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MicroRNA-142-3p inhibits IFN-γ production via targeting of
RICTOR in Aspergillus fumigatus activated CD4+ T cells
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Background: Aspergillus fumigatus (AFE) is a well-adapted, opportunistic fungus that causes a severe and
commonly fatal disease, wherein IFN-γ is one of the most important protective cytokines. The aim of this
study was to investigate the microRNA expression profile and explore the underlying mechanism during
infection with AFE.
Methods: CD4+ T cells were activated by co-culturing with dendritic cells (DCs), which were pre-treated
with AFE. Next, we performed microRNA microarray expression profiles of activated and control T cells,
following which, miRNA-142-3P was selected. To explore the effect of miR-142-3P on T cell activation,
miRNA-142-3P expression was disrupted by transient transfection with miR-142-3P mimic or inhibitor.
Then, levels of RICTOR, phosphorylated AKT and IFN-γ were detected via Western blotting and qPCR
respectively. We further used siRNA to decrease RICTOR expression and determined the role played by
RICTOR in miR-142-3P mediated-IFN-γ expression by qPCR following AFE-mediated T cell activation.
Results: The heat-map of miRNA expression profiles showed that 54 microRNAs (miRNAs) were
filtered, the levels of which, were significantly different between CD4+ T cells activated by AFE and control
T cells, in which microRNA-142-3 was involved. Forced expression of miRNA-142-3P dramatically
suppressed RICTOR levels, phosphorylated AKT and IFN-γ in AFE activated T cells. Conversely, loss of
miRNA-142-3P elevated RICTOR levels, phosphorylated AKT and IFN-γ. Notably, RICTOR deficiency
decreased AKT phosphorylation levels and IFN-γ secretion.
Conclusions: Observations indicated that down-regulation of microRNA-142-3p enhanced IFN-γ
expression, and did so by promoting RICTOR expression in CD4+ T cells activated by AFE.
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Introduction

mortality rate of 50–95%, indicating a relatively poor

Invasive aspergillosis is one of the most severe pulmonary
infections that provokes aspergillosis in patients with
compromised immunity, and an associated heightened

