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Abstract
Background—Inflammation has been linked to depression and suicide risk. One inflammatory
process that has been minimally investigated in this regard is cytokine-stimulated production of
kynurenine (KYN) from tryptophan (TRP). Recent data suggest that KYN increases in
cerebrospinal fluid (CSF) are associated with depressive symptoms secondary to immune
activation. KYN may alter dopaminergic and glutamatergic tone, thereby contributing to increased
arousal, agitation and impulsivity - important risk factors in suicide. We hypothesized that patients
with Major Depressive Disorder (MDD) and a history of suicide attempt would have higher levels
of KYN than depressed nonattempters, who in turn would have higher levels than healthy
volunteers.

Methods—Plasma KYN, TRP, and neopterin were assayed by high performance liquid
chromatography in three groups: healthy volunteers (n=31) and patients with MDD with (n=14)
and without (n=16) history of suicide attempt. Analysis of variance tested for group differences in
KYN levels.

Results—KYN levels differed across groups (F=4.03, df=(2,58), p=0.023): a priori planned
contrasts showed that KYN was higher in the MDD suicide attempter subgroup compared with
MDD non-attempters (t=2.105, df=58, p=0.040), who did not differ from healthy volunteers
(t=0.418, df=58, p=0.677). In post-hoc testing, KYN but not TRP was associated with attempt
status, and only suicide attempters exhibited a positive correlation of the cytokine activation
marker neopterin with the KYN:TRP ratio, suggesting that KYN production may be influenced by
inflammatory processes among suicide attempters.

Conclusions—These preliminary results suggest that KYN and related molecular pathways may
be implicated in the pathophysiology of suicidal behavior.
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1. Introduction
Neuroimmune factors have been proposed as contributors to the pathogenesis of major
depression (Dantzer, 2010; Maes, 2009). For instance, clinical depression can be reversibly
caused by medical treatment with cytokines such as interferons, and depression is associated
with higher levels of proinflammatory cytokines even in patients with no medical illness
(reviewed in (Raison, 2006)).

One cascade that has been linked to depressive behaviors is inflammatory activation of the
enzyme indoleamine-2,3-dioxygenase (IDO) by a variety of stimuli, including tumor
necrosis factor-α and interferons (IFN) (Dantzer, 2008), lipopolysaccharide (Fu, 2010), and
infection with bacillus Calmette Gueren (BCG) (O'Connor, 2009). The potential importance
of IDO in depression is demonstrated in the latter study, in which knockout mice without
IDO did not exhibit depressive-like behaviors despite immune activation (O'Connor, 2009).
Induction of IDO catalyzes the formation of kynurenine (KYN) from its precursor,
tryptophan (TRP), and thus potentially may deplete TRP, leading to reduced levels of the
TRP metabolite, serotonin (5-HT). Both major depression and suicidal behavior have been
linked to low 5-HT function (Mann, 2003). However, depression additionally has been more
directly associated with cytokine-stimulated KYN in the absence of cerebrospinal fluid
(CSF) TRP depletion (Raison, 2010). Therefore, we tested the hypothesis that peripheral
KYN levels would be elevated in major depression, and would be highest in individuals with
suicide attempt history. Secondary logistic regression analyses tested for confounding
effects of other clinical and demographic factors on suicide attempt status. Additional
exploratory analyses tested correlations between the KYN:TRP ratio, a measure of TRP
degradation along the KYN pathway, and neopterin, a marker for cytokine activation.

2. Methods
2.1 Sample

All participants were adults who gave written informed consent to enroll in IRB-approved
studies at the New York State Psychiatric Institute. Participants were healthy volunteers
(n=31) or were acutely depressed patients (n=30) presenting for evaluation and treatment.
All but 3 depressed participants were medication-free. Diagnosis of a major depressive
episode in context of Major Depressive Disorder (MDD) was made by trained psychologists
using the Structured Clinical Interview for DSM-IV (SCID) (First, 1997) and verified in
consensus conference. Individuals with active major medical or neurologic illness were
excluded from participation. Prior suicide attempters (n=14) were identified using the
Columbia Suicide History Scale (Oquendo, 2003) as having made actual (as opposed to
ambiguous, interrupted, or aborted) attempts. Depression severity was assessed using the
clinician-administered 17-item Hamilton Depression Rating Scale (HDRS-17) (Hamilton,
1960) and the Beck Depression Inventory (BDI) self-report (Beck, 1961).

