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Abstract
Several factors impact the immune responses such as the chemical nature of antigens, the physiologic and metabolic condition of
the responsive cells, the site of antigen recognition, and neuroendocrine and pharmacological received agents. Incompatibility of
host immune responses to the entrapped antigens leads to an immune pathological manner instead of an immune protection
which results in the disharmony of the immune effective factors. Besides the fact that stress is one of the most common effective
factors in human life, it also contributed to the protection, suppression, and pathology of the immune system. In this review
article, the direct and indirect effects of the stress on the function of T cells and the contributed mechanism of action will be
discussed.
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Introduction

T cells, as the main component of cellular immunity, are
highlighted for participating in defense against cancer and
virally infected cells. The in vivo biological roles of T cells
in immune responses and immunopathology have been large-
ly elucidated from studies and have led to advancement of T
cell-based immunotherapies in human. Tcells are discussed in
the context of their differentiation, function, and ontogeny. T
cells primarily differentiate from hematopoietic stem cells
(HSC) in the bone marrow (BM) and then migrate to the
thymus for selection, maturation, and transfer to the peripheral
organs. Mature naïve T cells have the capacity to the response
to the specific peptide-loaded MHC (major histocompatibility
complex) (Kumar et al. 2018). In the theory of two signals,
naïve T cells require two distinct signals for complete activa-
tion; the first is provided from the engagement of T cell recep-
tors by peptide-loadedMHC, and the second is delivered from

the binding of costimulatory molecules on antigen-presenting
cells (e.g., CD80 and CD86) to activation receptors on T cells
(such as CD28) (Capece et al. 2012). After T cell activation,
effector cells differentiate, proliferate, and migrate to sites of
inflammation to promote efficient immune responses through
direct killing (e.g., CD8+ cytotoxic T cells) or cytokine pro-
duction (e.g., CD4+ T helper cells) (Kumar et al. 2018). T
cells in terms of their cytokine production and cellular func-
tion are divided to several subtypes such as Th1, Th2, and
Th17 (Dhabhar 2014). Cytokines are produced by Th1 (type
1 cytokines; IL-2 and IFN-γ) and Th2 (type 2 cytokines; IL-4
and IL-13) cells resulting in the cellular and humoral immu-
nity respectively.

Different endogenous and environmental factors impact on
the T cell development, activation, and function. Hormones
released through the activation of the limbic-hypothalamic-
pituitary-adrenal (HPA) axis in stress condition can regulate
T cell function (Silverman et al. 2005). Based on a classical
definition, stress physiologically is a state in which the HPA
axis and sympatho-adrenomedullary system are co-activated
(Jeffrey et al. 1995). Human allostatic (adaptation) systems
enable us to respond to the physical state created by internal
and environmental stimuli (e.g., asleep, standing, exercising,
crowding, hunger, isolation, microbial and parasite infection,
and danger) (McEwen 1998). Body components, including
the immune system, HPA axis, metabolic response, and auto-
nomic nervous system, are also involved in the allostasis to
protect the body from the harmful effects of internal or

* Ramezan Ali Taheri
taheri@bmsu.ac.ir

1 Department of Clinical Laboratory Sciences, School of Allied
Medical Sciences, Kashan University of Medical Sciences,
Kashan, Iran

2 Nanobiotechnology Research Center, Baqiyatallah University of
Medical Sciences, Tehran, Iran

3 Molecular Biology Research Center, SystemBiology and Poisonings
Institute, Baqiyatallah University of Medical Sciences, Tehran, Iran

https://doi.org/10.1007/s12192-020-01105-0

/ Published online: 21 April 2020

Cell Stress and Chaperones (2020) 25:743–752

Antigen = molecule binding to Antibody or Antigen Receptor
on a T cell, triggering an immune response = a toxin, component
of a virus, bacterium, or parasite

Hematopoietic = formation of cellular elements of blood
(red blood cells, placelets, white blood cells in the bone 
marrow

Histocompatibility = a state in which absence
of immunological response permits grafting 
of tissue or transfusion of blood without
rejection

Activated T
cells = 
differentiate,
proliferate,
migrate to 
sites of
inflammation
to promote
efficient
immune
response thru
direct 
KILLING or
cytokine
production

Cytokine = 
protein that
regulates 
infflammation
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external stresses. Stress stimulators are divided into good, tol-
erable, and toxic based on their effects on the body. The good
stress refers to transiently increasing heart rate, blood pressure,
and stress hormones which seem to be similar to the signs of
acute stress. Tolerable stress is characterized by the compen-
sative adaptive response to a time-limited stress such as home-
lessness or a natural disaster, the amount of responses which
can return the body to the baseline condition. In the toxic
condition, stress-induced alteration in the body is more than
compensation response and can increase disruption of the
brain architecture, cognitive impairments, and other stress-
related disorders (McEwen et al. 2015; Shonkoff et al.
2009). The entire CNS is involved in the body hemostasis
directly or indirectly such as HPA axis, autonomic nervous
system (ANS), and particular areas in the central nervous sys-
tem which are important components in cognition and the
response to stress. Specific areas in the brain such as the hy-
pothalamus and brainstem play critical roles in orchestrating
the stress response (Tsigos et al. 2016).

