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Allergic diseases, mainly mediated by T helper type 2 (Th2) immunity, have become a worldwide public
health problem. Traditional Chinese medicine (TCM) has long been used in treating and preventing al-
lergic symptoms. As the new target of anti-allergy TCM, basophils, after approximately 140 years since
their discovery, are just now gaining respect as important contributors in the pathogenesis underlying
allergic inflammation and disease. In addition to their role as effector cells, basophils can release early

Key words: IL-4, migrate from circulatory system into draining lymph nodes, present antigen to naive CD4* T cells,
basophils and promote the differentiation of Th2 cells. Herein, we briefly summarized the recent research advances
IL-4 of the essential contributions of basophils in the initiation of Th2 immune responses.
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1. Introduction

In modern medicine, allergy is defined as a hypersensitivity re-
sponse induced by an immune mechanism. Although there is no
exact concept of allergy in traditional Chinese medicine (TCM), it
has records about allergic diseases as early as in huang di nei jing
(the Canon of Internal Medicine). According to TCM theory, allergic
diseases caused by the invasion of the body by external pathogens,
belongs to the category of exogenous pathogenic diseases. For ex-
ample, wind or cold can cause allergic rhinitis, dryness can cause
cough variant asthma, and wind chill and wind heat can cause
hives (Wang, 2008). Allergic diseases caused by wind characterized
by itches symptom are usually treated with TCM for preventing
wind and relieving itching, as well as promoting lung and reliev-
ing symptoms. TCM of heat-clearing, damp-clearing and phlegm-
reducing can remove the pathological products produced in the
pathogenesis of allergic diseases. Furthermore, TCM of regulating
gi and activating blood circulation, tonic and insect are also used
in the treatment of allergic diseases (Shu & Zeng, 2013). More re-
cently, it was found that TCM had potential in treating food allergy
via inhibitory effect on basophils, which shed light on the explo-
ration of molecular mechanisms of anti-allergy TCM and the expla-
nation of TCM theories with modern medicine.
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In recent years, the incidence of type I allergy has been ris-
ing rapidly in China (Tan, 2016; Zhi, 2016), and even reaches 30%
in some other countries (Wills-Karp, Nathan, Page & Karp, 2010).
As anti-allergy drugs, mast cell stabilizers and histamine recep-
tor blockers are commonly used in clinic. They can relieve allergy
symptoms by blocking the release of allergy mediators or prevent-
ing the interaction of histamine and its effector cells. However,
these two strategies both act on the late phase when the allergic
responses have already been triggered. Effective intervention on or
before the initiation phase will possibly break the chain between
the initiation phase and the late phase to greatly relieve type I al-
lergy symptoms, which is mediated by T helper type 2 (Th2) cells
via secretion of cytokines, differentiation of B cells to plasma cells,
and production of IgE (Zhu & Paul, 2010). Therefore, if the initiation
of Th2 immunity can be prevented or suppressed, the incidence of
allergy will be reduced.

Derived from granulocyte-mononuclear progenitor cells in the
bone marrow, basophils enter the peripheral blood after differ-
entiation and maturation, which is obviously distinct from mast
cells that only mature after migration into the peripheral tissue.
It has been 140 years since the discovery of basophils in 1879
(Ehrlich, 1879). Basophils comprise less than 1% of all peripheral
blood leukocytes and have long been regarded as mast cell-like
cells lacking unique functions. Owing to the phenotypic similarity
with mast cells and their low abundance in blood, basophils have
been considered to play minor and redundant roles in the body’s
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immune system for a long time. The typical example is American
Journal of Immunobiology edited by Charles et al. (2008). Of the
six kinds of myeloid cells displayed in the schematic diagram of
“Medullary cells in innate and acquired immunity”, only basophils
were labeled as “unknown function”. However, recent studies have
shown that basophils are pathophysiologically non-redundant and
indispensable. They not only contribute to the development of al-
lergic responses (Tsujimura et al., 2008), but also play a crucial role
in innate immunity and immune regulation (Wynn, 2009). Some
researchers even used “Basophils are back!” as the title to eval-
uate their findings (Galli & Franco, 2008), and described it as “A
neglected minority gains new respect” (Karasuyama, Mukai, Tsu-
jimura & Obata, 2009). Recent researchers have highlighted the lat-
est advances in understanding of the nonnegligible contributions
of basophils in Th2 immunity. In the present review, we focus on
the recent findings of the interaction between basophils and Th2
cells, and the mechanisms of basophils in initiating Th2 immunity.
Based on these discussions, we review and propose the molecular
mechanisms of anti-allergy TCM.

