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Biological correlates of treatment
resistant depression: a review of
peripheral biomarkers
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Flavia Martinelli, Federico Lucci and Mario Luciano*

Department of Psychiatry, University of Campania “L. Vanvitelli”, Caserta, Italy

Introduction: Many patients fail to respond to multiple antidepressant
interventions, being defined as “treatment-resistant depression” (TRD) patients.
TRD is usually associated with increased severity and chronicity of symptoms,
increased risk of comorbidity, and higher suicide rates, which make the clinical
management challenging. Efforts to distinguish between TRD patients and those
who will respond to treatment have been unfruitful so far. Several studies have
tried to identify the biological, psychopathological, and psychosocial correlates
of depression, with particular attention to the inflammatory system. In this paper
we aim to review available studies assessing the full range of biomarkers in TRD
patients in order to reshape TRD definition and improve its diagnosis, treatment,
and prognosis.

Methods: We searched the most relevant medical databases and included studies
reporting original data on possible biomarkers of TRD. The keywords “treatment
resistant depression” or “TRD" matched with “biomarker,” “inflammation,”
"hormone,” “cytokine” or “biological marker” were entered in PubMed, ISI Web
of Knowledge and SCOPUS databases. Articles were included if they included a
comparison with healthy controls (HC).

Results: Of the 1878 papers identified, 35 were included in the present study.
Higher plasma levels of IL-6 and TNF-a were detected in TRD patients compared
to HC. While only a few studies on cortisol have been found, four papers showed
elevated levels of C-reactive protein among these patients and four articles
focused on immunological cells. Altered kynurenine metabolism in TRD patients
was reported in two studies, while contrasting results were found with regard to
BDNF.

Conclusion: Only a few biological alterations correlate with TRD. TNF-a seems
to be the most relevant biomarker to discriminate TRD patients from both HC
and treatment-responsive MDD patients. Moreover, several discrepancies among
studies have been found, due to methodological differences and the lack of a
standardized diagnostic definition of TRD.
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Introduction

Major Depressive Disorder (MDD) is a heterogeneous severe
mental disorder, deriving from the interplay between genetic,
environmental and psychological factors (1). More than 280 million
people suffer from MDD, which is the primary cause of disability
worldwide (2) and of significant impairment in daily functioning and
quality of life (3, 4). At least 80% of patients with MDD experience
work difficulties, problematic social interactions, and impaired daily
life activities, making difficult the achievement of a full functional
recovery (5, 6). Several effective pharmacological and psychosocial
interventions are available for MDD, but many patients fail to respond
to multiple antidepressant interventions, being defined as “treatment-
resistant depression” (TRD) patients (7).

The first conceptualization of TRD dates back to 1970s as an
attempt to overcome the limitation of the construct of “refractory
depression” (8). Subsequently, Ban (9) argued that failure to respond
to pharmacological treatment in patients with depression might reflect
a different neurobiological substrate of depressive symptoms,
compared to those patients who responded adequately to
antidepressants. Accordingly, resistance to antidepressants would
define for a distinct clinical subtype of depression. The first clinical
definition of TRD was provided only in the late 90s by Thase and Rush
(10), who described a sample of depressed patients who had not
responded to at least two adequate trials of antidepressant medications,
revitalizing the concept of TRD. Since then, the concept of TRD has
been constantly refined (11, 12).

Currently, different definitions of TRD are available. The European
Medicines Agency (EMA) defined resistance as a “failure to produce
significant clinical results with a treatment of at least two different
antidepressants (of the same or different classes) administered at the
right doses and for an adequate amount of time, with verified patients’
compliance to treatment;” and is widely adopted as a standard
definition of TRD in research settings (13). According to the Maudsley
Staging Method, TRD is defined by five domains: time-course,
severity, number of drugs, augmentative strategies, and use of ECT,
with a maximum score of 15 (14). However, despite efforts, the
definition of treatment resistant depression still presents several
critical issues. In fact, some authors pointed out that the resistance
construct can lead to a sense of nihilism in both patients and mental
health professionals (15), and the construct of Difficult-To-Treat
Depression (DTTD) would be preferable: while TRD focuses on a
trial-and-error approach to find the right treatment, DTTD recognizes
the importance of tailoring treatment to the needs of individual
patients and considers a more comprehensive evaluation of patient’s
medical history, lifestyle, and other subjective variables (16, 17).
However, more complex and accurate definitions are poorly
represented in clinical trials (18).

The difficulties in increasing knowledge about epidemiology,
clinical management, and treatment of TRD are partially due to the
lack of a univocal definition of this syndrome, which is highly needed.
In fact, resistance to antidepressants is associated with greater
symptom severity and chronicity, increased risk of comorbid physical
(19, 20) and mental disorders, and higher suicide rates (21). Thus,
TRD might represent a distinct clinical subtype of depression, yet one
of the more severe, with unique treatment challenges and implications
(22, 23), or a more severe form of MDD at the extreme of the
affective continuum.
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In order to gain deeper insights into the presence of a distinct
of TRD with discernible biological
foundations, in this paper we have investigated biomarkers,

clinical phenotype

specifically those previously documented in the literature for
their associations with TRD. Biomarker can be defined as “A
defined characteristic that is measured as an indicator of normal
biological processes, pathogenic processes or responses to an
exposure or intervention” (24). Biomarkers, as measurable
molecular or cellular indicators, hold the potential to unravel the
intricate interplay between genetic, physiological, and
environmental factors that contribute to the manifestation of
unique clinical profiles. These biomarkers serve as invaluable
tools, facilitating the characterization, diagnosis, and
understanding of the underlying biological mechanisms
associated with a specific clinical phenotype. In the field of
psychiatry, the practical application of biomarkers remains
notably absent in clinical practice, primarily due to the limited
supporting evidence in the literature. Biomarkers have
demonstrated their transformative impact in various branches of
medicine, including neurology and immunology, where they have
facilitated early diagnosis, disease subtyping, treatment
monitoring, prognosis assessment, and drug development.