Final effects of stress on the immune system were
discussed as three distinct types: protective effects (during
vaccination, wounding, and some types of infections and can-
cers) for the short time stress, pathologic, and immunoregula-
tory consequences for the chronic stress (Dhabhar 2014). In
the animal models, it was demonstrated that animals received
stress at the time of antigen exposure (first immunization),
increasing the level of type 1 cytokines; this type of immune
response leads to leukocyte infiltration in the site of antigen
exposure. In addition, the short-term stress in the time of im-
munization enhanced the contact hypersensitivity (CHS) re-
sponses (Saint-Mezard et al. 2003). An enhancement in im-
mune responses was observed due to short-term stress in the
animal model of studies. This adjuvant effect of short-term
stress is mediated by physiological concentration of glucocor-
ticoid and epinephrine hormones (Dhabhar and McEwen
1999). Nevertheless, the studies suggested that pharmacologic
concentration of endogenous hormones and their synthetic
forms are immune suppressive (Dhabhar 2014).

Two proposed mechanisms were found for the coordina-
tion between neural and immune components, including the
delivery of messengers such as norepinephrine (NE) from the
brain to the organs including immune cells and the secret of
messengers such as cytokine from activated immune cells
which migrate to the brain (Sanders 2012). Stress hormones
can regulate the development and function of Tcell-dependent
cellular immunity. There is a bidirectional communication be-
tween the T cell and HPA axis. T cell cytokines such as IL-2
and IFN-γ induce HPA axis to release glucocorticoid. On the
other hand, glucocorticoid (GC) plays an important role in the
polarization of T cell into the type 2 immune responses (Th2/
anti-inflammatory) (Fig. 1). In addition, GC induces immune
system to suppress the synthesis of pro-inflammatory cyto-
kines (Silverman et al. 2005).

In this review, the effects of stress on the function of T cells
were discussed from two aspects: firstly, direct effects of stress
hormones on T cells and secondly, the evaluation of stress-
induced systemic and metabolic changes on T cell function
and differentiation. Finally, the immunopathology of Tcells in
stress conditions is described.

Sensing of stress by T cells; β2-adrenergic
receptors on T cells

One of the central regulatory pathways between the nervous
system and T cells is mediated by the expression of the β2-
adrenergic receptor on Tcells. Murine naïve CD4+ Tcells and
the effector Th1 cells express β2-adrenergic receptor but de-
veloped Th2 cells from naïve CD4+ Tcells repress the expres-
sion of β2-adrenergic receptor throughout an epigenetic
mechanism (Sanders 2012). Environmental cytokines, genetic
variation, and epigenetic factors such as histone acetylation
have an impact on the expression level of β2-adrenergic re-
ceptors on the T cell. Noradrenergic nerve fibers presented in
the parenchymal of lymphoid organs release NE where resi-
dent T cells can be affected through the expression of the β2-
adrenergic receptor. Engagement of the β2-adrenergic recep-
tor (a G protein-coupled receptor) triggers a cascade signaling
that increases cAMP and activates protein kinase A (Fan and
Wang 2009; Sanders 2012; ThyagaRajan et al. 2012). When
β2-adrenergic receptors on Th1 cells are engaged, the IFN-γ
production can be affected depending on the time of Th1 cell
activation. IFN-γ production will be decreased in Th1 cells
which β2-adrenergic receptor engagement occurred before
their cell activation. However, after cell activation, the recep-
tor engagement leads to the increase in the level of IFN-γ
production in comparison with the control cell that activated
alone (Sanders 2012).

Although the role of β2-adrenergic receptors on the Th1 is
more investigated, a higher density ofβ2-adrenergic receptors
was found on the CD8+ Tcells as well. Regarding the previous
in vitro study, the expression of β2-adrenergic receptors on
the CD8+ T cells was induced by IL-2 stimulation (Wahle
et al. 2001). For determining the effect of NE on the memory
CD8+ T cells, the in vitro NE-treated CD8+ T cells were
stimulated by antibodies specific for CD3 and CD28. In addi-
tion, memory T cells from individuals with a low and high
level of NE were assayed. It was determined that an elevated
level of β2-adrenergic receptors was expressed in memory T
cells in comparison with naïve T cells, and NE-dependent
effects on these cells were mediated by β2-adrenergic recep-
tors. They demonstrated that the expression of inflammatory
cytokines and chemokines (such as IL-6 and TNF) was in-
creased while growth-related cytokine production was re-
duced (Slota et al. 2015). The effect of stress on the CD8+
memory T cells was also shown in another study done by
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Stress Stimulators = GOOD/TOLERABLE or TOXIC, based on their effects on the body

Good Stress
= Acute Stress
(transient
increase in
heart rate,
blood 
pressure, &
stress
hormones)
and
Tolerable 
Stress 
(compensative
adaptive response
to time-limited
stress,
e.g., 
homelessness,
natural diaster,
the amount of
responses
which can 
return the
body to
the Baseline
Condition)

Toxic Stress
= Stress-induced
alternation in
the body that is
more than 
compensation 
response and
can increase 
disruption of the
Brain Architecture,
Cognitive
Impairments,
& Other Stress-
Related Disorders

Leukocyte =
white blood 
cell

Short-Term
Stress -->
enhanced
contact
hypersensi-
tivity response
--> physiological
concentration
of Gluco-
corticoid &
Epinephrine
Hormones
(endogenous
hormones)
--> immune
suppressive