outcome from the clinical management of this disease (1,2).
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Aspergillus fumigatus (AFE), identified as an opportunistic
fungal pathogen that is quite abundant in external
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environments, is the main pathogenic fungus of invasive
aspergillosis. It has been reported that AFE not only
induces fungal infection in immune suppressed individuals
but also exacerbates the inflammatory response to invasive
aspergillosis.
Adaptive immunity is considered a critical consideration
in AFE infectious diseases. Additionally, it is well-known
that conventional myeloid dendritic cells (DCs) are highly
potent professional antigen presenting cells (APCs),
which exert important effects on adaptive immunity that is
stimulated by Aspergillus. Once the invading microorganism
is inhaled in the context of respirable hydrophobic conidia,
resident phagocytic cells are activated and attempt to
eliminate it. However, if the spores are not effectively
removed, they will germinate into germ tube and/or hyphal
morpho types, in which macrophages and DCs produce
inflammatory factors and trigger adaptive immunity.
DCs can capture aspergillus antigens, and present fungal
peptides to CD4+ T cells, following which, the production
of inflammatory cytokines and chemokines ensues, which
contributes to T cell activation. These activated CD4+ T
cells are both protective (Th1 and Th17) and pathological
(Th2) (3-5).
It has been suggested that Th1-mediated adaptive
immunity significantly promotes protective immune
responses in invasive aspergillosis (6-8). Previous studies
showed that the expression of IFN-γ is detected in early
infectious stages of lungs that have been challenged with the
microorganism (9,10). Furthermore, CD4 T cells have been
identified as the main source of IFN-γ during late stages
of infection, and in immunized mice (6,11,12), whereas
IFN-γ is dominantly secreted by NK cells in the early
infectious stages of involved lungs with neutropenic invasive
aspergillosis (13). The results from prior clinical trials have
illustrated the importance of adjunctive immunotherapy,
which is based on the protective role of IFN-γ, which
can dramatically restore immune functionality of patients
affected by fungal sepsis caused by chronic granulomatous
disease, renal transplant, and so on, in which the outcome
is not significantly affected or improved by anti-fungal
therapy (14-16).
MicroRNAs (miRNAs) are small non-coding RNAs
of about 20–22 nucleotides, which have been reported to
serve as functional regulators in different diseases, and do
so mainly by promoting mRNA destabilization with the
aim of inhibiting translation. Currently, miRNA plays a
multitude of roles in various biological processes including
immune responses. Prior studies showed that miRNAs have
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unique expression profiles in innate and adaptive immunity.
In adaptive immunity, miRNAs engage in diverse processes
including T cell activation, differentiation, proliferation,
survival and TCR signaling pathway (17). Further, it has
been reported that miRNAs have critical roles in infectious
diseases, and do so by regulating the function of Th1 cells
(18-21). However, the potential function of miRNAs in
AFE activated CD4+ T cells, including IFN-γ secretion, and
determining the underlying mechanisms remain unclear in
the setting of aspergillosis.
The aim of this study was to identify differentially
expressed miRNAs in human CD4 + T cells that were
stimulated by an AFE extract, and then to identify the
function of differentially-expressed miRNAs including
IFN-γ secretion. Finally, we also sought to identify the
regulatory mechanism of those identified miRNAs. Our
study might provide novel insights into AFE promoting an
infectious diseases, which might find clinical utility in the
future management of aspergillosis.
Methods
Ethics statement
All the specimens in this study were used after obtaining
written informed consent from all patients studied. The
Ethics Committee of Changzheng Hospital had granted
approval for this specific research protocol and study. It
is confirmed that all the necessary consents, including
the consent to participate in the study, and the consent
to publish this work objectively and with the expected
integrity, were obtained from all patients involved in this
study.
Preparation of AFE antigen and specific antigen-activated
T cells
The specific AFE antigen, as the mycelial extract, were
prepared as described previously (22,23). The obtained
protein lysate was concentrated using an endotoxinfree dialysis membrane with a 5-kDa pore size (pierce)
to achieve a final protein concentration of approximately
800–1,000 mg/mL. Mononuclear cells were isolated from
healthy peripheral blood by density, gradient centrifugation,
from which, CD4+ T cells and CD14+ monocytic cells were
respectively sorted by immuno-magnetic beads. Purified
cells were then seeded in sterile 6-well plates (Thermo) at
a density of 1×106 cells/mL. Cells were cultured for 5 days
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in RIPM-1640 medium (GIBCO Invitrogen Corp.) that
was supplemented with 10% fetal calf serum (GIBCO
Invitrogen Corp), 50 ng/mL of GM-CSF and 5 ng/mL
IL-4 to generate immature DCs. The AFE antigen was
added on the fifth day of DC generation, and after 24 h,
antigen-primed DCs were harvested and mature DC cell
markers were detected by flow cytometry.
The AFE antigen-treated DCs were co-cultured with
the above purified CD4+ T cells for 24 h and the magnetic
beads were then used to isolate CD4+ T cells. Isolated CD4+
T cells were marked by antibody PE-anti-IFN-Y, PE-antiIL-4, PE-anti-IL-17 and PE-anti-IL-22 (BD Biosciences,
New Jersey, USA) and analyzed by flow cytometry
(FACScanW; BD Biosciences) equipped with Cell Quest
software (BD Biosciences).
miRNA array
Prepared RNA samples from12 healthy donors (age- and
gender-matched) were labeled using the cyanine 3 (Cy3)PCP Agilent miRNA Complete Labeling kit and hybridized
to SureHyb chambers (Agilent). Then, the slides were
scanned using the Agilent Microarray Scanner (Agilent
technologies, Santa Clara, CA, USA), and data were
extracted from scanned images using the Feature Extraction
software v.10.7 and normalized using Gene Spring Software
v.11.0 (both software programs from Agilent technologies,
Santa Clara).
Quantitative real-time polymerase chain reaction
(qRT-PCR)
According to the manufacturer’s protocol, cDNA was reverse
transcribed from total RNA samples, with a miRNA-specific
stem-loop primer using a miRNA reverse transcription
kit (Takara, Japan). The process of quantitative real-time
PCR was performed in triplicate on an ABI 7500 system
using the SYBR Green PCR Master mix (both from (ABI,
Foster City, CA, USA). MiRNA expression levels were
normalized to U6 or beta-actin as internal control.
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driving the siRNA cassette, together with a CMV-driven
coral EGFP (EGFP) cDNA and neomycin-resistance gene.
The complementary sequences of the siRNA species were
as follows:
S1 forwardc5' ACUUGUGAAGAAUCGUAUC dTdT 3';
S1 reverse 3'dTdTUGAACACUUCUUAGCAUAG 5';
S2 forward 5' GGCCAGACCUCAUGGAUAA dTdT 3';
S2 reverse 3'dTdT CCGGUCUGGAGUACCUAUU 5';
S3 forward 5'CAAACAAGGCUGUGAUAUU dTdT 3';
S3 reverse 3'dTdT GUUUGUUCCGACACUAUAA 5'.
A non-silencing siRNA was used as a negative control.
Western immunoblotting
Cell protein lysates were separated in 10% sodium dodecyl
sulfate polyacrylamide gels that were electrophoretically
transferred to polyvinylidene difluoride (PVDF)
membranes (Roche Diagnostics, Mannheim, Germany),
which were blocked by 5% blocking buffer and then
detected with an anti-RICTOR, p-473 AKT and GAPDH
specific antibodies. Protein loading was estimated using a
mouse anti-actin monoclonal antibody. Lab Works Image
Acquisition and Analysis Software (UVP, Upland, CA, USA)
quantified specific protein band intensities. Antibodies were
purchased from Abcam.
Flow-cytometric analysis
Approximately 1×106 cells were counted and stained with
the following monoclonal antibodies: FITC-anti-CD4,
PE-anti-IFN-Y, and PE-anti-IL-4. Subsequently, the
cells were washed, fixed, and permeabilized with CvtofiX/
Cytoperm buffer (BD Bioecience) and then analyzed by
flow cytometry.
Statistical analysis
Data were analyzed by the Student’s t-test using the SPSS
15.0 statistical package (SPSS Inc., Chicago, IL, USA).
An alpha value of P<0.05 was considered to be statistically
significant.

