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Abstract

Background and purpose: Programmed cell death protein-1 (PD1) expresses on the cell surface of the
activated lymphocytes and at least a subset of Foxp3+ regulatory T cells. The binding of PD1 to its ligands
including PD-L1 and PD-L2 leads to deliver an inhibitory signal to the activated cells. Although PD1/PD-L
signal deficiency can lead to failure in the self-tolerance and development of autoimmunity disorders, PD1
blockade with monoclonal antibodies is considered an effective strategy in cancer immunotherapy.
Determining effective environmental factors such as stress conditions on the expression of PD1 and PD-L1
genes can provide an immunotherapeutic strategy to control PD1 signaling in the patients

Mammalian target of rapamycin signaling is a stress-responsive pathway in the cells that can be blocked by
rapamycin. In this study, the effects of rapamycin on the expression of immunoregulatory genes were
investigated in the stress condition.

Experimental approach: Daily administration of rapamycin (1.5 mg/kg per day) was used in the mouse model
of restraint stress and the relative expression of PD1, PD-L1, and Foxp3 genes in the brain and spleen were
evaluated using quantitative real-time polymerase chain reaction method.

Findings/Results: With our observation, daily restraint stress ceased rapamycin to decrease the expression of
Foxp3 in the brain significantly. These findings would be beneficial in developing tolerance to autoimmune
diseases and finding immunopathology of stress in the CNS. In another observation, daily administration of
rapamycin decreased the expression of PD-L1 in the brain cells of mice. In the spleen samples, significant
alteration in genes of interest expression was not detected for all groups of the study.

Conclusion and implications: Downregulation of the PD-L1 gene in the brain induced by rapamycin can be
followed in future experiences for preventing immunosuppressive effects of PD/PD-L1 signal in the brain.

Keywords: Immunomodulation; PD1; Rapamycin; Stress.

INTRODUCTION differentiation 28  (CD28),  cytotoxic
T-lymphocyte-associated  protein 4, and

T lymphocyte is one of the main components programmed cell death protein-1 (PD1) are

of cellular immunity against tumor and virally
infected cells. Three main factors involved in
the differentiation of naive T lymphocytes into
the effector cells, including the engagement of
T cell receptor with peptide binding major
histocompatibility complex, the co-stimulatory
signal receiving from antigen-presenting cells,
and the effect of produced cytokines.
In addition to the T cell receptor, stimulatory-
inhibitory receptors such as a cluster of
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involved in the T cell activation (1). Inhibitory
receptors such as PD1 lead to the suppression
of cell growth, inactivation of the affected cells,
and reduction in cell cytokine production.
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Stimulatory-inhibitory receptors can impact
the progress of tumors where tumor cells
express a ligand for inhibitory receptors (such
as PD-L1). Also, the lack of or decrease in the
cell expression of costimulatory molecules by
tumor cells can suppress the function of
activated T cells (2). Due to the supportive or
suppressive nature of stimulatory-inhibitory
receptors, the manipulation of these pathways
provides a new strategy to promote T cell
function for treating several diseases, including
cancers, infections, and the control of T cell
responses in autoimmune diseases (3). There
are several monoclonal antibodies specific for
PD1 or PD-L1 which are approved for the
treatment of patients with advanced tumors (4).

Regulatory T cells (T-reg) which are an
immunosuppressive type of CD4+ T cells are
characterized by the expression of the specific
transcription factor so-called Forkhead box
protein P3 (Foxp3). These cells can play a role
as  suppressive cells in the tumor
microenvironment (5,6). At least a subset of
T-reg cells expresses PD1 on their cell surface.
It was demonstrated that PD1 blockade by
specific antibodies or PD1 signal deficiency
leads to an increase in the proliferation and
suppression of PD1+ T-reg cells (5).

Immune responses in an individual can be
affected by endogenous and exogenous stress
stimulants. There are several definitions for the
concept of stress such as “a set of stressors on
the brain (perception or feeling of stress) that
trigger physiological responses to those factors
in the body” (7). Stressors can be divided into
two types, including physiological stressors
such as pathogens, and toxins and neurologic
stressors such as trauma, and major life events
(8). Despite the common view mentioning the
suppressant effects of stress on the immune
system, several studies have shown that
acute and chronic stresses have different effects
on the immune system. Previously,
it was thought that the body suppresses its
immune system to save energy for other vital
functions such as respond to stressors (8,9).
The proposed mechanism for stress-induced
immunosuppression is contributed to different
mechanisms, including the decrease in the
cytokine and prostaglandin and the suppression
in lymphocyte proliferation. The occurrence of

166

these events requires a period that cannot occur
in a short time of acute stress (9).

