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Objective: Patients with bipolar disorder (BD) exhibit peripheral low—grade inflammation, The aim of the current study was to
investigate the involvement of hitherto unexplored components of the tumor necrosis factor (TNF) superfamily in BD,
Methods: Eighty patients with type | BD and 50 healthy controls matched for age and gender were enrolled in this study, All
subjects were assessed with the Mini—Plus to evaluate psychiatric comorbidities; the Young Mania Rating Scale and the Hamilton
Depression Rating Scale to evaluate manic and depressive symptoms severity, respectively. TNF superfamily molecules (TNF,
TNF—related weak inducer of apoptosis [TWEAK], TNF—related apoptosis—inducing ligand [TRAIL], soluble TNF receptor type
1 [STNFR1], and soluble TNF receptor type 2 [STNFR2]) levels were measured by ELISA,

Results: Patients with BD, regardless of mood state, presented increased plasma levels of STNFR1 and TWEAK in comparison
with controls,

Conclusion: These findings corroborate the view that TNF superfamily may play a role in BD pathophysiology.

KEY WORDS: Bipolar disorder; TNF—a; TWEAK; TRAIL; sTNFR,

INTRODUCTION

There is mounting evidence indicating that patients
with bipolar disorder (BD) present peripheral low-grade
inflammation. In this regard, one of the most consistently
reported findings is tumor necrosis factor (TNF)-o activa-
tion represented by increased circulating levels of soluble
TNF receptor type 1 (sTNFR1)." TNF-o dysregulation
was also evidenced in the central nervous system (CNS) of
patients with BD. A postmortem study found increased
levels of transmembrane TNF-a in the anterior cingulate
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area and decreased levels of TNF-a receptor 2 mRNA in
the dorsolateral prefrontal cortex,” regions implicated in
executive functioning.é) Interestingly, we have previously
shown that impairment in executive functioning was asso-
ciated with increased plasma levels of TNF-a and de-
creased plasma levels of soluble TNF receptor type 2
(sTNFR2) in patients with BD.”

TNF-a is a cytokine that plays a key role in in-
flammatory responses. TNF-a acts by regulating the ac-
tivity of immune cells and promoting the secretion of
pro-inflammatory cytokines. The TNF superfamily in-
cludes several receptors and ligands (most of them in a
soluble form) that regulate immune responses and apo-
ptosis. Two specific receptors, TNFR1 (p55) and TNFR2
(p75), bind to TNF-a with high affinity, being responsible
for translating into intracellular pathways TNF-a signaling.
The TNFR1 and TNFR2 transmembrane receptors can be
cleaved, and the extracellular domains can be released in
the form of soluble receptors: STNFR1 and sTNFR2,
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respectively. Blood levels of these two receptors can vary
during inflammatory responses. As mentioned above,
higher circulating levels of sSTNFR1 were reported in pa-
tients with BD, especially in mania, in comparison with
controls."*

Other components of the TNF superfamily include the
TNF-related weak inducer of apoptosis (TWEAK) and the
TNF-related apoptosis-inducing ligand (TRAIL). TWEAK
attenuates the transition from innate to adaptive T helper 1
immune response, repressing pro-inflammatory cytokines
like interferon-y and interleukin (IL)-12 produced by nat-
ural killer cells and macrophages, and counterbalancing
TNF-a activity.g’lo) TRAIL induces extrinsic apoptotic
pathway by interacting with its receptors TRAIL-R1 and
TRAIL-R2, also known as ‘death receptors’.”) Accordingly,
TRAIL is involved in immune homeostasis and tumor
suppression.lz) TNF-a, TRAIL, and TWEAK can also ac-
tivate the NF-kappa B group of transcription factors
which are implicated in the production of cytokines."

There is only one study that evaluated the involvement
of TWEAK and TRAIL in psychiatric disorders. In this
study, authors found decreased plasma levels of TWEAK
in crack cocaine users in comparison with controls. In ad-
dition, TWEAK and TRAIL levels were associated with
mood symptoms severity.'> Recently, TWEAK was found
capable to induce depressive symptoms in mice, being im-
plicated on mood disorder pathophysiology.”)

To date, no study has been conducted in order to eval-
uate the levels of the TNF superfamily molecules TWEAK
and TRAIL in patients with BD. Therefore, the aim of the
current study was to investigate the involvement of hither-
to unexplored components of the TNF superfamily in BD.
We hypothesize that the patients with BD present in-
creased plasma levels of TNF superfamily components in
comparison with controls.

