
 The Open Allergy Journal, 2010, 3, 81-90 81 

 

 1874-8384/10 2010 Bentham Open 

Open Access 
 

Basophils and IgE: Linking the Allergic Environment to Autoimmunity 

Nicolas Charles
† 
and Juan Rivera

* 

Laboratory of Molecular Immunogenetics, National Institute of Arthritis and Musculoskeletal and Skin Diseases, Na-

tional Institutes of Health, Bethesda, Maryland 20892, USA 

Abstract: As outlined in some of the accompanying articles in this issue, the role of the basophil as an effector cell in al-

lergy and in host defense (particularly to parasites) has long been recognized. However, recent advances advocate for the 

basophil as an immunomodulatory cell that can promote naïve CD4
+
 T cell commitment to Th2 cell differentiation. While 

this is in keeping with the concept that the basophil is important in an allergic environment, new discoveries suggest that 

basophils may be immunomodulatory beyond the context of allergic disease. Here we mainly discuss our own work, 

which provides a new paradigm for the role of basophils beyond allergy. Our findings demonstrate the importance of 

autoreactive IgE’s, IL-4 and basophils in promoting autoantibody production and the development of lupus nephritis. The 

conclusions drawn are based on studies in a mouse model (Lyn
-/-

 mice) of spontaneous systemic lupus erythematosus 

(SLE)-like disease as well as from analysis of the relationship between disease activity in SLE patients and their levels of 

autoreactive IgE’s and activated basophils with antigen presenting capability. The findings demonstrate a link between the 

Th2 environment and autoimmunity and provide new areas of investigation with therapeutic potential. 
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BASOPHILS: ARE THEY A LINK BETWEEN THE 

ALLERGIC ENVIRONMENT AND AUTOIMMU-
NITY? 

Associated cellular and molecular mechanisms described 
in parasite infections and allergic disorders have demon-
strated the fundamental importance of Th2 cell differentia-
tion and function in these diseases [1, 2]. Indeed, Th2 cyto-
kines (like IL-4, IL-5, IL-13, IL-6, IL-10, TSLP, etc.) and 
Th2 immunoglobulins are associated in mouse (IgA, IgG1 
and IgE) and humans (IgA, IgG4 and IgE) with some para-
sitic infections and allergies [2]. In both mouse and human, 
the basophil has been linked to allergic disease [3, 4], with 
the demonstration in mouse models of a key role for these 
cells in chronic allergic inflammation [4] and in IgG-
mediated systemic anaphylaxis [5]. The recognition that 
mice, like humans, have circulating basophils has ushered in 
a new era for this long ignored cell type. Mouse models have 
allowed the exploration of basophil function in vivo as well 
as the investigation of the molecular factors important in 
basophil differentiation and function. As outlined in more 
detail in other chapters of this issue, recent advances (re-
viewed in [2, 6, 7]) have made it clear that basophils can 
cause Th2 cell differentiation in vivo thus demonstrating that 
these cells have an immunomodulatory role in addition to the 
long recognized effector role in allergic disease.  

For a number of years, we investigated the molecular 
mechanisms that underlie the function of the high affinity 
IgE receptor (Fc RI), which is expressed on mast cells and 
basophils [8]. This effort has led us to explore the role of 
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Lyn kinase, the kinase that phosphorylates Fc RI and initi-
ates signal transduction, in mast cell and basophils [8, 9]. 

Interestingly, our efforts [10-12], as well as those of others 

[13-17] led to the recognition that a deficiency in Lyn kinase 
does not necessarily abrogate allergic responses and, in fact, 

these mice are hypersensitive to an allergic challenge [10, 

18-20]. Lyn kinase is a member of the Src family of protein 
tyrosine kinases (SFK) and while expressed in most hema-

topoietic cells it is not expressed in T cells [21]. Nonetheless, 

the hypersensitivity of Lyn-deficient mice to allergic stimuli 
provided a strong indication that these mice showed an im-

mune system imbalance whereby Th2 responses were highly 

favored. Studies characterizing the immune cell characteris-
tics and distribution in Lyn-deficient mice demonstrated that 

these mice had a constitutive induction of naïve T cell differ-

entiation to Th2 cells [22]. This was dependent on the pres-
ence of IL-4 and IgE in these mice but was shown not to be 

dependent on the presence of mast cells. This led us to ex-

plore basophils and whether they might play a role in the 
observed Th2 skewing. Lyn deficient mice were found to 

develop a marked peripheral basophilia, with as much as a 

four fold increase in circulating basophils in unchallenged 
mice. Importantly, we discovered that an in vivo depletion of 

the basophils led to a complete stop in the differentiation of 

naïve T cells to Th2 cells [22]. Collectively, our findings 
argued that basophils and IgE were key components in the 

Th2 skewing of Lyn-deficient mice and this axis was essen-

tial to the exacerbated allergic phenotype seen in these mice.  

It is also well known that in late life Lyn-deficient mice  
develop a disease that resembles human systemic lupus  
erythematosus (SLE) [18, 19]. The features of this disease  
include increased plasma cell numbers, the production of  
autoantibodies, the presence of vast immune complex de- 
postion in the kidney, and the development of an inflamma- 
tory lupus nephritis-like disease that ultimately leads to renal  
failure. This late life phenotype (usually >20 weeks of age)  
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is preceded by the allergic-like (Th2) phenotype (which oc- 
curs within 4-6 weeks of age). Thus, this presented an oppor- 
tunity to explore whether the Th2 phenotype can contribute  
to the development of a lupus-like disease. While Th2 re-
sponses have been described in SLE patients [23], the pres-
ence and the role of these responses is unexplored and the 
concept of Th2 contribution to SLE is controversial, given 
that Th1, Th17, and loss of regulatory T cell function have 
been involved [24-30].  

In this brief review, we describe new findings that argue 
for a Th2 component in the development of lupus nephritis. 
We detail our findings in the context of what is known for 
the role of Th2 responses in human SLE. Most importantly, 
and consistent with previous studies [31-35], the findings 
suggest that basophils are key regulators of humoral immune 
responses and that dysregulation of their function can have 
consequences that go well beyond the development or exac-
erbation of allergic disease.  

