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1. Background
Depression is one of the current problems in advanced 
and developing societies.1 Studies show that depression 
is a psychiatric disorder and leads to various physical 
problems.2 Immune system disorders are one of the most 
important problems that depression causes.3 Studies show 
that depression, on the one hand, suppresses the appropriate 
response to infectious agents by inducing the responses of 
type 2 helper T lymphocytes (responses involved in causing 
allergies), and some antibody-dependent autoimmunity, 
and on the other hand, causes chronic and destructive 
inflammation by the immune system.4 Inflammation itself 
exacerbates depression. Chronic inflammation is one of 
the physical problems caused by depression.5

On the other hand, researchers believe that chronic 
inflammation can be one of the causes of depression.6 
Depression is a mental disorder that affects 15 million 
people a year. Depression is a disorder characterized by 

mood swings and includes feelings of sadness ranging 
from mild frustration to severe despair.7 This mood swing 
is characterized by a person’s behavior, performance, and 
physiological actions. From a cognitive point of view, 
depression occurs among people who have negative self-
esteem, show harmful assessments, and have a pessimistic 
attributional style.8

Conversely, a healthy person is mentally happy, physically 
healthy, politically aware, and culturally aware.9 In 
immunological responses, several molecules are involved 
in causing inflammation, especially chronic inflammation. 
So that, it can be linked to the Janus kinase/signal (JAK/
STAT) pathways that transcription transducers and 
transcription activators seek stimulation by cytokines. He 
pointed to inflammation following induction by microbial 
sensors such as absent in melanoma II, Toll-like receptor, 
node-like receptor (NLR), and AIMII.10,11 Studies show that 
several molecules are involved in causing inflammation in 
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patients with depression, the most important of which are 
inflammatory cytokines.12 Therefore, studying the pattern 
of cytokines and the pathways that lead to the production 
of inflammatory cytokines in patients with depression can 
help determine the pathogenesis of the disease.13 Receptor-
like molecules, inflammatory inducers, NLR molecules, 
and signaling molecules are among the most important 
molecules that initiate inflammatory responses that 
increase cytokine expression.14

2. Objectives
Given the functional importance of inflammatory 
cytokines and previous studies on the relationship between 
inflammatory cytokines and major depressive disorder, 
we will focus more on studies on interleukin 2 (IL-2) in 
the pathophysiology of major depressive disorder in 
hospitalized patients.

3. Methods 
In this review study, PubMed, Scopus, and Elsevier 
databases searched for articles from 1999 to 2021, 
emphasizing the studies of the last five years. Keywords used 
included interleukin 2, depressive disorder, hospitalization, 
depression, anxiety, inflammation. The number of articles 
found with these keywords was 50, from which 20 articles 
were selected, and their results were reviewed.

4. Results
4.1. Major Depression
Major depression is not just a temporary feeling of sadness, 
grief, or nostalgia.15 Depression is a condition beyond 
being sad or very sad about the loss of a loved one. Sadness 
and grief are natural and temporary reactions to the 
stresses of life.16 These moods go away in a relatively short 
time, and the person regains his normal state. Depression 
often referred to as clinical depression, mood disorder, or 
emotional disorder, can last for months or even years.17 
The depressive illness affects a person’s emotions, thoughts, 
behavior, and physical health. Depression is a mental 
illness.18 Almost everyone feels at least slightly depressed. 
Feelings of sadness, boredom, sadness, hopelessness, 
discouragement, and dissatisfaction are all common 
experiences of depression.19 However, familiarity with 
these conditions does not lead to awareness and knowledge 
because only in the last thirty years, significant progress 
has been made in recognizing this disease.20 In everyday 
language, depression refers to an emotional state, reaction 
to a situation, and a specific behavior style.21 Feelings of 
depression are often referred to as grief and may occur in 
rainy weather, biting cold, or after a fight with a friend.22 A 
situation that is expected to be happy puts an end to such 
a feeling of sadness. For example, people may feel sad after 
the New Year holidays, after moving to a new home, or 
after the baby is born.23 Defining depression is not easy. 
It is more difficult to classify, and it seems impossible to 
suggest a plan accepted by all experts and researchers.24

