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ARTICLE INFO ABSTRACT

Keywords: Background: Corin is a serine protease known to convert B-type natriuretic peptide (BNP) prohormone into BNP
Corin and its amino-terminal fragment (NT-proBNP). In mice lacking corin, high blood pressure and proteinuria were
NT-proBNP found at late gestational stages, with associated delayed trophoblast invasion and impaired spiral artery re-
Preeclampsia

modeling in the uterus. We hypothesize that both NT-proBNP and soluble corin elevation predict the presence of
preeclampsia in pregnant patients with hypertension.

Methods: We prospectively enrolled 149 pregnant women with a history of chronic hypertension or gestational
hypertension presenting at a tertiary-care hospital. We compared plasma NT-proBNP and soluble corin con-
centrations based on their preeclamptic status.

Results: In our study cohort, 62 patients with preeclampsia had lower gestational age than 87 patients without
preeclampsia (33.3 + 3 versus 36.6 + 3 weeks; P < .001), otherwise the baseline characteristics were similar.
We observed higher NT-proBNP concentrations in patients with preeclampsia compared to those without pre-
eclampsia (304.3 [96.34, 570.4] vs. 60.8 [35.61, 136.8] ng/L, P < .001), with no differences between chronic
and gestational hypertension. However, the concentration of corin was not statistically different between the two
groups (1756 [1214, 2133] vs. 1571 [1171, 1961] ng/L, P = .1087). ROC curve analysis demonstrated stronger
predictive value of NT-proBNP compared to soluble corin in predicting the presence of preeclampsia in our study
population (AUC 0.7406 vs. 0.5789, P < .0001).

Conclusion: While corin may contribute to mechanistic underpinnings of the development of preeclampsia in
animal models, soluble corin likely has no diagnostic role in human pregnancies for preeclampsia beyond na-
triuretic peptide levels.

1. Introduction

Hypertensive disease is a common finding in nearly 12-22% of
pregnant females and is also responsible for 17.6% of maternal deaths
in the United States [1-3]. It can be further categorized as chronic
hypertension, gestational hypertension, preeclampsia, and pre-
eclampsia superimposed on chronic hypertension. Preeclampsia is a

multisystem disease unique to human pregnancy, and has been re-
sponsible for significant morbidity and mortality to both mother and
neonate [2,4-7]. There are various hypotheses suggesting the patho-
genesis of preeclampsia, but the exact mechanism remains unknown
[5,8]. Although multiple factors may contribute to preeclampsia, it is
evident that the placenta plays a definite role in its causation. This is
supported by the fact that as soon as the baby and placenta are
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delivered, there is a reversal of preeclamptic features [3,5].

At present, preeclampsia is diagnosed on the basis of the clinical
features, and studies have been done to find markers to help identify
preeclampsia in its initial phases [9]. Several studies have suggested
that circulating levels of natriuretic peptides increase during pre-
eclampsia as a result of stress on ventricles of the heart, from where
they are synthesized [10-14]. B-type natriuretic peptide is synthesized
as a ‘pre-prohormone,” and the removal of its amino terminal signal
sequences yields the prohormone pro-BNP. This has been reported to
have minimal biological activity, but it serves as an immediate sub-
strate for the production of the active hormones NT-proBNP and BNP
that is cleaved by corin [15]. Corin is a type II transmembrane serine
protease enzyme that is expressed mainly in the heart and in the
pregnant uterus [16]. Yan et al. first detected corin from rat uterine
decidual cells; in rat models, corin is the enzyme responsible for con-
verting precursor natriuretic peptides into their active forms and is
therefore responsible for controlling blood pressure and volume over-
load during pregnancy [16]. Corin-deficient mice late in gestational age
developed high blood pressure and proteinuria but returned to normal
following delivery [17]. Herein, we hypothesize that both elevated
circulating NT-proBNP and soluble corin concentrations predict the
presence of preeclampsia in pregnant patients presenting with hy-
pertension.

2. Methods

Approval of this study was obtained from the Cleveland Clinic
Institutional Review Board (IRB) at the Clinic-affiliated Fairview
General Hospital, a level III regional Perinatal Centre. We monitored all
pregnant patients who presented to the hospital between 8/21/2007 to
1/15/2013. From those, we selected patients who were =18 years of
age, provided informed consent for the study, and either had diagnosis
of chronic hypertension or later developed gestational hypertension or
preeclampsia. Chronic Hypertension was defined as a rise in BP (sys-
tolic =140 or diastolic =90 mmHg) on or before 20 weeks of gestation,
while  Gestational Hypertension was defined as systolic
BP = 140 mmHg and/or diastolic BP = 90 mmHg developing after the
20th week of pregnancy.