However, efforts to distinguish between patients who will
respond to treatment and those who will not have been unfruitful so
far (25). Several studies have tried to identify the biological,
psychopathological, and psychosocial correlates of depression, with
particular attention to the dysfunction of the inflammatory system
(26). Compared to patients with major depression who respond to
pharmacological treatments, TRD patients have increased levels of
proinflammatory cytokines, which indirectly reduce serotonin
availability in the central nervous system (27) and the efficacy of
antidepressant medications (28). Moreover, TRD is also associated
with alterations in the hypothalamic-pituitary-adrenal (HPA) axis
(29). A systematic review investigating the role of C-reactive protein
(CRP) as a biomarker for MDD showed a low grade of inflammation
was found in a percentage of MDD patients who were less responsive
to treatment, suggesting that this could represent a subgroup of
depressed patients with a different etiopathogenesis (30). Another
studied biomarker is the brain-derived neurotrophic factor (BDNF),
whose levels are significantly reduced in TRD patients compared to
MDD, suggesting that the decreased levels of BDNF may
be associated with biological resistance to traditional antidepressant
treatments (31).

Taken data

neuroinflammation might be implicated in the pathogenesis of MDD,

together, available suggest that chronic
with lower evidence about possible biomarkers of TRD (32). The
identification of biomarkers of TRD holds relevant implications at
clinical and research level. TRD biomarker could be used in clinical
practice to identify in advance patients who are at higher risk to
develop treatment resistance, facilitating the early detection of difficult
to treat patients. Moreover, from a clinical perspective the availability
of reliable biomarkers of TRD would be useful to assess a more precise
prognosis of MDD patients, and to identify personalized and
integrated treatments (which include psychotherapy and other
psychosocial interventions) in order to reduce the risk of treatment
resistance. At research level the identification of reliable biomarkers
for TRD would be useful in order to develop new treatments strategies

to be used in patients with TRD.
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In this paper we review available studies assessing the full range
of biomarkers compared to healthy controls in order to reshape TRD
definition and improve its diagnosis, treatment, and prognosis.

Methods

The keywords “treatment resistant depression” OR “TRD”
matched with “biomarker,” “inflammation,” “hormone,” “cytokine”
or “biological marker” were entered in the PubMed, ISI Web of
Knowledge and SCOPUS databases for papers published from
inception until April 6, 2023. Studies were included in the review
if they: (1) included patients with a diagnosis of TRD; (2) assessed
any biological marker for TRD; (3) included a control group of
healthy subjects; (4) were written in English. Studies including
other subsamples of patients (i.e., those with bipolar disorder) were

10.3389/fpsyt.2023.1291176

included only if it was possible to extrapolate data on patients with
unipolar TRD. We included only papers assessing biological
markers in the review. Markers of different nature, such as those
based on imaging, genetics and clinical evaluations were excluded
from our analysis. Moreover, articles not providing a clear
definition or utilizing ambiguous terminology for TRD were
excluded. Only original articles were considered for the review.
Additionally, the reference lists of all included papers were checked
for the identification of other possible studies (Figure 1). The full
reports of potentially relevant studies were obtained, and content
of each paper was extracted.

For each paper, data on study design, sample characteristics, age
range of recruited patients, biomarkers detected, psychopathological
and psychosocial characteristics, TRD definition, and main results
were independently extracted by four authors; discrepancies were
resolved by discussion.
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»| Exclusion of articles not meeting
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FIGURE 1
PRISMA flow diagram of selection of studies for inclusion in the review.
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Results

Entering the keywords in the relevant databases, 1,878 papers
were identified; 553 were duplicates and excluded. 947 further papers
were eliminated after reading the abstracts because they did not meet
the inclusion criteria. After reading full-text papers, 212 more papers
were excluded. Therefore, our review consists of 35 papers, grouped
in the following five categories according to the main investigated
biological correlates: studies on cytokines; other inflammatory
markers; kynurenine; Brain-Derived Neurotrophic Factor (BDNF);
and other clinical parameters (Table 1).

Cytokines

With respect to IL-1, available data are still inconsistent. In fact,
while Uint et al. (62) found higher IL-1b plasma levels in TRD
compared to HC, Zincir et al. (67) and Wu et al. (65) found lower
IL-1b levels of in TRD patients.

All available studies found increased plasma levels of IL-6 in TRD
patients compared to HC (28, 49, 54, 65).

Seven studies addressed the correlation between TNF-a and
TRD. Sanchez-Carro et al. (55) provided data supporting the role of
TNF-a in discriminating between TRD and HC using a machine
learning approach. These findings were replicated in a case-control
cross-sectional study on elderly TRD patients, where TNF-a levels
were significantly higher in TRD than in the HC group (65). In
addition, in a double-blind, randomized, placebo-controlled trial,
Strawbridge et al. (59) found that the baseline pro-inflammatory
proteins, including TNF-a, were significantly higher in TRD patients
than in HC, after controlling for gender, age, childhood adversity and
BMI. On the other hand, one study found no difference in the
production of lipopolysaccharide induced-TNF-« in peripheral blood
mononuclear cells (34), while other reports (61, 67) found decreased
TNF-a levels in TRD compared to HC. Interestingly, one study
reported higher serum concentrations of TNF-« receptor subtype 1
(TNF-a R1) titers in TRD patients compared to HC (44).

In a randomized controlled trial, Zincir et al. (67) found higher
levels of IL-10 in TRD compared to HC, while another study found
no difference between TRD patients and healthy controls (59).

