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Abstract—Human β-defensin-2(HBD-2) is one of the two major vertebrate antimicrobial peptide fa-
milies (α andβ), which is highly expressed by proinflammatory induction in the lung and exhibit broad-
spectrum antimicrobial activity. We observed that IL-22 receptors high expressed on the membrane of
A549 cells; HBD-2mRNAwas expressed in a time- and concentration-dependent manners inA549 cells
when treated with IL-22; further studies demonstrated that HBD-2 expression was attenuated by AG490,
but to JSH-23, inhibitors of p-STAT3 DNA binding and NF-κB/ p65 subunit nuclear translocation,
respectively. These results support that IL-22-mediated signalling pathway of HBD-2 gene expression
involved STAT3 but not NF-κB in human alveolar epithelium. These findings provide a new insight into
how IL-22 may play an important link between innate and adaptive immunity, thereby anti-infection
locally in the alveolar epithelium.
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INTRODUCTION

Alveolar epithelium not only serves as a physical
barrier against infection, but also secretes a variety of anti-
microbial substances that can inhibit or eliminate invading
pathogens [1–3]. Small cationic antimicrobial peptides
(AMPs) are one of the substances that protect their hosts
against a wide range of microorganisms. These peptides are
produced by bacteria, insects, plants and vertebrates, and
have been recognised as ancient evolutionary conserved
molecules that are effectively preserved in mammals [4].

Defensins are a type of important AMPs. They share
six highly conserved cystein residues, which form disulfide
bridges. On the basis of the different arrangements of
cysteine motifs, human defensins are classified as α-
defensins, β-defensins and θ-defensins [5]. Six β-
defensins (HBD-1to HBD-6) that are produced by epithe-
lial cells have been found in humans [6, 7]. All the β-
defensins exhibit a wide range of antimicrobial activity at
micromolar concentrations.

HBD-2 expressed by epithelial cells following con-
tact with bacteria, viruses, fungi, or cytokines, such as IL-1
and TNF-α [8], has shown notable antimicrobial activity.
A previous study indicated that amongst IL-1α, 1β, 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, and 18, IFN-γ, GM-
CSF, and TNF-α, IL-17 is the most potent inducer of
HBD-2 expression in primary human tracheobronchial
epithelial (TBE) cells [9]. Although the nature of this
regulation has not been adequately elucidated, both the
MAPK signalling pathway and the NF-κB transcription
factor have been confirmed involved in the regulation [10].

IL-22 belongs to the IL-10 family of cytokines that
was recently determined to be produced by activated Th17
cells, predominantly of the prototypic CD45+RO+CD4+
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subtype [11]. Emerging evidence indicates that IL-22 tar-
gets skin cells, as well as digestive and respiratory organ
systems; it also plays an important role in mucosal immu-
nity [12]. In previous research, IL-22 could regulate mul-
tiple airway epithelial cytokine secretion in the context of
local bacterial infections, as well as increase lung epithelial
cell proliferation and transepithelial resistance to injury
[13]. However, the physiological functions between IL-
22 and alveolar epithelium remain unknown.

HBD-2 has been found elevated in airway epithelium
by IL-17, thereby stimulating NF-κB activation [14]. IL-
22, as well as IL-17, is also an effect cytokine produced by
the Th-17 lineage; both cytokines are crucial for maintain-
ing local control of Gram-negative pulmonary pathogens
[13]. IL-22 could induce STAT3 phospholipids in intestinal
epithelial cells [15]. We hypothesise that IL-22 can induce
HBD-2 expression in alveolar epithelial type II cells in-
volving the NF-κB or STAT3 signalling pathway.

In this study, we initially identify a marked activation
of HBD-2 expression in human alveolar epithelial type II
cells by IL-22. Further experiments suggest that this stim-
ulation occurs at the transcriptional level through STAT3-
dependent and NF-κB-independent mechanisms.

