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IgE sensitization (atopic phenotype). The  IGHG * bf–n /  * bf–n  
(B2/B2 cells) demonstrated low IgG1 * f (p  !  0.05) and IgG2 * –n 
(p  !  0.001) and the  IGHG * ga–n/ * ga–n  (B4/B4 cells) low IgG1 * a 
(p  !  0.001) and IgG2 * –n (p  !  0.02) together with low IgE sen-
sitization (non-atopic phenotype). B  * bfn  (B1) and B  * bf–n  (B2) 
demonstrated increased numbers of peripheral blood eo-
sinophils, compared to B  * gan  (B4) cells, which demonstrated 
increased peripheral blood CD8 lymphocytes instead.  Con-

clusion:   IGHG  diplotypes present different phenotypes in 
childhood asthma. The  IGHG2 *  n dose relationship to IgE 
 sensitization and increased IgG2 * n levels in IgE sensitized 
are risk markers for IgE-mediated asthma. The opposite 
 IGHG2 * –n  presents non-IgE-mediated asthma and IgG sub-
class deficiencies. 

 

Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Childhood asthma is clinically a heterogenous disease 
and the variants need to be identified already early in life, 
to optimize treatment. Several candidate genes have been 
found to be associated with the inflammatory response 
of IgE-mediated allergy  [1–4] , such as immunoglobulin 
constant heavy G chain (Fc � ) (GM) genes  (IGHG)  on 

 Key Words 

 Allelic IgG subclasses  �  Fc �   �  GM allotypes  �  IgE  �  
Immunodeficiency  �  Phenotypes  �   IGHG  diagnostic tests  �  
Immunoglobulin constant heavy G chain 

 Abstract 

  Background:  IgE-mediated allergy is associated with immu-
noglobulin heavy constant G chain (Fc � ) (GM) genes  (IGHG)  
on chromosome 14q32.3. Investigation of the alternative GM 
allotypes of  � 3,  � 1 and  � 2 chains has disclosed new struc-
tural and functional IgG subclasses and B-cell variants, with 
possible effects on childhood asthma.  Objective:  To investi-
gate different  IGHG  (GM) gene complexes in a childhood 
asthma population for allergy parameters.  Methods:   IGHG  
alleles and correlated allotypic (allelic) IgG subclass levels 
were analyzed with a sensitive indirect competitive ELISA in 
10-year-old children with bronchial asthma. Individual  IGHG  
diplotype-, genotype- and haplotype-related B cells were 
compared for allelic IgG subclass levels, IgE sensitization, IgE, 
IgA and IgM levels, and numbers of peripheral blood eosino-
phils and lymphocytes.  Results:  The group with homozy-
gous  IGHG * bfn/ * bfn  (B1/B1 cells) demonstrated low IgG1 * f 
levels (p  !  0.001) but increased IgG2 * n levels (p  !  0.001) to-
gether with increasd IgE and  IGHG2 * n  gene dose-dependent 
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chromosome 14q32.3, which were reported in several 
studies  [5, 6] .

  The IgG polymorphism was studied by GM allotypes 
found on the constant heavy G chains, the Fc part of IgG 
molecules  [7] . GM allotypes are inherited in the Mende-
lian way and expressed by allelic exclusion. Using new 
methods, the GM allotype complex can be dissected in 
 IGHG  alleles, genotypes, haplotypes and diplotypes  [8–
11] . The two alternative GM allotypes of IgG3, IgG1 and 
IgG2, respectively, are unique structure and function 
variants  [8–11] . The individually restricted IgG by  IGHG  
genes is not well known (see online suppl. material, www.
karger.com/doi/10.1159/000335592).

  The alternative GM allotypes of IgG subclasses, allelic 
variants from chromosome 14q32.3: 5 �  � ,  � ,  � 3,  � 1,  � 1,  � 2, 
 � 4,  � ,  � 2 3 �  are for  IGHG3  ( � 3):   * b  and   * g , for  IGHG1  ( � 1): 
  * f  and   * a , and for  IGHG2  ( � 2):   * n  and   * –n . The  � 3 and
 � 1 alleles are in strong linkage disequilibrium and to-
gether with  � 2 * n or  � 2 * –n combined to four fixed  IGHG  
haplotypes:  IGHG * bfn ,  IGHG * bf–n ,  IGHG * gan  and 
 IGHG * ga–n   [7] . The 4  IGHG  haplotypes are indirect 
markers of B-cell variants: B  * bfn  (B1), B  * bf–n  (B2), B  * gan  
(B3) and B  * ga–n  (B4)  [12] . They are found in 10 individual 
 IGHG  diplotypes.

