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Abstract

Several mental conditions and depression, have been linked to immune response disorganization.
However, it is unclear if particular immune mediators play a part in the etiopathogenesis of
depression. Although there are no definite biomarkers to diagnose depression, the current study
sought to logically evaluate the possibility and feasibility of checking a biomarker for depression
to be utilized for hospitalized patients suspected of depression. In this narrative review, related
articles were gathered through a search of PubMed, Scopus, and ScienceDirect databases as well as
a manual search of full-text paper references. The reviewed studies demonstrated the potential role
of the transforming growth factor beta (TGF-p) in depressive disorders. Previous studies represented
a negative role for TGF-B in depression pathophysiology and an increase in TGF-p after depression
treatment. Elevated plasma TGF-alpha acted controversial to TGF-B. The level of TGF-B in maternal
plasma increased getting close to delivery, and researchers found that it might be associated with
postpartum depression. In addition, researchers reported extreme elevations in TGF-B levels in the
brain cells of subjects who died by suicide. Although the results of this study revealed a plausible
link between TGF-B and depression based on the literature, sensitivity and specificity studies needed
before TGF-B as a biomarker may be extensively employed in clinical practice. Depression appears
to be down-regulating TGF-B and its signaling or the underlying mechanisms of the pathogenesis :
of consequent neurological disorders, while further studies are required for the application of the Hps
TGF-B assessment in clinical practice.
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Introduction

Patients admitted to different wards of the hospital suffer
from short-term emotional distress, and a large number
of patients admitted to the ward suffer from depression
and anxiety. Depression and anxiety are serious problems
of patients admitted to hospital wards and have severe
effects on health, improvement of patients’” specific and
non-specific symptoms, and their quality of life, leading
to increased use of health care, premature disability, and
imposition. The economic burden is on individuals and
the security systems of society (1, 2).

In the field of psychiatry, the gathered evidence
suggests that the immune system may be involved in
psychiatric disorders, especially major depression. The
role of proinflammatory cytokines, including interleukin
(IL)-1, tumor necrosis factor (TNF)-a, and interferon
(IFN)-v, in the etiology and pathophysiology of major
depression has been well established by previous research
(3). It is hypothesized that major depression may be
associated with significant changes in cell mediation and
humoral immunity, and these changes may be related to

the pathophysiology or pathogenesis of the disease (4).

Placenta, testis, central nervous system, and adrenal
cortex all contain transforming growth factor beta
(TGEF-B1) (5). Even though TGF-1’s key function is well
understood, the fact that it is also present in the central
nervous system and adrenal cortex implies that this
cytokine may have a secondary function in depression,
including preserving the equilibrium of T-helper 1 (Th1)
and Th2 (6).

Depressive symptoms are linked to an increased risk
of hospitalization, a longer length of stay, and a higher
chance of re-admission. The existing data indicate that
the prevalence is likely to be high enough to warrant
screening hospital inpatients for depression and
commencing therapy if appropriate (7).

In this study, it was attempted to logically investigate
the feasibility and possibility of checking a biomarker
for depression to be used for hospitalized patients
suspected of depression although there are no definite
biomarkers to diagnose depression and many patients
being hospitalized for any reason could be experiencing
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depression as a coexisting condition.

Methods
This narrative review followed no particular structure
for search. Articles were retrieved from PubMed, Scopus,
and ScienceDirect databases, along with a manual search
of full-text paper references for this narrative review.
Studies reporting TGF-f serum or expression levels
in human participants in relation to the depression
diagnosis were included in the study, and relevant data
from the publications were summarized and integrated
accordingly.|

No exclusion criteria were applied, and the quarry was
not limited to any time, language, or study design.

Results

The results of this study were narrated from a definition
of depression to its biological causes and the role of the
TGF-B in the diagnosis of depression as follows:

What Is Depression?