2.2 Blood Collection
Blood samples were obtained after subjects gave informed consent for the procedures. Blood
was collected in EDTA-containing tubes and maintained in an ice-water bath until
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refrigerated centrifugation for 10 min, followed by transfer to cryotubes and storage at −80°
C until analysis.

2.3 Kynurenine, Tryptophan, and Neopterin Determinations
TRP and KYN concentrations were measured by high performance liquid chromatography
(HPLC) using 3-nitro-L-tyrosine as internal standard (Widner, 1997). For separation,
reversed-phase cartridges LiChroCART RP18 columns, 55 mm length, were used. TRP was
detected by a fluorescence detector at an excitation wavelength of 285 nm and an emission
wavelength of 365 nm. A Shimadzu SPD-6A UV-detector in flow stream series connection
was used for detection of both KYN and nitrotyrosine at a wavelength of 360 nm. The
elution buffer was a degassed potassium phosphate solution (0.015 mol/L, pH 6.4)
containing 5% methanol. Analyses were carried out at a flow rate of 0.8 ml/min and a
temperature of 25 °C. Frozen serum specimens were thawed at room temperature, 200 ml of
serum were diluted with 200 μL of potassium phosphate buffer (0.05 mol/L, pH 6.0)
containing the internal calibrator 3-nitro-L-tyrosine (100 μmol/L). Protein was precipitated
with 50 μL of trichloroacetic acid (2 mol/L). The capped tubes with the precipitate were
immediately vortex-mixed and centrifuged for 10 min at 13 000g. One-hundred-fifty
microliters of the supernatants were transferred into microvials and placed into the
autosampling device. The external calibrator was prepared from freshly thawed stock
solutions of TRP and KYN (1 mmol/L in bidistilled water, stored at −20 °C) and albumin
(70 g/L, which corresponds to the average physiological protein content in human serum).
Fifty microliters of TRP, 10 μL of KYN, and 940 μL of albumin stock solution were mixed
together. Aliquots of 200 μL of this external calibrator preparation were run through the
entire analytic procedure in parallel with the serum specimens. Neither degradation of TRP
nor production of KYN were observed in the calibration preparations, and our standards
confirmed the stability of the KYN and TRP when compared with protein-free standard
preparations measured without any precipitation step. Concentrations of neopterin, a marker
for activation of the cellular immune system (Murr, 2002), were measured by enzyme-linked
immunosorbent assay (BRAHMS GmbH, Berlin, Germany) (Mayersbach, 2010).

2.4 Statistical Analyses
Diagnostic groups (patients with MDD vs. healthy volunteers) and subgroups (depressed
suicide attempters vs. nonattempters) were characterized with respect to clinical and
demographic factors. The primary outcome measure was KYN levels. We hypothesized that
depressed patients with a history of suicide attempt would have higher levels of KYN than
depressed nonattempters, and that healthy volunteers would have the lowest KYN levels. A
one-way ANOVA was performed with KYN as the dependent variable and three predictor
groups: MDD attempters, MDD nonattempters, and healthy volunteers. Two a priori
planned contrasts were performed: MDD attempters vs. MDD nonattempters, and MDD
non-attempters vs. healthy volunteers.

Logistic regression analyses testing main effect of KYN on suicide attempt were also
performed with and without three MDD subjects who were on medications. Secondary
analyses were performed to investigate other possible confounders, testing whether TRP
levels, sex, body-mass index (BMI), educational level, smoking status, or age were
correlated with KYN levels (see Table 2). Significantly associated variables were then tested
for possible additive effects on suicide attempt, by entering them as covariates in separate
binary logistic regression analyses with KYN as predictor. As age and smoking are known
to be implicated in suicide risk but were not correlated with KYN (and thus would not have
any additive effects in a linear model) main effects and interactions were also tested for
these two selected variables.
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As differential rates of production of KYN from TRP were of interest, we tested for
correlations between KYN and TRP among the various subgroups. The KYN to TRP
(KYN:TRP) ratio (Schrocksnadel, 2006) was also entered as predictor into a binary
regression analysis with suicide attempt as outcome measure. To test for differential
involvement of the cellular immune system (Murr, 2002), correlations were studied between
the KYN:TRP ratio and levels of neopterin within the different subgroups (MDD attempter,
MDD nonattempter, healthy volunteers).

