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Abstract

Background: Inflammation is involved in the pathophysiology of depression, and circulating 

inflammatory cytokines have been associated with depressive symptoms. However, measuring 

circulating cytokines have inherent methodological limitations. In vitro lipopolysaccharide (LPS)-

stimulated intracellular cytokines (ICCs) overcome these limitations. Furthermore, because 

psychosocial and physiological stressors activate inflammatory responses and LPS-stimulated 

ICCs reflect the inflammatory responsivity of monocytes to such stressors, ICCs may reflect 

individual stress responsivity.

Methods: This cross-sectional study examined whether LPS-stimulated expression of ICCs in 

peripheral blood mononuclear cells (PBMCs) is a sensitive inflammation measure correlated with 

depressive symptoms in 180 community-dwelling older adults. We tested correlations of not only 

intracellular but also circulating inflammatory markers with depressive symptoms assessed using 

the 10-item Center for Epidemiological Studies Depression Scale (CES-D). Intracellular markers 

included expression of interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and both in PBMCs. 

Circulating markers included IL-6, TNF-α, and C-reactive protein (CRP) in plasma.

Results: None of the correlations were statistically significant. However, in contrast to 

circulating markers, the correlations of ICCs were consistently in the expected direction, i.e., 

higher ICC expression correlating with higher depression severity.

Discussion: Despite the non-significant findings, further research is required for the evaluation 

of LPS-stimulated ICC expression as biomarkers of depressive symptoms.
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Introduction

Currently available antidepressants are mostly based on the monoamine hypothesis and have 

their limitations. Thus, exploring novel pathophysiology of depression is important for 

identification of biomarkers of depression and targeted treatment1. According to the 

inflammatory hypothesis of depression, proinflammatory cytokines produced by the innate 

immune response leads to depressive symptoms2. Meta-analyses have shown concentrations 

of circulating interleukin (IL)-6, tumor necrosis factor (TNF)-α, soluble TNF receptor 2 

(sTNFR2), and C-reactive protein (CRP) to be elevated in depressed patients compared to 

controls3–7. Current research regarding inflammatory markers and depression involves 

measurement of circulating cytokines (and CRP) in plasma or serum. This detection method 

comes with inherent limitations such as difficulty in detecting protein-bound cytokines, short 

half-life of cytokines, and interference of biological inhibitors with immunodetection8. 

These issues possibly have led to some conflicting results in the literature including negative 

(i.e., inverse) correlations between circulating inflammatory markers and depressive 

symptoms9–11 and the extensive heterogeneity across individual studies included in meta-

analyses12,13. Therefore, more sensitive biomarkers that overcome the limitations of 

circulating inflammatory markers are needed to characterize inflammation-associated 

depressive states.

One possible solution is the direct detection of intracellular cytokines (ICCs) after 

lipopolysaccharide (LPS) stimulation in vitro. Such methodology is advantageous as it is 

able to directly detect levels of ICCs without extracellular background. Stimulated ICC 

method has shown positive associations between severity of depression and monocyte-

associated proinflammatory cytokines in healthy younger adults14,15. Furthermore, because 

psychosocial and physiological stressors activate inflammatory responses16 and LPS-

stimulated ICC expression reflects the inflammatory responsivity of cells to such stressors, 

this novel method may reflect individual stress responsivity.17. To our knowledge, no study 

has yet investigated the association between ICCs and depressive symptoms in a population 

of community-dwelling older adults. About 3% of the general elderly population meet the 

criteria for major depression18, and it is estimated that 15% of community-dwelling older 

adults have clinically significant depressive symptoms19. The role of inflammation is 

particularly important in older adults as human aging is characterized by a chronic low-

grade inflammation, a phenomenon named as “inflammaging”, which increases the risk for 

numerous physical and mental illnesses20.

This study aimed to directly compare circulating inflammatory marker levels in plasma and 

ICC levels in LPS-stimulated mononuclear cells as correlates of depressive symptoms in 

community-dwelling older adults. This novel method using ICCs may further advance the 

examination of inflammatory profiles and their association with depressive symptoms. Such 

knowledge will be valuable in early diagnosis, treatment, and possibly prevention of 

depression.
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Methods

Participants

This study was a secondary analysis of data and blood samples from a cross-sectional study 

designed to assess the associations between social isolation and health outcomes such as 

depression, insomnia and fatigue among community-dwelling adults aged 60 years and 

above in Los Angeles. The study received oversight and approval from the UCLA 

Institutional Review Board (IRB#11-000656). As previously described21, age-targeted 

sampling methods were used to complete a telephone survey of a community sample of 

older adults (N = 2,541). Of this survey sample, 552 older adults were randomly invited to 

undergo an in-person interview with blood sampling; 287 consented to participate. After 

eligibility screening and blood sample assays, the complete data on depressive symptoms 

and ICCs were available in 180 participants, who comprised the sample of the current 

analysis.

Procedures

Depressive symptoms were measured using the 10-item Center for Epidemiological Studies 

Depression Scale (CES-D)22. Scores ≥ 4 are indicative of clinically significant depressive 

symptoms. For each subject included in the current analysis, a blood sample was taken, and 

peripheral blood mononuclear cells (PBMCs) were isolated from these whole blood 

samples. Cells were stimulated with 100 pg/mL LPS and incubated for four hours. 

