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Summary

Though basophils were originally viewed as redundant blood ‘mast cells’, the implementation of flow 
cytometry has established basophils as unique leukocytes with critical immunomodulatory functions. 
Basophils play an active role in allergic inflammation, autoimmunity, and hematological malignancies. 
They are distinguishable from other leukocytes by their characteristic metachromatic deep-purple cyto-
plasmic, round granules. Mature basophils are phenotypically characterized by surface expression of 
IL-3Rα (CD123); IL-3 drives basophil differentiation, degranulation, and synthesis of inflammatory medi-
ators including type 2 cytokines. Basophil degranulation is the predominant source of histamine in per-
ipheral blood, promoting allergic responses. Basophils serve as a bridge between innate and adaptive 
immunity by secreting IL-4 which supports eosinophil migration, monocyte differentiation into macro-
phages, B-cell activation, and CD4 T-cell differentiation into Th2 cells. Further, basophilia is a key phe-
nomenon in myeloid neoplasms, especially chronic myeloid leukemia (CML) for which it is a diagnostic 
criterion. Increased circulating basophils, often with aberrant immunophenotype, have been detected 
in patients with CML and other myeloproliferative neoplasms (MPNs). The significance of basophils’ 
immunoregulatory functions in malignant and non-malignant diseases is an active area of research. 
Ongoing and future research can inform the development of immunotherapies that target basophils to 
impact allergic, autoimmune, and malignant disease states. This review article aims to provide an over-
view of basophil biology, identification strategies, and roles and dysregulation in diseases.
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Introduction and history

Basophils were described more than a century ago in 
1879 by Paul Ehrlich, who discovered them by staining 
their granules with basic aniline dyes. For many years 
thereafter, basophils were viewed as a blood ‘mast cell’ 
and redundant cell type because of their paucity; typic-
ally, basophils comprise less than 1% of total peripheral 
blood leukocytes, a barrier that has made them diffi-
cult to study. Consequently, understanding of basophil 
biology was rudimentary until the 1950s [1]. Basophils 
were primarily associated with immediate hypersensi-
tivity reactions given their expression of high-affinity IgE 
receptor (FcεRI) and release of bioactive markers such as 
histamine and leukotrienes [1–3].

The perception of basophils as superfluous cells that 
only mediated hypersensitivity reactions alongside mast 
cells and adaptive immune cells persisted until the 1990s. 
Basophil counting and activation monitoring by flow 
cytometry elucidated the changes in cell surface markers 
upon activation and the more extensive immune func-
tions of basophils [1, 4–6]. The advent of the Basophil 
Activation Test (BAT), which are flow cytometry-assisted 
assays, further facilitated characterization of basophil 
identification/activation markers, with CD63 and CD203 
being the most commonly used and robust among them 
[5, 7–9]. Human basophils were subsequently reported 
to secrete IL-4 and IL-13—a crucial development sup-
porting their role in Th2 immune responses and IgE syn-
thesis [10].

Since their first description as blood ‘mast cells’, 
basophils have become established as unique leukocytes 
with important functions in modulating inflammatory 
responses. Basophils have gained recognition as a link 
between innate and adaptive immunity in humans. They 
are critically involved in a wide spectrum of immuno-
logic disorders ranging from allergic inflammation and 
autoimmunity to malignancies [2, 11–15]. Given this 
emerging importance of basophils, this review provides 
an overview of basophil biology and identification strat-
egies with a focus on their roles and dysregulation in ma-
lignant and non-malignant disease states.

Basophil morphology and physiology

Basophils are spherical cells 5–10 μm in diameter with 
polylobed nuclei containing condensed chromatin [3, 
16, 17]. Basophils are distinguishable from other circu-
lating leukocytes by their characteristic metachromatic 
deep-purple round granules found in the cytoplasm, that 
can be visualized with Wright Giemsa or Toluidine blue 
stains [2]. This characteristic metachromatic staining of 

basophils is due to proteoglycans comprising chondro-
itin and chondroitin sulfate, which are glycosaminogly-
cans that complex with histamine within the granules 
(Fig. 1) [3, 18].

Histamine (1–2 pg/cell) is the predominant compo-
nent of basophil granules, and its release contributes to 
the role of basophils in allergic inflammation [2, 17]. 
Histamine and the aforementioned proteoglycans are 
pre-stored within the granules whereas other substances 
secreted by activated basophils, such as leukotriene C4 
(LTC4) and pro-inflammatory cytokines IL-4 and IL-13, 
are synthesized de novo [3, 19–21]. LTC4 is synthesized 
from arachidonic acid and is a potent bronchoconstrictor 
that plays an important role in asthma by binding to 
cysteinyl leukotriene receptor (CysLTR) 1 and 2 [19]. 
Basophil-derived IL-4 can support Th2 cell differenti-
ation depending on the study in allergic inflammation 
and anti-parasitic protective immunity, and stimulates 
B cells to enhance antibody production in protective 
immunity and autoimmunity [22]. IL-4, together with 
IL-13, is fundamental for allergic disease [3]; however, 
none of these secretions are specific to basophils.

Basogranulin is a highly basic protein (pH = 9.6) be-
lieved to be unique to basophils [23, 24]. Found within 
secretory granules, basogranulin is recognized by mono-
clonal antibody BB1 and secreted in vitro under the same 
conditions as those needed for histamine release [23, 25]. 
Like histamine, basogranulin is released upon both IgE-
dependent and IgE-independent stimulation [23, 25]. 
Release of both histamine and basogranulin was dimin-
ished by PI3K inhibitors, indicating that the signaling 
pathway for basogranulin release passes through PI3K as 
does the signal for histamine [25]. Plasma basogranulin 
concentrations have been found to be significantly higher 
in allergic asthmatic patients than in control subjects 
[26]. This may suggest a potential role for basogranulin 
in allergic inflammation.

