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Abstract

Neopterin is synthesized by macrophages upon stimulation with γ-interferon, and high neopterin

production is associated with cellular immune activation and increased production of reactive

oxygen species (oxidant stress), but the clinical utility of urine neopterin levels in patients with

heart failure (HF) have not been explored. 53 ambulatory patients with chronic systolic HF (left

ventricular [LV] ejection fraction ≤40%) underwent comprehensive echocardiographic evaluation

and cardiopulmonary exercise testing. Urine neopterin levels were quantified by liquid

chromatography with tandem mass spectrometric analyses and corrected to urine creatinine (Cr)

levels. In our study cohort, median urine neopterin level was 60 [interquartile range 40–86]

μmol/mol Cr. There were modest correlations between urine neopterin levels and abnormalities in

cardiac structure and function by echocardiography: LV ejection fraction (r= −0.33, p=0.017),

indexed LV end-diastolic volume (r=0.31, p=0.029), indexed LV end-systolic volume (r=0.32,

p=0.024), and E/septal Ea (r=0.28, p=0.041). Although there was no significant correlation
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between urine neopterin and maximal oxygen uptake (peak VO2: r= −0.25, p=0.07), there was a

modest correlation between urine neopterin and maximal ventilation/carbon dioxide production

ratio (VE/VCO2 max: r=0.38, p=0.005). In conclusion, increase in urine neopterin levels track with

disease severity in patients with chronic systolic heart failure.
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INTRODUCTIION

Neopterin is a pteridine that is produced as a catabolic product of guanosine triphosphate

metabolism1. It is synthesized and released by activated monocytes or macrophages upon

stimulation with gamma-interferon. Increased neopterin levels indicate endogenous

formation of gamma-interferon produced by activated T cells (Th1 or cytotoxic T cells) and

suggest cell-mediated immune activation2. Neopterin is produced together with

tetrahydrobiopterin, which is a cofactor for oxidative cleavage of ether lipids3 and formation

of nitric oxide from arginine4, 5. High neopterin level is associated with increased

production of reactive oxygen species6, suggesting oxidative stress elicited by the immune

system. Previous studies have reported that serum neopterin levels may be elevated in

patients with coronary and peripheral artery diseases7, 8, correlate with the extent of disease8

and complex (vulnerable) plaques9, and also predict major adverse cardiovascular events in

patients with chronic coronary artery disease10, 11, acute coronary syndromes12, 13, or severe

peripheral artery disease7, 14. In addition, it has been shown that patients with congestive

heart failure (HF) had higher blood neopterin levels7, 15, which correlated with the severity

of HF with advanced signs and symptoms7, 16, and independently predicted future cardiac

events for chronic HF patients17, 18. For acute decompensated HF, higher serum neopterin

levels predict increased risk of developing renal dysfunction19. All these studies utilized

circulating neopterin, while neopterin has long been isolated in the urine20 and the value and

reproducibility of urine neopterin level in HF patients has not been determined. Utilizing

mass spectrometry techniques, this study is to explore the application of urine neopterin in

chronic systolic HF patients and its relationship with severity of HF.

METHODS

Fifty-three consecutively consented ambulatory patients with stable systolic HF that were

prospectively enrolled to participate in a blood draw, urine collection, echocardiography and

cardiopulmonary exercise testing. To participate, patents had to have a clinical diagnosis of

chronic (>6 months’ duration) HF with left ventricular (LV) ejection fraction ≤40% by

echocardiography in euvolemic state at the time of enrollment. We excluded subjects with a

major cardiovascular event (myocardial infarction, unstable angina, stroke, transient

ischemic attack, pulmonary embolism) within 30 days of enrollment. Other exclusion

criteria including a history of significant chronic obstructive pulmonary disease, major

surgery, hospitalization or emergency room visits for HF exacerbation or use of inotropic

agents within the month preceding enrollment. This study was approved by the Cleveland

Clinic Institutional Review Board, and all subjects provided written informed consent.
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A comprehensive two-dimensional echocardiography was performed with a commercially

available system (Vingmed, System Seven, General Electric, Piscataway, NJ) by a single