T cell cytokines
--> HPA
axis -->
release GC
--> polarize
T cell into 
type 2 immune
response
(anti-
inflammatory)
-->
induces
immune system to suppress synthesis of pro-inflammatory cytokines

Stress-induced
systemic
& metabolic
changes on 
T cell function
& differentiation

murine = relating to rodent
adrenergic =
releasing
Epinephrine

epigenetic =
heritable changes
in gene expression
caused by
DNA
methylation 
(alkylation)

Histone = 
proteins found in
DNA in the 
chromatin of
eukaryotes

parenchymal
= tissue
characteristic
of an organ

assay = examine

chemokines =
chemical cytokines
that act to attract
monocytes,
neutrophiles,
& other white
blood cells 
to sites of
injury or
inflammation
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Maydych et al. (2017). They screened the alteration of T cell
subsets throughout a period of academic examination stress.
In this study, the stress factor was in correlation with an in-
crease in memory and a decrease in naïve T cells.

Glucocorticoid receptor in T cells

The second stress mediators which directly regulate T cell
function are GCs. GC, a potent immunomodulator and
immunosuppressor, is predominantly produced by adrenal
cortex in response to the pituitary ACTH and ultimately
established a negative feedback on HPA axis which was acti-
vated in stress condition. GC diffuses passively into the cells
and binds to the GC receptor to create an active complex with
different biological effects. GC receptors in the absence of
GCs are found in the complex with immunophilins and heat
shock proteins (HSPs). When GC binds to the complex, GC/
GC receptor is released from HSPs and translocated to the
nucleus (Herold et al. 2006). Monomer forms of GC/GC re-
ceptor complexes interact with several transcription factors
such as AP-1, NF-κB, and STAT5 while homodimer forms
are the promoter of a wide range of genes such as anti-
inflammatory genes (Herold et al. 2006; Libert and Dejager
2014). GC receptor knocked out mouse revealed that in vivo
thymocyte refractory to TCR-induced apoptosis was in-
creased by GCs (Brewer et al. 2002) while when in the mouse

model with over-expressing genes of GC receptor, the sensi-
tivity to GC-induced apoptosis was increased (Pazirandeh
et al. 2002). Several mechanisms involve in GC-induced ap-
optosis in T cells. The final effects of GCs on the T cells
depend on the stage of cell development. Double-positive thy-
mocytes (CD8+ CD4+) are more sensitive compared with
single-positive thymocytes for GC-induced apoptosis. The
mitochondrial integrity which is mediated by proteins such
as Bcl-2 can protect cells from GC-induced apoptosis. In a
theory, secondary signal in T cells (CD28/B71-2) upregulates
cell survival and anti-apoptotic gene such as bcl-2 (Herold
et al. 2006). Therefore, positive secondary signal in T cells
may protect them from GC-induced apoptosis. This theory is
supported by the study conducted by Banuelos et al. which
determined bcl-2 protected human and mouse Th17 cells from
GC-induced apoptosis (Banuelos et al. 2016). Despite the
positive secondary signal, the inhibitory T cell signals such
as PD1/PD-L1 downregulate TCR signal and consequently
inhibit T cell proliferation and cytokine production. Double-
positive T cells, which are unable to recognize peptide-MHC
complex or recognize with high affinity, died (it is called ne-
glect and negative selection process, respectively) in the cor-
tex of thymus. This finding directed us to hypothesize that
developing T cell death is mediated by GC/GC signal.
Although in the stage of single-positive, thymocytes recogniz-
ing MHC peptides with low affinity in the presence of
CD28/CD80, CD86 signal will be developed to CD4+ or

Fig. 1 The communication
among stress, HPA axis, and T
cell function. Stress-induced HPA
axis activation leads to release of
the glucocorticoid (GC) from
adrenal glands. GCs canmodulate
T cell function by causing a shift
from Th1 to Th2. On the other
hand, T cell cytokines such as IL-
2 and IFN-γ can stimulate HPA
axis to release glucocorticoids
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Apoptosis = programmed cell deathThymocyte (precursor of T cell) = a kind of Lymphocyte 
= a class of white blood cells (T cells, B cells, natural killer 
cells) found in lymph, lymphoid tissues, & blood

*** Academic
Examination
Stress -->
relates to 
increase in 
memory but
decrease in 
naive T cells

GC =
immuno-
modulator
AND
immuno-
suppressor
-->
negative
feedback on 
HPA (to
"switch it
off")

refractory = resistent (to treatment or heat)

***GCs --> the within-organism Thymocyte Refractory (TCR)-induced programmed cell death 

***

***Mouse with over-expressing genes of GC receptor --> increase in sensitivity to GC-induced programmed
cell death in T cells

***

Bcl-2 (protein) -->
can protect T-cells
from GC-induced
programmed cell
death

+ve secondary
signal in T-cells
--> can also 
protect T-cells 
from GC-induced
programmed
cell death

***
***Inhibitory 
T-cell signals 
(PD1/PD-L1) -->
downregulate
TCR signal -->
inhibit T-cell
proliferation
(growth)
& cytokine
production

