA3 mouse monoclonal
antibodies (mAbs) are used to recognize and differentiate
the two isoforms [10]. A technique known as AlphaLISAs or
Amplified luminescent proximity homogeneous assays-linked
immunosorbent assays are used to detect the HTRA3 isoforms
in picomolar levels in serum. This technique is an iteration of
ELISA, it is a bead-based luminescent amplification assay that
offers greater sensitivity as well as a wider range of smaller-
sized sample detection as compared to traditional ELISA [18].

Selection of biomarkers

In this study, we aim to perform a novel comparative
analysis of two biomarkers that are associated with pre-
eclampsia and hypertensive gestational stress, which do not
comprise the picking of arbitrary biomarkers that may have a
passing relationship with this malady. However, the selection
is done by considering the following few factors:

1. Thetwo biomarkers must have a significant and specific
role in pre-eclampsia.

2. They musthave (to a great extent) comparable features,
i.e. one biomarker must not significantly be better than
the other.

3. There must not be a significant similarity between the
two biomarkers.

Considering these factors, we referred to the list of
potential biomarkers for pre-eclampsia. Acestor, et al. [19]
have determined 135 recognized potential biomarkers; among
these 77 biomarkers were determined to be unstable or
incompatible with gestational disorders, while the remaining
58 biomarkers were assessed for similarity (Figure 1) [19].

One of the crucial elements for comparison was the sources
of samples. Around 9 of the acceptable biomarkers were
urinary-based, while rest were the serum based. Since the
general constituents of the urinary and serum-based samples
are varying; it is essential to pick the biomarkers from the
same source. Serum-based samples have proven to be a more
reliable source, despite being more invasive in nature. The
ideal biomarker would be fast, and reliable, along with non-
invasive. Considering these factors, the biomarkers that have
been chosen are High Temperature Resistant Serine Protease
A3 (HtrA3), and Neutrophil Gelatinase Associated Lipocalin-2
(NGAL). It was observed that several of their parameters were
of comparable values (Figure 1).

Selection of parameters

It is important to note that the comparison of one specific
parameter could provide the perception of one biomarker
being superior to the other by default. Here we provide an
unconstrained view of all comparable parameters to develop a
comprehensive overview of both biomarkers. The four highly
prominent comparative parameters are as follows:
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135 blood and urine biomarkers
identified from databases such as
PubMed, Nexis, ICTR, etc

Some biomarkers and blomarker
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GRP78, glycosylated fibronectin, etc
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VEGF, adipisin, etc
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chosen for their greater sensitivity
and accuracy in detection PE
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| required for LoD
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Figure 1: Flowsheet depicting the process for the selection of biomarkers. Serum

biomarkers were selected based on account their high relative specificity and fast
action [18].
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Figure 2: Receiver Operating Curves (ROC). ROC for NGAL (A) and HtrA3 (B)
shows the Area Under the Curve (AUC) 0.95 for NGAL and 0.79 for HtrA3. The x-and

y-axis represents sensitivity and 1-specificity in arbitrary units (A.U.) respectively.
The line of no discrimination and ROC for biomarkers are shown in red and blue
lines respectively.
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1. Cost: It is important for the detection of biomarkers
to be economically viable. This revolves partly around the
process involved, and partly on the required reagents for the
same. One can determine the cost by economic analysis and
optimization.

2. Specificity and sensitivity: These are the arguably
most important factors when considering the choice of
biomarkers. There are some effective biomarkers in detecting
hypertensive disorders, like inositol phosphoglycan type P,
but are not specific to pre-eclampsia, hence providing
inconclusive results. At the same time, there are conventional
biomarkerslike soluble ST2 (Suppression of Tumorigenicity 2),
which are mildly sensitive to hypertensive disorders. The two
factors are put in adjacency as they both can be measured
using the Area Under Curve (AUC) for the Receiver Operating
Characteristic (ROC) curve.

3. Time of detection: During pregnancy, this refers to
the point at which the biomarker can be tested most efficiently.
This is a parameter specific to gestational disorders and is
important on account of the fact that early detection of pre-
eclampsia is preferred in order to offer its effective treatment.

4. Simplicity of process: While deciding onabiomarker,
one must keep in mind the simplicity of its detection. Some
biomarkers require complicated procedures and expensive
means, while others are much faster-paced, and can be done
in bulk if necessary. Therefore, we are considering this as an
important factor for the current study.