MATERIALS AND METHODS

Reagents and Cell Lines

Recombinant human IL-22 (rhIL-22), monoclonal
anti-human IL-22R-allophycocyanin and mouse IgG1

isotype control-APC were purchased from R&D Systems
(Minneapolis, USA). STAT3 antibody, phospho-STAT3
antibody, NF-κB p65 antibody and the F(ab’)2 fragment
of anti-rabbit IgG (H+L) (Alexa Fluor 488 Conjugate)
were obtained fromCell Signaling Technology (Massachu-
setts, USA). NF-κB activation inhibitor II (JSH-23) and
STAT3 DNA binding inhibitor (AG490) were purchased
from Calbiochem-Novabiochem (Darmstadt, GER). Alve-
olar epithelial type II cell lines A549 were provided by the
Department of Oncology of the First Affiliated Hospital of
Nanjing Medical University.

IL-22R Detection on A549 Cells by Flow Cytometry

Adherent cell lines A549 were pre-treated with 0.25
% Trypsin-EDTA to facilitate removal from their sub-
strates. These cell lines were then incubated in medium
for 6 to 8 h on a platform to enable the regeneration of
receptors. Flow cytometry was conducted as described
above; that is, the A549 cells were treated with monoclonal

anti-human IL-22R-APC (R&D Systems Minneapolis,
USA) and incubated for 40 min at 4 °C. The cells were
centrifuged (1000 rpm, 4 min), and the supernatant was
discarded to remove unbound fluorescent antibody. The
A549 cells were analysed using a FACScan cytometer, and
IL-22R+ cells accounted for a percentage of the total
number of cells, as estimated using FACSDiva software.

rhIL-22 Stimulation and RNA Isolation

rhIL-22 was dissolved in PBS with 1 % BSA and
added directly to the overnight serum-starved A549 cell
cultures (20 ng/ml, following literature). The control treat-
ments had the same amount of added PBS-1 % BSA. Six
groups were established: 0 (control), 2, 4, 8, 16 and 24 h
groups. Another five groups were set for different concen-
trations of rhIL-22 (i.e. 0, 4, 20, 100 and 500 ng/ml), with
24 h as the optimal time for rhIL-22 stimulation. RNAwas
extracted from cultures using RNA TRIzol reagent
(Invitrogen), according to the manufacturer’s protocol.

RT-PCR Reaction

Real-time quantitative PCR (RT-PCR) was performed
using the ABI 7900HT Fast Real-time PCR System (Ap-
plied Biosys-tems, Foster City, CA, USA). Total RNAwas
isolated from individual cell samples for analysis using
TRIzol reagent (Invitro-gen, Carlsbad, CA, USA), accord-
ing to the manufacturer’s instructions. The isolated total
RNA was then quantified by spectrophotometric determi-
nation (260 nm). One microgram of total RNAwas reverse
transcribed to complementary DNA (cDNA) using an RT-
PCR kit (Takara Bio Inc., Otsu, Japan), according to the
manufacturer’s instructions. The cDNA was immediately
analysed or stored at −20 °C, and subsequently amplified
using the SYBR Green Master mix (Takara), according to
the manufacturer’s protocols. Briefly, the 20 μl reaction
system contained 10 μl SYBR Green PCRMaster mix, 0.5
μmol/L primers, 2 μl cDNA (diluted 1:5) and diethyl
pyrocarbonate water. The sequences of primer sets for
RT-PCR are shown: HBD-2 forward: 5′-CCAGCCATCA
GCCATGAGGGT-3′; HBD-2 reverse 5′-GGAGCCCTTT
CTGAATCCGCA-3 ′(58 °C, 35 cycles). hGAPDH
forward: 5′-CGGAGTCAACGGATTTGGTCGTAT-3′;
hGAPDH reverse: 5′-AGCCTTCTCCATGGTG GTGA
AGAC-3′(58 °C, 35 cycles). Relative mRNA levels were
calculated using the relative standard curve method, in
which the amounts of targets normalised to an
endogenous reference (GAPDH) were compared. Briefly,
the mean±SD values of replicate samples were calculated.
Results are expressed as the relative amount of mRNA in
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the experimental test samples and normal control samples
(all normalised to β-actin). In preliminary experiments, the
products were analysed by gel electrophoresis, and a single
product was obtained with each primer set. Dissociation
curves yielded single peaks.

Inhibitor Treatment, RNA Isolation and RT-PCR
Analysis

STAT3 inhibitor AG490 and NF-κB activation inhib-
itor II JSH-23 were dissolved in DMSO, and added to the
cultures 30 min before IL-22 treatment. The control culture
media contained similar levels of PBS/1 % BSA. The
optimal dose grades for each of the selected inhibitors were
determined in reference to current literature and the results
of our previous tests. No obvious cytotoxicity (as indicated
by trypan blue dye exclusion) was observed in these cul-
tures after the inhibitor treatments. After IL-22 stimulation
for the optimal time, RNAwas extracted from the cultures
and used for RT-PCR expression analysis.

