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HPA in response to chronic stress causes excessive production of
catecholamine and glucocorticoid hormones. The key mechanistic
evidence about the physiological changes and stressor is provided by

psychoneuroimmunology (PNI). Immune cells (binds with the cartisol) having highly
expressed glucocorticoid receptors interfere with the function of NF-xB which is responsible
for the regulation of cytokine-producing immune cell’s activity. Epinephrine and
norepinephrine bind and stimulate the response of cAMP, resulting in transcription of the
genes encoding various cytokines. The variations in gene expression that deregulate immune

function are mediated by glucocorticoid hormones and catecholamine. This review study
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summarizes the positive and negative impact of short term as well as chronic stress on the

immune system.

KEYWORDS: Stress, Immunity, Hypothalamic-pituataryaxis, Sympathetic nervous system,

cytokines.

INTRODUCTION

The two dominant flexible component systems of the body are immunity and brain, the
correlation between these two systems results homeostasis.! The biomedicine researches
from the last few decades proved a strong reciprocal connection between stress, immunity
and inflammation.!* 2 The associations among immunity, stress, inflammation and health are
broadly reported™ and mainly focus upon anti-inflammation.”®! In the field of psycho-
neuroimmunology(PNI) researchers are focused™ * on the interaction of immune system with
the central nervous system, different physiological reactions and endocrine system.® 7 It
mainly focuses the interactions among immunity, central nervous system (CNS) and
endocrine system and their impact on health. The inflection of immune feedback by the
central nervous system is resolved by a complicated system of signals that perform dual
directional link between immunity, nervous and endocrine system.®! The immune functions
which are associated with the stress can be altered by many pathways, for example; SAM
pathway and HPA Axis pathway.™ 2% The catecholamine and cortisol™™® are the products of
SAM and HPA pathways which are produced by the receptors exhibited by granulocytes,
lymphocytes, macrophages as well as monocytes.[*®1%™] The hormones which link with the
HPA and SAM Axis, for that immune cells have more than one or one receptors and that are
called stressor hormones and these hormones either bind directly or indirectly to the surface
of cell and effect the cytokine production, such as IL1,IL2,IL6,INFy, TNF,*2% and immune

response might!*4 be affected by the stressors through many pathways.*2*%1¢]

Immunosenescence,™"*® and prolonged stress can cause the abnormalities in endocrine and
immune system[™® that is associated with different kinds of pathological conditions such as
asthma, development of HIV and AIDS??! diabetes, cancer, osteoporosis, infectious

disease, auto-immune responses and Alzheimer’s discase.[!#%2%

Moreover prolonged
inflammation and irregularity in immune system can develop various kinds of life threatening

diseases!* 2! like metabolic syndrome, cancer [ 1 and cardiovascular disease(CVD).!®!
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The elucidation of biological and psychological processes through which the health is
weakened by these chronic stressors is imperative in order to develop the pharmacological
and behavioral treatments to eradicate the harmful impacts of the chronic stress. The
activation of different systems takes place in response to short term stress, such as
neuromuscular system, cardiovascular system, neuroendocrine system are activated for
“’fight or flight’’ response and thus short term stress is also associated with the preparation of
the immune system to deal with the infection or wound caused by the stressors. There are
several studies that have discussed the role of short term stress in the activation of the

immune system and also in the enhancement of the reaction. 2%

The primary and secondary adaptive immune responses can be enhanced by the short term
stress and the activation of these types of responses is dependent on the characteristics of the
activating agents and the conditions.’*>*!J When the duration of the stressors continues for a

prolonged time, the immune response decreases gradually (Figure 1).
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Fig 1: Relationship between duration of stressor and immune functions.

There are different types of immune response produced by different range of the stress. This
review describes about the stress and immunity in a comprehensive manner as well as it is
also associated with the description of the impact of the continuous stress in decreasing the
immunity with the aid of description of the possible mechanisms that are associated with the
stress and immunity. This review study is also based on the description of the correlation

between the stress pathway and immunological pathways.