Scoring

In order to achieve a comprehensive evaluation of the
biomarkers, a clear definition of superior biomarkers within
the constraint of a parameter would be helpful. Here a binary
system has been developed by assigning a lower value - 0, and
an upper value -1. Upon comparison, the quantifiable data
were verified, and the better of the two data was assigned a
value of 1. This was done in order to provide a comprehensive
evaluation of both quantitative and qualitative parameters.
Upon comparison, the quantifiable data were verified, and
the preferable of the two data was assigned a value of 1. The
other data was given a relative value from 0 to 1. Moreover,
the qualitative data were also associated with the quantifiable
data, and the simplicity of the process was associated with
the time it took to carry out the detection procedure. The
simplicity score for NGAL was given a score of 1 because of
the fact that ELISA for Lipocalin-2 is ~15 minutes long, while
that of AlphaLISA for HtrA3 is 2 - 3 hours long. Comparatively,
the score of HtRA3 was computed to ~0.1.

Essentially, the score is given by:

o . Value of lesser effective biomarker
Score (Positive correlation) = x 1.0
Value of more effective biomarker
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. . Value of more effective biomarker
Score (Negative correlation) = x 1.0

Value of lesser effective biomarker

Similarly, values for all other parameters were calculated.

Methodology

To study the biomarkers, we first established a list of
potential biomarkers [19], which includes 135 biomarkers.
The current study further clarifies the stability of these
biomarkers. Amongtheremaining biomarkers, we selected two
serum-based biomarkers, NGAL and HtrA3 to test the various
parameters. A survey of these two biomarkers separately
provides us with enough data to decide and evaluate the values
for other parameters. The selected parameters were the cost,
specificity, sensitivity, time of detection, and simplicity, that
we obtained from the literature survey (Figure 1). Factors
like cost and time of detection are inversely correlated with
preference, while specificity, sensitivity, and simplicity were
given a positive correlation.

ROC

Receiver Operating Curve (ROC) is a graphical
representation of the diagnostic capability of a biomarker.
Specificity and sensitivity (for ROC) are the two parameters
through which, we can set different thresholds to interpret the
trade-offs between true positive rate (sensitivity) and false
positive rate (1-specificity). The false positive rate is plotted
along the abscissa while the true positive rate is plotted
along the ordinate [20]. A random classifier that depicts a
biomarker that can neither have true nor false positives is
plotted along the diagonal. Any curve that extends above the
diagonal can be considered a functional biomarker whereas
the curve that extends below it is an ineffective one [2,21].
The area Under the Curve (AUC; henceforth) is measured to
understand the efficiency of the biomarker; an AUC of 0.5
or below implies that the biomarker is unable to distinguish
between affected and unaffected patients by the disease.
Similarly, an AUC of 0.7- 0.8 and >0.9 is considered acceptable
and an excellent AUC score respectively. The ROC was used to
measure the sensitivity and specificity of threshold values for
both biomarkers. The threshold value was set based on the
available literature. Hence, no pre-processing steps on the data
set were required. The AUC was then subsequently calculated
as the simple area under the ROC curve, thus representing the
overall performance of the biomarker.

Establishment of priority

The cumulative score for a biomarker ponders the relative
importance of each parameter based on the situation. For
instance, large-scale testing for pre-eclampsia in rural areas
would give significant importance to the cost and simplicity
of the process. Factors of importance such as g, b, ¢, and d are
considered for cost, simplicity, specificity, time of detection
during gestation, and simplicity respectively. These factors
help to generate the formula for a cumulative score as follows:
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Cumulative score = a (Cost score) + b (AUC score) + ¢ (Time
of detection score) + d (Simplicity score).

For the current study, we assume an equal weightage to all
the parameters,i.e.a, b, c, d = 1.

Results

Based on the literature survey, the following data are
scored as discussed before:

Cost

This is the data as of 2021 for the required diagnostic set-
up of NGAL and HtrA3 (Table 1). The AlphaPlate-384 was
used for the HtrA3 detection set-up, while Monkey ELISA Kit-
LS-F38530 was used to detect NGAL. The total optimal cost
was determined based on the market price, and the minimum
required units for a diagnostic setup.

