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Abstract: Pulmonary hypertension (PH) is a heterogeneousrdésdikely to be comprised of
overlapping syndromes with varying origins and pathblogies that presents with many phenotypes.
Pulmonary arterial hypertension (PAH) is progressiand results in the deterioration of
cardiopulmonary function and premature death. Thanmage at diagnosis of IPAH is 50 years with a
higher female to male ratio. Often, PAH is misdiaggd due to the lack of clinical knowledge of the
disease. Presently, clinical, echocardiographid, la@modynamic parameters are the most decisive
methods for evaluation, prognosis, and diagnosiBAifl. These patients routinely require supportive
evidence for the diagnosis of PAH. Therefore, addél methods such as non-invasive biomarkers
are necessary help to assess patient prognosigsatioutcomes, and overall quality of life for ijeatts
with  PAH. Over the years, researchers have uncdverew biomarkers important for our
understanding of the pathophysiology of PAH. Instheview, we discuss PAH diagnosis and
progression as well as common and potentially ndwelogical markers used in the prognosis,
diagnosis, and mortality prediction of PAH.
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Introduction : Pulmonary Arterial Hypertension for approximately 15% of these patiefifs

(PAH) is a rare syndrome with poor prognosis. The resting average pulmonary artery pressure
Right ventricular heart failure develops in is known to be higher than 25mmHg® in
patients at advanced periods of this disease, and®AH patients. The most recent updated World
mortality is frequently observed within a year Health Organization (WHO) classification of
PAH is demonstrated in table 1. PAH is often
confused and misdiagnosed with other diseases
due to the lack of clinical knowledge of this
devastating disease. In addition to routine
hematological, biochemical, and immunological
tests, patients require supporting evidence for
the diagnosis of PAH and are typically
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symptomatic approaches. Echocardiography, N-terminal pro-brain natriuretic peptide:
computed tomography, and scintigraphy can be Interestingly, results have shown that plasma
used to make preliminary diagnosis of PAH. levels of the N-terminal pro-brain natriuretic
However, right heart catheterization and 6- peptide (NT-proBNP) hormone may be a useful
minute walk test (6MWT) should be routinely prognostic indicator of heart failufé Recently,
done in order to confirm the diagnosis and several studies related to the inactive N-terminal
determine the severity of the disease. fragment of BNP underscores its importance as
In recent years, many researchers havea biomarker of PAH. Elevated NT-proBNP
demonstrated the presence of new biomarkerslevels, particularly in systemic sclerosis
that are significant in the pathophysiology of associated with secondary PAH and idiopathic
PAH. In this review, we discuss PAH diagnosis pulmonary arterial hypertension, have been
and progression as well as potentially novel and reported '**® Nevertheless, screening for
common biological markers used in the plasma levels of BNP seems to be more
mortality prediction of PAH (the list of advantageous because of stability and the
biomarkers and isolated cells are given in table precision of measurement compared to NT-
2). proBNP 1" Studies aimed at measuring the
Natriuretic Peptides: Secreted by cardiac levels of NT-proBNP in PAH should proceed
myocytes, brain natriuretic peptide (BNP), and with caution since diseases including renal
atrial natriuretic peptide (ANP) are 2 of the dysfunction and patients with left heart disease
basic hormones in the natriuretic peptide family. can interfere with the exact indication of its
While BNP is secreted from ventricular tissue in levels. Further studies are needed to determine if
response to cardiac pressure and volumeNT-proBNP is a bona fide biomarker for PAH.
overload, ANP is released from storage granulesTroponin T: Cardiac troponins are regulatory
in atrial tissue’. BNP is synthesized as a proteins of the thin actin filaments of cardiac
precursor molecule (pro-BNP) and is generated myocytes. One of the family members, cardiac
through enzymatic cleavadgeresulting in the  troponin T (cTnT), is a very sensitive and
active BNP and the inactive N-terminal portion specific biomarker used for the determination of
of the prohormone. myocardial damages, such as acute myocardial
Studies have shown that PAH patients with high ischemia and infarction. Torbicki et al evaluated
plasma BNP levels correlate with poor the prognostic significance of this marker in 56
outcomes and disease severity. These data argatients with severe PAH for their study. They
based on the statistical analysis of plasma BNPreported a significant increase in cTnT levels for
levels with WHO-class, New York Heart 8 of 56 patients. Similarly, cardiac
Association (NYHA) functional class, exercise hemodynamics confirmed that the 8 patients had
capacity, mean pulmonary arterial pressure significantly worse survival than the rest of the
(mPAP), mean right arterial pressure (mRAP), cohort. Using a multivariate analysis, it was
and pulmonary vascular resistance (PVR). In determined that mortality rates were
addition, negative correlations were shown with independently predicted together with cTnT
other clinical parameters, including cardiac levels, BMWT, and PVR®,