For correlation analyses with neopterin, the nonparametric Spearman's rho (rs) was used,
due to a highly skewed distribution for this measure.

Statistical analyses were performed using PASW Statistics v. 18.0.0 (SPSS, Inc., 2009,
Chicago, IL) for Mac.

3. Results
3.1 Sample characteristics

Participants (n=61), ages 18–73, were healthy volunteers (n=31) or were moderately
depressed (mean score ± SD: HDRS-17, 20.13 ± 3.40; BDI, 25.87 ± 8.22) patients with a
DSM-IV diagnosis of MDD (n=31) seeking evaluation and treatment, with (n=14) or
without (n=16) a prior history of suicide attempt. There were no differences between
depressed and healthy groups with respect to demographic characteristics, and suicide
attempters differed from nonattempters only in having a lower educational level (see Table
1). Of note, depression severity as measured by either clinician rating (HDRS-17) or self-
report (BDI) did not distinguish between attempters and nonattempters. Depressed subjects
were not on psychotropic medications except for two suicide attempters, who were taking
(1) hypericum perforatum and (2) eszoplicone and zolpidem; and one nonattempter who was
taking duloxetine.

3.2 Associations between kynurenine levels and suicide attempt status
There was a significant effect of KYN levels on suicide attempt status across the three
groups: MDD attempter, MDD nonattempter, and healthy volunteers (F (2,58) = 4.03, p =
0.023). We tested two a priori planned contrasts and found that mean plasma KYN levels
were higher in MDD suicide attempters compared with MDD nonattempters (t (58) = 2.10, p
= 0.040), but MDD nonattempters did not differ from healthy volunteers (t (58) = 0.418, p =
0.677) (see Figure 1). In binary logistic regression analysis, higher KYN predicted suicide
attempt (χ2(1) = 6.354, p = 0.012). Results were unchanged when the three subjects on
medications were omitted (data not shown).

3.3 Post-hoc analyses of the effects of other clinical and demographic factors on suicide
attempt status

KYN levels did not correlate with age, educational level, smoking status, or HDRS-17 or
BDI scores, but positively correlated with BMI and TRP in the total sample (see Table 2).
Mean KYN levels were higher in males (1.60 ± 0.30 vs. 1.27 ± 0.33 μmol/L, t (59) = 3.95, p
< 0.001). When the KYN-associated covariates (BMI, TRP, sex) were included in separate
logistic regression models, only KYN was a significant predictor of suicide attempt status in
all models (data not shown).

Since neither age nor smoking status correlated significantly with KYN levels (see Table 2),
including them in the regression model would have a negligible additive effect on the
association between KYN and suicide attempt status. However, both age (Shah, 2011) and
smoking status (Hughes, 2008) have been associated with suicide risk, so we tested for main
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effects and interactions between each of these variables and KYN, with regard to suicide
attempt. In this sample, age was not associated with attempts (Wald statistic = 0.669, df = 1,
p = 0.414) and the KYN by age interaction term was not significant (Wald statistic = 0.464,
df = 1, p = 0.496). Within depressed individuals, smoking status was not significantly
different between attempters and nonattempters (see Table 1). However, when smoking and
KYN levels were included in a regression model with all participants, both were associated
with attempt (KYN: Wald statistic = 7.404, df = 1, p = 0.007; smoking status: Wald statistic
= 6.6, df = 1, p = 0.010). The interaction term was not significant (Wald statistic = 0.875, df
= 1, p = 0.350), indicating that KYN levels were associated with suicide attempt in both
smokers and non-smokers.

3.4 Relationships between tryptophan and kynurenine
The KYN:TRP ratio estimates the rate of TRP metabolism. When entered as a predictor in a
logistic regression model in the entire sample with suicide attempter status as outcome
measure, the KYN:TRP ratio showed a strong trend toward predicting suicide attempt (χ2

(1) = 3.70, p = 0.056). Average TRP was higher in suicide attempters than in nonattempters
(see Table 1). However, when included as covariate in a logistic regression with KYN as
predictor, KYN levels predicted suicide attempt status (Wald statistic = 4.573, df = 1, p =
0.032) but TRP levels did not (Wald statistic = 0.414, df = 1, p = 0.520). Subgroup
correlational analyses revealed that TRP correlated positively with KYN in the total sample
and in all subgroups except among suicide attempters, where there was a clear lack of
association (see Table 2).