2. Basophils are a dominant source of early IL-4 required for
Th2 differentiation

Th2 immunity, which develops in response to antigens such
as allergens and parasites, is characterized by high levels of im-
munoglobulin E (IgE), differentiation of epithelial cells to mu-
cous secreting cells and infiltration of Th2 cells, basophils and
eosinophils. Early IL-4 plays a crucial role in initiating Th2 immu-
nity, which prompts naive CD4*T lymphocytes (Th0) to differenti-
ate into Th2 cells through T cell receptor (TCR) signaling pathway
(Gros, Ben-Sasson, Seder, Finkelman & Paul, 1990; Swain, Wein-
berg, English & Huston, 1990; Yamane, Zhu & Paul, 2005). In
the IL-4 knockout mice, their ability to resist parasitic infection
was weakened significantly, but restored after exogenous injection
of IL-4 (Li, Pan & Liu, 2015). To our knowledge, many types of
cells can produce and secrete IL-4, including natural killer T cells,
mast cells, eosinophils and basophils, etc. But which is the source
cell of early IL-4 in the microenvironment of Th2 differentiation?
Studies employing the mice transferred with IL-4 green fluores-
cent protein (GFP) reporter gene demonstrated that basophils were
the main source cells under the worm infection after ruling out
the possibility of other cells (Min et al., 2004). The similar con-
clusion was also obtained by Voehringer et al. who found that
basophils-derived IL-4 played a key role in the murine models of
Nippostrongylus brasiliensis infection and OVA-induced lung allergy
(Voehringer, Reese, Huang, Shinkai & Locksley, 2006). Van Panhuys
et al. assessed the IL-4 production from CD4*T cells and basophils
using a murine IL-4-enhanced GFP reporter system. It was found
that the source of IL-4 in the peripheral tissues was completely
different in the primary and the subsequent secondary infection
responses to N. brasiliensis. Basophils were the main cellular source
of IL-4 during the primary infection, while Th cells were identified
as the main source of IL-4 during the secondary infection. How-
ever, unlike ThO cells, which have to differentiate into Th2 cells
before they can secrete IL-4, basophils can secrete immediately a
large amount of IL-4 after activation (Panhuys et al., 2011). Taken
together, these studies indicate that basophils are the major pro-
ducers of initial IL-4 in the differentiation of ThO cells to Th2 cells
(Miyake & Karasuyama, 2017).

3. Basophils can be recruited into lymph nodes by antigen to
activate ThoO cells

The differentiation of ThO cells mainly occurs in peripheral
lymphoid tissues, while basophils exist in the circulatory system.
Then how do basophils promote the development of ThO cells

differentiation into Th2 cells? It turned out that within 3 — 4 d
after protein-antigen immunization or parasitic infection, basophils
migrated into the immune-activated draining lymph nodes and
were located next to the zone of ThO cells (Gerner, Casey, Kas-
tenmuller & Germai, 2017; Min et al., 2004; Sokol, Barton, Farr &
Medzhitov, 2008). House dust mite antigen (Der p1), known as an
activated protease, can directly activate basophils in the absence
of specific IgE (sIgE) and its activation can be significantly inhib-
ited by protease inhibitors (Phillips, Coward, Pritchard & Hewitt,
2003). Protease-activated receptors (PARs) can sense protease, so
innate or adaptive immunity cells are activated (Shpacovitch, Feld,
Hollenberg, Luger & Steinhoff, 2008), but published work failed
to confirm the PARs expression on basophils (Falcone, Morroll &
Gibbs, 2005). Instead, papain was found to directly activate ThO
cells through protease-activated receptor 2 (PAR2) on the ThO
cell membrane and promote the release of chemokines CCL17 and
CCL22. Basophils, which are chemotactic, are accordingly expressed
CCR4 on the cell membrane. Then, basophils were recruited into
lymph nodes to initiate the ThO cell differentiation to Th2 cell
(Liang et al., 2012). CCL7, released by dendritic cells (DCs) that
are recruited into lymph nodes due to reactive oxygen species
(ROS) signal, can also promote the chemotaxis of basophils into
the lymph nodes (Tang et al., 2010). In addition, IL-3 and IL-3Rf
were also involved in this process (Kim et al., 2010).

4. Roles of basophils in differentiation of Th2 immunity

Besides the innate immune responses, the adaptive immune re-
sponses also play a key role in eliminating pathogens or foreign
substances. They complement each other in contributing to the im-
mune defense of the body (Iwasaki & Medzhitov, 2010). Basophils
play an important role in linking innate immunity and adaptive
immunity. Especially when regulating Th2 differentiation as the
immune regulatory cells, they play diverse roles depending on the
type of antigen.

