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Abstract

Paeoniflorin (PF), one of the main effective ingredients from the root of Paeonia

lactiflora Pall., was reported to possess antitumor, anti‐inflammatory, and

antiallergic properties. However, the roles of PF in activated human mast cell

line, HMC‐1 cells, have not yet been elucidated. Thus, the aim of this study was

to examine the antiallergic and anti‐inflammatory effects of PF on phorbol‐12‐
myristate 13‐acetate plus calcium ionophore (PMACI)–induced human mast

cells and to identify the mechanism responsible for these effects. Our results

demonstrated that pretreatment with PF effectively attenuated PMACI‐induced
production of tumor necrosis factor‐α and interleukin 1β in HMC‐1 cells. In

addition, PF significantly suppressed PMACI‐induced histamine release and

caspase‐1 activation in HMC‐1 cells. Furthermore, PF prevented the activation

of nuclear factor κB (NF‐κB) and mitogen‐activated protein kinase (MAPK)

signaling pathways in activated HMC‐1 cells. In conclusion, we showed for the

first time that PF attenuated the mast cell–mediated allergic inflammatory

response through suppressing the NF‐κB and MAPK signaling pathways.
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1 | INTRODUCTION

Allergic rhinitis is an allergic inflammatory disease of the
upper airway and the prevalence has been increasing in
the past few years.1 It is characterized by one or more
nasal symptoms, such as sneezing, itching, nasal
discharge, rhinorrhea, postnasal drainage, and nasal
obstruction.2 In spite of many treatment options for
allergic rhinitis, none of the treatments were completely
effective. Mast cells are the major effector cells in the
progression of allergic rhinitis. Activated mast cells could
secrete a variety of bioactive substances, such as
histamine, chemokines, cytokines, and growth factors,
which promote the local inflammatory response.3,4 Thus,

suppression of the mast cell function may be an effective
way to alleviate the progression of allergic rhinitis.

The root of Paeonia lactiflora Pall. (family
Ranunculaceae) has been used in traditional Chinese
medicine for the treatment of pain, muscle spasm,
inflammation, and degenerative disorders. Paeoniflorin
(PF) is one of the main effective ingredients from the root
of P. lactiflora Pall.5 Emerging studies have reported that PF
possesses diverse pharmacological activities, such as neuro-
protective, anti‐inflammatory, antioxidative, immunoregula-
tory, antitumor, and antiallergic effects.6-8 For example, Sun
et al9 reported that PF treatment dramatically decreased
airway hyperresponsiveness to aerosolized methacholine and
downregulated the levels of interleukin‐5 (IL‐5), IL‐13, IL‐17,
and eotaxin in the bronchoalveolar lavage fluid of asthmatic
mice. However, the roles of PF in activated human mast cell
line, HMC‐1 cells, have not yet been elucidated. Thus, the
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aim of this study was to examine the antiallergic and anti‐
inflammatory effects of PF on phorbol‐12‐myristate 13‐
acetate plus calcium ionophore (PMACI)–induced human
mast cells and to identify the mechanism responsible for
these effects. The results of this study indicated that PF has
an antiallergic effect by modulating mast cell–mediated
allergic responses in allergic rhinitis.

2 | MATERIALS AND METHODS

2.1 | Reagents and cell culture

PF was purchased from Sigma (St Louis, MO; HPLC≥ 98%).
The human mast cell line was purchased from the
American Type Culture Collection (ATCC, Manassas, VA).
Cells were cultured in Dulbecco modified Eagle medium
(DMEM; Life Technologies, Grand Island, NY), supplemen-
ted with 10% fetal bovine serum (FBS; Gibco, Rockville,
MD) and 100U/mL penicillin/streptomycin (Sigma) in a 5%
CO2 incubator at 37°C. Passages between 4 and 8 were used
in all experiments.

2.2 | Cell viability assay

Cell viability was assessed using the Cell Counting Kit‐8
(CCK‐8; Dojindo, Kumamoto, Japan) assay, according
to the manufacturer’s instructions. Briefly, HMC‐1 cells
were seeded at a density of 1 × 105 cells per well in
96‐well culture plates overnight and then incubated with
different concentrations of PF (0, 1, 5, 10, and 20 μM) for
24 hours. Then, 10 μL of CCK‐8 solution was added to
each well and incubated for 4 hours at 37°C. Finally, the
absorbance was measured at 540 nm with an ELISA reader
(Bio‐Rad, Hercules, CA). The cell survival rates were
expressed as percentages of the value of normal cells.