3.4 Neopterin levels as an indicator of immune system activation
In correlation analyses, the KYN:TRP ratio correlated positively with neopterin levels, a
marker of a cell-mediated immune response, in suicide attempters (rs = 0.55, p = 0.043) but
there was only a nonsignificant trend for a positive correlation in depressed nonattempters
(rs = 0.44, p = 0.09) and the association was again weaker in the controls (rs = 0.29, p =
0.11).

4. Discussion
4.1 Association of kynurenine with history of suicide attempts

This is the first report of an association between KYN levels and history of suicide attempts
among individuals with MDD. Miller et al. (Miller, 2008) studied postmortem levels of
KYN pathway components in schizophrenia, bipolar disorder, and unipolar depression, and
found a significant relationship of increased nictonamide, a downstream metabolite of KYN,
with suicide in the bipolar sample only. However, the sample size was only 8 subjects each
in the bipolar and unipolar samples and 3 subjects in the schizophrenia sample. Altered
levels of cytokines known to stimulate KYN have been found in postmortem brains of
suicide victims (Tonelli, 2008), and in cerebrospinal fluid (CSF) (Lindqvist, 2009), and
blood (Janelidze, 2011; Kim, 2008) of suicide attempters compared with depressed non-
attempters (Janelidze, 2011; Kim, 2008) and normal controls (Janelidze, 2011; Kim, 2008;
Lindqvist, 2009). Replicated findings were elevated levels of IL-6 (Janelidze, 2011;
Lindqvist, 2009) and lower levels of IL-2 (Janelidze, 2011; Kim, 2008) in suicide
attempters. Another marker of neuroinflammation, microgliosis, has also found to be
associated with suicide attempters postmortem, irrespective of diagnosis (schizophrenia or
affective disorders), compared with normal controls (Steiner, 2008). Additionally, suicide
risk is elevated among patients being treated with cytokines for medical problems, as seen in
individual case histories (Baron, 1993; Janssen, 1994); in a case series of patients with
multiple sclerosis who developed suicidal ideation (n=11) or made suicide attempts (n=4),
and whose suicidality remitted after withdrawal of the interferon (Fragoso, 2010); and in a
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prospective study of patients with hepatitis C who experienced increased suicidal ideation
over 8 weeks (Dieperink, 2004). KYN may be involved in other types of violent behavior
apart from suicide attempts, according to two different research groups who have observed
increased KYN plasma levels in antisocial violent offenders (Tiihonen, 2001) and in
alcoholics with a history of blacked-out violent impulsive behaviors (Vignau, 2010).

Since most (90%) patients were not on psychotropic medications at the time of enrollment
and KYN predicted suicide attempt status equally well when patients on medications were
excluded, the correlation of suicide attempt status with KYN levels does not appear to be an
artifact of medication or medication withdrawal. Nor was the KYN effect attributable to the
clinical or demographic factors examined. However, one possible clinical confounder not
tested for was pyridoxine (vitamin B6) deficiency, which can inhibit the breakdown of KYN
(Linkswiler, 1967).

Elevated KYN associated with suicide attempts might be just a marker for severity of mood
`state'. However, KYN did not correlate with HDRS-17 or BDI scores; nor were MDD
attempters distinguished from MDD nonattempters by depression severity on either scale.
Moreover, depressed non-attempters did not differ from healthy volunteers with respect to
KYN, providing evidence that elevated KYN levels also were not explained by presence of
the MDD `trait'. Thus we hypothesize that elevated KYN may be a marker of suicide
attempt risk, independent of depression severity, related to the diathesis for suicidal behavior
(Mann, 1999) and not to the associated mood disorder, unless MDD with suicidal behavior
comprises a distinct biological subtype of MDD. If true, it is possible that studies finding
elevated KYN associated with depressed state did not control for the effects of suicide
history.

