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Abstract: Cardiac remodeling is accompanied by cardiac hypertrophy, fibrosis, and dys
function, eventually leading to heart failure (HF). However, the molecular mechanisms 
involved in cardiac remodeling are complicated, especially the association with immune. 
Immunoglobulin E (IgE) is a class of immunoglobulins involved in immune response to 
specific allergens. Recently, Zhao et al characterized a novel specific role of IgE and its high 
affinity receptor (FcεR1) in directly promoting pathological myocardial remodeling and 
cardiac dysfunction. Additionally, upon blocking IgE-FcεR1 signaling using FcεR1 genetic 
depletion or by administrating the anti-IgE monoclonal antibody omalizumab (Oma) in mice, 
they observed that cardiac hypertrophy and cardiac interstitial fibrosis induced by angioten
sin II (Ang II) or transverse aortic constriction (TAC) were significantly suppressed. In 
contrast, IgE administration alone can aggravate pathological cardiac remodeling and dys
function. RNA-seq and downstream analysis indicated that TGF-β was the common pathway 
and the most pivotal mediator in IgE-FcεR1-induced cardiac remodeling and dysfunction. 
Furthermore, the administration of a TGF-β inhibitor could ameliorate cardiac remodeling 
and improve cardiac function. Therefore, these findings suggest that IgE-FcεR1 maybe 
promising therapeutic targets for cardiac remodeling and provide an experimental basis for 
the use of omalizumab for HF patients combined with high serum IgE levels or allergic 
diseases. 
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Pathological cardiac remodeling is an adaptive response to cardiac stress, accom
panied by myocardial hypertrophy, interstitial fibrosis, cell death, cardiac dysfunc
tion, and eventually leading to heart failure (HF).1 Immunoglobulins, as major host 
proteins in plasma, function as anti-bacterial and anti-viral agents by strengthening 
cell phagocytosis. Immunoglobulin E (IgE) is a class of immunoglobulins involved 
in immune response to specific allergens.2,3 They play a central role in the devel
opment and manifestation of allergic reactions.4 Functionally, allergen-induced 
crosslinking of FcεR1-bound IgE activates basophils and mast cells, followed by 
degranulation. The degranulation of basophils and mast cells results in the libera
tion of proinflammatory and vasoactive mediators, inducing classical symptoms of 
an allergic reaction.5 Allergic diseases, including immediate hypersensitivity reac
tions, anaphylaxis, allergic asthma, atopic dermatitis, chronic spontaneous urticaria 
(CSU), etc. are primarily mediated by the IgE-FcεR1 signaling pathway. A previous 
study indicated that total serum IgE levels before anti-IgE antibodies intervention 
correlate negatively with the time-to-relapse in patients with CSU,6 which is 
consistent with the pathological molecular mechanism of the IgE-FcεR1 signaling 
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pathway. However, IgE-FcεR1 also critically contributes 
to host defense against parasites and venoms.7

Although much focus regarding the biological proper
ties of IgE is centered around immune response to specific 
allergens, increasing evidence has uncovered unexpected 
pathological roles of IgE in the cardiovascular system. 
A population-based cohort study suggested that the eleva
tion of serum IgE levels may be a risk factor for increased 
cardiovascular mortality.8 Existing literature also revealed 
that IgE and the FcεR1α were present in human athero
sclerotic lesions, which are localized particularly in macro
phage-rich areas. IgE deficiency in ApoE−/− mice reduced 
atherosclerosis by decreasing the lesion macrophage con
tent and inflammation.9 In addition, blocking the IgE- 
FcεR1 axis reduced inflammation and apoptosis both in 
atherosclerotic plaques and abdominal aortic aneurysms 
(AAAs).9,10 However, whether IgE-FcεR1 signaling is 
involved in cardiac remodeling remains elusive.

A recent study in Circulation by Zhao et al identifies IgE 
as a novel promoter of cardiac remodeling in mice and 
humans, which functions in an IgE-FcεR1-dependent 
manner.11 Statistical analysis of 4671 participants from the 
National Health and Nutrition Examination Survey 
(NHANES) showed a strong positive relationship between 
serum IgE and NT-pro BNP in HF patients. In concordance 
with the HF patients, high serum IgE levels and cardiac 
FcεR1 expression were observed in mice subjected to trans
verse aortic constriction (TAC) or angiotensin II (Ang II). In 
addition, upon blocking IgE-FcεR1 signaling using FcεR1 
genetic depletion or administrating the anti-IgE monoclonal 
antibody omalizumab (Oma) in mice, cardiac hypertrophy 
and cardiac interstitial fibrosis induced by Ang II or TAC 
were significantly suppressed. In contrast, IgE administration 
alone can aggravate pathological cardiac remodeling and 
dysfunction. Moreover, chimeric mice generated by bone 
marrow transplantation (BMT) demonstrated that the effect 

of IgE on Ang II-induced cardiac remodeling was not 
mediated by bone marrow-derived cells. To further deter
mine whether IgE can directly function in cardiomyocytes 
(CMs) and cardiac fibroblasts (CFs), they first verified that 
FcεR1 was expressed in CMs and CFs. In addition, IgE- 
induced hypertrophy, CFs activation and matrix protein pro
duction were remarkably alleviated by FcεR1 knockdown. 
All above suggested that IgE directly promoted cardiac 
remodeling in an FcεR1-dependent manner in CMs and CFs.

