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Abstract

Preliminary evidence suggests that premature immunose-
nescence is involved in bipolar disorder (BD) pathophysiol-
ogy. The cellular marker CD69 is expressed in T lymphocyte
surface during their activation and its expression is negative-
ly correlated with age. The objective of this study was to as-
sess the moderating effects of obesity on the reduction of
expression of CD69, a marker of immunosenescence. Forty
euthymic patients with BD type |, aged 18-65 years, were
included in this study. The healthy comparison group con-
sisted of 39 volunteers who had no current or lifetime his-
tory of mental disorders, no use of psychotropic medica-
tions, and no known family history of mood disorders or psy-
chosis. Peripheral blood mononuclear cells from BD patients
and healthy controls were collected and isolated. The cells
were allowed to grow in culture and stimulated for 3 days.
CD69 was marked and read in flow cytometry. We found that

the lower expression of CD69 in BD patients was moderated
by body mass index (BMI) in both CD4+ (RR = 0.977, 95% Cl
0.960-0.995, p = 0.013) and CD8+ cells (RR = 0.972, 95% Cl
0.954-0.990, p = 0.003). Our findings indicate that BMI could
potentially influence the process of premature aging in BD.

© 2018 S. Karger AG, Basel

Introduction

The presence of immune-inflammatory dysfunctions
in bipolar disorder (BD) has been robustly documented
in several cross-sectional studies [1, 2]. However, signifi-
cant controversies remain about causes, consequences
and possible confounders of the abnormal interactions
between the brain and the immune system in this disor-
der [3]. Recently, our group and others have proposed the
paradigm of premature aging as a theoretical framework
to integrate replicated findings on imbalance in oxidative
stress control, telomere shortening, and persistent low-
grade inflammation, all of them extensively documented
during normative aging as well as in BD [4-7].
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Table 1. Clinical and demographic characteristics of the sample

Healthy controls (n = 39) Bipolar disorder (n = 40) p value

Mean age + SD, years 34.92+13.10 43.18+12.31 0.005%
Sex (female), 11 (%) 20 (51.3) 27 (67.5) 0.142°
Ethnicity (Caucasian), n (%) 28 (71.8) 28 (70.0) 0.861°
Mean education * SD, years 12.21+3.74 11.00+3.79 0.169%
Illness characteristics

Mean age of onset * SD, years - 26.71+9.88 -

Mean illness duration + SD, years - 16.19+13.53 -

Mean number of mood episodes + SD - 11.33+17.88 -
Medication use

Antipsychotics, 1 (%) - 22 (55.0) -

Lithium, n (%) - 23 (57.5) -

Anticonvulsants, 7 (%) - 25 (62.5) -

Antidepressants, 1 (%) - 6 (15.0) -
Comorbidities

Mean physical activity + SD, h/week 1.84+2.20 1.23+2.00 0.2222

Alcohol use, 1 (%) 22 (56.4) 6 (15.0) <0.001°

Smoking, #n (%) 6(15.4) 10 (25.0) 0.288°

Mean BMI + SD 26.71+4.88 28.89+5.88 0.084¢

SD, standard deviation; BMI, body mass index. ? ¢ test. ® x? test. * Mann-Whitney test.

Regarding immune-inflammatory changes, BD has
been associated with an increase in pro-inflammatory cy-
tokines [8] and the rate of senescent T cells [4]. Data from
do Prado et al. [9] showed that individuals with BD pre-
maturely present markers of senescence of T cells and an
increased proportion of regulatory T cells, a profile simi-
lar to what is described in the elderly. Among the several
factors that are able to influence immune function in BD,
obesity has received relatively little attention. Neverthe-
less, the impact of obesity in the clinical course of BD is
well documented. Obese individuals with BD have a high-
er frequency of severe presentations compared to nor-
mal-weight patients, including rapid cycling [10], depres-
sive relapse [11], cognitive impairments [12-14], suicid-
ality, and comorbidity with substance abuse disorders
[15]. In addition, overweight and obesity, especially in
case of abdominal fat accumulation, are associated with
systemic low-grade inflammation, and this association
could be responsible for the myriad of metabolic compli-
cations related to obesity, such as glucose changes [16].
Nevertheless, the influence of obesity on premature im-
munosenescence in BD has not, to our knowledge, been
previously evaluated.

