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Cytokines are low molecular weight proteins that 
help to regulate haemopoiesis and immune 
responses. Examples of cytokines include the 

interleukins (IL), the interferons (IFN) and tumour 
necrosis factors. They may be up-regulated after an infec-
tion and can be associated with a number of ‘sickness 
behaviours’. Similarly, clinical treatment of patients with 
cancer or chronic hepatitis C with cytokines such as inter-
feron-alpha (IFN-α) has been associated with sickness 
behaviours. These include symptoms such as depression, 
irritability, impaired memory, insomnia, loss of appetite 
and asthenia (Schiepers et al, 2005). Some of these symp-
toms are similar to those seen in major depressive disorder. 
For example, major depressive disorder may present with 
depressed mood or anhedonia (loss of pleasure in usual 
interests) and other symptoms such as a persistent change 
in appetite or weight, psychomotor changes (retardation 
or agitation), insomnia or excessive sleep, guilt and worth-
lessness, poor concentration or indecision, and suicidal 
ideas or suicidal attempts (Mann, 2005). In at least one 
study about half of the patients on IFN-α became 
depressed and then improved on cessation of cytokine 
treatment. The risk of cytokine-induced depression is 
reduced and may be effectively prevented with the use of 
antidepressant drugs (Capuron and Miller, 2004). 

IFN therapy and depression 
IFNs are cytokines that are involved in host defence 
systems and help to modulate immune responses. IFN 
therapy is increasingly used to treat a number of malig-
nancies, multiple sclerosis and chronic hepatitis C infec-
tion. However, preparations of IFN-α can induce neu-
ropsychiatric adverse reactions. An early and rapid 
adverse effect after the use of high doses of IFN-α is that 
of a delirium. Mood disturbances such as depression and 
mania may also be observed. If present manic symptoms 
present with agitation and irritability; however depres-
sion is more common. IFN-α therapy can induce 
depression in chronic hepatitis C, chronic myelogenous 
leukaemia, melanoma and renal cell carcinoma (Raison 
et al, 2006). Up to about 60% of patients on IFN-α 
treatment can have significant depressive symptoms and 
about 30% of patients who receive IFN-α as a treatment 
for chronic hepatitis C may develop major depressive 
disorder during their course of treatment (Capuron and 

Dantzer, 2003). IFNs can also affect the haematological 
system and thyroid function. In fact, the combination 
therapy of pegylated IFN-α and the purine nucleoside 
analogue ribavirin may result in an anaemia-induced 
depression that is responsive to erythropoietin treatment. 
In addition, hypothyroid-induced depression demands 
that thyroid function is monitored (Asnis and De La 
Garza, 2005). Nevertheless, IFN-α-induced depression 
may present with two overlapping syndromes. An early 
neurovegetative syndrome that presents with anorexia, 
pain, lethargy and psychomotor retardation tends to 
appear within the first 2 weeks of IFN therapy, and is not 
very responsive to selective serotonin-reuptake inhibitors 
(SSRIs). A later depression-specific syndrome that is 
more responsive to SSRIs may develop over a period of 
weeks to months with disturbances in mood, anxiety and 
cognition (Table 1) (Capuron and Dantzer, 2003). 

Risk factors 
IFN-α-induced depression is more likely to occur in 
female subjects and in those with higher pre-treatment 
scores on the Beck depression inventory (Capuron et al, 
2002). In addition, a family history of depression and 
advancing age are further risk factors. A small cohort of 
patients with chronic hepatitis C and without baseline 
psychiatric disorder underwent treatment with IFN-α-
ribavirine combination therapy. Here higher baseline 
levels of immune activation, such as increases in soluble 
IL-2 receptor (sIL-2R), and IL-6 concentrations before 
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Delirium

Manic irritability and agitation

Depression Early neurovegetative syndrome – anorexia, pain, lethargy and psychomotor
 retardation (little response to antidepressants)

 Later mood/cognitive syndrome – depressed mood, anxiety and cognitive 
 dysfunction (responsive to antidepressants)

Table 1. Neuropsychiatric symptoms after interferon-alpha therapy
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exposure to IFN-α, were associated with increased inci-
dence of subsequent major depressive disorder (Schiepers 
et al, 2005). However, there is little reliable evidence for 
an association between the number of previous episodes 
of depression and IFN-α associated depression (Capuron 
et al, 2002). Furthermore, with the high levels of psycho-
pathology in chronic hepatitis C patients, future studies 
should ideally include a chronic hepatitis C control 
group that is not receiving IFN-α therapy. 

