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Abstract
Elevated IgG4 concentrations in serum have received a great 
deal of attention recently, whereas the significance of de-
creased IgG4 levels was frequently neglected in spite of its 
close relation with infectious and noninfectious inflamma-
tions. In this review, based on the structural and functional 
characteristics of IgG4, we bring together case reports and 
research related to low levels of IgG4 and try to scratch the 
importance of decreased IgG4 concentrations in serum. As 
with elevated IgG4 levels, low serum IgG4-related diseases 
can be involved in multiple systems such as infection in the 
respiratory system, stroke in the circulatory system, and glo-
merulonephritis in the urinary system. Both genetic and im-
mune dysregulation can contribute to decreased IgG4 lev-
els. In the light of animal experiments, we believe that the 
mystery of low IgG4 can be revealed as long as enough at-
tention is acquired. © 2019 S. Karger AG, Basel

Introduction

In contrast to the intense investigations of elevated 
IgG4 levels in various disorders such as IgG4-related dis‑
ease [1–3], little is known about the significance of low 
serum IgG4 levels. As the least abundant IgG subclass in 
serum, IgG4 concentrations fluctuate greatly among 
healthy individuals [4]. The low abundance and wide 
fluctuation bring difficulties for the identification of low 
IgG4 levels. Moreover, isolated IgG4 deficiency-associat‑
ed disorders are scarce as they are normally asymptom‑
atic in clinical practice [5, 6]. Nevertheless, case reports 
and research about deficiency or decrease of serum IgG4 
are on the increase [7–10]. In this paper, we brief the 
structural and functional characteristics of IgG4, summa‑
rize clinical observations and basic studies associated 
with low serum IgG4 levels, and highlight the indispens‑
able role of decreased IgG4 in diseases.

The normal concentration of serum IgG4 in children 
varies with age. The reference interval of IgG4 in adults 
have been recommended as 0.052–1.250 g/L with the up‑
per limit being 0.86–1.35 g/L [2, 11]. An elevated IgG4 
level means that the concentration is higher than 1.35 g/L 
[12–14]. The diagnostic criteria of IgG4 deficiency in 
children is that their concentration level is lower than that Edited by: H.-U. Simon, Bern.
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of the lower fifth percentile at their corresponding age 
[15]. A cutoff value of 0.05 g/L is widely accepted to diag‑
nose IgG4 deficiency in adults [8, 16]. The low IgG4 level 
discussed in this review involves two aspects. For one 
thing, it means IgG4 deficiency. For another thing, it also 
means that the IgG4 level is within the normal range but 
is relatively lower than in healthy controls or disease con‑
trols in specific conditions.

Structural and Functional Features of IgG4

The structure of IgG4 has been illuminated in detail 
[17, 18]. Because of the unique conformational variability 
at the CH3-CH3 interface and the distinct FG loop con‑
formation in the CH2 domain of Fc, IgG4 has various 
unique properties, including the inability to fix comple‑
ment, and a similar affinity to activated and inhibitory 
Fcγ receptors with the FcγIIB receptor, which facilitates 
IgG4, suppresses the complement activation mediated by 
other IgG subclasses [19, 20]. Besides, unlike other IgG 
subclasses, about 73% of IgG4 molecules lack the covalent 
inter heavy chain interaction, which has been replaced by 
the unstable non-covalent intra heavy chain interaction 
[20]. This interaction can contribute to the most incred‑
ible and the most concerned characteristic of IgG4, name‑
ly the physiological Fab-arm exchange (Fig. 1). The ex‑

change has been verified in various research papers [21–
24]. As a result of the exchange, a considerable proportion 
of IgG4 molecules possess two different heavy chains and 
another two different light chains, and consequently have 
two different antigen epitopes. They become bispecific 
but monovalent antibodies rather than traditional biva‑
lent antibodies, causing their inability to cross-link anti‑
gens and incapacity to form large IgG4-associated im‑
mune complexes [25]. Figure 2 summarizes the function‑
al features of IgG4.

The structural and functional features of IgG4 indicate 
that IgG4 plays an important role in balancing immune 
responses. Moderate levels of IgG4 could induce immu‑
nity tolerance to restrict amplified inflammation, while 
low levels presumably make excessive immunity reac‑
tions out of control under antigen intrusion [26]. Low 
IgG4 levels per se break the harmony of the immune sys‑
tem [27].

Low IgG4 Levels in Autoimmune Diseases

Many autoimmune diseases are associated with serum 
IgG4 levels. Autoimmune diseases are traditionally 
viewed as typical examples of diseases which are associ‑
ated with elevated IgG4 levels in serum. Sclerosing pan‑
creatitis, also known as type 1 autoimmune pancreatitis, 

Stable covalent inter
heavy chain interaction

Unstable non-covalent intra
heavy chain interaction

κ light chain κ light chainλ light chain λ light chainFig. 1. Most IgG4 molecules lack the stable 
covalent inter heavy chain interaction, 
which has been replaced by the unstable 
non-covalent intra heavy chain interac‑
tion. The unstable interaction can contrib‑
ute to a half-molecule exchange of IgG4. 
After the exchange, a large proportion of 
IgG4 molecules possess two different heavy 
chains and another two different light 
chains and consequently have two different 
antigen epitopes.
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is the first disorder being recognized as IgG4-related [12]. 
Rheumatoid arthritis with higher IgG4 concentrations 
has been considered as a specific clinical phenotype with 
a worse disease state and prognosis [14, 28]. As with ele‑
vated IgG4 levels, low IgG4 levels in autoimmune diseas‑
es are also worth noting. An investigation from Korea 
analyzed 37 adults with IgG subclass deficiency, in which 
IgG4 deficiency accounts for nearly 25%. Among five pa‑
tients with autoimmune diseases such as systemic lupus 
erythematosus and rheumatoid arthritis, all of them had 
IgG4 deficiency, including 3 with isolated IgG4 deficien‑
cy and 2 with combined deficiency (IgG4 and IgG1, IgG4 
and IgG3) [29]. Although serum antinuclear IgG4 levels 
in systemic lupus erythematosus have been reported to be 
higher than that of healthy controls, correlation analysis 
indicated that a lower IgG4 level is correlated with a more 
severe disease state, which means lower albumin and C3, 
and higher 24-hour urinary protein [30]. Serum IgG sub‑
class detection in 363 patients with different autoimmune 
diseases demonstrated that when compared with healthy 
controls, patients with systemic sclerosis and primary 
Sjögren syndrome have lower serum IgG4 but higher 
IgG1 and IgG3 [31].

