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ABSTRACT
Introduction: CD4+CD25+ Foxp3+ T regulatory cell (Tregs) represents approximately 8-10% of the total CD4+ T cell
population and are important for immune homeostasis and preventing autoimmune development. Thus, harnessing
their functions as immune modulator may be coupled with the rapid advancement of nanotechnology development.
Plant-mediated biosynthesis of silver nanoparticle (AgNP) is noteworthy due to simplicity, rapid rate and potentially
render more biocompatibility with biomolecules. This study identified the effect of biosynthesized-AgNPs from Garcinia atroviridis (GA) in modulating inflammatory properties of Treg cells in Non-Obese Resistant (NOR). GA extract
was used to biosynthesized AgNPs and was tested on the effect of inducing inflammatory properties in CD4+IL17Rhigh
cells following 72hr in vitro treatment. Methods: Conventional CD4+CD25-Foxp3- cells from female NOR mice were
sorted using magnetic separation and cultured in RPMI in the presence of anti-CD3/CD28 antibodies, TGF-β and
IL-2 cytokines. Cells were then treated with or without GA-AgNPs for 48hr of iTreg cell induction and then re-cultured with new media treated with respective treatments received. After 72hr in vitro culture, cells were stained with
fluorochrome-conjugated antibodies for flow cytometry. Results: Current result showed that AgNPs suppress CD4
expression in CD4+IL17Rhigh population. MAPK pathway proteins remain unchanged in both control and AgNP-treated groups. Conclusions: The preliminary findings may suggest the properties of GA-AgNPs in modulating CD4+ T
cell population in normal condition. Further studies are necessary to elucidate the molecular mechanisms involve in
such interaction. Current findings serve as basis in further identifying the immunomodulatory profile of nanoparticle
for potential therapeutic use.
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INTRODUCTION
Understanding the immunobiology of CD4+ T cell
subset serves as the crucial step in the effort to
manipulate our immune system as means of therapy.
One of the most common approach is by modulating
the immune induction and regulation components. In
fact, immunomodulation has been extensively studied
in research laboratories in cancer- and autoimmunerelated diseases (1-5). One of the important component
in immune induction is CD4+Th17 cell subset which is

produced from naive CD4+ T cell in the presence of IL21, IL-6 and TGF-β. This will lead to phosphorylation
of STAT3 (6-9) and eventually upregulate transcription
factor Retinoic acid-related Orphan Receptor C (RORC2)
in naive CD4+ T cells. As a results, these cells express
IL17 receptors and release pro-inflammatory cytokines
IL17 and IL-23 (8, 10-12). These cells are highly proinflammatory and functioned as assassins to tumour
antigens and bacteria in which dysregulation will lead
to self-destruction autoimmune disease (7, 8, 10, 11,
13).
Thus, immunoregulatory component is necessary
to maintain immune homeostasis. One of the key
player in immune homeostasis is CD4+CD25+Foxp3+
T Regulatory (Treg) cells. It is one of the CD4+ subset
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and can be divided into two main subsets i.e natural T
regulatory (nTreg) and induce T regulatory cell (iTreg)
((7, 14, 15). Natural nTreg cells are derived from the
thymus while iTreg are produced from conventional T
cell (CD4+ CD25- Foxp3-) in the peripheral site (7, 14,
15). Production of iTreg cells can increase when there
is decreased or defective nTreg (16). This can also be
induced in vitro upon TCR stimulation and cytokines
IL-2 and TGF-β (16, 17).
Nanomaterial as a mean of cancer therapy has been
widely studied in translational researches. In fact, its
application as immune modulator is now a focal point
in immunomodulation approach in cancer-related
studies. Advanced method of nanomaterial biosynthesis
such as plant-mediated silver nanoparticles (AgNPs)
is highly preferred due to less harmful, cost effective,
higher biocompatible with biomolecules as well as
environmental-friendly waste management compared
to chemical and physical synthesis of AgNP (18-20).
Due to its differential effect on both innate and adaptive
immune components (21-23), fundamental analysis
is necessary to provide immunomodulatory profile of
nanomaterials for therapeutic purposes.
Garcinia atroviridis (GA) is a tropical plant commonly
consumed by locals for its edible fruits. In traditional
medicine, GA has been used to treat abdominal pain,
infections, gastric and pains associated with pregnancy
(24). Tan et al. (2018) recently reported essential oils
isolated from GA leaves having anti-proliferative
property showing significant inhibitory effect against
MCF-7 human breast cancer cells (25). Besides, GA has
also been studied to provide potent anti-inflammatory,
antioxidant, anti-microbial and anti-cholinesterase
properties (26, 27). In fact, volatile constituents of
GA fruit extract possess selective inhibitory activity
against COX-2 compared to COX-1 thus suggest antiinflammatory properties (26).
The aforementioned studies have inspired us to explore
potential modulatory effect that may induce by GA on
inflammatory components in CD4+CD25-IL-17Rhigh cell
fraction of healthy control. In the present study, GA
leaf was used as bioreductant to biosynthesise silver
nanoparticles (GA-AgNPs), knowing this is the first study
to investigate the potential bioactivity of GA-AgNPs on
anti-inflammatory activity. It is hoped to serve as basis
immunomodulation properties of nanomaterial for
future therapeutic applications.
MATERIALS AND METHODS
Biosynthesis of Garcinia atroviridis silver nanoparticles
(GA-AgNPs)
Briefly, G. atroviridis leaves were washed thoroughly
with distilled water and dried for 3 days in the hot air
oven at 38-40 °C. The extract solution was prepared by
boiling 10 g of ground leaves with 100 ml of deionised
89

