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Abstract

Interferon-a (IFN-a) therapy for the treatment of hepatitis C is known to induce depressive symptoms and

major depression in a substantial proportion of patients. While immune activation and disturbances in

peripheral tryptophan catabolism have been implicated, the exact underlying mechanism remains un-

known. A role for brain-derived neurotrophic factor (BDNF) in the pathophysiology of mood disorders

has recently emerged. This study examined whether depressive symptoms over time are associated with

changes in serum BDNF concentration in hepatitis C patients treated with IFN-a, and whether BDNF

mediates the effects of IFN-a-induced immune activation on depressive symptoms. For this purpose, 17

hepatitis C patients received IFN-a treatment with ribavirin. Patients were assessed before and at 1, 2, 4, 8,

12 and 24 wk after start of treatment. Depressive symptoms were assessed using the Montgomery–Asberg

Depression Rating Scale (MADRS). In addition, cytokine concentrations and serum BDNF levels were

measured at all time-points. Serum levels of BDNF decreased during the course of treatment, and were

significantly and inversely associated with total MADRS score. Furthermore, pro-inflammatory cytokine

levels predicted lower subsequent BDNF levels, whereas low BDNF levels, as well as increased cytokine

levels, were independently associated with the development of depressive symptoms during IFN-a

treatment. These findings suggest that the effect of IFN-a-induced immune activation on depression may

be explained in part by alterations in neuroprotective capacity, reflected by decreases in serum BDNF

following IFN-a treatment.
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Introduction

Interferon-a (IFN-a) therapy for the treatment of

hepatitis C and several malignancies induces

neuropsychiatric side-effects in a large proportion

of patients. The occurrence of major depression

has been reported in up to 45% of patients (Asnis &

De La Garza, 2006). IFN-a-induced depression has

been attributed to the induction of pro-inflammatory

cytokines that can modulate several neurophysio-

logical and neuroendocrine systems involved in

mood regulation (Raison et al. 2006 ; Wichers & Maes,

2002).
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Recent research on the biological pathophysiology

of mood disorders, including major depression, fo-

cuses on disturbances in neurotrophic signalling

pathways. In particular the role of brain-derived

neurotrophic factor (BDNF) has been extensively in-

vestigated. BDNF plays an important role in neuronal

survival and differentiation, and mediates synaptic

plasticity. A role of BDNF in the pathophysiology of

mood disorders has been proposed, based on several

lines of evidence (Duman & Monteggia, 2006;

Hashimoto et al. 2004). Stress, an important risk factor

for depression, decreases BDNF expression in relevant

brain areas of animals, while chronic administration of

antidepressants increases BDNF expression. Infusion

of BDNF in the brain produces antidepressant-like

effects in several animal models of depression. Post-

mortem analysis of human brains shows that BDNF

is decreased in depressed patients and increased in

patients receiving antidepressants (Chen et al. 2001).

Furthermore, findings of decreased BDNF serum

levels in depressed patients have consistently been

replicated (Aydemir et al. 2005, 2006 ; Gervasoni et al.

2005 ; Gonul et al. 2005 ; Karege et al. 2002a, 2005;

Shimizu et al. 2003). Serum BDNF levels are negatively

correlated with symptom severity (Gervasoni et al.

2005 ; Gonul et al. 2005; Karege et al. 2002a ; Shimizu

et al. 2003 ; Zanardini et al. 2006) and are increased after

chronic antidepressant treatment (Aydemir et al. 2005,

2006 ; Gervasoni et al. 2005 ; Gonul et al. 2005), electro-

convulsive therapy (Bocchio-Chiavetto et al. 2006) and

repetitive transcranial magnetic stimulation (Zanardini

et al. 2006). Two recent systematic reviews and meta-

analyses concluded that serum BDNF levels are in-

deed associated with depression status (Brunoni et al.

2008 ; Sen et al. 2008). Moreover, activation of the in-

flammatory immune system elicits changes in BDNF

levels that are likely to impact on behavioural pro-

cesses such as depression (Anisman, 2009).