Patients were identified and blood was drawn at the time of en-
rollment for the study. Participants were provided with a questionnaire
by the research staff, and 24 cc of blood was drawn for analysis of corin
and NT-proBNP analysis. A urine sample was obtained and tested for
microalbuminuria/proteinuria. Patients were divided into two groups
based on the presence or absence of preeclampsia. Preeclampsia was
defined as systolic BP =140 mmHg and/or diastolic BP = 90 mmHg
developing after the 20th week of pregnancy with proteinuria =300 g/
24 h. NT-proBNP and corin concentrations were compared between the
two groups.

Amino-terminal pro-B-type natriuretic peptide (NT-proBNP) was
determined by the Roche Elecsys proBNP assay (Roche Diagnostics,
Indianapolis, Indiana). The NT-proBNP assay has a reportable range of
5-35,000 pg/mL, with an analytical sensitivity of <5 pg/mL and a ro-
bust analytical specificity (< 1% interference), according to CLSI EP7-A
standards. Interassay coefficients of variation (CVs) were 8%-15%;
intra-assay CVs were 6%- 8%. The corin assay was done with the
Quantikine Human Corin Immunoassay from R&D Systems
(Minneapolis, MN). The assay is a solid phase ELISA designed to mea-
sure human corin in cell culture supernatants, tissue homogenates,
serum, and plasma. It contains NSO-expressed recombinant human
corin and has been shown to accurately quantitate the recombinant
factor. Results obtained using natural human corin showed linear
curves that were parallel to the standard curves obtained using the
Quantikine kit standards. These results indicate that this kit can be used
to determine relative mass values for naturally occurring corin.

NT-proBNP and corin concentrations are reported as median [IQR],
with normality assessed by the Sharpiro-Wilk test. Comparison of NT-
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proBNP and corin values among groups was performed using the Mann-
Whitney U test. Subject characteristics were compared across diagnostic
groups using Independent t-test and Chi-square tests, as appropriate.
Statistical analyses among subject characteristics were performed using
SPSS v20.0 (IBM, Armonk, NY). Furthermore, the Pearson's correlation
coefficient (p) was used as a nonparametric measure of association
between log-transformed NT-proBNP and corin concentrations. The
distribution of NT-proBNP concentrations was right-skewed, but loga-
rithmic transformation resulted in an approximately normal distribu-
tion. Statistical analyses, including receiver operating characteristic
(ROQ) analysis and area under curve (AUC) calculations, were per-
formed using JMP Pro v9.0 (SAS Institute, Cary, NC). Graphs were
generated with GraphPad Prism v7.04 (La Jolla, CA). All the authors
had full access to all of the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis. A two-
sided P-value of < 0.05 was considered to be statistically significant.

3. Results

A total of 149 patients were prospectively enrolled for the study. In
our study cohort, 62 (42%) patients were diagnosed with preeclampsia.
In the preeclampsia group, 15 (24%) patients had chronic hypertension
while 47 (76%) patients had gestational hypertension. In the non-pre-
eclamptic group, 72 (83%) patients had chronic hypertension while 15
(17%) patients had gestational hypertension.

Baseline characteristics were analyzed between the two groups.
Patients with preeclampsia had lower gestational age than patients
without preeclampsia (33.3 = 3 versus 36.6 = 3weeks, P < .001),
otherwise they had similar baseline characteristics. No statistical dif-
ferences were found between the two groups with respect to blood
pressure, age, parity, hemoglobin concentration, height and weight.
Also, there was no difference in the history of preeclampsia from pre-
vious pregnancies, smoking status, parity, multiple pregnancies, and
family history of hypertension between the two groups (Table 1).

Fig. 1 presents the distribution of NT-proBNP and soluble corin
among our study population. We observed higher NT-proBNP con-
centrations in patients with preeclampsia compared to those without
preeclampsia (304.3 [96.34, 570.4] vs. 60.8 [35.61, 136.8] ng/L,
P < .0001, Fig. 1A). Subgroup analysis in patients without pre-
eclampsia showed no significant difference in the NT-proBNP con-
centration between patients with chronic hypertension and gestational
hypertension (59.21 [50.01, 90.97] vs. 68.01 [35.33, 155.8] ng/L,
P = .5904). Similarly, there was no significant difference in NT-proBNP
concentration between patients with chronic hypertension and gesta-
tional hypertension in the preeclamptic cohort (308.6 [61.3, 598] vs.

