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Abstract
Teenage suicide is a major public health concern, but its neurobiology is not well understood.
Proinflammatory cytokines play an important role in stress and in the pathophysiology of
depression—two major risk factors for suicide. Cytokines are increased in the serum of patients
with depression and suicidal behavior; however, it is not clear if similar abnormality in cytokines
occurs in brains of suicide victims. We therefore measured the gene and protein expression levels
of proinflammatory cytokines interleukin (IL)-1β, IL-6, and tissue necrosis factor (TNF)-α in the
prefrontal cortex (PFC) of 24 teenage suicide victims and 24 matched normal control subjects. Our
results show that the mRNA and protein expression levels of IL-1β, IL-6, and TNF-α were
significantly increased in Brodmann area 10 (BA-10) of suicide victims compared with normal
control subjects. These results suggest an important role for IL-1β, IL-6, and TNF-α in the
pathophysiology of suicidal behavior and that proinflammatory cytokines may be an appropriate
target for developing therapeutic agents.
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1. Introduction
A relationship between the immune system and pathogenesis of depression has been
suggested in patients with depressive illness. Patients with depression have been found to
have abnormal inflammatory pathways. These suggestions are based on the observation that
proinflammatory cytokines, which are released from immune cells as a result of
inflammation or stress, are abnormal in the serum of patients with depression (Maes, 1995;
O'Brien et al., 2004; Pandey & Dwivedi, 2007; Schiepers et al., 2005). Similarly, altered
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levels of cytokines have also been reported in patients with bipolar illness and schizophrenia
(Ganguli et al., 1994; Monteleone et al., 1997). The other evidence of the involvement of
cytokines in depression is derived from the studies reporting that the administration of
interferons (IFN) or other cytokines induces depression in patients with chronic hepatitis C,
multiple sclerosis, or some forms of cancer (Bonaccorso et al., 2002a; Bonaccorso et al.,
2002b; Capuron et al., 2003; Capuron et al., 2000). The other psychiatric symptoms
produced by the administration of IFN-α are cognitive changes that involve verbal memory,
cognitive speed, and executive function—often termed as sickness behavior.

Stressful events have also been shown to cause changes in immune function. Stress
increases susceptibility to infection and autoimmune disease and several studies indicate
stress- related immunosuppression (Leonard, 2000). Also, a number of studies suggest that
exposure to stressful life events causes impairment in various aspects of cellular immune
function (Connor & Leonard, 1998; Maes et al., 1998). Stress-induced alterations in the
function of the hypothalamic-pituitary-adrenal (HPA) axis result in altered cytokine levels
and functions, providing further evidence for stress-related changes in cytokines (Leonard,
2006). Exposure to acute and repeated stress have been shown to cause changes in the levels
of cytokines in the rat brain (Miyahara et al., 2000; Nguyen et al., 1998).

Although the role of cytokines and immune dysregulation has been studied in great detail in
patients with mood disorders and schizophrenia, their role in suicide is less clear. Since both
depression and stress are major risk factors for suicide, it is quite likely that abnormalities of
proinflammatory cytokine may be associated with the pathophysiology of suicide. There is
also some direct and indirect evidence suggesting a relationship between immune
dysregulation and suicide. Steiner et al. (2008) have found increased microgliosis in the
postmortem brain of suicide victims with affective disorders and schizophrenia compared
with normal control subjects. Goodwin and Eaton (2005a) found a significant association
between asthma and increased suicidal ideation and suicide attempts among adults in the
community. Goodwin et al. (2005b) also found that youth who are hospitalized for asthma
have higher than expected levels of suicidal ideation. That an abnormality in cytokines may
be associated with suicidal behavior is supported by a recent report by Tonelli et al. (2008)
that found increased mRNA expression of IL-4 and IL-3 in the PFC of female suicide
victims and IL-13 in male suicide victims compared with normal control subjects.

Janelidze et al. (2011) determined the levels of cytokines in plasma of suicidal and non-
suicidal depressed patients and found that the levels of proinflammatory cytokines IL-6 and
TNF-α were significantly higher in suicide attempters compared with non-suicidal depressed
patients. Taken together, these studies suggest that cytokines may be abnormal in suicide.

