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Abstract

The high-affinity IgE receptor, FceRlI, plays a key role in the antigen-induced mast cell activation. Regulations for FceRI are not yet well under
stood. TAFA4 is a molecule derived from neuron tissues, and has immune regulation functions. This study aims to clarify the role of TAFA4 in
the regulation of FceRl expression in mast cells. Nasal secretions were collected from patients with allergic rhinitis (AR) and healthy control
(HC) subjects. TAFA4 levels of nasal secretions were evaluated by ELISA. A mouse model AR was developed using ovalbumin as the specific
antigen. Negative correlation between TAFA4 and tryptase levels in nasal secretions was observed. TAFA4 could suppress the antigen-related
mast cell activation. TAFA4 modulated the transcription of Fcerlg (FceRl y gene) in mast cells. Signals from the TAFA4-PTEN-PU.1 axis restricted
FceRI expression in mast cells. Administration of TAFA4 attenuated experimental AR. TAFA4 suppressed the expression of FceRl in mast cells of
airway tissues. TAFA4 can down regulate the expression of FceRI in mast cells to suppress experimental AR. The data suggest that TAFA4 has
translation potential to be developed as an anti-allergy therapy.
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Abbreviations: AR: allergic rhinitis; HC: healthy control; NSN: Nasal secretion; ELISA: Enzyme-linked immunosorbent assay; BMMCs: bone marrow derived mast
cells; RE: relative expression; RT-qPCR: Real-time quantitative RT-PCR; NLF: nasal lavage fluid.

Introduction substance P, calcium ganglion related peptide, neuropeptide
Y, and TAFA4, have powerful immune regulatory functions
[S, 6]. It is reported that TAFA4 has immune regulatory func-
tions, such as promoting the immune regulatory molecule,
IL-10, in immune cells [7]. Whether TAFA4 can regulate the
mast cell’s activity has not been investigated. Therefore, based
on the above information, we tested the effects of TAFA4 on
the regulation of FceRI expression in mast cells. We found
that TAFA4 is effective at restricting the FceRI expression in
mast cells. Administration of TAFA4 could mitigate experi-
mental AR.

Mast cells are the major effector cells in allergic diseases
including allergic rhinitis (AR). Two types of IgE receptor,
the higher affinity IgE receptor, FceRI, and the lower affinity
IgE receptor, CD23, have been described [1, 2]. FceRI is the
primary IgE receptor for allergic reactions. Mast cells and
basophils express FceRI. IgE binds FceRI to form complexes
to sensitize mast cells. Re-exposure to specific antigens cross
links the complexes of IgE/FceRI. This activates the mast cells
to make the mast cells release allergic mediators, and there-
fore, to initiate allergic attacks [1, 2]. There is consensus that
mast cells are canonical effector cells in allergic diseases. With
regard to mast cells, numerous studies were conducted [1-3].
However, the key point about mast cell activation, the regu-
lation of FceRI expression in mast cells, is still poorly under-

Materials and Methods
Reagents

stood.

Neuropeptides have been found to contribute to the patho-
genesis of allergic rhinitis [4]. Neuropeptides are produced
by neurons. Some of neuropeptides and molecules, such as

Antibodies (Abs) PTEN (A2B1), PU.1 (C-3), Pol II (B6-1),
His (H-3), Flag (H-5), mast cell chymase (CC1, AF594),
and FceRI (H-5, AF488). TAFA4 was purchased from Santa
Cruz Biotech (Santa Cruz, CA). ELISA kits of TAFA4 were
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purchased from HSA Biotech (Shenzhen, China). ELISA kits
of EPX, Mcptl1, IL-4,IL-5,IL-13, and OVA-specific IgE were
purchased from CRK Pharma (Wuhan, China). Reagents
and materials for immunoprecipitation (IP), chromatin IP
(ChIP), RT-qPCR, and Western blotting were purchased
from Invitrogen (Carlsbad, CA). Mouse TAFA4 protein was
purchased from Huamei Biotech (Wuhan, China). Anti-
OVA IgE Ab was purchased from Boyao Biotech (Shanghai,
China).