STRESS IMPACT ON IMMUNITY
In medical context, the term stress is used to represent the emotional, mental or the physical

element which may cause the mental tension or body tension. The stresses are of two
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different types, internal and external. The example of internal stress is illness while the
examples of external stresses are any type of social or psychological conditions.*? In 1930
Hans Selye suggested that chronic stress can be the cause of shortening life period by
weakening the body.*® Stress has both negative and positive aspects for the brain and the
positive aspect of stress is essential for survival.**! Where as the negative side is associated

with the chronic stress, because stress hormones vary the functions of brain.**!

Impact of Short term and chronic stress on immunity

Acute stress condition alerts the species to cope up with the condition, but that response is for
the short time. When the stress is continuous, it causes the activation of sympathetic nervous
system and cortisol level that decrease immunity and can cause inflammation easily in the
patient.*®! High level of glucocorticoids produced in a chronic stress condition that can
decrease the body response to insulin and increase the level of fat and glucose in the blood
stream so the individual is at high risk to develop the Type 2 diabetes and heart disease.
Furthermore it also interacts with the hypothalamus to decrease infertility by inhibiting the
hormones which are responsible for reproduction such as LH and FSH.B"38 Acute stress has
some advantages, like it cause the activation of sympathetic nervous system that increase the
heart rate and blood flow and alter the blood flow from kidneys and stomach to the muscles
and brain but, continuation of this condition for long time cause coronary disease or
atherosclerosis.®**? Different kinds of gastrointestinal tract infections, mood disorder,

dermatologic and respiratory infections are related to HPA dysfunction and chronic stress.™
(Fig 2).
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Fig: 2. Stress may be acute (short term) or chronic (long term). While with short term
stress no significant diseases recorded. B: stress hormones C: transcription factors and

pathway Hypothelamic pituatory adrenal HPA axis, Sympathetic adrenal medullary
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axis etc. D: chronic stress increases the level of glucocorticiod, endothelin, angiotensin 2,

various cytokines thus the chances of disease increase.

The link of the stress and the stress proteins on the immune system in the infections,
depression, cancer etc. has revealed the impact of stress on the immune pathways of the body.
The inflammation is an immune response to the infection or pathogen exposure and the stress
has a close link with inflammation as both can activate or inhibit each other. The activation or
inhibition is dependent on the cell type of the immune system and the nature of the stress
inducing signals which can be any physical agent, any chemical or pathogen.’® *¥ Many
studies in animal and human provide strong evidence that stress episodes alter various
immunologic mechanisms that are essential for health. To know about the relationship among
the psychosocial stressors and expansion of infection, the researchers have given various
kinds of vaccines to the subjects.l*>*®! The individual who gave, delayed response to vaccines
were considered to be at high risk for infectious diseases because of the slow immune
response.[*® The stress is beneficial in many ways as it leads to the activation of the immune
system thus defending the body; however, the long term psychological stress leads to the
activation of the defense mechanisms which are not beneficial and causes the acceleration of

the disease.®!

OVERVIEW OF IMMUNITY

According to medical context, the immunity is the term that representing a balanced state
when person have adequate defense system to fight against any type of the biological
invasion, diseases and infection. Moreover, it is the state of the body in which body has the
tolerance to fight against autoimmune diseases and allergy."*”! When a pathogen attacks on
the body first mucosal membrane and skin block that pathogens, but if it is failed, then
neutrophil, macrophage and monocyte detect the pathogens and engulf them. Furthermore, it
causes the activation of transcription factors such as NF-xB and interferon (IFN) and these
factors manifest the pro-inflammatory immune response genes(lL-1,TNF-a).Then these

genes create cytokines which are responsible for inflammation.[*8%!