Measurement of HBD-2 Secretion by ELISA

For the quantification of HBD-2 released before and
after the addition of inhibitors, BDOptEIAHuman HBD-2
Elisa Kit II (BD Biosciences) was used according to the
manufacturer’s instructions. For quantification, the refer-
ence curves obtained using increasing concentrations of
recombinant rat cytokines, were determined in parallel.
The protein concentrations in the cell samples were deter-
mined using the Bradford dye binding procedure. HBD-2
concentration was calculated as pg mg – 1 of total protein
for each sample.

Western Blot Detection of STAT3 Phosphorylation

A549 cells (106) were stimulated with an optimal
dose of rhIL-22 for up to 60 min. The cells were then lysed
in RIPA Lysis Buffer. Obtained aliquots were boiled for 5
min with loading buffer, resolved on a 10 % SDS-PAGE
gel and electrophoretically transferred to Immobilon-P
membranes (Millipore). The membranes were blocked
for 90 min in TBS (150 mmol/L NaCl and 20 mmol/LTris,
pH 7.5) containing 5 % nonfat dry milk and 0.1 % Tween
20. The membranes were then incubated with rabbit mono-
clonal anti-p-STAT3 at 4 °C overnight. After incubation
with horseradish peroxidase (HRP)-conjugated goat anti-
rabbit antibodies (ZSGB-BIO), the proteins were
visualised with SuperSignal West Pico (Thermo
Scientific).

Immunofluorescence Analysis of p-STAT3 and NF-κB
Translocation

For p-STAT3 and NF-κB/p65 staining, the A549 cells
were cultured on sterile Lab-Tek II chamber slide systems
(Nalge Nunc International) incubated in previously
established experimental conditions (to the optimal inter-
vention the concentration of IL-22 to interfere with the p-
STAT3 cells 10 min, 30 min, intervention NF-κB cells 15
min, 30 min). After rhIL-22 treatment, the cells were fixed
for 15 min at room temperature with 4 % paraformalde-
hyde in PBS. The Cell Signaling Technology manufac-
turer’s protocols were followed. The staining was
visualised under a Zeiss AxioSkop fluorescence micro-
scope (×40 objective).

Statistical Analysis

Data are expressed as mean±SE. The number of
repeats for each experiment is described under the RE-
SULTS section. Group differences were calculated by t test
or one-way ANOVA. A value of p<0.05 was considered
significant.

RESULTS

High Expression of IL-22R on Alveolar Epithelial Type
II Cell Lines A549

IL-22 receptors were highly expressed on the mem-
brane of human alveolar epithelial type II cell lines A549.
The A549 cells were analysed using a FACScan cytometer,
and IL-22R+ cells accounted for a percentage of the total
number of cells, as estimated using FACSDiva software.
The positive rate was (99.90±0.13)%, (p<0.05) (Fig. 1).

Kinetics Studies of IL-22 Effects on HBD-2 mRNA

IL-22 exerted time- and concentration-dependent ef-
fects on HBD-2 mRNA expression (Figs. 2 and 3). A time
gradient existed between IL-22 stimulation and HBD-2
mRNA expression. A significant expression of HBD-2
mRNA by IL-22 (20 ng/ml) stimulation was observed
within 2 h, and the maximum expression was observed at
24 h. A concentration of IL-22 4 ng/ml induced HBD-2
mRNA expression in the A549 cells after 24 h of treatment.
Peak expression occurred at 100 ng/ml, with no further
increase at 500 ng/ml.
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Inhibition of IL-22-Dependent HBD-2 Expression
by STAT3 but Not by NF-κB Inhibitors

To elucidate possible IL-22-mediated signalling on
the regulation of HBD-2 expression, the inhibitors of two
signalling pathways were used (Fig. 4). AG490, an inhib-
itor of the DNA binding activity of p-STAT3, was the most
potent inhibitor that reversed the enhancement of IL-22-
induced HBD-2 expression. Figure 4 shows that the rever-
sal of AG490 enhancement was concentration dependent,
but NF-κB activation inhibitor II (JSH-23) had no suppres-
sive effect on IL-22-induced HBD-2 expression, even at
higher doses.