2.3 | Assessment of TNF‐α and IL‐1β
production

HMC‐1 (1 × 105 cells per well) were pretreated with PF
(1, 5, or 10 μM) for 1 hour before incubation with
25 nM PMA plus 1 µM A23187 (PMACI) for 2 hours.
Then, the cell culture medium was centrifuged, and the
supernatant was collected. Subsequently, the levels of
tumor necrosis factor‐α (TNF‐α) and IL‐1β in the super-
natant were determined by ELISA kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China), according to the
manufacturer’s instructions, respectively.

2.4 | Determination of histamine level

After treatment, the histamine content in the supernatant
was evaluated using the o‐phthaldialdehyde fluorometric

procedure.10 The fluorescence intensity was analyzed
using a fluorescence microscope with an excitation
wavelength of 353 nm and an emission wavelength of
438 nm.

2.5 | Caspase‐1 activity assay

After treatment, the activity of caspase‐1 was evaluated
using a caspase assay kit (R&D Systems Inc., Minneapo-
lis, MN) according to the manufacturer’s instructions.

2.6 | Western blot analysis

HMC‐1 cells were collected after washing with ice‐cold
phosphate‐buffered saline and then lysed with RIPA buffer
(50mM Tris‐HCl [pH 7.2], 150mMNaCl, 1% Triton X‐100,
and 0.1% sodium dodecyl sulfate [SDS]). Protein concen-
trations were measured with a BCA protein assay kit
(Pierce, Rockford, IL). Aliquots (about 30 μg per lane)
were separated by 10% SDS–polyacrylamide gel and
transferred to a polyvinylidene difluoride membrane
(Millipore, Boston, MA). The membranes were blocked
with 5% fat‐free milk in Tris‐buffer saline for 1 hour at
room temperature and incubated with primary antibodies
overnight at 4°C. The primary antibodies were anti‐p‐p65
(1:2500), anti‐p65 (1:1500), anti‐IκBα (1:300), anti‐p38
(1:1000), anti‐phospho‐p38 (1:1000), anti‐ERK (1:2500),
anti‐phospho‐ERK (1:1500), anti‐JNK (1:1000), anti‐phos-
pho‐JNK (1:1000), and anti‐GAPDH (1:2000). After wash-
ing, the membranes were incubated with appropriate
horseradish peroxidase–conjugated secondary antibody
(Santa Cruz Biotechnology, Santa Cruz, CA) for 1 hour
at room temperature. Finally, the immunoreactive protein
bands were visualized using an enhanced chemilumines-
cence reagent (GE Healthcare, Buckinghamshire, UK).

2.7 | Statistical analysis

Statistical analysis was performed using SPSS 17.0
software (SPSS Inc, Chicago, IL). All values are
presented as the mean ± standard deviation. The statis-
tical significance was assessed using one‑way analysis of
variance, followed by Tukey post hoc test for multi-
ple‑group comparisons. P < .05 was considered statisti-
cally significant.

3 | RESULTS

3.1 | Effect of PF on the viability
of HMC‐1 cells

We examined the effect of PF on cell viability. The results
of CCK‐8 assay indicated that PF at a concentration of
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20 μM caused a significant inhibition of the viability of
HMC‐1 cells compared with untreated HMC‐1 cells. Cell
viability was not significantly impaired at PF concentra-
tions of ≤ 10 μM ( Figure 1); therefore, these concentrations
were chosen for additional experiments.

3.2 | PF inhibits PMACI‐induced
production of TNF‐α and IL‐1β in
HMC‐1 cells

Pro‐inflammatory cytokines play important roles in the
progression of allergic rhinitis; thus, we examined the
effects of PF on the production of TNF‐α and IL‐1β in
HMC‐1 cells exposed to PMACI. As shown in Figure 2A,
compared with untreated HMC‐1 cells, PMACI treatment
significantly induced TNF‐α production in HMC‐1 cells.
However, pretreatment with PF dose‐dependently sup-
pressed the production of TNF‐α in HMC‐1 cells exposed to
PMACI. In addition, PMACI‐induced IL‐1β production was
also prevented by PF (Figure 2B).