TNF-a, IL-6, IL-1 (pro-inflammatory cytokines) boost while IL-10 (anti-inflammatory
cytokine) reduces the inflammation. Natural killer cells have also role in the innate immunity.
Natural killer cells produce some harmful materials on the cell surface that break them into
pieces. The response of innate immune is nonspecific. When the innate immune response is

unable to control the pathogen, acquired immune response is activated which is specific in
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action. Lymphocytes T(TH,Tc) &B are the basic cells TH helps in the recognitions of antigen
B cells help in the production of antibodies while cytotoxic T cells causes breakdown. The
action of acquired immune response is slow.™ Two kinds of responses are associated with
acquired immunity, cellular immune response with the help of Thl works against the
pathogen which are inside the cell (virus etc.) and produces various cytokines(IL-
2, TNFb,IFNy)that promotes inflammation and stimulate cytotoxic T cells and macrophage
and causes the breakdown of sick cells. While the humoral response with the help of Th2
(sub class of helper T cells) work against the extracellular (parasites) and causes the
production of IL-4 which motivate the eosinophil and mast cells. It suppresses the
macrophage stimulation, T cells propagation and creation of pro-inflammatory cytokines.*!
Normally, the reaction of immune system depends upon the balance between Treg and Tcells
which are responsible for many kinds of fragments regulations like cytotoxic T lymphocytes
antigen 4,1L-10, CD25etc.? %! Immune response in mammals can also be varied on the basis
of gender differences. Innate immunity reaction in mammals shows variation according to
gender difference. It may be because of encoding of the germ line. May be because of
inactivation from the X chromosome. The appearance stage of Toll Like receptor TLR7 is
more in females than males.’* IFNa is highly produced in females as compared to males
because the peripheral mononuclear cells are exposed to TLR7.%% Research on humans
shows that the Treg cell count is more in men than women.® disregarding of age the
immunoglobulin, B cells concentration and the response of antibody is more in women as
compared to men.>"** Worldwide study on the gene expression of B cells tells that most of
the genes variably express among the genders and meaningfully managed in women than

men. 1]

Stress as a trigger for activating the immune system

Pre-clinically different kinds of stress paradigms are used to study the development of
depressive-like behavior.®™ It is thought that clinical condition may be more reflected by the
chronic mild stress. Exposure to mild stressors for a long time encourage the anhedonic
behaviors in rodents, and their preference for sucrose solutions is reduced.'®? Stress in the
early life has also a very vital impact on the improvement of neurological systems concerned
in mood and stress responses, thus increasing the susceptibility to stress and so the risk of
developing depression later in life, specifically in response to secondary stress.[®®®®
Preclinical studies shows that gut permeability can be increased by the psychological stress,

therefore enabling gut flora to reach the systemic system.[®® Another study reported that in
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the plasma of depressed patients the presence of antibodies against endotoxin, form a various
commensal bacteria. Accordingly it is possible that on the outer cell wall of gram negative
bacteria, the presence of potent innate immune stimulus and bacterial endotoxin,
lipopolysaccharide (LPS) could activate the systemic low grade inflammatory response in the
stressed patients, but that mechanism is not fully cleared./" Similarly a study suggest that the
isolated T and B cell from mice ,when it exposed to the chronic stress its increase the
expression of muscarinic receptors.’! The mechanistic propulsive force underpinning stress-
induced immune stimulation involves synergistic properties of the SAM, PVN and HPA

axis.l” Thus it is clear that stress acts as a trigger to activate the immune system.

PATHWAYS OF STRESS AND IMMUNE FUNCTION
Stress can affect the immunity by many pathways among these pathways sympathetic

nervous system SNS and hypothalamic pituitary adrenal HPA axis are important.

Sympathetic nervous system

Autonomic nervous system ANS is activated in many stress condition e.g. entering the
examination hall, situations at the time of first kiss etc. ANS have two classes sympathetic
nervous system SNS and parasympathetic nervous system PNS. Stimulation of SNS activates
the body to deal with harmful stimuli and also increase the flow of blood to the main parts of

(73]

the body (kidney, heart, lungs, brain, muscles).'"* It also causes the reduction of blood flow

to skin and Gl tract.