THE IMMUNOMODULATORY ROLE OF BASO-
PHILS IN TH2 CELL DIFFERENTIATION AND AL-

LERGIC RESPONSES. 

While this topic will be covered in depth in the accompa-
nying articles, here we briefly outline the major points in 
basophil regulation of Th2 cell differentiation in order to 
discuss our findings in the context of the previous work [31-
35].  

Th2 type cytokines, like IL-4, are known to induce the 
differentiation of naïve CD4

+
 T cells into Th2 cells that also 

produce IL-4, through the induction of transcription factors 

such as STAT6 and GATA-3 [36]. Th2 cells play an impor-

tant role in host defense to some extracellular pathogens 

(parasites or bacteria) and in humoral immune response, but 

at times they can also have deleterious effects such as in the 

case of allergies or asthma [36]. Th2 cell responses dampen 

the ability to induce Th1 cell differentiation and in some 
cases, like in autoimmunity, this may be beneficial [37]. 

While it is clear that naïve CD4
+
 T cells can differentiate into 

Th2 cells [38], the cellular origin of the IL-4 inducing this 

commitment is still controversial. The IL-4 derived from the 

Th2 cell is able to amplify Th2 differentiation [38], but the 

initial IL-4 signals must come from another cell type that is 

able to distinguish a Th2-inducing challenge from others. 

Dendritic cells (DCs) are innate immune cells that have been 
shown to induce naïve CD4

+
 T cell to commit to Th2 dif-

ferenation, in an IL-4 independent manner, both in vitro and 

in vivo [39]. However, it is also well known that DCs are not 

very potent IL-4 producers [39]. Thus it appears that their 

immunomodulatory function may function in collaboration 

with other cells that are also able to produce IL-4 and thus 

induce Th2 cell differentiation. 

In humans and mice, basophils are known to produce co-
pious amounts of Th2 cytokines, particularly IL-4, IL-6, IL-
13, and TSLP [3]. Basophils can produce high amounts of 
IL-4 to various stimuli, including Fc RI stimulation, IL-3, 
and IL-33 treatment [3, 40]. This has led to the thinking that 
basophils might play a role in the initiation or amplification 
of Th2 cell differentiation. However, the absence of appro-
priate tools and information on basophil biology and func-
tion, and the slow recognition that mice also have circulating 

basophils, has hampered their study in vivo. Recent reports 
[34, 41] have described new tools facilitating the study of 
basophil involvement in health and disease. Identification of 
cell surface markers and the development of methods to de-
plete the basophil in vivo through use of specific antibodies 
allowed a considerable advance. Antibody-mediated baso-
phil depletion can be accomplished by in vivo injection of 
antibodies recognizing either CD200R3 (clone Ba103) or the 
high affinity IgE receptor alpha chain (Fc RI , clone  
MAR-1) [34, 41]. The basophil depletion is thought to occur 
via cytolysis through complement activation. However, the 
precise mechanism still needs to be uncovered. Moreover, 
what secondary effects might occur after these injections are 
unknown. Nevertheless, the antibody-mediated depletion of 
basophils does not deplete mast cells (which also express the 
Fc RI ) and does not induce detectable changes in the serum 
levels of cytokines [34, 41]. Such methods are highly useful 
to analyze the role of basophils in short term immunologic 
reactions.  

These methods have proved quite useful in studying the 
immunomodulatory role of basophils in allergic reactions 
[34, 41]. Papain immunization of mice is known to induce 
Th2 cell differentiation and promote papain-specific IgE and 
IgG1 production, hallmarks of a Th2 response [34]. Using 
the approach of antibody-mediated depletion of basophils, 
Sokol et al. demonstrated that basophils were key players in 
Th2 cell differentiation induced by subcutaneous injection of 
papain. Both IL-4 and TSLP produced by basophils were 
found to be key factors in promoting Th2 cell differentiation 
[34]. IL-4, IL-6 and IL-13 are also involved in a wide variety 
of immune regulation, including B cell immunoglobulin (Ig) 
switch recombination. These cytokines are known to facili-
tate B cell switch to IgA, IgG and IgE [42-44]. Moreover, 
IL-4 and IL-6 are known to induce B cell maturation towards 
memory B cells and plasma cells [43, 44]. Denzel et al. re-
cently showed that basophils were significant contributors in 
memory humoral immune responses by their ability to se-
crete IL-4 and IL-6 [35]. After sensitization, basophils were 
able to induce B cell maturation and lead to an efficient 
memory humoral response upon a second encounter with the 
antigen. Thus, this study demonstrated another key immu-
nomodulatory role for basophils as contributors to humoral 
memory responses [35]. 

Additional work from the laboratory of H. Karasuyama 
has also shown an immunomodulatory role for basophils in 
promoting IgE-dependent chronic allergic inflammation 
(IgE-CAI) in a mouse model [4, 41]. Basophils were shown 
to be responsible for promoting the chronic phase of allergic 
inflammation, including the recruitment of other immune 
cells type [4, 41]. However, in more acute allergic responses, 
the effector function of basophils seems dominant as demon-
strated by their key role in IgG-mediated systemic anaphy-
laxis through the release of large amounts of platelet activat-
ing factor (PAF) [5]. Thus, it seems that the basophils effec-
tor or immunomodulatory roles may be dominant depending 
on the immune challenge. One factor that may be key in 
distinguishing the effector from the immunomodulatory 
phase of basophils may be their ability to present antigen. 
Three recent studies demonstrated that basophils can process 
antigen and present it via upregulation of class II major 
histocompatibility complex [31-33]. In the peripheral blood, 
basophils are not known to express MHC-II, making this a 
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sophils are not known to express MHC-II, making this a fea-
ture for their recognition in human peripheral blood [45]. 
Thus, in the periphery where they can play a role in acute 
IgG-mediated anaphylaxis, expression of MHC-II is not ap-
parent. Yoshimoto et al., Sokol et al. and Perrigoue et al., 
showed that human and mouse basophils upregulate MHC-II 
expression in the secondary lymphoid tissues where they can 
serve as professional antigen presenting cells in the context 
of Th2 cell responses. These features make the basophil an 
important player in the immune system as both an effector 
and a regulatory cell that can initiate Th2 cell differentation 
[31-33] and amplify humoral responses [35].  