Other cytokines which have been explored as potential biomarkers
of TRD include IL-12, IL-5, Interferon gamma (IFN-gamma), IL-8
and IL-4. Szalach et al. (61) reported lower levels of serum IL-12 and
higher levels of IL-8 in TRD patients vs. HC. Strawbridge et al. (60)
found higher levels of IL-8 in TRD patients compared to controls,
associated with elevated titers of IL-5. Moreover, IL-4 blood levels
were significantly higher in TRD than in the control group (67), while
no difference in phytohemagglutinin (PHA)-induced IL-2 production
has been found between patients and controls (34). One study found
higher IFN-gamma titers in TRD than in the control group (67).

Other inflammatory markers

Despite consolidated evidence on cortisol levels in MDD, only a
few studies have been carried out in patients with TRD. Markopoulou
etal. (51) and Wu et al. (65) found higher cortisol serum levels in TRD
vs. HC. Interestingly, Juruena et al. (45) found an impaired activity of
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glucocorticoid receptors (GRs) in TRD group compared to HC. de
Menezes Galvao et al. (40) carried out a RCT on the effect of ayahuasca
on the hypothalamic-pituitary-adrenal axis (HPA) and found that at
baseline TRD patients exhibit blunted awakening salivary cortisol
response and hypocortisolemia compared to HC.

Four studies (38, 39, 41, 59) found elevated levels of C-reactive
protein (CRP) in TRD patients compared to HC, two studies reported
no differences between cases and controls (44, 62), while Sanchez-
Carro et al. (55) found that CRP does not discriminate between the
two groups.

Four studies investigated immunological cells populations in TRD
patients compared to HC. In particular, two studies found no
differences in lymphocyte proliferation (34) and central populations
of T cells between TRD patients and HC (61). However, in a large trial
by Lauden et al. (46) on 570 TRD patients and 2,850 HC, higher levels
of blood WBC, lymphocytes and platelets were found in the TRD
group. Another study on lymphocyte sensitivity to dexamethasone
(DEX) intake found that changes in cell redistribution after DEX
administration were more prominent in TRD patients than in
controls, but the effects of DEX were dependent on DEX-induced
suppression of cortisol secretion (35).

Kynurenine

We found three studies on the kynurenine pathway in TRD. Zhou
et al. (66) found lower serum concentrations of tryptophan (TRP),
kynurenic acid (KYNA) and the KYNA/kynurenine (KYN) ratio, and
a higher KYN/TRP ratio in TRD patients compared to HC. Also,
Schwieler et al. (57) found an altered kynurenine metabolism in TRD
patients, in particular decreased plasma levels of KYNA and
significantly increased quinolinic acid/kynurenine ratio. However, one
study found no difference between TRD and HC in the plasma levels
of tryptophan, KYNA, and quinolinic acid (QUIN).

Brain-Derived Neurotrophic Factor

Four studies have explored the role of BDNF in TRD. In a
randomized double-blinded placebo-controlled trial using a
parallel-arm design of ayahuasca vs. placebo, no correlation was found
between plasma levels of BDNF and TRD (41). Two studies reported
lower levels of BDNF in TRD compared to HC (33, 53), while Uint
etal. (62) found opposite results.

Other hematological parameters

Several other hematological parameters have been investigated in
TRD patients. In particular, lower serum albumin levels were found
in TRD patients compared to controls (64), while no significant
difference in the levels of basal Thyroid Stimulating Hormone (TSH)
and T4 were detected between major depressed patients with or
without TRD and non-TRD (46, 63). One study showed lower
vascular endothelial growth factor (VEGF) titers in TRD patients
compared to HC (53). One study found reduced baseline levels of
in the
neurotransmitters like serotonin, dopamine, and norepinephrine) in

enzyme cofactor biopterin (involved synthesis of
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TABLE 1 Summary of studies included in the review.

Study and

country

Sample
size

Biomarker

TRD
definition

Study design

10.3389/fpsyt.2023.1291176

Main results

USP-18

at least one

historical failure to

Allen et al. (33), 35 TRD patients BDNF Blood Failure of two Cross-sectional BDNF was lower in TRD patients
Ireland 20 HC antidepressant trials compared to HC. sSBDNF was significantly
elevated only at 1 week following the first
ketamine infusion in those classified as
responders 1 week later. BDNF was not
elevated following subsequent infusions
Bauer et al. (34), 36 TRD patients | Salivary cortisol Saliva Failure of five Cross-sectional Basal morning cortisol levels from
Brazil 31 HC before and after Blood different patients and controls did not differ nor
DEX, antidepressants did their T-cell proliferation and cytokine
phytohemagglutinin- trials production. Ten out of 36 patients were
induced T-cell classified as nonsuppressors and presented
proliferation, IL-2, significantly higher post-DEX salivary
TNFa, lymphocyte cortisol levels than suppressors. Cells of
sensitivity to both nonsuppressors produced significantly
cortisol and DEX less TNFa compared to suppressors.
GC-induced suppression of lymphocyte
proliferation and cytokine production
were generally less marked in depressives
compared with controls
Bauer et al. (35), 36 TRD patients | Salivary cortisoland = Saliva Failure of five Cross-sectional No differences in basal salivary cortisol
Brazil 31HC CD4+, CD8+, Blood different levels were found between patients and
CD19+, CD56+, and antidepressants controls. Changes in cell redistribution
HLADR+ cells trials (CD4+, CD8+, CD19+, CD56+, and
distribution HLADRG cells) after DEX administration
were more prominent in controls than in
patients, but the effects of DEX varied
dependent on whether patients exhibited
DEX-induced suppression of cortisol
secretion. Glucocorticoid-induced
suppression of adhesion molecule
expression was generally less marked in
patients than controls
Carpenter et al. 19 TRD patients | Substance P CSF Failure to respond Cross-sectional Mean CSF substance P concentration was
(36), USA 19 HC to at least two but significantly lower in TRD patients on
not more than six psychotropic medications than in the HC
antidepressant trials group
Cattaneo et al. 58 TRD patients | IL-1-beta, IL-6, Blood Depressive Cross-sectional Treatment-resistant and drug-free
(37), Italy 36 MMD TNFa, MIF, symptoms (HDRS depressed patients had both increased
responsive glucocorticorticoid >13) while currently inflammasome activation (higher P2RX7
patients receptor, SGK1, on an and proinflammatory cytokines/
36 MMD FKBP5, P2RX7, antidepressant at chemokines mRNAs expression) and
untreated CCL2, CXCL12, standard glucocorticoid resistance (lower GR and
patients CRP, A2M, AQP4, therapeutic dose for higher FKBP5 mRNAs expression), while
40 HC ISG15, STAT1, and at least 6 weeks, plus responsive patients had an intermediate