SNS is also known as for fight or flight from adrenal medulla it releases the catecholamine
(epinephrine, norepiephrine) and interacts with the a and beta adrenergic receptors and
promote IL-1,TNFaq, IL-6 productivity.!"*"™ Norepinephrine stimulates the NFkB which
further proliferates the expression of genes of various proinflammatory cytokines(IL-6,IL-8)

and this condition increases the inflammation.

The activity of norepinephrine is potentiated by neuropeptide Y (NPY). It is also imagined to
be the type of stress hormone that facilitates coronary belonging of stress e.g. (BP control
etc.).l’¥ NPY in combination with epinephrine and nor epinephrine increase the platelets
clumps, adhesion of leukocytes and stimulation of macrophage.l” Chronic activation of
SAM causes the disregulation of immune system. The connection between the sympathetic
nervous system and immune system can be suggested that the sympathetic nerve fibers which

are noradrenergic move from CNS to the other lymphoid tissues.!’”
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Hypothalamic pituitary adrenal axis

Locus ceruleus-norepinephrine (LC-NE) and corticotropin-releasing hormone (CRH) are the
main parts of the CNS that control the action of SNS and HPA.[®! Arginine vasopressin
(AVP) also contributes but CRH plays the key role in the activation of HPA. The CRH
moves through pituitary gland and activates the releasing of adrenocorticotropic hormone
(ACTH).'M AVP acts as a strong synergistic influence with CRH activation and release.
Additionally, in the hypothalamus, AVP and CRH mutually interact with the neuropeptide
secretions. ACTH starts to circulate in the blood and activate the adrenal medulla (outer part)
and secretes glucocorticoids.*Y! (see fig 3). The action of cortisol (human) in muscles
motivates the lysis of amino acids to glucose for energy purpose and also stimulates the
insulin resistance and allows the glucose in blood flow. To deal with the stress condition, it
also increases the cardiac output and BP.1**®Y In healthy situations, cortisol suppresses the
immune system, decreasing the count and action of inflammatory cells which circulates
(monocytes, lymphocytes, neutrophils, macrophages, mast cells, eosinophil) preventing the
formation of proinflammatory cytokines, also preventing macrophage antigen performance.
Cortisol acts on cytoplasmic receptor, inhibition of stimulated receptors, interaction between

proteins and NF-kxB (transcription factor).

The negative role of cortisol on HPA Axis is that, in Hippocampus it attaches to the receptor
of glucocorticoids and decreases the ACTH and CRH production that automatically power
off the stimulated coordination. In brain the neurotransmitters and neuropeptides (y-
aminobutyricacid-benzodiazepines GABA-BDZ) and ACTH negatively control the CRH.
These mechanisms assure that the inflammatory response is not beyond the limits that are

harmful for the organisms.[*!
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Fig. 3: TLR activate NF-be which further stimulate the pro-inflammatory cytokines,
with the help of sensory nerves to sensory nerve it deliver the information to brain in
PVN it release the CRH which further cause the release of ACTH, and adrenal gland
cause the release of glucocoticoid. While in sympathetic nervous system the released

neuro-transmitters bind with a and beta receptors.

Alteration in SNS and HPA axis and Immune system

The lymphoid tissues (elementary& up elementary) are furnished by sympathetic
noradrenergic nerve fibers.®®? Interaction between hormone and its receptor on cell surfaces
directly related with immune regulation. Stress hormones that are responsible for the
stimulation of HPA axis and sympathetic (adrenergic) activity, for those nearly all immune
cells have receptors.[28% particularly, receptors present on B cells, T cells macrophage and
monocyte for the Substance P, glucocorticoids, neuropeptide, growth hormones,
catecholamine’s, serotonin and prolactin. For corticotrophin-releasing hormone T cells also
have receptors. Finally, complex of stress hormones and its receptor on the cell surface can

affect the initial reaction within the cells that resulting alteration in the cell function.