Thus, while both clinical and pre-clinical evidence

suggest a role of BDNF in mood disorders, BDNF

levels in serum of patients treated with IFN-a have

never been examined. In the present study, patients

were followed before and during IFN-a therapy for

the treatment of hepatitis C. It was hypothesized that

serum BDNF levels would be negatively associated

with the occurrence of depressive symptoms during

the course of treatment.

Methods and materials

Subjects

Twenty-one patients with chronic active hepatitis

C infection were recruited and assessed before and

during the period that they underwent IFN-a treat-

ment. Chronic hepatitis C was defined as : antibodies

to HCV-positive, HCV-RNA-positive, and elevated

transaminases at least once in the previous 6 months.

Excluded were patients currently meeting criteria

for Axis I psychiatric disorders as defined by DSM-IV

or patients currently on antidepressant medication.

In addition, patients who had co-infections such as

hepatitis B virus or human immunodeficiency virus,

or patients with a diagnosis of uncontrolled neuro-

logical, cardiovascular, endocrine, haematological,

hepatic or renal disease, or patients with insufficient

knowledge of the Dutch language were excluded.

Patients were recruited from the Academic Hospital

Maastricht (AZM) in The Netherlands and from the

Hospital East Limburg (ZOL) in Belgium. All patients

received some form of IFN-a treatment and ribavirin.

Some patients received Intron A the first 12 d of treat-

ment [10 million units (MU) daily for the first 6 d and

5 MU daily after day 6]. After these 12 d, they received

a weekly injection of 80–180 mg PEG IFN-a-2b. Other

patients directly started with weekly injections of

80–180 mg PEG IFN-a-2b and one patient received

IFN-a-2b (Intron A), 3r3 MU weekly throughout the

study period. In all patients, ribavirin was adminis-

tered orally, 1000–1200 mg/d, depending on body

weight. Six of the patients received an additional daily

dose of 2r100 mg amantadine.

The study was approved by the standing Medical

Ethics Committee of Maastricht University and per-

formed in accordance with the Declaration of Helsinki

(Hong Kong Modification, 1989). Written informed

consent was obtained from each subject prior to par-

ticipation.

Measurements

Patients were assessed before and at 1, 2, 4, 8, 12 and

24 wk after treatment start. At each assessment, blood

samples were collected and the Montgomery–Asberg

Depression Rating Scale (MADRS; Montgomery &

Asberg, 1979) was administered. The presence of

major depressionwas determined using the Structured

Clinical Interview for DSM-IV Axis I Disorders

version 5.0.

Blood samples were used for the measurement of

BDNF. In addition, platelet number and serum levels

of interleukin-6 (IL-6), IL-8, IL-10, soluble IL-6 receptor

(sIL-6R), sIL-2R, tumour necrosis factor-a (TNF-a) and

IL-1 receptor antagonist (IL-1RA) were determined.

Diurnal cortisol levels were determined in saliva

samples that were collected the day prior to each of the

seven assessment points of the longitudinal study
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(baseline, 1, 2, 4, 8, 12 and 24 wk after starting IFN-a

treatment) as previously described (Wichers et al.

2007).

Blood was collected between 08:00 and 10:00 hours

after an overnight fast into (i) BD VacutainerTM EDTA

tubes for determination of platelet number and other

routine clinical tests, and (ii) BD Vacutainer SST tubes

for serum preparation (BD, The Netherlands). Serum

was stored at x80 xC until analysis. BDNF in serum

was measured using the BDNF Emax Immunoassay

System (Promega, The Netherlands). In accordance

with the manufacturer’s recommendations, samples

were acid treated before being appropriately diluted

for analysis. Cytokine levels in serum and cortisol in

saliva were determined as previously described

(Wichers et al. 2007).

Statistics

The data were analysed with Stata version 11.0

(StataCorp, USA). In order to improve normality of

distributions, the IL-8, IL-1RA and IL-6 variables

were subjected to an inverse square-root transform-

ation.