The mechanism by which low serum IgG4 causes dis‑
eases is pending, for there is no shortage of controversy 
over the exact effect of IgG4 in autoimmune diseases. Bul‑
lous pemphigoid (BP) and myasthenia gravis (MG) are 
typical examples of the controversy. In spite of the inabil‑
ity to fix complement, isolated IgG4 autoantibodies from 
BP patients have been clarified to induce dermal-epider‑
mal separation in cryosections of human skin through Fc-
dependent leukocyte activation [32]. This complement-
independent effect has been further confirmed in C3-de‑

ficient mice [33]. On the contrary, Zuo et al. [34] reported 
that mice injected with purified IgG4 from patients did 
not develop BP unless extra C5a was injected at the same 
time. Furthermore, IgG4 can not only inhibit IgG1- and 
IgG3-mediated complement activation but also block 
them from binding to antigens, sequentially inhibiting 
disease development [34]. The opposite effects of IgG4 in 
the same disease have also been discussed in MG. Al‑
though some researchers proved that patient-derived 
IgG4 can block the binding of muscle-specific kinase and 
lipoprotein receptor-related protein 4, causing neuro‑
muscular junction dysfunction [35, 36], another research 
paper displayed that patient-derived IgG4 can protect 
monkeys from IgG1-mediated MG through preventing 
acetylcholine receptors from cross-linking [23]. The above 
findings indicate that low serum IgG4 may be insufficient 
to fight with complement activators such as IgG1 and 
IgG3 and may fail to block the binding of antigen and 
harmful autoantibodies, thereby causing diseases (Fig. 3).

Low IgG4 Levels in Allergic Diseases

In addition to the elevated IgG4 levels in allergic pa‑
tients who have become tolerant after immunotherapy, 
which has received a great deal of attention, the generally 
lower IgG4 levels at the initial diagnosis of allergies are 
equally worth noting. Allergen-specific B cells from bee 
venom-allergic patients expressed lower IgG4 than non‑
allergic beekeepers originally, and allergic patients who 
received desensitization treatment showed a higher pro‑
portion of IgG4-producing B cells and a lower allergen-
specific IgE/IgG4 ratio when compared with nontreated 
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Fig. 2. a IgG4 is unable to activate complement and it can suppress IgG1- or IgG3-mediated complement activa‑
tion. b IgG4 has a similar affinity to both activated and inhibitory Fcγ receptors. c IgG4 antibodies are unable to 
cross-link antigens or to form large IgG4-associated immune complexes.
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allergic subjects [37]. Teens with self-reported allergic 
symptoms on cat or dog contact have a lower antigen-
specific IgG4/IgE ratio compared with nonallergic teens, 
and the lower the ratio, the higher the risk of allergy [38]. 
Lower antigen-specific IgG4 levels have also been found 
in patients with allergic symptoms on house dust mite, 
cow’s milk, or peanut exposure before immunotherapy 
compared with those being tolerant after therapy [39–
41]. A continuously increasing IgG4 level, which is nega‑
tively correlated with symptom scores with or without a 
decreasing IgE level during immunotherapy, has been 
noticed in many cohort studies [39, 41].

Low IgG4 level is inadequate to inhibit hypersensitiv‑
ity reactions or induce immune tolerance. The fierce 
competition between IgG4 and IgE determines the devel‑
opment of allergies or immune tolerance during exposure 
to allergens. Adequate IgG4 production is essential to 
fight against IgE-mediated excessive immune responses 
[42]. IgG4 dominates the immune responses during an 
effective desensitization treatment [41]. From baseline of 
allergies to the time of tolerance development, antigen 
binding intensity and epitope binding diversity of both 
IgE and IgG4 decreased, but the binding intensity of IgG4 
is higher than that of IgE, and a greater overlap of epitopes 
recognized by IgG4 and IgE developed [43–45]. Conse‑
quently, adequate IgG4 compete with IgE for the same 
allergen epitopes, thereby inhibiting the IgE-mediated 
hypersensitivity reactions such as basophil activation and 

allergen induced T-cell proliferation [45]. Figure 4 illumi‑
nates the possible mechanisms by which low serum IgG4 
levels cause allergy.

Low IgG4 Levels in Infectious Diseases

The most common manifestation of isolated IgG4 de‑
ficiency is recurrent infection. A research paper in 1991 
investigated the immunoglobulin isotype levels of 123 
children with recurrent infection and 127 age-matched 
atopic control subjects without recurrent infection [46]. 
The recurrent infection group had a significantly higher 
prevalence of isolated IgG4 deficiency than the controls 
(7.3 vs. 0.8%), and all nine of the patients with isolated 
IgG4 deficiency in the recurrent infection group suffered 
severe respiratory infections requiring multiple hospital‑
izations. However, the proportions of the other IgG sub‑
class deficiencies including the combination of multiple 
subclasses were comparable between the two groups. Se‑
lective IgG4 deficiency-associated recurrent infection has 
also been reported in patients with bronchiectasis and 
chronic purulent sinusitis [47, 48]. In addition to recur‑
rent infection, selective IgG4 deficiency is closely related 
to rare infections. For instance, Listeria monocytogenes 
meningitis, which is generally a rare condition unless in 
specific comorbidities such as immunosuppression and 
pregnancy, has been occasionally recognized in a patient 

IgG4
IgG1/IgG3

Allergen Complement

Target cell injury

Activated
complement

Inhibition of
target cell injury

Fig. 3. Low serum IgG4 concentrations are 
insufficient to fight with complement acti‑
vators such as IgG1 and IgG3 and fail to 
block the binding of antigen and harmful 
autoantibodies, thereby causing autoim‑
mune diseases.
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with common autoimmune hepatitis [10]. To our knowl‑
edge, the corresponding case report was the only one to 
describe the combination of listeria infection and autoim‑
mune hepatitis, and isolated IgG4 deficiency is the most 
striking feature of this rare combination. Another unique 
case is a previously healthy 16-year-old boy with an acute 
attack of spinal epidural abscess which progressed to para‑
plegia within 24 h [49]. It is extremely unusual for a young 
child to suffer from such a rapidly progressing overwhelm‑
ing infection. The boy had no history of recurrent infec‑
tion, and no source of infection could be identified. The 
lymphocyte subsets and IgG, IgM, IgA, IgE, IgG1, IgG2, 
and IgG3 were normal. The most possible risk factor for 
this case is the isolated IgG4 deficiency. The level of IgG4 
was found to be lower than two standard deviations 1 year 
after treatment with little observed recovery.