water for 10 min at 60 °. Freshly prepared aqueous
extract was used for synthesis of silver nanoparticles. For
synthesis of silver nanoparticles (GA-AgNPs), a known
concentration of leaf extract was interacted with 0.1 M
silver nitrate (AgNO3) solution at 1:4 mixing ratio to
make up 100 ml final volume in conical flask. The flask
was heated at 32 °C with continuous stirring for 72 h.
Mice
Eight-week old female Non-Obese Resistance (NOR)
mice were purchased from the Jackson Laboratory,
Maine USA. The permission from Veterinary Department,
Ministry of Agriculture, Malaysia at Seberang Jaya
District, Penang was obtained to import the animals.
These animals were acclimatised at the Animal
Research Centre, USM, prior to commencement of the
experiment. All animals were housed in the cage with
dimension of 29.5 cm x 12.5 cm x 15.5 cm and bedded
with sterile dry sawdust. The mice were maintained
in the animal facilities under specific pathogen-free
in accordance with guidelines and regulations of the
Universiti Sains Malaysia and were used at 12 week
of age. All experiment protocols were approved from
USM Animal Ethics Committee [USM/animal ethics
approval/2015/97/704]. All protocols including the
euthanasia and samples collection were carried out
according to the recommendations of the Animal Ethics
Committee.
Antibodies, reagents and flow cytometry analysis
Spleen of NOR mice were collected after mice were
sacrificed by cervical dislocation. Spleen from all mice
were pooled in one falcon tube containing total complete
media before excised into small fragments. Mouse nTreg
cells were isolated from spleen tissues by magnetic
separation using negative and positive isolation kit
(Miltenyi Biotech GmBh, German). Negatively isolated
CD4+CD25- T cells from NOR mice spleens were then
stained with FITC-anti- mouse CD4, VioBlue-anti ICOS,
VioBlue-anti mouse IL17R and PE-anti mouse TIGIT to
determine the marker profile of isolated CD4+CD25cells (Miltenyi BioTech GmBh, German). Cell were
cultured in RPMI 1640 supplemented with 10% FBS
(Thermo Fischer Scientific, USA), 10 mM HEPES, 500 µL
antibiotic stock solution containing 100 U/mL penicillin,
100 µg/mL streptomycin and 10 µM β-mercaptoethanol
(Gibco BRL, New York) with or without growth factor
20 ng/mL IL-2 (BD Pharmingen, USA) and 5 ng/mL
TGF-β (BD Pharmingen, USA) with or without 10 mg/
mL GA-AgNP. Plate wells were coated with 10 µg/mL
of anti CD3 prior to culture and anti-CD28 were added
to respective groups before in vitro culture. Following in
vitro treatment, cells were stained with similar markers
in addition of fluorochrome tagged-antibodies against
phosphorylated transcription factor protein i.e alexa
fluor-anti STAT5, alexa fluor-anti p38 and alexa fluoranti ERK1/2. Intracellular staining was performed using
fixation and permeabilization technique and reagents
were prepared from Transcription factor buffer kit (BD
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Pharmingen). Mouse PE-and APC-conjugated IgG1 and
FITC-conjugated IgG2a were used as isotype controls.
Samples were analysed using flow cytometer BD
FACSCanto II (BD Pharmingen, USA).
Statistical Analysis
Data were statistically analysed using Statistical Package
for the Social Sciences (SPSS) 12.0.1 software. KruskalWallis test was used to compare between the cellular
and molecular profiling markers of treated groups with
control groups. Data was presented as mean ± Standard
Error of Mean (SEM). A significant difference of p ≤ 0.01
was denoted as **.
RESULTS
Expression of cellular and molecular markers of
CD4+CD25- isolated cells from NOR mice before
treatment
The markers expressed by CD4+CD25- cells determined
the functional analysis of CD4+ cell subset. Thus,
profiling the expressed markers of isolated CD4+ CD25T cells was performed by labelling the cells with surface
and cytoplasmic markers. The surface markers identified
were CD4, ICOS, TIGIT and intracellular Foxp3. Figure
1 and 2 showed the cellular profiling of isolated
CD4+CD25- T cells before treatment. Isolated cells
from NOR mice spleen were predominantly expressed
high levels of CD4+ (93.0 ± 0.4%) and IL17 receptors
or IL17R (72.5 ± 0.0 %) on the cell surfaces. However,
these cells expressed lower number of inhibitory
molecule TIGIT (3.6 ± 7.2%) and stimulatory molecule
ICOS (2.4 ± 1.9%) as well as transcription factor Foxp3
(3.2 ± 1.5%). Figure 1 represented the dot plot showing
the population of cells isolated from NOR spleens prior
to treatment. CD4+CD25- cells codominantly expressed
IL17R while lower expression levels of TIGIT, ICOS and
Foxp3 proteins.
Expression of cellular and molecular markers of
CD4+CD25- isolated cells from NOR mice after
treatment
Figure 3 and 4 showed the cellular profiling after
120hr in vitro culture of isolated CD4+CD25-IL17Rhigh
from NOR mice. Treatment groups were divided into
four groups which included CD4+CD25-IL17Rhigh
as control group for all AgNP treated and untreated
groups supplemented with or without TGF-β. Group
2 comprised of CD4+CD25-IL17Rhigh cells treated with
TGF-β for induction of Foxp3-expressing CD4+ cells i.e
iTreg cells. Group 3 comprised of CD4+CD25-IL17Rhigh
cells treated with TGF-β and GA-AgNP to test the
induction of GA-AgNP in inducing iTreg cells. Group 4
comprised of CD4+CD25-IL17Rhigh cells treated with GAAgNP only to test its effect on CD4+CD25-IL17Rhigh cell
subset.
The percentage of CD4 marker in stimulated cells
expressing high IL17 receptor was not significantly