In general, the concept of depression has been used in 

three different ways.25 First, to identify normal feelings 
of sadness, despair, hopelessness, and their occurrence as 
a sign of a disorder, to identify depressive feelings in the 
context of mental disorders are some of the causes and 
types of mobility and respond to some therapies.26 Second, 
give a brief description of a symptom that includes the 
emotional, cognitive, motor, physiological, and secretory 
glands. Multiple definitions of depression refer to multiple 
symptoms combined in different ways. Sometimes, it 
is very difficult to recognize depression as a disorder of 
these compounds, especially if it has a hidden aspect or 
physical manifestations.27 Take yourself. However, it can 
be accepted that depression is also associated with physical 
and psychological symptoms, and physical symptoms 
sometimes overshadow the clinical table to such an extent 
that it prevents the recognition of depression.28

Because depression is a complex disease with 
heterogeneous symptoms, it is not always easy to 
diagnose.29,30 Many depressed patients do not complain of 
dysphoric mood. Their predominant clinical features are 
anxiety, physical complaints, fatigue, and genital symptoms 
such as changes in sleep and appetite or psychosis.31,32 
Nevertheless, the physical symptoms of depression 
are less noticeable. The prevalence of this disorder in 
medical and surgical departments is 2 to 3 times higher 
than its prevalence in the general population. 10%-30% 
of short-term inpatient and surgical ward patients with 
psychiatric or psychosocial disorders and depressed 
patients in medical wards use medical resources three 
times more than non-depressed patients and double the 
cost seven times. They mostly go to emergency centers.32 
Unfortunately, depression also negatively affects the 
course of illness, increasing the length of hospital stays. 
In a study in the medical and surgical wards, the length 
of hospital stay of depressed patients was on average 
ten days longer than non-depressed patients.33 In the 
same study, the group of depressed patients treated with 
antidepressants or psychotherapy had an average hospital 
stay of 8.31 days less than those who had not been treated.34 
Numerous studies have shown the effect of depression on 
the course and outcome of medical and surgical diseases. 
Also, in most studies, treatment with antidepressants has 
been associated with better results.35,36 Today, surgeons 
are aware of the dimensions of their patients’ psychiatric 
care. Such care is necessary both before and after surgery. 
Severe anxiety and preoperative depression greatly impact 
accepting surgery, hospitalization, and cooperation.37 
After the hospitalization, depression causes the patient to 
be unmotivated and uninterested and reduces cooperation 
with the treatment, thus delaying recovery and prolonging 
hospitalization.38 Hospitalization is a potentially healing 
incident associated with fear, anxiety, and depression, 
and psychological and psychological factors significantly 
impact its outcome.39

The major depressive disorder may occur alone or 
be part of bipolar disorder. If it occurs alone, it is also 
called unipolar depression.40 Symptoms should persist for 
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at least two weeks and indicate a change in the patient’s 
past performance. It is twice as common in men as in 
women. Detective events occur in at least 25% of cases. 
Symptoms of the disorder change throughout the day and 
are more severe in the early morning.41 There is mental 
retardation or restlessness associated with vegetative 
symptoms. Delusions and hallucinations may occur with 
mood. The average age of onset of the disorder is 40, but 
it can occur at any age.42 Genetic factors play a role.36 Most 
people who suffer from depression do not have periods of 
mania. However, one in two depressed patients develops 
both periods of depression and mania and is diagnosed 
with bipolar disorder or depressive mania.43 In this type of 
disorder, a person fluctuates between periods of depression 
and severe euphoria. In some hospitalized patients, only 
a short normal period is seen between the two periods 
of mania and depression.44 The behavior of those in the 
mania period seems to be the opposite of the behavior of 
the depressed. In severe periods of mania, a person is full 
of energy, passion, and excitement and has a lot of self-
confidence.45

4.2. Cytokines
Immune system cells are widely active throughout the 
body, and when an infection occurs in a part of the body, 
these cells and their products are present at the site of 
infection. The process by which these results are obtained is 
called inflammation. Inflammation is detected in the acute 
phase by increasing blood flow and vascular permeability 
with fluid accumulation, leukocytes, and inflammatory 
mediators such as cytokines. In addition, lymphatic cells, 
inflammatory cells, and hematopoietic cells form an 
effective immune response.46 The complex interactions 
between these cells depend on a group of proteins called 
cytokines that act as mediators between these cells.47