How might IFN-α cause depression?
IFN-α may affect the expression of other cytokines and 
induce some of its effects indirectly. For example, sig-
nificant relationships have been found between IFN-α-
induced increases in IL-6 and IL-8 and depression scores 
in chronic hepatitis C patients (Bonaccorso et al, 2001). 
Also, interestingly IFN-α can lead to a release of serot-
onin (5-hydroxytryptamine; 5-HT) and catecholamines 
via IL-1β, which might explain the early mood lift seen 
in some patients with IFN-α therapy before emergence 
of depressive symptoms. However, chronic IFN treat-
ment has been found to significantly reduce plasma 5-
HT levels. In addition, IFN-α can increase serotonin 
reuptake transporter mRNA levels and decrease 5-HT1A 
receptor mRNA levels (Cai et al, 2005). However, the 
side effects of IFN therapy may also be significantly 
related to increased tryptophan catabolism. 

The effects of IFN-α on tryptophan 
metabolism
The essential amino acid L-tryptophan is obtained from 
the diet and is metabolized via three pathways. Tryptophan 
is either incorporated into tissue protein, converted to 
5-HT or is ultimately catabolized to carbon dioxide and 
water. About 1% of tryptophan is converted to 5-HT via 
the production of 5-hydroxytryptophan (5-HTP). At the 
blood–brain barrier, tryptophan is transported into the 
brain via a high affinity transporter system and here it 
competes with large neutral amino acids such as leucine, 
isoleucine, phenylalanine, threonine, tyrosine and valine. 

About 99% of dietary tryptophan is catabolized by 
tryptophan (2,3)-dioxygenase (TDO) and indoleamine 
(2,3)-dioxygenase (IDO) via the kynurenine pathway. 
TDO and IDO catalyze tryptophan into N-formylkynure-
nine which then deformylates to kynurenine. Metabolism 
by IDO also produces the by-products 3-hydroxyan-
thranilic acid, picolinic acid and quinolinic acid. The end-
products of this pathway also include nicotinic acid and 
nicotinamide adenine dinucleotides. TDO is found in the 
liver and is upregulated by corticosteroids, while IDO is 
expressed primarily in monocytes, macrophages and den-
dritic cells and is induced by pro-inflammatory cytokines 
such as IFN-α. Thus IFN-α therapy can lead to increased 
tryptophan degradation. This would result in an increase 
in the kynurenine:tryptophan ratio. Increased levels of the 
macrophage activation marker, neopterin would indicate 
that the enhanced tryptophan degradation is the result of 

immune activation and IDO activity in macrophages 
rather than of TDO activation (Frick et al, 2004). 
Accelerated tryptophan degradation can have deleterious 
effects. These include immunodeficiency, anaemia, 
cachexia and mood changes (Frick et al, 2004). The latter 
may be the result of a reduction in the biosynthesis of 5-
HTP and 5-HT as these latter compounds, in addition to 
tryptophan, also serve as a substrate for IDO. 

Patients who developed depressive symptoms while 
receiving IFN-α were shown to exhibit a greater reduc-
tion in their serum tryptophan levels. In particular, IFN 
treatment of chronic hepatitis C patients was associated 
with a decrease in tryptophan concentrations and an 
increase in kynurenine concentrations in plasma 
(Bonaccorso et al, 2002), while IFN therapy in melano-
ma patients who developed major depressive disorder 
was associated with greater increases in kynurenine and 
neopterin and more prolonged decreases in tryptophan. 
The decreases in tryptophan levels were positively cor-
related with depressive and anxiety symptoms (Capuron 
and Dantzer, 2003). 

Neurotoxicity
More recently, it has been postulated that IFN-α-associ-
ated depression may be caused by immune-induced 
neurotoxic substances (Schiepers et al, 2005) and that 
some of the persistent cognitive side effects of IFN 
therapy in advanced human immunodeficiency virus 
(HIV) infection may be related to accumulation of qui-
nolinic acid (Meyers et al, 1991). Cytokine-induced 
depression has been shown to correlate with kynurenine 
levels in some patients (Bonaccorso et al, 2002). Increases 
in kynurenine, 3-hydroxy-kynurenine (3-OH-KYN) and 
quinolinic acid might contribute to the development of 
depressive symptoms. 