Human subjects

The experimental procedures were examined and approved by
our hospital’s Human Ethics Committee (approval number:
LGTM2021HEO023). A written informed consent was obtained
from each human subject. Patients with vivacious allergic rhin-
itis (AR) for more than a year were enrolled in the study at our
allergy clinics from May 2021 to May 2022. The diagnosis of
AR was made by our doctors in accordance with our routine
procedures. All patients showed positive skin prick test (SPT;
following published procedures [8]), positive specific serum
IgE, typical AR clinical symptoms (including paroxysmal
nasal itch, sneezing, profound nasal discharge, nasal conges-
tion). To avoid being interfered by other inflammatory fac-
tors, patients suffering sinusitis were excluded. Additionally,
subjects with any of the following conditions were also ex-
cluded: cancer, autoimmune diseases or serious organ diseases.
Healthy control (HC) subjects were also recruited. All the HC
subjects showed negative SPT and negative serum IgE results.
The demographic data are presented in Table 1.

Table 1: demographic data of patients with allergic rhinitis

Items AR HC
Number 25 25

Age (years) 32345 31.6 3.6
Male (%) 12 (48) 12 (48)
Female (%) 13 (52) 13 (52)
Serum total IgE (kU/L) 0.42(0.05,0.72)  0.21 (0.01, 0.33)
Serum sIgE (positive, %) 25 (100) 0(0)
Co-suffer allergy

Allergic asthma 0 0
Allergic dermatitis 0 0

Food allergy 0 0

Using corticosteroid history# 25 0

Blood neutrophil (10°/L) 5.26 (4.43,6.48) 5.81(4.25,6.19)
Blood eosinophil (10°/L) 0.35 (0.16,0.60)  0.12 (0.05, 0.15)
SPT results

Bermuda grass 1(4%) 0

Pine 2 (8%) 0

Poplar 2 (8%) 0

Rye 1 (4%) 0
Timothy grass 3(12%) 0
Mugwort 2 (8%) 0

Mite mix 25 (100%) 0

Mold mix 5(20%) 0
Animal dendar 3(12%) 0

The data are presented as means = SD or median (IQR). Specific IgE (sIgE)
> 0.35 IU/ml was considered as positive. Patients were asked to stop using
corticosteroid spray at least for 1 week before sample collection.
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Assessment of antigen specific IgE (sIgE)

Blood samples (20 ml per person) were taken from each
human subject through a ulnar venous puncture. The serum
was isolated from the samples by placing the samples at 4°C
overnight. Serum sIgE concentrations were determined by
ImmunoCAP (Thermo Fisher Scientific, Uppsala, Sweden).
The positive criterion of sIgE was > 35 TU/L.

Nasal secretion (NSN) collection

A piece of degreased cotton (approximately 2 grams) was
gently inserted into the middle nasal meatus to adsorb the
NSN. The cotton was taken off five minutes later. A 20 ml
conical plastic tube (a piece of barrier was placed inside the
tube to separate the cotton and NSN) was used to separate
NSN. The tube was centrifuged at 5000 g for 5 min at 4°C.
NSN was collected for further experiments.

Enzyme-linked immunosorbent assay

Cytokine and sIgE levels in the samples were measured by
ELISA using specific reagent kits based on the recommended
procedures.

Cell culture

Immune cells were cultured in PRMI1640 medium with sup-
plements, including fetal calf serum (10%), penicillin (100
U/ml), streptomycin (0.1 mg/ml), and L-glutamine (2 nM) at
37°Cin a 5% CO, atmosphere. For the BMMC degranula-
tion assay (see below), the cells were cultured in medium con-
taining no phenol red. Cell viability was assessed using the
Trypan blue exclusion test prior to use in other experiments.
The cell viability was greater than 99% throughout the ex-
periments.

Generation of bone marrow derived mast cells

Bone marrow was removed from the femur bone of naive
mice. After treatment with the red blood cell lysis buffer, the
bone marrow cells were grown in a RPMI1640 medium sup-
plemented by 2 ng/ml IL-3 and 5 ng/ml SCE. About 3 weeks
culture, cells were harvested. CD117* FceRI* bone marrow
derived mast cells (BMMCs) were purified by FCM to be used
in other experiments.