4.1. Basophils function as antigen-presenting cells (APCs) to produce
early IL-4 in response to haptens or peptide antigens

Before discovering that basophils can independently serve as
APCs in Th2 differentiation, it is generally believed that it is ma-
ture DCs who respond to antigen, and promote the ThO cell pro-
liferation and differentiation to Th2 cell (Lambrecht, 2005). Until
2009, three consecutive papers published in the same issue of Na-
ture Immunology (from three independent laboratories) simultane-
ously reported that basophils were able to migrate into draining
lymph nodes and take up or process antigens as APCs in response
to papain antigen and helminth infection (Perrigoue et al., 2009;
Sokol et al., 2009; Yoshimoto et al., 2009). In addition, basophils
could express MHC-II proteins and costimulatory molecules such
as CD40, CD80 and CD86, meanwhile could secrete the cytokines
IL-4 and thymic stromal lymphopoietin (TSLP) necessary for Th2
cell differentiation. Under certain conditions, basophils alone could
promote ThO cell differentiation to Th2 cell without DCs. One
year later, the conclusion that basophils alone function as APCs
was questioned since the bone marrow-derived basophils (BM-Bas)
used in several of the above experiments actually contained FceRI-
expressing inflammatory DCs (Hammad et al., 2010). However, us-
ing CD11c-deleted BM-Bas to exclude the confounding inflamma-
tory DCs, Otsuka et al. (2013) found that although basophils were
inefficient in taking up particulate antigens, they did express MHC
class II, costimulatory molecules and IL-4 upon exposure to hap-
tens or peptide antigens, thus functioning as both APCs and IL-4
producing cells (Otsuka & Kabashima, 2015).
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4.2. Basophils prompt Th2 differentiation together with DCs in
response to protein antigens

When DCs work as APCs, basophils only serve as IL-4 provider.
Researchers found that the pattern that basophils alone serve
as APCs to initiate Th2 immunity could not explain some phe-
nomena in the study. For example, Th2 immunity in response
to N. brasiliensis infection depended on dermal CD301b* DCs,
while depletion of CD301b* DCs prior to infection significantly re-
duced the number of IL-4-producing CD4* T cells (the Th2 cells)
(Gao et al., 2013; Kumamoto et al., 2013). Further studies suggested
that CD301b* DCs could also express programmed death ligand 2
(PDL2) and interferon regulatory factor 4 (IRF4), the latter was ex-
actly one of the cytokines necessary for Th2 differentiation in vivo
(Kumamoto et al., 2013; Na, Cho & Chung, 2016). Consistent with
this finding, dermal PDL2-expressing DCs does express MHC-II pro-
teins necessary for antigen-presenting (Gao et al., 2013). However,
CD301b* DCs themselves could not induce Th2 immunity what-
ever in vitro (Kumamoto et al., 2013) or in vivo (Gao et al., 2013).
The research results of Otsuka et al. (2013) reasonably explained
this phenomenon. Basophils could not directly take up or process
protein antigens, but they could assist DCs to induce Th2 immu-
nity by producing IL-4 necessary for Th2 differentiation (Otsuka &
Kabashima, 2015).

Basophils can also function as APCs to produce IL-4 via cell
contact-dependent trogocytosis. Miyake et al. (2017) provided a
new compelling evidence of basophils serving as APCs in Th2 dif-
ferentiation. They found that under certain experimental condi-
tions, the expression of MHC-II related to Th2 differentiation was
clearly detected on the basophils. Surprisingly, basophils indeed
express MHC-II on the cell surface, but with little transcription of
corresponding genes, which implied that the expression was de-
tected only at protein but not at transcription level. Hence, it is
highly suggested that MHC-II detected previously on the basophils
was likely to be obtained from other cells (such as DCs). Subse-
quently, the coculture of basophils and DCs was examined and an-
alyzed with confocal microscope and flow cytometry. After 15 min,
fragments of DC plasma membrane together with MHC-II proteins
were found to transfer to the basophil membrane, while the trans-
fer of MHC-II from DCs to the basophil membrane was significantly
suppressed by cellular (or intercellular) adhesion molecule (such as
ICAM-1 or CD11a), which suggested that the effect depends on the
direct contact between cells. These results indicated that the in-
teraction between DCs and basophils completely conforms to the
characteristics of trogocytosis (Campana, De, Carrega, Ferlazzo &
Bonaccorsi, 2015; Joly & Hudrisier, 2003). Consistent with these
studies in vitro, this conclusion was also confirmed by experiments
in vivo. The acquired peptide-MHC-II complexes enabled basophils
to induce antigen-specific T cells producing IL-4 in the model of
atopic dermatitis-like inflammation. While in mice model, if DCs-
derived MHC-II was specifically deficient, basophils in draining
lymph nodes would no longer be able to express MHC-II. Thus,
trogocytosis, through which basophils acquired MHC-II complexes
from DCs, can also be identified in vivo (Miyake et al., 2017). This
important finding objectively mediates the dispute of whether DCs
or basophils are Th2-inducing APCs (Yamanishi, Miyake, Iki, Tsut-
sui & Karasuyama, 2017). Nevertheless, the distinct non-redundant
function of basophils in initiating Th2 immunity is no longer in
doubt.

