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ABSTRACT
Background: Interleukin-6 (IL-6) is a pivotal pro-inflammatory cytokine linked to the pathophys-
iology of major depressive disorder (MDD). Methyl-CpG binding protein 2 (MECP2) is an essential
epigenetic reader that regulates chromatin architecture and DNA methylation-dependent tran-
scriptional repression, thereby modulating diverse target genes, including IL-6. This study aimed to
evaluate peripheral bloodmRNA expression levels ofMECP2 and IL-6, characterize their correlation,
and assess their association with clinical depressive symptom dimensions in a young Vietnamese
cohort. Methods: Peripheral venous blood samples were obtained from 34 young patients diag-
nosedwith depressive disorders (stratified intomild-to-moderate depression [mildD, Patient Health
Questionnaire-9 (PHQ-9) score 5–14, N = 19] and severe depression [SD, PHQ-9 score ≥15, N = 15])
and 18 age-matched healthy controls (PHQ-9 <4; N = 18 forMECP2, N = 8 for IL-6). Transcript abun-
dance was quantified using reverse transcription quantitative real-time PCR (RT-qPCR) with specific
TaqMan probes normalized to small nuclear RNA U6 (snU6). Non-parametric analyses included the
Kruskal-Wallis H-test, Spearman's rank correlation (ρ), Kendall's tau (τ), distance correlation (dCor),
and Generalized Additive Models (GAM). Results: Both MECP2 and IL-6 expression exhibited sig-
nificant stage-dependent variations. In patients withmild-to-moderate depression,MECP2 and IL-6
expressions were significantly upregulated compared with healthy controls (MECP2: 1.454-fold, p =
0.0082; IL-6: 10.196-fold, p = 0.0035). Conversely, in patients with severe depression, expression lev-
els did not differ significantly from controls (MECP2: 1.22-fold, p = 0.4696; IL-6: 1.58-fold, p = 0.2453),
with IL-6 expression being 6.67-fold lower in severe cases compared with mild-to-moderate cases
(p = 0.0019). GAM revealed amoderate nonlinear relationship between ΔCTMECP2 and ΔCTIL6 (edf
= 2.961; p = 0.0069). Futhermore, correlation analyses showed a significant moderate correlation
betweenMECP2 and IL-6 expression (ρ=0.4887, p=0.0034; τ = 0.3360, p= 0.005; dCor = 0.4891). Fur-
thermore, peripheral ΔCtIL-6 values correlated significantly with specific PHQ-9 symptom domains,
including anhedonia (Q1, ρ = 0.470, p = 0.007), depressed mood (Q2, ρ = 0.429, p = 0.010), and
sleep disturbance (Q3, ρ = 0.517, p = 0.002). Conclusions: Peripheral MECP2 and IL-6 expression
levels demonstrate dynamic, severity-dependent regulation, being prominently elevated during
early and mild-to-moderate depression but normalized in severe states. The selective correlation
between IL-6 expression and core depressive symptom clusters supports its potential utility as a
state-dependent molecular indicator of neuroimmune dysregulation in youth depression.
Key words: Major depressive disorder, Epigenetics, DNA methylation, MECP2, IL-6, RT-qPCR,
Biomarkers, PHQ-9, Neuroinflammation

INTRODUCTION
Pathophysiology and Clinical Diagnostics
of Depression
Depression, specifically major depressive disorder
(MDD), is a debilitating and prevalent psychiatric
disorder characterized by persistent low mood, per-
vasive anhedonia, cognitive impairment, fatigue,
and neurovegetative disturbances in sleep and ap-
petite 1. The etiology of MDD is multifactorial, in-
volving complex, bidirectional interactions among
neurochemical, neuroendocrine, and neuroimmune