3.3 | PF suppresses PMACI‐induced
histamine release and caspase‐1 activation
in HMC‐1 cells

Histamine is the salient inflammatory mediator
released after allergen challenge in allergic rhinitis;
thus, we examined the effect of PF on histamine
release in PMACI‐stimulated HMC‐1 cells. As shown
in Figure 3A, PMACI treatment significantly induced
histamine release in HMC‐1 cells, and this effect was
potently reversed by PF. Furthermore, we investigated

the effect of PF on caspase‐1 activation in HMC‐1 cells
in response to PMACI. As shown in Figure 3B, as
compared with the control group, caspase‐1 activity
was dramatically increased in PMACI‐stimulated
HMC‐1 cells. However, pretreatment with PF effi-
ciently prevented PMACI‐induced caspase‐1 activation
in HMC‐1 cells, exhibiting dose dependence.

3.4 | PF prevents NF‐κB activation
in activated HMC‐1 cells

NF‐κB is an important transcriptional regulator of
inflammatory cytokines; thus, to explore the regulatory
mechanisms of PF on inflammatory response,
we detected the effect of PF on NF‐κB activation in
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F IGURE 1 Effect of PF on the viability of HMC‐1 cells.
HMC‐1 cells at a density of 1 × 105 cells per well were incubated
with different concentrations of PF (0, 1, 5, 10, and 20 μM) for
24 hours. Cell viability was determined using the CCK‐8 assay.
Data are expressed as mean ± SD of 3 independent experiments.
*P< .05 vs control. CCK‐8, cell counting kit‐8; HMC‐1, human
mast cell line‐1; PF, paeoniflorin; SD, standard deviation

FIGURE 2 PF inhibits PMACI‐induced production of TNF‐α
and IL‐1β in HMC‐1 cells. HMC‐1 cells (1 × 105 cells per well) were
pretreated with PF (1, 5, or 10 μM) for 1 hour before incubation
with 25 nM PMA plus 1 µM A23187 (PMACI) for 2 hours. (A,B)
The levels of TNF‐α and IL‐1β in the supernatant were determined
by ELISA kits. Data are expressed as mean ± SD of 3 independent
experiments. *P< .05 vs control; #P< .05 vs PMACI. ELISA,
enzyme‐linked immunosorbent assay; HMC‐1, human mast
cell line‐1; IL‐1β, interleukin‐1β; PF, paeoniflorin; PMACI,
phorbol‐12‐myristate 13‐acetate plus calcium ionophore;
SD, standard deviation; TNF‐α, tumor necrosis factor‐α



HMC‐1 cells exposed to PMACI. As shown in Figure 4,
PMACI stimulation markedly induced phosphorylation
NF‐κB/p65 and degradation of IκBα in HMC‐1 cells
when compared with the untreated group; however, the
activation of NF‐κB was greatly suppressed by treatment
with PF.

3.5 | PF prevents the activation of MAPK
pathway in activated HMC‐1 cells

Because the mitogen‐activated protein kinase (MAPK)
pathway is also important for inflammatory response,
therefore, we investigated the effect of PF on MAPK
pathway activation in PMACI‐stimulated HMC‐1 cells.
Western blot analysis showed that the levels of p‐p38,
p‐ERK, and p‐JNK were significantly increased in HMC‐1

cells exposed to PMACI compared with the control
group. However, pretreatment with PF could attenuate
the phosphorylation of p38, ERK, and JNK in activated
HMC‐1 cells (Figure 5).
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FIGURE 3 PF suppresses PMACI‐induced histamine release
and caspase‐1 activation in HMC‐1 cells. HMC‐1 cells (1 × 105 cells
per well) were pretreated with PF (1, 5, or 10 μM) for 1 hour
before incubation with 25 nM PMA plus 1 µM A23187 (PMACI)
for 2 hours. (A) Histamine content was evaluated using the
o‐phthaldialdehyde fluorometric procedure. (B) The activity
of caspase‐1 was evaluated using a caspase assay kit. Data are
expressed as mean ± SD of 3 independent experiments. *P< .05 vs
control; #P< .05 vs PMACI. HMC‐1, human mast cell line‐1; PF,
paeoniflorin; PMACI, phorbol‐12‐myristate 13‐acetate plus calcium
ionophore; SD, standard deviation