ELISA Measurement of HBD-2 Protein with Two
Inhibitors

A competitive ELISA demonstrated a significant in-
crease in HBD-2 peptide secretion levels compared with
control after 24-h treatment with IL-22 (100 ng/ml) in
human alveolar epithelial type II cell lines A549. And after
various concentrations of rhIL-22 were added to the inhib-
itor of AG490 with various concentrations, as indicated,
the secretion of HBD-2 significantly decreased in the epi-
thelial cells exposed to IL-22 compared with the epithelial
cells subjected to IL-22 treatment alone (Fig. 5). This result
was not observed after JSH-23 addition, even at higher

Fig. 1. Quantity of IL-22R+ alveolar epithelial type II cell lines A549 measured by flow cytometry. The positive rate was (99.90±0.13)%; p<0.05 when
compared with isotype IgG1 expression.

Fig. 2. RT-PCR analysis of the level of HBD-2 mRNA expression in A549 cells after rhIL-22 (20 ng/ml) stimulation at different times. PCR products were
visualised in ethidium bromide-2 % agarose gels.*p<0.05 when compared with group 0 h.
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doses. As show in Fig. 5, the tendency for IL-22-induced
protein release after the two-inhibitor treatment was asso-
ciated with HBD-2 gene induction.

IL-22 Induces STAT3 Phosphorylation in A549 Cells

Alveolar epithelial type II cell lines A549 highly
expressed IL-22R, making this cell type likely responsive
to IL-22. As shown by Western blotting, IL-22 induced
STAT3 phosphorylation in the A549 cells. Cell extracts
were measured with anti-STAT3 and anti-p-STAT3 anti-
bodies (Fig. 6). STAT3 phosphorylation was detected with
the anti-p-STAT3 antibody 5 min after IL-22 treatment and
peak stimulation at 30 min.

Induction of p-STAT3 but Not NF-κB/p65 Nuclear
Translocation by IL-22

To confirm STAT3 activation, induced p-STAT3 nu-
clear translocation was conducted. Figure 7a shows almost
no green staining in the nucleus of the cultured A549 cells
before IL-22 treatment. Ten minutes after IL-22 stimula-
tion, the nuclear translocation of p-STAT3 was clearly
observed in many of the A549 cells. As a comparison, no
visible nuclear translocation of NF-κB/p65 was detected
(Fig. 7b). These results are consistent with the STAT3
inhibitor experiment, further suggesting the significant role

of IL-22-induced STAT3 activation in the stimulation of
HBD-2 gene expression.

DISCUSSION

IL-22, induced in mouse T lymphoma cells by IL-9
and having 22 % amino acid identity with IL-10 [16], is an
IL-10 family cytokine member that was initially known as
an IL-10-related T-cell-derived inducible factor (IL-TIF)
when it was first characterised by Dumoutier et al. [12].
Emerging studies have indicated that IL-22 targets the
epithelial or parenchymal cells of the lung, gut, skin and
kidney [17]. The IL-22 receptor consists of two subunits:
IL-22R1 and IL-10R2 [17, 18]. IL-22R is widely expressed
on a variety of tissues—lung, skin, liver, colon, kidney,
small intestine and pancreas [18]—thereby allowing the
cytokine to mediate epithelial innate immunity in response
to microbial infections. Although current studies have re-
vealed the significance of IL-22 in host defence against
Gram-negative bacteria (in lung and gut) [18–20], evi-
dence shows that IL-22 also plays an important role
in autoimmune diseases, such as psoriasis [21, 22].
Therefore, IL-22 exerts complex anti-inflammatory,
pro-inflammatory and autoimmune effects—an issue
that requires further investigation.

Fig. 3. RT-PCRwas performed for HBD-2 and GAPDH on total RNA isolated from A549 cells after rhIL-22 stimulation for 24 h at various concentrations.
PCR products were analysed in ethidium bromide-2 % agarose gels. Values of untreated and IL-22-treated samples were compared.*p<0.05.
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IL-22, mainly secreted by activated Th17 cells, is
markedly enhanced in lung after microbial infections and
plays a pro-inflammatory role in regulating the production
of multiple cytokines. IL-22R knockout mice have im-
paired abilities of elimination invading pathogens [13].
Furthermore, IL-22 increases lung epithelial cell prolifera-
tion and transepithelial resistance to injury [13], which
further strengthens the mucosal barrier against microorgan-
isms. These data support the idea that IL-22 mediates the
lung inflammatory response from inherent immunity pro-
cesses to adaptive response mechanisms.