THE BASOPHILS BEYOND ALLERGY 

Like mast cells, the basophils role in the immune system 
has been mainly focused on its role in acute models of aller-
gic reactions or on chronic models of parasitic infection 
where they appear to be important upon a second infection 
with the parasite [46]. However, if the basophil functions as 
an immunomodulatory cell, one might predict that there 
would be instances where the basophil might play an impor-
tant role in immune diseases other than allergic disease. We 
and others [22, 47] recently reported that genetically modi-
fied mice, namely IRF2

-/-
 and Lyn

-/-
 mice, develop a periph-

eral basophilia and have a constitutive Th2 skewing of the 
CD4

+
 T cells. Both genes appear to play a negative regula-

tory role in peripheral basophil proliferation. The mecha-
nism(s) leading to the constitutive Th2 skewing in vivo was 
associated with basophils, based on their numbers or on their 
increased sensitivity to different in vivo stimuli (like IL-3 
and IgE-dependent stimulation). As IRF2

-/-
 and Lyn

-/-
 mice 

showed the development of skin inflammation [48] or of an 
SLE-like autoimmune disease [18, 19, 49], respectively, 
these models offer the unique opportunity to explore the role 
of basophils beyond allergic disease. 

BASOPHILS AND AUTOIMMUNE DISEASES 

The involvement of basophils in autoimmune disease has 

been documented in autoimmune urticaria where the devel-

opment of autoantibodies to Fc RI  have been described and 

shown to induce basophil activation [50-52]. In atopic der-

matitis and other allergic-related skin diseases, basophils and 

mast cells are known to be involved in promoting the allergic 

environment leading to allergic cutaneous disease. Nonethe-

less, there is growing awareness that mast cells can contrib-

ute to autoimmune arthritis in some mouse models [53]. In 

this particular disease, as well as in most of the autoimmune 

diseases, the effector and immunomodulatory function of the 

mast cell leads to the initiation of inflammation. The en-

hancement of inflammation in autoimmune disease, which is 

the most deleterious component causing tissue damage upon 

its persistence, can be attributed to Th1 and Th17 cell re-

sponses. These CD4
+
 T cell subsets are believed to be the 

main effector cells involved in chronic inflammation during 

autoimmune diseases [54]. As always with such blanket 

categorization, one is tempted to think that other cell types 

are not involved in these diseases. However, as mentioned 

for urticaria and atopic dermatitis, IgE and its high affinity 

receptor Fc RI, which is expressed on mast cell and baso-

phils, are known to be involved in these diseases. In these 

aforementioned diseases, a Th2 component is well described 

and the basophil through its immunomodulatory and effector 

responses contributes to the development of the autoimmune 

symptoms. While IgE is clearly recognized as a “Th2 

marker” in human pathologies there have been multiple re-

ports [23, 55, 56] where autoimmune patients are described 

to have increased levels of IgE but are studied in the context 

of their Th1 and Th17 responses [57]. While the importance 

of Th1- and Th17-driven responses in the development of 

autoimmunity is evident, it also seems unlikely that the pres-

ence of a Th2 response would not be contributory to the dis-

ease. Moreover, in highly complex diseases such as SLE 

(which might be characterized as a collection of different 

immunological disorders) it seems likely that the disease 
results from any imbalance of immune homeostasis [24-30].  

From an epidemiological perspective, a parallel between 

allergy and autoimmunity is evident. Indeed, the incidence of 

both types of diseases are similarly increasing in developed 

countries [58]. As previously mentioned, allergy and auto-

immunity share a number of common features. In both cases 

there can be manifestations that are associated with the pro-

duction of autoantibodies and circulating immune complexes 

(CIC) formation [59]. Some studies have revealed a common 

structure of some allergens and autoantigens [60], with a 

developing hypothesis that many environmental allergens 

have common structural conformations with self-antigens 

[60]. This hypothesis could explain the development of cer-

tain autoimmune disease such as the chronic urticaria. How-

ever, in other autoimmune diseases (such as SLE) where 

increased IgE levels have been described, these were not 

associated with atopic features or increased allergic disease 

in this population [23]. Thus, high levels of circulating IgE 

may simply reflect the presence of a Th2 response in a non-

allergic setting. Given the recent advances outlined above on 

the role of basophils in Th2 cell differentiation, this could 

suggest the contribution of basophils in autoimmune pa-

thologies.  

Recently it was reported that IgD-mediated basophil acti-

vation is relevant to some immune disorders such as HIDS 

(hyper IgD syndrome), TRAPS (TNF-receptor associated 

periodic syndrome) or MWS (Muckle-Wells syndrome), all 

of them being chronic autoinflammatory diseases [61]. The 

findings suggested that IgD-mediated basophil activation 

(through a receptor yet to be identified), both in humans and 

mice, was involved in B cell homeostasis and antibody pro-

duction, particularly IgA and IgG [61]. Thus, in this context, 

the basophil has the potential to be involved in autoimmune 

disorders, where autoantibodies and abnormal levels of IgA, 

IgG and IgE are found. Indeed, beyond the B cell abnormal-

ity and a subsequent humoral dysregulation seen in autoim-

mune disorders like SLE, the presence of Th2 type Ig’s like 

IgEs strongly argues for the potential role of an IL-4 secret-

ing cell (Th2 type cell) that influences the humoral response 

in this pathological setting. 