***
***As a result,
double +ve
T-cells died in
the cortex of
thymus

***GC/GC signal
--> death of
developing 
T-cells
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CD8+ naïve Tcells; the high affinity binding of thymocytes to
MHC peptides in the presence of PD1/PD-Ls signal develops
Tcells into regulatory Tcells. In a current study, the role of GC
receptor in the protection from autoimmunity in pregnancy
was investigated (Engler et al. 2017). Engler et al. demonstrat-
ed that GC receptor engagement in T cells increase regulatory
T cells (T-reg) frequency, the cell which protects pregnant
mouse from autoimmune encephalomyelitis. Bereshchenko
et al. showed a mechanism for T-reg development in the pres-
ence of GC receptor engagement which supports the main role
of GCs in the maintenance of T cell tolerance. They showed
the expression of an anti-inflammatory gene which was in-
duced by GC receptor engagement (so-called GC-induced
leucine zipper; GILZ) can bind to SMAD2 and lead to
SMAD2 phosphorylation. SMAD2 is considered an essential
signal transducing factor for TGF-β initiation activation path-
way in T-reg cells (Fig. 2). Activation of SMAD2 was led to
an optimal induction of Foxp3 as the main transcription factor
of T-reg cells (Bereshchenko et al. 2014).

Collectively, the role of GC/GR in T-reg and protection from
autoimmunitywaswell investigated. However, Tcells which are
in stress condition, particularly in chronic stress, may be affected
by several factors that determine whether stress suppresses or
enhances T cell function and proliferation. For example, in the
mouse receiving low-dose corticosterone or epinephrine, delay
skin-type hypersensitivity (DTH) and T cell drainage to the ad-
jacent lymph node have been enhanced. In contrast, high-dose
corticosterone suppressed DTH (Dhabhar and McEwen 1999).
At the beginning of an immune response, function and prolifer-
ation of Th cells may receive immune-enhancement effects from
GCs while at end of an immune response, it may receive
immune-suppressive effects (Dhabhar 2014).

Metabolic effects of stress on T cells

In this section, metabolic and other indirect effects of stress on
T cells will be discussed. Although the purpose of allostasis
response in stress condition is saving energy for rapid responses
to life-threatening stressors, the different metabolic conditions
occur in chronic and acute stress. Hypercortisolism in chronic
stress can expose individuals to visceral obesity and cardiomet-
abolic disorders. Catabolic effect of GCs in acute stress in-
creases available energy resources for essential response against
imposed stressor. Hepatic gluconeogenesis, circulating glucose,
induced lipolysis, and protein degradation are increased by GC/
GCR signals. In addition, GCs represent an antagonist activity
for growth, thyroid hormones, insulin, and sex steroids
(Chrousos 2000).

Upon T cell activation, glucose transportation 1 (Glut1) is
upregulated which is mediated by TCR and CD28 signal
(Jacobs et al. 2008). Effector and naïve T cells are different
in consumption and generation of energy. Moreover, unique T
cell subsets use different metabolic programs (Yang et al.
2015). Effector T cells mostly use glycolysis, protein phos-
phate pathway, and glutaminolysis (Fig. 3). In contrast, the
tricarboxylic acid cycle, oxidative phosphorylation, and fatty
acid oxidation are the most metabolic pathways which are
used by memory and naïve T cells for providing energy
(Yang et al. 2015). Glut1 enhances proliferation and growth
in activated Tcells and it overexpresses in Th1, Th2, and Th17
subtypes (Michalek et al. 2011). CD28 costimulatory signal
increases glucose uptake in activated T cells using an Akt-
dependent and an Akt-independent pathways (Jacobs et al.
2008). In contrast, PD1 co-inhibitory signal inhibits glycolysis
and increases lipolysis and fatty acid oxidation in activated T

Fig. 2 A mechanism for T-reg
development in the presence of
GC receptor engagement. The
expression of an anti-
inflammatory gene which was
induced by the binding of
glucocorticoids to GC receptor
and translocation of this
heterodimer into the cell nucleus
leads to the expression of GC-
induced leucine zipper (GILZ).
GILZ can bind to SMAD2 and
lead to SMAD2 phosphorylation.
The activation of SMAD2was led
to an optimal induction of Foxp3
which transcription factor
requires for T-reg differentiation
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Catabolic = metabolic breakdown of complex molecules = release of energy
Hepatic = relating to the liver
Lipolysis = the conversion of fat to energy

There are a few ways a chemical/neurotransmitter in our body exerting its
function: (a) an increase level of such chemical/neurotransmitter thru an increase
in excretion or another mechanism; (b) an increase number of chemical/neuro-
transmitter RECEPTORS in the concerned area; (c) an increase in SENSITIVITY
of those RECEPTORS in a concerned area.  

autoimmune
encephalo-
myelitis = 
自身免疫性
腦脊髓炎

phosphoryl-
ation = add a
phosphate 
(salt/ester/
anion of
phospheric
acid)
group to an
organic 
molecule 
磷酸化

transduce =
transmit
a signal 
from exterior
of the cell to
its interior
induction = the 
process of 
initiating or 
increasing the
production of
an enzyme

enzyme = 
biochemical
catalyst

***

auto-
immunity =
an immunte
response 
against an
antigen in the
body's own
cells or tissues