4.2 Possible mechanisms of pathogenesis
Two mechanisms have been suggested through which the degradation of TRP to KYN might
impact depression and suicidality (Wichers, 2005). (The relevant biochemical pathways are
depicted schematically in Figure 2.) In one model, cytokine activation of IDO causes TRP
depletion and thereby reduces 5-HT synthesis (Maes, 1993). This putative pathway has face
value, since hypofunction of the 5-HT system has been associated with recurrent depression
and independently with suicide attempts (reviewed in (Mann, 2003)). Lower peripheral
levels of TRP also have been associated with suicidal behaviors in some (Almeida-Montes,
2000; Clark, 2003; Pfeffer, 1998) but not all (Roggenbach, 2007) studies of susceptible
individuals.

As an alternative mechanism to TRP depletion, we posit that increased KYN and/or its
downstream metabolites may more directly influence the brain. This hypothesis is also
supported by a murine model linking a high KYN:TRP ratio with increased, not decreased,
levels of 5-HT and its metabolic product 5-hydroxyindoleacetic acid (5-HIAA), and with
decreased levels of KA in specific brain regions (Laugeray, 2011). Additionally, a study of
interferon-α induced depression found that elevated peripheral KYN was associated with
elevated CSF levels of KYN and its metabolites quinolinic acid (QA) and kynurenic acid
(KA), while peripherally depleted TRP did not translate into lower CSF TRP concentrations
(Raison, 2010).

KYN is known to move across the blood-brain barrier (Fukui, 1991), and can be
metabolized in the brain through two different pathways. The major, rate-limiting pathway,
in microglial cells, is via kynurenine 3-monooxygenase (KMO) to downstream product QA
(Wonodi and Schwarcz, 2010). The secondary metabolic pathway, via kynurenine
aminotransferases I and II (KAT) in astrocytes, leads to production of KA (Wonodi and
Schwarcz, 2010). As QA and KA have opposing effects on N-methyl-D-aspartate (NMDA)
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receptors (Muller and Schwarz, 2007), the relative production of QA to KA has important
functional consequences. For instance, in two independent studies of patients with hepatitis
C treated with IFN-α, elevated CSF levels of KYN were associated with increases in CSF
KA and QA, while a positive correlation was seen between plasma and CSF QA levels
(Raison, 2010); and depression severity correlated positively with the KYN to KA plasma
ratio (Wichers, 2005), suggesting an association of depression with a relatively greater
production of QA. We note that, apart from increased IDO activity, decreased enzymatic
degradation of KYN theoretically could also result in elevated KYN levels. The data
obtained in this study did not include measurement of KA or QA levels, and thus additional
studies are required to test for the relevance of these pathways in depression and suicidality.

Interestingly, KA also acts as an antagonist of the α7 nicotinic acetylcholine receptor
(Hilmas, 2001). Thus KYN metabolites can influence glutamatergic (Muller and Schwarz,
2007), dopaminergic (Amori, 2009; Poeggeler, 2007), and cholinergic (Schwarcz and
Pellicciari, 2002) tone. Elevated KA causes impairments of spatial working memory (Chess,
2007) and contextual learning (Chess, 2009) in animals and could plausibly play a role in
executive functioning deficits associated with suicidal behavior (Keilp, 2001; Marzuk,
2005). Therefore, KYN metabolites may contribute to the aggression/impulsivity and
neurocognitive deficits proposed as endophenotypes associated with suicidal behavior
(Mann, 2009). A possible relationship between KYN and impulsivity is also suggested by
two studies finding that KYN was strongly elevated (7-fold) in patients with a history of
violent impulsive behaviors and alcohol-related blackouts (Vignau, 2010). Relationships
between KYN, its metabolites, and behavioral phenotypes were not assessed in this study
but should be tested in future studies.