Figure 1: The expression of stimulatory ICOS and IL17R proteins, inhibitory TIGIT protein and transcription factor Foxp3.
Dot plot shows the levels of protein expressed in isolated CD4+
T cells before treatment. (n=5 mice/experiment).

Figure 2: Mean of surface and intracellular protein profiling of
isolated CD4+CD25- cells before treatment. Isolated cells were
codominantly expressed IL17R and lower expression levels of
ICOS, TIGIT and Foxp3. Data shown are expressed as the percentage of cells expressing the markers from single population
CD4+ CD25- cells. This experiment was repeated three times
and the graph was plotted based on the mean value. Error bar
represents Standard Error Mean (SEM). n=5.
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Figure 4: Mean of cellular and pathway profiling of parent
cells after treatment. The mean of 15d-PGJ2, AgNP and ctrl
AgNP were compared with iTreg by using Kruskal Wallis test.
Treatment groups 15d-PGJ2, AgNP and ctrl AgNP showed lower percent of cellular and signaling pathway profiling compared to control group except Foxp3 in control CD4+ group
is lower than 15d-PGJ2 .A significant difference of p ≤ 0.01
was denoted as **, respectively. Error bars represents Standard
Error Mean (SEM). n= 5

at lower levels although not significantly different as
compared to control group.