THE LYN DEFICIENT MOUSE MODEL: FROM AL-
LERGY TO AUTOIMMUNITY 

As previously mentioned, Lyn kinase is expressed in  
most of the hematopoietic cells but not in T cells [21]. The  
activity of this kinase Lyn is required downstream of various  
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receptors including cytokine receptors (such as IL-3 and IL- 
4), tyrosine kinase receptors (such as CD117 or c-Kit), B cell  
antigen receptor and Fc receptors [62]. As the kinase respon-
sible for phosphorylation of Fc RI, one might have predicted 
that ablation of its expression or activity would prevent mast 
cell activation. However, we and others demonstrated that 
Lyn kinase has dual function as positive and negative regula-
tor of Fc RI signaling [10, 62]. Thus, in the context of in-
creased expression of Fyn kinase (such as seen in mast cells 
from 129Sv or Balb/c mice), the absence of Lyn causes in-
creased mast cell responses and exacerbation of allergic dis-
ease [12, 63]. Interestingly, Lyn kinase also seems to control 
mast cell proliferation or survival in vivo, since Lyn

-/-
 mice 

have an increased number of peritoneal mast cell, which is 
IgE-dependent and is seen early in life [10, 64]. Within 5-6 
weeks of age Lyn

-/-
 mice showed increased responsiveness to 

bronchial challenges (in an asthma model) and to passive 
systemic anaphylaxis [10, 20]. Lyn

-/-
 mice also have elevated 

levels of IgM, IgA and IgE in their serum, and this pheno-
type also develops in early life and is associated with a pro-
foundly altered peripheral B cell compartment and increased 
numbers of plasma cells [18, 19]. The B cells from these 
mice were described to be hypersensitive to IL-4 and CD40L 
stimulation [65], suggesting a mechanism for the strong Th2 
responses seen in these mice. 

The Th2 Skewing of Lyn
-/-

 Mice is IL-4-, IgE-, and Baso-
phil-Dependent 

To directly assess if Lyn
-/-

 mice were Th2 skewed we 
analyzed CD4

+
 splenocytes (in the absence of any stimula-

tion) from unchallenged mice and found a large number of 
IL-4 producing CD4

+
 T cells, confirming a strong constitu-

tive Th2 skewing [22]. Given the allergic bias of these mice, 
we set out to explore the role of IL-4, IgE and mast cells in 
the constitutive Th2 bias by generating mice deficient for 
both IL-4 and Lyn (Il-4

-/-
Lyn

-/-
), IgE and Lyn (Igh7

-/-
Lyn

-/-
), 

and mast cells and Lyn (W
Sh

/W
Sh

Lyn
-/-

). Strikingly, mice that 
were deficient in Lyn and IL-4 (Il-4

-/-
Lyn

-/-
) or IgE (Igh7

-/-

Lyn
-/-

) showed no Th2 skewing. In contrast, mice that were 
deficient in Lyn and mast cells (W

Sh
/W

Sh
Lyn

-/-
) had a similar 

constitutive Th2 skewing as in Lyn
-/-

 mice. This suggested 
that the constitutive Th2 bias required both IgE and IL-4 but 
not mast cells. This led us to postulate a possible role for 
basophils, given that they respond to an IgE/Ag stimulus and 
produce large amounts of IL-4 [2, 31]. This assumption was 
also in light of the previously mentioned observation that 
Lyn

-/-
 mice had a peripheral basophilia, with increased num-

ber of basophils present in the blood, spleen and peritoneum 
[22]. Ex vivo Fc RI stimulation of Lyn

-/-
 and WT blood ba-

sophils demonstrated a marked increase in IL-4 production 
on a per cell basis by Lyn

-/-
 basophils [22]. To test Lyn

-/- 
ba-

sophil function in vivo, we took advantage of the previous 
observation that the basophil is a key initial responder upon 
papain immunization [34]. Strikingly, in Lyn

-/-
 mice immuni-

zation with papain led to a rapid increase in specific IgE pro-
duction, which occurred within 7 days of the first immuniza-
tion and differed from WT mice where specific IgE is nor-
mally observed after a second antigen challenge [22]. Inter-
estingly, the control immunization with human serum albu-
min (HSA) also led to significant production of HSA-
specific IgE whereas this antigen does not induce an effec-
tive IgE response in WT mice [34]. This demonstrated that 

the Lyn
-/-

 mice mounted an early and inappropriate Th2 re-
sponse. To determine if this Th2 bias altered Th1 responses 
in these mice, we assessed their ability to respond to a Th1 
challenge. WT and Lyn

-/-
 mice were infected with 

Toxoplasma gondii, an intracellular pathogen that initiates a 
host Th1 response and whose clearance is strictly dependent 
on IFN  [66]. A week after infection, the levels of IFN  in 
the sera of Lyn

-/-
 mice were about one-half of those in WT 

mice, and by 1 month of infection Lyn
-/-

 mice had a markedly 
increased accumulation of cysts in the brain relative to WT 
mice [22].  

While the aforementioned findings provided some evi-
dence for a role of basophils in the Th2 bias of Lyn

-/-
 mice, it 

was all circumstantial. In order to confirm the role of baso-
phils in the constitutive Th2 skewing of these mice, we 
adopted two distinct approaches. First, basophils were stimu-
lated in vivo via Fc RI in W

Sh
/W

Sh
Lyn

-/-
 and W

Sh
/W

Sh
 mice. 

We reasoned that since these mice are mast cell deficient and 
have high IgE levels, the basophils would be saturated by 
IgE and injection of rat anti-mouse IgE would selectively 
target the basophil. Also anaphylaxis would not be an issue 
in mast cell-deficient mice, since IgE-mediated passive sys-
temic anaphylaxis is mast cell dependent [67]. This chal-
lenge resulted in a strong Th2 skewing of W

Sh
/W

Sh
 mice simi-

lar to the constitutive Th2 skewing of Lyn
-/-

 mice. For 
W

Sh
/W

Sh
Lyn

-/-
 mice, the Th2 skewing was even more exacer-

bated than in unstimulated mice, with up to 35% of CD4
+
 

splenocytes producing IL-4 (in the absence of re-stimulation 
with PMA-ionomycin) [22]. These findings demonstrated 
that Fc RI-dependent stimulation of basophils in vivo re-
sulted in a potent induction of naïve CD4

+ 
T cell differentia-

tion to Th2 cells. Importantly, we did not observe a Th1 re-
sponse after the in vivo stimulation of basophils, showing 
that the activated basophil induced a selective Th2 differen-
tiation [22]. To further confirm these findings we adopted 
the opposite approach of depleting basophils in WT and  
Lyn

-/-
 mice. Depletion of basophils in vivo from Lyn

-/-
 mice 

using the basophil depleting antibody MAR-1, as mentioned 
above, led to the complete reversal of the Th2 skewing seen 
in these mice. Mice treated in this manner showed normal 
CD4

+
 naïve T cells and no presence of Th2 cells in the 

spleen. The constitutive Th2 skewing was also reversed in 
W

Sh
/W

Sh
Lyn

-/-
 mice by depleting basophils from these mice. 