Although abnormal levels of cytokines are observed in the serum of patients with depression
or suicide (Pandey et al., 2007; Schiepers et al., 2005), it is not clear if there are also
abnormal levels of cytokines in the brain of depressed and/or suicide subjects. The
immunological aspects of the neurobiology of suicide have been reported (Steiner et al.,
2008), but the cytokines in the brain of suicide victims or subjects with depression have not
been systematically studied. In order to examine the role of proinflammatory cytokines in
suicide, we determined the gene and protein expression levels of IL-1β, IL-6, and TNF-α—
the proinflammatory cytokines—in the PFC of teenage suicide victims and normal control
subjects.
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2. Methods
2.1 Acquisition of human postmortem brain samples

Brain tissues were obtained from the Maryland Brain Collection at the Maryland Psychiatric
Research Center, Baltimore, Maryland, in collaboration with the Office of the Chief Medical
Examiner of the State of Maryland. Tissue samples were obtained from 24 teenage suicide
victims and from 24 teenage control subjects (Table 1). Toxicological data were obtained by
analysis of urine and blood samples from these subjects. All procedures were approved by
the University of Maryland Institutional Review Board.

All subjects in this study were diagnosed using the Schedule for Clinical Interviews for the
DSM-IV (SCID) (First et al., 1997). The SCID was administered by a trained interviewer
using a family member as an informant and included a review of all obtainable medical and
psychiatric records. The SCID diagnoses are validated by two trained psychiatrists. This has
been found to be a very accurate way to make diagnoses (Ramirez Basco et al., 2000). The
protocol was approved by the University of Illinois at Chicago Institutional Review Board.

Family members gave permission for the use of brain tissue for research and for clinical
records to be obtained from mental health treatment providers when there was a prior history
of mental health treatment, or suicide attempts. Two senior psychiatrists provided
independent DSM-IV diagnoses. Similarly, normal controls were verified as free from
mental illnesses using such consensus diagnostic procedures.

2.2 Determination of cytokines in the brain
2.2.1 Determination of mRNA levels using real time PCR
2.2.1.1 RNA extraction and reverse transcription: Total RNA was extracted from 100 mg
of tissue using the TRIZOL reagent (Invitrogen) as per manufacturer's instructions and
treated with DNAse 1 (Invitrogen, USA). The RNA yield was determined by absorbance at
260 nm using NanoDrop®ND-1000 (NanoDrop Technologies, Montchanin, DE, USA).
RNA qualitywas assessed using Agilent Bioanalyzer 2100 (Agilent) and only samples with
28S/18S ratios >1.2 and RIN ≥ 7.0 were included.

Expression levels of mRNA were determined using a two-step real-time RT-PCR (qRT-
PCR) method. 1ug of total RNA was reverse transcribed using 50ng random hexamers,
2mM dNTP mix, 10 units ribonuclease inhibitor, and 200 units MMLV-reverse transcriptase
enzyme in a final reaction volume of 20 μl.

2.2.1.2 Relative real-time PCR: Real-time PCR was performed with MX3005p sequence
detection system (Agilent) using specific TaqMan gene expression assays (Applied
Biosystems, Foster City, CA) and TaqMan Universal PCR MasterMix, with UNG (Applied
Biosystems) according to the manufacturer’s instructions. The TaqMan assay IDs were as
follows: ACTB, Hs99999903; PPIA, Hs99999904_m1; IL1B, Hs00174097_m1; TNF-alpha,
Hs00174128_m1; IL6, Hs00985641_m1. The stability and optimal number of housekeeping
genes was determined using geNORM version 3.4 (PrimerDesign Ltd, UK) according to the
manufacturer's instructions (Vandesompele et al., 2002). This comparison identified β-actin
and cyclophilin A (PPIA) as the most stable housekeeping genes. PCR efficiency after 5-log
dilution series was 92–105%. Both β-actin and PPIA had similar amplification efficiencies
as the target genes and were run in parallel. For each primer/probe set, the PCR reaction is
carried out using 10 μl of cDNA diluted 1:10 fold and includes a non-RT and no template
control. All measurements were performed in triplicates. The amount of target gene mRNA
normalised to β-actin and PPIA and relative to the control reference samples is expressed as
2−(ΔΔCt).
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2.2.2 Determination of protein levels using ELISA—The cytosol fraction from the
brain tissue samples for the determination of cytokines was prepared by homogenizing 100
mg of tissue in 0.6 ml of buffer containing 100 mM Tris (pH 7.4), 150 mM NaCl, 1% Triton
X-100, 1% sodium decanoate, 0.1% SDS, 5 mM EDTA, 1 mM phenylmethylsulfonyl
fluoride, 5 μg/ml aprotinin, leupeptin, pepstatin, and 100 mM sodium orthovanadate. The
homogenate was centrifuged at 15,000 g for 10 min at 4°C, and the supernatant was used for
all the assays. Protein concentration was determined according to the method of (Lowry et
al., 1951).