*** The other
function, 
Regulatory 
T-cells
(= T-reg) -->
projects the body
against 
Autoimmunity

***Low-
dose
Corticos-
terone or 
Epinephrine
--> delay in 
Skin-Type
Hypersentiv-
ity & T-cell
drainage to
the adjacent
lymph node
(--> no skin
problem &
no excessive
T-cells)

Allostasis response in 
stress condition = 
saving energy for rapid
reponses to life-threatening 
stressors

***
***Chronic 
Stress --> 
Hypercorti
solism -->
visceral
obesity
內臟肥胖
& cardio-
metabolic
disorders
心臟代謝紊亂

Transcription
Factors = 
proteins that 
help turn
specific genes
"on" or "off"
by binding to 
neary DNA

TGF-beta = Transforming Growth Factor = a secreted protein that
performs such functions as the control of cell growth, differentitation,
apoptosis --> regulates effecs in the innate immune system = is an
immune suppressor 
--Overexpression --> seen
in cancer, fibrosis, inflammation

Signal Transduction = process by which
a signal (hormone or change in concentration
of an ion) is converted into a biochemical
response by means of activation of a 
Receptor on the surface or interior of a cell

Effector 效應器
 = a small
molecule or 
protein that alters
biochemical
processes in a 
cell, such as
by decreasing
or increasing
the activity of an
enzyme
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cells (Patsoukis et al. 2015), which metabolic profile is similar
to that in anergic or T-reg cells. CTLA-4 pathway, as the first
known co-inhibitory signal, also inhibits glycolysis but with-
out augmenting in fatty acid oxidation and lipolysis. The met-
abolic reprogramming which was induced by CTLA-4 signal
alters the cell to the metabolic condition similar to that in naïve
T cells (Patsoukis et al. 2015).

Previously, it was believed that suppression of immune
reactions in an adaptive response to stress conserves energy
for vital reactions. This theory has been challenged in the
condition of acute stress where some non-vital functions of
the body such as ovulation, digestion, or copulation can be
delayed during the presence of a stressor. The immune re-
sponse can be critical in stress situation particularly in re-
sponse to wound or infection. In addition, immune suppres-
sion mechanisms are with consumption of energy, and the
time course used for immune suppression usually is more than
the time of acute stress (Dhabhar 2014). In contrast, chronic
stresses manipulate T cell responses throughout ligand-
receptor and metabolic pathways. Several mechanisms are
proposed for the indirect effect of stress situation on the T cell
function. GCs can inhibit glycolysis in T cells and decrease
intercellular glucose. In addition, GC-induced insulin resis-
tance may limit glucose availability in activated T cells, and
the situation similar to those cells has involved by the PD1/
PD-L1 signal. The function of activated Tcells (Th1, Th2, and
Th17) is dependent on ATPs produced in glycolysis.
Therefore, these cells are more sensitive to starvation induced
by stress in comparison with naïve T cells and T-reg cells
where TCA cycle, oxidative phosphorylation, and fatty acid
beta-oxidation pathways can be used to provide cell essential
ATPs. Mammalian target of rapamycin (mTOR) signaling in

activated T cells increases glycolysis and inhibits OXPHOS
(van der Windt and Pearce 2012). cAMP, created in stressed
cells, inhibits mTOR signaling and consequently removes
OXPHOS inhibition which pathways desired in T-reg cells.
Collectively, induced metabolic alterations in chronic stress
much support T-reg development and interact with activated
T cell function.

In addition to the metabolic changes of T cells which are
induced by HPA axis and neurological stimuli, intracellular
stress (e.g., endoplasmic reticulum stress; ER stress) stimuli
can also influence the T cell metabolism and function. In ER
stress, IRE1α excises a 26-nucleotide fragment of XBP1
mRNA and creates an active splice of XBP1MRNA that binds
to the XBP1 protein, a transcription factor that has a role in the
adaptation to the ER stress. In a study done by Song et al., the
effect of microenvironment of ovarian cancer cells on the T
cell function was evaluated (Song et al. 2018). Ascites fluid
from malignant ovarian cancer patients induced some meta-
bolic changes in T cells, including the inhibition of glucose
uptake, N-linked protein glycosylation defects, and XBP1 ac-
tivation which leading to the suppression of IFN-γ production
and mitochondrial activity. This finding demonstrated that
ovarian cancer cells employ ER stress and IRE1α–XBP1 ac-
tivation in infiltrating T cells to evade antitumor responses.

In addition to the metabolic effects of stress on T cells,
stress-induced adrenergic activation suppresses cholinergic
control of digestive function. In the long term of chronic sit-
uation, individuals had to receive food for providing energy.
Incompatibility of the adrenergic situation and food taken has
led to digestive disfunction which their manifestations can be
in impairing of intestinal flora. Cross talk between gut micro-
biota and T cells is contributed in the development of

Fig. 3 Indirect and metabolic
effects of stress on Tcells. After T
cell activation by TCR and CD28
signal, glucose transportation 1
(Glut1) is upregulated and then
mTOR pathway and glycolysis
are activated. Glucocorticoids can
inhibit glycolysis, decrease
intercellular glucose, and may
limit glucose availability in
activated T cells using GC-
induced insulin resistance
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***