Agis et  al. have shown that BB1 mAb, and conse-
quently its antigen basogranulin, are reliable and sen-
sitive markers for basophil quantification in patients 
with myeloid neoplasms. The study used BB1 mAb to 
detect and enumerate basophils in bone marrow biopsy 
sections from patients with chronic myeloid leukemia 
(CML), chronic idiopathic myelofibrosis, and other 
myeloproliferative neoplasms (MPNs). Higher numbers 
of BB1+ cells were recorded in patients with accelerated 
phase CML compared to those with chronic phase CML 
[27]. Thus, the BB1 antibody, and thereby basogranulin, 
have potential as markers for basophil quantification in 
various phases of CML and also during treatment with 
antileukemic drugs [27]. However, further investigation 
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is still needed to elucidate the role of basogranulin and 
assess its clinical utility as a suitable serum marker.

Activated basophils secrete granule contents into 
the microenvironment via exocytosis through mul-
tiple plasma membrane pores [16]. Basophil activa-
tion and subsequent degranulation is stimulated by the 
cross-linking of high-affinity IgE receptors (FcεRI) with 
antigen-bound IgE antibodies. FcεRI cross-linking stimu-
lates three main events: (i) first, rapid fusion of granules 
to the plasma membrane results in histamine release; (ii) 
activation of lipid metabolism leading to LTC4 produc-
tion; and (iii) synthesis of immunomodulatory cytokines 
IL-4 and IL-13 [28].

Alternatively, basophils can be activated to release 
mediators independently of IgE and FcεRI cross-linking 
[18, 25, 28]. Basophils express receptors for and thus 
respond to the binding of IL-3, C3a, and C5a with the 
release of histamine and production of LTC4 [18, 28]. 
Combined stimulation with IL-3 and anaphylatoxin C5a 
also induces basophils to continuously produce IL-4, 
IL-13, and LTC4 over a prolonged time period, which 
may be important in maintaining chronic allergic inflam-
matory diseases such as asthma [21, 28].

When activated, basophils also release several en-
zymes, though human basophils appear to be protease-
deficient relative to human mast cells and mouse basophils 
(Table 1) [29]. IL-3 has been reported to induce de novo 
expression of retinoic acid-generating enzyme RALDH2 
(retinaldehyde dehydrogenase 2)  and granzyme B, and 
to upregulate kinase Pim1 in basophils [30–33]. IL-3 in-
duces expression of the serine/threonine kinase Pim1 that 
correlates with cytokine-enhanced survival, suggesting 

the potential antiapoptotic role of Pim1 in basophils 
[31]. IL-3 also induces RALDH2, which was demon-
strated to produce retinoic acid that can regulate Th2 po-
larization of T-helper cells, in activated human basophils 
under physiologic conditions ex vivo [32].

Retinoic acid generated by RALDH2 in basophils also 
has autocrine effects, one of which is to negatively regu-
late granzyme B [32]. Granzyme B is more commonly as-
sociated with the lymphoid lineage. However, granzyme 
B has been reported as a secretory product of human 
basophils in vitro in the presence of IL-3 [33]. Tschopp 
et  al. also demonstrated a conditional and temporal 
correlation between granzyme B and IL-13 secretion 
by basophils during the allergic late-phase reaction in 
bronchoalveolar lavages of patients with asthma in vivo. 
This may suggest a role for basophil-derived granzyme 
B in the pathogenesis of allergic inflammation and other 
Th2-type immune responses [33]. Thus, IL-3 potently in-
duces the release of a vast array of mediators from baso-
phils that are important in allergy and inflammation, 
including, histamine, LTC4, IL-4, IL-13, and RALDH2.

Basophil development

Basophils stem from CD34+ hematopoietic progenitor 
cells in the bone marrow and are released into cir-
culation as mature cells [3, 17]. They are thought to 
arise from granulocyte-monocyte progenitors (GMPs) 
that have the capacity to develop into eosinophils, 
basophil-mast cell precursors (BMCPs), mast cell pre-
cursors (MCPs) and basophil precursors (BaPs) [34]. 
There are also some reports of basophils developing 

Figure 1 Normal basophil (arrow) morphology exhibiting large, basophilic granules. Also seen are one neutrophil and numerous 
red cells. 1000× magnification.
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from peripheral precursors in the setting of inflam-
mation [34,35]. Bone marrow-resident BaPs are re-
ported to differentiate into basophils, while BMCPs 
are reported to migrate to the spleen but maintain the 
capacity to return to the bone marrow where they can 
develop into basophils [35].

Several cytokines and growth factors, such as IL-5, 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF), TGF-β, and nerve growth factor (NGF), sup-
port basophil differentiation and development [21, 28]. 
TGF-β has been shown to promote IL-3-induced dif-
ferentiation of basophils [36]. IL-5 and NGF have been 
shown to act synergistically with GM-CSF to augment 
basophil differentiation from myeloid progenitor cells 
[36, 37]. Though these factors contribute to basophil 
development, the general consensus is that IL-3 is the 
key driver [17, 38]. IL-3 is also the most potent of these 
factors; IL-5, GM-CSF, and NGF induce similar but less 
robust signaling events in basophils compared to those 
promoted by IL-3 [39].

Basophils that are not fully mature have been grown 
in vitro from human cord blood precursors after 3 
weeks in a medium containing recombinant IL-3 [37, 
39]. Administration of IL-3 in vivo has been reported 
to potentiate the differentiation of GMPs into basophil 
lineage-restricted progenitors (BaPs) via a STAT5 (signal 
transducer and activator of transcription 5)  signaling-
dependent manner and to increase the number of BMCPs 

in the spleen [40]. IL‐3 injection not only induces 
basophilia, but also promotes various changes in other 
leukocyte populations in humans, suggesting that the ef-
fects of IL-3 may not be exclusive to basophil develop-
ment [37].

Mature basophils are characterized phenotypically by 
their surface expression of IL-3Rα (CD123), supporting 
the essential role of IL-3 in basophil development, pro-
liferation, and survival [18, 28]. IL-3 also makes baso-
phils susceptible to stimulation with secretory IgA, C3a, 
and platelet-activating factor (PAF), none of which alone 
can sufficiently induce basophil degranulation in the ab-
sence of IL-3 [20]. IL-3 has been reported to stimulate in 
vitro adherence of basophils to vascular endothelial cells, 
thereby enhancing basophil recruitment from circulation 
[2, 20].