Depressive disorder is one of the most common
psychiatric diagnoses characterized by a depressed
mood and a feeling of sadness, low self-esteem, and lack
of interest in any kind of daily activities and pleasures;
what is known as a “mental cold” (8). Depression is a
combination of different mental and emotional states
that range from mild boredom to silence and distance
from daily activities. Major depression is a term coined
by the American Psychiatric Association to describe
a set of mood disorders for III-DSM in 1980 and has
since become popular. It leads to significant disability in
the realms of individual and social life and employment
and affects a person’s daily functions such as eating and
sleeping and health (9).

Causes of Biological Occurrence

Genetics: The prevalence of depression is 65% and 14%-
19% in monozygotic and other twins, respectively, which
determines the role of genetic factors. Researchers have
identified several genes that may be linked to bipolar
disorder, and they are looking for genes that are related to
the other forms of depression. However, not all people with
a family history of depression develop the disorder (10).

Serotonin and other neurotransmitters: Neurotransmitter
disturbances at the synaptic level have been observed
in depressed patients. In addition to serotonin,
norepinephrine and dopamine are impaired in these
patients (11).

Medications: Long-term use of some medications such
as those used to control blood pressure, sleeping pills, or
birth control pills can cause depressive symptoms in some
people. Particularly, taking birth control pills has a direct
effect on depression in women (12).

Diseases: Having a chronic illness (e.g., heart disease,
stroke, diabetes, cancer, and Alzheimer’s or migraine)

puts a person at greater risk for depression. Studies
showed an unproven link between depression and heart
disease. It occurs in many people who have had a heart
attack. Untreated depression can put an individual
at greater risk for death in the first years after a heart
attack. Hypothyroidism can cause depression, even
if it is mild (13).

Depression and TGF-f8

TGEF- is a protein molecule with a molecular weight of
25 kDa. This factor has 3 isoforms 1.2.3 and sends its
message into the cell through two membrane receptors
TR 1 and TR 2. The intracellular messenger pathway
of this factor is facilitated by Smad molecules, and the
message eventually reaches the cell nucleus, leading to
changes in regulation at the level of DNA transcription.
TGF- also regulates various cellular behaviors, including
proliferation, differentiation, migration, and apoptosis
(14, 15). The B-TGF signaling pathway inhibits tumor
cells and is known to act as a tumor suppressor during
the early stages of gynogenesis. TGF-P1 is a cytokine that
has an anti-inflammatory role and exerts neuroprotective
effects on amyloid-induced nerve damage and plays
an important role in memory formation and synaptic
flexibility (15, 16).

There is now strong evidence that major depression
is associated with significant changes in cellular and
humoral immunity. Himmerich et al (17) investigated the
relationship between the incidence of depression and the
levels of inflammatory and proinflammatory cytokines
and found that patients with depression with IL-12
plasma levels are significantly higher than healthy people
who are hospitalized in different wards.

The increased levels of IL-12 in depression indicate
that IL-12 triggers inflammatory processes and causes
depression in hospitalized patients. Other studies have
confirmed the overproduction of proinflammatory
cytokines such as IFN-y, IL-1, TNF-a, and IL-6 in
patients with depression. Other studies have also reported
an increase in neutrophil and monocyte phagocytosis in
depressed patients (15, 16, 18-29).

An annual study by Wang et al (19) demonstrated
that treatment with antidepressants leads to a significant
increase in TGF-P1 levels in patients with depression.
They also noted that the increase in TGF-B1 production is
related to the clarity of inflammatory responses, especially
in organ-specific autoimmune diseases.

TGF-B1 has several suppressive effects on T cells, B
cells, macrophages, and other cells, and increased TGF-p1
production is associated with protection or recovery from
autoimmune diseases. TGF-p1 and CTLA-4 are molecules
that work together to terminate immune responses (20).

Petralia et al (21) concluded that a significant increase
in cytokine Th3 after antidepressant treatment in patients
with depression is explained by a decrease in the IL-12/
TGEF-p1 ratio. Therefore, an increase in cytokine Th3 plays
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an essential role in the pathophysiology of depression,
and antidepressants have been shown to upset the balance
of pro-inflammatory/anti-inflammatory cytokines in
hospitalized patients with depression.