Besides isolated deficiency, the combination deficiency 
of IgG4 and other immunoglobulin isotypes plays an im‑
portant role in infection. Severe asthmatic children with 
recurrent infections have been reported to have a higher 
proportion of single and combined IgG4 deficiencies 

(IgG3-IgG4, IgG1-IgG3-IgG4, IgA-IgG3-IgG4) than those 
without recurrent infection [7]. In patients with chronic 
lymphocytic leukemia, the combination deficiency of IgG4 
and other IgG subclasses is associated with a higher risk of 
infection and a shorter treatment-free survival [8, 16]. The 
combination of IgG4 and IgM deficiencies has been identi‑
fied in patients with refractory chronic diarrhea and recur‑
rent lower respiratory infections [50].

IgG4 frequently exerts a protective effect in the conva‑
lescence stage of infectious diseases [51]. The host im‑
mune defense impairment resulting from IgG4 deficien‑
cy may contribute to the increased susceptibility to re
current infection and rare pathogen invasion [46]. 
Immunoglobulin replacement treatment is promising in 
improving low IgG4-related infection. For adult asthmat‑
ics with IgG subclass deficiency, intravenous immuno‑
globulin (IVIG) for 6 months can significantly reduce 
asthma exacerbation caused by infection, relieve symp‑
toms, and elevate IgG1/2/3 concentration, but cannot im‑
prove decreased IgG4 [52]. Effective long-term immuno‑
globulin replacement treatment has been implemented 

Allergy
IgG4

IgE
Allergen

IgG4 inhibits allergy

IgG4 inhibits the activation of basophilic granulocytes

Basophilic granulocytes are activated

Fig. 4. Low IgG4 level is inadequate to compete with IgE for the same allergen epitopes, thereby failing in inhib‑
iting IgE-mediated hypersensitivity reactions such as basophil activation.
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for a patient with isolated IgG4 deficiency and recurrent 
chronic purulent sinusitis [48]. The patient had been 
treated with various antibiotics and sinus washout before 
immunoglobulin replacement but with little remission. 
Then she received IVIG for 9 months and subsequent 
subcutaneous immunoglobulin (SCIG) for 17 months. 
After a few months of IVIG, there was a significant symp‑
tom improvement, and her IgG4 kept increasing slowly 
but only reached the normal range by the end of the 
17-month SCIG treatment.

Low IgG4 Levels in Other Diseases

Low IgG4 levels are not uncommon in other diseases. 
Pavone et al. [9] reported four Down syndrome cases 
without heart disease but with infectious disease and 
stroke. Unlike the other Down syndrome patients with 
infectious disease but without stroke, the stroke group 
featured with selective IgG4 deficiency, and their IgG4 
levels were elevated 1–3 months after treatment. In re‑
spect of cardiovascular disease, patients aged over 60 
years with lower IgG4 concentrations were found to have 
worse cardiac diastolic function than those with normal 
IgG4 levels in serum [53]. IgG4 deficiency has also been 

reported in chronic glomerulonephritis (GN) including a 
child with membranoproliferative GN and another child 
with membranous nephropathy, both of them were fea‑
tured with recurrent or persistent infections before diag‑
nosis of GN [54].

In summary, low serum IgG4-related diseases can be 
involved in multiple systems. Table 1 and Figure 5 give an 
overview of the reported diseases associated with low se‑
rum IgG4.

Low IgG4 Levels in Animal Studies

Although the lack of IgG4 subclass in rodents restricts 
further animal studies, research on the analogue of hu‑
man IgG4 in mouse has shed light on the significance of 
low IgG4. It is commonly accepted that IgG1 of mouse is 
similar to human IgG4 in function and Th2-dependency 
[55, 56]. Both of them are incapable of binding to C1q, 
and their production is dependent on the regulation of 
Th2 cells.

In autoimmune diseases, IgG1-deficient mice were re‑
ported to be vulnerable to disorders [57, 58]. Compared 
with wild-type mice, IgG1 deficiency mice tend to devel‑
op more severe MG and arthritis after being stimulated. 

Infectious inflammations

Noninfectious inflammations

Chronic purulent sinusitis

Stroke

Listeria monocytogenes
meningitis

Cardiac diastolic
dysfunction

Recurrent infection

Chronic diarrhea

Spinal epidural abcess

Glomerulonephritis

Low serum
IgG4 level

Fig. 5. Low serum IgG4-related diseases can be involved in multiple organs. They play an important role in var‑
ious infectious and noninfectious inflammations.
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Increases in other IgG isotypes, which can activate com‑
plement, were observed in these IgG1-deficient mice with 
worse disease conditions.

In a kidney disease model, it was reported that wild-
type mice, after being injected with potent antigen, kept 
healthy despite the production of abundant antigen-spe‑
cific IgG1 and IgG1-associated immune complexes. In 
contrast, IgG1-deficient mice developed lethal renal dis‑

ease characterized by elevated urinary protein, blood urea 
nitrogen, decreased serum albumin, and corresponding 
histopathologic lesion in glomerulus. Improvement of re‑
nal conditions induced by additional injection of antigen-
specific IgG1 demonstrated its potential to prevent renal 
disease development. The research suggested the protec‑
tive effect of IgG1 of mice in renal disease, and this effect 
presumably applies to human IgG4 [59].