Regulatory proteins are immune responses or 
glycoproteins that regulate target cell activity, especially 
in the hematopoietic system. Cytokine receptors bind to 
cytokines and begin sending messages and using secondary 
messengers in the target cell, resulting in gene activation, 
cell division, growth, differentiation, and migration.48 A 
wide range of cells produces cytokines. They are generally 
divided into subgroups of ILs, colony, tumor necrosis 
factor (TNF), interferons CSF (factor stimulator, and 
chemokines) because they mediate between leukocytes. 
Also called ILs, cytokines interact in a complex network 
that in various ways reduce or increase the production or 
function of other cytokines, and even the cytokine itself 
or the cytokine receptor. They have the same effects as 
pleiotropism and functional frequency so that the cytokine 
network can have a lot of flexibility.49

4.3. Interleukins
The acronym IL has so far been identified and is named 
from IL-1 to 35-IL, respectively. As the name implies, these 
compounds are secreted by some white blood cells and 
affect other white blood cells.44

IL-2 is a pro-inflammatory cytokine produced in T cells. 
Thus, IL-2 is an important cytokine involved in immune 
responses and antitumor effects.50 In addition to T cell 
secretion, natural killer (NK) cells are also involved in IL-
15, with which it is aligned. Therefore, this cytokine also 
synergistically stimulates TNFα, IFN-γ, CSF-GM, or NK 
and increases cytotoxic activity.51

Studies show that internal damage molecules are released 
during stress-related illnesses, leading to the production 
of inflammatory factors, including cytokines. Therefore, 
it seems that during the depression, the production of 
cytokines is impaired.52 Cytokines are divided into two 
categories, inflammatory and anti-inflammatory cytokines. 
Inflammatory types are transcribed by NF-kB, IRF3, IRF7, 
and AP-1. The most important inflammatory cytokines 
are IL-12, IL-17, IFN-γ, TNF, IL-1, IL-2, and IL-6, and in 
contrast, the most important anti-inflammatory cytokines 
are IL-10, IL-4, and tumor growth factor-β (TGF-β).53

4.4. Inflammatory Cytokines in Depression Disorder
As mentioned, inflammatory cytokines play a very 
important role in causing inflammation following the entry 
of microbes and diseases related to the immune system by 
activating the immune system. Because depression is a 
disease that is highly correlated with the immune system, 
many researchers have studied the pattern of inflammatory 
cytokines in patients with depression.

In their study 2021, Yang et al showed that serum levels 
of cytokines IL-1 and IL-6 in patients with depression 
increased compared to the control group. Primo et al 
showed that the serum level of inflammatory cytokines 
in patients was significantly increased.54 Primo et al also 
suggested that anti-inflammatory drugs be used to prevent 
the pathophysiological effects of depression.55 Shao et al 
also showed that the release of inflammatory cytokines 
from microglial cells is significantly increased in patients 
with generalized depression.56 Devanda et al, in their study 
in 2019, also showed that IL-6 levels increase in patients 
with depression.57

In another review study, Farooq et al. In 2017 examined 
the relationship between IL-1 and the severity of depression 
in patients with major depression. They found that IL-1 
levels were significantly increased in these patients.58

In 2020, Chapman et al showed that a variety of cytokines 
that increase irritable bowel disease cause depression in 
these patients.59

Więdłocha et al also showed that the production of 
inflammatory cytokines by immune cells in patients with 
depression is severely reduced by antidepressants.60

Köhler et al showed that IL-1, IL-2, IL-6, TNF-α cytokines, 
the number of their products and their receptors increases 
in patients with depression.61 On the other hand, in 2018, 
Khandaker and colleagues showed that the mentioned 
cytokines and the number of chemokines and intercellular 
adhesion molecules in the brains of depressed patients 
increase sharply.62 Furthermore, Kuhlman et al reported 
that the levels of inflammatory cytokines IL-1, TNF, and 
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IFN-γ in patients with varying degrees of depression were 
significantly higher than in the control group.63 Similar 
results from previous studies were reported in the 2019 
study by Gelman et al, which showed that the expression 
of the inflammatory molecule TNF was significantly 
increased in patients with depression.64