output (CO), O6MWT, peak oxygen It is known that high-sensitive troponin T
consumption, and the cardiac index (&1} (hsTnT) increases in response to high exercise
In a previous report, Leuchte and colleagues in patients with PAH. Volkers et al (2013)
demonstrated that BNP was increased multiple measured hsTnT levels in 21 patients with PAH
forms of PAH'* Consistent with this, BNP before exercise and showed that hsTnT
level that were greater than 150pg/ml were correlated with NT-proBNP. Interestingly,
shown to be associated with low survival measurement of hsTnT levels in PAH patients
Therefore, the measurement of BNP is one of after 300 minutes of exercise showed a
the most important biomarkers for prognosis of significant increase. The elevation in hsTnT
PAH disease and follow-up after treatment. levels increased on average from 7.5ng/L to
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14.62ng/L. Consistent with previous reports, suggesting a relationship between PAH and
NT-proBNP levels did not change over tirffe glucose intolerancé®?’. In addition, Hemnes
The investigation of other thrombins such as and colleagues noted an increase in glycated
troponin-1 have not been characterized in PAH hemoglobin in PAH patients further providing
disease, and the relationship remains unknown. evidence for HbAlc as potential indicator of
Endothelins: Endothelin-1 (ET-1) is a 21 amino disease 2%  Collectively, these reports
acid peptide known for its proliferative function demonstrate HbAlc as an indicator of PAH and
and vasoconstriction properties (Figure 1). The highlight the metabolic dysregulation noted in
source of ET-1 is derived from endothelial cells the disease.

and secreted into the pulmonary circulatf@n Nitric Oxide: Nitric Oxide (NO) is known as
ETAr and EE are the receptors for ET-1 and the physiological regulator of blood vessel tone
their levels vary between cell types. £Ts  2°3L NO functions to induce vascular smooth
predominantly found in vascular smooth muscle muscle relaxation in the lungs and has other
cells while, EE is more prominent in capabilities, including a regulator of
endothelial cells. Vasoconstriction, along with inflammation and proliferation *>*3  The
the activation of these receptors and biosynthesis of NO has been well characterized
downstream signaling effectors, facilitates the **. In particular, nitric oxide synthase (NOS)
increased cell proliferation noted in smooth enzymes release NO while converting L-
muscle cells. Depending on age or gender, Beta-arginine to L-citruline. It diffuses in to the
blockers, vasodilators, and angiotensin vascular smooth muscle cells and binds to
converting enzyme inhibitors, can be used to soluble guanylate cyclase (sGC) (Figure 2).
decrease the expression of the ET-1 receptorsCyclic guanosine monophosphate (cGMP) is
2122 A previously published clinical evaluation produced through the stimulation of sGC and
of ET-1 levels correlated strongly with 6MWD, muscle relaxation by the NO moleculds®®
PVR, and CI su%gesting the importance of this Bogdan et al reported increased levels of cGMP
marker in PAH?. ET-1 has become a select in the urine of patients with PAH compared to

biomarker for PAH disease severity? asthma patients and control grous Another
indicating the prognostic significance of ET-1 report demonstrated that cGMP levels are
levels. inversely proportional to the vein oxygen