Table 1. Overview of the reported diseases associated with low serum IgG4 levels

Target
system

Disease associated
with low IgG4

Characteristic
of serum IgG4

Sample
size

Primary
disease

Concomitant
immune
defects

Association
with  
infection

Possible  
significance of
low IgG4

Reference

Immune
system

SLE or rheumatoid
arthritis

IgG4  
deficiency

5 yes 2 cases have
IgG1 or IgG3
deficiency

uncertain lower IgG4
level indicates
more severe
disease state
in SLE

29, 30

systemic sclerosis decreased total
IgG4

102 yes none uncertain N/A 31

Sjögren syndrome decreased total
IgG4

102 yes none uncertain N/A 31

allergies decreased
allergen- 
specific IgG4

16–500 yes none no lower IgG4
occasionally
indicates
higher allergy
risk and more
severe symp-
toms

37–41

Respiratory
system

recurrent infection isolated IgG4
deficiency

123 yes none yes risk factor 46

Nervous
system

Listeria monocyto-
genes meningitis

isolated IgG4
deficiency

1 case auto-
immune
hepatitis

none yes risk factor 10

spinal epidural
abscess

isolated IgG4
deficiency

1 case yes none yes risk factor 49

Digestive
system

chronic diarrhea IgG4  
deficiency

1 case yes IgM  
deficiency

yes risk factor 50

Circulatory
system

stroke isolated IgG4
deficiency

4 cases Down  
syndrome

none yes risk factor 9

cardiac diastolic
dysfunction

decreased total
IgG4

yes none no patients with
lower IgG4
had worse
cardiac dias-
tolic function

53

Urinary
system

chronic glomerulo-
nephritis

IgG4  
deficiency

2 cases yes IgG2 or IgG3
deficiency

yes risk factor 54

SLE, systemic lupus erythematosus.
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Mechanisms of Low IgG4 Levels

Both genetic and immune dysregulation can contrib‑
ute to a low level or deficiency of IgG4. Genetic abnormal‑
ity includes three aspects: homozygous and heterozygous 
gene deletions of immunoglobulin heavy chain constant 
region (IGHC), minor structural defect of IGHC, and 
regulatory dysfunction. It is rare for the homozygous de‑
letion of Cγ4 to cause a complete absence of IgG4 [60], 
but the heterozygous deletion of Cγ4 gene is associated 
with a lower serum level and is occasionally associated 
with an increased susceptibility to infections [61, 62]. Low 
IgG4 levels caused by IGHC gene deletions can occur in 
healthy individuals and are often accompanied by com‑
pensatory increase of other IgG subclasses or combined 
deficiency with other immunoglobulins [63]. Analysis on 
genetic polymorphisms of subjects with low IgG4 levels 
revealed an association between decreased IgG4 and mi‑
nor structural defect in the IGHC gene [64, 65]. The de‑
fect is likely to lie in the upstream regulatory region such 
as aberrations in the promoter or enhancer [60, 64]. Fur‑
ther research on the transcription and translation of the 
IgG4 mRNA is to be continued.

Immune dysregulation is presumably the primary 
cause of pathogenic low IgG4 levels. It has been reported 
that there was little fluctuation in IgG4 levels over time in 
a cohort of multiple sclerosis patients [4]. This phenom‑
enon suggested tight regulation of IgG4 production and 
turnover in multiple sclerosis. Although few studies focus 
on the immune regulation on low IgG4-related diseases, 
the following lymphocyte subsets have been confirmed to 
stimulate IgG4 production: Th2, Treg, and IL-10-pro‑
ducing Breg. Th2-related IL-4 and IL-13 induce a class 
switch to IgG4, and IL-4 promotes IgG4-positive B cells 
to differentiate into plasma cells [66, 67]. Treg and related 
IL-10 stimulate the class switch to IgG4 and facilitate the 
proliferation and differentiation of IgG4-positive B cells 
[68–70]. IL-10-producing Breg and serum IgG4 increased 
in parallel in allergic patients receiving desensitization 
treatment, which induces the development of immune 
tolerance [37]. Increased proportions of Th2, Treg, IL-
10-producing Breg, and IgG4-positive B cells have been 
illuminated under conditions associated with elevated 
IgG4 levels [37, 71, 72]. Whether there is a decrease of 
corresponding molecules in low IgG4-related conditions 
is unknown. A large amount of mysteries related to low 
IgG4 levels are to be revealed.

Conclusion

In conclusion, low serum IgG4, which is not uncom‑
mon among diseases but was frequently neglected, may 
play an important role in the development of various in‑
fectious and noninfectious inflammations such as auto‑
immune diseases, allergic diseases, and cardiovascular 
diseases. Genetic and immune dysregulation can contrib‑
ute to low IgG4 levels, with IgG4 concentration being in‑
adequate to inhibit excessive immune response or to in‑
duce immune tolerance under antigen intrusion, and the 
host immune defense impairment resulting from insuf‑
ficient IgG4 production can lead to increased susceptibil‑
ity to infection. Thus, it is worth performing more clinical 
observations and basic research to reveal the mysteries 
related to low IgG4 levels.

Acknowledgement

The authors would like to thank Wan Su from the University 
of Queensland for helping us improve the wording.

Statement of Ethics

The authors have no ethical conflicts to disclose.

Disclosure Statement

The authors have no conflicts of interest to declare.

Funding Sources

This work was supported by grants from the National Natural 
Science Foundation of China (91642109 and 81870488).

Author Contributions

Xinyu Tian, Zhenling Deng, and Song Wang designed and 
wrote the paper. Yue Wang designed and revised the paper. All 
authors agreed to publish the version and would like to be account‑
able for all aspects of the paper.



A Review on Low IgG4 Levels in Serum 9Int Arch Allergy Immunol
DOI: 10.1159/000503967

References

  1	 Abraham M, Khosroshahi A. Diagnostic and 
treatment workup for IgG4-related disease. 
Expert Rev Clin Immunol. 2017 Sep; 13(9): 

867–75.
  2	 Cortazar FB, Stone JH. IgG4-related disease 

and the kidney. Nat Rev Nephrol. 2015 Oct; 

11(10): 599–609.
  3	 Tabata T, Kamisawa T, Takuma K, Egawa N, 

Setoguchi K, Tsuruta K, et al. Serial changes 
of elevated serum IgG4 levels in IgG4-related 
systemic disease. Intern Med. 2011; 50(2): 69–
75.

  4	 Nirula A, Glaser SM, Kalled SL, Taylor FR. 
What is IgG4? A review of the biology of a 
unique immunoglobulin subtype. Curr Opin 
Rheumatol. 2011 Jan; 23(1): 119–24.

  5	 Loh RK, Harth SC, Thong YH, Ferrante A. 
Immunoglobulin G subclass deficiency and 
predisposition to infection in Down’s syn‑
drome. Pediatr Infect Dis J. 1990 Aug; 9(8): 

547–51.
  6	 French MA, Harrison G. An investigation 

into the effect of the IgG antibody system on 
the susceptibility of IgA-deficient patients to 
respiratory tract infections. Clin Exp Immu‑
nol. 1986 Dec; 66(3): 640–7.