Thymic stromal lymphopoietin (TSLP) is a cytokine 
recently recognized for its potential role in basophil de-
velopment. TSLP is produced primarily by epithelial 
cells, and as a regulator of Th2 immunity, contributes to 
the pathogenesis of Th2 diseases (asthma, atopic derma-
titis, etc.). Studies in mice in vivo and with human per-
ipheral blood cells ex vivo have suggested heterogeneity 
in the basophil population, which may be divided into 
IL-3 elicited- and TSLP-elicited basophils [41]. Basophil 
progenitors (BaPs) in murine bone marrow, as well as 
basophils in human peripheral blood have been found 
to express TSLPR (TSLP-receptor). TSLP has been 

Table 1 Comparison of human peripheral blood basophils and murine basophils

Human basophil Murine basophil

Morphology Nuclei Polylobed Polylobed
Granules Abundant, large, basophilic Sparse, basophilic
Histamine Content 1–2 pg/cell 0.1 pg/cell

Receptors FcεRI ++ ++
TSLPR + ++
CD63 + +
CD117 (c-kit) - -
CD123 (IL-3Rα) ++ ++
CD193 (CCR3) ++ +/-
CD203c + +
CRTH2 ++ +

Mediators IL-3 Promotes development and release of other 
basophil mediators; autocrine secretion

Promotes development and release of 
other basophil mediators

IL-4 Secreted Secreted
IL-6 Not yet established Secreted
IL-13 Secreted Secreted
IL-18 Not yet established Secreted
LTC4 Secreted Secreted
Granzyme B Secreted Secreted

CD, cluster of differentiation; CCR3, chemokine receptor type 3; CRTH2, prostaglandin D2 receptor 2; LTC4, leukotriene C4; FcεRI, high-affinity IgE receptor. + 

indicates expressed; ++ indicates ‘highly expressed’; - indicates ‘not expressed’; +/- indicates ‘potentially expressed’ or ‘poorly expressed’.
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shown to induce IL-3 independent basophils from bone 
marrow-resident precursors in mice, promote basophil 
proliferation, and elicit mature basophil responses in 
the periphery in both IL-3-sufficient and IL-3-deficient 
environments [42]. TSLP-derived basophils are also 
thought to be functionally independent of IgE as they 
do not degranulate upon FcƐRI cross-linking as IL-3-
derived basophils do [2]. Research on the effect of TSLP 
on human basophil development is limited. One study 
showed basophil formation from human CD34+ hem-
atopoietic progenitors in response to TSLP in vitro upon 
co-stimulation with IL-3; more basophils were induced 
when CD34+ progenitor cells were incubated with TSLP 
and IL-3 than with IL-3 alone [43]. In patients with 
allergic asthma, Salter et  al. demonstrated increased 
basophil numbers and upregulated basophil TSLPR ex-
pression in peripheral blood post-allergen challenge, in 
an IL-3-dependent manner [44]. Salabert-Le Guen et al. 
also showed IL-3 dependence on TSLPR upregulation. 
These findings in human basophils are in contrast to 
those in murine basophils, which have been shown to 
develop and respond to TSLP independently of IL-3 
[42]. Furthermore, unlike Salter et al. who found human 
basophils from allergic asthma patients to be responsive 
to TSLP in the presence of IL-3. Salabert-Le Guen et al. 
found that purified basophils from both healthy donors 
and allergic patients did not respond to TSLP [45]. In 
light of these differences, additional studies are needed 
to elucidate the role of TSLP in human basophil devel-
opment and activation.

Studies have shown that human basophils generate 
and secrete their own IL-3 upon IgE-dependent stimu-
lation [36, 39]. This suggests the possibility that baso-
phils may be capable of autocrine priming via IL-3. In 
the context of CML and other MPNs, there is consid-
erable overlap in the signaling pathways of IL-3R and 
BCR/ABL [27]. Given this overlap, autocrine production 
of IL-3 may play a role in the differentiation and growth 
of basophils leading to basophilia in CML, though fur-
ther investigation is still warranted [36].

IL-3R is linked to the signaling pathway involving 
STAT5, which has been shown to bind regulatory elem-
ents of Gata2 [11]. Transcription factors Gata2 and the 
CCATT enhancer-binding protein (C/EBPα) are critical 
for the commitment of precursor populations to the 
basophil lineage [22, 34, 46]. STAT5, Gata2, and C/EBPα 
have also been shown to support basophil maintenance, 
in which the committed cells retain acquired character-
istics by transcribing target genes [46]. Transcription 
factor Ikaros has been reported to limit basophil devel-
opment by suppressing transcription of the CEBPA gene 

in basophils [46]. The CEBPA gene, which is highly ex-
pressed in basophils but not in mast cells, is necessary, but 
not sufficient, to drive the differentiation of pre-BMCPs 
and BaPs into basophils [46].

C/EBPα dysfunction (e.g. reduced expression and ac-
tivity) has been found in AML patients and as such, been 
suggested as an important contributor to the pathogen-
esis of AML: C/EBPα may contribute to the blockage 
in differentiation along hematopoietic lineages that is 
characteristic of AML [47, 48]. Lower expression of 
C/EBPα has also been observed in patients with CML 
(bone marrow samples) as compared to controls (periph-
eral blood samples) [49]. Loss of function of Ikaros has 
been detected in AML that progressed from prior MPNs 
and in the blast crisis and accelerated phases of CML 
[50, 51]. These early findings suggest the potential of 
manipulating these transcription factors for therapeutic 
purposes.

Basophil markers and quantification

BATs are flow cytometry-based assays used to identify al-
lergens based on the ability of putative allergenic stimuli 
to crosslink IgE bound to the surface of basophils in pa-
tient peripheral blood and induce degranulation. The 
BAT was first developed as an allergy diagnostic test in 
1991, and its development was driven by the discovery 
of basophil activation marker CD63 [4, 5, 52]. CD63 is 
a protein associated with basophilic secretory granules 
and expressed upon degranulation of activated basophils 
and histamine release. The BAT based on CD63, which 
is detected by flow cytometry using double labeling with 
anti-CD63 and anti-IgE mAbs, has been proven to be ef-
fective in the diagnosis of IgE-mediated allergy [4, 52].