Immune responses are also regulated by the stress hormones indirectly, deviating the
production of cytokines (TNF,IL-1, IL-2, 1L-6).[! The mentioned cytokines have many roles
in targeting different cells and differentiations on functions of these cytokines can occur late
downstream effects. Immune cells produce cytokines and these cytokines perform dual

actions and can regulate and feedback the brain (counting HPA axis and SNS).[2* 7284]
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Interaction of HPA axis with immune system

HPA axis can be activated by different mechanisms of some cytokines. Their primary role on
PVN is stimulating CRH release!®®! but they also have direct effects on the the level of the
pituitary and adrenal ")

Concurrently, glucocorticoids have impacts on viability and functions of many immune cell
types, including T cells, B cells, monocytes, macrophages, and granulocytes.®® #! Synthesis
and release of cytokines are suppressed by glucocorticoids, therefore it is directly related on
protecting the host organism from the detrimental consequences of a long-term hyperactivity
of the immune system.® Immunosuppressive actions of glucocorticoids are demonstrated by

Hench, Kendall, and Reichstein almost 70 years ago.

In recent studies, it is thought that glucocorticoids can also have permissive effects on
immunity system, for instance while acute stress enhances, chronic stress suppresses the

peripheral immune response but the mechanism of this dual role is not well elucidated yet.®"
93]

Moreover, in several studies it is reported that glucocorticoids induce expression of innate
immune-related genes, including members of the toll-like receptor (TLR) family, such as
TLR2 and TLR4 and also rapidly induce a central component of the inflammasome,®**®!
NLRP3, in macrophages, which stimulates secretion of pro-inflammatory cytokines.*”]

CORRELATION BETWEEN STRESS PATHWAY AND IMMUNOLOGICAL
PATHWAY

Nuclear factor (Nrf2) is a transcription factor that is associated with the regulation of the
expression of genes with the help of a promoter sequence in several types of cytoprotective
phase Il detoxification and antioxidant enzymes. The promoter sequence is termed as
responsive element (ARE) which is found in wide variety of the cytoprotective genes. The
pivotal role is played by Nrf2 in the ARE-driven cellular defense system leading to protection
of the body against different types of environmental stresses. Different agents that make the
ARE/Nrf2 pathway are tested for wide variety of diseases with the help of the Nrf2-activating
drug. The in vivo and in vitro experiments are performed by several scientists and the results
of clinical trials have proved that Nrf2-activating strategies such as some types of drugs,
foods, supplements and some exercises can lead to the prevention of diseases, prevention of

the re-occurrence of disease, slowing down the disease progression a very early stage.
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Therefore Nrf2-activation which is a stress pathway is very promising in order to tackle the
pathophysiology of cancer.l®® The Nrf2 pathway activation has now become widely accepted
as chemoprevention beneficial, but it may be harmful or even un-harmful in established
cancers. For instance, Nrf2 activation may result in the interference with the chemotherapies
or radiotherapies or may cause additional growth to the tumor cells!®! ARE/Nrf2 pathway
thus has a great importance both by activation and by inhibition, as a possible target for the
pharmacological control of immunological and degenerative diseases, and the regulation of
this pathway is a promising biological target for developing advanced therapies.