Peripheral kynurenine can cross the blood–brain bar-
rier via a carrier and enter the brain where it is further 
metabolized in microglia, and 3-OH-KYN can induce 
oxidative stress via formation of free radicals and induce 
apoptosis (Schiepers et al, 2005). Furthermore, quino-
linic acid causes neuronal death upon direct intra-cere-
bral injection in vivo and upon in vitro application to 
neuronal cultures (Takikawa, 2005). Following acute 
systemic activation of IDO, increased levels of quino-
linic acid have been found in the plasma and CSF of 
gerbils (Saito et al, 1993). Increased quinolinic acid pro-
duction may lead to excessive glutamatergic stimulation 
via agonistic actions at a subpopulation of hippocampal 
N-methyl-D-aspartic acid (NMDA) receptors and via 
oxygen radicals with consequent neurotoxicity. These 
metabolites may also cause hippocampal atrophy via 
glutamatergic excitation leading to a loss of corticoster-
oid receptors and interference in the negative feedback of 
the HPA axis. Increasing concentrations of quinolinic 
acid also overwhelm the protective effect of another 
metabolite of kynurenine, namely kynurenic acid. In 
fact, IFN-α treatment not only activates IDO, but also 
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increases the kynurenine:kynurenic acid ratio. This 
increase has been shown to correlate with Montgomery 
Asberg depression scale scores (Schiepers et al, 2005). 

Hypothalamic–pituitary–adrenal axis
Many observations have reported a link between major 
depressive disorder and hypothalamic–pituitary–adrenal 
(HPA) axis dysfunction. In addition, cytokines such as 
IFN-α therapy have been associated with depressive 
symptoms and a hyperactive HPA axis (Capuron and 
Dantzer, 2003). In a study of patients with melanoma 
undergoing treatment with IFN-α, those patients who 
developed depressive symptoms also showed an exagger-
ated HPA axis response as revealed by increased adreno-
corticotropic hormone and cortisol levels in response to 
IFN-α (Capuron et al, 2003). Furthermore, IFN-α acti-
vates other cytokines including IL-6, the levels of which 
has been found to correlate with the development of 
depressive symptoms and with adrenocorticotropic hor-
mone and cortisol (Bonaccorso et al, 2001). 

Cyclooxygenase-2
The enzyme cyclooxygenase (COX) helps to convert 
arachidonic acid to prostaglandins. It is present as three 
different isozymes: COX-1, COX-2 and COX-3. COX-
2 in particular is involved with injury and inflammatory 
processes. In fact, systemic cytokines can activate COX-2 
in CNS vascular endothelial cells and increase the 
expression of prostaglandins which can then diffuse into 
the brain and stimulate nearby neurons. COX-2 inhibi-
tors can reduce the production of prostaglandins and 
pro-inflammatory cytokines. Interestingly, the COX-2 
inhibitor rofecoxib has been shown to reduce depressive 
symptoms in a percentage of patients with osteoarthritis 
and co-morbid depression (Collantes-Estevez and 
Fernandez-Perez, 2003). In a prospective, double blind 
add-on study with reboxetine, 400 mg of the COX-2 
inhibitor celecoxib produced reductions in the symp-
toms of depression additional to reboxetine in acutely 
depressed patients with major depressive disorder 
(Linthorst et al, 1995). In addition, COX-2 inhibitors 
are thought to influence the CNS 5-HT system either 
directly or indirectly via CNS-immune mechanisms. 
However, there have been questions regarding the cardi-
ovascular safety of COX-2 inhibitors, and rofecoxib was 
withdrawn recently for this reason. 

Management 
It is important to first rule out depression caused by 
IFN-induced anaemia or thyroid dysfunction. If present 
these can be treated with erythropoietin or thyroxine 
supplements respectively. With respect to antidepressants 
a number of open trials and case reports have shown 
SSRIs and tricyclic antidepressants to be effective in the 
treatment of IFN-α-induced depression (Angelino and 
Treisman, 2005). However, there have not been any 
randomized controlled trials of antidepressants for the 

treatment of IFN-α-induced depression. Nevertheless, 
the use of antidepressants as prophylaxis before IFN 
therapy has been studied. In fact in a randomized con-
trolled trial, paroxetine was found to be superior to pla-
cebo in the prevention of major depressive disorder in 
patients with melanoma when started 2 weeks before 
initiation of therapy with IFN and when continued for 
12 weeks during the course of IFN therapy (Musselman 
et al, 2001). Additionally, other studies have also indi-
cated a benefit in starting antidepressants in patients 
with current symptoms of depression before therapy 
with IFN-α has begun (Capuron et al, 2002). 