The mammalian target of rapamycin
C1 (mTORC1) is a cellular pathway that senses
and response to stress stimulators in the cell
(10-12). Different cell signaling pathways can
activate  mTORC1 by triggering the
phosphatidylinositol 3-kinase-protein kinase
B (PI3K-Akt) pathway and eventually lead to
cell growth. Rapamycin is a drug that binds to
a protein called FKBP and inhibits the
mTORC1 pathway. Although rapamycin
inhibits  interleukin-2-mediated T  cell
proliferation and prevents the formation of
effector lymphocytes, this drug does not impair
the function and survival of regulatory
T lymphocytes (1). The FDA has approved the
use of rapamycin in patients with advanced
renal cancer carcinoma, acute renal allograft
rejection, and tuberous sclerosis complex with
subependymal giant cell astrocytoma (13).

Since PD1/PD-L1 pathway is a therapeutic
pathway with clinical importance in patients
with malignancy and autoimmune diseases,
studying the factors that impact the pathway
could improve the appropriate intervention in
the patients. Also, PD1/PD-L1 pathway is one
of the main inhibitory signals in the regulatory
T cells, therefore, we designed this experiment
to test whether the restraint stress and
rapamycin can attenuate the expression of the
genes involved in this pathway. In this study, to
evaluate the effect of stress and mTOR pathway
on the lymphocyte function, the expression of
PD1, PD-L1, and Foxp3 genes, was assayed
using the real-time polymerase chain reaction
(RT-PCR) method in the mouse model of
restraint stress following daily administration
of rapamycin.

MATERIALS AND METHODS

Animals

Animal studies were performed according to
the ethical principles and the national norms
and standards for conducting Medical Research
in Iran (Ethical No. IR.BMSU.REC.1397.191).

Female BALB/c mice aging 8-12 weeks
were obtained from Laboratory Animal Core
Facilities, Kashan University of Medical
Sciences, Iran. Mice had free access to water



and food to acclimate to the surrounding
condition for at least 3 days before
experimentation. Animals were group-housed
five per cage (~50 x 25 x 25 cm).

Restraint stress

We used a restraint stress method based on
previous studies (14,15). Mice (5 mice per
group) were placed in a well ventilated 50-mL
restrainer (conical tubes) and a lever adjusted
for immobilization. The confined space
prevented mice from moving freely but did not
much press on them. After a 2-h stress cycle,
mice were returned to their cages with free
access to water and food. Daily exposure to
stressor continued until the day mice were
sacrificed and samples prepared (Fig. 1).

Pharmacological studies

Mice were treated with propranolol (2 mg/kg
per day) and rapamycin (1.5 mg/kg per day)
using oral gavage at least for 20 min before
placing them in the restrainer (conical tubes).
The effective dose of propranolol and
rapamycin was determined based on previous
studies (16,17). The animals were divided into
6 groups (5 mice per groups) including (i) Ctrl,
not exposed to any stressor and drug but stored

Daily drug
administration
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under the standard laboratory conditions; (ii)
Str, exposed to daily stress; (iii) Rapa, received
daily rapamycin; (iv) Rapa/Str, received daily
rapamycin before exposing to the stressor; (v)
Pro, received daily propranolol; (vi) Pro/Str,
received daily propranolol before exposing to
the stressor.

RNA isolation and cDNA synthesis

Mice were sacrificed with inhalation of
diethyl ether in a homemade anesthesia
chamber. Brain and spleen were snap-frozen in
the liquid nitrogen and then RNA was isolated
from frozen spleen and brain using Denazist
RNA isolation kit (Denazist, Iran) as per
manufacturer’s instructions. The accuracy of
extracted RNA was determined using 2%
agarose gel electrophoresis. Total RNA was
reverse transcribed using a Parstous
commercial kit (Parstus, Iran) based on the
manufacturer’s instruction. Briefly, 2 pL of
extracted RNA was combined with 10 pL 2x
buffer-mix, 2 pL enzyme-mix and 8 pL
diethylpyrocarbonate-treated water to bring the
total volume to 20 pL. The sample was mixed
with quick vortex and incubated first at 25 °C
for 10 min, then at 47 °C for 60 min, and finally
at 85 °C for 5 min.

Daily stress treatment
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Fig. 1. Experiment timeline. Before the main experiment, mice were maintained in the cage with free access to water and
food for acclimation to the experimental condition. Propranolol and rapamycin were daily administered to mice by oral

gavage 0.5 h before daily restraint stress.
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Table 1. Sequence, name, and product size of primers used in the study.