METHODS

Eighty patients with type 1 BD and 50 aged-matched con-
trols were enrolled in this study. Patients were consecutively
recruited from the Mood Disorders Outpatient Clinic at
Governador Israel Pinheiro Hospital, Belo Horizonte,
Brazil. BD diagnosis was confirmed independently by two
psychiatrists according to the Mini-International Neuro-
psychiatric Interview (MINI-Plus).IS) Psychiatric co-
morbidities were also evaluated by the MINI-Plus'” inter-
view and were not considered as exclusion criteria. All pa-
tients were assessed by the Young Mania Rating Scale
(YMRS),IG) and the Hamilton Depression Rating Scale

(HDRS)”) in order to evaluate the severity of manic and
depressive symptoms, respectively. Remission was defi
ned by YMRS score <7 and HDRS score <7 points for
at least eight consecutive weeks.

Control group was recruited from the local population
and it was composed of subjects without any psychiatric
comorbidity, family history of psychiatry disease, suicide
behavior or cognitive deficit. Controls were subjected to
MINI-Plus interview to exclude psychiatric disorders.

Subjects with dementia, infectious or autoimmune dis-
eases, or who had used steroids, anti-inflammatory drugs,
or antibiotics within four weeks previous to the evaluation
were excluded from this research protocol. The study was
approved by the local ethic committees (COEP of Univer-
sidade Federal de Minas Gerais; CAAE.26363614.0.
0000.5149). All participants signed written informed con-
sent prior to study participation.

Ten milliliters of blood were drawn by venipuncture in-
to a vacuum tube containing heparin at the same day of the
clinical assessment (between 8§ to 10 a.m.). Blood was im-
mediately centrifuged twice at 1,800 g for 10 minutes.
Plasma was collected and stored at —70°C until assayed.
Plasma levels of TNF-a (catalog number: DY210), sSTNFR1
(catalog number: DY225), sTNFR2 (catalog number:
DY726), TWEAK (catalog number: DY 1090), and TRAIL
(catalog number: DY375) were measured by enzyme-
linked immunosorbent assay (ELISA) according to the
procedures supplied by the manufacturer (DuoSet; R&D
Systems, Minneapolis, MN, USA). All molecules were
measured in duplicate and experiments were performed
blinded regarding the participants’ diagnosis. Concentrations
are expressed as pg/ml.

Descriptive statistics were used to report socio-demo-
graphic and clinical features of the sample. All variables
were tested for normal distribution by means of the
Kolmogorov—-Smirnov test. Differences between two groups
(patients vs. controls or BD in remission vs. BD in mania)
were assessed by Mann-Whitney or Student ¢ tests when
non-normally or normally distributed, respectively.
Spearman’s correlation analyses were performed to eval-
uate the association between TWEAK, TRAIL, TNF-a.,
sTNFR1, and sTNFR2 levels and age, length of illness,
YMRS, HDRS scores. All statistical tests were two tailed
and used a significance level of p <0.05. Statistical analy-
ses were performed using SPSS software version 17.0
(SPSS Inc., Chicago, IL, USA).
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Table 1. Demographic and clinical features of controls and bipolar
disorder (BD) patients

Featfure Control (n=50) BD patient (n=80) p value

Age (yr) 46.80+9.47 46.09+12.32 0.38*
Sex, male/female 15/35 52/80 0.58
Length of illness (yr) 22.93+12.66
YMRS score 13.78+13.44
HDRS score 3.70+4.65
Medications in use

Lithium - 43 (53.8)

Antipsychotics 49 (61.3)

Anticonvulsants 39 (48.8)

Values are presented as meantstandard deviation, number only,
or number (%).

YMRS, Young Mania Rating Scale; HDRS, Hamilton Depression Rating
Scale.

*Mann Whitney test.

RESULTS

Demographic and clinical features of the study pop-
ulations are shown in Table 1. Control subjects and pa-
tients with BD presented comparable age and gender.
Among 80 patients with BD, 38 were in remission (11
male, 27 female; meantstandard deviation [SD] of age
46.37+11.15 years) and 42 in mania (17 male, 25 female;
age 51.07+13.02 years). The mean (=SD) length of illness
was 22.68 (+11.08) years in patients in remission and
23.19 (£14.26) years in patients in mania. There were no
significant differences between patients in remission and
mania regarding age, gender and disease length. Patients
with BD in mania presented YMRS and HDRS of 25.36
(£7.48) and 5.09 (£5.49), respectively. Patients with BD
in remission presented YMRS and HDRS of 1.00 (£1.97)
and 2.16 (£2.82), respectively. Forty-five out of 80 pa-
tients with BD (56.3%) were in use of at least two different
mood stabilizer drugs. The information about mood sta-
bilizers in use is shown in Table 1.