American Society of Echocardiography registered research sonographer. Images were

acquired by a dedicated research sonographer in the left lateral decubitus position with a

phased-array transducer in the standard parasternal and apical views. Standard two-

dimensional and Doppler data, triggered to the QRS complex, were digitally stored in a

cine-loop format and analyzed in a blinded fashion from assay results. Subjects then

underwent a symptom-limited cardiopulmonary stress testing using the modified Naughton

protocol, and results were recorded on a Vmax Encore Metabolic Cart (CareFusion, San

Diego, California), and peak oxygen consumption, and ventilator efficiency (assessed by

ratio of maximal ventilation/carbon dioxide production) were measured according to clinical

standards21.

Urine samples were collected at spot collection at midstream and in morning fasting

condition, and centrifuged at 1500g for 10 min at 4°C. Samples were then stored in aliquots

at −80°C and thawed on ice before analy sis. Since neopterin is slightly sensitive to direct

sun light irradiation, samples were protected from light during transport and storage. Urine

aliquots (200μL) are mixed with 200ng/ml rhamnopterin (internal standard) and then

centrifuged at 12,000 rpm for 15min at 4°C. The supernatant was collected and an aliquot is

injected onto a high-performance liquid chromatography (HPLC) column and neopterin

levels were quantified by mass spectrometry using Waters Quattro Ultima (Micromass)

connected to a Waters Alliance 2690 HPLC system. Urine pterins were separated on a

2×150mm C18, ODS (2), 5μm, 150Å column (Phenomenex, Torrance, CA) and resolved

using a discontinuous gradient with 0.2% formic acid (solvent A) and 0.2% formic acid in

methanol (solvent B). The gradient used was as follows: The column was first equilibrated

with 100% solvent A for 2 minutes after the injection; a linear gradient was then run to 50%

solvent B over the next 6 minutes and held for 4 minutes. Then the solvent was changed to

100% solvent A in a linear fashion over 0.5 minutes, held at 100% solvent A for 7.5

minutes. Flow rate was kept at 200μL/min. Analyses were performed online using liquid

chromatography tandem mass spectrometry in the positive ion mode with multiple reaction

monitoring using unique parent→daughter ion transition (254→206) and retention time for

neoperin. Cone potential and collision energy are optimized for neopterin and the standard

curve was generated with rhamnopterin as internal standard. Intra-assay and inter-assay

coefficients of variance were <10%. Urine creatinine (Cr, for correction of urine excretion)

and B-type natriuretic peptide levels were measured by the Architect ci8200 platform

(Abbott Laboratories, Abbott Park, IL).

Continuous variables were summarized as mean ± standard deviation if normally

distributed, or as median [interquartile range] if non-normally distributed. Normality was

assessed by the Shapiro-Wilk W test. Differences in normally distributed continuous

variables across clinical categories were assessed using the Student’s t test, while differences

in non-normally distributed variables were assessed using the Wilcoxon rank-sum test.

Univariate Spearman’s correlation analysis was used to determine the correlation between

urine neopterin levels and echocardiographic and cardiopulmonary testing indices. All p-

Shao et al. Page 3

Am J Cardiol. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



values reported were from two-sided tests and p-value <0.05 was considered statistically

significant. Statistical analyses were performed using JMP 9.0.0 (SAS Institute, Cary, NC).

RESULTS

Table 1 illustrates the baseline clinical characteristics of our study population. The mean and

median urine neopterin levels were 65±36 μmol/mol Cr and 60 [interquartile range 40–86]

μmol/mol Cr, respectively. Urine neopterin levels directly correlated with age (r= 0.31,

p=0.024), but did not differ according to gender, ethnicity, ischemic etiology, New York

Heart Association functional class, history of hypertension or diabetes mellitus, or any

medication use (p>0.10 for all). Interestingly, the correlation between B-type natriuretic

peptide and neopterin did not reach statistical significance (r=0.243, p=0.086).