phenotype with lower CXCL12. Six
mRNAs (P2RX7, IL-1-beta, IL-6, TNFa,

a different CXCL12, and GR) distinguished
antidepressant treatment-resistant from responsive
patients, even after adjusting for other
variables that were different between
groups
(Continued)
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TABLE 1 (Continued)

10.3389/fpsyt.2023.1291176

Study and Biomarker TRD Study design = Main results
country definition
Chamberlain 102 TRD CRP Blood Patients with HDRS | Cross-sectional Compared with HC, CRP was
etal. (38), UK patients total score>13; significantly elevated in TRD, but was not
48 Responsive currently in in the treatment-responsive and untreated
MMD patients treatment with a groups
48 Untreated monoaminergic
MMD patients drug for at least
54 HC 6 weeks
Congio etal. (39), = 24 TRD patients Leptin, CRP Blood HDRS-17 Total Cross-sectional Higher levels of leptin, hs-CRP >3 mg/L
Brazil 82 HC score > 16, after 8 to and higher BMI were found to
12-weeks of several be associated with TRD. The TRD patients
antidepressant trials with hs-CRP >3 mg/L presented on
average higher levels of leptin for the
same BMI, compa.red to non-TRD
de Menezes 28 TRD patients | Cortisol Saliva Failure of two Placebo controlled Baseline assessment showed blunted
Galvao et al. (40), = 43 HC Blood antidepressant trials | trial awakening salivary cortisol response and
Brazil hypocortisolemia in patients, with TRD
respect to HC
Galvao-Coelho 28 TRD patients | CRP, IL-6, cortisol, Blood Failure of two Double blind Higher CRP levels and similar IL-6 levels
etal. (41), Brazil 45 HC BDNE GOT, GPT antidepressant trials | placebo controlled- | in TRD patients compared to control
trial group, adjusting for BMI. A significant
inverse correlation between CRP and
cortisol levels was found in patients. No
correlation between CRP and BDNE, and
between IL-6 and any variable in patient
group. No correlation between CRP and
IL-6 in the control group
Gur et al. (42), 26 TRD patients = AQP4-IgG Blood Failure of two Longitudinal Absence of AQP4-IgG autoantibodies in
Israel 24 MDE (both antidepressant trials all patients
MDD and BPD)
patients
30 HC
Hoekstra et al. 20 TRD patients | Biopterin, neopterin, | Blood Failure to a prior Longitudinal Lower plasma biopterin concentration in
(43), Netherlands | 29 HC phenylalanine, treatment with a TRD patients compared to HC. After
tyrosine, TRP, tricyclic treatment, biopterin increased in TRD
isoleucine, leucine, antidepressant, patients with psychotic features. The
and valine lithium addition or plasma phenylalanine/tyrosine ratio
an irreversible normalized after ECT. Mean tryptophan
monoamine oxidase concentration was lower in TRD than in
inhibitor HC
Huangetal. (44), | 20 TRD patients | CPR, sIL-2R, sIL-6R, = Blood Failure of two Cross-sectional MDD patients had higher serum
Taiwan 14 responsive TNFa-R1 antidepressant trials concentrations of TNFa R1. Higher
MDD patients serum concentrations of TNFa R1 in
34 HC TRD patients than in healthy controls or
non-TRD group. The most significant
finding from this study was the
correlation of increased serum
concentrations of TNFa R1 and impaired
glutamatergic neurotransmission in the
caudate nucleus and anterior cingulate
cortex in patients with TRD
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TABLE 1 (Continued)

Study and

country

Sample
size

Biomarker

TRD
definition

Study design

10.3389/fpsyt.2023.1291176

Main results

non-response to ECT

Juruena et al. 12 TRD patients | Cortisol Saliva Failure of two Cross-sectional Higher salivary cortisol levels in TRD

(45), UK 12HC antidepressant trials patients compared with controls after all
challenges. In these patients the provision
of spironolactone did not increase cortisol
compared to placebo; spironolactone with
prednisolone had no effect on the
suppressive effects of prednisolone.
Patients with TRD had a reduction in the
conversation of spironolactone to the
active metabolite canrenone

Lauden et al. (46), = 570 TRD WBC, lymphocytes, Blood Presence of minimal = Cross-sectional Higher levels of blood WBC,

Israel patients eosinophils, improvement or no lymphocytes, platelets, C-reactive protein,
2,850 MDD basophils, platelets, improvement with ESR, C3 and C4 levels in TRD patients
patients MPYV, glucose, TSH, at least two different compared controls
2,850 HC CRP, ESR, C3, C4, classes of

antinuclear antidepressants, at

antibodies, RE, IgE adequate doses and
durations (at least
6 weeks)