MECHANISM INVOLVED IN STRESS AND IMMUNITY

A wide range of research carried out in the last decade, has revealed that the receptors related
to the recognition of innate immunity and the intracellular pathways related to signaling
terminate the inflammatory processes. In addition to the role of cell stress in cytoprotection, it
has now become evident that cell stress is also significant in the defense process against
pathogens and inflammation. There are several mechanisms that link the stress with
immunity. One mechanism involved is that in case of any disease or adverse condition; the
stressors are released that activate the cortisol to inhibit the expression of the TNF-a and IL-
1,IFN-y from the immune cells. Moreover, the stressors also increase cytokines that has a
control on the activity of helper T-cells. This stress mechanism is related to immunity as it is
effective mechanism to protect the immune system from over activation that can be
weakened by the process of inflammation.!*%*°Y) The other mechanism related to stress and
inflammation is that to any stressor response, different physiological changes occur to assist
the person to overcome stress. The chronic stress has a bad impact on the immune system and
the mechanism is that the chronic activation of the stressors, at the SAM axis and the HPA
axis lead to the formation of the catecholamine’s and glucocorticoid hormones. The
glucocorticoid receptors that are expressed on several types of immune cells that then make
the binding with the cortisol. These bindings result in the interference with the functions of
the NF-kB leading to the regulation of the function of the cytokine-producing immune cells.
The binding of the adrenergic receptors to the epinephrine and norepinephrine causes the
activation of the CAMP response element binding protein that causes the induction of the
transcription of genes that encodes several cytokines. The immune function can be
dysregulated by the catecholamines and glucocorticoid hormones mediated gene

expression. #1024
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The immuno-enhancement mechanism of the stress leads to the alteration in the dendritic
cell, macrophage, neutrophil, and trafficking and maturation of lymphocyte and other
immune enhancement mechanism of immune system is cytokine production. However, the
immune-suppressive mechanism by which continuous stress leads to dysregulation and
suppression of innate and adaptive immune system include the alteration in the balance of
cytokines type 1 and type 2, that suppress the function of immune protective cells and
induction of low-grade chronic inflammation. Moreover, chronic stress follows the
mechanism of suppression of the protective T cells and Type 1 cytokines and increasing the

function of the suppressor T cell, that can lead to the cancer.™**

ROLE OF STRESSORS IN IMMUNITY

A series of examination are carried out in mice and other non-human primates to evaluate the
role of stressors in the induction of immunity after the exposure to antigen. The results of
such experiments revealed enhancements in the induction and immunization phase and
different stressors produced at the time of exposure to antigen are responsible for such
induction and sensitization. Furthermore, the review of other studies has revealed that a
notable elevation in the contact hypersensitivity (CHS) response of cells and receptors is due
to the activation of stressors in short term stress. Moreover, the link between the short term
stress and the immune system has been elucidated by some studies that concluded that short
term stress acts as the cellular and molecular mediators of the enhanced effects of immunity.
Up-regulated macrophage chemoattractant protein-1 (MCP-1), TNF, IFN-c, IL-1a, IL-1b, IL-
6, macrophage inflammatory protein-3a (MIP-3a) gene expression after the antigen exposure
is also associated with the short term stress.[***" 74!

The review of the studies has also demonstrated that the proteins in the different cellular
responses, for example, endoplasmic reticulum (ER) stress, the response to heat shock and
DNA damage show the interaction and results in the regulation of the signaling intermediates
that are associated with the activation of adaptive and innate responses of the immune
system. Such regulation which is caused by the cell stress protein shows the inflammatory
profile of the response shown by the immune system at the time of disease and infection. The
review of the related literature has demonstrated that different type of stress response proteins
are involved in the cell stress that regulates innate immune response. The immune disorders
may worsen the condition, thus, it is imperative to understand the interrelation between stress,

immune responses and immunity disorders.[*”
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The survival mechanism that are also termed as cellular stress responses are activated as a
result of any stressful stimuli. Depending on the type of stress, the stress can be heat shock
response, the response to oxidative stress, DDR, etc. The key proteins that are involved in the
stress pathways are involved in the cellular protection, but the role of these stress proteins in
the regulation of defense system is not clear. A better understanding of the novel targets in
the treatment of the immune manipulations can be understood by taking into consideration
the function of stress proteins in immune responses. The injured, stressed and dying cells
release the molecules Damage-associated molecular patterns (DAMPS) which have the
functional ability to act as the danger or the adjuvant signal for immune system. The relation
between the stress, immune system and cancer is understandable from the fact that secreted
ATP, surface-exposed calreticulin (CRT), and high mobility group protein B1 (HMGBL1) are
the essential components for the immunogenic cell death (ICD) of cancerous cells.2%31%!