Table 1
Baseline characteristics.
No-Preeclampsia Preeclampsia P value
(n =87) (n = 62)
Maternal age (years) 32.35 + 5.67 31.09 + 6.03 0.094
Gestational age (weeks) 36.59 + 2.64 33.25 + 3.40 < 0.001
Maternal height (m) 1.64 = 0.07 1.65 = 0.08 0.307
Maternal weight (kg) 81.66 + 23.69 87.43 + 27.55 0.167
Hemoglobin 11.74 = 1.21 11.79 = 1.16 0.724
concentration (g/dL)
Systolic BP (mm Hg) 139.37 + 16.81 144.11 + 25.82 0.363
Diastolic BP (mm Hg) 80.78 + 13.22 79.58 + 17.24 0.637
Gravidity > 1 51(58.6%) 30(48.4%) 0.493
Multiple pregnancy 5(5.7%) 7(11.5%) 0.234
Patients on 36(41.4%) 26(41.9%) 1.000
antihypertensive
History of preeclampsia 14(16.1%) 9(14.5%) 0.823
Family history of 70(80.5%) 51(82.3%) 0.834
hypertension
Current smoker 4(4.6%) 3(4.8%) 1.000
History of smoking 44(50.6%) 29(46.8%) 0.740
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Fig. 1. Comparison of NT-proBNP and corin levels
between patients with versus without preeclampsia.
(A) Logarithmic-adjusted values of NT-proBNP con-
centrations are larger in preeclampsia vs. non-pre-
eclampsia subjects. (B) Logarithmic-adjusted values
of corin concentrations do not differ between pre-
eclampsia and non-preeclampsia subjects.
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295.6 [99.02, 561.8] ng/L, P = .8619). Interestingly, there were no
significant differences in blood pressure between those with and
without preeclampsia (systolic BP: 139 + 17 vs. 144 * 26 mmHg,
P = .36; diastolic BP: 81 + 13 vs. 80 + 17 mmHg, P = .64), despite
differences in NT-proBNP concentration. Furthermore, analysis be-
tween chronic hypertension patients versus gestational hypertension
patients revealed no differences in blood pressure (systolic BP:
146 + 22 vs. 140 + 21 mmHg, P = .29; diastolic BP: 76 + 15 vs.
81 + 15mmHg, P = .89). Finally, gestational age was found to nega-
tively correlate to NT-proBNP concentration among the entire study
cohort (p = —0.5487, P = .0082).

In contrast, plasma corin concentrations were not significantly dif-
ferent between the non-preeclampsia and preeclampsia groups (1756
[1214, 2133] vs. 1571 [1171, 1961] ng/L, P = .1087, Fig. 1B). Con-
trary to NT-proBNP, gestational age did not correlate to soluble corin
concentrations (P = .3165). We did not observe a correlation between
corin and NT-proBNP log-transformed concentrations (p = —0.0548,
P = .5142, Fig. 2). Also, receiver operating characteristic (ROC) curve
analysis was performed for NT-proBNP and corin against preelamptic
status (Fig. 3). NT-proBNP demonstrated a significant association in
predicting the presence of preeclampsia (AUC 0.7406, 95% CI
0.6543-0.827, P < .0001, Fig. 3A). However, corin did not displayed
any predictive value for the presence of preeclampsia (AUC 0.5789,
95% CI 0.4817-0.676, P = .1081, Fig. 3B).

4. Discussion

We observed that in a large series of pregnant patients presenting
with hypertension, systemic levels of NT-proBNP were significantly
elevated in the patients with preeclampsia when compared to those
patients without preeclampsia. However, soluble corin concentrations
did not differ between those with and without preeclampsia.