The utility of BATs has expanded to include various 
applications and different versions, which are available for 
research groups and as commercial kits. The various BATs 
have different sensitivities and specificities for diagnosis of 
various allergens [53]. Versions of BAT vary in choice of 
anticoagulant, temperature and duration of blood storage, 
and the selection and activation markers measured [52]. 
In addition to CD63, other useful markers are CD203c, 
CD123, and CD193 (Table 2). Low levels of CD203c are 
constitutively expressed on resting basophils, and highly 
expressed upon basophil activation. Studies have also 
shown increased baseline CD203c expression on baso-
phils in patients with allergies and increased expression 
after an exacerbation in patients with asthma, indicating 
the clinical applicability of CD203c [39]. Overall, studies 
have shown CD63 and CD203c to be the most commonly 
used, robust, and reliable markers for basophil detection 
and investigating basophil function [5, 7–9].
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Thus, the BAT has become a sensitive and specific 
instrument for in vitro diagnosis of allergy, comple-
mentary to traditional IgE quantification and skin tests. 
However, the variation in protocols between sites has 
been a barrier to mainstream diagnostic application of 
BATs. Another limitation of the BAT is that it requires 
fresh blood, initially thought to be 4 hours with a recent 
study showing maximum storage time of 24 hours to 
preserve basophil functionality [52, 53]. Lastly, 5–10% 
of patients have non-responder basophils, which do not 
upregulate CD203c or CD63 upon IgE-mediated al-
lergen stimulation, further constraining the implemen-
tation of BATs [53].

Flow cytometry is a key component of the BAT, and 
is a well-established method used independently as well 
for the investigation of basophils. The usefulness of flow 
cytometry is heavily dependent on the gating markers, 
which need to be stable markers that do not change 
their expression during cell activation [54]. This pre-
sents a challenge for the quantification of basophils as 
their identification and activation markers have signifi-
cant overlap, and their expression levels do change with 
activation and priming conditions [54, 55]. Studies have 
found that markers such as CD123 and CD63, whose 
expression levels change with activation, may contribute 
to underestimation of basophil cell counts, and therefore 

Table 2 Markers commonly present on basophil surface utilize and their function

Marker Function/Role Leukocyte expression Ref.

Identification 
markers

CD11b, CD18 Glycoproteins (α subunit CD11b, ß subunit 
CD18) for adherence to endothelial cells

Broadly on leukocytes [20, 101, 102]

CD13 Cleaves nucleotides, monopeptides; pattern of 
expression similar to that of CD203c 

Myeloid cells [103]

CD45 Used to phenotype basophilic cells; gating 
around IgEhigh/CD45low for isolating 
basophils 

Monocytes, platelets 
(CD45hiigh)

[4, 5, 8]

CD123 (IL-3Rα) Selection marker used to gate basophils in 
conjunction with HLA-DRnegative

Plasmacytoid dendritic 
cells 

[38, 53, 101, 103]

CD172a  
(SIRP-α)

Low expression on basophils; regulates 
cytokine-dependent signaling via RTKsa

Neutrophils, monocytes [102]

CD184  
(CXCR4)

Basophil trans-endothelial migration with 
CCR3; low expression on basophils

Monocytes, lymphoid cells [20, 102]

CD193  
(CCR3)

Ligands include eotaxin, monocyte chemotactic 
protein, etc. High expression independent 
of activation or atopy. Primes basophil for 
IgE-mediated histamine release

Th2-type lymphocytes and 
mast cells (MCs)

[104, 105]

CD203c  
(ENPP3b)

High expression unique to basophils; function 
in basophils still under investigation

MCs, progenitors [5, 52, 102]

CRTH2c Highly expressed, important for selective 
migration, potential role in allergic 
inflammation. Basophil isolation from Th2 
cells achieved with addition of anti-CD3

Eosinophils, Th2 cells [5, 12, 104]

Activation 
markers

CD63  
(LAMP3d)

Located in intracytoplasmic granules; weak 
expression on resting cells, upregulation 
mirrors histamine release

Tissue MCs, macrophages, 
platelets 

[5, 7, 52]

CD69 Expressed progressively when stimulated with 
IL-3 and weakly expressed upon IgE-
mediated stimulation

Granulocytes, 
lymphocytes, 
monocytes

[2, 38, 53]

CD107a  
(LAMP1d)

Pattern of expression similar to that of CD63 
(i.e. low levels on resting basophils)

Activated platelets, NK & 
T cells, MCs 

[103]

CD164 Expression pattern similar to CD63; role 
in adhesion; utility as marker requires 
research 

MCs, WBC progenitors [101, 103]

aTyrosine kinase receptors; bEctonucleotide pyrophosphatase phosphodiesterase 3; cChemoattractant-homologous receptor expressed on Th2 cells; dLysosome-

associated membrane protein.
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false-negatives, by flow cytometry in the context of BAT 
[54, 56].

These challenges and gating strategies remain active 
areas of research given the importance of flow cytometry 
as a widely used, reliable method for basophil identifi-
cation and quantification. Flow cytometry also plays 
an essential role in the identification of basophils with 
aberrant markers. Recent case reports of patients with 
hematological malignancies have shown basophils with 
aberrant marker expression that were identified by flow 
cytometry and may be under-recognized by other less spe-
cific cell counting methods [57, 58]. Thus, flow cytometry 
offers the advantages of precision, analysis of large num-
bers of cells, high throughput, and the ability to select 
specific gating markers, and is particularly important for 
understanding disease states with altered basophil counts 
and immunophenotype.

Basophil functions

Advancements in identification of more specific markers 
of basophils and their activation have contributed to the 
evolving understanding of basophil functions and their 
role in disease pathophysiology. Despite their limited 
numbers, basophils have powerful immunoregulatory 
functions through the effector molecules and cytokines 
they release upon activation and degranulation.