Table 2 and Figure 1 present the relationships between urine neopterin levels and

echocardiographic indices of cardiac structure and performance. In our study cohort, higher

urine neopterin levels directly correlated with greater indexed LV end-diastolic volume

(r=0.31, p=0.029) and indexed LV end-systolic volume (r=0.32, p=0.024). Higher urine

neopterin levels also were associated with worse LV systolic dysfunction (LV ejection

fraction: r= −0.33, p=0.017; Figure 1), LV diastolic dysfunction (ratio of mitral inflow E

wave to tissue Doppler septal Ea wave: r=0.28, p=0.041; Figure 1), and higher right

ventricular systolic pressure (right ventricular systolic pressure: r=0.36, p=0.033; Figure 1).

Table 2 and Figure 2 show the relationships between urine neopterin levels and

cardiopulmonary testing indices. Urine neopterin levels directly correlated with maximal

ventilation/carbon dioxide production ratio (r=0.38, p=0.005, Figure 2). While patients with

urine neopterin levels above median showed greater degree of exercise ventilatory

inefficiency compared to those below median neopterin levels, there was no significant

difference in peak oxygen consumption (VO2) levels between above- and below-median

neopterin groups (p=0.170; Figure 2).

DISCUSSION

The key finding of our study is the association between urine neopterin levels and cardiac

structural and functional abnormalities in patients with chronic systolic HF with relatively

preserved renal function. We observed that urine neopterin was positively correlated with

left ventricular enlargement as well as left ventricular systolic and diastolic dysfunction and

exercise ventilation inefficiency, yet had no significant relationship with B-type natriuretic

peptide levels or peak oxygen consumption. These findings are consistent with previous

reports with serum neopterin22. Novel findings from our objective cardiopulmonary exercise

testing data further supported the notion that urine neopterin reflects clinically meaningful

and distinct metabolic defect related to activated cellular immune responses in chronic

systolic HF.

Neopterin, 2-amino-4-hydroxy-6-(D-erythro-1′, 2′, 3′-trihydroxypropyl)-pteridine, belongs

to the class of pteridines, which biosynthetically derives from guanosine triphosphate

especially in macrophages in response to gamma-interferon stimulation7. Therefore,

determinations of neopterin levels reflect the stage of activation of the cellular immune
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system and may provide insights in the pathogenesis and progression of various

inflammatory and immune-mediated diseases7. Neopterin is biochemically inert and

chemically stable in body fluids. It is consistently eliminated by the kidney as its primary

excretion route, therefore changes of neopterin concentrations in serum are reflected by

urine levels. Urinary test has much less protein interference than blood test. Urine sample

preparation doesn’t need protein precipitation and supernatant drying so is much easier and

faster. Also, urine samples can be collected non-invasively with much higher volume than

blood samples. Previous studies have demonstrated that high neopterin levels in patients

with HF were significantly correlated with gamma-interferon and soluble CD8

(predominantly expressed on the surface of cytotoxic T cells) levels7, as well as tumor

necrosis factor-α in advanced chronic HF patients23. All of these supported the involvement

of stimulated cellular immunity and inflammation in the development and progression of

HF. The positive albeit modest correlation between neopterin levels and degree of systolic

and diastolic dysfunction suggested over-activated cellular immunity and inflammation

might also contribute to the disease progression of HF24. Although immune-modulators

have been largely unsuccessful in improving cardiovascular outcomes of the broad HF

patient population, it is conceivable that subsets of patients with detectable activated cellular

immunity may still warrant reconsideration of an immune modulatory therapeutic approach.