pathways 2. Although classical monoaminergic
models attribute depressive pathogenesis to func-
tional deficits in serotonin (5-hydroxytryptamine,
5-HT), norepinephrine (NE), and dopamine (DA)
neurotransmission3,4, monoaminergic dysregula-
tion alone fails to fully account for the delayed ther-
apeutic onset of antidepressants and the high rates
of treatment resistance.
Compelling clinical and preclinical evidence indi-
cates that chronic systemic and neuroinflamma-
tion serves as a central driver in the onset and
maintenance of depressive pathology. Individu-
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als with MDD consistently exhibit elevated sys-
temic levels of pro-inflammatory cytokines, includ-
ing interleukin-6 (IL-6), interleukin-1 beta (IL-1β),
and tumor necrosis factor-alpha (TNF-α)5–8. Pro-
inflammatory signaling disrupts blood-brain barrier
permeability, activatesmicroglial cells, and dysregu-
lates the hypothalamic-pituitary-adrenal (HPA) axis
via sustained glucocorticoid exposure and glucocor-
ticoid receptor insensitivity 2,8. Despite substantial
progress in identifying candidate neuroimmuneme-
diators, objective, laboratory-based molecular diag-
nostic tools remain unavailable in routine psychi-
atric practice. Clinical evaluations continue to de-
pend almost exclusively on subjective psychometric
questionnaires, such as the 9-item Patient Health
Questionnaire (PHQ-9), which introduces diagnos-
tic variability and complicates treatment stratifica-
tion.

Epigenetic Regulation by MECP2 and the
Role of IL-6 in Neuroimmune Stress Re-
sponses
Epigenetic mechanisms, such as DNA methylation
and histone modifications, mediate long-lasting al-
terations in gene expression in response to envi-
ronmental stressors and early-life trauma. Methyl-
CpG binding protein 2 (MECP2) is an essen-
tial epigenetic reader encoded on the X chromo-
some that binds to 5-methylcytosine (5mC) and
5-hydroxymethylcytosine (5hmC) residues in pro-
moter and enhancer regions, orchestrating chro-
matin remodeling and transcriptional repression.
Although originally characterized in the context
of neurodevelopmental conditions such as Rett
syndrome, MECP2 plays indispensable roles in
adult synaptic plasticity, stress reactivity, and im-
munomodulation 9–11.
At the molecular level, MECP2 directly interacts
with the promoter of the IL-6 gene to suppress its
transcription, thereby preventing aberrant hyper-
activation of the IL-6/signal transducer and acti-
vator of transcription 3 (STAT3) inflammatory cas-
cade 9. Clinically, elevated IL-6 levels have been con-
sistently reported in patients with depressive dis-
orders and are thought to participate causally in
mood regulation12,13. However, the precise regula-
tory interplay between MECP2 expression and IL-
6 transcription in peripheral blood—and how their
expression dynamics fluctuate with depressive dis-
ease severity—remains poorly defined in young co-
horts. To bridge this knowledge gap, the present
study quantified peripheral blood mRNA expression

levels ofMECP2 and IL-6, evaluated their correlation
using nonlinear and rank-based statistical models,
and examined their relationship with PHQ-9 clinical
symptom dimensions in young Vietnamese individ-
uals with depression.

MATERIALS ANDMETHODS
Study Cohorts and Ethical Approval
A total of 34 young patients diagnosed with depres-
sive disorders were recruited between October 2023
and October 2024. Initial screening was performed
using the Vietnamese version of the PHQ-9 instru-
ment, followed by comprehensive clinical evalua-
tions and formal psychiatric diagnoses established
by licensed psychiatrists at the Psychiatric Hospital
of Ho Chi Minh City in accordance with the Diag-
nostic and Statistical Manual of Mental Disorders
(DSM-5) criteria. Depressed participants were strat-
ified into two clinical severity subgroups: mild-to-
moderate depression (mildD group; PHQ-9 score 5–
14; N = 19) and severe depression (SD group; PHQ-9
score ≥15; N = 15). All participants in the depres-
sion cohort were either antidepressant-naïve or had
discontinued psychotropic medications for at least
three months prior to blood collection.
An age-matched healthy control cohort consisting
of 18 individuals (PHQ-9 score <4, absence of psy-
chiatric or neurological disorders, no current medi-
cation use, and no underlying chronic medical con-
ditions) was recruited concurrently. Due to sample
volume and laboratory processing constraints, all 18
control samples were evaluated for MECP2 expres-
sion, while 8 evaluable control samples were avail-
able for IL-6 expression analysis. The study proto-
col was approved by the Institutional Review Board
(IRB) under Decision Number 07/QĐ-IRB-VN01.017.
All participants (and legal guardians for adolescent
subjects under 18 years of age) provided written in-
formed consent prior to study enrollment.