Levels of proinflammatory cytokines were determined in aliquots of the cytosol fraction by
enzyme-linked immunosorbent assay (ELISA) using commercially available Quantakine®

kits for human IL-1β, human IL-6, and human TNF-α purchased from R & D Systems,
Minneapolis, MN.

2.3 Statistical analysis
Statistical differences in age, postmortem interval (PMI), and the cytokine levels between
normal controls and suicide victims were evaluated by Student’s t-test. The relationships
between age, gender, PMI, pH of the brain, race, and the cytokine levels were determined by
Pearson product-moment correlation analysis.

3. Results
The demographic and clinical characteristics of the teenage suicide victims (n = 24) and
normal control subjects (n = 24) are given in Table 1. The age range of the teenage suicide
victims and normal control subjects was 12 to 20 years. There were no significant
differences in the mean age or the mean PMI between the suicide victims and normal control
subjects.

3.1 Protein expression of TNF-α, IL-1β, and IL-6 in PFC (BA-10) of teenage suicide victims
and normal control subjects

Using the ELISA method, we determined the protein expression levels of TNF-α, IL-1β, and
IL-6 in the BA-10 of suicide victims and normal control subjects. We observed that the
mean protein expression of TNF-α and IL-1β was significantly higher in BA-10 of teenage
suicide victims compared with the normal control subjects (Fig. 1). The protein expression
levels of IL-6 were also increased at a p level of 0.06 in BA-10 of teenage suicide victims
compared with controls (Fig.1). Although the increase was 208%, it just missed the level of
significance. This may be due to large standard deviations in both groups.

3.2 Protein expression of TNF-α and IL-1β in PFC (BA-8) of teenage suicide victims and
normal control subjects

In order to examine if the increase protein expression levels of proinflammatory cytokines
observed in BA-10 was reproducible and/or abnormal in another area of the PFC, we also
determined the protein expression levels of the proinflammatory cytokines IL-1β and TNF-α
in BA-8 (Fig. 2), and found that the results were very similar to those observed in BA-10.
The levels of TNF-α and IL-1β were again significantly higher in BA-8 of suicide victims
compared with normal control subjects (Fig. 2).

3.3 mRNA levels of IL-1β, IL-6 and TNF-α in PFC (BA-10) of teenage suicide victims and
normal control subjects

Since we observed an increase in the protein expression levels of the proinflammatory
cytokines in the PFC of suicide victims, we then examined if there are similar changes in the
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gene expression levels of the proinflammatory cytokines in suicide victims. We therefore
determined the mRNA levels of IL-1β, IL-6, and TNF-α in the PFC (BA-10) of suicide
victims and normal control subjects. We found that the mRNA levels of IL-1β, IL-6 and
TNF-α were significantly higher in BA-10 of suicide victims compared to normal controls,
as shown in Fig. 3.

3.4 Effects of confounding variables
To rule out the possibility that the observed increase in the levels of proinflammatory
cytokines in the PFC of suicide victims is related to the covariance, we examined the effects
of age, gender, PMI and pH of brain on these parameters. There was no significant
correlation of age gender, PMI or pH of the brain with protein or mRNA expression levels
of either TNF-α, IL-1β or IL-6.

Since it has been shown that antidepressant treatment may cause changes in the levels of
proinflammatory cytokines, we have also compared the protein and mRNA levels of these
cytokines in the 4 suicide victims who had a history of antidepressant treatment and who had
antidepressant present in their blood at time of death. The protein and mRNA levels of either
TNF-α, IL-1β, or IL-6 were not significantly different in those antidepressants-treated
suicide victims (n = 4) compared with those suicide cases with no antidepressant treatment
(n = 20).

In fact, there was still a significant increase (p < 0.001) in the protein and mRNA levels of
TNF-α and IL-1β, and in the mRNA levels of IL-6 in teenage suicide subjects excluding
these 4 cases compared with controls. After the exclusion of the four antidepressant-treated
suicide victims, the protein levels of IL-6 remain higher in teenage suicide group compared
with the control group at the level of p = .07.

4. Discussion
In this study we observed that the protein and mRNA levels of the proinflammatory
cytokines, TNF-α, IL-1β, and IL-6 were significantly increased in the PFC (BA-10) of
teenage suicide victims compared with normal control subjects.