Thus, the results described in this section demonstrate that 
the peripheral basophilia seen in Lyn

-/-
 mice leads to the con-

stitutive Th2 cell differentiation seen in these mice and the 
presence of IL-4 and IgE is required for this effect [22].  

Linking the Th2 Environment to Autoimmunity 

It is well known that SLE is a multifactorial autoimmune 
disease affecting multiple organs. This autoimmune disease 
affects mainly women in childbearing age (15-40 years old) 
and can be lethal when kidney involvement (lupus nephritis) 
is severe and non-responsive to treatment [68]. The etiology 
of SLE is unknown but it is clear that both environmental 
and genetic factors play a role in the development of the dis-
ease [68]. The American Rheumatology Association (ARA) 
established 11 distinct criteria to guide physicians in the di-
agnosis of SLE, based on the clinical manifestations in pa-
tients [69]. Presence of at least 4 of the 11 criteria is needed 
for a definitive diagnosis. Among the criteria is the produc-
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tion of autoantibodies to double stranded DNA (dsDNA) and 
anti-nuclear antigens (ANA) [69], a feature found in other 
autoimmune diseases. Like in the mouse, these autoantibod-
ies cause the formation of circulating immune complexes 
(CIC), deposits in the kidney and the chronic inflammation 
that leads to tissue damage and renal failure. Treatment of 
SLE currently relies on non-specific immunosuppression and 
steroids, making new therapeutic approaches of particular 
interest.  

Recently, a polymorphism in an untranslated region of 
the gene encoding Lyn kinase has been associated with some 
population of SLE patients and was specifically shown to be 
correlated with increased autoantibody production [70]. Ex-
pression of Lyn kinase was also shown to be lower in the 
peripheral B cell compartment of some SLE patients relative 
to normals [71]. Thus, Lyn kinase seems to play a role in 
SLE and it is not surprising that in late life (after 20 weeks of 
age) Lyn

-/-
 mice develop an autoimmune phenotype that 

shows many of the features of human SLE. Lyn
-/-

 mice de-
velop high levels of autoantibodies specific for double 
stranded DNA (dsDNA) and nuclear antigens (ANA) with 
resulting high amounts of circulating immune complexes 
(CIC) in their serum [18, 19]. Like in human SLE (see be-
low), CICs of IgG- IgA- and IgM- subclasses are deposited 
in the glomeruli of the kidney of Lyn

-/-
 mice leading to the 

development of a chronic lupus nephritis-like disease, in-
creasing tissue injury, loss of kidney function, and death as 
mice age [18, 19]. This suggested that the Lyn

-/-
 mice could 

be a suitable model for exploring the effect of a Th2 envi-
ronment in the development of a lupus-like disease. In par-
ticular, given the early life Th2 skewing in these mice and 
the late life development of SLE in Lyn

-/-
 mice independent 

of genetic background, the argument could be made that the 
constitutive Th2 environment was permissive to a disease 
thought to be primarily mediated by Th1 and Th17 cells. 

Development of Th2-driven Lupus Nephritis 

Aged Lyn
-/-

 mice (over 30 weeks old) showed a constitu-
tive Th2 skewing without any apparent increase in Th1 re-
sponses as already described in younger mice [22]. At this 
late age, Lyn

-/-
 mice have hallmarks of an autoimmune lupus-

like disease with remarkably high levels of autoantibodies 
and kidney disease [18, 19, 49]. The penetrance of disease 
was complete with all Lyn

-/-
 mice developing some feature of 

autoimmunity. To investigate if the Th2 environment con-
tributed to the late life autoimmune phenotype of the Lyn

-/-
 

mice, we studied the SLE-like phenotype of the Igh7
-/-

Lyn
-/-

 
and Il-4

-/-
Lyn

-/-
 mice. These mice developed nearly all of the 

features of Lyn
-/-

 mice, showing an altered peripheral B cell 
compartment, splenomegaly, hyper serum IgM and IgA con-
centrations, and importantly peripheral basophilia. The only 
difference observed in the Igh7

-/-
Lyn

-/-
 and Il-4

-/-
Lyn

-/-
 mice 

relative to Lyn
-/-

 mice was the absence of a constitutively 
Th2 skewed CD4

+
 T cell population [22]. Scoring of the 

glomerulonephritis (based on cellularity, mesangial proli-
feration, crescent formation and necrosis) in the Igh7

-/-
Lyn

-/-
 

and Il-4
-/-

Lyn
-/-

 mice relative to Lyn
-/-

 mice revealed that the 
former mice showed no obvious kidney disease. Evaluation 
of IgM-, IgA- and IgG-containing immune complexes in 
their glomeruli showed a marked reduction in their deposi-
tion in the kidney and this was associated with relatively 

little proteinuria. Thus, it was evident that the development 
of the lupus-like disease in Lyn

-/-
 mice was dependent on the 

presence of IL-4 and IgE; whose absence reversed the Th2 
skewing seen in these mice. Strikingly, the titers of IgG anti-
dsDNA and ANA as well as the amounts of CIC were also 
decreased in Igh7

-/-
Lyn

-/-
 and Il-4

-/-
Lyn

-/-
 mice, showing that 

autoantibody production in Lyn
-/-

 mice was, at least in part, 
dependent on the Th2 environment. 