Assessment of BMMC degranulation

The BMMCs were sensitized by exposure to anti-OVA-IgE
Ab (100 ng/ml) overnight. To induce BMMC degranula-
tion, OVA (500 ng/ml) was added to the culture overnight
with or without the presence of TAFA4 at gradient concen-
trations (10, 25, 50, and 100 pg/ml, respectively). Levels of
[-hexosaminidase in culture supernatant were measured in
accordance with published procedures [9], and considered
to be an indicator of BMMC degranulation. Briefly, super-
natants (50 pl) were mixed with 100 pl of substrate solu-
tion (2 mM PNAG in 0.1 M sodium citrate buffer, pH 4.5).
The mixture was incubated for 1 h at 37°C. Glycine buffer
(50 pl, 2 M, pH 10) was added to the sample to stop the
reaction. The OD value of the samples was recorded in a
microplate reader (Multi-mode microplate reader Synergy
Neo2; BioTek Instruments; Germany) at 405 nm. The total
B-hexosaminidase activity was determined using a whole cell
lysate of the BMMC:s lysed with 0.1% Triton X-100. The re-
leased -hexosaminidase activity was expressed in percentage
by using the following equation: released hexosaminidase
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activity (%) = (sample OD - blank OD)/(total OD - blank
OD) x 100.

Real-time quantitative RT-PCR (RT-gPCR)

RNA was extracted from the cells from the relevant experi-
ments, converted to cDNA using a reverse transcription kit
based on the recommended procedures. The cDNA samples
were amplified in a qPCR device (CFX96, Bio-Rad) with a
SYBR Green Master Mix kit in the presence of primers of
Fcerlg (cagccgtgagaaagcagatg and gcecaaccttcaaagcacaga)
and Pten (ggcactgctgtttcacaaga and atcaccacacacaggcaatg).
The results were computed using the 2-Ct method and pre-
sented in relative expression (RE).

Western blotting

Proteins were extracted from cells collected from relevant ex-
periments, fractionated by SDS-PAGE, and transferred onto
a PVDF membrane. The membrane was incubated with skim
milk (5%) for 30 min at room temperature to inhibit the
non-specific bond. Then, the membrane was incubated with
primary Abs of interest (detailed in figures; diluted to 200 ng/
ml), washed with Tris-buffered saline (TBST, containing
0.05% Tween 20) 3 times, incubated with secondary Abs
(conjugated with HRP, diluted to 20 ng/ml). Immunoblots on
the membrane were developed with the enhanced chemilu-
minescence, and photographed in an imaging device (UVP,
Cambridge, UK).

Immunocomplex detection with IP

Proteins were extracted from cells collected from relevant
experiments and precleared by incubation with protein G
agarose beads for 2 h. The samples were centrifuged at 5000 g
for 5 min. The supernatant was sampled, incubated with Abs
of interest (detailed in the figures, the final Ab levels were 0.5
pg/ml) for 2 hours. The samples were centrifuged for 5 min at
5000 g. The beads were collected. The proteins on the beads
were eluted and analyzed by western blot.

Evaluation of gene transcription activity using ChIP
Cells were fixed with 1% formalin for 15 min, incubated with
a lysis buffer for 10 min, and sonicated to shear the DNA
into small pieces. The samples were then processed with
the IP procedures until the protein/DNA complex samples
were obtained. DNA was recovered from the samples with
a DNA extracting kit, and analyzed by qPCR in the pres-
ence of primers of the Fcerlg promoter (gctgtgtgtctetgtgtgty
and ggcagcaagacaccaagaaa). The results are presented as fold
change of the input.

plasmids of PTEN, SPI1, and FCER1G promoter
reporter

The plasmids of PTEN, SPI1, and FCERIG promoter
luciferase reporter were supplied by the Sangon Biotech
(Shanghai, China). Briefly, HEK293 cells were cultured in a
96-well microplate (3 x 10* cells per well). One day later, plas-
mids were added to the wells (100 ng/well) using transfection
reagents (GeneJuice; Merk Millipore) based on recommended
protocol. Cells were then used in further experiments.

Luciferase assay

HEK293T cells seeded on microplates (3 x 10 cells/well) were
transiently transfected with FCER1G promoter luciferase
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reporter plasmid (100 ng), with or without the co-transfection
with plasmids of PTEN and SPI1 (100 ng each). On the next
day, the luciferase activity in the total cell lysate was recorded.