A role for increased inflammation among suicide attempters was further suggested by
subgroup differences in the KYN:TRP ratio. TRP and KYN were positively correlated in
controls and depressed nonattempters, while among suicide attempters, TRP and KYN were
uncorrelated (see Table 2). The relative levels of this substrate/metabolite pair are controlled
in large part by the differences between Km values for the two main enzymes that degrade
TRP (Hayaishi, 1976; Pfefferkorn, 1986; Ren, 1996; Uchida, 1992). We speculate that the
positively correlated TRP and KYN levels were due to the activity of the default hepatic
tryptophan 2,3-dioxygenase (TDO) pathway, wherein dietary intake of TRP generates
proportional amounts of KYN; but that among suicide attempters, cytokine-mediated IDO
activation, which results in lower relative levels of TRP, may have occurred sufficient to
uncouple the TRP and KYN levels, but not enough to produce a negative correlation and
TRP depletion. Other factors may also influence the KYN to TRP balance in this complex
system, including parallel utilization of TRP for other processes such as protein
biosynthesis, and catabolism of KYN by liver enzymes. Our hypothesis is consistent with
the finding that only in the attempter subgroup did the KYN:TRP ratio correlate with
neopterin, an independent indicator of cytokine activation of the Th1 inflammatory response
(which induces IDO) that has been linked with depressive symptoms in chronic illness
(Widner, 2002). It is noteworthy that this study utilized a sample of depressed patients who
were otherwise medically healthy.

In animal models, increased KYN levels also have been shown to be triggered by
glucocorticoid stimulation of TDO (Comings, 1995; Laugeray, 2010). In depressed humans,
abnormalities of reactivity of the hypothalamic-pituitary-adrenal (HPA) axis have been
associated with suicide risk, although there is some controversy over which direction the
abnormality may manifest (Mann, 2006; McGirr). Thus, differences in corticotropin
releasing factor (CRF) and cortisol among patients with a history of suicide attempt—
information not available for this sample—may result in potential effects on the brain via
TDO-mediated increases in KYN.
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4.3 Limitations
Our discussion of putative mechanisms of KYN elevation in suicide attempters is largely
theoretical, as this study did not measure inflammatory indices apart from KYN, TRP, and
neopterin levels. Moreover, the measures used were peripheral, although KYN is known to
cross the blood-brain barrier (Fukui, 1991). This pilot study should be replicated in a larger
sample that would control for nutritional parameters, such as pyridoxine levels and TRP
intake, and for relevant neuroinflammatory markers and neurotransmitters, including C-
reactive protein, which would give more information about Th2 activation, interferon-γ,
QA, KA, 5-HT, and cortisol levels. This study used logistic regression, a technique that is
regularly used in case control studies, like this one, to test association between an exposure
and an outcome, both of which occurred in the past. Its utility is that it allows for the
inclusion of multiple predictor variables in order to tease out which ones are truly associated
with the outcome measure. However, we note that on the basis of this study, KYN levels
cannot be said to “predict” suicide risk, given the reversed temporal relationship between
KYN measurement and suicide attempt status. Conclusions also cannot be drawn from this
study of depressed, unmedicated individuals, concerning associations between KYN levels
and suicide risk in other types of psychiatric or medical populations in which KYN may be
elevated. Finally, we note that a number of post-hoc tests were performed which must be
considered exploratory given the small sample size.

4.4 Conclusions
Results of this preliminary study suggest that inflammatory processes may be differentially
activated in depressed individuals who are at risk for suicide, as higher plasma KYN
concentrations were associated with a history of suicide attempt, correlations between KYN
and TRP were markedly different in suicide attempters, and the KYN:TRP ratio correlated
positively with neopterin in attempters. The association between KYN and suicide attempt
status does not appear to be a function of depression severity, MDD trait, or TRP depletion.
Future, larger studies of the role of KYN in suicide risk should include additional markers
such as inflammatory cytokines, QA, and KA. Our findings also raise the possibility that
pharmacologic manipulation of KYN levels might reduce suicide risk.
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Figure 1.
Plasma kynurenine levels are elevated in suicide attempters compared with nonattempters or
healthy volunteers. Abbreviations: MDD, Major Depressive Disorder; *, p < 0.05.
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Figure 2.
Hypothetical pathways whereby increased levels of plasma kynurenine (KYN) could
mediate suicide attempts. We found that a history of suicide attempt(s) was associated with
increased KYN rather than tryptophan (TRP) depletion, and evidence that increased KYN in
suicide attempters may be due to cytokine-stimulated indoleamine 2,3-dioxygenase (IDO).
In brain, KYN can give rise to either quinolinic acid (QA) or kynurenic acid (KA), which
bind to N-methyl D-aspartate receptor (NMDAR) sites and act as agonist and antagonist,
respectively. (TDO, tryptophan 2,3-dioxygenase; KMO, kynurenine 3-monooxygenase;
KAT I&II, kynurenine aminotransferases I and II.)
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