HBD-2 is inducibly expressed in a variety of human
mucosa-associated tissues by IL-1α, IL-1β, Gram (+),
Gram (−), tumour necrosis factor (TNF), lipopolysaccha-
rides (LPS) and lipoarabinomannan (LAM) [23, 24], espe-
cially in mucosal epithelial cells in the skin, lung, gut and
genitourinary tract. The known biological effect of HBD-2

in innate immunity is recognised as related to its antimi-
crobial activity and its chemotactic activity in CCR6-pos-
itive immature dendritic and memory T-cells [25]. Other
functions of HBD-2 have recently been described:
neutralisation of endotoxins, immunomodulation proper-
ties and induction of both angiogenesis and wound
repair [26].

The exact mechanism by which HBD-2 exhibits an-
timicrobial activity remains unknown, but a generally ac-
cepted finding is that through electrostatic forces, cationic
HBD-2 interacts with negatively charged phospholipid
head groups on bacterial membrane and causes disruption.
The most widely accepted mechanisms are the “barrel
stave”model and the “carpet model” [26]. Other suggested
mechanisms also include the formation of ionic channels
and the activation or blockage of intracellular targets after
bacterial membrane permeabilisation [27, 28].

Fig. 4. RT-PCR analysis of the effect of two inhibitors on IL-22-induced HBD-2 expression. A549 cells were cultured as described in the text. Cultures were
pre-treated with 5 μM (C), 10 μM (D), and 20 μM (E) activation of STAT3 DNA binding inhibitor, AG490, and 2.5 μM (F), 5 μM (G), and 10 μM (H)
NF-κB activation inhibitor II, JSH-23 30min before IL-22 (100 ng/ml) treatment (C–H). Cells were harvested 24 h later. Group Awas the control culture (no
treatment). Group Bwas treated only with IL-22. *p<0.05 when compared with control (A). **p<0.05 and ***p>0.05 when comparedwith IL-22 treatment
alone (B).
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Fig. 5. Competitive ELISA for the quantification of HBD-2 secretion by cultured A549 cells after IL-22 and two-inhibitor treatment. Serial dilutions of
synthetic mature HBD-2 peptide were used to generate a standard curve, and the HBD-2 peptide concentration of each experimental group was considered.
Two inhibitors were also added to the cultures 30 min before IL-22 treatment. After incubation (24 h), culture fluids, including the wash, were collected and
centrifuged to pellet cell debris, and subjected to competitive HBD-2 ELISA. HBD-2 peptide secretion significantly decreased in the AG490 groups at a dose-
dependent fashion; this decrease was not observed in JSH-23 exposed to IL-22 compared with JSH-23 subjected to IL-22 treatment alone. *p<0.05 when
compared with control. **p<0.05 and ***p>0.05 when compared with IL-22 treatment alone.

Fig. 6. Western blot analysis of STAT3 tyrosine phosphorylation in alveolar epithelial type II cell lines A549. A549 cells were stimulated with 100 ng/ml
rhIL-22 for up to 60 min. After cell lysis, total cell protein was electrophoresed with 10% SDS-PAGE gel and electrophoretically transferred to Immobilon-P
membranes. Themembranes were incubated with rabbit monoclonal anti-p-STAT3. After incubationwith HRP-conjugated secondary antibodies, the proteins
were visualised with ECL.*p<0.05 when compared with control.
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In this study, we observed that IL-22R was highly
expressed on A549 cells, and found an IL-22 time- and
dose-dependent stimulation of HBD-2 expression in hu-
man alveolar epithelial type II cell lines A549. The appear-
ance of this cell line is epithelioid. It behaves similarly to
primary alveolar epithelial cells in its response to IL-22 for
inducing HBD-2 expression. An IL-22 concentration as
lows as 4 ng/ml elicited a significant stimulation of HBD-
2 gene expression. Although the up-regulation of HBD-2
by IL-22 has been reported in airway epithelial cells [13],
the influence of IL-22 on HBD-2 in alveolar epithelial cells
has not been discussed. We further suggest that IL-22 is an
important immune mediator and that it acts on lung tissue
to regulate host defence responses.