We observed changes in plasma levels of TNF family
molecules in BD. Patients with BD exhibited increased
plasma levels of sSTNFR1 (Fig. 1A) and TWEAK (Fig.
1C) in comparison with controls. We did not find differ-
ences between patients with BD and controls regarding
plasma levels of STNFR2, TRAIL and TNF (Fig. 1A, 1D,
and 1E, respectively). We found no significant differences
when comparing the levels of TNF family markers be-
tween patients with BD in remission and in mania (Fig.
2A-2F).

In patients with BD, TWEAK plasma levels positively
correlated with TNF-a plasma levels (p=0.528, p<
0.001) and with TRAIL plasma levels (p=0.621, p<
0.001). TNF-a, TRAIL, and TWEAK plasma levels did

not correlate with age, length of disease, YMRS and
HDRS scores. TWEAK and TRAIL plasma levels were
not associated with the presence of psychiatric and clinical
co-morbidities, nicotine dependence, or the use of any
mood-stabilizing drug (i.e., atypical antipsychotics, lith-
fum or anticonvulsants). When considering controls, there
was a positive correlation between TWEAK and Trail
plasma levels (p=0.297, p=0.04).

DISCUSSION

This is the first study to evaluate the TNF superfamily
molecules TWEAK and TRAIL in BD. Patients with BD
presented increased plasma levels of TWEAK and
sTNFR1 in comparison with controls. The changes in
TWEAK and sTNFR1 levels might be a trait marker of
BD, since patients in different mood states (i.e., patients in
mania and patients in remission) did not present any dif-
ference in the levels of the evaluated markers. The current
results corroborate the view of chronic low-grade in-
flammation in BD, indicating the involvement of the TNF
superfamily.

TWEAK plasma levels were increased in BD patients
regardless their mood state.'"” TWEAK has the potential
to promote tissue remodeling through its ability to orches-
trate inflammatory, angiogenic and/or fibrogenic proc-
esses, and regulate parenchymal cell survival and
growth.s’w) During acute mood episodes, like mania, in
parallel with increase in pro-inflammatory stimuli,*'?
TWEAK levels may increase in order to control or even
counterbalance this process. During remission, low grade
inflammation might also lead to persistent TWEAK path-
way activation. Theoretically, even this mild chronic in-
flammation may drive and/or be associated with pro-
gressive CNS damage and pathological tissue re-
modeling.zo’m It remains to be determined whether
TWEAK increase is specific for patients with BD or this
phenomenon is observed in other major psychiatric dis-
eases.

We did not find any significant difference between pa-
tients with BD and controls regarding plasma levels of
TRAIL. Similar to our study, a previous study involving
patients with crack cocaine abstinence and controls did
not report difference in TRAIL plasma levels between
groups.lz) TRAIL is not expressed under physiological
conditions in the CNS, and its role in regulating in-
flammation and apoptosis in the CNS needs to be further
explored.zz)

TNF-a activation is consistently reported in BD. For
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Fig. 1. Plasma levels of TNF superfamily molecules in patfients with bipolar disorder (BD) and confrols. Patients with BD presented higher levels
of sTNFR1 (A) and TWEAK (C) than controls. No differences between groups were observed regarding plasma levels of sTNFR2 (B), TRAIL
(D). and TNF (E). Plasma levels (pg/ml) of all measured molecules (mean+standard deviation (median)) and statistics are provided in (F).
TNF, tumor necrosis factor; sTNFR1, soluble TNF receptor type 1; sTNFR2, soluble TNF receptor type 2; TWEAK, TNF-related weak inducer of
apoptosis; TRAIL, TNF-related apoptosis-inducing ligand.