Maximal ventilation/carbon dioxide production ratio slope has been shown to have

important prognostic value for chronic HF patients21, and is a well-established criteria for

consideration of advanced therapies. There are several known determinants of this measure,

including increase in physiological dead space caused by alveolar hypoperfusion due to

impaired endothelial vasodilatory capacity or neuroendocrine activation, as well as

heightened ventilation during exercise associated with reduced cardiac output and thus to

poor pulmonary perfusion in HF25. Another potential contributor is the abnormal

chemoreflex and/or metaboreflex activity in HF25. Our novel findings regarding the direct

correlation of urine neopterin and the slope of the ventilation to carbon dioxide production

ratio is therefore quite interesting, as such underlying physiologic defects may be cause or

consequence of activated cellular immune responses as reflected by elevated neopterin

levels. Such exercise ventilation inefficiency has been associated with pulmonary

hypertension and right heart failure26, also noted in the modest correlation between urine

neopterin levels and estimated right ventricular systolic pressure by echocardiography in our

study.

The relatively weak relations between neopterin and standard prognostic markers in HF such

as B-type natriuretic peptide and peak oxygen consumption may deserve some discussion.

Although in general natriuretic peptides and neopterin track with changes in myocardial

function22, 27, dissociation in serum neopterin or inflammatory marker levels and B-type

natriuretic peptide has been previously observed following improvements in hemodynamics

following pacing therapy28. Our relatively stable ambulatory patient population with a

relatively low range of natriuretic peptide levels may also dampen such association. In

contrast, peak oxygen consumption may also have more variability due to the dependency of

adequate exertional effort.
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There are several important study limitations that are worth noting. This is a relatively stable

group of ambulatory patients with chronic systolic HF, therefore no long-term outcomes

were available. Notably, the overall urine neopterin levels were relatively low, which

implied that activated cellular immunity are not as robust, despite the fact that their

cardiopulmonary exercise test results indicate that they have mild to moderate impairment.

While attempt is made to conduct all the urine collection in early morning, there are slight

variations in the timing of spot urine collection which may affect the quantification of urine

neopterin. We also do not have direct quantification of degree of activated cellular

immunity. Nevertheless, further studies are warranted to determine the clinical significance

of urine neopterin measurements, particularly in providing distinct clinical insights and/or

incremental prognostic value in the setting of HF.
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Figure 1.
Comparison of echocardiographic indices across median urine neopterin level (60 μmol/mol

Cr).
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Figure 2.
Comparison of Peak VO2 (Figure 2A) and VE/VCO2 (max) (Figure 2B) across median urine

neopterin level (60 μmol/mol Cr).
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Table 1

Baseline characteristics of study population (n=53).

Demographics Value

 Age (years) 53 ± 13

 Male 40 (75%)

 African American 9 (17%)

Heart failure history

 NYHA class II or III 45 (92%)

 Ischemic etiology 16 (33%)

Medications

 Angiotensin converting enzyme inhibitors or angiotensin-receptor blockers 45 (92%)

 Beta-blockers 48 (91%)

 Spironolactone 21 (43%)

 Loop diuretics 31 (63%)

Echocardiographic indices

 Left ventricular ejection fraction (%) 31 ± 8

 Left ventricular end-diastolic volume, indexed (mL/m2) 101 ± 44

 Ratio of mitral inflow E wave to tissue Doppler septal Ea wave 16 ± 10

Cardiopulmonary exercise testing

 Ventilatory equivalent ratio for oxygen and carbon dioxide 34 ± 6

 Maximal oxygen uptake (mL/kg/min) 19 ± 6

Laboratory data

 B-type natriuretic peptide (pg/mL) 79 [23–227]

 Urine neopterin (μmol/mol creatinine) 60 [40–86]
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Table 2

Correlations between Urine Neopterin and Echocardiographic and Cardiopulmonary Exercise Testing Indices.

Variable Spearman’s r p-value

Left ventricular ejection fraction (%) −0.33 0.017

Left ventricular end-diastolic dimension, indexed (mL/m2) 0.31 0.029

Left ventricular end-systolic dimension, indexed (mL/m2) 0.32 0.024

Ratio of mitral inflow E wave to tissue Doppler septal Ea wave 0.28 0.041

Right ventricular systolic pressure (mmHg) 0.36 0.033

Ventilatory equivalent ratio for oxygen and carbon dioxide 0.38 0.005

Maximal oxygen uptake (mL/kg/min) −0.25 0.069
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