The capability of different therapeutic treatments to induce ICD is dependent on their
potential to induce the production of reactive oxygen species (ROS) and the ER stress and
both of these are vital components in the instigation of intracellular danger signaling
pathways that leads to ICD. The endoplasmic reticulum (ER) is an organelle of a eukaryotic
cell which is associated with signaling, sensing and biosynthetic functioning and is also
associated with the synthesis and post-translational modifications of many proteins. ER
homeostasis is disturbed in ER Ca2+ depletion, hypoglycemia infections and injury etc. that
leads to the production of reactive oxygen species (ROS) production, thus creating an
imbalance in the protein folding load and capacity and this situation is termed as ER stress.
The ER produces the response against this stress by causing the activation of the complex
signaling pathway which is called as unfolded protein response (UPR).X%2971 The receptor
level overview shows that it is comprised of three prime signaling branches that originate
from ER-sessile proteins, PERK, IREla and activating transcription factor. The prime
objective of these signaling pathways is the maintenance of ER homeostasis and to promote
the survival. In the case of severe ER stress UPR turns into a pro-death pathway causing
apoptosis. The immunogenicity that is associated with ICD can be effective if the ROS based
ER stress is focused. This is induced by the hypericin-based photodynamic therapy (PDT)
which is type Il ICD induced in comparison to the collateral ER stress effects (as
mitoxantrone and oxaliplatin in the case of type | ICD inducers). Oncogene-mediated
transformation and some type of infection results in the activation of various pathways in

cells, such as stress pathways, that affects cellular physiology in the complex ways. Some
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alteration may lead to intrinsic cell-death that can suppress the infection and tumorigenesis
and/or limit infections. The exposure of the ligands in the infected or cancerous cells results
from various pathways associated with stress pathways. The activating receptor NKG2D and
the ligands of this receptor represent a specific system that leads to the recognition and

elimination of the infected, cancerous and unhealthy cells.[*%"

MICA and MICB promoters are activated by heat shock stress with the aid of HSF1
transcription factor. NF-kB bind and trans activate genes and thus results in the encoding of
some human NKG2D ligands, and thus it can be estimated that expression of Toll-like
receptor (TLR)-induced NKG2D ligand is linked with the activation of NF-kB. The DNA
damage response induces NKG2D ligands expression. The ligands induction depends on the
kinases that have potential to sense the damage in DNA, CHK1 and ATR. The heat shock or
radiation induced cellular stress, the stability of ligand MULTI is affected leading to
expression of MULT], thus providing a clue to the infection or other pathological condition.

ONCOGENIC STRESS AND DNA DAMAGE

Oncogenic stress is mediated by the activation of the p53/p21 and pl6/Rb tumor suppressor
pathways, which then lead to senescence by trans-activating genes, cause the arrest of cell
progression. A pool of premalignant cells is generated by the activation of the oncogene and
proliferative signals. Premalignant cells cause the activation of pl9 which are subjected to
DNA replication stress and lead to DNA damage and activation of DNA damage response. It
is evident from the literature based studies that regulation of NKG2D ligand expression is
regulated by NKG2D biogenesis, and this provides the evidence that stress pathways and
signals are required for optimal ligand expression. Multiple regulatory steps are involved

which demonstrates the complexity of the system.™*®!