Not all studies support an increase in the level of 
inflammatory cytokines in depression, and some studies 
have shown the opposite results. For example, Liu et al 
reported that serum levels of the cytokines IL-1β, IL-8, 
and IL-10 did not differ in patients with major depression 
from those in non-depressed hospitalized patients.65 On 
the other hand, Barry et al showed that the number of anti-
inflammatory cytokines such as IL-12 decreases in patients 
with depression.66

Such results have been identified in human studies and 
animal studies by various researchers in this field. In their 
animal study in 2020, de Sousa Tomaz et al showed that 
the levels of cytokines IL-10, TGF-β, and IL-4 in the spleen 
and brain of depressed mice were significantly lower than 
in the control group. The levels of animal model cytokines 
in IL-6 and TNF, IL-18, and inflammatory IL-1 increase 
sharply.67

In another 2020 study, Ting et al cited IL-6 as a major 
cause of depression in depressed patients.68

As it is clear from the results of the mentioned studies, 
the level of inflammatory cytokines is associated with 
the incidence of depression in patients with depression. 
However, this association is not mainly related to the 
increase in the level of these cytokines. Some studies 
show an increase in inflammatory and anti-inflammatory 
cytokines in depression, while others show a decrease 
in these cytokines in depression. However, none of 
the mentioned studies have examined the relationship 
between IL-2 in patients with depression in a detailed and 
focused manner. In this regard, we will review the studies 
conducted in this field.

4.5. Interleukin-2 Status in Major Depression
Many studies have not examined the status of IL-2 in 
patients with major depression and even in patients with 
depression. Maes et al first reported the link between 
major depression and IL-2 in 1993. In their study, they 
justified this association by increasing the production of T 
cells following a patient suffering from depression.6

However, Maes et al showed that serum levels of IL-2 
and serum levels of IL-2 receptors increase in patients 
with major depression. Their study evaluated patients who 
were in the final phase of treatment, and their results also 
showed an increase in serum IL-6 levels. In his study, Maes 
et al identified disorders in the production and secretion of 
IL-6 as possible pathogenesis in major depression.70

Some studies have suggested low doses, or lower levels of 
IL-2, as a possible cause of major depression. Ellul et al in 
2018 stated in their study that low-dose IL-2 appears to be 
a promising agent because it is both a stable Treg stimulator 
and an inhibitor of pro-inflammatory Th17 lymphocytes 

in humans.71

IL-2 is a therapeutic agent in a variety of cancers. 
However, as a therapeutic agent in cancer patients, IL-2 
has side effects, like other drugs. However, the issue we 
are going to address here is the type of side effects of IL-
2. IL-2 causes symptoms are similar to depression, such 
as drowsiness, fatigue, loss of appetite and anorexia, 
irritability, and cognitive changes. In addition, Wichers et 
al, in their study, showed that the use of cytokines and IL-1, 
IL-2, and TNF-α affect the noradrenergic activity and cause 
symptoms similar to those of major depression. Finally, 
they stated in their study that cytokines could cause brain 
changes similar to those seen in depressed patients, leading 
to the theory that cytokines cause depression through their 
effects on the 5-HT, noradrenergic, and HPA systems.72

Kagaya et al evaluated several patients with major 
depression in Japan. The results of their study showed 
that plasma levels of IL-2R and TNF-α increased in these 
patients after the treatment period, and increased levels of 
IL-2R in plasma trigger irritability in these patients.73

Most studies show an increase in IL-2 receptor levels 
in depressed patients. Meanwhile, the results of Eller 
abd colleagues’ study showed that IL-2 receptor levels 
in patients with major depression during treatment are 
different and also stated that changes in IL-2 receptor levels 
during treatment in these patients cause a response.74

Miller et al noted in their study that limiting or even 
suppressing IL-2 activity in any way improves the treatment 
of patients with major depression.75

In an in-vivo study, Karrenbauer et al showed that 
injecting IL-2 causes major depression in animals.76