  7	 de Moraes Lui C, Oliveira LC, Diogo CL, 
Kirschfink M, Grumach AS. Immunoglobu‑
lin G subclass concentrations and infections 
in children and adolescents with severe asth‑
ma. Pediatr Allergy Immunol. 2002 Jun; 13(3): 

195–202.
  8	 Freeman JA, Crassini KR, Best OG, Forsyth 

CJ, Mackinlay NJ, Han P, et al. Immunoglob‑
ulin G subclass deficiency and infection risk 
in 150 patients with chronic lymphocytic leu‑
kemia. Leuk Lymphoma. 2013 Jan; 54(1): 99–
104.

  9	 Pavone P, Falsaperla R, De Silva K, Taibi R, 
Verrotti A, Trifiletti RR, et al. Down syn‑
drome and arterial ischemic stroke in child‑
hood: a potential immunologic link with se‑
lective IgG4 subclass deficiency. Eur J Paedi‑
atr Neurol. 2014 Jul; 18(4): 520–5.

10	 Gaini S. Listeria monocytogenes Meningitis 
in an Immunosuppressed Patient with Auto‑
immune Hepatitis and IgG4 Subclass Defi‑
ciency. Case Rep Infect Dis. 2015; 2015: 

102451.
11	 Schauer U, Stemberg F, Rieger CH, Borte M, 

Schubert S, Riedel F, et al. IgG subclass con‑
centrations in certified reference material 470 
and reference values for children and adults 
determined with the binding site reagents. 
Clin Chem. 2003 Nov; 49(11): 1924–9.

12	 Hamano H, Kawa S, Horiuchi A, Unno H, Fu‑
ruya N, Akamatsu T, et al. High serum IgG4 
concentrations in patients with sclerosing 
pancreatitis. N Engl J Med. 2001 Mar; 344(10): 

732–8.
13	 Ebbo M, Grados A, Bernit E, Vély F, Boucraut 

J, Harlé JR, et al. Pathologies Associated with 
Serum IgG4 Elevation. Int J Rheumatol. 2012; 

2012: 602809.

14	 Chen LF, Mo YQ, Ma JD, Luo L, Zheng DH, 
Dai L. Elevated serum IgG4 defines specific 
clinical phenotype of rheumatoid arthritis. 
Mediators Inflamm. 2014; 2014: 635293.

15	 Bonilla FA, Khan DA, Ballas ZK, Chinen J, 
Frank MM, Hsu JT, et al.; Joint Task Force on 
Practice Parameters, representing the Ameri‑
can Academy of Allergy, Asthma & Immu‑
nology; the American College of Allergy, 
Asthma & Immunology; and the Joint Coun‑
cil of Allergy, Asthma & Immunology. Prac‑
tice parameter for the diagnosis and manage‑
ment of primary immunodeficiency. J Allergy 
Clin Immunol. 2015 Nov; 136(5): 1186–205.
e1.

16	 Crassini KR, Zhang E, Balendran S, Freeman 
JA, Best OG, Forsyth CJ, et al. Humoral im‑
mune failure defined by immunoglobulin 
class and immunoglobulin G subclass defi‑
ciency is associated with shorter treatment-
free and overall survival in Chronic Lympho‑
cytic Leukaemia. Br J Haematol. 2018 Apr; 

181(1): 97–101.
17	 Davies AM, Sutton BJ. Human IgG4: a struc‑

tural perspective. Immunol Rev. 2015 Nov; 

268(1): 139–59.
18	 Davies AM, Rispens T, Ooijevaar-de Heer P, 

Gould HJ, Jefferis R, Aalberse RC, et al. Struc‑
tural determinants of unique properties of 
human IgG4-Fc. J Mol Biol. 2014 Feb; 426(3): 

630–44.
19	 Bruhns P, Iannascoli B, England P, Mancardi 

DA, Fernandez N, Jorieux S, et al. Specificity 
and affinity of human Fcgamma receptors 
and their polymorphic variants for human 
IgG subclasses. Blood. 2009 Apr; 113(16): 

3716–25.
20	 Schuurman J, Perdok GJ, Gorter AD, Aal‑

berse RC. The inter-heavy chain disulfide 
bonds of IgG4 are in equilibrium with intra-
chain disulfide bonds. Mol Immunol. 2001 
Jan; 38(1): 1–8.

21	 Rose RJ, Labrijn AF, van den Bremer ET, Lov‑
erix S, Lasters I, van Berkel PH, et al. Quanti‑
tative analysis of the interaction strength and 
dynamics of human IgG4 half molecules by 
native mass spectrometry. Structure. 2011 
Sep; 19(9): 1274–82.

22	 Rispens T, Ooijevaar-de Heer P, Bende O, 
Aalberse RC. Mechanism of immunoglobulin 
G4 Fab-arm exchange. J Am Chem Soc. 2011 
Jul; 133(26): 10302–11.

23	 van der Neut Kolfschoten M, Schuurman J, 
Losen M, Bleeker WK, Martínez-Martínez P, 
Vermeulen E, et al. Anti-inflammatory activ‑
ity of human IgG4 antibodies by dynamic Fab 
arm exchange. Science. 2007 Sep; 317(5844): 

1554–7.
24	 Young E, Lock E, Ward DG, Cook A, Harding 

S, Wallis GL. Estimation of polyclonal IgG4 
hybrids in normal human serum. Immunol‑
ogy. 2014 Jul; 142(3): 406–13.

25	 Lighaam LC, Rispens T. The Immunobiology 
of Immunoglobulin G4. Semin Liver Dis. 
2016 Aug; 36(3): 200–15.

26	 Huijbers MG, Plomp JJ, van der Maarel SM, 
Verschuuren JJ. IgG4-mediated autoimmune 
diseases: a niche of antibody-mediated disor‑
ders. Ann N Y Acad Sci. 2018 Feb; 1413(1): 

92–103.
27	 Collins AM. IgG subclass co-expression 

brings harmony to the quartet model of mu‑
rine IgG function. Immunol Cell Biol. 2016 
Nov; 94(10): 949–54.

28	 van Schouwenburg PA, Krieckaert CL, Nur‑
mohamed M, Hart M, Rispens T, Aarden L, et 
al. IgG4 production against adalimumab dur‑
ing long term treatment of RA patients. J Clin 
Immunol. 2012 Oct; 32(5): 1000–6.