The cellular marker CD69 in T lymphocytes is ex-
pressed in the beginning of their activation [17, 18], and
its increased expression (which is evoked by an immune
challenge) is attenuated with aging. This finding is com-
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monly interpreted as an age-related reduction in the ef-
ficiency of the proliferative response [19]. Although few
studies have evaluated CD69 expression in obese indi-
viduals, CD69 expression in response to vaccination (i.e.,
an immune challenge) was shown to be lower in individ-
uals who were overweight, compared to those of normal
weight [20], suggesting a reduced proliferative response
associated with obesity.

We therefore hypothesized that obesity moderates the
expression of CD69 in T lymphocytes in individuals with
BD. The objective of the present study was to compare the
impact of body mass index (BMI) on the CD69 expres-
sion in T cells in culture from individuals with BD and
healthy controls (HC).

Methods

The research protocol for this study was approved by the local
Ethics Committee and all participants provided written informed
consent prior to study inclusion.

Studied Population

Forty male and female euthymic patients with BD type I ac-
cording to DSM-1V criteria, aged 18-65 years, were included. Di-
agnosis was confirmed using the Structured Clinical Interview for
DSM-IV Axis 1, conducted by a trained psychiatrist. Mania and
severity of depression symptoms were assessed using the Young
Mania Rating Scale and the 17-item Hamilton Depression Rating
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Fig. 1. Association between body mass index and CD69 expression
in CD4 (a) and CD8 (b) T cells on the third day after in vitro stim-
ulation, from healthy controls and individuals with bipolar disor-

der.

Scale, respectively. Euthymia was defined as not fulfilling DSM-IV
criteria for mood episode and not having Hamilton Depression
Rating Scale and Young Mania Rating Scale scores higher than 8.
Only individuals with a stable medication regimen (defined as tak-
ing the same medications in the same doses for a minimum of 2
months prior to the study inclusion) were included. The healthy
comparison group (HC) consisted of 39 volunteers who had no
current or lifetime history of mental disorders or use of psychotro-
pic medications and without a family history of mood disorders,
psychosis or suicide in first-degree relatives. The exclusion criteria
for both groups were: recent use of anti-inflammatory medications
(up to and including the previous 2 weeks); long-term treatment
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with immunomodulatory medications; acute or chronic general
medical conditions related to immune dysfunction or chronic in-
flammation; and pregnancy or breastfeeding.

CD69 Assessment

Approximately 15 mL of venous blood was withdrawn in
EDTA tubes between 8 and 10 a.m. after a 12-h period of fasting.
The plasma was isolated by centrifugation and frozen at -80 °C.
Peripheral blood mononuclear cells (PBMCs) were isolated by
density gradient using Ficoll. Ninety-six-well plates were coated
with 5 pg/mL of anti-human CD3 antibody (OKT3, eBioscience)
overnight at 4°C. Then, 1 x 10° PBMCs were added to the wells
together with anti-human CD28 antibody (CD28.2, eBioscience)
at a final concentration of 5 ug/mL. PBMCs were cultivated in
RPMI-1640 culture medium supplemented with L-glutamine, 10%
fetal bovine serum, antibiotics, and antimycotics (all from Life-
Thermo Fischer). The cells were allowed to grow for 3 daysat 37°C
in a 5% CO, atmosphere. The experiment always included a nega-
tive control (PBMC without anti-CD3 and anti-CD28 cultivated
for 3 days). On day 3, the T helper and T cytotoxic activation mark-
er CD69 was counted and stained. Cells were analyzed by flow cy-
tometry.

Statistics

All analyses were undertaken in IBM SPSS version 24.0. For
comparison of sociodemographic data, the x> and ¢ tests were used.
As the distribution of CD69 expression was positively skewed, a
generalized linear model with a gamma distribution and a log-link
function were used to analyze the main effects and interactions of
group (BD vs. HC) and BMLI, as well as of covariates (i.e., age and
gender). To examine proliferative capacity, generalized estimating
equation models for repeated measures were used. Time (0 vs. 3
days) by group interactions considering each immunological vari-
able were analyzed. Due to the nonlinearity of the models, the es-
timated P coefficients were transformed into RR estimates. The
significance level was set at p < 0.05.