GCs -->
inhibit
glycolysis
糖酵解
in T cells
& decrease
intercellular
glucose

GCs --> 
insulin 
resistance
胰島素抵抗 
--> limit
glucose
availability
in activated
T cells (= like
cells involved
by PD1/PD-1
signal

***Indirect
effect of
stress
situation
--> on 
T cell
function

Check out Dr. Sharol's website:
https://youarethehealer.org/mold-and-toxins/moldy-people/testing-for-mold-illness/transforming-growth-factor-beta-1/ 

ATP (adenosine triphosphate) = souce of energy for use & storage at cellular level, providing energy
for many processes, such as muscle contraction, nerse impulse propagation, condesate dissoluation,
& chemical synthesis 

IFN gamma
(Interferon
gamma) =
a dimerized
soluble
cytokine
-->
transcriptional
regulation
of immuno-
logically
relevant 
genes 

anergic = 
無能的

anergic T cells
(T cells anergy) =
tolerance 
mechanism,
in which the
lymphocyte is
intrinsically
functionally
INACTIVATED
following an
antigen encounter
but remains alive
for an extended
period of time in
a hyporesponsive 
state 

Glycolysis 糖酵解 = metabolic
process that converts glucose
in a series of steps into pyruvic
acide & during which energy is
released in the form of ATP

cAMP (cyclic Adeosine Monophosphate) =
an intercellular second messenger to a wide variety
of hormones & neurotransmitters; in T cells, elevated
cAMP levels antagonize T activation by inhibiting T cell
proliferation & by suppressing the producion of IL-2 & 
IFN-gamma (; TCR signalling in the absense of CD28
costimulation also elevates cAMP levels...)

***

***
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inflammatory disorders in CNS (Fung et al. 2017), activation
of immune system (Miller and Raison 2016), stress-induced
alteration in neural circuits (Krishnan and Nestler 2008), and
depression (Fung et al. 2017). For example, epithelial-
associated bacteria such as segmented filamentous bacteria
induce TH17 production in mouse small intestine, the pheno-
type of T cell which is associated with immunopathology of
CNS such as experimental autoimmune encephalomyelitis
(EAE) (Fung et al. 2017). It was demonstrated that Th17 cells
are increased in the animal model of learned helplessness and
chronic restraint stress. The increase in Th17 cells promotes
depression-like behavior in the mice, and the inhibition of
TH17 function or production can reduce the vulnerability to-
ward depression-like behavior (Beurel et al. 2013).

Pathologic and neuroprotective roles of T
cells in stress condition

Although inflammation-activated HPA axis was considered a
negative regulator of immune responses, inflammatory path-
ways were activated by stressor including nuclear factor-κB
(NF-κB) activation (Bierhaus et al. 2003), and markedly en-
hancement in pro-inflammatory cytokines, such as IL-6 (Pace
et al. 2006) which pathways can represent several dramatic
pathologic manifestation in the body. T cells may play a crit-
ical role in translating allostasis to immunosuppression or im-
munopathologic presentations. There are shreds of evidence
suggesting the neuroprotective role of T cells following CNS
injury. IL-4 produced by CD4+ Tcells restores neural homeo-
stasis in the murine model of CNS injury (Walsh et al. 2015).
It was determined that IL-4-producing Tcells with an antigen-
independent manner were induced by molecular mediators
that originated from CNS injured cells (Fig. 4(b)). Affected
T cells are activated throughout Myd88 pathway with MHC-
II-independent signaling which leads to IL-4 production. The
produced IL-4 induces Akt map kinase pathway in neurons
which increases neurotrophin signaling and survival of affect-
ed neurons (Walsh et al. 2015). Previous studies demonstrated
that autoreactive T cells are required for supporting neural
actions including hippocampal-dependent learning, memory,
and hippocampal neurotrophic factor production (Ziv et al.
2006). Accumulation results suggest the neuroprotection role
of CNS-autoreactive T cells. Lewitus et al. (2008) hypothe-
sized that stress-induced lymphocyte trafficking to the brain
increases stress resilience. They determined that in a short
time predator odor stress model, T cell trafficking to the brain
was increased throughout corticosteroid-mediated ICAM-1
expression on the surface of choroid plexus cells (Lewitus
et al. 2008). To support these findings, passively transferred
CNS-specific T cells improved locomotor activity in rats
which were faced with nerve injury (Yoles et al. 2001).
According to the data, it can be concluded that the brain-

infiltrated T cells in stress situations enhance resilience to fur-
ther stress; the phenomenon is called behavioral immuniza-
tion. Although behavioral immunization was determined in
the short time stress, the effect of chronic stress might be
different. Studies conducted by Dhabhar et al. also support
the immunoprotective role of acute stress, while they deter-
mined the fact that chronic stress decreases immune cell traf-
ficking (Dhabhar 2014; Dhabhar and Mcewen 1997) which
might arrest creation of behavioral immunization during a
long time stress. They proposed that chronic stress polarizes
T cell to type 2 cytokines (Th2 cells) such as IL-4 and IL-10.
As noted before about the neuroprotective role of IL-4 (Walsh
et al. 2015), polarization of the immune response to Th2 cy-
tokines can be considered a physiological response to protect
CNS from more damages during long time stress.

