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Abstract
Interferon-gamma (IFNG), a pro-inflammatory cytokine, increases concentrations of neopterin, a
stable pteridine derivative, due to IFNG-induced transcriptional activation of the rate-limiting
enzyme of pteridines biosynthesis. Neopterin concentrations were reported to correlate with
metabolic syndrome (MetS), the cause of increased mortality risk, in subjects of European
ancestry. We were interested to assessed neopterin correlations with clinical markers of MetS and
mortality risk in population with a different genetic background, i.e., Puerto Ricans residents of
Boston. Since inflammation is associated with pyridoxal-5′-phosphate (PLP) deficiency, we
assessed correlations of neopterin with PLP. Plasma neopterin concentrations were evaluated in
592 adult (45–75 years of age) participants of Boston Puerto Rican Health Study. Neopterin
concentrations correlated with abdominal obesity (waist circumference, r = 0.085, p < 0.038),
HDL cholesterol (r = −0.15, p < 0.0001), insulin resistance (HOMA-IR, r = 0.08, P < 0.03), and
plasma pyridoxal-5′-phosphate (PLP (r = −0.13, P = 0.002). Neopterin concentrations of >16
nmol/L at baseline were associated with the increased risk of mortality in 113 subjects followed
for 6 years. The present results together with previously reported data in European subjects
suggest a similar pattern of neopterin correlations with MetS and mortality risk in population with
different genetic backgrounds. PLP is a cofactor of IFNG-induced key enzymes of tryptophan-
kynurenine metabolism. Since PLP deficiency is associated with the increased production of
diabetogenic kynurenine derivative, xanthurenic acid, our results suggest that up-regulated IFNG
production might contribute to the development of insulin resistance. Assessment of neopterin
concentrations might help to monitor the activity of IFNG-inducible inflammation associated with
aging-associated medical and psychiatric disorders.
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1. INTRODUCTION
Low-grade chronic inflammation in the periphery and brain is associated with metabolic
syndrome (MetS).1 Converging evidence suggests the involvement of the pro-inflammatory
cytokine interferon-gamma (IFNG) in mechanisms of MetS and/or aging and age-associated
disorders.2–4 IFNG is produced by microglia and macrophages. After release into the
circulation, however, IFNG becomes rapidly neutralized by soluble receptors or binds to
target structures. Consequently, the half-life of circulating IFNG is short, and its activity
cannot be reliably evaluated by systemic measurements, e.g., IFNG concentrations in
blood.6 The more reliable method to assess the rate of IFNG production is the evaluation of
concentrations of neopterin, a stable by-product of pteridines biosynthesis. IFNG
transcriptionally induces the rate-limiting enzyme of pteridine biosynthesis, guanosine
triphosphate cyclohydrolase 1 (GTPCH).5 In humans, IFNG-induced stimulation of GTPCH
results in accumulation of 7,8-dihydroneopterin (BH2) and its stable metabolite, neopterin.6
Elevation of neopterin, as a consequence of up-regulation of IFNG production, has been
shown to correlate with MetS, aging, and total and disease-specific mortality in populations
of European ancestry.7–9 We found that that neopterin production is affected by a
polymorphism of the IFNG (+874) T/A gene,10 and, therefore, the genetic composition of
the studied population may impact neopterin concentrations. Puerto Ricans represent a
mixture of genetic backgrounds,11 and the population is characterized by high prevalence of
MetS.12 Therefore, we assessed neopterin concentration in adults of Puerto Rican origin
residing in the Boston area and analyzed correlations between neopterin and previously
assessed markers of inflammation and MetS12, 13 and with mortality risk in this population.
Since pyridoxal-5′-phosphate (PLP) deficiency was associated with inflammation,13 we
assessed neopterin correlation with PLP in the same population.

2. METHODS
2.1. Subjects

2.1.1. Study 1—Neopterin concentrations were measured in 592 participants of the Boston
Puerto Rican Health Study (45–75 years of age). Study was approved by Tufts Medical
Center IRB, and written consents were obtained for participation in the study. The majority
of the sample was female (70%). Mean ages were 57.2 years for men and 57.9 years for
women.12 They have high prevalence of MetS relative to the general US population. Major
characteristics of this population and their metabolic status have been described
elsewhere.12, 13

2.1.2. Study 2—Mortality rate of 113 (out of 592) participants of the Boston Puerto Rican
Health Study These participants was assessed during 6 years observation period.