Primers Sequence (5’ to 3') Product size (bp) References
mGAPDH Forward: AGGTCGGTGTGAACGGATTTG

mGAPDH Reverse: TGTAGACCATGTAGTTGAGGTCA 123 18

mPD1 Forward: AAATCGAGGAGAGCCCTGGA

mPD1 Reverse: CATGCCTTGAAACCGGCCTT 109 19
mPD-L1 Forward: GGTGCGGACTACAAGCGAAT

mPD-L1 Reverse: TTCATGCTCAGAAGTGGCTGG % 20

mFoxp3 Forward: CCCAGGAAAGACAGCAACCTT 89 ’1

mFoxp3 Reverse: TTCTCACAACCAGGCCACTTG

Foxp3, Forkhead box protein P3; GAPDH, glycerol aldehyde phosphate dehydrogenase; PD1, programmed cell

death protein-1; PD-L1, ligands of PD1.

Quantitation of gene expression by RT-PCR

Primer’s sequence of PD1, PD-L1, Foxp3,
and brain-derived neurotrophic factor (BDNF)
was determined based on previous studies
(Table 1) and synthesized by Macrogene
(Macrogene, Korea). To standardize the
relative assays, the expression of the glycerol
aldehyde phosphate dehydrogenase (GAPDH)
gene was determined as an internal control.
RT-PCR mixture consisted of 2 uL cDNA, 1.5
uL of each reverse and forward primers, 9 pL.
RT-PCR Master Mix (Biofact, China.,
Amplicon, Denmark) and 5 pL ddH.O for a
final volume of 19 pL. RT-PCR was carried out
using Roche thermocycler (Roche,
Switzerland), the reaction was run at 94 °C for
10 min as initial denaturation followed by
45 cycles which consisted of a 30 s denaturation
(94 °C), and a 40 s anneal/extension (60-62 °C;
the temperature of anneal/extension was
different for each set of primers).

The resulting changes in the fluorescence of
amplification were relatively measured using
LightCycler 96 SW 1.1 software and CT (or
Cq) of the samples were obtained using Rel
Quant program. The CT results of samples were
entered into the Excel software in different
groups. To calculate relative expression, the
following equation was used:

ACt = Cy target gene — Cr control gene

To simplify graphs, ACt of genes was
subtracted from a constant number (n) and
displayed on the graphs. In other words, the
value of the relative expression in the graph
referred to n - ACr.

Statistical analysis
Data were analyzed using t-test and one-way
analysis of variance (ANOVA) followed by
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Tukey's multiple comparisons and Kruskal-
Wallis (for results without using Gaussian
distribution) tests using GraphPad Prism 5 and
differences were considered significant at
P < 0.05. Dunn's multiple comparison test and
using median + 1Q was used as post-test in
Kruskal-Wallis test.

RESULTS

Three groups of mice (Str, Pro/Str, and
Rapa/Str) were exposed to daily stress for 13
days. The effect of 13-day restraint stress on the
bodyweight of mice is shown in Fig. 2. Weight
results in days 1, 10, and 13 were analyzed
using ANOVA followed by Tukey's multiple
comparison test and Kruskal-Wallis test.
Although the weight loss of all groups was not
statistically significant throughout the period of
the experiment, predictively, for Rapa/Str and
Str a weight loss was visually observed within
10 days after the beginning of the exposure to
the restraint stress.

In Fig. 3, relative expression of PD1, PD-L1,
Foxp3, and BDNF in the brain and spleen are
illustrated. Spleen and brain of 8- to 12-week-
old BALB/c mice were isolated for RNA
extraction, cDNA synthesis, and quantitative
RT-PCR. Mice received propranolol and
rapamycin by oral gavage half an hour before
daily 2-h restrain stress. Among the evaluated
genes, PD-L1 and Foxp3 were significantly
decreased in mice receiving rapamycin (Rapa)
and mice receiving rapamycin in stress
conditions (Rapa/Str), respectively (Fig. 3 At
2). Downregulation of Foxp3 gene was not
observed for the control group (Ctrl), stressed
mice (Str), and rapamycin-treated mice (Rapa).
In the spleen samples, significant alteration in
gene expression was not detected for all groups
of the study.
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as an

inhibitory signal, and Foxp3, as an important
transcription factor of regulatory T cells was

daily restraint stress in the mouse model, the

regulatory T cells of the brain and spleen. Using
expression of PDI1/PD-L1 genes,
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groups. *P <0.05 Indicates significant differences compared to the control group and #P <0.01 vs Rapa/Str. Foxp3,
This experiment was designed to determine