A previous study indicated that IL-17, as well as IL-
22 mainly secreted by Th17 cells, induced the up-
regulation of HBD-2 expression through NF-κB by airway
epithelial cells [8]. In our study, however, IL-22-mediated
HBD-2 expression was uninhibited by JSH-23. Our results
suggest that AG490 dramatically suppresses IL-22-
stimulated HBD-2 expression in a dose-dependent fashion.
On the basis of AG490 (>50μmol/L) inducing apoptosis in
the A549 cells (as determined by assay), we reregulated the
concentration gradient (5 to 20 μmol/L). Up to a concen-
tration of 20 μmol/L, no effects on total RNA levels or cell
viability were found for AG490, indicating that the inhib-
itory effect observed was not due to cell toxicity (data not
shown).

AdditionalWestern blotting and immunofluorescence
experiments on the A549 cells were conducted to elucidate

the molecular mechanism of this regulation. After 5 min of
IL-22 treatment, STAT3 phosphorylation occurred in a
time-dependent fashion and peaked at 30 min. Consistent
with this idea, the immunofluorescence experiment
showed that IL-22 induced STAT3 phosphorylation nucle-
ar translocation but not the NF-κB/p65 subunit at the
corresponding. This result also demonstrated that IL-22
enhanced HBD-2 expression by inducing STAT3 phos-
phorylation and enhancing its nuclear translocation from
the cytoplasm.

On the basis of these findings, we propose an IL-22R-
dependent JAK2 and STAT3 signalling pathway for the
transcription of HBD-2 gene by IL-22 in alveolar epithelial
cells. Because IL-22 elevation in lung has been related to
local microbial infection [13], such a signallingmechanism
may play an important role in regulating the innate and
adaptive immune responses in lung. We postulate that a
low-level induction of HBD-2 is directly or indirectly
stimulated during the early stages of bacterial infection in
lung by microbial products, such as LPS, binding to non-
specific receptors, including TLR-4 on epithelial cells. This
innate nature of response provides limited protection from
bacterial invasion through the antimicrobial activities of
HBD-2 [29–31]. When adaptive immune responses devel-
op, however, activated Th17 cells are recruited to the site of
infection and locally release IL-22. Such IL-22 can pre-
sumably enhance local antimicrobial activity by binding to
the IL-22R through a JAK2/STAT3 signalling pathway-
dependent mechanism for the high gene expression of
HBD-2 and/or other cytokines.

Fig. 7. aNuclear translocation of p-STAT3 in alveolar epithelial type II cell lines A549 after IL-22 treatment. A549 cells were plated on a Lab-Tek II chamber
slide and treated with IL-22 as described in the MATERIALS ANDMETHODS section. After 10- and 30-min treatments, these slides were fixed with ice-
cold 4 % paraformaldehyde solution overnight, followed by staining with anti-p-STAT3 mAb and Alexa Fluor 488-conjugated rabbit anti-mouse IgG Ab
(green fluorescence), as described. These slides were examined under a Zeiss fluorescent microscope with ×40 lens. Control culture without cytokine
treatment is shown. bNonnuclear translocation of the p65 subunit of NF-κB transcriptional factors in A549 cells after IL-22 treatment, as depicted in Fig. 7a.
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In summary, this paper demonstrated a newly identi-
fied role of IL-22 in directly mediating HBD-2 gene ex-
pression in alveolar epithelial cells. We also confirmed that
this effect on HBD-2 occurs mostly through STAT3 sig-
nalling events. Subsequent studies should elucidate wheth-
er the other pathways are also involved in IL-22-induced
HBD-2 gene expression. Our results widen the spectrum of
known interleukins that can stimulate lung defensin ex-
pression and serve as valid evidence of a novel IL-22-
related mechanism in coordinating inherent and acquired
immune responses.

LIMITATIONS

We did not use human alveolar epithelial type II cells
to do this work, because they are too difficult to be acquired
and cultivated. Although the molecular characteristics of
cell lines A549 are similar to alveolar epithelial type II
cells, the hypothesis posed by our authors remains to be
validated in primary cell in our future research.
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