The results of Komori (22) represented that the Th1/
Th2 cytokine network has a negative effect on the
pathophysiology of depression.

Wang et al (14) indicated that IL12 and TGF-p1, which
represent the cytokines of Th1 and Th3, play a vital role
in major depression. In their study, cytokine levels were
measured at the time of admission and after effective
antidepressant treatment, and their results showed that
TGE-B1 levels significantly increased after antidepressant
treatment.

Based on the results of Ozkan et al (23), the pro-
inflammatory cytokine IL-12 could certainly exert a role
in the psychotherapy of depression, and antidepressants
have immune-regulating effects by reducing the pro-
inflammatory cytokine IL-12 and increasing the anti-
inflammatory cytokine TGF-f1.

A vast series of studies have confirmed the
neurobiological and psychiatric continuum between
depression periods in recent years. During embryogenesis
and adult tissue homeostasis, the TGF-superfamily
signaling is involved in a number of biological processes.
A variety of diseases are caused by the improper regulation
of the signaling pathway that transduces TGF-superfamily
signals, including cancer, coronary, metabolic, urinary,
digestive, skeletal, and immune diseases.

The findings of Caraci et al (24) demonstrated that
TGF-p1 plasma levels are lower in major depressive
patients, correlate with depression severity, and contribute
to major depressive disorder treatment resistance. In their
study, they also identified the TGF-p1 signaling pathway
as a common drug target in depression and stated that
saving this pathway could be an effective way to control
depression in hospitalized patients.

The investigations of gene-environment associations
in major depressive disorder have been restricted to the
hypothesis testing of candidate genes, with polygenic-
environmental causation remaining unexplored. In this
regard, Zhao et al (25) evaluated the association between
TGF-B1 and major depressive disorder and reported that
TGF-B1, along with environmental factors, causes and
exacerbates depressive disorder in patients.

Various studies have also approved the role of TGF-f1 in
causing depression during pregnancy. The results of Qiu
et al (26) affirmed the role of the canonical TGF-signaling
pathway in children’s brain growth in the form of their
mother’s environment in utero. In fact, they declared
that increasing the level of this factor in the babies of
depressed mothers would cause depressive symptoms in
these babies (26, 29).

As mentioned earlier, depression can be caused by other
diseases (27, 28). For example, the results of Bahramabadi
et al (29) revealed that depression appears to cause

inflammation in patients with chronic hepatitis B virus
infection by down-regulating TGF-p. In other words, it
was found that the disturbance in the signaling pathway
of this factor causes the aggravation of the infection, and
the aggravation of leads to depression in hospitalized
patients.

In another study, Kashima and Hata (30) examined the
role of TGF- signaling or the underlying mechanisms of
the pathogenesis of neurological disorders and indicated
the essential role of TGF-f in the pathogenesis of
depression.

In depression and anxiety disorders, some researchers
demonstrated an imbalance of pro-inflammatory and
anti-inflammatory cytokines. Shariat et al (31) found that
depression has a strong association with TGF-B levels,
with major relationships. In fact, the results of their study
represented that the level of TGF-B in maternal plasma
increases during hospitalization for delivery. In addition
to the increase in TGF-B, an increase in this factor was
evident in postpartum breast milk. As a result, more care
should be paid to mothers’ emotional well-being while
breastfeeding (31).

Discussion

Some studies reported the effect of TGF on depression in
hospitalized patients. However, some studies indicated
that there is a reverse relationship between this factor and
depression. In fact, researchers believe that depression
upsets the balance of inflammatory and proinflammatory
cytokines. Even in people who are otherwise stable,
inflammatory responses such as elevated cytokine levels
have been linked to major depressive disorder, and some
patients with the disorder may have insulin resistance.
The results of Al-Hakeim et al (32) confirmed that major
depressive disorder is associated with immune system
activation, as can be observed by dramatic increases in the
levels of four cytokines. These findings point to immune
system activation and elevated insulin resistance, as well
as resistance regulation by increased cytokine levels in
major depressive disorder (27-30).