Fig. 3. Effect of restraint stress and rapamycin on the expression of PD1, PD-L1, and Foxp3 genes (5 mice per group).
Relative expression of (Al) PD-L1, (A2) Foxp3, and (A3 and A4) PD1 genes in the brain. Restraint stress suppressed the
expression of the Foxp3 gene but not for PD1 and PD-L1 genes in the brain of the mice treated with rapamycin.
Rapamycin suppressed PD-L1 gene expression in the brain which reverted by restraint stress. The significant alteration
in the gene expression of (B1) PD-L1, (B2) Foxp3, and (B3 and B4) PD1 was not observed in spleen samples of all assay
Forkhead box protein P3; PD1, programmed cell death protein-1; PD-L1, ligands of PD1; Pro, propranolol; Rapa,
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assayed. Significant changes in the expression
of PD-L1 and Foxp3 genes were observed in
mice receiving rapamycin and mice receiving
rapamycin with exposure to the restraint stress,
respectively. Predictively, the weight loss was
observed in the mice exposed to the stress in Str
and Rapa/Str groups, but for Pro/Str,
propranolol may inhibit this weight loss
manifestation. The visually observed weight
loss was not statistically significant for all
groups of the study.

In the stress condition, the downregulation
of PD-L1 expression was induced by rapamycin
restored. Different cell signaling pathways that
are induced by stressors might overcome the
effect of rapamycin on the expression of PD-
L1

Based on the energy conservation theory,
acute stress leads to an increase in the function
of innate immunity and the suppression of
adaptive immunity (21). Challenging this
theory, firstly in the body, adaptive and innate
immunity are coordinated with each other and
in some cases they utilized shared components
and cells, secondly, all immunosuppression
mechanisms are not without energy
consumption, and finally adaptive immunity
are not the only component to respond to
foreign antigens that innate immunity was
failed to overcome on (9). The effects of
chronic stress on the immune system were
evaluated in several studies. It was determined
that chronic stress suppresses natural killer cells
activity, leukocyte proliferation, skin autograft,
viral-specific T cells, and anti-mycobacterium
activity of macrophages (10,22-25). According
to the results of quantitative gene expression, no
significant alteration in PD1 and Foxp3 gene
expression (genes involving in the PD1+
regulatory cells) was detected in mice with or
without stress but rapamycin decreased the
expression of PD-L1 in the brain and stress
condition, this drug decreased the expression of
Foxp3 gene.

In the previous studies, different effects of
rapamycin on the T-reg cells were reported.
Prolonged treatment of rapamycin led to an
increase in the thymic generation of CD4+
Foxp3+ T cells (26). The results taken from the
expression of Foxp3 in this study showed that
the co-administration of rapamycin and stress
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might interfere with the tolerogenic function of
T-reg cells in the brain. According to the role of
T-reg cells in the pathogenesis of several CNS
disorders such as multiple sclerosis and
Alzheimer's disease (27,28), the
implementation of the results would be
instrumental in studies of CNS autoimmune
diseases. On the other hand, rapamycin down-
regulated the expression of PD-L1 in the brain,
and this decrease was reverted by restraint
stress. As the PD1/PD-L1 pathway is one of the
most important signals in the maintenance of
peripheral tolerance and inhibiting from
autoimmune reactions, the obtained results
support the immunosuppressant effect of stress
on adaptive immunity (29). In another study, it
was demonstrated that PD1 blockade in
combination  with  rapamycin inhibitors
restrains intrinsic PD1- and mTOR-signaling in
hepatocellular carcinoma which leads to a
decrease in the hepatoma progression (30). This
finding, as a proof of principle, supported the
correlation between PD1- and mTOR-signaling
in the non-immune cells.

According to the gene expression profile, no
significant alteration in the expression for all
assayed genes was observed in the spleen as
well as for PD1 in the brain. The lack of
changes could be explained as a reason as brain
cells might more be affected than other cells
from the stress condition and brain collected
samples are might better to indicate changes in
the gene expression. In a similar study by Buidu
and colleges, three types of stress stimulators
(acute and chronic restrain and social isolation)
were conducted to evaluate the effect of stress
on the progression of tumor growth (31). In
their results, significant stress-related changes
in the primary tumor volume were not detected.
It should be mentioned that the result obtained
from animal models of stress might not
completely be translated into the human ones,
particularly for the mature and aged individuals
who are much affected by life emotional and
environmental factors in the different times of
their life.

CONCLUSION

Collectively, in this study, we demonstrated
different effects of stress on the expression of



tolerogenic genes (downregulation effect for
Foxp3 and upregulation effect for PD-L1), the
results might be related to different regulating
mechanisms involved in the expression of these

two genes. Rapamycin decreased the
expression of PD-L1 gene in the brain; the
results can be considered as an

immunotherapeutic effect of rapamycin. This
effect of rapamycin can be more investigated in
in vivo and in preclinical experimental models
of challenges related to the PD1 signal such as
cancer immunotherapy investigations.
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