Total RNA Extraction and Quality Assess-
ment
Venous blood samples (2.0 mL) were collected into
EDTA-K2 anticoagulant tubes and processed within
2 h at room temperature (or within 24 h when main-
tained at 4–8℃). Whole blood was centrifuged at
3,000 rpm (approximately 1,000 × g) for 15 min at
room temperature to fractionate blood components.
Following plasma separation, the buffy coat layer
( 100 μL) enriched with peripheral blood mononu-
clear cells (PBMCs) and leukocytes was isolated. To-
tal RNA was extracted using the GeneJET RNA Pu-
rification Kit (Thermo Fisher Scientific, Waltham,
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MA, USA) under certified RNase-free conditions ac-
cording to the manufacturer’s protocol. Total RNA
was eluted in 40 μL of sterile nuclease-free wa-
ter, quantified by spectrophotometry (Eppendorf
BioSpectrometer® Basic, Eppendorf, Hamburg, Ger-
many), and stored at -30℃. Optical density ratios
(A260/A280 and A260/A230) were recorded to assess
RNA purity.

Reverse Transcription and cDNASynthesis
First-strand complementary DNA (cDNA) was syn-
thesized from 10 μL of purified total RNA using
the High-Capacity cDNA Reverse Transcription Kit
(Thermo Fisher Scientific) in a total reaction vol-
ume of 20 μL. Reverse transcription was carried out
on a thermal cycler under the following conditions:
25℃ for 10 min (primer annealing), 37℃ for 120 min
(cDNA synthesis), and 85℃ for 5 min (enzyme in-
activation), followed by rapid cooling to 4℃. Syn-
thesized cDNA was either utilized immediately for
qPCR amplification or stored in aliquots at -30℃.

Quantitative Real-Time PCR (qPCR)
Quantitative real-time PCR reactions were per-
formed in duplicate on the Applied Biosystems™
7500 Real-Time PCR System (Thermo Fisher Scien-
tific). Each 10.0 μL reaction mixture contained 2.0
μL of cDNA template and 8.0 μL of reaction master
mix consisting of TaqMan™ Universal Master Mix II
(no UNG, Thermo Fisher Scientific) and specific Taq-
Man™ Gene Expression Assays: MECP2 (Assay ID:
Hs05049079_g1), IL-6 (Assay ID: Hs00174131_m1),
and small nuclear RNA U6 (snU6, Assay ID: 001973)
as the endogenous reference gene. The amplifica-
tion conditions were: initial denaturation at 95℃ for
10 min, followed by 40 cycles of 95℃ for 15 s and
60℃ for 60 s. Baseline thresholds were set uniformly
at 0.01 to ensure standardized cycle threshold (Ct)
determination.

Standard Curve Construction andAmplifi-
cation Efficiency
To validate assay robustness, standard curves were
generated using serially diluted total RNA (two-fold
serial dilutions across five concentration levels in du-
plicate) extracted from healthy human peripheral
blood. The standard curves demonstrated excellent
linearity and amplification efficiency across all tar-
gets: MECP2 (efficiency = 98.0%, R2 = 0.991), IL-6 (ef-
ficiency = 95.3%, R2 = 0.909), and snU6 (efficiency =
98.6%, R2 = 0.991). Relative gene expression was cal-
culated using the comparative Livak 2-ΔΔCt method,
where ΔCt = Cttarget - CtsnU6 and ΔΔCt = ΔCtpatient
- ΔCtcontrol mean.

Statistical and Data Analysis
Data distributions were evaluated for normality. Be-
cause variables demonstrated non-normal distribu-
tions, non-parametric tests were employed. Differ-
ences in relative expression levels between groups
were assessed using the Kruskal-Wallis H-test. Bi-
variate associations were examined using Spear-
man’s rank correlation coefficient (ρ), Kendall’s rank
correlation coefficient (τ), and distance correlation
(dCor) with 1,000 bootstrap permutations to capture
nonlinear associations. To model the potentially
complex nonlinear relationships between MECP2
and IL-6, Generalized Additive Models (GAM) with
penalized thin plate regression splines (s) were fit-
ted. Statistical analyses and visualization were per-
formed in R software (v4.3.0, R Foundation for Sta-
tistical Computing, Vienna, Austria). A two-tailed p-
value < 0.05 was considered statistically significant.