  Allelic IgG subclasses differ in structure and function 
by minor amino acids, correlating with single-base sub-
stitutions in the genes  [7] . They differ by electrophoretic 
and chromatographic rates  [8] , by developmental rate 
during childhood  [9, 10] , by half-life  [11]  and by results of 
vaccination and treatment effects with intravenous im-
munoglobulin  [11, 13, 14] . There are deviating frequen-
cies of  IGHG  genes associated with bacterial  [13, 14]  and 
viral infections  [15–17] , and in primary immunodeficien-
cies  [18]  and autoimmune diseases  [19, 20]  compared to 
healthy children.

  IgE-mediated allergy is associated with an increased 
frequency of the  IGHG * bfn  haplotype. The IGHG asso-
ciation is found in patients with clinical allergy and in-
creased IgE levels, increased IgG4 levels, a family history 
of allergy, and in technicians exposed to laboratory ani-
mals developing laboratory animal allergy  [5, 6, 21–23] . 
The alternative  IGHG  haplotypes have been found with 
different pathways of immune regulation in patients with 
asthma  [23] .

  The aim of this study was to link  IGHG  genes directly 
to phenotypic variants. The childhood asthma patients 
were  IGHG  genotyped and divided into 6 common  IGHG  
diplotypes. The  IGHG  alleles and allelic IgG subclass lev-
els were identified. The individual  IGHG  diplotypes, dis-
sected genotypes and haplotypes (B cells) were investi-

gated for IgE sensitization, IgE, IgA and IgM levels and 
numbers of peripheral blood eosinophils and lympho-
cytes.

  Methods 

 Study Design 
 The study population comprised totally 117 Caucasian  IGHG -

genotyped children with bronchial asthma; 111 were assigned to 
the 6 common  IGHG  diplotype groups. The patients were con-
secutively admitted to the Outpatient Clinic of the Department of 
Pediatrics, University Hospital of Lund; their age ranged from 7 
to 17 years (mean 10 years) and they had recurrent obstructive 
asthma episodes, FEV 1 /FVC  ! 85% and positive reversibility tests 
after  �  2 -agonist challenge. Lung function tests, blood sampling 
and skin prick tests (SPT) were routinely performed at the first 
visit and before treatment with local corticosteroids was started. 
To be able to compare the direct effects of the different  IGHG  dip-
lotypes, about 20 patients were investigated in each  IGHG  diplo-
type group, which took a long time, particularly for the diplotypes 
containing the IGHG2 * –n variant. No patient was on immuno-
therapy. Siblings were not included in the study. Blood samples 
were drawn occasionally without seasonal preference. Cap RAST 
tests were performed, and serum IgE levels, peripheral blood eo-
sinophils and subsets of peripheral blood lymphocytes were de-
termined (Clinical Immunology and Clinical Chemistry Labora-
tories, University Hospital of Lund). 

  IGHG Genotyping and Quantification of Allelic IgG Subclass 
Levels 
 A sensitive competitive ELISA was used to quantify serum 

IgG1 * f, IgG1 * a, IgG2 * n and IgG3 * b allotypes  [9]  with the follow-
ing monoclonal antibodies: anti-IgG1 * f clone 5F10, anti-IgG1 * a 
clone 5E7, anti-IgG3 * b1/u clone clone 12D9 (Janssen Biochimica, 
Beerse, Belgium) and anti-IgG2 * n clone SH21 (Sigma, St. Louis, 
Mo., USA). Microtiter plates were coated with a predetermined 
concentration of purified myeloma proteins of the following IgG 
allotypes: IgG1 * f, IgG1 * a, IgG2 * n and IgG3 * b. A normal diluted 
serum pool and a panel of purified myeloma proteins served as 
positive and negative controls. Determination of homozygosity 
and heterozygosity for the IgG2 * n allotype was done with a dou-
ble immunodiffusion assay with the monoclonal reagents anti-
IgG2 * n clone SH21 and anti-HP 6014 (Sigma, St. Louis, Mo., 
USA). The control test for IgG3 * g, beside absence of IgG3 * b, was 
also the presence of the concordant IgG1 * a allotype. In heterozy-
gous individuals, the IgG3 * g and IgG3 * b amounts are about
50:   50%, respectively, of the IgG3 amount  [9, 10] .