Chronic stress increases the risk of depression disorder
by impairing neurotrophin signalings such as that of
the brain-derived neurotrophic factor and TGF-1. In
addition to its role in causing and exacerbating depressive
disorders in hospitalized patients, TGF-p is effective in
the treatment of depressive disorder, which is in line with
the findings of several studies. For example, the results of
Guerrera et al (33), demonstrated that aerobic exercise
reduces the risk of depression and Alzheimer’s disease
in elderly patients by increasing the levels of TGF-f and
brain-derived neurotrophic factors in these patients.

Inflammatory signaling molecules, including cytokines
and chemokines, play a significant role in synaptic
plasticity, neurogenesis, memory, and learning in the
brain. Another study showed that elevated plasma TGF-
alpha in hospitalized adolescent girls was a predictor of
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their in-hospital depression (34).
Tombacz et al (35) focused on the entire genome
of people who had lost their lives to suicide and found

References

1.

Bennett AE, Hargrove EA, Engle B. The Practice of Psychiatry
in General Hospitals. University of California Press; 2020.

. . . . 2. Wu Q, Luo X, Chen S, Qi C, Long J, Xiong Y, et al. Mental
an increase in TGF-B levels in the brain cells of these health literacy survey of non-mental health professionals in
patients, and in their study, all people with a history of six general hospitals in Hunan province of China. PLoS One.
depression and hospitalization due to depression . In fact, 2017;12(7):e0180327. doi: 10.1371/journal.pone.0180327.
their results indicated a major defect in TGF-f in causing ~ 3-  Seyed Ebrahimi SA, Karamian E, Goli ZS, Mirseifi LS. A review
depression in hospitalized patients. of the role of interleukin-2 in the pathophysiology of major

. depressive disorder in hospitalized patients. Hosp Pract Res.
In another study, Munoz-Pinto et al (36) concluded 2021;6(3):85-92. doi: 10.34172/hpr.2021.17.
that TGF-p levels in patients with depression sharply 4. Rainville JR, Tsyglakova M, Hodes GE. Deciphering
increased, and increased TGF-p in the future could cause sex differences in the immune system and depression.
Parkinson’s disease. Front Neuroendocrinol. 2018;50:67-90. doi: 10.1016/j.
According to Jahangard et al (37), untreated patients yfne.2017.12.004. . o _

. . . . 5. Loveland KL, Hedger MP. Activins and inhibins in Sertoli cell
have an impaired IL-2 signaling pathway and faulty biology: implications for testis development and function.
regulatory T cells (Tregs), and selective serotonin reuptake In: Griswold MD, ed. Sertoli Cell Biology. 2nd ed. Oxford:
inhibitor therapy can improve Treg function. Based on Academic Press; 2015. p. 201-32. doi: 10.1016/b978-0-12-
their findings, TGF-p levels in hospitalized patients with 417047-6.00007-7.
depression increased compared to before hospitalization. 6. Reale M, CO,Stantm' E, D'Angelo C, COppem.L’ Ma”g{feSta R,

Depression not only raises the death risk of colorectal Jagarlapfmd' 5 et a['i Network ber.een cytokines, cortisol anq

) ) . ) - occupational stress in gas and oilfield workers. Int J Mol Sci.
cancer patlents but also affects their quahty Of hfe durlng 2020;21(3):1118. doi: 10.3390/ijm521 031118.
recovery. Low levels of systemic inflammation can play a 7. WalkerJ, Burke K, Wanat M, Fisher R, Fielding J, Mulick A, et
role in depression growth. al. The prevalence of depression in general hospital inpatients:

Apriansyah et al (38) attempted to find whether there a sxstematic review and meta-analysis of interyiew-based
was any connection between TGF-serum levels and studies. Psychol Med. 2018;48(14):2285-98. doi: 10.1017/
v _ ' $0033291718000624.
depression in colorectal cancer patients, and their results 8. Mirsaifi Fard LS, Rafice Ashiani A, Fadaei M, Bavafa A,
indicated that TGF-P levels in patients with colorectal Karamian E. Comparison of HEXACO personality model and
cancer are increased compared to healthy individuals, and self-compassion in clinical depressed and normal people in
TGF-p is also correlated with the incidence of depression Isfahan. Int) Med Invest. 2019;8(2):50-60.
in hospitalized patients. 9.  Klein DN. Classification of depressive disorders in the DSM-V:
proposal for a two-dimension system. J Abnorm Psychol.
2008;117(3):552-60. doi: 10.1037/0021-843x.117.3.552.
Conclusion 10. Levinson DF. The genetics of depression: a review.
According to peer-reviewed reports, TGF-p can Biol  Psychiatry.  2006;60(2):84-92.  doi:  10.1016/j.
contribute to depressive disorders. TGF-p has been found biopsych.2005.08.024. _ .
to play a detrimental role in depression pathophysiology . gowen . ) , B:/(\)/W%ng PM' P\]N Tat h;; 1558 .zoiozm.? 5t80 6?)0 v(\j”th
and improvement following therapy for depression in 18?8;521?%5.203;9. Syt 4 oo
previous research. TGF-alpha reversely behaved in the 12. Qato DM, Ozenberger K, Olfson M. Prevalence of prescription
presence of elevated plasma TGEF-P in depression and medications with depression as a potential adverse effect
an increase in TGF-[_; after treatment was found_ The among adults in the United States. JAMA 201 8,31 9(22)2289-
findings of this study showed a possible relationship 98. doi: 10.1001/jama.2018.6741. _ )
between TGF-[3 and depression based on the literature; 13. 2D(())1b1$0n KS, Dozois DJ. Risk Factors in Depression. Elsevier;
nonetheless, the studies of sensitivity and specificity are 14. Wané H, Li P, Zhang Y, Zhang C, Li K, Song C. Cytokine
lacking for the clinical application of TGF-{ as a widely changes in different types of depression: specific or general?
used biomarker. Neurol Psychiatry Brain Res. 2020;36:39-51. doi: 10.1016/j.
npbr.2020.02.009.
Author Contributions 15. Lee H, Song M, Lee J, Kim JB, Lee MS. Prospective study
SASE, ZSG, and LSM designed the study question. SASE, ZSG, and g:st ?gizl;'(;]: l:;/je:r g‘epr:]eif;\fstl(;?s_gri;z(: Ejld(:fizzfntl;isvg:;h
MRS conducted the literature review. SASE, ZSG, LSM, and MRS . - ) ’
provided the drafts and contributed to editions. 16. ;ﬁig;fﬁfg:?é?gg \1(,021h(z)1u6'/rj,d|12$40,2Y0i.(5),1 'e]t2a5|: Priming of
. microglia with IFN-y impairs adult hippocampal neurogenesis
Conflict of Interests and leads to depression-like behaviors and cognitive defects.
There are no conflicts of interests. Glia. 2020;68(12):2674-92. doi: 10.1002/glia.23878.
17. Himmerich H, Patsalos O, Lichtblau N, Ibrahim MAA, Dalton
Ethical Approval B. Cytokine research in depression: principles, challenges,
Not applicable. and open questions. Front Psychiatry. 2019;10:30. doi:
10.3389/fpsyt.2019.00030.
Funding 18. Daria S, Proma MA, Shahriar M, Islam SMA, Bhuiyan
None. MA, Islam  MR. Serum interferon-gamma level is
50 | Dis Diagn. Vol 12, No 1, 2023 (@ nttp:/rddj.hums.ac.ir