RESULTS
Demographic and Clinical Profile of the
Study Cohort
A total of 34 young Vietnamese individuals with de-
pression and 18 healthy controls were evaluated.
Participants in the depression cohort had a mean
age of 19.85 ± 2.41 years (range: 14–24 years), and
the control group had a mean age of 19.61 ± 2.52
years, confirming comparable age and developmen-
tal baseline across cohorts. Based on clinical evalua-
tion and PHQ-9 stratification, 19 patients were cate-
gorized into the mild-to-moderate depression group
(mildD; PHQ-9: 5–14; including 5 inpatients and 14
outpatients/community cases) and 15 patients were
categorized into the severe depression group (SD;
PHQ-9 ≥15; all requiring hospitalization).
Total RNA yields ranged from 5.0 to 20.0 ng/μL, with
an A260/A280 purity ratio of 1.80–2.43. The sum-
mary statistics of normalized ΔCt values forMECP2
and IL-6 in the depression cohort are detailed in Ta-
ble 1. Individual demographic characteristics, PHQ-
9 scores, and raw ΔCt values are compiled in Ap-
pendix 1.

Alterations in MECP2 Expression Across
Depression Subgroups
Peripheral bloodMECP2 mRNA expression was sig-
nificantly higher in individuals with depressive dis-
orders than in healthy controls (1.347-fold increase,
Kruskal-Wallis H = 4.2357, df = 1, p = 0.0396; N = 52,
comprising 34 patients and 18 controls; Figure 1A,
1B). Subgroup analysis revealed that this upregula-
tion was driven primarily by patients with mild-to-
moderate depression (mildD group), who exhibited
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Table 1: Statistical Analysis of Normalized ΔCt Values
forMECP2 and IL-6 in Patients with Depressive
Disorders

Statistical Metric ΔCt
MECP2

ΔCt IL-6

Sample Size (N) 34 34

Mean 4.5021 11.7477

Standard Deviation
(SD)

0.8808 2.4346

Variance 0.7529 5.7531

Geometric Mean 4.4205 11.4858

Median 4.4950 12.2800

95% Confidence
Interval (CI)

[4.1950,
4.8090]

[10.8980,
12.5970]

Note: Cycle threshold (Ct) values for target genes MECP2
and IL-6 were determined by quantitative real-time PCR (RT-
qPCR) and normalized to the endogenous control gene snU6
(ΔCt = Cttarget - CtsnU6). Lower ΔCt values indicate higher
relative mRNA expression.

a 1.454-fold elevation in MECP2 expression relative
to controls (H = 6.9889, df = 1, p = 0.0082; N = 37).
In contrast, patients with severe depression (SD
group) did not exhibit a statistically significant dif-
ference in MECP2 expression compared to healthy
controls (1.22-fold, H = 0.5229, df = 1, p = 0.4696;
N = 33). Direct comparison between the SD group
and the mildD group showed a non-significant rel-
ative expression ratio of 0.84-fold (H = 0.8448, df =
1, p = 0.3580). Furthermore, MECP2 expression did
not differ significantly between female and male de-
pressed patients (female-to-male fold-change = 0.62,
H = 2.9936, df = 1, p = 0.0836; N = 34).

Upregulation of IL-6 Expression and Dis-
ease Severity Discrepancies
Analysis of peripheral blood IL-6 mRNA expression
revealed marked elevation in depressed patients
compared with healthy controls (4.47-fold increase,
H = 5.4675, df = 1, p = 0.0194; N = 42, comprising
34 patients and 8 controls; Figure 1C, 1D). The 95%
confidence interval for the IL-6 fold-change in pa-
tients with depression ranged from 7.122 to 23.925.
When stratified by clinical severity, the mildD group
exhibited a 10.196-fold increase in IL-6 expression
compared with controls (H = 8.5291, df = 1, p =
0.0035; N = 27).
Conversely, in patients with severe depression (SD
group), IL-6 expression was not significantly ele-
vated compared to healthy controls (1.58-fold, H =
1.3500, df = 1, p = 0.2453; N = 23). Notably, IL-6 ex-
pression in the SD group was 6.67-fold lower than

that observed in the mildD group (H = 9.6364, df =
1, p = 0.0019; N = 34). A significant sex-dependent
difference was also observed, with female depressed
patients exhibiting 3.46-fold higher IL-6 expression
than male patients (H = 4.0252, df = 1, p = 0.0448; N
= 34).