The preeclamptic condition is considered to be associated with in-
sufficient trophoblastic invasion and impaired spiral artery remodeling
[18-20]. This in turn causes placental insufficiency and the subsequent
stress leads to the clinical features of preeclampsia. Experimental stu-
dies were done to find out the association between preeclamptic con-
dition and corin in murine models. In those experiments, using
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Fig. 2. Scatter plot between NT-proBNP and corin concentrations.
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knockout mice models, it was found that corin deficiency is associated
with the rise of blood pressure and proteinuria in the later part of ge-
station - features that mimic preeclampsia in humans [22,25]. How-
ever, this finding in murine models needs to be considered carefully in
humans, as the utero-placental structure of mouse and human are quite
different with respect to the basic developmental process. For example,
trophoblastic invasion and remodeling of uterine spiral arteries are
found to be less extensive in rat models than in humans [21,22].

It is now known that corin is secreted from various tissues, mainly
cardiac tissues and the pregnant uterus [16,23,24]. According to a
study by Zhou et al., it could be hypothesized that the preeclamptic
condition can be attributed to corin deficiency. Previous studies have
demonstrated that higher circulating levels of soluble corin are ob-
served in patients with pregnancy-induced hypertension as compared to
non-pregnant patients [25-27]. This paradoxical increase can be ex-
plained by the fact that corin is secreted not from the placenta, but from
the heart in response to the high blood pressure in pregnancy induced
hypertension - causing extensive enzyme shedding from the cell surface
(it is a serine type II transmembrane protease) [27-30]. Furthermore,
this can also explain the presence of the similar blood concentrations of
soluble corin in our study groups (1756 [1214, 2133] vs. 1571 [1171,
1961] ng/L, P = .1087), irrespective of preeclamptic status. This ob-
servation may point towards the possibility that corin is secreted from
the heart in response to high blood pressure, consistent with findings
from Zaki et al. also showing that increased circulating corin is asso-
ciated with higher blood pressure in pregnancy-induced hypertensive
patients [31]. However, Gu et al. have demonstrated higher plasma
concentrations of corin in both severe and mild preeclampsia patients,
as compared to both pregnant normotensive controls and a chronic
hypertensive group [32]. While the scope of our study serves specifi-
cally to compare NT-proBNP to corin as a preeclamptic marker, the
elevation of corin among other studies highlights the complex multi-
tude of mechanisms involved in preeclampsia.

Our results are consistent with other studies, which indicate that
NT-proBNP concentration is higher in patients with preeclampsia, but
those studies compared preeclamptic patients with normal pregnant
population and not with non-preeclamptic hypertensive patients
[10-12,14]. Tihtonen et al. showed increased NT-proBNP in pre-
eclamptic patients as compared to pregnant patients with chronic hy-
pertension and normal pregnancy, albeit with a smaller sample size
compared to our study cohort (19 vs. 62 preeclamptic patients) [13]. It
is important to highlight the fact that during preeclampsia, there is a
marked increase in peripheral resistance, which results in an increase in
afterload. This increase in afterload results in increased ventricular
stress, which in turn is responsible for increased secretion of NT-proBNP
as a compensatory mechanism. Natriuretic peptides, like NT-proBNP,
which are secreted in response to high blood pressure, work to bring
blood pressure back to normal through natriuresis, diuresis, and vaso-
dilation. This seems to indicate that blood pressure drives the produc-
tion of NT-proBNP, with similar conclusions being drawn from other
studies [10,13,33]. In contrast, our study reveals the etiological sig-
nificance of preeclampsia rather than hypertensive status as the cause
of increased NT-proBNP. Moreover, it is conceivable that plasma
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Fig. 3. Predictive value of plasma NT-proBNP and plasma corin for preeclampsia status. (A) Receiver Operating Characteristic (ROC) analysis of NT-proBNP reveals a
significant relationship to preeclampsia status. (B) ROC analysis of corin shows no significant sensitivity nor sensitivity to preeclampsia status. *P = .0001.

volume expansion and venous congestion can be key drivers of NT-
proBNP increase [34,35]. However, hemodynamic stress in pre-
eclamptic human patients is multifactorial. While examining pre-
elampsia through the window of NT-proBNP provides useful insight, it
is only one prism with which to understanding this phenomenon. The
entirety of the disease spectrum consists of multiple dynamic equilibria,
along with many compensatory mechanisms with which the body
battles physiological changes.

5. Conclusions

In patients with pregnancy-associated hypertension, increased cir-
culating NT-proBNP is associated with underlying preeclampsia.
Despite the potential mechanistic contributions of corin in the devel-
opment of preeclampsia in animal models, systemic levels of corin do
not reflect preeclamptic status.
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