Percentages of mononuclear cell expression of ICCs (IL-6 and TNF-α) were measured using 

flow cytometry. Circulating inflammatory markers in plasma including sTNFR2, IL-6, and 

CRP were also measured.

Statistical analysis

Non-normally distributed variables, such as circulating inflammatory markers, were natural 

log transformed. Sample characteristics and their associations with depressive symptoms 

were examined using t-test or chi-square test. Associations between inflammatory markers 

and depressive symptoms were analyzed via multivariate linear regression with standardized 

regression coefficient, β. Results were adjusted for covariates: age, sex, race, ethnicity, 

education, and body-mass index (BMI).

Results

Sample characteristics

Sample characteristics and their association with CES-D scores are shown in Table 1 (N = 

180; aged 60–88, mean 72 years; 48.9% female). Depressive symptoms were largely mild 

with 84.4% of participants scoring below the CES-D cutoff of 4. Participants had slightly 

higher CRP levels (median 3.2 mg/L) compared to the US older adult population (median 

2.9 mg/L)23.

Inflammatory markers and depressive symptoms

There was no statistically significant association between depressive symptoms and ICCs: 

TNF-α (adjusted β = 0.040, p = 0.57), IL-6 (adjusted β = 0.082, p = 0.25), TNF-α+IL-6 

Cho et al. Page 3

Rev Psiquiatr Clin. Author manuscript; available in PMC 2021 March 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(adjusted β = 0.078, p = 0.27). No statistically significant association was observed either 

between depressive symptoms and circulating inflammatory markers: sTNFR2 (adjusted β = 

−0.022, p = 0.79), IL-6 (adjusted β = −0.089, p = 0.26), CRP (adjusted β = −0.13, p = 0.09). 

Of note, the correlations between ICCs and depressive symptoms were non-significantly 

positive, i.e., at least in the expected direction of higher ICC expression correlating with 

higher depressive symptom severity. However, the correlations between circulating 

inflammatory markers and depressive symptoms were non-significantly negative (i.e., 
inverse) (Figure 1).

Discussion

To our knowledge, this study was the first to assess LPS-stimulated ICCs in relation to 

depressive symptoms in community-dwelling older adults, let alone to directly compare 

ICCs and circulating cytokines. However, neither ICCs nor circulating inflammatory 

markers were significantly associated with depressive symptoms in our sample of 180 older 

adults. Although non-significant, the correlations of ICCs with depressive symptoms were at 

least in the expected direction, i.e., positive correlations. However, the non-significant 

correlations between circulating markers and depressive symptoms were in an unexpected 

direction as higher levels correlated with lower depressive symptom severity, i.e., negative 

correlations.

Previous studies have almost exclusively measured circulating cytokines in association with 

depression; and several of them – conducted in different contexts including pregnancy10, 

malignancies11, and major depression9 – have shown negative correlations between 

circulating cytokines and depressive symptoms. While few studies have used LPS-stimulated 

ICCs in relation to depression or depressive symptoms, the existing studies have shown 

positive correlations between ICCs and depressive symptoms in healthy younger 

volunteers14,15.

Psychosocial and physiological stressors activate inflammatory responses16. Since in vitro 
LPS-stimulated ICC expression reflects the inflammatory responsivity of monocytes to such 

stressors, this novel method may be more appropriate as a marker of individual stress 

responsivity, a key risk factor for depression development17, and therefore as a sensitive 

biomarker of depression. Furthermore, this approach may overcome the limitations of using 

circulating cytokines including difficulty detecting protein-bound cytokines, short half-life 

of cytokines, and interference of biological inhibitors with immunodetection8. Further 

development of such a sensitive and advantageous biomarker may certainly contribute to the 

personalized psychiatry. Unfortunately, the current study failed to convincingly demonstrate 

the superiority of ICCs compared to circulating cytokines, although some biological 

coherence was noted in the directionality of associations between ICCs and depressive 

symptoms (but not between circulating markers and depressive symptoms).

The following limitations should be considered. This was a cross-sectional study and no 

temporal relationship could be established. For a community-based non-clinical population, 

the sample size was somewhat small, likely reducing statistical power. Sample 

characteristics revealed a relatively healthy population with only mild depressive symptoms. 
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This could explain the weak associations in our study. Moreover, we utilized the 10-item 

CES-D22, which is a simplified version of the original CES-D. Although its reliability 

statistics have been comparable to the original CES-D, a more comprehensive and sensitive 

measure of depressive symptoms may be needed.

Further research is required for the evaluation of LPS-stimulated ICCs as novel biomarkers 

of depression, possibly with a larger community sample or a clinical sample with higher 

levels of depressive symptoms and/or systemic inflammation.
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Figure 1. 
Correlations between inflammatory markers (LPS-stimulated vs. circulating) and depressive 

symptoms (CES-D) represented by scatter plots and linear fit lines.

LPS: lipopolysaccharide; CES-D: Center for Epidemiological Studies Depression scale; ln: 

log natural; TNF-α: tumor necrosis factor-α; IL-6: interleukin-6; sTNFR2: soluble TNF 

receptor; CRP: C-reactive protein.
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