These findings suggested the involvement of basophils in 
autoantibody production, since we previously showed their 
role in promoting the Th2 skewing of Lyn

-/-
 mice [22]. To 

confirm the involvement of basophils in the production of 
autoantibodies, we again used the antibody-mediated deple-
tion of basophils to test their role in the production of 
autoantibodies. Since the depletion of basophils by this ap-
proach is transient (6-8 days), and the antibody half-life is 
normally 2 weeks, the finding that dsDNA and ANA IgG 
titers were markedly reduced (in some cases by greater than 
50%) in 40 week old Lyn

-/-
 mice was unexpected. Even more 

striking was the finding that in younger (20 week old) 
W

Sh
/W

Sh
Lyn

-/-
 mice, basophil depletion resulted in an almost 

complete loss of autoantibody production to levels seen in 
the control W

Sh
/W

Sh
 mice. One might argue that the observed 

decrease of autoantibodies might simply reflect the rapid 
clearance of immune complexes which have a much shorter 
serum half-life that an uncomplexed antibody [72]. On the 
other hand, with the continuous production of autoantibodies 
in autoimmune diseases, one might argue that the marked 
reduction in autoantibody titers could not have been solely 
due to the clearance of immune complexes. Analysis of 
plasma cell numbers in the spleen revealed that the depletion 
of basophils led to a large decrease (over 60%) of plasma 
cells in the spleen 6 days post basophil depletion, whereas 
the latter had no effect on plasma cell number in WT mice. 
Thus, the rapid decrease in plasma cell numbers, upon baso-
phil depletion, is likely to rapidly affect autoantibody titers. 
This might suggest a role of the basophil-derived IL-6, 
which is know to induce B cell maturation, proliferation and 
survival [44], in the autoantibody production occurring in 
Lyn

-/-
 mice. In fact, we found that after Fc RI stimulation 

Lyn
-/-

 basophils were able to produce large amounts of IL-6 
relative to basophils from WT mice [22]. It should be noted, 
that no depletion of bone marrow plasma cells was observed 
when basophils were depleted. This argues against a direct 
effect of the basophil-depleting antibody on the plasma cells, 
but also shows the limitation of short term depletion on long 
term autoantibody production. Collectively, the findings 
show the contribution of the basophil, IgE, and IL-4 to the 
maintenance of autoantibody production in Lyn

-/-
 mice and 

demonstrate that the Th2 environment can be contributory in 
autoimmunity. 

Activation and Homing of Basophils in Lyn
-/-

 Mice 

From the above results, it was clear that basophils, IgE 
and IL-4 were contributory factors in the autoantibody pro-
duction and the lupus-like disease seen in Lyn

-/-
 mice. How-

ever, an important question still remained unanswered: How 
are the hyperresponsive basophils in Lyn

-/-
 mice constitu-

tively activated? Because disease development in Lyn
-/-

 mice 
required IgE and IL-4, we postulated that the constitutive 
activation of basophils might result from the basophil-
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independent production of autoreactive antibodies that could 
cause basophil activation. Interestingly, analysis of autoanti-
body isotypes revealed high levels of anti-dsDNA and ANA 
of the IgE class in the sera from Lyn

-/-
 and W

Sh
/W

Sh
Lyn

-/-
 

mice. This autoreactive IgE was absent or dramatically re-
duced in the sera of Igh7

-/-
Lyn

-/-
 and Il-4

-/-
Lyn

-/-
 mice, respec-

tively. Moreover, IgE-containing CICs were present in the 
circulation of Lyn

-/-
 mice. Given that basophils express 

Fc RI, it seemed reasonable to think that these IgE-CICs 
could be the key factor in promoting basophil activation. 
Nonetheless, basophils also express Fc  receptors and IgG-
CICs were also present in high amounts in the sera of Lyn

-/-
 

and W
Sh

/W
Sh

Lyn
-/-

 mice. Thus, we explored the ability of IgE 
or IgG-containing immune complexes (ICs) to induce baso-
phil activation. IgE-ICs were highly effective in activating 
basophils to produce IL-4 and IL-6 (but not IFN- , IFN- , 
IFN- , TGF-  or IL-12p40), Lyn-deficiency caused secretion 
of significantly higher amounts of these cytokines relative to 
WT basophils. In contrast, IgG-containing ICs failed to in-
duce detectable activation of basophils and no cytokine pro-
duction was observed. These findings argue that the constitu-
tive activation of basophils in Lyn

-/-
 mice is most likely due 

to the presence of circulating autoreactive IgE-containing 
ICs, which are likely to be generated due to B cell hyperre-
sponsiveness to normal levels of IL-4 and CD40 stimulation.  

While there are several cell surface activation markers 
described for human basophils, such as CD203c, CD63 or 
CCR3 expression [73], activation markers for mouse baso-
phils are not as well defined. Nonetheless, it was important 
to explore the activation status of basophils in Lyn

-/-
 mice. 

CD62L (L-selectin) is a cell surface marker that is expressed 
on immune cells for their homing to peripheral lymphoid 
organs and tissues [74] and has been shown to be expressed 
on human basophils [75]. Measurement of CD62L expres-
sion on blood basophils from Lyn

-/-
 mice showed a marked 

upregulation of its expression relative to basophils from WT 
mice. Because expression of CD62L causes homing to lym-
phoid tissues, we asked if basophils from Lyn

-/-
 mice could 

be recruited to lymphoid organs, where they could presuma-
bly interact with T and B cells. This possibility might ex-
plain how Lyn

-/-
 basophils are able to induce Th2 skewing of 

naïve CD4
+
 T cells as well as participate in autoantibody 

production and promote increased numbers of plasma cells. 
In aged WT control mice, basophils could not be found in 
lymph nodes. In contrast, in aged Lyn

-/-
 and W

Sh
/W

Sh
Lyn

-/-
 

mice, basophils were recruited and accumulated in lymph 
nodes (axial and cervical). As expected, given the di-
minished ability to activate basophils in aged Igh7

-/-
Lyn

-/-
 and 

Il-4
-/-

Lyn
-/-

 mice, the lymph nodes of these mice had only a 
small percentage (~10%) of the basophils seen in Lyn

-/-
 and 

W
Sh

/W
Sh

Lyn
-/-

 mice. These findings show that basophils from 
Lyn

-/-
 and W

Sh
/W

Sh
Lyn

-/-
 mice migrate to lymphoid tissues 

where they can influence both T and B cells. While the pro-
duction of cytokines, like IL-4 and IL-6, are important to-
wards influencing T and B cells, we also found that baso-
phils from Lyn

-/-
 and W

Sh
/W

Sh
Lyn

-/-
 mice express high levels 

of MHC class II molecules, and high levels of membrane 
bound BAFF (a B cell survival and activation factor), which 
has been shown to be associated with SLE [76]. Expression 
of membrane BAFF did not appear to be dependent on the 
BAFF receptor, which was detected at very low levels and 

was not upregulated. Thus, the activation of basophils by 
circulating IgE-ICs in Lyn

-/-
 and W

Sh
/W

Sh
Lyn

-/-
 mice results in 

the homing of these cells to secondary lymphoid tissues and 
also causes the upregulation of key surface regulatory mole-
cules that can directly promote T cell differentiation and B 
cell differentiation and survival. This process is markedly 
dampened in the absence of IgE or IL-4, as evidenced in 
Igh7

-/-
Lyn

-/-
 and Il-4

-/-
Lyn

-/-
 mice. 