Nonlinear and Correlation Analysis Be-
tween MECP2 and IL-6 Expression
To examine the functional relationship between
epigenetic regulation and cytokine transcription,
GAM regression and bivariate correlation analy-
ses were conducted (Figure 2). Using ΔCt val-
ues, GAM regression revealed that IL-6 expression
had a weak linear association with MECP2 (ΔCtIL-6
s(ΔCtMECP2): deviance explained = 23.7%, adjusted
R2 = 0.205, p = 0.00354). Conversely, MECP2 ex-
hibited a significant nonlinear relationship with IL-6
(ΔCtMECP2 s(ΔCtIL-6): deviance explained = 38.9%,
estimated degrees of freedom [edf] = 2.961, p =
0.0069).
When evaluating relative fold-change values, the
nonlinear GAM model of IL-6 regressed on MECP2
accounted for 19.5% of the deviance (edf = 1.921, p =
0.0782), while MECP2 regressed on IL-6 accounted
for 12.1% of the deviance (edf = 1.0, p = 0.0441).
Correlation analyses across ΔCt metrics confirmed
a statistically significant moderate positive corre-
lation between MECP2 and IL-6 (Spearman’s ρ =
0.4887, p = 0.0034; Kendall’s τ = 0.3360, p = 0.0050;
dCor = 0.4891). Similarly, fold-change values main-
tained a moderate positive correlation (ρ = 0.4877,
p = 0.0034; τ = 0.3357, p = 0.0060; dCor = 0.4282, p
= 0.0110), indicating concordant transcriptional co-
regulation betweenMECP2 and IL-6.

Association Between Peripheral IL-6 Ex-
pression and Specific PHQ-9 Symptom
Domains
In 32 depressed participants with complete and ob-
jective psychometric profiles (PHQ-9 scores: 5–
27; 20 mild-to-moderate, 12 severe), we analyzed
the association between peripheral ΔCtIL-6 values
and individual PHQ-9 items. Bivariate analyses
revealed significant positive correlations between
ΔCtIL-6 (where higher ΔCt corresponds to lower rela-
tive mRNA expression) and overall depressive symp-
tom burden (ρ = 0.439, p = 0.012; τ = 0.293, p = 0.021;
dCor = 0.485, p = 0.008).
Item-level analysis demonstrated that this relation-
shipwas driven primarily by three core symptomdo-
mains:
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Figure 1: Quantitative assessment of peripheral blood MECP2 and IL-6 mRNA expression in young Viet-
namese patients with depression and healthy controls. (A) Distribution of normalized ΔCt values for
MECP2: Boxplots illustrate normalized cycle threshold values (ΔCtMECP2 = CtMECP2 - CtsnU6) in healthy controls
(unshaded box, N = 18) and patients with depression (hatched box, N = 34). A lower ΔCt value indicates higher
transcript abundance. The depression cohort showed a statistically significant reduction in ΔCt values, reflecting
increased MECP2 transcript levels compared to controls (Kruskal-Wallis H = 4.2357, df = 1, p = 0.0396). (B) Rela-
tive fold-change inMECP2 expression: Fold-change values were calculated using the comparative Livak 2-ΔΔCt

method relative to the healthy control mean. Depressed patients exhibited a median 1.347-fold upregulation in
MECP2 expression. (C) Distribution of normalized ΔCt values for IL-6: Boxplots display ΔCtIL-6 (CtIL-6 - CtsnU6)
in healthy controls (unshaded box, N = 8) and patients with depression (hatched box, N = 34). Significantly de-
creased ΔCt values were observed in depressed patients, indicating elevated IL-6 transcription (H = 5.4675, df =
1, p = 0.0194). (D) Relative fold-change in IL-6 expression: The depression cohort demonstrated a 4.47-fold in-
crease in median IL-6 expression relative to controls (2-ΔΔCt). Boxplot definition: The horizontal solid line inside each
box represents the median; the lower and upper bounds of the box denote the 25th and 75th percentiles (interquartile
range, IQR); vertical whiskers extend to the minimum andmaximum values within 1.5 × IQR; red circles represent indi-
vidual statistical outliers. Data were analyzed using R software.