The choice of an antidepressant for the unlicensed 
treatment of IFN-α-induced depression will depend 
upon tolerability, drug–drug interactions, concomitant 
physical illness and the presence of specific symptoms. If 
liver disease is present, however, slower titration is recom-
mended. SSRIs are particularly useful as they can reduce 
irritability and anger. However, SSRIs are associated with 
increased bleeding tendencies, which together with con-
comitant non-steroidal anti-inflammatory drugs may 
increase the risk of IFN-related retinal haemorrhages. In 
addition, SSRIs can precipitate mania in vulnerable indi-
viduals, although this is less likely with paroxetine. 
Mirtazapine is a better choice if sexual dysfunction, 
insomnia, nausea or anorexia is a problem. Duloxetine, 
which potentiates both 5-HT and noradrenaline, is par-
ticularly helpful if somatic pain is present. Drug–drug 
interactions tend to occur if there is concurrent treatment 
with protease inhibitors for HIV infection. This is 
because protease inhibitors can affect the liver micro-
somal system (Asnis and De La Garza, 2005).  

Finally, treatments that oppose accelerated tryptophan 
catabolism would include the use of IDO inhibitors. 
Although the IDO inhibitor 1-methyl TRP has been 
used in mice, it may not be without serious side effects 
in humans. It has been suggested that to treat IFN-
induced depression adequately, 5-HT reuptake needs to 
be inhibited with an SSRI and in addition, 5-HT syn-
thesis needs to be increased via supplementation with 
5-HTP (Turner and Blackwell, 2005). 

Figure 1 summarizes the possible mechanisms by 
which INF-α can lead to depression and where potential 
treatments may act. 

Conclusions
Depression is a common side effect of IFN-α therapy. 
IFN-α may have direct actions on 5-HT and serotonin 
reuptake transporter, and may also act indirectly to 
reduce 5-HT and increase kynurenine metabolites via 
activation of the enzyme IDO. Kynurenine metabolites 
in turn may act upon reactive oxygen species or hip-
pocampal NMDA receptors to promote apoptosis and 
suppress neurogenesis (Schiepers et al, 2005). Some 
antidepressants may act as effective prophylactic agents 
in patients with risk factors. Studies with SSRI and 5-
HTP combinations may prove to be fruitful. In the 
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future there may be a role for pro-inflammatory 
cytokine receptor antagonists and drugs that modulate 
the prostaglandin system. BJHM
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KEY POINTS
n Interferon-alpha therapy is significantly associated with depression. 
n Risk factors include female gender, older age, higher depressive scores at baseline 

and a family history of depression. 
n Interferon-alpha can activate the enzyme indoleamine (2,3)-dioxygenase. This can 

lead to reduced serotonin levels and increased toxic kynurenine metabolites.
n Antidepressants may be effective especially as prophylactic agents.
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Figure 1. Mechanisms by which interferon-α can lead to depression and where potential 
treatments may act. Peripherally, interferon-α can lead to an anaemia that can be treated 
with erythropoietin. It can also lead to thyroid dysfunction, in particular hypothyroidism 
which can be treated with thyroxine supplements. There is also evidence for up-regulation 
of the serotonin reuptake transporter which can lead to lowered synaptic serotonin levels. 
This can be rectified with 5-hydroxytryptophan supplementation and treatment with 
antidepressants such as the selective serotonin-reuptake inhibitors. In addition, interferon-
α can increase the activity of the enzyme indoleamine (2,3)-dioxygenase leading to 
increased tryptophan degradation with additional and consequent reductions in serotonin 
as well as increases in metabolites such as kynurenine, quinolinic acid and kynurenate. 
These metabolites have been shown to be neurotoxic to the hippocampus. This in turn can 
lead to reduced feedback inhibition of the hypothalamic–pituitary–adrenal axis and 
subsequent hypothalamic–pituitary–adrenal activation. Interferon-α can also lead to 
secretion of other cytokines, such as interleukin-1, that can also activate the hypothalamic–
pituitary–adrenal axis via the production of prostaglandin mediators such as prostaglandin 
E2 (PGE2), by the enzyme cyclooxygenase 2. This hypothalamic–pituitary–adrenal activation 
can thus be inhibited by cyclooxygenase 2 inhibitors. 
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