Figure 3: Dot plot representing the surface and molecular
markers in CD4+IL17Rhigh cells after in vitro cultured treated
with GA-AgNP in the presence of IL-2 and TGF-β. Dot plot
shows CD4+ ILRhigh cells stained with FITC-anti- mouse CD4,
VioBlue-anti ICOS, VioBlue-anti mouse IL17R and PE-anti
mouse TIGIT for surface markers and APC- anti Foxp3, alexa
fluor-anti STAT5, alexa fluor-anti p38 and alexa fluor-anti
ERK1/2 for intracellular markers to determine the profile of
isolated CD4+CD25- IL17Rhigh cells. Figure b) shows IL17 receptors are highly expressed in these cells following treatment.
While other co stimulatory markers are not differentially expressed as compared to control group. Data shown are representative of three independant experiments. n=5

changed after 120 hr in vitro culture treated with IL-2 as
compared to control group (62.9 ± 13.1 % vs 60 ± 0.2
%). In contrast, addition of GA-AgNP in CD4+IL17Rhigh
cells supplemented with TGF-β and IL-2 in vitro culture
resulted in significant reduced of CD4 expression in
these cells (5.8 ± 6.0 %, p < 0.005). However, although
the levels of IL17R expression was reduced in these cells,
the changes was not significant as compared to control.
These cells also expressed low levels of inhibitory
TIGIT and stimulatory ICOS proteins respectively
similar with the control group. In contrast, although not
significant, transcriptional protein Foxp3 was slightly
induced in these cells after supplemented with IL-2 and
TGF-β. Similarly, STAT5 protein was not significantly
phosphorylated in CD4+IL17Rhigh cells as compared to
unstimulated cells in control group. But MAPK pathway
proteins, p38 and ERK1/2 showed to be phosphorylated
91

In CD4+IL17Rhigh treated with GA-AgNP and
supplemented with IL-2 and TGF-β, the levels of CD4
expression were significantly reduced (2: 5.8 ± 6.0 %, p
<0.005) as compared to control (60 ± 0.2 %). However,
levels of IL17 receptor were not differentially expressed
in these cells as compared to control group. TIGIT and
ICOS proteins remained expressed at low levels similar
to control group. Similarly, Foxp3 expression was not
significantly changed as compared to control group. In
addition, although statistically not significant, STAT5
protein was suppressed at lower levels than control
group. P38 and ERK1/2 phosphorylated proteins were
also reduced as compared to control but at insignificant
levels.
Meanwhile, CD4+IL17Rhigh cells treated with GA-AgNP
without TGF-β showed to have the lowest levels of CD4
expression( 0.63 ± 0.3 %) as compared to control group
(60 ± 0.2 %) with significant level of p<0.005. Similarly,
addition of GA-AgNP also significantly reduced IL17
receptor expression in these cells (p<0.005). Expression
levels of TIGIT and ICOS were also reduced as
compared to control group although not significant.
Phosphorylated levels of STAT5 and p38 were also
reduced in these cells treated with GA-AgNPs. Although
not significant, phosphorylated ERK1/2 proteins were
reduced further as compared to control group (0.0 ± 0.0
% vs 44.3 ± 0.2 %).
DISCUSSION
Activation of IL-17R on Th17 cells will lead to the release
of pro-inflammatory cytokines IL17A, IL17F, IL21 and
IL22 to further remove pathogenic substances (28).
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However, excessive Th17 response can lead to adverse
inflammatory reaction (8, 13). This will be counteract
by immune regulator such as CD4+CD25+Foxp3+
T-regulatory cells. These cells are responsible for self and
non-self-discrimination and avoid adverse autoimmune
reaction (14, 29).
Current study identified the synergistic effect of
biosynthesized GA-AgNP in inducing anti-inflammatory
properties of CD4+IL17Rhigh cells isolated from healthy
non obese resistance (NOR) mouse model, thus we
tested the potential effect of GA-AgNP in inducing Foxp3
expression in these cells together with ICOS and TIGIT
receptors. ICOS are co-stimulatory receptors expressed
on activated CD4+ and CD8+ cells. These receptors
are analogous to CD28 and CTLA-4 activities (3032). While TIGIT molecules opposed the effect of costimulatory receptors, mainly expressed by T-regulatory
cells and dendritic cells (33, 34). In addition, to further
dissect the molecular pathways involved, we measured
the phosphorylation levels of signalling molecules
involved in IL-2 pathway as well as MAPK pathways of
p38 and ERK1/2 proteins. We also measured changes
on IL17 receptor expression in these cells to indicate the
immunomodulatory effect of GA-AgNP in these cells in
healthy condition.
Our findings showed that treatment with GA-AgNP
reduced expression levels of CD4 and IL17 receptors
in CD4+IL17 cells. However, addition of TGF-β did not
altered the expression of IL17 receptors in these cells.
In addition, although not significant, CD4+IL17Rhigh
cells treated with GA-AgNP have lower levels of
phosphorylated ERK1/2 proteins. Contrary to a previous
report on the effect of TGF-β in inducing Foxp3
expression in CD4+CD25- cells (35), our results showed
that the collateral use of GA-AgNP on CD4+IL17Rhigh
cells for 120hr in vitro in the presence of TGF-β does
not promote the expression of Foxp3 protein in these
cells. Also, addition of GA-AgNP in cells supplemented
with TGF-β reduced the expression levels of TIGIT and
ICOS receptors and phosphorylated proteins of MAPK
pathway p38 and STAT5 proteins in CD4+IL17Rhigh cells.
Our preliminary data on the effect of GA-AgNP in
modulating the pro-inflammatory properties of CD4+
cells from healthy model may suggest the potential
effect exerted by these nanomaterials in modulating
the markers of stimulated CD4+ cells during adverse
inflammatory reaction. We proposed that these
biosynthesized nanoparticles are capable of altering the
role of IL-2 and TGF-β cytokines. These cytokines are
essential and intersected at MAPK pathways (36, 37). In
addition, low levels of Foxp3 expression in cells treated
only with TGF-β is in contrast with previous study by
Fantini and colleagues (2014) that showed similar
concentration of TGF-β induced iTreg cells form CD4+
T cell population (37,38). Discrepancy in these findings
could be due to different incubation period used in both