Multilevel random regression analysis was applied

using the XTREG command of Stata. This multilevel

model takes into account that level-1 units (individual

observations) are clustered into level-2 units (sub-

jects). First, an analysis was performed to examine

changes in BDNF serum levels during treatment.

Second, total MADRS score was regressed on BDNF

levels to assess the association between BDNF levels

and the occurrence of depressive symptoms. Since

BDNF is stored in thrombocytes and since IFN-a

therapy can induce thrombocytopenia, all analyses

were corrected for number of thrombocytes. Analyses

were also corrected for the following a priori hypo-

thesized confounders : age, gender, smoking, hospital

centre, benzodiazepine medication and use of mari-

juana during the study. It has been suggested that

endogenous corticosteroids influence BDNF ex-

pression (Prickaerts et al. 2006). In our data, regression

analysis showed that there was no association be-

tween BDNF and either awakening cortisol response

(b=x0.65, p=0.395) or daily average cortisol (Gunnar

et al. 2001 ; Wichers et al. 2007) (b=x0.51, p=0.395)

and the latter are therefore not considered as con-

founding factors. Third, cytokine levels were re-

gressed on BDNF levels. Finally, BDNF and cytokine

concentrations were entered in the model simul-

taneously in order to examine to what degree the ef-

fect of each on depressive symptoms was independent

of the other.

Results

Subjects

Patient characteristics have been described previously

(Wichers et al. 2007) and are briefly summarized.

Twenty-one patients were included in the study. Four

patients dropped out due to problems not associated

with psychiatric side-effects. The final study group

consisted of 17 patients (13 men and four women). The

mean age of the group was 42¡7.4 yr. One subject had

partial missing data on depressive symptoms. In 7/17

patients (41%), a temporary dose reduction or dis-

continuation of therapywas necessary due to haemato-

logical adverse events. Ten patients (59%) reported

lifetime drug dependence and had acquired the virus

by intravenous drug use. Six of the 17 patients (35%)

received low-dosage benzodiazepines during the

study and 7/17 patients were currently using some

form of drugs, of which five were regular users of

marijuana. Of these five individuals, one additionally

used heroin on a regular basis. The other two in-

dividuals were on methadone substitution. Their drug

habit was stable throughout the studied period. Five

out of 16 patients (31%) fulfilled DSM-IV criteria for

MDD at some point during the study period. The

average baseline level of BDNF was 15.7 (S.D.=4.9,

range=8.3–24.4) ng/ml. Average thrombocyte count

per week was 227 (S.D.=71), 169 (S.D.=48), 196 (S.D.=
70), 190 (S.D.=75), 179 (S.D.=61), 182 (S.D.=50) and 201

(S.D.=63) for baseline and the six follow-up measure-

ments, respectively. Mean cytokine concentrations

and their standard deviations at each measurement

occasion have been described in a previous publi-

cation pertaining to this sample (Wichers et al. 2007).

BDNF levels and depressive symptoms during

treatment

BDNF levels and MADRS scores during treatment

are displayed in Fig. 1. Serum BDNF levels gradually

decreased during treatment (b=x0.789, p<0.001).

Compared to baseline, this decrease was significant

from week 2 onwards (see Table 1). As previously re-

ported, total MADRS score significantly increased

during treatment (Wichers et al. 2005a). Regression

analysis showed that BDNF levels were significantly

and negatively associated with total MADRS score

(b=x1.064, p<0.001). Sensitivity analyses including

only those patients who did not experience dose re-

duction during the study period showed that effects in

this restricted sample were slightly stronger compared

to the complete sample (effect of decreases in BDNF

during treatment : b=x0.879, p<0.001 ; association of
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BDNF with MADRS score : b=x1.259, p<0.001).

Figure 2 graphically depicts the decrease in BDNF

levels, stratified by development of depression.