Maes et al. (47), 28 TRD patients | DPP IV Blood Failure of two Cross-sectional Significantly lower derum DPP IV activity

Belgium 8 responsive antidepressant trials in major depressed subjects, irrespective of
MDD patients treatment resistance, than in normal
15 HC volunteers; subchronic treatment with

antidepressants has no significant effect on
serum DPP IV activity; serum DPP IV is
related to immune- as well as inflammatory
markers of major depression

Maes et al. (48), 23 TRD patients Zn and Cu Blood Failure of two Longitudinal Decreased Serum Zn levels in TRD

Belgium 9 responsive antidepressant trials patients; treatment with antidepressants
MDD patients does not alter the initially lower Zn levels,
15HC although antidepressant treatment

significantly reduces serum Cu levels;
lower serum Zn is significantly related to
immune/inflammatory markers

Maes et al. (49), 28 TRD patients IL-6, IL-6R, IL-1Ra, Blood Treatment Cross-sectional Significantly higher serum IL-6 levels in

Belgium 7 MDD patients sCD8, CC16, and Zn resistance according TRD subjects, while there were no
15HC to Thase and Rush significant differences between normal

criteria volunteers and non-TRD patients, and
between patients with and without TRD

Maes et al. (50), 19 TRD patients CoQ10 Blood Presence of (a) failure | Cross-sectional Plasma CoQ10 was significantly lower in

Belgium 16 responsive of two antidepressant patients with TRD and with Chronic
MDD patients trials; (b) failure to Fatigue Syndrome than in the other
22HC respond to depressed patients. No significant

augmentation correlation between plasma CoQ10 and
treatment; (c) point b the HDRS

plus failure to

respond to two

augmentation

strategies; (d)

previous stage plus
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TABLE 1 (Continued)

10.3389/fpsyt.2023.1291176

Study and Biomarker TRD Study design = Main results
country definition
Markopoulou 28 TRD patients | DHEA, cortisol Blood Failure of two Observational Cortisol levels were significantly higher in
etal. (51), UK 40 HC antidepressant patients than controls, but DHEA levels
trials. Degree of did not differ. The ratio of cortiso/DHEA
resistance was was significantly elevated in patients
staged according to
the Thase and Rush
criteria
Nasca et al. (52), 11 TRD patients LAC Blood History of Cross-sectional Compared to HC, decrease in LAC was
USA 26 MD patients nonresponse to at larger in TRD patients, among whom
26 HC least two childhood trauma and, specifically, a
antidepressant trials history of emotional neglect and being
female, predicted the decreased LAC
Pisonietal. (53), = 36 TRD patients | Tie2, BDNFE, VEGE Blood Score>7.5 using the | Longitudinal Deficit of peripheral growth factors in
United Kingdom = 36 HC VEGFC, VEGFD, Maudsley Staging TRD patients. Higher Tie2 levels in TRD
PIGE bFGE and Method patients than controls, while lower
sFlt1 VEGFC and BDNF levels in TRD
participants. Levels of VEGF were not
significantly different between patients
and controls
A decrease of VEGF 260 and VEGFC over
time in TRD patients was reported. No
changes were seen in levels of BDNF
following antidepressant treatment. TRD
patients showed significantly lower levels
of VEGFD at admission compared to
responders
Rengasamy et al. 103 TRD 1L-6 Blood Failure of three Cross-sectional Higher levels of plasma IL-6 were found
(54), USA patients CSF antidepressant trials in TRD compared to HC
43HC
Sanchez-Carro 59 TRD patients | TNFa and Blood Failure of two Cross-sectional TNFa and CRP were relevant for the
etal. (55), Spain 32 MDD patients | CRP antidepressant differentiation of the group of patients
80 HC trials, or non- from the HC group
response to the
augmentation
treatments
Sasaki et al. (56), 10 TRD patients OXT Blood Failure of two Cross-sectional Serum OXT levels in TRD patients were
Japan 27 MDD patients antidepressant trials higher compared to HC
25 HC and not responding
to at least eight
sessions of cognitive
behavioral therapy
Schwieler et al. 19 TRD patients IL-1p, IL-2, IL-6, Blood Patients had been Observational Increased plasma levels of IL-6 in TRD
(57), Sweden 22 HC IL-8, IL-10, IL- adequately treated patients compared HC. Decreased plasma
12p70, TNFa, IFN-y, with oral levels of KYNA and significantly
GM-CSE KYNA, antidepressant, but increased QUIN/KYNA ratio in TRD
and QUIN had not responded Plasma levels of tryptophan, kynurenine,
and QUIN did not differ between patients
and controls. There was a significant
inverse correlation between symptom
severity and kynurenine levels at baseline
(Continued)
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TABLE 1 (Continued)
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Study and Biomarker TRD Study design = Main results
country definition
Sowa-Kucma 42 TRD patients IL-1a, IL-1RA, Blood Failure of two Cross-sectional TRD is characterized by increased sIL-6R
etal. (58), Poland | 72 responsive IL-2R, IL-6R, antidepressant trials levels as compared with controls and
MDD patients sTNF-R1, sTNF-R2, depressed patients without TRD, lowered
50 HC TBARS sTNF-R2 levels as compared to non-TRD
patients and increased TBARS levels as
compared with all other study samples
Strawbridge etal. =~ 129 TRD IL-6, CRP, TNFa, Blood Non-responsive to Two-arm parallel- CRP, TNFa and IL-6 were elevated in
(59), UK patients and IL-10 at least two group, double- TRD patients compared to HC. Other
28 HC antidepressants blind, randomized, | inflammatory proteins did not mediate or
placebo-controlled moderate treatment outcomes
trial
Strawbridge etal. | 36 TRD patients = CRP, IFNa, IFNy, Blood TRD was assessed Longitudinal Patients with TRD reported higher
(60), UK 36 HC IL-10, IL-12, IL- using the Maudsley proteomic inflammatory activity than HC;
12p70, IL-13, IL-15, Staging Method elevated inflammation is predictive of a
IL-16, IL-17, IL-1a, staging tool more severe or resistant depressive illness
IL1B, IL-2, IL-4, both retrospectively (i.e., prior to
IL-5,IL-6, IL-7, IL-8 inpatient treatment, in the current
(CXCL8), TNFa, episode) and prospectively (predicting
TNEp, Eotaxin more severe depressive symptoms in the
(CCL11), Eotaxin-3 months after discharge)
(CCL26), GM-CSE,
IP-10 (CXCL10),
MCP1 (CCL2),
MCP4 (CCL13),
Mipla (CCL3),
Miplb (CCL4), SAA,
sICAM1 (sCD54),
SVCAMI (sCD106),
and TARC (CCL17)
Szalach etal. (61), = 20 TRD patients | CD28, CD69, CD25, | Blood Failure of two Cross-sectional Lower percentage of CD3 + CD4 + CD25+
Poland 13 HC CD95, HLA-DR, antidepressant trials and CD3 + CD8+ CD95+ cells in TRD
1L12p70, TNFa, patients than HC, lower serum levels of
IL-10, IL-6, IL-1P, IL-12p70 and TNFa, and significantly
and IL-8 higher IL-8 levels
Uint et al. (62), 34 TRD patients TNFa, IL-1p, IL-6, Blood Failure of two Cross-sectional BDNF and IL-1p plasma concentrations
Brasil 43 BPD patients = BDNE and CRP antidepressant trials were increased in TRD compared to HC
41 HC
Vandoolaeghe 27 TRD patients TSH, T4 Blood Failure of two Cross-sectional No significant differences in basal TSH or
etal. (63), 9 responsive antidepressant trials T4 in TRD was found
Belgium MDD patients
15 HC
Van Hunsel et al. 29 TRD patients | TSP, albumin, Blood Failure of two Longitudinal Significantly lower TSP and percentage
(64), Belgium 8 responsive alphal, alpha2, beta, antidepressant trials and concentration of serum albumin
MDD patients and gamma-globulin (Alb) and y-globulin fraction in TRD
29 HC than in HC
Serum beta-globulin concentrations were
significantly lower in TRD subjects than
in HC