studies as current study exposed cultured cells to the
cytokines at a shorter period. This is because current
study tested the effect of GA-AgNP in 120 hr in vitro
time frame while previous studies investigated the effect
up to ten days without the addition of AgNP.
Current results reported that there is a significant
decreased of CD4 expression levels but no significant
reduced in IL17 receptors in stimulated CD4+IL17Rhigh
cells following treatment with GA-AgNP supplemented
with IL-2 and TGF-β. This may suggest that GA-AgNP
augmented the effect of these cytokines to promote
stability of IL17-expressed cells (39, 40). In fact, it is
suggested that GA-AgNP can trigger plasticity of CD4+
cells into non-CD4+ due to the pleotropic role of TGFβ. This cytokine plays a dual role as pro-inflammatory
and anti-inflammatory activities, depending on the
secondary cytokine produced in the cell vicinity (41, 42).
Thus, current study suggested that the addition of GAAgNP triggers pro-inflammatory effect of TGF-β and IL-2
cytokines in CD4+IL17Rhigh cells and is highly capable
of inducing plasticity in CD4+ to non-CD4+ cells from
healthy mouse model. This is in line with previous reports
by Murphy et al (2016) and Zhao et al (2016) where they
concluded that conversion of CD4+ cells into non-CD4+
cells as a results of interaction between external factors
such as cytokines and nanomaterials are necessary to
regulate homeostasis (43, 44). This process is primarily
mediated by activation of OX40 protein receptor. This
receptor and its ligand OX40L are expressed on the
activated CD4 and CD8 T cells (45). Also, Zhao and
colleagues (2009) reported that inhibition of Fas/FasL
will induce conversion of non-CD4+ cells from CD4+
cells (40). As a result, transcription factors STAT5, p38
and ERK1/2 were not phosphorylated, indicating no
activation of MAPK pathway as demonstrated in current
findings.
CONCLUSION
Taken collectively, current findings may contribute to
the preliminary data on the effect of biosynthesized
AgNP from Garcinia Atroviridis extract on immune
modulatory components of normal cells from healthy
model. Given the role of TGF-β as pleotropic cytokine,
we proposed that the addition of GA-AgNP in TGF-β/
IL2 environment triggered the plasticity of CD4+ cells
into different population. Further studies are necessary
to identify the molecular mechanisms involved. Current
findings may serve as a basis in investigating the
immunotoxicity of nanomaterial used in therapeutic bio
products.
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