Studies show that IL-2 should be increased in depressed 
patients with major depression and patients with other 
mental disorders such as schizophrenia. This is because 
its increase exacerbates the symptoms of mental illness, 
including major depression. For example, the results of 
a study by Al-Hakeim et al showed that IL-2 levels were 
higher in patients with major depression than in healthy 
individuals. They also stated that the level of this cytokine 
in patients with schizophrenia is much higher than in 
patients with major depression.77

In another study, Leonard et al found that IL-2 
suppressants and other anti-inflammatory drugs triggered 
positive responses to antidepressant therapy in hospitalized 
patients with major depression.78

Most studies have hypothesized that the network 
activity of pro-inflammatory and anti-inflammatory 
cytokines should be considered as the pathogen of major 
depression.79,80

It has been proposed that dysregulated cytokine synthesis 
is involved in the pathogenesis and maintenance of the 
major depressive disorder. Cytokines are classified into pro-
inflammatory and anti-inflammatory cytokines based on 
their roles. Since both pro and anti-inflammatory cytokines 
are altered in pathological blood and cerebrospinal fluid 
in major depression disorder, it has been proposed that 
abnormal cytokine homeostasis could be involved in the 
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pathogenesis of major depression disorder and probably in 
developing therapeutic resistance.

5. Discussion
Depressive disorder is one or more severe depressive 
episodes in which the patient is either typically depressed 
or has lost interest in most activities.81 in addition, it 
should have at least four symptoms on the list, including 
changes in appetite, weight, sleep, activity, lack of energy, 
guilt, difficulty thinking, decision-making, and recurring 
thoughts of death or suicide. It should last at least two 
weeks.82 Depression is a term first coined in 1980 by the 
American Psychiatric Association to describe a set of 
behavioral disorders and has since become commonplace.83 
Major depression leads to severe disorders in the personal, 
social and employment life of the affected person and 
affects the person’s health.84 Depression has different types 
with different intensities, and therefore complications such 
as inflammation will be different in these patients. In this 
study, we review major depression and the inflammatory 
factor IL-2. In a review of published studies, we found 
confirmation of the association of severe depression in 
hospitalized patients after hospitalization. However, few 
studies have been performed to investigate the relationship 
between IL-2 levels in these patients. A limited number 
of studies have shown an association between IL-2 levels 
and the incidence of depression in hospitalized patients. 
In contrast, most studies have examined the relationship 
between other ILs in hospitalized patients.

There was no consistent pattern in the observed 
relationships between cytokine concentrations, changes, 
and clinical signs of significant depression.

Contrary to our study, Talarowska et al. showed 
no significant relationship between different levels of 
depression and the expression of cytokines IL-1, IL-6, and 
IL-10.85

In a 2009 study, Eller et al showed that over-expression 
of IL-2 increased response to antidepressant therapies, and 
there were similar results in our review.74

Clinical studies provide essential evidence that 
inflammation changes in a subset of patients with MDD, 
and articles on the role of pro-inflammatory cytokines, 
IL-6, in the pathophysiology of depression are increasing. 
For example, in Ting et al. review of IL-6 levels in the 
pathophysiology of depression in hospitalized patients, the 
results showed an association between high IL-6 levels and 
the incidence of major depression in hospitalized patients.68

In another study by Lanquillon et al, in 2000, results 
showed a significant relationship between IL-2 levels and 
the success rate in treating depression. In other words, the 
results of their study, like the results of our study, show 
the role of IL-2 in increasing the therapeutic response to 
antidepressant therapy.86

6. Conclusion
Finally, it can be concluded that hospitalization generally 
exposes the patient to inflammation. Studies show an 

increased risk of inflammation following hospitalization 
of patients, and many studies confirm the association of 
major depression with inflammatory cytokines and, more 
concentrated, IL-2. From this day on, measures should be 
taken to control the level of anti-inflammatory and pro-
inflammatory cytokines in the first step and to prevent 
depression in the hospital in the second step, because most 
studies show that if the patient is not depressed, the amount 
of IL-2 receptors in the plasma of the hospitalized patient, 
the patient gradually develops depressive symptoms. One 
of the benefits of the present review study was to show 
the therapeutic properties of IL-2 in severe depression in 
hospitalized patients.
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