Construction of RICTOR-specific siRNAs
RICTOR-specific siRNAs were designed with the BLOCKIT RNAi Designer (https://rnaidesigner.invitrogen.com/
rnaiexpress/), and synthesized using the chemical synthesis
method by the RiboBio Gene Chem Co. (Guangzhou,
China). The pGSci vector contains the H1 promoter
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Results
Elevated expression of IFN-γ in AFE treated CD4+ T cells
To obtain matured DCs activated by AFE antigen, CD14+
monocytes were sorted from peripheral blood mononuclear
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Figure 1 Elevated expression of IFN-γ in CD4+ T cells treated with AFE. CD14+ PBMCs were isolated, induced to immature DCs and then
incubated with/without AFE for 24 h. DCs markers, CD83 (A) and CD80 (B), were detected by flow-cytometric analysis; (C) CD4+ T cells
were co-cultured with mature DCs (AFE) or immature DCs (control) for 24 h. Expression of CD4 and CD69 were detected by flowcytometric analysis; (D) CD4+ T cells were sorted from PBMC and co-cultured with mature DCs (AFE) for 0, 24, 48 h. The mRNA levels
of inflammatory cytokines (IFN-γ, IL-4, IL-17 and IL-22) (normalized for Actin) were measured by qPCR. *, P<0.05; **, P<0.001. PBMC,
peripheral blood mononuclear cell; DC, dendritic cell; AFE, Aspergillus fumigatus.