Frontiers in Psychiatry

09

(Continued)

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1291176
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Mancuso et al.

TABLE 1 (Continued)

10.3389/fpsyt.2023.1291176

Study and Sample Biomarker TRD Study design = Main results
country size definition
Wu et al. (65) 30 TRD patients Cortisol, nesfatin-1, Blood Ineffective Cross-sectional Serum cortisol, CRP, TNFa, and IL-6
China 30 responsive CRP, TNFa, IL-6, treatments for levels were significantly higher in TRD
MDD patients 1L-1p 3 months with two than in HC. Serum nesfatin-1 levels in the
30 HC or more different non-TRD group were significantly lower
antidepressants in than HC and TRD groups, and
sufficient quantity significantly higher serum IL-1p levels in
the non-TRD group than in the control
and TRD groups
Zhou et al. (66), 68 TRD patients TRP, KYN, and Blood Failure of two Longitudinal Lower serum levels of TRP and KYNA
China 6 HC KYNA antidepressant trials and the KYNA/KYN ratio and higher
KYN/TRP ratio in TRD patients than in
HC
Zincir et al. (67), 50 TRD patients | IL-1, IL-6, TNFa, Blood Failure of two Prospective, non- Higher levels of IL-1, TNFa, and IL-10
Turkey 30 HC 1L-10, IL-4, and antidepressant trials | randomized, before treatment in TRD than in HC. No
IFN-gamma controlled study significant difference in the levels of IL-6
before and after treatment when
compared to the control group

AQP4, aquaporin-4; A2M, alpha-2-macroglobulin; BDNE, brain-derived neutrophic factor; bFGE, basic fibroblast growth factor; BPD, bipolar disorder; CCL, CC motif chemokine ligand; CD,
cluster of differentiation; CoQ10, Q10 Coenzyme; CRP, C-reactive protein; CSE, cerebrospinal fluid; Cu, cupper; CXCL, CXC motif chemokine ligand; C3, complement component 3; C4,
complement component 4; CC16, clara cell protein; DDP 1V, dipeptidyl peptidase 4; Dex, dexamethasone; DHEA, dehydroepiandrosterone; ECT, elettroconvulsive therapy; ERS, erythrocyte
sedimentation rate; FKBP5, FK506 binding protein 5L GM-CSE, granulocyte-macrophage colony-stimulating factor; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic
transaminase; HC, healthy control; HDRS, Hamilton Depression Rating Scale; HLA, human leukocyte antigen; Ig, immunoglobulin; IL, interleukin; IL1RA, IL-1 receptor antagonist; IL-2R,
IL-2 receptor; INFE, interferon; KYN, kynurenin; KYNA, kynurenic acid; LAC, acetyl-L-carnitine; Mcp, monocyte chemoattractant protein-1; MDD, major depressive disorder; MDE, major

depressive episode; MIF, macrophage migration inhibitory factor; Mip, macrophage inflammatory protein; MPV, medium platelet volume; OXT, oxytocin; PIGF, placental growth factor;
P2RX7, purinergic receptor; QUIN, quinolinic acid; RE, reumatoid factor; sFlt1, soluble fms-like tyrosine kinase-1 (VEGF receptor-1); sSICAM, soluble intercellular adhesion molecules;
sVCAM, soluble vascular cell adhesion molecule; sIL2R, soluble IL-2 receptor; sIL6R, soluble IL-2 receptor; sTNF-R1, soluble TNF-receptorl; sTNF-R2, soluble TNF-receptor2; TARC,
thymus- and activation-regulated chemokine; TBARS, thiobarbituric acid reactive substances; Tie-2, angiopoietin-1 receptor; TNE, tumor necrosis factor; TNFaR1, tumor necrosis factor-
alpha receptor subtype 1; TRD, treatment-resistant depression; TSH, thyroid stimulating hormone; TSP, total serum protein; T3, triiodothyronine; T4, thyroxine; VEGE, Vascular endothelial

growth factor; WBC, white blood cells; Zn, Zinc.