The interleukin-1 (IL-1) family has at least three proteins known as IL-1α, IL-1β, and IL-1-
RA. Both IL-1α and IL-β are agonist and are believed to exert similar effects in the
periphery. IL-1-RA is a specific endogenous receptor antagonist that blocks the actions of
both IL-1α and IL-1β, but has no known agonist activity (Dinarello & Thompson, 1991). It
appears that only IL-β is induced in the brain in response to injury or infection, or in sores
(Rothwell, 1997a; b; Rothwell et al., 1997; Rothwell & Luheshi, 1994). IL-1 has several
actions on the brain. For example, IL-1β or TNF-α injected into the brain produces
anxiogenic-like effects, fever, sickness behavior, and alterations in sleep and the
neuroendocrine parameters (Anisman et al., 2005; Connor et al., 1998).

TNF also exists in α and β forms and these proteins are derived from two different genes
(Fears et al., 1992a; Fears et al., 1992b; Munoz-Fernandez & Fresno, 1998). TNF-β shares
biological activities and membrane receptors with TNF-α but is a molecule produced from a
different gene. There are two types of TNF receptors and both exhibit affinity for the two
forms of TNF.

If an increase in in proinflammatory cytokines is associated with the pathophysiology of
suicide, is it possible to treat suicidal behavior by reducing the levels of these cytokines?
Both preclinical and clinical studies with depressed patients provide strong evidence in
support of this possibility.
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For example, the physiological effects of TNF-α are mediated through its two receptors,
known as TNF-R1 and TNF-R2. Simen et al. (2006) studied the effect of the deletion of
these receptors in the knock-out mice on behaviors related to depression. They found that
deletion of either TNF-R1 or TNF-R2 leads to an antidepressant-like response in the forced
swim test, and that mice lacking TNF-R2 demonstrated hedonic response in a sucrose
drinking test compared with the wild-type litter mates. In addition, deletion of TNF-R1 leads
to decreased fear conditioning. These investigators suggested that TNF-α can induce
depression-like symptoms and that blocking or removal of the receptors for TNF which
mediate these behavioral effects can result in improvement of depression-like behaviors.

Koo and Duman (2008) studied the role of IL-1β as a mediator of the antineurogenic and
anhedonic effects of stress. They found that blockade of IL-1β receptor, IL-1RI, by using
either an inhibitor or IL-1RI null mice blocks the antineurogenic effect of stress and blocks
the anhedonic behavior caused by chronic stress. These results again suggest that IL-1β is
involved in antineurogenic and depression-like behavior caused by stress (Koo et al., 2008).

Clinical evidence in support of this hypothesis has been provided by Tyring et al. (2006)
who studied 618 patients with moderate to serious psoriasis, a skin disorder associated with
substantial psychological and emotional effects, including depression. These patients
received double-blind treatment with placebo or 50 mg twice-weekly etanercept, a soluble
TNF-α receptor that prevents TNF-α-mediated cellular responses by competitively inhibiting
the interaction of TNF-α with cell surface receptors and it has also been shown to be
effective in patients with psoriasis. They found that a large portion of patients who received
etanercept had at least a 50% improvement in the Hamilton rating scale for depression
(Ham-D) or Beck depression inventory (BDI) at week 12 compared with the placebo group.
This study provides strong clinical evidence that reducing or blocking the effects of TNF-α
could result in improving depression.

The other indirect evidence supporting the hypothesis that a decrease in cytokine levels may
be related to treatment response is provided by studies of Tuglu et al. (2003) that determined
the TNF-α and C-reactive protein (CRP) levels before and post-treatment in 26 patients with
major depressive disorders (MDD). They observed that the levels of TNF-α and CRP, which
were significantly higher in MDD patients than in normal controls, decreased significantly
after treatment.

The other issue is the relationship between the immune system and the brain. It is well
known now that the immune system does not operate in isolation but is in communication
with the brain. The presence of cytokines, which serve key roles in the generation of the
immune response in brain, is now quite well established (Hopkins & Rothwell, 1995;
Schobitz et al., 1994a; Schobitz et al., 1993; Schobitz et al., 1994b). The receptors for IL-1,
TNF-α and IL-6 have been observed in a number of brain regions. They are found on both
glia as well as in the neurons (Hopkins et al., 1995; Schobitz et al., 1994a; Schobitz et al.,
1993; Schobitz et al., 1994b). Many of the effects of infection, such as fever, disturbed
sleep, decreased food and water intake, or decreased social interactions are also observed
after intracerebroventricular administration of these cytokines.