FIGURE 4 PF prevents NF‐κB activation in activated HMC‐1
cells. HMC‐1 cells (1 × 105 cells per well) were pretreated with
10 μM PF for 1 hour before incubation with 25 nM PMA plus 1 µM
A23187 (PMACI) for 2 hours. (A) The levels of p‐p65, p65, and IκBα
were measured using Western blot analysis. (B,C) Quantification
analysis was performed using Gel‐Pro Analyzer version 4.0
software. Data are expressed as mean ± SD of 3 independent
experiments. *P< .05 vs control; #P< .05 vs PMACI. GAPDH,
glyceraldehyde 3‐phosphate dehydrogenase; HMC‐1, human mast
cell line‐1; NF‐κB, nuclear factor κB; PF, paeoniflorin; PMACI,
phorbol‐12‐myristate 13‐acetate plus calcium ionophore



4 | DISCUSSION

In the current study, we adopted PMACI‐stimulated
HMC‐1 cell injury model to investigate the antiallergic
and anti‐inflammatory effects of PF on activated mast
cells. Our results demonstrated that pretreatment with
PF effectively attenuated PMACI‐induced production
of TNF‐α and IL‐1β in HMC‐1 cells. In addition,

PF significantly suppressed PMACI‐induced histamine
release and caspase‐1 activation in HMC‐1 cells. Further-
more, pretreatment with PF prevented the activation
of NF‐κB and MAPK signaling pathways in activated
HMC‐1 cells.

Pro‐inflammatory cytokines play critical roles in
triggering allergic inflammation in mast cells. TNF‐α is
required for both the production of notably T helper 2
cytokines and the migration of T helper 2 cells to the sites
of allergic inflammation.11 Several studies showed that
the levels of IL‐1β, IL‐4, and IL‐5 are upregulated in nasal
secretions from patients with allergic rhinitis.12,13 In
addition, a study by Hu et al14 reported that the blockade
of TNF‐α and IL‐1β can alleviate pathological allergic
inflammation in the nasal mucosa and lung tissues in
allergic rhinitis guinea pigs. In this study, we found that
PMACI treatment induced the production of TNF‐α and
IL‐1β in HMC‐1 cells. However, these effects were
significantly prevented by PF. These results are similar
to a previous study showing that PF could reduce the
production of IL‐1β, IL‐6, and TNF‐α in a rat model of
high‐fat diet‐induced atherosclerosis.15 These data sug-
gest that PF exerts an antiallergic effect in activated
HMC‐1 cells via downregulation of the production of pro‐
inflammatory cytokines.

Histamine, an important mediator of allergic reac-
tions, is implicated in the pathogenesis of allergic
rhinitis.16,17 It was reported that histamine nasal insuf-
flation can induce nasal itch, sneezing, rhinorrhea, and
nasal blockage.18 In the current study, our data showed
that PF markedly inhibited PMACI‐induced histamine
release in HMC‐1 cells. These results imply that PF can
exert an antiallergic effect in activated HMC‐1 cells by
the inhibition of histamine release.

Caspase‐1 is a member of the caspase family and plays
a crucial role in the regulation of inflammatory and
immune responses.19 It was reported that caspase‐1
activity was significantly increased in an animal model
of allergic rhinitis.20 Herein, we demonstrated that
pretreatment with PF efficiently inhibited caspase‐1
activation in HMC‐1 cells exposed to PMACI. These data
suggest that the antiallergic effects of PF are associated
with the inhibition of caspase‐1 activation in activated
mast cells.

The activation of NF‐κB pathway plays an important role
in inflammatory response.21,22 In response to stimuli, the
inhibitory protein IκBα is phosphorylated by IKKα/β,
ubiquitinated, and rapidly degraded by the proteasome,
allowing NF‐κB to release from IκB and translocate to the
nucleus and regulate a large number of genes involved in
inflammation, including cytokines (eg, TNF, IL‐1, IL‐8, and
IL‐6).23 Recently, a study showed that local NF‐κB inhibition
using NF‐κB decoy oligodeoxynucleotides suppressed the
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F IGURE 5 PF prevents the activation of mitogen‐activated
protein kinase pathway in activated HMC‐1 cells. HMC‐1 cells
(1 × 105 cells per well) were pretreated with 10 μM PF for 1 hour
before incubation with 25 nM PMA plus 1 µM A23187 (PMACI) for
2 hours. (A) The levels of p‐p38, p38, p‐ERK, ERK, p‐JNK, and JNK
were detected using Western blot analysis. (B) Quantification
analysis was performed using Gel‐Pro Analyzer version 4.0
software. Data are expressed as mean ± SD of 3 independent
experiments. *P< .05 vs control; #P< .05 vs PMACI. GAPDH,
glyceraldehyde 3‐phosphate dehydrogenase; HMC‐1, human mast
cell line‐1; PF, paeoniflorin; PMACI, phorbol‐12‐myristate
13‐acetate plus calcium ionophore; SD, standard deviation