Protective or pathologic effects of Tcells in stress condition
can be affected by several factors such as aging and compart-
mentalization of T cells. Special function of T cell subsets is
associated with its anatomical compartment and life stage.
With age, thymic volume reduces and thymic tissue is re-
placed by fat. Humans are born with developed T cells, which
are sufficient to fight against pathogens and regulate immune
responses (Kumar et al. 2018). Although, naïve T-reg and
conventional naïve T cell populations declined with age
(Thome et al. 2016), the proportion of terminal effector
CD8+ T cells (Temra CD8+ T cells) in blood and BM in-
creases (Di Benedetto et al. 2015; Gordon et al. 2017). As
naïve and effector T cells have different metabolic and
secretome, their responses in the stress condition can differ
as individual age, and more investigations are needed to ex-
plain how aging can influence allostasis responses of T cells.

According to the immunosuppressive effects of chronic
stress, it may be theoretically hypothesized that chronic stress
has a protective role in autoimmune disease. Most of the im-
munosuppressive effects of chronic stress are referred to the
glucocorticoid concentration. However, several inflammatory
disorder such as rheumatoid arthritis, asthma, and inflamma-
tory bowel disease have been associated with glucocorticoid
resistance (Chikanza and Kozaci 2004; De Iudicibus et al.
2011; Loke et al. 2002). It can be hypothesized that immuno-
pathology or immunoprotective effects of chronic stress may
contribute to the GC signaling.

There was some evidence that showed insufficient GC/GR
signaling in stress condition impaired relevance stress-
adaptive responses such as the immunosuppressive and anti-
inflammatory effects of the stress (Raison and Miller 2003).
Insufficient GC signaling, either as a result of inadequate se-
cretion (hypocortisolism) or as GC unresponsiveness (GC re-
sistance), leads to impair in restrain relevant stress-responsive
system particularly for immune/inflammation responses
(Raison and Miller 2003). Decreased concentration of cortisol
in plasma, urinary, and salivary sources has been reported in
patients suffering from posttraumatic stress disorder (PTSD)
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Learned
Helpless-
ness &
chronic
restrain
stress in 
animal 
--> increase
in Th17
cells -->
promotes
depression-
like 
behavior 
(in mice)

***

******

Akt signaling
= central 
signal
transduction
pathway
-->
regulating
matebolism,
proliferation, 
cell survival, 
& aniogen-
sis in response
to various
extracellular
cues

******

Ageing --> 
Fat --> decrease
in thymic volume
& thymic tissue 

Ageing ?-->
can influence
allostasis 
responses of T
cells

*** Chronic
Stress -->
according to
the theory of
allostasis, there
is a need of 
immune 
suppression for
better allocation 
of resources in 
fight-or-flight
responses -->
THEREFORE
a "protective role
in autoimmune 
disease" (=
"Glucocorticoid
Concentration")

***However, it is
Glucocorticoid
Resistance that
leads to -->
such Inflammatory
Disorders as
Rheumatoid 
Arthritis, Asthma,
& Inflammatory
Bowel Disease

Hypothesis: 
Chronic Stress
--> Immuno-
pathology or
Immunoprotective
effects --> 
GC Signaling

******

******Chronic Stress --> Insufficient GC Signaling (either resulting from inadequate secretion
of GC (Hypocortisolism) or resulting from GC unresponsiveness (GC Resistance) -->
IMPAIRMENT IN RESTRAINING of relevant stress-responsive system for immune/
inflammation responses

PTSD patients (experiencing chronic stress) --> Decreased GC Concentration in plasma, 
urinary, & salivary sources 
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(Yehuda 2001). Studies indicated that individuals with a low
level of cortisol after acute trauma belong to the high-risk
individuals for developing PTSD (Delahanty et al. 2000).
Although the mechanism of cortisol dysfunction still needs
to be investigated, there are several mechanisms suggesting
that cortisol dysfunction during chronic stress leads to insuf-
ficient anti-inflammatory effects of allostasis (Hannibal and
Bishop 2014).

T cell, as one of the main targets of immune-suppressive
effects of GC, can be converted to a GC resistance cell in
stress condition. Arbore et al. (2016) demonstrated that reac-
tive oxygen species (ROS) and dependent NLRP3 activation
in CD4+ Tcells led to IL-1β production and secretion (Arbore
et al. 2016). A positive association between NLRP3 activation
and TH1 response (IFN-γ production) was also discovered in
this study. NLRP3-mediated caspase1 activation cleaves pro-

IL-1β and pro-caspase1 to create active IL-1β and caspase1.
Currently, a significant NLRP3-mediated caspase1 activation
was identified in the patients with leukemia (B and T cell
leukemia), and the activation leads to cleave in GC receptor
(NR3C1) which results in GC resistance in leukemia patients
(Paugh et al. 2015). In the innate immune response, caspase1
is activated when an external agent arrives into the macro-
phage and leads to the induction of IL-1β processing and
secretion (Sani et al. 2014).