2.2. Measurement of Neopterin
Blood was drawn into EDTA tubes between 7:00 a.m. and 10:00 a.m. after overnight and
morning fasting. For measurement of neopterin, blood was protected from light, centrifuged
to obtain plasma, and frozen at −40 °C before blinded assay in duplicate by sandwich
ELISA using commercially available kits (American Research Products, Inc., Belmont,
MA). Duplicate measurements were performed for each undiluted sample. The inter-and
intra-assay coefficients of variation were <10% and <10%, respectively. Neopterin
concentration is expressed in nmol/L.

Plasma high density lipoprotein (HDL)-cholesterol, waist circumferences, plasma PLP and
homeostasis model assessment of insulin resistance (HOMA-IR) (calculated according to
equation: glucose × insulin/405) were assessed in this population previously.12,13
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2.3. Statistical Analysis
Results of neopterin analysis are expressed as mean± SD. Pearson correlations coefficients
were calculated between plasma neopterin and waist circumference; PLP concentrations;
HDL-cholesterol and HOMA-IR (adjusted for age and gender). Association with mortality
was assessed using Cox proportional hazards models.

3. RESULTS
3.1. Study 1

3.1.1. Baseline values—Mean plasma neopterin concentrations ranged from 4 to 30
nmol/L (10.26 ± 7.35).

Waist circumferences (an index of abdominal obesity) ranged from 86 to 121 cm.12

The HDL-cholesterol values ranged between 39 to 46 mg/dL.12

HOMA-IR values varied from 4.1 to 12.5.13

Plasma PLP concentrations ranged from 5.5 to 737 nmol/L.12

3.1.2. Correlations—Neopterin concentrations correlated with waist circumference (r =
0.08, P < 0.04), HDL-cholesterol (r = −0.15, P < 0.0001), and HOMA-IR (r = 0.09, P =
0.03), suggesting association of inflammation with obesity, dyslipidemia and increased
insulin resistance.

Neopterin concentrations correlated with plasma levels of PLP (r = −0.13, P = 0.002)
suggesting association of inflammation (elevated neopterin concentrations) with PLP
deficiency.

Neopterin/PLP ratio (index of combination of increased inflammation with PLP deficiency)
correlated with HOMA-IR (r = 0.15, P = 0.0002) suggesting association of combined
inflammation and PLP deficiency with insulin resistance.

3.2. Study 2
113 participants were followed for 6 years. At the end of observation period 81 participants
were alive and 32 deceased. Neopterin concentrations of >16 nmol/L (mean ± two standard
deviations) at the entry of the study were associated with the increased risk of mortality (Fig.
1).

4. DISCUSSION
To our knowledge, the present results are the first observation of correlation between plasma
neopterin concentration and waist circumference, HDL-cholesterol and mortality risk in
subjects of Puerto Rican origin, a population with unique genetic composition11 and high
prevalence of MetS.12

Neopterin is used as a marker of up-regulated production of IFNG.6 We have found that
neopterin production is impacted by a polymorphism of the IFNG (+874) T/A gene: carriers
of the high producer (T) allele have higher neopterin concentrations than do carriers of the
low producer (A) allele.10 Therefore, genetic composition of the studied population may
impact neopterin concentrations. Puerto Rican population represents a mixture of genetic
backgrounds.11 Associations between neopterin and clinical markers of MetS, HDL-
cholesterol and mortality risk have been described in European population.7–9 The present
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results suggest that genetic differences between European and Puerto Ricans populations did
not affect neopterin association with above mentioned markers and with mortality risk.

Development of MetS and risk of mortality are associated with aging. Converging evidence
suggests the involvement of pro-inflammatory cytokine, IFNG, in mechanisms of aging and
aging-associated medical3 and psychiatric14 disorders (AAMPD). Interferon-related genes
have been identified among six pathways regulating senescence/immortalization: the cell
cycle pRB/p53, cytoskeletal, insulin growth factor-related, MAP kinase and oxidative stress
pathway.15 Prolonged treatment with IFNG induces cellular senescence in human vascular
endothelial cells via up-regulation of senescence-associated genes.16 Age-dependent
increases in IFNG production have been reported in in vitro (17) and in vivo studies, with
minor changes in the remaining evaluated cytokines in senescence-accelerated mice.18

IFNG-induced accumulation of neopterin occurs at the expense of formation of
tetrahydropteridine (BH4), an essential cofactor of nitric oxide synthase (NOS).6 Deficiency
of BH4 results in NOS uncoupling, leading to production of superoxide anions19 and
hydrogen peroxide20 rather than NO from arginine. The consequent formation of free
radicals triggers arachidonic acid metabolism, with increased production of inflammatory
prostaglandins, via activation of cycloxygenase (COX), and leucotrienes, via activation of
arachidonate 5-lipoxygenase (5-LO)21 (Fig. 2).