Development of an AR mouse model

The animal experimental protocol was reviewed and ap-
proved by the Animal Ethics Committee of our hospital (ap-
proval number: LGTMME2021004). The animal research
adhered to the ARRIVE guidelines (https://arriveguidelines.
org/arrive-guidelines). Male BALB/c mice (6-8-week-old)
were purchased from Guangdong Experimental Animal
Center (Foshan, China). Mice were maintained in a specific
pathogen-free facility with free access to water and food.
Mice were sensitized by subcutaneous injection of ovalbumin
(OVA, 0.1 mg/mouse) mixed with 0.1 ml alum into the back
skin on day 1 and day 7, respectively. Mice were boosted by
treating with nasal instillation (20 pl/nostril, containing OVA
5 mg/ml with or without TAFA4 at 1 pg/ml) daily from day
9 to day 22. On day 23, mice were challenged by nasal in-
stillation (20 pl/nostril, containing OVA 50 mg/ml). The AR
response was assessed and recorded (see below).

Assessment of AR response

After the nasal challenge with OVA, nasal scratching times
(the sign of nasal itch) and sneezing times were observed
and recorded in a 30-min period. Mice were then anesthe-
tized with ketamine injection (60 mg/kg). Blood samples were
obtained using the eyeball pulling method. Mice were sacri-
ficed through cervical dislocation. The trachea was exposed,
and 1 ml of saline was injected into the trachea (toward the
nose; the nostril was placed in a low position) to flush the
nasal cavity. Saline solution was collected and used as nasal
lavage fluid (NLF) in other experiments. Cytokines in NLF
were quantified by ELISA.

Statistics

Student’s # test or Mann Whitney test was performed to de-
termine the difference between two groups. The ANOVA
followed by the Dunnett test or the Bonferroni test was con-
ducted for data in more than two groups. P<0.05 was set as a
significant criterion.

Results

Negative association between TAFA4 and tryptase
concentrations in nasal secretions

Nasal secretions were collected from patients with AR and
HC subjects. We found that the AR group had lower TAFA4
levels compared to the HC group (Fig. 1A), whereas tryptase
levels were higher in the AR group than in the HC group (Fig.
1B). A negative correlation was identified between TAFA4
levels and tryptase levels in nasal secretion samples (Fig. 1C).
Given that tryptase is a representative mediator of mast cells,
the results suggest that TAFA4 may help stabilize mast cells in
the respiratory tract.

TAFA4 suppresses antigen-related mast cell
activation

The relationship between TAFA4 and mast cell activation was
further assessed. Bone marrow derived mast cells (BMMC)
were prepared. BMMCs were sensitized by incubating with
an ovalbumin (OVA)-specific IgE in culture overnight with or
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Figure 1: assessment of TAFA4 and tryptase in nasal secretions (NSN). NSN samples were collected from allergic rhinitis (AR) patients (n = 25) and
healthy control (HC) subjects (n = 25), and analyzed by ELISA. A-B, median (IQR) of TAFA4 (A) or tryptase (B) levels in NSN. (C) Negative correlation

between TAFA4 and tryptase levels in NSN.

without the presence of TAFA4 at gradient doses. Sensitized
BMMCs released B-hexosaminidase (hexo, in short; used as
an indicator of mast cell degranulation [9]) in response to
OVA, but not to BSA. The results indicate that the sensitized
BMMCs degranulate in response to specific antigens. The
presence of TAFA4 was effective in suppressing degranula-
tion of BMMCs in a dose-dependent manner (Fig. 2A). The
evidence suggests that TAFA4 can inhibit mast cell activation.
We also found that the expression of FceRI in BMMCs was
down regulated by TAFA4 in a dose-dependent manner (Fig.
2B). Results indicate that TAFA4 limits mast cell activation
and suppresses FceRI expression.

TAFA4 modulates Fcer1g (FceRI y-chain gene)
transcription in mast cells

We then assessed the transcription activities of the Fcerlg
gene in sensitized BMMC:s following exposure to OVA or/and
TAFA4 in culture. PU.1 is the transcription factor of Fcerlg
[10, 11]. We found that the amounts of PU.1 and Pol II were
significantly increased in the Fcerlg promoter in BMMCs
after exposure to OVA. The increase of PU.1 and Pol II was
countered when TAFA4 was present. Exposure to TAFA4
alone did not change the quantities of PU.1 and Pol I in pro-
moter of Fcerlg (Fig. 3A-B). Fcer1lg mRNA levels in BMMCs
were increased following exposure to OVA, and were regu-
lated in response to TAFA4 stimulation (Fig. 3C). The results
demonstrate that TAFA4 can mitigate gene transcription of
Fcerlg in mast cells.