Immune activation, BDNF and depressive symptoms

To assess whether activation of the cytokine network

is involved in the decrease of BDNF during IFN-a

treatment, the association between serum levels of

BDNF and cytokine was examined. Soluble IL-2R

(b=x0.006, p=0.002), IL-1RA (b=x23.94, p=0.032),

IL-10 (b=0.325, p=0.019) and sIL-6R (b=0.023, p=
0.020) were significantly associated with BDNF. No

other cytokines were significantly associated with

serum BDNF levels. Previously we showed that sIL-2R

levels, but not IL-1RA, IL-10 or the SIL-6R concen-

trations, are related to increases in MADRS scores

during IFN-a treatment (Wichers et al. 2007). There-

fore, we examined the time-lagged associations be-

tween sIL-2R and BDNF in order to estimate the

directionality of their association. Second, to examine

their independent associations with depressive symp-

toms, BDNF and sIL-2R were added simultaneously in

the regression model. The first analysis was performed

using the tsset command in Stata 11.0, with time units

specified as weeks. The effect of BDNF levels on later

sIL-2R concentrations was not significant (bx8.141,

p=0.458). However, the effect of sIL-2R levels on later

BDNF was significant (bx0.0054, p=0.001). When

both BDNF and sIL-2R were added simultaneously

as predictors of depressive symptoms, both BDNF

(bx0.658, p=0.005) and sIL-2R (b=0.0180, p<0.001)

were significantly associated with depressive symp-

toms. This suggests that sIL-2R levels decrease later

BDNF levels and that both low BDNF levels and

increased sIL-2R levels independently contribute to

the prediction of depressive symptoms during IFN-a

treatment.

Discussion

This longitudinal study examined, for the first time,

the association between development of depressive

symptoms during IFN-a therapy and changes in

serum levels of BDNF. The data showed that de-

pressive symptoms were significantly associated with

decreases in serum BDNF levels. Two markers of im-

mune activation – sIL-2R reflecting T-cell activation,

and IL1-RA reflecting monocyte activation – were also

inversely associated with BDNF, while other markers

reflecting anti-inflammatory activity (IL-10 and

sIL-6R) were positively associated with BDNF.

A previous study using the same sample showed

that of these markers only sIL-2R was significantly

associated with depressive symptoms (Wichers et al.

2007). Given the present study design (experimental
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Table 1. Multilevel regression analysis indicating difference
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administration of IFN-a) and the results (that in-

creased sIL-2R predicts a later decrease in BDNF) the

findings support the hypothesis that immune acti-

vation reduces BDNF levels. The association of BDNF

with depressive symptoms could theoretically be ex-

plained on the basis of a third, confounding, variable

(i.e. immune activation), without a causal role for

BDNF in the development of depressive symptoms.

However, the fact that both BDNF and sIL-2R were

associated with depressive symptoms, each indepen-

dently of the other, appears to exclude that possibility.

Thus, the results support the hypothesis that the

changes in BDNF may not be a non-causal by-product

of biochemical changes during IFN-a treatment, but

rather that BDNF may be on the causal pathway

of IFN-a-induced immune activation to depressive

symptoms. These data provide insight into the mech-

anism underlying the depressogenic effects of IFN-a

and add further evidence to the conception that al-

terations in neurotrophic factors underlie the patho-

physiology of mood disorders. Previous studies have

suggested that development of depressive symptoms

during IFN-a therapy is associated with increases in

pro-inflammatory cytokines (Bonaccorso et al. 2001 ;

Wichers et al. 2007), which are known to elicit

depressive-like behaviour (Raison et al. 2006 ;

Schiepers et al. 2005). Other proposed mechanisms of

IFN-a-induced depressive symptoms are alterations

in peripheral tryptophan metabolism, disturbances in

central neurotransmitter turnover and dysfunction of

the hypothalamic–pituitary–adrenal axis (Bonaccorso

et al. 2002 ; Capuron et al. 2002a, b, 2003a, b ; De La

Garza &Asnis, 2003; Kitagami et al. 2003 ;Wichers et al.