cells (PBMC) and induced into immature DCs that were
further treated with the AFE extract. The expression of
CD80 and CD83, which are recognized as markers of
mature DCs, were analyzed to identify whether or not
mature DCs had indeed been generated successfully. The
result showed that the levels of CD80 and CD83 were
significantly upregulated (Figure 1A,B). Next, to investigate
the ability of AFE activated DC to stimulate activation of
CD4+ T cells, a co-culture assay was performed and the
relative markers of CD4+ T cells were then analyzed. Our
data showed that AFE-treated DCs dramatically elevated
CD69 expression in CD4 + T cells (Figure 1C). Notably,
the inflammatory cytokines IL-17, IL-22, and IL-4, and
especially IFN-γ were increased in CD4+ T cells that had
been co-cultured with AFE-treated DCs (Figure 1D). Thus,
the data suggested that AFE antigen promotes the maturity
and activation of CD4+ T cells, in which IFN-γ expression is
profoundly increased.
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MiRNA expression profiles in CD4+ T cells activated
by AFE
Prior studies suggested that in adaptive immunity, miRNAs
engage diverse processes including T cell activation and
differentiation, TCR signaling, and T cell proliferation and
survival (17). Thus, to explore the underlying mechanism of
AFE-induced CD4+ T cell maturity and activation, miRNA
microarray analysis was used to identify the miRNA profiles
of CD4+ T cells that were co-cultured with/without AFE
antigen. A heat-map showed that a total of 54 miRNAs
were significantly different when comparing activated CD4+
with non-activated T cells (Figure 2A) in which 26 miRNAs
were up-regulated and 28 miRNAs were down-regulated
(data not shown).
To confirm the results of the microarray analyses, we
performed quantitative RT-PCR analysis using RNA
samples of 12 healthy donors. From this analysis, 6
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Figure 2 miRNA expression profiles in CD4+ T cells activated by AFE. (A) RNAs of AFE activated CD4+ T cells and inactivated CD4+
T cells were extracted and subjected to miRNA microarray analysis. Heat map represented miRNAs dramatically changed, with ≥ 2-fold
differences and P<0.05 between activated CD4+ T cells and inactivated CD4+ T cells. (B) the levels of altered miRNAs (normalized for U6)
by miRNA microarray analysis in CD4+ T cells were measured by qPCR. AFE, Aspergillus fumigatus; miRNA, microRNAs.

from 54 of the differentially expressed miRNAs, which
included miR-630, miR-494, miR-130b-3P, miR-652-3P,
miR-574-5P and miR-142-3P, were subsequently
selected. The expression data obtained by qRT-PCR were
comparable to the results observed by microarray analysis
(Figure 2B). Altogether, differentially expressed miRNAs,
including miR-630, miR-494, miR-130b-3P, miR-652-3P,
miR-574-5P and miR-142-3P might exhibit critical roles in
AFE-induced CD4+ T cell maturation and activation.
MiR-142-3p inhibitor enhances RICTOR, phosphorylated
AKT and IFN-γ expression
Previous data has shown that miR-142-3p is involved in the
regulation of T cells (24,25), which led us to hypothesize
whether miR-142-3p contributed to AFE-induced CD4+
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T cell maturation and activation. Thus, to explore the
potential effect of miR-142-3p, we disrupted the levels of
expression of miR142-3p in AFE-induced CD4+ T cell
by employing the miRNA-142-3P precursor or inhibitor.
qPCR assays were used to detect miR-142-3p levels, and the
results showed that levels of miR-142-3p were successfully
disrupted in CD4+ T cells that had been activated by AFE
(Figure 3A,B).
It has been reported that RICTOR, which is a
critical regulator of mTORC2 signaling, promotes Th1
cell activation, and does so by increasing the levels of
phosphorylated AKT in vivo (26). Additionally, RICTOR
was identified as a target of miR-142-3p in endothelial
cells (27). Therefore, Western blotting was used to measure
the expression of RICTOR and phosphorylated AKT in
AFE-induced CD4+ T cells that had been transfected with/
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Figure 3 The miR-142-3p inhibitor enhanced the expression of RICTOR, and of phosphorylated AKT and IFN-γ. AFE activated CD4+
T cells were transfected with miR-142-3p mimic (A), miR-142-3p inhibitor (B) and corresponding control regents for 24 h. Levels of
miR-142-3p were detected by qPCR; western blotting analyses were used to measure RICTOR and p-AKT expression in AFE activated
CD4+ T cells with miR-142-3p mimic (C) and miR-142-3p inhibitor (D) treatment; IFN-γ mRNA levels in AFE activated CD4+ T cells with
miR-142-3p mimic (E) and miR-142-3p inhibitor (F) treatment were detected by qPCR. AFE, Aspergillus fumigatus.