ROS is the secondary messengers in the process of signal transduction and has a significant
role in the activation of the inflammatory pathways as it activates stress kinases of NF-xB
and MAPK family. However in the case of excess stress, ROS inflict damage and by different
processes lead to the inflammatory processes causing cell death. However, in most of the
cases, it is demonstrated that this association is related to the stress-induced deregulation of
the HPA axis.l0103104197 some studies have worked on the role of psychological stress on the
condition of the patients. The impacts of the prolonged stress on the HPA axis in some
human subjects have determined that stress-induced changes in HPA axis have an imperative
role in the risks of the disease.l'%%! |t has now become less likely to say that the chronic
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stress acts by the effects of the increased level of circulating cortisol. The stress regulated
mediators of the immune system and the molecular mechanism between stress and immune
response has been used in the recent research to develop new targets for treatment

intervention[106.107.109]

CHRONIC STRESS AND CANCER

Various studies have explored the relationship of chronic stress with cancer. 92 Many
studies showed that chronic period of stress can lead to inflammation and spread of various
diseases including cancer.****! Clinical studies shows that prolonged period of stressful
events lead to poor cancer survival*****"1 Many studies found that chronic stress motivate the

inflammatory cells to tumors and increase the blood vessels formation!!***!

, that may
contribute a path for the tumor cell dissemination. Furthermore dissemination via blood
vessels, through lymphatic vasculature cancer cells also departs from tumors.[**¢2! Chronic
stress activates the signaling from the SNS that leads to cancer growth the tumor cell
dissemination pathways are still not cleared.*?] With the reference of immunosuppressive
effects of chronic stress, and given the significance of cell mediated immunity in eradication
of immune responsive tumor such as squamous cell carcinoma SCC™??, studies have also
significantly showed the chronic stress effects on cancer emergencel*” and cancer
progression.™312312%1 Chronic stress increased the development of SCC. The chronically
stressed mice had lower CCL27, IFN- ¢, CD4+ and CD8+, gene expression of CD3, and T
cells moving around and within the tumors as compared to the controlled group mice. The
growth of tumor in the chronically stressed mice was more as compare to controlled group.
These studies indicated that chronic stress enhanced the vulnerability to UV induced SCC by
decreasing skin immunity, protective T cells, and Type 1 cytokines,*?® High-anxious
behavioral phenotype, that is related with the increased vulnerability to chronic stress, and

this decrease the antitumor immunity and increase the growth of SCC. !

CONCLUSION

This review study established the relationship between stress and the immune system and it
also explain that how some components of the immune system are affected by the stress. We
also focused in this review that short term stresses motivate the individual to deal with the
harmful stimuli while the chronic stress is responsible for the activation of many pro
inflammatory cytokines that damage the body by various ways. The social stress has a prime

role in the up-regulation of the inflammatory activity and the genetic factors whereas neural
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factors have to be determined to mediate the impact. Stress-related elevation in the
inflammatory process to mediate the depression has been discussed by various studies. The
overview of the evidences suggests the contributing role of oxidative stresses and
inflammation in the depressive disorder. In the case of depressive disorder, the increase in the
oxidative stress biomarkers and inflammation is related to the neuro progression which
affects neurogenesis and causes cell death. Moreover, it has also been emphasized the
Reactive Oxygen Species (ROS) and antioxidants imbalance lead to oxidative stress which
causes the loss of the signaling pathways related to the control of the intracellular redox-

related signaling pathways.

Although we have studied the mechanism in this review but a lot of work need to be done to
clarify the mechanism to understand the stress phenomenon in detail. The review of the
literature related to stress mechanism will be valuable because in life stress is the most
critical part. Chronic stresses play a vital role in the causes of various diseases that results
heavy expenses and loss of lives in over populated and poor people around the globe. On the
other hand, the recent studies favors that acute stress (stort term) is one of the nature
fundamental process that can help in the immunoprotection. It is expected that the present
study will help to classify the reasons and aim/targets that may be therapeutically
manipulated to improve the response of immune protection, or to eradicate /improve the
stress related proinflammatory/autoimmune diseases, and to encourage situations that

maximally improve healing and health.
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