The data generated from our mouse studies has allowed 
us to propose a model (Fig. 1) of how basophils may act to 
amplify autoreactive responses. We show that in the sponta-
neous lupus model of Lyn

-/-
 mice, autoantibodies (dsDNA 

and ANA) are produced by autoreactive B cells, likely 
through help provided by autoreactive T cells. How this is 
initiated is not known, however, the production of autoreac-
tive IgE, likely in response to IL-4 and/or CD40 stimulation, 
causes basophil activation. IL-4 production by basophils 
amplifies the production of autoantibodies by promoting 
increased Th2 cell differentiation and increasing B cell acti-
vation and survival, including the survival of plasma cells in 
the spleen. This is mediated through increased CD62L ex-
pression on basophils, which causes their migration and ac-
cumulation in peripheral lymphoid tissues, and the cell sur-
face expression of mBAFF and MHC-II expression on baso-
phils in these tissues. Thus, the data from the Lyn

-/-
 mouse 

model argues that the basophil is an important contributor in 
the development and maintenance of lupus-like disease in 
these mice. Whether this model (Fig. 1) is applicable to the 
disease seen in other spontaneous models of SLE (like 
MRL/lpr, NZBW, or BSXB mice) remains to be determined. 
While most of these models have been shown to have a Th1 
and/or Th17 component, it is notable that these mice have 
been described to have increased levels of circulating IgE 
[77], suggesting that a Th2 component may contribute to the 
pathology. 

Basophil Dependent Kidney Inflammation 

Damage to kidney function in severe lupus nephritis is 
thought to be irreversible due to the inflammation that causes 
severe injury and structural alterations to the kidney [78]. 
Thus, “long term” basophil depletion (over three weeks, with 
repeated injections of basophil depleting antibody) in 40 
week old Lyn

-/-
 mice did not lead to improvement of renal 

function (unpublished data). Nonetheless, we could explore 
whether basophil depletion might alter the inflammatory 
environment in the diseased kidney of Lyn

-/- 
mice. Antibody-

mediated depletion of basophils was found to cause a 
marked decrease in pro-inflammatory cytokines detected in 
the kidney of aged Lyn

-/-
 mice. Within six days after deple-

tion, a decrease of IL-1 , IL-4, IL-6, and IFN-  was found 
with as much as a 70% reduction seen for some cytokines. 
This demonstrated that basophils (and likely their ability to 
control autoantibody production) are contributors to the pro-
inflammatory environment found in the lupus kidney. Addi-
tionally, we found that in the Igh7

-/-
Lyn

-/-
 mice (which did 

not have renal failure and showed reduced CIC deposition in 
the kidney) the pro-inflammatory cytokine environment in 
the kidney was greatly reduced. Collectively, the findings 
demonstrate that basophils contribute to the kidney inflam-
mation that occurs in lupus nephritis. Thus, it is of consider-
able interest to explore if basophil depletion or inactivation, 
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at an early stage of disease, could delay or rescue the early 
development of lupus nephritis.  

BASOPHILS AND THE Th2 ENVIRONMENT IN HU-

MAN SLE 

While mouse models are useful to explore mechanistic 
and/or physiological aspects that one cannot explore in hu-
man disease, the translation of the findings in mouse models 
to human disease must be explored [63]. Thus, we set out to 
determine if SLE patients had circulating autoreactive anti-
bodies (anti-dsDNA IgE or anti-IgE IgGs) that might be able 
to stimulate basophils. As previously mentioned, these 
autoreactive antibodies were already described to be present 
in SLE and urticaria’s [23, 50]. However, it was unclear as to 
whether all SLE patients generated such antibodies. Analysis 
of plasma samples from a cohort of 43 patients demonstrated 
the presence of IgE with specificity to dsDNA in all SLE 
patients screened. When we categorized the patients in 3 
distinct groups based on disease activity or SLEDAI score 
(SLE disease activity index, inactive SLEDAI=0-1, mild 
SLEDAI = 2-4 and active SLEDAI >4), the levels of anti-
dsDNA IgE were strongly associated with increasing disease 
activity. IgG anti-IgE antibodies were found only in patients 
with mild or active disease and their levels were also associ-
ated with increased disease activity. When patient anti-
dsDNA IgE levels were analyzed on the basis of the absence 
or presence of active nephritis, a striking 4 fold increase in 
the amount of anti-dsDNA IgE was seen in patients with 
active nephritis compared to those without active kidney 

disease. Thus, these findings suggest the direct involvement 
of autoreactive IgE in human lupus nephritis. Since previous 
studies [23, 55] had demonstrated that SLE patients had in-
creased circulating IgE, we explored if total IgE was in-
creased in our cohort of patients. While not all patients had 
increased levels of IgE (whereas all had anti-dsDNA IgE), in 
patients where total IgE was increased, an association with 
disease activity and active lupus nephritis was noted. Collec-
tively, the data from human SLE patients demonstrates that 
beyond the role of Th1 or Th17 cells in this disease, SLE 
patients also manifest a Th2 component that contributes to 
increased disease activity and active nephritis. 