Basophils are the predominant source of histamine in 
peripheral blood; basophil degranulation results in re-
lease of histamine, which induces vascular permeability, 
smooth muscle contraction, endothelial cells to release 
prostacyclin, and so on [3, 59]. Histamine also exerts 
immunomodulatory effects by increasing production of 
certain cytokines (IL-6, IL-8, etc.) and decreasing certain 
cytokines (IL-4, etc.), thereby mediating Th1 and Th2 
responses [59]. Basophils are important components of 
IgE-histamine-mediated anaphylaxis, and unlike mast 
cells, can also promote an IgG-PAF-mediated anaphyl-
actic reaction [2, 35]. LTC4 is another effector molecule 
abundantly released by basophils. It has effects similar 
to those of histamine (increased vascular permeability, 
smooth muscle contraction, etc.), but is released hours 
after basophil activation; as such, LTC4 is a major con-
tributor to the late-phase response in allergic reactions 
[21, 35, 59]. Basophil-derived LTC4 was shown to be 
a potent pruritogen in an atopic dermatitis-like mouse 
model by a recent study that elucidated a new basophil-
neuronal axis that promotes itch independently of mast 
cells [60].

As part of the innate immune system themselves, 
basophils serve as a bridge between innate and adap-
tive immunity. Basophils are the major innate cells that 

secrete IL-4—a cytokine that links innate and adaptive 
immunity [3]. As discussed previously, basophil-derived 
IL-4 enhances eosinophil migration and the differen-
tiation of monocytes into M2 type macrophages [3, 
12, 61]. Basophils have recently been found to be im-
portant in lung development as regulators of alveolar 
macrophage (AM) maturation and function; a novel 
lung resident basophil, whose unique phenotype is in-
duced by IL-33 and GM-CSF, polarizes AMs toward 
an anti-inflammatory M2 state, suggesting a role for 
basophils in inflammation resolution [62]. Basophils 
have been shown to support plasma cell survival and 
antibody production in vivo by expressing several B-cell 
activating factors: B-cell-activating-factor (BAFF), CD40 
ligand, IL-4, and IL-6 [12]. Although definitive data are 
lacking, some have theorized that IL-4 and IL-13 from 
basophils drive B-cell class switching toward IgE, which 
may be important in the pathogenesis of anaphylaxis, 
allergic inflammation/atopy, and autoimmune disease 
such as chronic urticaria and systemic lupus erythema-
tosus (SLE); further work in this arena is needed [2, 3, 
12, 22, 59].

IL-6 from basophils has been reported to induce 
CD4+ T cells to Th17 differentiation; the role of baso-
phils in augmenting Th17 response has been highlighted 
in lung and bowel inflammatory diseases and SLE [11, 
61]. More recently, interactions between basophils and 
regulatory T cells in the setting of allergen-specific im-
munotherapy are being examined to further elucidate 
the immunoregulatory roles of basophils [61]. Thus, not 
only do basophils enhance innate and adaptive immune 
cell migration to inflamed tissues but they also support 
B- and T-cell maturation, differentiation, and function.

Th2-responses are thought to be the linchpin of 
protective immunity against helminths. Basophils, re-
cruited in the skin, are activated in response to helminth 
antigens; basophils from patients infected with Toxocara, 
Ascaris, Strongyloides, Schistosoma, and so on have 
been shown to release histamine in response to parasite 
antigens and secrete IL-4 [59]. Mice infected with hel-
minths have been valuable models for studying basophil 
function. Mouse models have reported that basophils 
accumulate in the skin and small intestine and induce 
rapid expansion of Th2 cells via IL-4, protecting against 
Nippostrongylus brasiliensis and forming granulomas to 
prevent tissue damage in S. mansoni infection; IL-4 from 
skin-infiltrating basophils also generated M2 macro-
phages that led to larval trapping in the skin, impeding 
migration of larvae to the lung and intestine [11]. By 
upregulating Notch receptor expression in mice, baso-
phils support Th2 cell responses that promote expulsion 
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of Trichuris muris, which is similar to the human parasite 
Tichuris trichiuria [63]. Perrigoue et al. showed that baso-
phils promote MHC class II-dependent parasitic antigen-
specific CD4+ T cell proliferation and Th2 cytokine 
response against T.  muris [64]. N.  brasiliensis-induced 
basophils have been reported to accumulate in the lungs 
after parasite larvae exit from the tissue [65]. Inclan-Rico 
et al. showed exacerbated helminth-induced group 2 in-
nate lymphoid cell (ILC2) responses in basophil-depleted 
mice, resulting in increased inflammation and diminished 
lung function. They also demonstrated that basophils en-
hanced expression of a neuropeptide receptor on ILC2s 
that limited type 2 inflammation in the lungs to maintain 
tissue integrity [65]. These findings suggest that basophils 
may promote healing of helminth-affected tissues rather 
than directly acting on parasites [65]. Thus, the roles of 
basophils in anti-helminth immunity tend to be diverse: 
they promote immune responses against parasites and 
may even help maintain tissue integrity and function 
after parasitic infection.

Basophilia

Basophilia has been defined by various benchmarks: (i 
basophil count greater than the upper reference limit, 
which is generally 0.1 × 109/L, and (ii) >2% of all WBCs 
in peripheral blood [66, 67]. According to the Clinical 
& Laboratory Standards Institute guidelines, the ref-
erence method for basophil count is microscopic slide 
examination with a 400 cell count; and at present, flow 
cytometry is regarded as the most reliable method for 
basophil identification [66].