TRD patients compared to HC (43). Significantly decreased serum
levels of acetylating molecule acetyl-L-carnitine (LAC) were observed
in TRD patients compared to HC (52). Another study reported higher
serum levels of oxytocin (OXT) in a sample of adolescents with TRD
compared to age-matched HC (56).

Gur et al. (42) found that TRD patients are more frequently
seronegative to Aquaporin-4 (an astrocyte water channel protein)
autoantibodies (AQP4-IgG) compared to HC. However, another study
reported no statistical difference in the expression of AQP4 gene
between TRD and HC (37).

Interestingly, two studies assessed zinc (Zn) serum levels: Maes
et al. (48) found significantly lower levels of serum Zn in TRD than
in HC, which were inversely correlated with IL-6 titers (49). The
same authors showed a significantly lower serum activity of
dipeptidyl peptidase IV (DPP IV), a serine protease with a role in
cytokine production, in TRD than in HC (47), and significantly
lower levels of the antioxidant Coenzyme Q10 compared to
responsive-MDD patients (50). Sanchez-Carro et al. (55) reported
that glutathione and 4-hydroxynonenal (HNE) could serve as
variables to discriminate between TRD patients and HC. Moreover,
one study investigated the role of stress-related neuropetide
Substance P (SP) in the central nervous system (CNS), by means
of standard lumbar puncture techniques (36). Authors reported
that TRD patients taking psychotropic medications had
significantly lower mean cerebrospinal fluid SP concentration than
HC (53).
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Discussion

The underlying biological mechanisms that contribute to
development and maintenance of TRD are not yet elucidated. The
identification of reliable biomarkers would allow an early
identification, proper diagnosis and treatment of TRD, improving the
chance of a successful outcome (68). However, only a small number
of biological alterations seem to correlate with TRD, in particular
some cytokines, the kynurenine pathway catabolites, CRP, BDNF
and cortisol.

The role of inflammation, and in particular of cytokines, in the
pathophysiology of mental disorders has been recently highlighted
(69), following a new wave of studies using modern biological
techniques (70, 71). While several evidence shows an involvement of
the immunological systems in MDD, suggesting that the
communication between immune and brain systems might
be mediated by increased cytokine levels (72, 73), only a limited
number of studies investigating the role of inflammation and of
cytokine alteration in TRD have been found, despite the presence of
low-grade neuroinflammation has been reported to be more
frequently in patient with treatment resistant major depression, rather
than in responders and healthy controls (74, 75).

Available evidence has reported that TNF-o, whose blood
concentration has shown a significant improvement after treatments
with antidepressants, is the most relevant biomarker to discriminate
TRD patients from both to HC and to treatment-responsive MDD
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patients (55, 74). In the Central Nervous System (CNS) TNF-«
promotes serotonin metabolism and enhances the serotonin
transporter’s activity (76). In particular, reduced levels of TNF-a could
be associated to a reduced activity of serotonin transporter, thus
influencing the effectiveness antidepressants, like selective serotonin
reuptake inhibitors (SSRIs) (76). Consequently, the assessment of
TNEF-a levels could have potential clinical relevance for TRD patients
who have experienced several unsuccessful trials of antidepressant
treatments (77).

Two studies found increased levels of IL-8 in TRD patients
compared to healthy controls. IL-8 is produced by monocytes,
macrophages, and neutrophils and exerts a pro-inflammatory action,
by facilitating neutrophil migration. It is also synthetized in SNC by
microglia can synthesize IL-8 in response to proinflammatory stimuli;
it has also been reported that anti-inflammatory cytokines can
downregulate its production and release in the SNC (20). IL-8 levels
have been found to be consistently elevated in TRD patients also when
they are compared to MDD responsive individuals, suggesting that
this cytokine could be a potential biomarker for TRD. However, this
hypothesis needs to be confirmed by further larger longitudinal
studies, with standardized diagnostic criteria and treatment-specific
analyzes. Additionally, a more comprehensive understanding of the
role of IL-8 in TRD might come from multi-modal research
approaches, integrating genetic, imaging, and clinical data. Reviewed
studies are insufficient to draw any other firm consideration about the
role of the other cytokines, such as IL-2, IL-5, and IL-12, in
TRD pathophysiology.

The BDNF has also been assessed as a biomarker in the
pathophysiology of TRD. The BDNF belongs to the family of
neurotrophins, a group of growth factors that support the survival,
development, and function of neurons in the brain and peripheral
nervous system (78). Inflammation, which is associated with increased
cytokines production, affects BDNF expression, although the exact
biological pathway is not fully elucidated (79). Chronic stress induces
areduction in BDNF concentration (80), but studies analyzing serum
BDNF levels in TRD conveyed conflicting results (81). In fact, while
some studies reported a reduction of BDNF concentration (53, 64),
others found an increase of BDNF levels (62) or no difference between
TRD and healthy controls. The inconsistency of these results might
be due to the fact that serum analysis of BDNF concentrations is
variable and scarcely reliable, unless Polymerase Chain Reaction
(PCR) is used.