HtrA3 was recognized with alower cost of Rs. 7250 and was
given a score of 1 while the cost of Rs. 17886 was designated
for NGAL (Table 1). Relative scoring for negative correlation
is given by the inverse ratio (that is, the cost is inverse) and is
inversely proportional to the score awarded, as seen below:

Score (Cost of NGAL) = (7250/17886) x 1 = 0.41
Specificity and sensitivity

These two factors are calculated with the use of a Receiver
Operating Curve (ROC). Instead of using the individual values
of specificity and sensitivity, the area under the ROC is used as
the deciding criteria. The AUC for HtrA3 was found to be 0.79,
while that for NGAL was found to be 0.95 (Figure 2; Table 1).
Hence, a positive correlation is reported and NGAL is found to
be the superior biomarker (so marked its score as 1), while
the relative score for HtrA3 was found to be,

Score (AUC of HtrA3) = (0.79/0.95) x 1 = 0.83
Time of detection

Based on a literature survey, the optimal time for detection
for HtrA3 and NGAL during pregnancy is found to be around
15-17 and 19 - 20 weeks into gestation respectively. In pre-
eclampsia, earlier detection is preferred in order to begin the
initial treatment early on. Once again, because of the negative
correlation, HtrA3 is the preferred biomarker, giving it a score
of 1. The relative score was found to be 0.83 for NGAL based
on the above formula (Table 1).

Table 1: Score of each parameter, along with calculated relative score. The net
score for NGAL and HtrA3 was calculated to be 3.24 and 2.83 respectively.

Parameters Value for Equivalent Value for Equivalent
HtrA3 Score NGAL Score
Cost Rs.7250 1.00 Rs.17886 0.41
AUC 0.79 0.83 0.95 1.00
Time 15 - 17 weeks 1.00 19 - 20 weeks 0.83
Simplicity 2 -3 hours 0.10 ~15 minutes 1.00
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Simplicity

Here we compared various steps involved in the diagnosis
of NGAL and HtrA3. As discussed earlier, the procedure for
the detection of the two biomarkers was carefully studied,
and the average time of diagnostics was estimated. The time
of diagnostics for NGAL was found to be around 15 to 20
minutes. AlphaLISA is a significantly more time-consuming
process and estimated to be around 2 to 3 hours long. There
is once again a negative correlation between this parameter
and the score. The time (in minutes) was used in relation to
the score. HtrA3 detection is approximately 150 minutes long.
Since NGAL is faster, it is scored 1 while the relative score of
HtrA3 was found to be 0.1 (Table 1).

Summation (NGAL) = 1 (0.41) + 1 (1.00) + 1 (0.83) +1
(1.00) = 3.24.

Summation (HtrA3) =1 (1.00) + 1 (0.83) + 1 (1.00) + 1
(0.1)=2.93.

Conclusion

Our study and the designated scoring system suggest
that NGAL is a better biomarker than HtrA3 on account of
its higher score, which was calculated after considering
various parameters such as cost, specificity-sensitivity,
simplicity of the process, and the period of pregnancy during
which the condition was detected. Under the circumstances
described and the parameters chosen, this would indicate
that NGAL is going to be preferable in the early detection
of pre-eclampsia. Taking an optimum, equal view of all
parameters, the detection of NGAL would provide a better
early diagnosis of pre-eclampsia. However, it is crucial to note
that the parameters and their relevance could vary strongly
in different circumstances. For instance, lower economy
countries could place a significantly higher importance to
cost, which could make them provide a higher weightage to
the scoring of cost. Through extension, this process of scoring
could be performed with other biomarker detection in pre-
eclampsia, in other maladies, or even evaluating different
choices of drugs for study.

Specific to our study, we also considered the individual
parameters while selecting the biomarkers. For instance,
while performing large-scale testing for pre-eclampsia; one
would give more importance to the speed and cost of detection,
while less importance to the specificity/sensitivity. On the
other hand, HtrA3 being less specific and sensitive is much
more economical and is capable of delivering the results very
early during pregnancy. We report NGAL to be more effective
in terms of simplicity and the AUC score (generated from its
ROC- a curve that indicated greater specificity and sensitivity
of a biomarker).

Further work

The current study shows that there is a significant lack of
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funding for pre-eclampsia and hypertension studies. Millions
of dollars are spent each year on neonatal treatment, which
can be avoided while taking prior action. Further studies into
the various biomarkers that we could not include in this study
might significantly enhance our understanding of effective
diagnosis. Furthermore, continued studies into pre-eclampsia
pathology could help us understand the various biochemical
pathways involved and provide us with enough data to
completely and economically avoid this malady in the future.
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