Other members of the endothelin family have saturation and Cl clinical parametéfs

not been studied for their role in PAH. In fact, NO deficiency is a known hallmark of PAH.
ET-3 and its role in lung endothelium are Furthermore, NO and its reaction products is
largely unknown and remain to be determined lower in patients with PAH® compared to

24 Montani et al suggested that the ET-1/ET-3 controls, and is also known to reflect the degree
rate might have prognostic significance in PAH of PAH. A recent report was published on
disease, yet no information on this axis has beenbreath (exhaled) NG and 24-hour urinary NO
documented?®. Future work is need to develop metabolites (nitrate and nitrite) comparing the
the causal relationship between ET-1 and ET-3 levels in PAH patients and contrdfs Low NO

in PAH and their combined importance in values, within 3 months of Bosentan treatment,
clinical practice. were shown to return to levels that were
HbAlc: Glycated hemoglobin or hemoglobin comparable to the control groups. There are
Alc (HbAlc) is a minor form of hemoglobin potential caveats to this experiment.
that contains bound glucose and is used as aMeasurement of nitrate/nitrite levels from urine
measurement of blood glucose levels. HbAlc is is very difficult and impractical. Patients must
reflective of the average blood glucose levels adhere to a very strict low nitrate diet. Even
over a period of 6 to 8 weeks and is an indicator still, the levels are very low and difficult to
of high blood sugar and predisposition to insulin measure, and would benefit from a method to
resistance or diabetes. Past reports haveincrease the sensitivity of the assay. Conversely,
documented insulin resistance in PAH patients breath-NO measurement is a better alternative
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and works well to track the advancement of
PAH as well as response to therapy.

Pentraxin 3 (PTX3): The pentraxin family
includes the C-reactive protein (CRP), however;

and Hlth. Sci. 2016, 3(1), 55-65

VWEF activity and cardiovascular disease. High
VWF activity was associated with lower RV
mass, RV end-diastolic volume, and RV stroke
volume in 1,976 patients, suggesting a

CRP, contrary PTX3 macrophages, is expressedrelationship between vVWF activity and the RV

predominantly in the atherosclerotic lesions
with neutrophils, dendritic cells, and smooth
muscle cells®. Tamura et al (2012) showed that
PTX3 is a specific biomarker for PAH patients.
In this report, 50 patients with PAH were
evaluated for PTX3, BNP, and CRP
concentrations in plasma. As a result, the
plasma concentration of PTX3 was determined

structure and function’. For these reasons, it
can be stated that VWF measurements in
pulmonary hypertensive patients may be an
indicator of disease severity and help determine
the disease state after treatment and follow-up.
D-dimer: D-dimer is a specific reagent that
shows microvascular thrombosis and cross-
linked fibrin (Figure 3).In situ thrombosis is a

to be a better biomarker than the other markersknown phenotype of PAH disea3eShitrit et al

tested for PAH, especially in patients associated
with connective tissue disordef& Therefore,

reported higher levels of D-dimer in IPAH
patients compared to controt$®> The same

further studies are needed to address the role ofgroup reported that D-dimer levels correlated
PTX3 in PAH and validate it as a biomarker for with PAH patient strength, oxygen saturation,
PAH. and PAP>., This study was performed on a
Serotonin: Serotonin is a vasoactive agent small patient cohort and requires a larger patient
found in platelets and vascular endothelial cells population to determine the validity of D-dimer
“1 Increases in plasma serotonin levels are anin PAH as a disease indicator.