allergic response in a murine model of allergic rhinitis.24 In
the current study, we found that pretreatment with PF
significantly prevented PMACI‐induced phosphorylation of
NF‐κB/p65 and degradation of IκBα in HMC‐1 cells, which
suggest that the antiallergic effect of PF on inflammatory
response in activated HMC‐1 cells may be responsible for
the regulation of NF‐κB signaling pathway.

The MAPK signaling pathway has been shown to be
involved in the synthesis of inflammation mediators.25-27

The activation of ERK1/2 is responsible for the produc-
tion of TNF‐α, IL‐3, and IL‐13 in mast cells.28 Therefore,
inhibition of the MAPK pathway might be an effective
approach to treat inflammatory response. Our findings
showed that PF prevented PMACI‐induced MAPK
activation in HMC‐1 cells. These data imply that PF
exerts the antiallergic effect by modulating mast cell–
mediated allergic inflammatory response, at least, in part,
through the inactivation of MAPK signaling pathway.

In conclusion, these data indicated that PF attenuated
the mast cell–mediated allergic inflammatory response
through suppressing the NF‐κB and MAPK signaling
pathways. These findings suggest that PF would be
beneficial for the treatment of mast cell–mediated allergic
reactions.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest.

ORCID

Guanghui Wang http://orcid.org/0000-0001-5782-3962

REFERENCES

1. Fernandes SSC, Andrade CR, Alvim CG, Camargos PAM,
Ibiapina CC. Epidemiological trends of allergic diseases in
adolescents. J Bras Pneumol. 2017;43:368‐372.

2. Greiner AN, Hellings PW, Rotiroti G, Scadding GK. Allergic
rhinitis. Lancet. 2011;378:2112‐2122.

3. Draber P, Halova I, Polakovicova I, Kawakami T. Signal
transduction and chemotaxis in mast cells. Eur J Pharmacol.
2016;778:11‐23.

4. Frenzel L, Hermine O. Mast cells and inflammation. Joint Bone
Spine. 2013;80:141‐145.

5. Wei Y, La L, Wang L, Batey R, Wang C, Li Y. Paeoniflorin and
liquiritin, two major constituents in Chinese herbal formulas
used to treat hyperprolactinemia‐associated disorders, inhibits
prolactin secretion in prolactinoma cells by different mechan-
isms. J Ethnopharmacol. 2017;204:36‐44.

6. Liu HQ, Zhang WY, Luo XT, Ye Y, Zhu XZ. Paeoniflorin
attenuates neuroinflammation and dopaminergic neurodegen-
eration in the MPTP model of Parkinson’s disease by activation
of adenosine A1 receptor. Brit J Pharmacol. 2006;148:314‐325.

7. Zhang Q, Yuan Y, Cui J, Xiao T, Jiang D. Paeoniflorin inhibits
proliferation and invasion of breast cancer cells through
suppressing Notch‐1 signaling pathway. Biomed Pharmacother.
2016;78:197‐203.

8. Zhang T, Yang Z, Yang S, Du J, Wang S. Immunoregulatory
effects of paeoniflorin exerts anti‐asthmatic effects via modula-
tion of the Th1/Th2 equilibrium. Inflammation. 2015b;38:
2017‐2025.

9. Sun J, Wu J, Xu C, Luo Q, Li B, Dong J. Paeoniflorin attenuates
allergic inflammation in asthmatic mice. Int Immunopharma-
col. 2015;24:88‐94.

10. Kitamura Y, Das AK, Murata Y, et al. Dexamethasone
suppresses histamine synthesis by repressing both transcription
and activity of HDC in allergic rats. Allergol Int. 2006;55:
279‐286.

11. Artis D, Humphreys NE, Bancroft AJ, Rothwell NJ, Potten CS,
Grencis RK. Tumor necrosis factor α is a critical component of
interleukin 13–mediated protective T helper cell type 2
responses during helminth infection. J Exp Med. 1999;190:
953‐962.

12. Sim TC, Grant JA, Hilsmeier KA, Fukuda Y, Alam R.
Proinflammatory cytokines in nasal secretions of allergic
subjects after antigen challenge. Am J Respir Crit Care Med.
1994;149:339‐344.