Studies carried out in animal models can help to understand
how psychological and mixed psychological-physiological
stressors trigger inflammasome using endogenous damage-
associated molecular patterns (DAMPs), including high mo-
bility group box 1 (HMGB1), ATP, heat shock proteins
(HSPs), uric acid, and molecules related to ROS (Raison and
Miller 2003). According to the data, in order to resolve the

Fig. 4 Proposed mechanism for immunopathology or immunoprotection
roles of T cell in CNS: (a) stress-induced DAMPs such as ATP, uric acid,
glucose HMGB1, and HSPs activate NLRP3 inflammasome and then
caspase 1. This proteolytic enzyme degrades pro-IL-1 to IL-1 as well as
dose degradation of the glucocorticoid receptor (NR3C1). After cleaving
glucocorticoid receptor, T cells changed into a glucocorticoid resistance
cells and polarized to TH1 subtype (IFN-γ producing subtype) as well.
The inflammatory phenotype of microglia cell (M1) is differentiated and
affected by IFN-γ and then produces inflammatory cytokines which can
create an inflammation condition in the brain. This cleavage also results in

GC resistance, so the phenomenon can remove the immunosuppressive
effect of stress released CGs on the inflammatory function of TH1 cells.
(b) Stress-induced DAMPs can also trigger CD4+ T cells throughout
MyD88 signaling without dependency on MHC-II peptide, and the
activation leads to IL-4 production by T cells. Other stimuli such as
vagus nerve stimulation, CNS antigen, and helminthic infection also
polarize T cell to the IL-4-producing T cell (TH2). IL-4 differentiates
microglia cells to anti-inflammatory phenotypes and induces astrocytes
to produce BDNF, as a neurogenesis factor. BDNF production can be
inhibited by IL-1β
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GC resistance = immunopathology (when 
the immune system cannot be "switched off" due to 
resistance to GC) --> autoimmunity

******

DAMPs (damage-
associated
molecular
patterns)

proteolytic =
hydrolytic
breakdown of
proteins into
peptides & 
amino acids, 
as occurs during
digestion

******

***

cleavage = splitting of 
a complex molecule

***When T 
cells turn 
into GC
resistance 
cells, that 
means the 
GC secreted
during stress
condition will
not effect to
provide 
"negative
feedback" to 
"switch off" the
system

IL-1beta, IFN-gamma, etc. = all all T cell cytokines NLRP3 inflammasome inhibitor = cleaves IL-1beta, IL18,
& gasdermin D & needs to be tightly regulated to avoid
excessive inflammation 

DAMPs =
damage
associated
molecular
patterns

Caspase = cruicial
mediator of
programmed cell
death (apoptosis) by 
cleaving many key
cellular proteins

Astrocyte 星形膠質細胞 = star-
shaped cells found in the
brain; comprised of synapses 
cell ends that allow for chemical
& eletrical communication between
cells

BDNF (brain-derived
neurotrophic factor) =
family of proteins that are
responsible for the growth
& survival of nerve cells
during dvelopment & for the
maintenance of adult nerve
cells

***Too much IL-1beta/IL18 (T cell cytokines) 
--> excessive inflammation --> inflammatory disorders

NLRP3 inflammasome NLRP3 炎症小體 = a critical component of the innate immune system that mediates Caspase-1 activation
& the secretion of proinflammatory cytokines IL-1beta/IL-18 in response to microbial infection& c ellular 
damage; however, abberant activation of the NLRP3 inflammasome is linked to several inflammatory aisorders 

***thus, reducing inflammation --> brings system back to
baseline
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immunopathology of T cells in stress condition, it can be hy-
pothesized that stress-induced DAMPs in T cells lead to
NLRP3 activation and consequently proteolytic degradation
of GC receptor. The created GC resistance by GC receptor
degradation leads to remove immunosuppressive effects of
GC (physiologic production or therapeutic administration)
on T cells (Fig. 4(a)). On the other hand, NLRP3 activation
induces Th1 cell polarization and IFN-γ production. IFN-γ
activates numerous transcription factors such as NF-κB and
AP-1. This type of transcription factors stimulates the expres-
sion of several genes which are involved in the phagocytosis
and inflammatory response of macrophages such as genes
corresponding to the production of inducible nitric oxide syn-
thase (iNOS) and ROS (M1 phenotypes). Thus, it can be con-
cluded that the migration of Th1 cells to the brain during the
stress condition alters immune protective status to an inflam-
matory condition.

Concluding remarks

In this paper, the contribution of stress and T cell responses
under the title of direct and indirect was discussed. Although
the first conception of the stress condition with glucocorticoid
secretion is T cell suppression, the glucocorticoid resistance in
T cells can alter the equivalence to other destiny. According to
the previous studies, in this review, a mechanism for immu-
nopathology of T cell in stress condition is introduced. IL-4
and BDNF, the cytokine produced in Th2 responses, can pro-
tect CNS from stress-induced damages. Th1 inflammatory
responses can be limited by HPA axis if their activated intra-
cellular caspase does not degrade GC receptor. All discussed
mechanisms were attributed to the stressors involving HPA
axis, but for the stressors such as regulated starvation regimen
without HPA axis involvement, the correlation between T cell
function and metabolic alteration can be different. The differ-
ence between the adaptive response to psychological and
physical stressors (such as starvation and inflammation) can
affect T cell function separately. In addition, the difference
between the animal model of the stress and human patient is
another effective note. Human behavior and physiologic con-
dition can be affected by several factors such as patient’s oc-
cupation, religion, and other mental factors. T cells, protec-
tively or pathologically, adapt themselves to the new
condition.
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