29	 Kim JH, Park HJ, Choi GS, Kim JE, Ye YM, 
Nahm DH, et al. Immunoglobulin G subclass 
deficiency is the major phenotype of primary 
immunodeficiency in a Korean adult cohort. 
J Korean Med Sci. 2010 Jun; 25(6): 824–8.

30	 Pan Q, Guo L, Wu J, Cai J, Liao H, Lan Q, et 
al. Association between IgG4 Autoantibody 
and Complement Abnormalities in Systemic 
Lupus Erythematosus. Mediators Inflamm. 
2016; 2016: 2196986.

31	 Zhang H, Li P, Wu D, Xu D, Hou Y, Wang Q, 
et al. Serum IgG subclasses in autoimmune 
diseases. Medicine (Baltimore). 2015 Jan; 

94(2):e387.
32	 Mihai S, Chiriac MT, Herrero-González JE, 

Goodall M, Jefferis R, Savage CO, et al. IgG4 
autoantibodies induce dermal-epidermal sep‑
aration. J Cell Mol Med. 2007 Sep-Oct; 11(5): 

1117–28.
33	 Ujiie H, Sasaoka T, Izumi K, Nishie W, Shin‑

kuma S, Natsuga K, et al. Bullous pemphigoid 
autoantibodies directly induce blister forma‑
tion without complement activation. J Immu‑
nol. 2014 Nov; 193(9): 4415–28.

34	 Zuo Y, Evangelista F, Culton D, Guilabert A, 
Lin L, Li N, et al. IgG4 autoantibodies are in‑
hibitory in the autoimmune disease bullous 
pemphigoid. J Autoimmun. 2016 Sep; 73: 111–9.

35	 Huijbers MG, Zhang W, Klooster R, Niks EH, 
Friese MB, Straasheijm KR, et al. MuSK IgG4 
autoantibodies cause myasthenia gravis by in‑
hibiting binding between MuSK and Lrp4. 
Proc Natl Acad Sci USA. 2013 Dec; 110(51): 

20783–8.
36	 Klooster R, Plomp JJ, Huijbers MG, Niks EH, 

Straasheijm KR, Detmers FJ, et al. Muscle-
specific kinase myasthenia gravis IgG4 auto‑
antibodies cause severe neuromuscular junc‑
tion dysfunction in mice. Brain. 2012 Apr; 

135(Pt 4): 1081–101.
37	 van de Veen W, Stanic B, Yaman G, Waw‑

rzyniak M, Söllner S, Akdis DG, et al. IgG4 
production is confined to human IL-10-pro‑
ducing regulatory B cells that suppress anti‑
gen-specific immune responses. J Allergy 
Clin Immunol. 2013 Apr; 131(4): 1204–12.

38	 Burnett M, Wegienka G, Havstad S, Kim H, 
Johnson CC, Ownby D, et al. Relationship of 
dog- and cat-specific IgE and IgG4 levels to al‑
lergic symptoms on pet exposure. J Allergy 
Clin Immunol Pract. 2013 Jul-Aug; 1(4): 350–3.

https://www.karger.com/Article/FullText/503967?ref=1#ref1
https://www.karger.com/Article/FullText/503967?ref=2#ref2
https://www.karger.com/Article/FullText/503967?ref=3#ref3
https://www.karger.com/Article/FullText/503967?ref=4#ref4
https://www.karger.com/Article/FullText/503967?ref=4#ref4
https://www.karger.com/Article/FullText/503967?ref=5#ref5
https://www.karger.com/Article/FullText/503967?ref=6#ref6
https://www.karger.com/Article/FullText/503967?ref=6#ref6
https://www.karger.com/Article/FullText/503967?ref=7#ref7
https://www.karger.com/Article/FullText/503967?ref=8#ref8
https://www.karger.com/Article/FullText/503967?ref=9#ref9
https://www.karger.com/Article/FullText/503967?ref=9#ref9
https://www.karger.com/Article/FullText/503967?ref=10#ref10
https://www.karger.com/Article/FullText/503967?ref=11#ref11
https://www.karger.com/Article/FullText/503967?ref=12#ref12
https://www.karger.com/Article/FullText/503967?ref=13#ref13
https://www.karger.com/Article/FullText/503967?ref=14#ref14
https://www.karger.com/Article/FullText/503967?ref=15#ref15
https://www.karger.com/Article/FullText/503967?ref=15#ref15
https://www.karger.com/Article/FullText/503967?ref=16#ref16
https://www.karger.com/Article/FullText/503967?ref=17#ref17
https://www.karger.com/Article/FullText/503967?ref=18#ref18
https://www.karger.com/Article/FullText/503967?ref=19#ref19
https://www.karger.com/Article/FullText/503967?ref=20#ref20
https://www.karger.com/Article/FullText/503967?ref=21#ref21
https://www.karger.com/Article/FullText/503967?ref=22#ref22
https://www.karger.com/Article/FullText/503967?ref=23#ref23
https://www.karger.com/Article/FullText/503967?ref=24#ref24
https://www.karger.com/Article/FullText/503967?ref=24#ref24
https://www.karger.com/Article/FullText/503967?ref=25#ref25
https://www.karger.com/Article/FullText/503967?ref=26#ref26
https://www.karger.com/Article/FullText/503967?ref=27#ref27
https://www.karger.com/Article/FullText/503967?ref=28#ref28
https://www.karger.com/Article/FullText/503967?ref=28#ref28
https://www.karger.com/Article/FullText/503967?ref=29#ref29
https://www.karger.com/Article/FullText/503967?ref=30#ref30
https://www.karger.com/Article/FullText/503967?ref=31#ref31
https://www.karger.com/Article/FullText/503967?ref=32#ref32
https://www.karger.com/Article/FullText/503967?ref=33#ref33
https://www.karger.com/Article/FullText/503967?ref=33#ref33
https://www.karger.com/Article/FullText/503967?ref=34#ref34
https://www.karger.com/Article/FullText/503967?ref=35#ref35
https://www.karger.com/Article/FullText/503967?ref=36#ref36
https://www.karger.com/Article/FullText/503967?ref=37#ref37
https://www.karger.com/Article/FullText/503967?ref=37#ref37
https://www.karger.com/Article/FullText/503967?ref=38#ref38
https://www.karger.com/Article/FullText/503967?ref=38#ref38


Tian/Deng/Wang/WangInt Arch Allergy Immunol10
DOI: 10.1159/000503967

39	 Zhao D, Lai X, Tian M, Jiang Y, Zheng Y, 
Gjesing B, et al. The Functional IgE-Blocking 
Factor Induced by Allergen-Specific Immu‑
notherapy Correlates with IgG4 Antibodies 
and a Decrease of Symptoms in House Dust 
Mite-Allergic Children. Int Arch Allergy Im‑
munol. 2016; 169(2): 113–20.