The other findings of our study are:

1. Correlation (negative) between elevated neopterin and decreased PLP
concentrations. To the best of our knowledge, this is the first report on such a
correlation;

2. Correlation between increased insulin resistance (the precursor of type 2 diabetes)
and elevated neopterin. These results are in line with the report of association of
elevated glucose levels with higher neopterin concentrations in 1234 otherwise
healthy outpatients, who visited the physician’s office for a medical health check-
up;23

3. Correlation between insulin resistance and combined inflammation and PLP
deficiency (neopterin/PLP ratio: elevated neopterin and decreased PLP
concentrations).

Considering that neopterin is a marker of IFNG-inducible inflammation cascade,2 present
results suggest that PLP deficiency might contribute to the development of insulin resistance
(and type 2 diabetes) in subjects suffering from conditions associated with chronic
inflammation (e.g., depression, aging).3, 14, 24 Such a suggestion is in line with the
observations of increased incidence of diabetes among depressed patients25 and association
of PLP deficiency with symptoms of depression in elderly.26 Pro-inflammatory cytokine,
IFNG, concurrently up-regulates formation of neopterin from guanosine triphosphate and
kynurenine from tryptophan, and neopterin levels strongly correlate with kynurenine levels.6
Therefore, elevation of neopterin levels indirectly suggests increased of kynurenine
production during inflammation. Kynurenine is further metabolized into its derivatives.
Since PLP is a cofactor of the key enzymes of post-kynurenine metabolism, PLP deficiency
results in increased formation of xanthurenic acid (XA) at the expense of other kynurenine
derivatives27, 28 (Fig. 3). Clinical and experimental data suggest a diabetogenic effect of
XA. Urine XA concentrations were higher in type 2 diabetes patients than in healthy
subjects.29 XA induced experimental diabetes in rats.30 XA may contribute to the
development of insulin resistance by formation of chelate complexes with insulin (XA-In).
XA-In complex is antigenetically indistinguishable from insulin but it activity was 49%
lower than activity of pure insulin.30 In addition, XA may exert a toxic effect in isolated
pancreatic islets because of formation of complexes with Zn++-ions in β-cells.31 A recent
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metabolomic study found changes in a mouse model of insulin resistance compatible with
increased formation of XA.32

Present results of correlation between PLP deficiency, insulin resistance and elevated
neopterin, indirectly suggest that PLP deficiency might facilitate the development of insulin
resistance (and type 2 diabetes) in conditions associated with IFNG-mediated chronic
inflammation (e.g., aging, depression). Further studies have to assess the role of increased
XA combined with PLP deficiency in the development of insulin resistance.
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Fig. 1.
Kaplan-Meier survivor curves of subjects with plasma neopterin concentration higher than
16 nmol/L (red line) and lower than 16 nmol/L (black line) (P < 0.02). Out of 113 study
participants, 81 were alive and 32 deceased six years after the entry of the study.
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Fig. 2.
Interferon-induced up-regulation of neopterin formation and aging-associated medical and
psychiatric disorders.

 up-regulation  down-regulation of corresponding metabolic pathways (BH4
deficiency leads to increased formation of oxygen radicals).
Abbreviations: GTP—guanosine triphosphate; GTPCH—GTP cyclohydrolase 1; BH2—7,8-
dihydroneopterin; BH4—tetrahydrobiopterine; NOS—NO synthase; PLA—phospholipase
2; AA—arachidonic acid; COX—cyclooxygenase; 5-LO—arachidonate 5-lipoxygenase;
PGE—prostaglandins; AAMPD—aging-associated medical and psychiatric disorders.
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Fig. 3.
Shift of post-KYN metabolism towards formation of XA in vitamin B6 deficiency.
Abbreviations. IDO—indoleamine 2,3,-dioxygenase; PLP—pyridoxal-5′-phosphate; KYN—
kynurenine; 3OHKYN—3-hydroxyKYN; QUIN—quinolinic acid; PICA—picolinic acid;
XA—xanthurenic acid; NAD—nicotinamide adenine dinucleotide.

 up-regulation  down-regulation of corresponding metabolic pathways (PLP
deficiency resulted in increased formation of XA).
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