http://ddj.hums.ac.ir
https://doi.org/10.1371/journal.pone.0180327
https://doi.org/10.34172/hpr.2021.17
https://doi.org/10.1016/j.yfrne.2017.12.004
https://doi.org/10.1016/j.yfrne.2017.12.004
https://doi.org/10.1016/b978-0-12-417047-6.00007-7
https://doi.org/10.1016/b978-0-12-417047-6.00007-7
https://doi.org/10.3390/ijms21031118
https://doi.org/10.1017/s0033291718000624
https://doi.org/10.1017/s0033291718000624
https://doi.org/10.1037/0021-843x.117.3.552
https://doi.org/10.1016/j.biopsych.2005.08.024
https://doi.org/10.1016/j.biopsych.2005.08.024
https://doi.org/10.1002/wps.20229
https://doi.org/10.1001/jama.2018.6741
https://doi.org/10.1016/j.npbr.2020.02.009
https://doi.org/10.1016/j.npbr.2020.02.009
https://doi.org/10.1016/j.jad.2020.01.125
https://doi.org/10.1002/glia.23878
https://doi.org/10.3389/fpsyt.2019.00030

Transforming growth factor beta and Depression

20.

21.

22.

23.

24.

25.

26.

27.

28.

associated with drug-naive major depressive disorder.
SAGE Open Med. 2020;8:2050312120974169. doi:
10.1177/2050312120974169.

Wang AK, Miller BJ. Meta-analysis of cerebrospinal fluid
cytokine and tryptophan catabolite alterations in psychiatric
patients: comparisons between schizophrenia, bipolar
disorder, and depression. Schizophr Bull. 2018;44(1):75-83.
doi: 10.1093/schbul/shx035.

Huang Y, Zhang Z, Huang Y, Mao Z, Yang X, Nakamura Y,
et al. Induction of inactive TGF-B1 monomer formation by
hydrogen sulfide contributes to its suppressive effects on Ang
[I- and TGF-B1-induced EMT in renal tubular epithelial cells.
Biochem Biophys Res Commun. 2018;501(2):534-40. doi:
10.1016/j.bbrc.2018.05.032.

Petralia. MC, Mazzon E, Fagone P, Falzone L, Bramanti P,
Nicoletti F, et al. Retrospective follow-up analysis of the
transcriptomic  patterns of cytokines, cytokine receptors
and chemokines at preconception and during pregnancy,
in women with post-partum depression. Exp Ther Med.
2019;18(3):2055-62. doi: 10.3892/etm.2019.7774.

Komori T. The significance of proinflammatory cytokines and
Th1/Th2 balance in depression and action of antidepressants.
Neuropsychiatry. 2017;7(1):57-60.

OzkanY, Kandemir H, Sapmaz SY, Taneli F. TGF-B1, neopterin,
tetrahydrobiopterin, and nitric oxide levels in pediatric
obsessive-compulsive disorder. ] Obsessive Compuls Relat
Disord. 2021;29:100649. doi: 10.1016/j.jocrd.2021.100649.
Caraci F, Spampinato SF, Morgese MG, Tascedda F, Salluzzo
MG, Giambirtone MC, et al. Neurobiological links between
depression and AD: the role of TGF-p1 signaling as a new
pharmacological target. Pharmacol Res. 2018;130:374-84.
doi: 10.1016/j.phrs.2018.02.007.

Zhao M, Chen L, Qiao Z, Zhou J, Zhang T, Zhang W,
et al. Association between FoxO1, A2M, and TGF-p1,
environmental factors, and major depressive disorder. Front
Psychiatry. 2020;11:675. doi: 10.3389/fpsyt.2020.00675.
Qiu A, Zhang H, Wang C, ChongYS, Shek LP, Gluckman PD,
et al. Canonical TGF- signaling regulates the relationship
between prenatal maternal depression and amygdala
development in early life. Trans| Psychiatry. 2021;11(1):170.
doi: 10.1038/541398-021-01292-z.

Mirseify Fard LS, Goli ZS. The effectiveness of life skills
training on depression and anxiety in patients with type 2
diabetes. Int ] Med Invest. 2019;8(2):76-83.

Safaralizadeh H, Azarsa T, Zeinali E, Sharafkhani R. Life skills

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

training, hope, and health: an interventional study in the North
West of Iran during the COVID-19 pandemic. Public Health
Pract. 2022;3:100275. doi: 10.1016/j.puhip.2022.100275.
Bahramabadi R, Sheikh Fathollahi M, Hashemi SM, Safari
Arababadi A, Safari Arababadi M, Yousefi-Daredor H, et al.
Serum levels of IL-6, IL-8, TNF-a, and TGF-B in chronic HBV-
infected patients: effect of depression and anxiety. Lab Med.
2017;49(1):41-6. doi: 10.1093/labmed/Imx064.