The TAFA4-PTEN signals limit the expression of
FceRl in mast cells

The mechanism by which TAFA4 regulates the expression
FceRI was subsequently examined. It is recognized that
PTEN plays a crucial role in maintaining immune homeo-
stasis in cells [12]. Sensitized BMMCs were exposed to OVA
(the specific antigen) in culture overnight. This caused lower
PTEN levels in BMMCs. Exposure to TAFA4 increased the
expression of PTEN to the baseline in BMMCs. Exposure
of BMMCs to TAFA4 alone did not further increase the
PTEN levels (Fig. 4A). Using an immunoprecipitation
assay, we found a complex containing PTEN and PU.1 in
BMMCs (Fig. 4B). The findings suggest that the PTEN is
the link between the sensitization and upward regulation
of the FceRI expression. Furthermore, PTEN also serves

as a link between TAFA4 and the downward regulation of
FceRI expression. To corroborate the results, a luciferase-
linked FCER1G promoter reporter, a His-PTEN expressing
plasmid, and a Flag-SPI1 expressing plasmid were trans-
fected into HEK293 cells. The results showed that the His-
PTEN/Flag-SPI1 complex was formed in HEK293 cells
(Fig. 4C). The concomitant transfer of both PTEN-plasmids
and SPI1-plasmids, but not either one alone, markedly acti-
vated the FCER1G promoter reporter (Fig. 4D). The results
show that TAFA4 is capable of suppressing transcription of
the FCER1G gene.

Administration of TAFA4 attenuates experimental
AR

The effects of TAFA4 on modulation of the AR response
were then tested. An AR mouse model was developed with
ovalbumin (OVA) as a specific antigen. The mice exhibited
AR-like response, including nasal itch, sneezing (Fig. SA,B),
an increase in the levels of allergic mediators (Mcptl and
EPX) (Fig. 5C,D) and Th2 cytokines (IL-4, IL-5, IL-13) (Fig.
SE-G) in nasal secretions. OVA-specific IgE was detected in
the serum (Fig. 5H). Administration of TAFA4 during the sen-
sitization period, efficiently suppressed the AR response (Fig.
5). On the other hand, mice receiving the TAFA4 treatment
did not show appreciable side effects.

TAFA4 suppresses the expression of FceRl in mast
cells of the airway tissues

At the time of sacrifice, respiratory tract tissues were excised in
AR mice treated with or without TAFA4. Airway mononuclear
cells (AMC) were isolated from the tissues with the enzyme-
digestion approach, and analyzed by flow cytometry (FCM).
We found that the number of mast cells in the airway tissues
was increased in AR mice. Treatment of AR mice with TAFA4
did not appear to alter mast cell counts (Fig. 6A,B). However,
the staining of FceRI (reported by MFIL, the median fluorescence
intensity) in mast cells was significantly reduced in mast cells by
TAFA4 (Fig. 6C,D). The results further verify that TAFA4 can
down regulate the expression of FceRI in mast cells.

Discussion

FceRI in mast cells plays a crucial role in the IgE-mediated
allergic reactions. Thus, to regulate the expression of FceRI in
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Figure 2: TAFA4 downregulates mast cell activation. BMMCs were sensitized to OVA-specific IgE, and treated with the procedures (denoted on the
X-axis of boxplots) overnight. A, median (IQR) of hexo levels (compared against the hexo value induced by 0.1% Triton X-100) in supernatant from 3
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antigen). BSA: Bovine serum albumin (5 pg/ml; used as an irrelevant antigen).
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mast cells is expected to alleviate allergic diseases. This study
has identified a new agent, TAFA4, which can regulate the ex-
pression of FceRI in mast cells. TAFA4 increases the activities
of PTEN. The latter form a complex with PU.1, the transcrip-
tion factor of FceRI. Such physical contact between PTEN
and PU.1 precluded movement of PU.1 toward the FceRI pro-
moter. This event restricts the transcription of the FceRI gene.