Although an association between immune dysregulation and suicide has been suggested by
several studies, there are only a few studies of cytokines in general, and TNF-α, IL-1β, and
IL-6 in particular, in the serum of suicidal patients. Nassberger and Traskman-Bendz (1993)
reported increased levels of soluble IL-2 receptors in the serum of suicide attempters.
Lindqvist et al. (2009) determined the levels of several cytokines in the CSF and plasma of
patients who attempted suicide and normal control subjects. They found that levels of IL-6
were significantly higher in suicide attempters than in controls. Janelidze et al. (2011)
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determined the plasma levels of IL-2, IL-6 and TNF-α in suicidal patients, non-suicidal
depressed patients and normal healthy control subjects. They found increased levels of TNF-
α and IL-6 and decreased levels of IL-2 in suicide attempters compared with normal
controls. There is only one study of cytokines in the blood of adolescent suicidal patients by
Gabbay et al. (2009). They found decreased plasma levels in adolescent suicidal patients
with MDD, whereas IFN-γ was increased in both suicidal and non-suicidal MDD patients.

Shelton et al. (2011) conducted gene expression profiling studies of a number of pro- and
anti-inflammatory cytokines in the postmortem brain (BA-10) of MDD subjects and found
upregulation of a variety of pro- and anti-inflammatory cytokines, including IL-1α, in the
MDD subjects compared with controls. Tonelli et al. (2008) determined the mRNA
expression of TNF-α, IL-1β, and IL-4,5,6 and 13 in the postmortem brain (BA-11) of suicide
and control subjects. They found increased expression of IL-4 in female suicide victims and
IL-13 in male suicide victims but no significant change in the expression of TNF-α either in
male or in female suicide victims.

Steiner et al. (2008) have also observed increased microglial density in the PFC of suicide
victims. Since microglial activation might result in increased levels of cytokines, these
appear to be consistent with our findings. In a recent study, Patersson et al. (2006) have
reported increased levels of TNF-α mRNA in the PFC of schizophrenic subjects.

Our current study of IL-1β, IL-6, and TNF-α clearly indicates a significant increase in the
cytokines in the PFC of teenage suicide victims compared with normal control subjects. Our
studies are not comparable to those reported by Tonelli et al. (2008) because we determined
the cytokines in the PFC of teenage suicide subjects as opposed to the adult suicide subjects
studied by them. It is quite possible that the pathophysiology of teenage suicide and the role
of cytokines in teenage suicide may differ from that in adults as reported by Tonelli et al.
(2008).

These proinflammatory cytokines may produce their physiological and behavioral effects
through various mechanisms, and one of the mechanisms suggested by which they can
produce their effects is through its interaction with the serotonergic systems (Myint & Kim,
2003; Wichers & Maes, 2002; Wichers et al., 2007; Yamada et al., 2000). TNF-α can alter
the availability of serotonin (5HT) (Yamada et al., 2000) and also can affect the 5HT
transporter (Tsao et al., 2006).

Besides causing the inhibition of neurite outgrowth and branching, as suggested earlier
(Neumann et al., 2002), proinflammatory cytokines may also cause the inhibition of adult
neurogenesis (Neumann et al., 2002). Thus, changes in neuronal density and synaptic
plasticity observed in depressed and/or suicidal patients may be related to the effects of
TNF-α or IL-1β on neurogenesis.

In summary, the observed increases of proinflammatory cytokines in the postmortem brain
of teenage suicide victims suggest that TNF-α, IL-1β or IL-6 are associated with the
neurobiology of suicide and that targeting these cytokines may help in developing new
therapies for the treatment of suicidal behavior.
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Figure 1.
Protein levels of proinflammatory cytokines in the postmortem brain of teenage suicide
victims and normal control subjects. Mean ± SD values of TNF-α, IL-1β and IL-6 in the
prefrontal cortex (BA-10) of normal control subjects (n = 24) and teenage suicide victims (n
= 24).
* p< 0.01
**p< 0.06
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Figure 2.
Protein levels of proinflammatory cytokines in the postmortem brain of teenage suicide
victims and normal control subjects. Mean ± SD values of TNF-α and IL-1β in the prefrontal
cortex (BA- 8) of normal control subjects (n = 24) and teenage suicide victims (n = 24).
* p< 0.01
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Figure 3.
mRNA levels of proinflammatory cytokines in the postmortem brain of teenage suicide
victims and normal control subjects. Mean ± SD values of TNF-α, IL-1β and IL-6 in the
prefrontal cortex (BA-10) of normal control subjects (n = 24) and teenage suicide victims (n
= 24).
* p< 0.01
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