indicator of endothelial dysfunction or aberrant Uric acid: Uric acid levels have been shown to
platelet activation. Based on this, it is not correlate with congestive heart failure and
surprising that high plasma levels of serotonin chronic obstructive pulmonary disease (COPD)
have been identified in patients with PAR*> severity >>. Gotsman et al researched the
Interestingly, however, the degree of PAH relationship between congestive heart failure
disease was not reflected by the changes inand uric acid amount by evaluating patients
serotonin®. Becausepoprostenol therapy does entering the hospital and after death. They
not normalizethe increased serotonin levels, demonstrated elevated uric acid levels by
platelet activation does not to contribute to the regression analysis’. Eduardo et al observed
increasing amounts of serotonin. Therefore, the elevated serum uric acid levels in COPD
measurement of serotonin levels to monitor patients®. In addition, Nagaya et al reported
treatment of PAH patients is not recommended. increased serum uric acid levels in PAH patients
Von Willebrand factor: Plasma von compared to controls. This increase inversely
Willebrand factor (VWF) is a large glycoprotein correlated with the CI but was directly
that is synthesized by endothelial cells. vWF proportional to pulmonary strength as well as
plays a crucial role in the activation of platelets the mortality of these patienfS. Later, other
and in binding to vascular damaged aréas researchers found a connection between serum
High level of VWF is a biological marker for uric acid levels and mRAP*® These studies
endothelial cell damage, a known phenomenonindicate that the wuric acid measurement
in PAH. Increased VWF antigen levels have correlates with hemodynamic parameters and is

been observed in patients with PAM*®. Even
basal levels of VWF antigen correlate with the
risk of death. Leary et al (2012) found that
VWF activity was associated with PAH right
ventricle (RV) function. However, the
relationship between the structure and function
of the RV is unknown in individuals without
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a valid marker to test in PAH.

Asymmetric dimethylarginine: Asymmetric
dimethylarginine (ADMA) is a competitive
inhibitor of the endogenous NO synthase.
ADMA is generated in the kidneys from the
catabolism of proteins, which contain arginine
methyl residues, and any renal impairment will
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result in accumulation of ADMA level2®. In

respiratory disease, and the right he@fest.

pulmonary vascular disease, it is a marker of 2004, 126: 1330-6.

endothelial dysfunctiof®®: Plasma levels were
shown to be higher in patients with

8. Vuolteenaho O, Ala-Kopsala M,
Ruskoaho H, BNP as a biomarker in heart

hypercholesterolemia disorders and associateddisease Advances in clinical chemistry. 2005,

endothelium-dependent vasodilatatitfhn Some
studies demonstrated high plasma ADMA

40: 1-36.
9. Nagaya N, Ando M, Oya H, Ohkita Y,

concentrations in PAH patients when compared Kyotani S, Sakamaki F, Nakanishi N, Plasma

to a control group®®. In the same study, high
ADMA levels were found to correlate with ven

brain natriuretic peptide as a noninvasive
marker for efficacy of pulmonary

oxygen saturation, mRAP, and CI. These studiesthromboendarterectomyhe Annals of thoracic
demonstrate a strong need to advance studies osurgery. 2002, 74: 180-4; discussion 4.

ADMA, which may be a good indicator of PAH.
Discussion and conclusionin this review, we

10. Leuchte HH, Holzapfel M, Baumgartner
RA, Neurohr C, Vogeser M, Behr J,

summarized the literature on the current and Characterization of brain natriuretic peptide in

potential biomarkers for PAH.
understanding of

Increasing our

pathogenesis and pathophysiology of PAH
disease.
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Table 1: An updated clinical classfication of pulmonary hypertensior (Dana Point, 2008)