In this way, expression of FceRI in mast cells is suppressed.
The evidence suggests that TAFA4 may be a potential drug for
treating allergic diseases.

The data demonstrate that TAFA4 can be released into the
nasal cavity. Patients with AR have lower levels of TAFA4.
TAFA4 is released from GINIP neurons. Published data in-
dicate that TAFA4 relieves mechanical hypersensitivity [13],
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Figure 5: TAFA4 suppresses AR response. An AR mouse model was developed using OVA as a specific antigen. TAFA4 was employed in the period of
immune boosting. A,B, AR clinical symptoms (Nasal itch and sneezing). C,D, allergic mediators (Mcpt1 and EPX) in NLF. E,G, Th2 cytokines (IL-4, IL-5,
and IL=13) in NLF. H, serum slgE levels. OVA: ovalbumin. NLF: nasal lavage fluid. PBS: using as a negative control agent. Each group consists of 6 mice.

involves in the pathogenesis of HPV infection [14], and pro-
motes wound recovery [7]. Our data have added new insights
to this field of study. The data demonstrate that TAFA4 can
regulate FceRI expression in mast cells. The data show that
TAFA4 does not ablate the expression of FceRl, the role of
TAFA4 in this event can be defined maintaining the homeo-
stasis of mast cells.

With the aim of alleviating allergic reactions, attempts were
made to block IgE with appropriate antibodies. Clinical applica-
tion of anti-IgE antibodies, such as omalizumab and ligelizumab,
has shown positive results for the relief of allergic diseases [15].
Our evidence demonstrates an innovative approach to achieving
this goal. The rationale behind this approach is based on the
effects of TAFA4 on the regulation of FceRI expression in mast
cells. Through the administration of TAFA4, we did find that the
expression of FceRI in mast cells was regulated and the experi-
mental AR was effectively attenuated.

The data show that the expression of PTEN can be up
regulated by TAFA4. PTEN is an important molecule in the
maintenance of homoeostasis in the cell. PTEN mutation has
been observed in many types of cancers [16]. PTEN can re-
lieve autoimmune diseases by controlling the STAT3-NF-xB
signaling pathway [17]. It is proposed that PTEN can be
used as a therapeutic tool for asthma treatment [18]. In this
context, our data are consistent with previous studies. We
found that PTEN could restrict the expression of FceRI in

mast cells. As aforementioned, PTEN did not ablate the ex-
pression of FceRI in mast cells. The data verify the proposal
that the TAFA4-induced PTEN on regulating the FceRI ex-
pression in mast cells is to maintain the expression of FceRI
at a proper level.

The treatment of allergic conditions is currently unsatisfac-
tory. Most treatment tools concentrate on symptom control.
Of which administration of glucocorticoid agents or anti-
histamine agents is commonly employed in allergy clinics
[19]. Most steroids and histamine blockades can suppress al-
lergic reactions. However, these agents only have temporary
therapeutic effects [20]. Specific antigen immunotherapy is
an etiology targeting therapy. Its therapeutic effectiveness,
however, remains in need of improvement [21]. Current data
provide a potential new therapy for allergic illnesses. TAFA4
can suppress allergic reactions through down regulating the
expression of FceRI in mast cells. As mast cells are the ca-
nonical effector cells in allergic reactions, TAFA4 therapy has
the translation potential to be developed for an anti-allergic
drug.

In summary, the present data show that TAFA4 can sup-
press mast cell activity in allergic reactions. The mech-
anism behind this phenomenon is that TAFA4 activates the
PTEN-PU.1 pathway to suppress the expression of FceRI in
mast cells. Administration of TAFA4 can efficiently alleviate
experimental AR.
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Figure 6: TAFA4 downregulates FceRI in mast cells. An AR mouse model was developed using OVA as a specific antigen. TAFA4 was employed in the
period of immune boosting. AMCs were prepared and analyzed by FCM. A, Gated FCM plots show mast cell counts. B, Median (IQR) of mast cell
counts. C, Gated histograms show FceRI* mast cell counts. D, Median (IQR) of relative MFI of FceRI in mast cells of panel C. AR: allergic rhinitis. OVA:
ovalbumin. AMC: airway mononuclear cells. FCM: flow cytometry. MFI: median fluorescence intensity.
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