• Anhedonia / Loss of Interest (Q1): ρ = 0.470,
p = 0.007; τ = 0.362, p = 0.009; dCor = 0.469, p =
0.010.

• Depressed Mood / Hopelessness (Q2): ρ =
0.429, p = 0.010; τ = 0.314, p = 0.023; dCor =
0.544, p = 0.005.

• SleepDisturbances (Q3): ρ = 0.517, p = 0.002;
τ = 0.402, p = 0.003; dCor = 0.534, p = 0.004.

In addition, feelings of worthlessness or guilt (Q6)
displayed a significant association with ΔCtIL-6 by

distance correlation (dCor = 0.534, p = 0.004), al-
though rank correlations did not reach statistical
significance (ρ = 0.281, p = 0.119). No signifi-
cant correlations were observed for fatigue (Q4), ap-
petite changes (Q5), concentration difficulties (Q7),
psychomotor agitation/retardation (Q8), or suicidal
ideation (Q9).

DISCUSSION
In this study, we evaluated the peripheral blood
transcriptional profiles of the epigenetic regulator
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Figure 2: Nonlinear regressionmodels evaluating the relationship betweenMECP2 and IL-6 transcript lev-
els in peripheral blood. (A)GAMregressionbetweenΔCtMECP2 andΔCtIL-6: Scatter plot and fitted spline curve
demonstrating the association between normalized cycle threshold values (ΔCtIL-6 s(ΔCtMECP2)). Blue dots rep-
resent individual patient measurements (N = 34); the solid red line indicates the fitted GAM smoothing spline.
Analysis demonstrated a statistically significant positive relationship (deviance explained = 23.7%, adjusted R2 =
0.205, p = 0.00354; Spearman’s rank ρ = 0.4887, p = 0.0034; Kendall’s τ = 0.3360, p = 0.0050; distance correlation
dCor = 0.4891). (B)GAMregressionbetweenMECP2 and IL-6 relative fold-change: Scatter plot and smoothing
spline showing the relationship between relative expression fold-change (2-ΔΔCt) forMECP2 and IL-6. Blue dots de-
note individual patient fold-change values; the solid red curve illustrates the nonlinear GAM trajectory (deviance
explained = 19.5%, edf = 1.921, p = 0.0782; Spearman’s ρ = 0.4877, p = 0.0034; dCor = 0.4282, p = 0.0110). Note:
Statistical models were constructed in R software using themgcv and energy packages.

MECP2 and the pro-inflammatory cytokine IL-6 in
young Vietnamese patients with depressive disor-
ders. Our findings demonstrate significant upreg-
ulation of both MECP2 and IL-6 in patients with
mild-to-moderate depression, whereas expression in
severe depression did not differ significantly from
healthy controls. Furthermore, we identified a mod-
erate positive correlation between MECP2 and IL-6
expression and established significant associations
between peripheral IL-6 levels and specific clini-
cal symptom dimensions, notably anhedonia, de-
pressed mood, and sleep disturbance.

Although minor carryover of guanidine salts dur-
ing silica column extraction resulted in sub-optimal
A260/A230 ratios in some clinical samples, rigorous
qPCR quality controls—including standard curves
exhibiting efficiencies between 95.3% and 98.6%with
R2 > 0.90—confirmed that assay performance was
uncompromised. Intra-group variance for baseline
IL-6 expression in controls was low (Z -score < 1.96,
p > 0.05), validating the reliability of relative quan-
tification via the 2-ΔΔCtmethod. Although the evalu-
able healthy control sample size for IL-6 was limited
to N = 8 due to sample attrition and ethical con-
straints regarding re-sampling, non-parametric rank

tests and bootstrap-based distance correlations con-
firmed sufficient statistical power to detect mean-
ingful biological differences.