These findings led us to explore the activation status of 
blood basophils in SLE patients and healthy (normal) con-
trols. This was based on the assumption that the presence of 
anti-dsDNA IgE or anti-IgE IgG might lead to basophil acti-
vation in these patients. As in the Lyn

-/-
 mouse model, this 

could cause permanent activation of circulating basophils, 
via stimulation of Fc RI, leading to amplification of autoan-
tibody production and lupus nephritis. In human basophils, 
CD203c is known to be expressed upon activation of these 
cells [79]. Our analysis of CD203c expression on basophils 
from SLE patients and healthy controls revealed a significant 
upregulation of this cell surface molecule on blood basophils 
from SLE patients relative to controls. In addition, as ob-
served in the Lyn

-/-
 mouse model, blood basophils from SLE 

patients also had increased levels of CD62L on their surface, 
and the increased CD62L expression correlated with disease 
activity. This suggested the possibility that, like in the mouse 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Basophils function in the amplification of autoantibody production in SLE. 

The accepted basis of disease in SLE is an escape of autoreactive B and T cells from negative selection (for reasons still not completely un-

derstood). These autoreactive lymphocytes lead to the production of autoreactive antibodies “aggregating” with complement factors and 

autoantigens in the form of circulating immune complexes (CICs). Autoreactive IgGs, IgMs and IgAs being the majority of them, autoreac-

tive IgE, in some circumstances, could accumulate in the CICs. These IgE containing CICs then activate circulating blood basophils leading 

to their recruitment to lymphoid organs via the CD62L. Once recruited, basophils, via MHC-II and membrane bound BAFF (mBAFF) inter-

act directly with autoreactive lymphocytes. Via their ability to secrete large amounts of IL-4 (and IL-6), basophils then amplify the autoanti-

body production, leading to the disease amplification. 
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model, basophils from SLE patients might be found in the 
peripheral lymphoid organs such as spleen and lymph nodes. 
Analysis of biopsies from the spleen and lymph nodes of 
SLE patients and healthy controls revealed a striking differ-
ence in basophil homing, with basophils being present at 
both sites for SLE patients whereas none were detected in 
the control tissue. In the patient lymph node, basophils ac-
cumulated in the periphery or the B cell rich zone of germi-
nal centers, demonstrating that they localize to a site where 
they could influence both T and B cells. In contrast, we did 
not find the presence of basophils in kidney biopsies from 
SLE patients with active nephritis or healthy controls. This 
could not be analyzed in the Lyn

-/-
 mouse model due to the 

lack of a suitable reagent for basophil detection in mice. This 
suggests that the role of the basophil may be immunomodu-
latory in this disease rather than as a pro-inflammatory effec-
tor. Consistent with the homing of basophils to secondary 
lymphoid tissues, we observed a significant decrease in the 
number of circulating basophils in SLE patients, and this 
decrease was associated with increased disease activity. A 
decrease in the numbers of circulating basophils was not 
observed in Lyn

-/-
 mice, however, the mice had a peripheral 

basophilia (driven by the absence of Lyn [22]) and this was 
not seen in patients. Thus, in the Lyn

-/-
 mouse, the dysregula-

tion of basophil proliferation likely masks the depletion of 
basophils from the circulation when basophils homed to sec-
ondary lymphoid tissues. Unlike the mice, Lyn expression in 
the basophils of SLE patients was normal when compared to 
healthy controls.  

An alternate explanation for the loss of basophils from 
the blood of SLE patients could be the immunosuppressive 
treatment that these patients undergo. While we found that 
corticosteroids, like prednisone, showed no association with 
the loss of blood basophils, combination immunosuppressive 
treatments were associated with decreased blood basophil 
numbers. However, the immunosuppressive treatments had 
no apparent effect on the increased basophil activation in 
SLE patients. This suggests that immunosuppressive treat-
ments may work, in part, through their suppression of blood 
basophils. This indicates that one might consider the deple-
tion of basophils from the blood of SLE patients as a poten-
tial therapeutic strategy. Since the key may well be to dimin-
ish basophil activation, another approach might be to deplete 
IgE (and thus dsDNA-IgE) in SLE patients. This latter ap-
proach could be tested rapidly, since the IgE-depleting anti-
body omalizumab (Xolair®, Genentech), is currently in use 
for treatment of asthma and allergic rhinitis in some patients 
and is seemingly well tolerated [80, 81]. Thus, the finding of 
a role for basophils in SLE [82] may open new avenues with 
therapeutic potential in the treatment of this disease. 

CONCLUDING REMARKS 

As described herein, we are at the beginning stages of un-
raveling the immunomodulatory and effector functions of 
basophils in health and disease. However, it can be said that 
beyond their role in allergy and in host defense to parasites, 
the basophil can promote Th2 cell differentiation and func-
tion to amplify the humoral immune response. Its role in 
autoimmune diseases has not previously been recognized, 
but the aforementioned findings [82] make a strong argu-
ment for a role in lupus nephritis. This role is not in initiation 

but instead amplification of disease. Key requirements are 
the autoreactive IgE-dependent activation of basophils, the 
production of IL-4 by these cells, and the promotion of Th2 
cell differentiation. This does not preclude the demonstrated 
role for Th1, Th17, and the loss of regulatory T cell function, 
in the development of autoimmunity. Instead, it argues that 
the strong humoral component seen in autoimmune diseases, 
like SLE, requires the basophil in order to reach the levels of 
autoantibody production that result in kidney disease and 
sometimes kidney failure. Our findings in Lyn

-/-
 mice, as 

well as in SLE patients, point to the Th2 environment as con-
tributory in SLE.  

The recent advances in our understanding of the role of 
basophils in health and disease demonstrate that a small 
population of basophil granulocytes can have an important 
immunomodulatory role in the immune system. However, 
one must be cautious with the over enthusiastic view of the 
basophil as necessary for Th2 cell differentiation. To date, 
experiments dealing with this issue are limited and the key 
test of challenging mice with a Th2 antigen in the complete 
absence of basophils remains to be done. Nonetheless, the 
findings show that in some settings the basophil is a potent 
inducer of Th2 cell differentiation and through this ability it 
links the “allergic” environment to the development of an 
autoimmune disease, like SLE. It will be of interest to ex-
plore if these findings will translate to therapeutic benefit. 
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