To explore the potential mechanisms of the IgE-FcεR1 
axis, RNA-seq was performed on both CMs and CFs treated 
with or without IgE. The transcriptomes profiling showed 
reduced expression of TGF-β and its downstream signaling 
molecules, including PI3K, AKT, pSmad1/5/9, and pSmad2/ 
3, in the hearts of FcεR1-KO mice compared to WT mice 
after Ang II infusion. Similar effects were demonstrated in 
omalizumab-treated mice. However, TGF-β inhibitor 
SB431542 significantly alleviated CM hypertrophy and CF 
activation induced by IgE treatment. In summary, TGF-β is 
likely to be the most pivotal mediator in IgE-FcεR1-induced 
cardiac remodeling and dysfunction (Figure 1).

As it often happens, this study opens a range of 
interesting questions. First, existing literature suggested 
that rituximab (RTX), an antibody against CD20, can 
reverse cardiac remodeling and improve cardiac function 
through inhibiting Th2 cytokine-mediated IgG produc
tion from B cells.12 A marked increase in B cell accu
mulation in vasculature was observed in Zhao’s work, 
which may account for the elevation of serum IgE. As 
we known, IgE is the prototypical antibody class pro
duced during type 2 immune responses, which are 
induced during tissue remodeling.13–15 Although the 
role of IgE in promoting cardiac remodeling has been 
just reported, whether there is an increased level of IgG 
with the accumulation of B cells and how it functions 
during this process remains to be clarified. Second, can 

Figure 1 Proposed model for the role of IgE-FcεR1 signaling in cardiac remodeling. Activated TGF-β/PI3K-AKT and TGF-β/Smads signaling after serum IgE and cardiac FcεR1 
expression induced by stress (TAC, Ang II) in both cardiomyocytes and cardiac fibroblasts, which ultimately contributes to cardiac pathological remodeling. TGF-β is likely to 
be a critical mediator for IgE-FcεR1 in promoting cardiac hypertrophy and fibrosis. Suppression of the IgE-FcεR1 signaling using FcεR1-KO mice or anti-IgE antibodies 
(omalizumab) significantly ameliorates cardiac remodeling in mice.
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elevated IgE, locally and in circulation, influence the 
cardiac microenvironment or activate other cardiac resi
dent cells, such as endothelial cells and macrophages? 
What’s the contributions during the development of 
cardiac remodeling? Finally, regarding the specific 
mechanisms underlying cardiac cells hypertrophy and 
cardiac fibroblast activation, Zhao et al have demon
strated the crucial role of TGF-β signaling in this pro
cess. However, bioinformatic analyses show that other 
pathways, such as the β-AR signaling pathway, chemo
kine-related pathway, and cytokine-mediated inflamma
tion, are also significantly changed in this process. 
According to the reports describing cross-talk and 
mutual regulation between β-AR and TGF-β 
signaling,16 we wonder that whether β-AR contributes 
to TGF-β activation and regulates cardiac hypertrophy 
via activation of the cAMP-PKA pathway in cardiomyo
cytes? Additionally, previous studies have suggested that 
FcεR2, the low affinity IgE receptor, may contribute to 
the production of chemokines,17 that have also been 
shown to function directly in cardiac remodeling.18 

Therefore, we speculate that elevated IgE induces the 
expression of FcεR2 in cardiomyocytes and then acti
vates the chemokine-related pathway. The expression of 
FcεR2 in cardiomyocytes and its contact with chemo
kine-related pathway are worth being discussing. 
Nevertheless, further study should be conducted to 
address the issues mentioned above and identify more 
effective therapeutic targets for HF.

In summary, Zhao et al demonstrate the potential 
implication of high serum IgE to pathological cardiac 
remodeling. Targeting the IgE-FcεR1 axis via the acti
vation of TGF-β signaling in the heart, which high
lights how immunoglobulins affect cardiac functions 
other than inflammation and immunity. In addition, 
the application of omalizumab, a clinical IgE antago
nist, provides important preclinical evidence for the 
treatment of HF patients combined with allergic reac
tions. A recent study by their team has verified that 
elevated serum IgE promotes pathological cardiac 
fibrosis by modulating miR-486a-5p and downstream 
factor Smad1.19 These findings have broadened our 
horizons for the upstream regulators of the IgE-FcεR1 
signaling pathway. Although the specific mechanisms 
were not completely elucidated, the work of Zhao et al 
has further clarified the linkages between immunity and 
cardiac remodeling. To the best of our knowledge, this 
is the first study to elucidate the association between 

serum IgE levels and cardiac remodeling. Overall, IgE- 
FcεR1 may be promising novel therapeutic targets for 
the treatment of cardiac remodeling, with high transla
tional potential, especially for patients with HF com
bined with high serum IgE levels or allergic diseases.
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