Basophilia is a well-established phenomenon in mye-
loid neoplasms, especially CML for which it is a diag-
nostic criterion, and has been described in non-malignant 
conditions as well. Of the non-malignant conditions as-
sociated with basophilia (non-clonal basophilia), atopy 
is the most well established. Studies have consistently 
found elevated basophil counts in patients with atopy 
when compared with controls, and correlation of greater 
numbers of basophils to increased symptoms of al-
lergic rhinitis [68, 69]. Experimental allergen challenges 
and anaphylaxis studies have shown increased baso-
phil migration to circulation, resulting in basophilia, 
and increased expression of activation markers (CD63, 
CD203c, etc.), indicating degranulation [13]. Basophilia 
in allergic inflammation, particularly in Th2-mediated re-
sponse, is believed to be promoted by IL-3 and TSLP; pa-
tients with gain-of-function polymorphism in TSLP were 
found to present with peripheral basophilia [42, 70]. 
Thus, increased basophil numbers and degranulation are 
important components of allergic inflammation.

Moderate increases in basophil count have been re-
ported in patients with iron deficiency anemia, though 
not much research has been done in this area since the 
1980s to further support and characterize this associ-
ation [67]. Elevated basophil count has been observed 
in patients with diabetes (both type 1 and type 2) when 
compared with non-diabetic controls and was found to 
be even higher in patients with diabetic ketoacidosis [71]. 
Though there is evidence of benign basophilia in disease 
states such as diabetes and anemia, its impact on patho-
genesis and its clinical utility have not been studied in 
depth in these non-malignant states.

The role of basophils in the immune response against 
parasitic infection is widely studied, though primarily in 
mouse models [6]. Much of the basophilia in parasitic in-
fections has been reported in mice and ex vivo studies. 
One of the few studies looking at the relationship between 
basophilia and helminth/protozoa infections in humans 
did not find a statistically significant difference in baso-
phil counts from parasite-infected patients (n = 668) and 
uninfected controls (n = 50) [72]. This is not to say that 
basophils are not an important component of the immune 
response against parasites; simply that their role may not 
include an increased cell count to the point of basophilia.

Most notably, basophilia, especially hyperbasophilia 
(basophil count > 1  × 109/L), and aberrant basophils 
are most frequently markers of underlying malignancy 
[66]. Basophilia is the most common complete blood 
count (CBC) abnormality in the three phases of CML 
(chronic, accelerated, and blast). It has been established 
as a prognostic marker in CML, and is even a diag-
nostic criterion in the accelerated phase of CML (>20% 
basophils in CBC), which is characterized as more ag-
gressive disease and less responsive to therapy [73, 74]. 
Magnitude of basophilia is thought to be a potential in-
dicator of disease severity, and higher percentage of cir-
culating basophils may be associated with lower survival 
[74]. Basophilia may also be used to measure treatment 
response with basophils <5% indicating complete hema-
tologic response to treatment in CML [73]. In CML, 
basophilia has great diagnostic, prognostic, and potential 
treatment response monitoring utility.

In addition to CML, increased numbers of circu-
lating basophils and dysplastic basophils are often seen 
in patients with the other MPNs (Polycythemia Vera, 
Essential Thrombocythemia, and Myelofibrosis), MDS 
(myelodysplastic syndrome), and less frequently in AML 
and APL [2, 57, 66]. Neoplastic basophils from patients 
with CML, idiopathic myelofibrosis, and MDS have been 
noted to contain elevated tryptase in their granules and 
expressed α‐tryptase mRNA, whereas normal blood 
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basophils only express trace amounts of tryptase; ma-
ture, peripheral blood basophils in healthy subjects have 
been shown to express tryptase at levels less than 1% 
of those of tissue mast cells, which are the predominant 
source of tryptase [14, 37, 75]. Mast cells are widely con-
sidered to be the culprits in conditions with tryptasemia 
[76]. However, it is important to note that immature 
basophils (as seen in malignancies like CML and MDS) 
can release abundant tryptase, which has also been dem-
onstrated to have prognostic significance in CML [14, 
77]. In addition to aberrant tryptase release, basophils 
atypical in morphology have been reported in with a case 
of accelerated phase CML: the patient had 70% baso-
phils in peripheral blood which were only detected by 
flow cytometry due to the morphologic atypicality of the 
basophils [78]. In a cohort study of 1008 patients with 
MDS, basophilia (>0.25  × 109/L) was associated with 
significantly reduced overall survival [15]. Therefore, 
basophilia in these hematological malignancies is not 
only characterized by aberrant basophils, but may also 
be a harbinger of lower survival.

Lastly, hyperbasophilia has been established as a key 
component of acute and chronic basophilic leukemias. 
Both are rare conditions that may present independently 
(primary basophilic leukemias) or with a pre-existing 
underlying myeloid neoplasm (secondary basophilic leu-
kemias). Acute Basophilic Leukemia is becoming an in-
creasingly recognized disease that has recently been added 
to the WHO classification which is the most widely used 
classification of hematopoietic disease. As there are no 
widely accepted diagnostic criteria yet, a series of them 
have been proposed by a cohort of scientists and clin-
icians: (i) hyperbasophilia, (ii) >40% basophils on CBC, 
and (iii) basophils derived from a malignant clone as evi-
denced by atypical morphology, underlying myeloid neo-
plasm, and clonal molecular or cytogenetic marker [79]. 
This working definition will potentially inform clinical 
practice and diagnosis, and aid in standardization of ter-
minology for future research.

Basopenia

Basopenia is a rare phenomenon that is difficult to detect 
without flow cytometry given the low number of basophils 
normally circulating in peripheral blood; basophils com-
prise 0.5–1% of total white blood cell count. Basopenia 
has been observed in a select number of conditions, 
including after corticosteroids administration, and in dis-
ease states, such as chronic urticaria and lupus [80, 81].

Investigating the effects of intravenous corticoster-
oids on circulating levels of leukocytes in 11 patients 

with atopy, Dunsky et al. reported a rise in total WBCs 
with a significant reduction (by 72%) in basophil counts. 
Their findings demonstrated that corticosteroids induce 
a prominent decrease in histamine by depleting baso-
phils without reduction in histamine content per baso-
phil and without changes in antigen histamine release 
sensitivity and total skin histamine [82]. Grattan et  al. 
found reduced basophil counts after administering cor-
ticosteroids to healthy controls. These results may be ex-
plained by enhanced apoptosis of basophils by steroids; 
steroids have been shown to accelerate basophil apop-
tosis by Yoshimura et al [83, 84]. Therefore, basopenia is 
a consistently observed effect of steroid administration, 
though the exact mechanism remains unclear, and is not 
a very active area of research at present.