MECP2 is an indispensable regulator of synaptic
plasticity, dendritic spine architecture, and neural
circuit adaptation 10,11. Epigenetic modulation in-
volving MECP2 isoforms (such as MECP2-e1) has
been implicated in altered stress reactivity and vul-
nerability to trauma 11,14. Concurrently, IL-6 serves
as a key neuroimmune messenger that modulates
HPA axis hyperactivity and monoaminergic neu-
rotransmission 14,15. Elevated peripheral IL-6 con-
centrations are well-documented across depressive
cohorts 15–18, with several studies reporting posi-
tive correlations between IL-6 levels and depressive
symptom severity17,18. Notably, our results revealed
marked IL-6 upregulation in mild-to-moderate de-
pression, but an absence of significant elevation
in severe cases. This pattern is consistent with
reports indicating that cytokine dysregulation in
MDD does not invariably follow a linear trajectory
across disease stages19. In chronic or severe de-
pressive states, neuroimmune exhaustion, allostatic
burnout, or compensatory epigenetic silencing may
attenuate peripheral cytokine transcription.
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The observed sex-dependent difference—wherein fe-
male patients exhibited 3.46-fold higher IL-6 ex-
pression than male patients—further underscores
the sexually dimorphic nature of neuroimmune re-
sponses in depression, consistent with previous clin-
ical literature12,18.
Mechanistically, IL-6 exerts profound downstream
effects on monoaminergic neurotransmission. IL-
6 signaling dampens 5-HT2A receptor sensitivity
via JAK/STAT pathway activation 20, thereby dis-
rupting serotonergic signaling essential for affec-
tive stability 21. Concurrently, neuroinflammatory
cascades alter noradrenergic pathways governing
arousal and limbic reactivity 22 and impair mesolim-
bic dopaminergic signaling underlying reward pro-
cessing and motivation 23. These neurochemical
interactions provide a plausible biological mecha-
nism for our finding that IL-6 expression correlated
specifically with PHQ-9 items measuring anhedonia
(Q1), depressed mood (Q2), and sleep disturbance
(Q3). These findings corroborate the clinical utility
of the PHQ-9 instrument by linking psychometric
symptom clusters directly to underlying molecular
inflammatory alterations.
Epigenetic mechanisms provide a critical link be-
tween chronic stress exposure and sustained im-
mune dysregulation 24. In immune cells, MECP2
binds to methylated CpG islands within the
IL-6 promoter, recruiting corepressor complexes
that block transcriptional activators such as p300,
thereby repressing IL-6 transcription 9,25. How-
ever, MECP2 function appears highly cell-type and
context-dependent. While MECP2 overexpression
increases IL-6 production in humanmonocytic THP-
1 cells 25, MECP2 deficiency in astrocytes trig-
gers spontaneous IL-6 overproduction that impairs
synaptogenesis 26. In our cohort, the initial concur-
rent upregulation ofMECP2 and IL-6 in mild depres-
sion, followed by their attenuation in severe depres-
sion, suggests a dynamic compensatory response
wherein MECP2 is upregulated to restrain acute cy-
tokine surges, but becomes dysregulated or uncou-
pled during prolonged, severe illness.

STUDY LIMITATIONS
Several limitations should be considered when in-
terpreting these findings. First, the sample size was
relatively small (N = 34 patients, N = 18 controls
for MECP2, N = 8 controls for IL-6), which lim-
ited the statistical power for extensive stratified sub-
analyses. Second, the cross-sectional design pre-
cludes causal inferences regarding whether MECP2

and IL-6 alterations cause depressive onset or rep-
resent secondary biological adaptations. Longitudi-
nal studies tracking MECP2 and cytokine dynamics
before and after therapeutic intervention in larger,
multi-center cohorts are warranted.

CONCLUSIONS
This study demonstrates that peripheral blood
mRNA expression of MECP2 and IL-6 is signifi-
cantly altered in young Vietnamese individuals with
depression, characterized by pronounced upregu-
lation during mild-to-moderate stages and subse-
quent normalization in severe depression. Further-
more, MECP2 and IL-6 exhibit a significant moder-
ate correlation, and peripheral IL-6 expression cor-
relates selectively with core depressive symptom do-
mains, including anhedonia, depressed mood, and
sleep disturbance. These preliminary findings high-
light the potential role of epigenetic and neuroim-
mune interactions in depressive pathophysiology
and provide a molecular foundation for biomarker
discovery in youth depression.
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