without the miR-142-3p precursor or inhibitor respectively.
The data suggested that miR-142-3p inhibited the levels
of RICTOR and phosphorylated AKT (Figure 3C,D).
Importantly, IFN-γ levels were also detected and we found
that miR-142-3p negatively regulated IFN-γ expression
(Figure 3E,F). Collectively, our data illustrated that
miR-142-3p inhibited AFE-induced CD4+ Th1 activation.
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MiRNA-142-3p suppresses IFN-γ expression by boosting
RICTOR/AKT signaling
To further determine whether RICTOR mediates the
inhibition of IFN-γ expression that was induced by
miR-142-3p in AFE activated CD4+ T cells, we
implemented RNAi to silence RICTOR. QRT-PCR
(Figure 4A) and Weston blot (Figure 4B) assays confirmed
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the efficiency of RICTOR knockdown. The results
suggested that RANi S2 exhibited optimal efficiency. Next,
we investigated the role of RICTOR in CD4+ Th1 cell
activation. Data showed that a deficiency in the functional
expression of RICTOR notably decreased phosphorylated
AKT and IFN-γ expression in AFE activated CD4+ T cells
(Figure 4C,D). Taken together, the data demonstrated that
RICTOR/AKT might mediate the miR-142-3p inhibited
expression of IFN-γ in AFE activated CD4+ T cells.
Discussion
In our study, the miRNA profile of human AFE-stimulated
CD4+ T cells was investigated, following which, a total
of 54 miRNA were identified as being significantly
different between activated and inactivated CD4+ T cells
including miR-630b, miR-494, miR-130b-3p, miR-652-3p,
miR-574-5p and miR-142-3p. In particular, miR-142-3p

© Annals of Translational Medicine. All rights reserved.

was verified as being an important effector of IFN-γ
expression in AFE-activated CD4+ T cells. Mechanically, we
confirmed that miR-142-3p repressed IFN-γ expression in a
RICTOR /AKT-dependent pathway.
IFN-γ, is one of the key cytokines that is secreted by
CD4+ Th1 cells, which represent the major source of
IFN-γ in pathogenic-mediated and infection-induced
inflammation (28). In addition, IFN-γ can dramatically
restore immune function of patients that present with fungal
sepsis (14-16). In our study, the results from our mRNA
analysis showed that the inflammatory cytokines IL-17,
IL-22, and IL-4, and especially IFN-γ, were increased
in CD4+ T cells that were co-cultured with AFE-treated
DCs (Figure 1D), which demonstrated that as with other
infections, AFE induces inflammatory pathways that can
also activate T cells by enhancing IFN-γ expression.
Given the differentially expressed profiles of miRNA in
activated and non-activated CD4+ T cells, we hypothesized
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that the significantly altered pattern of miRNA expression
might have critical roles in the regulation of CD4+ T cell
function in AFE-induced pathogenic infections. Notably,
it was reported that miR-142-3p plays an important
role in the maturation and migration of T cells (24,25).
However, the correlation between miR-142-3p in AFE
activated CD4+ T cells and IFN-γ generation has not been
previously reported, which led us to explore the potential
effects of miR-142-3p in this study. Our results showed
that implementation of the miRNA-142-3p precursor or
inhibitor, upregulated or inhibited the level of miR142-3p,
and could negatively regulate IFN-γ expression in AFEactivated CD4+ T cells (Figure 3E,F).
As mentioned above, it is recognized that IFN-γ is
one of the most important cytokines in Th1-mediated
immunological responses. Further, miR-142-3p inhibits
AFE-induced Th1 activation by repressing IFN-γ expression.
It has been reported that activation of mTORC2
signaling promotes activation of CD4+ Th1 cells and that
RICTOR is a direct target of miR-142-3p in endothelial
cell (26-27). Hence, RICTOR and the downstream
regulator, phosphorylated AKT, were detected in AFEinduced CD4+ T cell that were transfected with/without
the miR-142-3p precursor or inhibitor. Moreover, our
results showed that miR-142-3p significantly inhibited the
levels of RICTOR and phosphorylated AKT, which led
us to determine whether miR-142-3p-mediated inhibition
of IFN-γ production was mediated by RICTOR in AFEactivated CD4+ T cells. Therefore, we implemented RNAi
to silence RICTOR in attempt to clarify this hypothesis.
Our data showed that the miRNA-142-3p inhibitor
enhanced the expression of RICTOR, AKT and IFN-γ in
CD4+ T cells that had been activated by AFE. By contrast,
phosphorylated AKT and IFN-γ expression was notably
decreased when RICTOR was silenced (Figure 4C,D).
Overall, our studies demonstrated that miRNA-142-3p
inhibited IFN-γ expression, and did so by targeting
RICTOR in AFE-activated CD4+ T cells. This observation
suggested that miR-142-3p might serve as a potential
therapeutic target following infection with AFE.
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