In chronic urticaria, which presents with recurrent 
erythematous wheals and with or without angioedema 
for >6 weeks, basopenia is well documented and asso-
ciated with disease severity. Basophil counts are reduced 
during active phases of urticaria, and restored to baseline 
when hives are under control [85, 86]. This basopenia is 
attributed to increased migration of basophils from the 
circulation into wheals and dysregulated expression of 
signaling proteins on basophils; these manifest as dis-
tinct degranulation phenotypes of basophils in chronic 
urticaria [83, 86, 87]. Grattan et al. reported increased 
peripheral basophil counts after corticosteroid adminis-
tration in patients with chronic urticaria. This increase 
was attributed to inhibition of recruitment of basophils 
into the skin by reducing activation and adhesion marker 
expression in chronic urticaria patients [83]. Based on 
these findings, peripheral basophil count is a promising 
marker for assessing disease severity and response to 
treatment in patients with chronic urticaria.

In SLE, basophils amplify autoantibody synthesis 
by accumulating in secondary lymphoid organs. This 
increased migration of basophils has been linked to in-
creased CXCR4 expression, resulting in peripheral 
basopenia. Studies have shown that basopenia is a hall-
mark of active SLE in patients and that magnitude of 
basopenia negatively correlates with SLE disease ac-
tivity, even in patients with lupus nephritis [12, 88, 89]. 
Basopenia due to increased extravasation was found to 
correlate with overexpression of CXCR4 and CD164, 
both of which are markers that promote basophil migra-
tion and were induced by prostaglandin D2, in patients 
with SLE (n = 222) [12]. Given these data, basophil count 
may prove beneficial as a biomarker for SLE disease ac-
tivity and prostaglandin antagonists as potential thera-
peutic options for SLE.
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Basophils as therapeutic targets

Given their multifaceted role in the pathogenesis of al-
lergy, helminth infections, autoimmune diseases, and 
malignancies, basophils present an attractive target for 
potential therapies. Because basophils are functionally 
diverse, many options for therapeutic targeting exist: re-
ceptors such as FcεRI and IL-3Rα (CD123), mediators 
such as histamine and LTC4, and so on. Antihistamines 
and leukotriene receptor antagonists have been used 
as allergy treatments for decades. However, they only 
counteract the effects of a few of the many mediators 
that cause allergic inflammation. Immunotherapies that 
modulate the FcεRI signaling pathway may prevent the 
release of mediators more broadly.

In food allergy, oral immunotherapy (OIT) has been 
shown to promote peanut desensitization in patients; one 
mechanism by which peanut OIT works is by decreasing 
basophil activation, which is also used to study the ef-
ficacy of OIT response [90–92]. Repeated exposures to 
low-dose antigen during OIT cause IgE endocytosis and 
actin rearrangement that is thought to render basophils 
hypo-responsive to allergen [91]. Omalizumab, which 
sequesters free IgE, causes downregulation of surface 
FcεRI expression on basophils and mast cells, making 
them less sensitive to allergen-mediated activation; there 
is some evidence suggesting that omalizumab results in 
greater suppression of basophils than mast cells [70, 92]. 
The utility of omalizumab as an adjuvant therapy with 
OIT for food allergy is being evaluated in trials [92]. 
Ligelizumab, another humanized anti-IgE monoclonal 
antibody like Omalizumab, has demonstrated superior 
and more durable suppression of basophil surface FcεRI 
expression in humans compared to omalizumab [92]. 
Inhibitors of kinases, such as Bruton’s tyrosine kinase 
(BTK) which is involved in the FcεRI pathway, have been 
shown to suppress IgE-mediated basophil activation to 
aeroallergens and food allergens in preliminary human 
studies [92, 93]. While the aforementioned therapies do 
not target basophils exclusively, basophils are invaluable 
for measuring treatment efficacy because of their avail-
ability in peripheral blood and utility of the BAT.

In the context of atopy, therapies such as omalizumab 
are effective treatment options for asthma and allergic 
rhinitis working by the same IgE pathway mechanism 
as for food allergy. In atopic dermatitis, anti-IgE therapy 
has produced mixed results and has not advanced be-
yond phase 2 trials in humans [60]. Beyond the IgE 
pathway, the TSLP-TSLPR pathway is associated with 
the pathogenesis of asthma and atopic dermatitis [94]. 
Tezepelumab, an anti-TSLP antibody that prevents 
TSLP-TSLPR interactions, has shown greater but not 

statistically significant clinical improvement (compared 
to placebo) in atopic dermatitis patients; the efficacy of 
tezepelumab is thought to be partly due to TSLP effects 
on basophils [94]. While many of these therapies have 
multifaceted immunomodulatory effects, the newly eluci-
dated basophil-neuronal axis that highlighted a mast-cell 
independent form of basophil IgE-mediated itch presents 
a potential target for therapeutic intervention in atopic 
dermatitis [60]. Lung resident basophils, which induce al-
veolar macrophages to adopt an anti-inflammatory M2 
state, may have therapeutic potential to promote inflam-
mation resolution in asthma and allergic rhinitis [65].