1. Pulmonary arterial hypertension (PAH)
1.1. Idiopathic PAH
1.2. Heritable
1.2.1. | BMPR2
1.2.2. | ALK1, endoglin (with or without hereditary hemordia telangiectasia)
1.2.3. | Unknown
1.3. Drug- and toxin-induced
1.4. | Associated with
1.4.1 | Connective tissue diseases
1.4.2. | HIV infection
1.4.3. | Portal hypertension
1.4.4. | Congenital heart diseases
1.4.5. | Schistosomiasis
1.4.6. | Chronic hemolytic anemia
1.5. Persistent pulmonary hypertension of the newborn
1. Pulmonary veno-occlusive disease (PVOD) and/or pabmy capillary hemangiomatosis
(PCH)
2. Pulmonary hypertension owing to left heart disease
2.1. | Systolic dysfunction
2.2. Diastolic dysfunction
2.3. | Valvular disease
3. Pulmonary hypertension owing to lung diseases and/tlypoxia
3.1. | Chronic obstructive pulmonary disease
3.2. Interstitial lung disease
3.3. Other pulmonary diseases with mixed restrictive alpstructive pattern
3.4. | Sleep-disordered breathing
3.5. | Alveolar hypoventilation disorders
3.6. | Chronic exposure to high altitude
3.7. Developmental abnormalities
4. Chronic thromboembolic pulmonary hypertension (CTERH)
5. Pulmonary hypertension with unclear multifactorial mechanisms

5.1 Hematologic disorders: myeloproliferative disordeqgenectomy

5.2 Systemic disorders: sarcoidosis, pulmonary Langexieall histiocytosis:
lymphangioleiomyomatosis, neurofibromatosis, vasisuli

5.3 Metabolic disorders: glycogen storage disease, Bauwtisease, thyroid disorder

5.4 Others: tumoral obstruction, fibrosingmediastinitisronic renal failure on dialysig

ALK1 = activin receptor-like kinase type 1; BMPRZsne morphogenetic protein receptor type
2; HIV = human immunodeficiency virus
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Table 2: A list of PAH biomarkers studied and theirrespective origin

Biomarkers Origin References
Brain natriuretic peptide (BNP) Cardiac myocytes 7,9,13,67
Pro-Brain natriuretic peptide  Cardiac myocytes

(Pro-BNP) 14,16,17
Troponin T Cardiac myocytes 18,19

Uric Acid Purine 54,56
Endothelin-1 Endothelial cells 20,21,23
Serotonin Platelets 41-43
Angiotensin I-I Angiotensinogen 68

Nitric Oxide (NO) Endothelial cells 3,32,33,38
cGMP Vascular smooth muscle 35-37,69
D-dimers Fibrinogen 70

Table 3: Biomarkers and their significance for diagnosis and prognosis in PAH

Measurement Diagnosis Prognosis
Troponin High after exercise XX XXX
Endothelin Vasoconstriction and cell XX XX
proliferation (ET-1) (ET-1/ET-3)
BNP High in plasma XX XX
NT-proBNP High in plasma XXX XX
HbAlc High in blood sugar XX XX
Nitric Oxide Lower in lung XX XXX
Pentraxin 3 High plasma concentration XXX _
Serotonin High in plasma XX X
Von Willebrand High vWF antigen levels XX XX
Factor
D-dimer High levels of D-dimer XI! XI!
Uric Acid High levels of serum UA XX* XX
ADMA High plasma concentration X! XI!
XXX Very good diagnostic
XX  Good diagnostic
X Poor (not recommended for use as a determinant)
X! Insufficient studies
* In patients with renal impairment it is metommended for use as a determining factor for
PAH
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Figure 1
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Figure 1: Nitric oxide is a significant factor for PAH. Nitric oxide synthase (NOS) enzymes release
NO through the conversion of L-arginine to L-citnd.
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Figure 2: The vasoconstrictor ET is a potent factor involvedn PAH. Increased ET levels results in
several disease processes that result in PAH.
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Figure 3: The generation of D-dimer cross-linked fragments irPAH. Duringin situ thrombosis, a
hallmark of PAH, D-dimer fragments are generatedhgythrombin activation cascade or by plasmin
activation and fibrin processing. Abbrv. FP A + B-ibrinopeptide A or B;
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