40	 Perezábad L, Reche M, Valbuena T, López-
Fandiño R, Molina E, López-Expósito I. Oral 
Food Desensitization in Children With IgE-
Mediated Cow’s Milk Allergy: Immunologi‑
cal Changes Underlying Desensitization. Al‑
lergy Asthma Immunol Res. 2017 Jan; 9(1): 

35–42.
41	 Nozawa A, Okamoto Y, Movérare R, Borres 

MP, Kurihara K. Monitoring Ara h 1, 2 and 
3-sIgE and sIgG4 antibodies in peanut allergic 
children receiving oral rush immunotherapy. 
Pediatr Allergy Immunol. 2014 Jun; 25(4): 

323–8.
42	 James LK, Till SJ. Potential Mechanisms for 

IgG4 Inhibition of Immediate Hypersensitiv‑
ity Reactions. Curr Allergy Asthma Rep. 2016 
Mar; 16(3): 23.

43	 Caubet JC, Lin J, Ahrens B, Gimenez G, Bar‑
dina L, Niggemann B, et al. Natural tolerance 
development in cow’s milk allergic children: 
IgE and IgG4 epitope binding. Allergy. 2017 
Nov; 72(11): 1677–85.

44	 Savilahti EM, Rantanen V, Lin JS, Karinen S, 
Saarinen KM, Goldis M, et al. Early recovery 
from cow’s milk allergy is associated with de‑
creasing IgE and increasing IgG4 binding to 
cow’s milk epitopes. J Allergy Clin Immunol. 
2010 Jun; 125(6): 1315–1321.e9.

45	 Subbarayal B, Schiller D, Möbs C, de Jong 
NW, Ebner C, Reider N, et al. Kinetics, cross-
reactivity, and specificity of Bet v 1-specific 
IgG4 antibodies induced by immunotherapy 
with birch pollen. Allergy. 2013 Nov; 68(11): 

1377–86.
46	 Moss RB, Carmack MA, Esrig S. Deficiency of 

IgG4 in children: association of isolated IgG4 
deficiency with recurrent respiratory tract in‑
fection. J Pediatr. 1992 Jan; 120(1): 16–21.

47	 Rawat A, Suri D, Gupta A, Saikia B, Minz RW, 
Singh S. Isolated immunoglobulin G4 sub‑
class deficiency in a child with bronchiectasis. 
Indian J Pediatr. 2014 Sep; 81(9): 932–3.

48	 Dine G, Ali-Ammar N, Brahimi S, Rehn Y. 
Chronic sinusitis in a patient with selective 
IgG4 subclass deficiency controlled with en‑
riched immunoglobulins. Clin Case Rep. 
2017 Apr; 5(6): 792–4.

49	 Levendoglu F, Reisli I, Ustun ME, Dogu EF, 
Ugurlu H. Spinal epidural abscess associated 
with IgG4 deficiency. J Spinal Disord Tech. 
2003 Feb; 16(1): 104–7.

50	 Bolia R, Misra DP, Aggarwal A, Srivastava A. 
Paediatric selective IgM deficiency and IgG4 
deficiency: an extremely unusual association. 
BMJ Case Rep. 2014 Sep; 2014(Sep): 2014.

51	 Deshmukh TM, Shah RR, Gurav YK, Arank‑
alle VA. Serum immunoglobulin G subclass 
responses in different phases of hepatitis E vi‑
rus infection. J Med Virol. 2013 May; 85(5): 

828–32.
52	 Kim JH, Ye YM, Ban GY, Shin YS, Lee HY, 

Nam YH, et al. Effects of Immunoglobulin 
Replacement on Asthma Exacerbation in 
Adult Asthmatics with IgG Subclass Deficien‑
cy. Allergy Asthma Immunol Res. 2017 Nov; 

9(6): 526–33.
53	 Sakane K, Shibata K, Fujita S, Shimamoto S, 

Ito T, Kizawa S, et al. Association between se‑
rum immunoglobulin G4 concentration and 
cardiac function among elderly cardiology in‑
patients. Geriatr Gerontol Int. 2014 Jul; 14(3): 

582–8.
54	 Kamei K, Nakagawa A, Otsuka Y, Nakayama 

M, Kobayashi S, Matsuoka K, et al. Chronic 
glomerulonephritis associated with IgG sub‑
class deficiency. Pediatr Nephrol. 2007 Aug; 

22(8): 1229–34.
55	 Aalberse RC, Stapel SO, Schuurman J, Risp‑

ens T. Immunoglobulin G4: an odd antibody. 
Clin Exp Allergy. 2009 Apr; 39(4): 469–77.

56	 Lilienthal GM, Rahmöller J, Petry J, Bartsch 
YC, Leliavski A, Ehlers M. Potential of Mu‑
rine IgG1 and Human IgG4 to Inhibit the 
Classical Complement and Fcγ Receptor Ac‑
tivation Pathways. Front Immunol. 2018 
May; 9: 958.

57	 Huda R, Strait RT, Tüzün E, Finkelman FD, 
Christadoss P. IgG1 deficiency exacerbates 
experimental autoimmune myasthenia gravis 
in BALB/c mice. J Neuroimmunol. 2015 Apr; 

281: 68–72.
58	 Strait RT, Thornton S, Finkelman FD. Cγ1 

Deficiency Exacerbates Collagen-Induced 
Arthritis. Arthritis Rheumatol. 2016 Jul; 

68(7): 1780–7.
59	 Strait RT, Posgai MT, Mahler A, Barasa N, Ja‑

cob CO, Köhl J, et al. IgG1 protects against 
renal disease in a mouse model of cryoglobu‑
linaemia. Nature. 2015 Jan; 517(7535): 501–4.