Other disease states in which therapies can modulate 
basophils’ role in pathology are autoimmunity and ma-
lignancy. The utility of omalizumab in SLE is currently 
being investigated given the pathogenic role of basophils 
and IgE in this disease; it has been shown to be well tol-
erated in SLE patients and associated with improvement 
in disease activity [95, 96]. CSL362 or talacotuzumab, 
an anti-CD123 (IL-3Rα) antibody originally developed 
for AML, depletes CD123+ cells in peripheral blood and 
also inhibits IL-3-dependent signaling by preventing the 
binding of IL-3 to its receptor. Ooon et al. showed that 
talacotuzumab depletes basophils and plasmacytoid den-
dritic cells ex vivo and confirmed these effects in cells 
derived from SLE donors, interferon-dependent auto-
immune diseases, and healthy controls [97]. In addition 
to SLE, anti-CD123 antibodies like talacotuzumab are 
being investigated in clinical trials for AML, MDS, and 
so on; the reduction in basophils has been noted in these 
trial data [98]. In polycythemia vera, a myeloproliferative 
neoplasm with increased peripheral basophil counts, 
treatment with a JAK2 inhibitor attenuated basophil ac-
tivation ex vivo; patients with aquagenic pruritus had 
greater numbers of circulating activated basophils, sug-
gesting a possible role for JAK2 inhibitors in targeting 
basophils [99]. Therefore, therapies that target basophils 
have the potential to impact allergic, autoimmune, and 
malignant disease states.

Basophil versus mast cell

Basophils and mast cells have long been grouped together 
as cells with similar properties and purposes. However, 
over the years, their distinct identities and functions have 
been better characterized. Their first point of distinction 
is their development, though they share common pro-
genitor cells. Mast cell precursors are released from bone 
marrow and their differentiation occurs after they enter 
tissue, whereas basophils differentiate within the bone 
marrow and are released into circulation as mature baso-
phils [17, 28]. Additionally, in contrast to basophils, mast 
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cells require stem cell factor for differentiation. Basophils 
are thought to be more closely related to eosinophils 
[17]. Other aspects of basophil and mast cell develop-
ment are compared in Table 3.

Basophils and mast cells both play important roles in 
allergic responses; they are strongly responsive to activa-
tion through allergen-induced crosslinking of IgE mol-
ecules bound to their high-affinity cell surface receptors 
(FcεRI). Though both are key players in allergy, a recent 
study, which showed the mast-cell independent effects of 
basophil-derived LTC4 on itch, provides further evidence 
that mast cells and basophils have evolutionarily distinct 
roles in allergy [60]. Research efforts over recent decades 
have uncovered that basophils and mast cells are strongly 
implicated in conditions beyond allergic response, such 
as autoimmune diseases, malignancy, and so on (Table 3). 
The active involvement of these two cells has also been 
demonstrated in host protection against bacterial, fungal, 

and parasitic infiltration [100]. Research to further ex-
plain the roles of basophils and mast cells may enhance 
understanding of disease pathophysiology and inform 
treatment development.

Summary and conclusions

Our understanding of basophils’ immunoregulatory 
functions has vastly increased in the last two decades as 
basophil research is in a period of transition from pre-
clinical models to human investigations. This rapidly 
growing knowledgebase has been made possible largely 
by advancements in flow cytometry and BAT which have 
facilitated identification and isolation of basophils. This 
has enabled us to study the role of basophils in patho-
logic states and in response to therapeutic interventions. 
Aberrations in basophil counts, immunophenotype, 
and secretions have been consistently reported in 

Table 3 Delineation of similarities and key differences between mast cells and basophils

Mast cell Basophil Ref.

Morphology □   Mono-lobed nucleus, partially 
condensed chromatin  

□  Small, numerous granules  
□  Granules complex with heparin

□   Multilobed nucleus, condensed 
chromatin  

□  Large, few granules  
□   Granules complex with chondroitin 

sulfate

[18, 106]

Granule 
contents

Histamine, tryptase, chymase, heparin, 
cytokines

Histamine, tryptase (low), chymase, 
basogranulin, cytokines

[17]

Development □   Regulated by transcription factors: 
Gata2/Gata3, MITF (TF for lineage 
commitment)  

□   Dependent on c-kit primarily, TGF- β, 
IL-4, IL-9  

□  Site of maturation: tissues  
□  Lifespan: Weeks to months

□   Regulated by transcription factors: 
Gata2, C/EBPα (TF for lineage 
commitment)  

□   Dependent on IL-3 primarily, 
GM-CSF, TGF- β, NGF, IL-5  

□  Site of maturation: bone marrow  
□  Lifespan: Days

[17, 22, 46, 107]

CD markers CD117 (c-kit, receptor for SCF), CCR3, 
CD64 (FcγRI), MRGPRX2, etc.

CD123 (IL-3 receptor α chain), CCR3, 
CRTH2, etc.

 

Function □   TNF-α, LTC4, LTB4, PGD2, 
Thromboxanes released in response 
to FcεRI cross-linking  

□   Pro- and anti-inflammatory effects via 
interactions with B, Treg and Th17 
cells

□   Produces IL-4, IL-13, and LTC4 in 
response to FcεRI cross-linking and 
stimulation with IL-3 and C5a  

–  Maintain inflammatory response 
during late-phase reactions via 
enhancement of Th2 immunity

[17, 18, 21]

Diseases □  Autoimmune urticarial  
□  Allergic diseases  
□  Multiple Sclerosis  
□  Rheumatoid Arthritis  
□  Primary mastocytosis  
□   Cardiovascular disease (e.g. MI, 

atherogenesis, etc.)

□  Autoimmune urticaria  
□  SLE, lupus nephritis  
□  CML  
□  MDS  
□  Acute/Chronic Basophilic leukemia

[2, 18, 108, 109]

CD, cluster of differentiation; CCR3, chemokine receptor type 3; CML, chronic myeloid leukemia; CRTH2, prostaglandin D2 receptor 2; FcεRI, high-affinity IgE re-

ceptor; MRGPRX2, Mas-related G protein-coupled receptor-X2; MDS, myelodysplastic syndrome; LTC4, leukotriene C4; LTB4, leukotriene B4; PGD2, prostaglandin 

D2; SCF, stem cell factor; SLE, systemic lupus erythematosus; TNF-α, tumor necrosis factor-α.
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hematological malignancies, allergic, and autoimmune 
conditions in cohort studies and case reports. These ab-
errations and the core immunoregulatory functions of 
basophils require further characterization and inves-
tigation in humans as they may help inform diagnosis, 
prognosis, and treatment decisions in a myriad of disease 
states. Greater understanding of basophils will enable 
us to further harness their power as a target for future 
immunotherapies.
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