Results

Clinical and demographic data of the studied popula-
tion are shown in Table 1. Compared to HC, individuals
with BD were significantly older. We did not observe any
intergroup differences in the proportion of males and fe-
males or in the proportion of Caucasians. There were no
statistically significant differences between groups in
BMI, number of hours of physical exercise per week, or
in tobacco smoking habits.

The expression of CD69 on the third day after stimula-
tion in culture was moderated by BMI, for both CD4
(RR = 0.981, 95% CI 0.964-0.997, p = 0.024) and CD8
(RR = 0.976, 95% CI 0.959-0.992, p = 0.004) lymphocyte
subpopulations (Fig. 1). Further adjustment for physical
activity, medications and use of alcohol or tobacco did
not modify the results (CD4: RR = 0.981, 95% CI 0.964-
0.998, p = 0.027; CD8: RR = 0.981, 95% CI 0.965-0.998,
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p =0.026). Longitudinal analysis showed that percentage
changes in CD69 expression was moderated by a group
by BMI interaction for both CD4 (RR = 0.977, 95% CI
0.960-0.995, p = 0.013) and CD8 cells (RR = 0.972, 95%
CI 0.954-0.990, p = 0.003).

Discussion

Results from this study indicated that the reduction
of expression of CD69 on the third day after stimulation
in culture, a marker of immunosenescence, was moder-
ated by BMI, for both CD4 and CD8 lymphocyte sub-
populations extracted from peripheral blood of individ-
uals with mood disorders. Further adjustment for phys-
ical activity, medications, and use of alcohol or tobacco
did not change the results indicating that this effect was
not due to possible confounders commonly found in
this population. Longitudinal analysis showed that per-
centage changes in CD69 expression was moderated by
a group by BMI interaction for both CD4 and CD8 cells.
These findings suggest that the decrease in CD69 ex-
pression in CD4 and CD8 T cells from BD individuals,
compared to HC, was indeed mediated by BMI, suggest-
ing that BD and BMI have a synergistic effect on T cell
senescence.

Although the deleterious impact of overweight/obesi-
ty on the clinical course of BD is well known, few studies
evaluated the mechanisms involved in this association
[21]. Only recently were immune dysfunctions started to
be hypothesized as a link between obesity and a severe
course of BD [22]. It is possible that chronic activation of
the immune system associated with obesity may be re-
lated to decline in T cell function including signal trans-
duction, IL-2 expression, and proliferation [23]. Al-
though specific mechanisms for the effect of obesity on
immunosenescence still remain largely speculative, the
adipose tissue-derived hormone leptin has been pointed
out as a contributor, as its concentration was associated
with immunosenescence markers [11, 12, 24, 25]. In ad-
dition, the state of “inflammaging” in obese individuals
with BD may be partially explained by the excessive free
fatty acids that activate toll-like receptor 4 leading to in-
creased release of inflammatory cytokines, pro-inflam-
matory macrophage infiltration in the adipose tissue, gut
microbiota changes, and other mechanisms involved in
obesity-induced inflammation [26]. Additionally, chron-
ic stress, present in BD with longstanding hypothalamus-
pituitary-adrenal axis hyperactivity, could also be a con-
tributor to such an association [27].
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The results of this study should be interpreted in light
of some limitations. The small sample size including only
euthymic individuals precluded subgroup analysis as well
as evaluation of the effect of different mood states. None-
theless, other parameters of immunosenescence need to
be examined with BMI to further develop the rationale.
The cross-sectional design did not allow conclusions
about the cause-effect relationship and the effect of med-
ications was also not assessed.

The current study is an attempt to offer new insights
into the complex influence of BMI on the immune dys-
regulation of BD and to suggest that future studies should
carefully include, in their outcome evaluations, the influ-
ence of obesity on peripheral levels of immune mediators.
In addition, it should be highlighted that some relevant
immune markers cannot be assessed in a single periph-
eral measurement and will need more sophisticated
methodologies of analysis, such as cell culture.

This study was the first to demonstrate a possible mod-
erational effect of BMI on the reduction of expression of
CD69 after stimulation in culture from individuals with
BD type 1. This suggests the possibility of participation of
obesity in reducing T cell activation and proliferation in
individuals with BD.
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