Many studies reported increased cortisol levels in TRD patients
(51, 65), suggesting an alteration in HPA axis. One hypothesis
regarding cortisol modulation in depression indicates a form of HPA
axis fatigue with an underlying hypocortisolism both in salivary and
plasma samples (34, 40). In fact, chronic low levels of cortisol can
cause weakness, loss of appetite and immunological dysfunctions,
which are symptoms commonly associated to depression (82, 83).
However, the inconsistency of results reported in studies included in
the present review can be explained by the fact that antidepressant
treatments can alter HPA axis functions. Therefore, in order to fully
understand the role of cortisol in depression, studies comparing
medicated vs. non medicated patients are needed (84).

Several studies found alterations in the number of blood
immune cells. Evidence shows that TRD patients can have
increased leucocytes and possibly platelets; however, the role of
immune cells in TRD should be better investigated. In fact, studies
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including a higher number of participants reported an increase in
immunological cells, such as neutrophils and platelets in TRD
patients vs. healthy controls; however, these differences were not
statistically significant when comparing MMD and TRD,
challenging the view that they can represent different pathologies
along the affective spectrum (46).

In the present review, an alteration in the kynurenine pathway
(KP) has been reported in several studies. This result is of particular
relevance, since the vast majority (~95%) of tryptophan (TRP) is
metabolized via KP in kynurenine (KYN), quinolinic acid (QUIN)
and kynuretic acid (KYNA), while only a small part of TRR is used to
synthetize monoamines, implicated in the pathophysiology of MDD,
including noradrenaline and serotonin (85). Enzymes of the KP, can
be activated by pro-inflammatory cytokines, which may lead to TRP
depletion (86). Results of the present review confirm this hypothesis,
despite they need to be replicated in larger samples.

Treatment-resistant depression represents a significant challenge
in mental health care, making a priority the need to identify the
etiological pathways of this complex mental disorder. Numerous
additional biological pathways, including biopterin, acetyl-L-carnitine,
oxytocin, zing, glutathione, nesfatin-1, and dipeptidyl peptidase IV,
have been investigated in TRD. In particular, biopterin, a critical
cofactor in neurotransmitter synthesis, has shown potential relevance
in TRD (87). Alterations in biopterin metabolism have been associated
with the dysregulation of serotonin, dopamine, and norepinephrine
systems, all of them being implicated in depression (88). Similarly,
Acetyl-L-carnitine, an endogenous compound involved in cellular
energy metabolism and neuroprotection, has demonstrated
antidepressant effects in clinical studies, indicating its potential as a
therapeutic target for TRD (89). While the studies on pathways of
biopterin and acetyl-L-carnitine seem promising to enhance our
understanding of major depression and of TRD, others - including
aquaporin-4, vascular endothelial growth factor (VEGF), and thyroid-
stimulating hormone (TSH) - have yield fewer compelling results.
However, the current level of evidence for these pathways is still low,
and any consideration about the potential role in TRD
remains speculative.

The existing literature on the biological correlates of TRD is
explored by numerous studies, but the comparability of their findings
and methods often proves challenging mainly due to methodological
disparities and clinical characterization differences. These variations
encompass the utilization of diverse laboratory techniques and the
incorporation of inclusion criteria grounded in distinct conceptual
definitions. As a consequence, the synthesis of this body of research
faces obstacles in drawing definitive conclusions about the underlying
biological mechanisms of TRD.

In the analysis of the selected articles conflicting outcomes have
emerged. Nevertheless, certain cytokines, such as IL-6 and TNF-a,
have demonstrated a more extensive body of supporting evidence. A
significant proportion of the examined cytokines, however, lacked a
sufficient number of studies for meaningful cross-comparisons,
rendering the available evidence insufficient to derive preliminary
conclusions. Moreover, notwithstanding the presence of evidentiary
support in other domains of psychiatric pathologies, the cortisol
pathway exhibited incongruent findings in the context of
TRD. Additionally, the available data regarding BDNF appear
challenging to compare due to methodological disparities in the
analysis, which may account for the incongruity of the results.
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This review is subject to several limitations, that are hereby
acknowledged. First and foremost, a significant challenge in our
synthesis of findings is the inconsistency in the definition of treatment-
resistant depression across studies. The lack of a standardized and
universally accepted definition hampers the possibility to draw
definitive conclusions regarding biomarkers associated with this
Additionally,
limitations within included studies, such as variations in sample

specific depressive phenotype. methodological
collection and processing techniques, assay methodologies, and data
analysis approaches, introduce potential sources of bias, reducing the
comparability and generalizability of results. Another common
limitation observed in available studies is represented by the relatively
small sample sizes, which may limit the statistical power of studies.
Therefore, caution is needed when interpreting the findings of this
review, and further well-designed studies with larger and more
homogeneous samples are warranted to overcome these limitations
and provide more robust evidence regarding biomarkers of TRD.

In conclusion, although the notion of TRD lacks coherence and
standardization (90, 91), some evidence suggests a biological alteration
in TRD. However, the future perspectives for research on the biological
correlates of TRD are both promising and challenging (92). To
advance our understanding of TRD’s biological underpinnings, it is
imperative to establish a more robust conceptual framework for TRD,
which include the resistance to psychotherapeutic interventions, also.
Additionally, future studies should aim to include well-characterized,
medication-naive patient samples and adopt longitudinal designs to
assess biomarker variations over time. Based on the findings of this
review, it becomes evident that prioritizing the analysis of biomarker
panels, rather that single biomarkers, is imperative. Finding a
biosignature of TRD, coming from a panel of biomarkers, not only
enables a more comprehensive understanding of biological processes
underlying mental disorder but also offers an opportunity to develop
targeted treatments able to influence it and to modify the long-term
outcome of TRD. Lastly, future studies should include strategies to
identify patient with pseudoresistance to pharmacological treatments
(23), due to poor compliance to pharmacological treatments.
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