60	 Pan Q, Hammarström L. Molecular basis of 
IgG subclass deficiency. Immunol Rev. 2000 
Dec; 178(1): 99–110.

61	 Rabbani H, Kondo N, Smith CI, Hammar‑
ström L. The influence of gene deletions and 
duplications within the IGHC locus on serum 
immunoglobulin subclass levels. Clin Immu‑
nol Immunopathol. 1995 Sep; 76(3 Pt 2):S214–
8.

62	 Olsson PG, Rabbani H, Hammarström L, 
Smith CI. Novel human immunoglobulin 
heavy chain constant region gene deletion 
haplotypes characterized by pulsed-field elec‑
trophoresis. Clin Exp Immunol. 1993 Oct; 

94(1): 84–90.
63	 Parker AR, Skold M, Ramsden DB, Ocejo-

Vinyals JG, López-Hoyos M, Harding S. The 
Clinical Utility of Measuring IgG Subclass 
Immunoglobulins During Immunological 
Investigation for Suspected Primary Anti‑
body Deficiencies. Lab Med. 2017 Nov; 48(4): 

314–25.
64	 Bottaro A, DeMarchi M, DeLange GG, Boc‑

cazzi C, Fubini L, Borra C, et al. Human IGHC 
locus restriction fragment length polymor‑
phisms in IgG4 deficiency: evidence for a 
structural IGHC defect. Eur J Immunol. 1989 
Nov; 19(11): 2159–62.

65	 Gallina R, Bottaro A, Boccazzi C, DeLange G, 
Danese P, Mazzola G, et al. The genetics of 
IgG4 deficiency: role of the immunoglobulin 
heavy chain constant region and HLA loci. 
Eur J Immunol. 1992 Jan; 22(1): 227–33.

66	 Gascan H, Gauchat JF, Roncarolo MG, Yssel 
H, Spits H, de Vries JE. Human B cell clones 
can be induced to proliferate and to switch to 
IgE and IgG4 synthesis by interleukin 4 and a 
signal provided by activated CD4+ T cell 
clones. J Exp Med. 1991 Mar; 173(3): 747–50.

67	 Punnonen J, Aversa G, Cocks BG, McKenzie 
AN, Menon S, Zurawski G, et al. Interleukin 
13 induces interleukin 4-independent IgG4 
and IgE synthesis and CD23 expression by 
human B cells. Proc Natl Acad Sci USA. 1993 
Apr; 90(8): 3730–4.

68	 Jeannin P, Lecoanet S, Delneste Y, Gauchat 
JF, Bonnefoy JY. IgE versus IgG4 production 
can be differentially regulated by IL-10. J Im‑
munol. 1998 Apr; 160(7): 3555–61.

69	 Satoguina JS, Weyand E, Larbi J, Hoerauf A. 
T regulatory-1 cells induce IgG4 production 
by B cells: role of IL-10. J Immunol. 2005 Apr; 

174(8): 4718–26.
70	 Meiler F, Klunker S, Zimmermann M, Akdis 

CA, Akdis M. Distinct regulation of IgE, IgG4 
and IgA by T regulatory cells and toll-like re‑
ceptors. Allergy. 2008 Nov; 63(11): 1455–63.

71	 Lighaam LC, Vermeulen E, Bleker T, Meijlink 
KJ, Aalberse RC, Barnes E, et al. Phenotypic 
differences between IgG4+ and IgG1+ B cells 
point to distinct regulation of the IgG4 re‑
sponse. J Allergy Clin Immunol. 2014 Jan; 

133(1): 267–70.e1.
72	 Heeringa JJ, Karim AF, van Laar JA, Verdijk 

RM, Paridaens D, van Hagen PM, et al. Ex‑
pansion of blood IgG4+ B, TH2, and regula‑
tory T cells in patients with IgG4-related dis‑
ease. J Allergy Clin Immunol. 2018 May; 

141(5): 1831–1843.e10.

https://www.karger.com/Article/FullText/503967?ref=39#ref39
https://www.karger.com/Article/FullText/503967?ref=39#ref39
https://www.karger.com/Article/FullText/503967?ref=40#ref40
https://www.karger.com/Article/FullText/503967?ref=40#ref40
https://www.karger.com/Article/FullText/503967?ref=41#ref41
https://www.karger.com/Article/FullText/503967?ref=42#ref42
https://www.karger.com/Article/FullText/503967?ref=43#ref43
https://www.karger.com/Article/FullText/503967?ref=44#ref44
https://www.karger.com/Article/FullText/503967?ref=45#ref45
https://www.karger.com/Article/FullText/503967?ref=46#ref46
https://www.karger.com/Article/FullText/503967?ref=47#ref47
https://www.karger.com/Article/FullText/503967?ref=48#ref48
https://www.karger.com/Article/FullText/503967?ref=49#ref49
https://www.karger.com/Article/FullText/503967?ref=50#ref50
https://www.karger.com/Article/FullText/503967?ref=51#ref51
https://www.karger.com/Article/FullText/503967?ref=52#ref52
https://www.karger.com/Article/FullText/503967?ref=53#ref53
https://www.karger.com/Article/FullText/503967?ref=54#ref54
https://www.karger.com/Article/FullText/503967?ref=55#ref55
https://www.karger.com/Article/FullText/503967?ref=56#ref56
https://www.karger.com/Article/FullText/503967?ref=57#ref57
https://www.karger.com/Article/FullText/503967?ref=58#ref58
https://www.karger.com/Article/FullText/503967?ref=59#ref59
https://www.karger.com/Article/FullText/503967?ref=60#ref60
https://www.karger.com/Article/FullText/503967?ref=61#ref61
https://www.karger.com/Article/FullText/503967?ref=61#ref61
https://www.karger.com/Article/FullText/503967?ref=62#ref62
https://www.karger.com/Article/FullText/503967?ref=63#ref63
https://www.karger.com/Article/FullText/503967?ref=64#ref64
https://www.karger.com/Article/FullText/503967?ref=65#ref65
https://www.karger.com/Article/FullText/503967?ref=66#ref66
https://www.karger.com/Article/FullText/503967?ref=67#ref67
https://www.karger.com/Article/FullText/503967?ref=68#ref68
https://www.karger.com/Article/FullText/503967?ref=68#ref68
https://www.karger.com/Article/FullText/503967?ref=69#ref69
https://www.karger.com/Article/FullText/503967?ref=70#ref70
https://www.karger.com/Article/FullText/503967?ref=71#ref71
https://www.karger.com/Article/FullText/503967?ref=72#ref72

	TabellenTitel
	TabellenFussnote