13. Benson M, Wennergren G, Fransson M, Cardell LO. Altered
levels of the soluble IL‐1, IL‐4 and TNF receptors, as well as the
IL‐1 receptor antagonist, in intermittent allergic rhinitis. Int
Arch Allergy Immunol. 2004;134:227‐232.

14. Hu WX, Zhou WY, Zhu XL, et al. Anti‐interleukin‐1 beta/
tumor necrosis factor‐alpha IgY antibodies reduce pathological
allergic responses in guinea pigs with allergic rhinitis.
Mediators Inflamm. 2016;2016:3128182‐3128193.

15. Li H, Jiao Y, Xie M. Paeoniflorin ameliorates atherosclerosis by
suppressing TLR4‐mediated NF‐κB activation. Inflammation.
2017;40:2042‐2051.

16. Skoner AR, Skoner KR, Skoner DP. Allergic rhinitis, histamine,
and otitis media. Allergy Asthma Proc. 2009;30:470‐481.

17. Steelant B, Seys SF, Van Gerven L, et al. Histamine and T
helper cytokine driven epithelial barrier dysfunction in allergic
rhinitis. J Allergy Clin Immunol. 2017;S0091‐6749:31622‐31626.

18. Howarth PH, Salagean M, Dokic D. Allergic rhinitis: not purely
a histamine‐related disease. Allergy. 2000;55:7‐16.

19. Ghayur T, Banerjee S, Hugunin M, et al. Caspase‐1 processes
IFN‐gamma‐inducing factor and regulates LPS‐induced IFN‐
gamma production. Nature. 1997;386:619‐623.

20. Oh HA, Kim HM, Jeong HJ. Alleviation of allergic rhinitis
symptoms with Pyeongwee‐San extract (KMP6). Immunophar-
macol Immunotoxicol. 2012;34:135‐142.

21. Kim HR, Shin DY, Chung KH. The role of NF‐κB signaling
pathway in polyhexamethylene guanidine phosphate induced
inflammatory response in mouse macrophage RAW264.7 cells.
Toxicol Lett. 2015;233:148‐155.

22. Tornatore L, Thotakura AK, Bennett J, Moretti M, Franzoso G.
The nuclear factor kappa B signaling pathway: integrating
metabolism with inflammation. Trends Cell Biol. 2012;22:
557‐566.

23. Li X, Massa PE, Hanidu A, et al. IKKα, IKKβ, and NEMO/IKKγ
are each required for the NF‐κB‐mediated inflammatory
response program. J Biol Chem. 2002;277:45129‐45140.

6 | WANG AND CHENG

http://orcid.org/0000-0001-5782-3962


24. Wee JH, Zhang YL, Rhee CS, Kim DY. Inhibition of allergic
response by intranasal selective NF‐κB decoy oligodeoxynu-
cleotides in a murine model of allergic rhinitis. Allergy Asthma
Immunol Res. 2017;9:61‐69.

25. Kaminska B. MAPK signalling pathways as molecular targets
for anti‐inflammatory therapy‐from molecular mechanisms to
therapeutic benefits. Biochim Biophys Acta. 2005;1754:253‐262.

26. Li Z, Wang H, Liu L. Interleukin‐25 enhances allergic
inflammation through p38MAPK and NF‐κB pathways in
mouse models of allergic rhinitis. Iran J Allergy Asthma
Immunol. 2014;13:412‐419.

27. Zhang N, Li H, Jia J, He M. Anti‐inflammatory effect of curcumin
on mast cell‐mediated allergic responses in ovalbumin‐induced
allergic rhinitis mouse. Cell Immunol. 2015a;298:88‐95.

28. Lorentz A, Klopp I, Gebhardt T, Manns MP, Bischoff SC. Role
of activator protein 1, nuclear factor‐kappaB, and nuclear factor
of activated T cells in IgE receptor‐mediated cytokine expres-
sion in mature human mast cells. J Allergy Clin Immunol.
2003;111:1062‐1168.

How to cite this article: Wang G, Cheng N.
Paeoniflorin inhibits mast cell–mediated allergic
inflammation in allergic rhinitis. J Cell Biochem.
2018;1‐7. https://doi.org/10.1002/jcb.27135

WANG AND CHENG | 7

https://doi.org/10.1002/jcb.27135