Kashima R, Hata A. The role of TGF- superfamily signaling in
neurological disorders. Acta Biochim Biophys Sin (Shanghai).
2018;50(1):106-20. doi: 10.1093/abbs/gmx124.

Shariat M, Abedinia N, Rezaei N, Farrokhzad N. Increase
concentration of transforming growth factor beta (TGF-B) in
breast milk of mothers with psychological disorders. Acta
Med Iran. 2017;55(7):429-36.

Al-Hakeim HK, Al-Kufi SN, Al-Dujaili AH, Maes M. Serum
interleukin levels and insulin resistance in major depressive
disorder. CNS Neurol Disord Drug Targets. 2018;17(8):618-
25. doi: 10.2174/1871527317666180720155300.

Guerrera CS, Furneri G, Grasso M, Caruso G, Castellano S,
Drago F, et al. Antidepressant drugs and physical activity:
a possible synergism in the treatment of major depression?
Front Psychol. 2020;11:857. doi: 10.3389/fpsyg.2020.00857.
Horgusluoglu E, Nudelman K, Nho K, Saykin AJ. Adult
neurogenesis and neurodegenerative diseases: a systems
biology perspective. Am | Med Genet B Neuropsychiatr
Genet. 2017;174(1):93-112. doi: 10.1002/ajmg.b.32429.
Tombécz D, Maréti Z, Kalmér T, Palkovits M, Snyder M,
Boldogksi Z. Whole-exome sequencing data of suicide
victims who had suffered from major depressive disorder. Sci
Data. 2019;6:190010. doi: 10.1038/sdata.2019.10.
Munoz-Pinto  MF, Empadinhas N, Cardoso SM. The
neuromicrobiology of Parkinson’s disease: a unifying
theory. Ageing Res Rev. 2021;70:101396. doi: 10.1016/j.
arr.2021.101396.

Jahangard L, Behzad M. Diminished functional properties of
T regulatory cells in major depressive disorder: the influence
of selective serotonin reuptake inhibitor. ] Neuroimmunol.
2020;344:577250. doi: 10.1016/j.jneuroim.2020.577250.
Apriansyah MA, Syahrir M, Rahadiyanto KY, Rosyidi KM,
Faisyar A. The correlation between Transforming Growth
Factor-Beta (TGF- B) serum level and Beck Depression
Inventory (BDI) score in colorectal cancer patients at RSMH
Palembang. J Penyakit Dalam Indones. 2020;7(2):86-94. doi:
10.7454/jpdi.v7i2.378.

@ http://ddj.hums.ac.ir

Dis Diagn. Vol 12, No 1, 2023 | 51


http://ddj.hums.ac.ir
https://doi.org/10.1177/2050312120974169
https://doi.org/10.1093/schbul/sbx035
https://doi.org/10.1016/j.bbrc.2018.05.032
https://doi.org/10.3892/etm.2019.7774
https://doi.org/10.1016/j.jocrd.2021.100649
https://doi.org/10.1016/j.phrs.2018.02.007
https://doi.org/10.3389/fpsyt.2020.00675
https://doi.org/10.1038/s41398-021-01292-z
https://doi.org/10.1016/j.puhip.2022.100275
https://doi.org/10.1093/labmed/lmx064
https://doi.org/10.1093/abbs/gmx124
https://doi.org/10.2174/1871527317666180720155300
https://doi.org/10.3389/fpsyg.2020.00857
https://doi.org/10.1002/ajmg.b.32429
https://doi.org/10.1038/sdata.2019.10
https://doi.org/10.1016/j.arr.2021.101396
https://doi.org/10.1016/j.arr.2021.101396
https://doi.org/10.1016/j.jneuroim.2020.577250
https://doi.org/10.7454/jpdi.v7i2.378