5. Functions of differentiated Th2 cells in lymph nodes

C-C chemokine receptor type 7 (CCR7) can be expressed on
the membrane of differentiated Th2 cells, which promotes the
migration of Th2 from paracortex zone of lymph nodes to primary
lymphoid follicles where initial B cells locate. Then basophils

exert their effect on B cells through the production of IL-4 and
IL-13, which drive B cells to differentiate into plasma cells and
to produce various antibody isotypes including IgE. Meanwhile,
CCR3, CCR4 and CCR8 are expressed by Th2 cells, which led
Th2 cells out of lymph nodes and into the corresponding lesion
location (Take, Mali & Wu, 2012). In short, basophil-mediated Th2
immunity starts with the recruitment of basophils into lymph
nodes, and end with the flowing of differentiated Th2 cells and
IgE out of lymph nodes. Various cells and cytokines are involved
in this process (Fig. 1).

6. Discussion

Several types of cells other than basophils are known to con-
tribute to the regulation of Th2 immune responses, including den-
dritic cells, epithelial cells and mast cells, et al. Previously, DCs
were known to be dominant APCs for Th2 differentiation. However,
studies over the last decade have suggested the essential function
of basophils in primary Th2 cell responses. The outcomes of such
further studies will not only broaden our understanding of initia-
tion of Th2 cell responses, but may also facilitate the development
of new therapeutic approaches for human allergic diseases and the
modernization of anti-allergy TCM.

6.1. A novel crucial target of Th2 related allergic diseases

For the patients allergic to only one or a few allergens, the pre-
ventive treatment is often used clinically, including avoiding ex-
posure to specific antigens or using the desensitization therapy.
However, these methods are not suitable for those who are suscep-
tible to multifarious environmental antigens. The reason may be
that their initiation threshold of Th2 immunity is relatively lower
than that of normal people. Thus, the most effective strategy may
be the up-regulation of their Th2 differentiation threshold and in-
activating their sensitivity to allergens. Based on recent discover-
ies that uncovered previously unrecognized functions of basophils
in the initiation of Th2 immunity, it is likely that directly target-
ing basophils may be beneficial in the treatment of allergic disease
states.

6.2. Exploration of molecular mechanism of anti-allergy TCM

In fact, several researchers have suggested the utility of Chinese
herbal medicine acting on basophils for the treatment of a variety
of allergic diseases, such as allergic rhinitis and asthma, etc. De-
rived from Wumei Pills, Food Allergy Herbal Formula-2 (FAHF-2)
is an extract of nine herbs, which is commonly used to treat par-
asite infection and food allergy-like symptoms. FAHF-2 protected
against peanut-induced anaphylactic symptoms in the peanut al-
lergic murine model via the reduction of allergen stimulated
basophil activation, hyper-releasability and percentage of circulat-
ing basophils (Patil et al., 2011). Another example is Shuanghuan-
glian Oral Liquid, a three-herb antimicrobial formula containing
Lonicerae Japonicae Flos, Scutellariae Radix and Forsythiae Fructus; it
is commonly used for relieving type I hypersensitivity via its sup-
pressive effect on Th2 immunity. It attenuated shrimp tropomyosin
induced Th2 cytokine release (e.g., IL-4, IL-5, IL-10 and IL-13)
and decreased serum IgE production due to the inhibition of ba-
sophil activation, including decreasing IL-4 release in basophil-
rich splenocytes and suppressing CD200R surface expression in pe-
ripheric basophils (Fei et al., 2018). These researches undoubtedly
help to explain the mechanism of anti-allergic TCM, a safe, well-
tolerated and effective immunotherapeutic option for allergic pa-
tients, and are beneficial for the modernization and globalization
of TCM.
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Fig. 1. Mechanism of basophils in initiating Th2 immune response.

Taken together, despite being a minor population of peripheral
blood leukocytes, basophils are a key player in the initiation of Th2
immunity. It is now appreciated that activated basophils are capa-
ble of providing initial IL-4 that promotes the differentiation of ThO
cells to Th2 cells and their migration to the lymph nodes where
they function as APCs independently or prompt Th2 differentia-
tion along with DCs. Collectively, basophils contribute to multiple
components of the innate and adaptive immune responses. Further
studies of basophil phenotype, activation, and function may yield
significant insights into the new therapeutic intervention strategies
for allergic diseases.
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