2005b). Our findings suggest a role for neurotrophic

factors in IFN-a-induced depression. Duman and

Monteggia (2006) have recently proposed a model

for the involvement of BDNF and other neurotrophic

factors in stress-related mood disorders. In animals,

stress reduces BDNF expression in relevant brain re-

gions, which can lead to reduced neuronal protection

and cell survival. Similarly, a role of BDNF in cyto-

kine-induced depression can be suggested. First,

some of the effects of stress on hippocampal BDNF

expression are mediated, at least in part, by the pro-

inflammatory cytokine IL-1b (Barrientos et al. 2003).

Second, IFN-a is able to penetrate the brain par-

enchyma (Pan et al. 1997) and can induce local pro-

duction of IL-1b. In addition, IFN-a-induced IL-1b

expression in the hippocampus decreases cell pro-

liferation in the dentate gyrus (Kaneko et al. 2006), a

phenomenon that is dependent on BDNF expression

and associated with hippocampal neurogenesis (Lee

et al. 2002). In addition, peripheral immune activation

also lowers BDNF levels in the brain (Guan & Fang,

2006). Taken together, it is suggested that IFN-a-

induced depression and development of depressive

symptoms are associated with decreased BDNF ex-

pression in relevant brain regions, thereby compro-

mising neuronal plasticity, including neuroprotection

and neuronal survival.

Indeed, our findings of reductions in circulating

levels of BDNF during IFN-a treatment may reflect

altered BDNF synthesis in the brain. In the circulation

system, BDNF is taken up by and stored in platelets,

which do not synthesize BDNF (Fujimura et al. 2002).

The source of BDNF remains as yet undetermined, but

it is thought that BDNF is mainly produced in the

brain (Karege et al. 2002b) and enters the circulation

through reabsorption of cerebrospinal fluid (Pan et al.

1998). Other potential sources of serum BDNF are vas-

cular endothelial cells (Nakahashi et al. 2000) and ac-

tivated lymphocytes and monocytes (Kerschensteiner

et al. 1999). However, it is unlikely that the latter

are involved in IFN-a-related decreases in serum

BDNF, since IFN-a is known to activate immune

cells (Brassard et al. 2002), that would result in elev-

ated circulating BDNF concentrations. It is therefore

suggested that IFN-a-mediated immune activation,

both peripherally and centrally, decreases BDNF syn-

thesis in the brain, resulting in lower levels of BDNF

in serum. The decreases in central BDNF production

compromises neuroprotective capacity of the brain

micro-environment.

Occurrence of depression during IFN-a therapy

often requires cessation of treatment or adjustment of

dose regimen, thereby compromising treatment out-

come (Asnis & De La Garza, 2006). Fortunately, IFN-a-

induced depression can be successfully treated and

prevented with antidepressants (Asnis & De La Garza,

2005 ; Maddock et al. 2004 ; Schramm et al. 2000). It is

well known that antidepressants enhance BDNF ex-

pression in several brain areas (Duman & Monteggia,

2006), and that treatment with antidepressants in-

creases serum BDNF levels (Aydemir et al. 2005, 2006 ;

Gervasoni et al. 2005; Gonul et al. 2005). Thus, anti-

depressants may normalize IFN-a-related decreases in

BDNF, thereby preventing depression or alleviating

depressive symptoms.

Limitations

The present study concerns IFN-a-induced de-

pression, and caution should be exercised in general-

izing the findings to depressive disorders of different

aetiology. However, the involvement of BDNF in

stress-related mood disorders has already been

shown, and, together with the current data, it suggests
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that BDNF is a key molecule in the pathophysiology of

mood disorders in general.

The total number of patients included in this study

was low and although all patients varied in depressive

symptoms on a continuous scale, only five patients

fulfilled DSM-IV criteria for depression over the

course of treatment. Moreover, some patients had

a history of drug addiction and some were given

anxiolytic medication during the course of treatment.

Although regression analyses were controlled for

these variables, they may have produced some ad-

ditional error variation. The results should therefore

be replicated in a larger sample and in populations

other than hepatitis C patients.
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