*Student’s t-test, TMonn—WhiTney test. Horizontal bars represent the medians.

instance, Fiedorowicz et al.”> showed increased circulat- described high mRNA levels of TNF-a, TNFR1 and
ing levels of TNF-a, as well as its soluble receptors— IL-1R1 in BD. TNF-a degrades soon after release, partly
sTNFR1/sTNFR2—in mania. Similarly, Pandey et al®? explaining the fact that this molecule is not necessarily



TNF Superfamily Molecules in Bipolar Disorder 273

A B
5,000 4,000
E £
> - a A
£ 3,000 - . £ 3,000 A * A
K%) 0 ¢ A
[5] [
8 PR " 8 Rl ata
£ 2,000 *e® Ap A £ 2,000 . % ‘AAA‘QAA:‘
8 A, AA @ * *e
s *e YV L S AL Z NIV LS Ay
— L 4 ¢ * L 4 A N TR 4 A A AA‘
& 1,000 —'—‘—t—‘ —A—L“—A © 1,000 o, % A
L L X 4 AT A L L PP
7 +*® 4 A A i P 4 A
oot AgA AL A Aa al
0 T 1 0 e T - 1
BD in remission BD in mania BD in remission BD in mania
C D
20,000 6,000 A
— . *
E 4000 DA aa £
M _ > * o A
2 4,000 . A 2 .
[2)
° 2 250 seee? Adsaaaa
) _ * P -
- 3,000 . AA % 250 .
: % 4a,4 5 sese’
L 2,000 - . ad 8 o
g RN AAsA a AAA
W 10001 o4®® o obede® AA VY < Asa aal
g ML LA A‘fﬁ:ﬁi = 0‘0""0‘0 A Ay A
* 0 Adda, aadadl
0 : . 0 . : .
BD in remission BD in mania BD in remission BD in mania
E F
900 1 . BD in remission BD in mania value
(n=38) (n=42) p
E A 1,194+709.8 1,220.4+879.3 .
(2]
© * 1,319.8+721.5 1,574.6£752.6
(] L3 ’ ’ *
3 : N STNFR2 (1,385.4) (1.588.2) 0.1352
© A
£ *e 2,704.9+3,166.3 4,090.1+14,418.9
) ) ’ y 1-
8 300 ‘oo Aaa TWEAK " (1,312.9) (1.236.7) 0.3972
TR * A
= ¢ 310.7+574.6 324.4+949.9
g ‘ + ‘ A AA TRAIL (101.7) (70.9) 0.1655"
A\ A A A
*e .’ AA,, A .4 216.8+218.7 160.0+181.5 N
0 *oot . AhAhAAD— TNF (139.7) (94.2) 0.2806
BD in remission BD in mania

Fig. 2. Plasma levels of TNF superfamily molecules in patfients with bipolar disorder (BD) in remission and in mania. Patients with BD in remission
and in mania presented similar plasma levels of STNFRT (A), sTNFR2 (B), TWEAK (C), TRAIL (D), and TNF (E). Plasma levels (pg/ml) of all
measured molecules (meanztstandard deviation (median)) and statistics are provided in (F).

TNF, tumor necrosis factor; sTNFR1, soluble TNF receptor type 1; sTNFR2, soluble TNF receptor type 2; TWEAK, TNF-related weak inducer of
apoptosis; TRAIL, TNF-related apoptosis-inducing ligand.

*Student’s t-test, TMonn—WhiTney test. Horizontal bars represent the medians.

found altered in BD case series.” It is worth mentioning tures and immune profile. Anyway, TNF-a levels pos-
that inconsistencies in the literature might also arise from itively correlated with TWEAK and our results reinforce
the heterogeneity of BD samples in terms of clinical fea- the hypothesis that the TNF system is activated in BD.
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This study has strengths and limitations that must be
considered when interpreting the results. The diagnostic
interviews of patients and controls were performed using
the same protocol. In addition, the exclusion of patients
with medical conditions such as inflammatory diseases
can be regarded as strength of the study. The lack of strict
control for confounding factors, such as body mass index,
medications in use, and tobacco use must be considered
limitations, as well as the cross-sectional nature of the
study. In-vitro studies have demonstrated that mood sta-
bilizers, antipsychotics, and antiepileptic drugs influence
the production of inflammatory markers by immune
cells.”*” Our results, however, were not influenced by
medication in use. In addition, it would have been in-
formative to evaluate the association between function-
ality and the TNF molecules’ levels and to have a bipolar
depression only arm as well. The fact that other molecules
from the TNF superfamily were not investigated is also a
limitation of our study.

In conclusion, our findings reinforce the view that in-
flammatory dysfunction is present in BD and that the TNF
superfamily, particularly TWEAK, may play a role in the
pathophysiology of BD. Given the role of TWEAK as an
apoptosis regulator, this study has implications for the un-
derstanding the pathways to progressive CNS structural
changes in BD.
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