  Sera from pediatric asthma patients were consecutively geno-
typed by alternative GM allotypes, designing the individual 
 IGHG  diplotype. The  IGHG  diplotypes express restricted quali-
ties of IgG compared to a normal serum pool, which contains
all IgG variants: IgG3 * b, IgG3 * g, IgG1 * f, IgG1 * a, IgG2 * n and 
IgG2 * –n. The 6 most common  IGHG  diplotypes were collected
in comparable numbers: the homozygous  IGHG * bfn/ * bfn  ex-
pressing IgG3 * b, IgG1 * f and IgG2 * n (lacking IgG3 * g, IgG1 * a
and IgG2 * –n),  IGHG * bf–n/ * bf–n  expressing IgG3 * b, IgG1 * f
and IgG2 * –n (lacking IgG3 * g, IgG1 * a and IgG2 * n) and
 IGHG * ga–n/ * ga–n ) expressing IgG3 * g, IgG1 * a and IgG2 * –n 
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(lacking IgG3 * b, IgG1 * f and IgG2 * n) and the heterozygous 
 IGHG * bfn/ * bf–n  expressing IgG3 * b, IgG1 * f, IgG2 * n and IgG2 * –n 
(lacking IgG3 * g and IgG1 * a)  IGHG * bfn/ * ga–n  expressing IgG3 * b, 
IgG3 * g, IgG1 * f, IgG1 * a, IgG2 * n and IgG2 * –n and  IGHG * bf–n/
 * ga–n  expressing IgG3 * b, IgG3 * g, IgG1 * f, IgG1 * a, IgG2 * –n (lack-
ing IgG2 * n), see online supplementary material. The very rare 
diplotypes (totally  ! 1–2% of Caucasians) were left out. The tests 
enable quantitative expression of  IGHG  genes. Total IgG subclass 
levels were determined using the Mancini technique. Allelic IgG 
subclasses of the  IGHG  diplotypes of 117 childhood asthma pa-
tients were compared with 225  IGHG  diplotype- and age-matched 
healthy children from an earlier investigation  [9] .

  All the data collection was approved by the Ethics Committee 
of the University of Lund.

  Statistical Analysis 
 The data were analyzed using the SPSS statistical package 

(SPSS 11.5). The IgG3-, IgG1- and IgG2-alternative allotype se-
rum levels of  IGHG  diplotypes of the patients were compared to 
healthy age- and  IGHG  diplotype - matched controls with the z-
test. IgE levels, IgE sensitization, peripheral blood eosinophils 
and lymphocytes of the different IGHG diplotypes were com-
pared and analyzed by z-test,  �  2  test and 2  !  2 tables employing 
the ‘Wald’ approximation of the variance in odds ratios (OR), 
similar to simple logistic regression with an OR estimate for the 
final model variables and associated 95% confidence intervals 
(CI). A value of p  !  0.05 was considered statistically significant.

  Results 

 Allelic IgG Subclass Levels 
 Homozygous IGHG Diplotypes from B1/B1, B2/B2 
and B4/B4 Cells 
 For the homozygous diplotype  IGHG * bfn/ * bfn  (B1/B1 

cells), the serum IgG1 * f level was decreased (p  !  0.001), 
but IgG2 * n was increased (p  !  0.001) compared to the 
healthy control population ( fig. 1 a). For the homozygous 
 IGHG * bf–n/ * bf–n  diplotype (B2/B2 cells) both IgG1 * f 
and IgG2 * –n levels were significantly decreased (p  !  0.05 
and p  !  0.001, respectively) as were IgG1 * a and IgG2 * –n 
levels for the  IGHG * ga–n/ * ga–n  diplotype (B4/B4; p  !  
0.001 and p  !  0.02, respectively;  fig. 1 a).

  Heterozygous IGHG Diplotypes from B1/B2, B1/B4 
and B2/B4 Cells  
 Of the heterozygous diplotypes,  IGHG * bfn/ * bf–n  (B1/

B2 cells), the IgG1 * f level (p  !  0.001) was low but the 
IgG2 * n level (p  !  0.05) increased, in agreement with the 
results from homozygous  IGHG * bfn/ * bfn  individuals 
and low IgG2 * –n levels (p  !  0.001) in agreement with the 
results from homozygous IGHG * bf–n/ * bf–n individu-
als ( fig. 1 ). For the heterozygous  IGHG * bfn/ * ga–n  diplo-
type (B1/B4 cells), the  IGHG * bfn  haplotype expressed 

IgG3 * b, IgG1 * f and IgG2 * n levels without significant 
change from healthy children, but the  IGHG * ga–n  haplo-
type showed decreased IgG3 * g (p  !  0.001), IgG1 * a (p  !  
0.001) and IgG2 * –n (p  !  0.02) levels. For the heterozy-
gous  IGHG * bf–n/ * ga–n  (B2/B4 cells), the IgG3 * g was low 
(p  !  0.02), but the IgG3 * b did not deviate. The IgG1 * f
and IgG1 * a levels were both significantly low (p  !  0.001 
and p  !  0.02, respectively) and IgG2 * –n levels were low 
compared to healthy controls (p  !  0.001;  fig. 1 b).

  IGHG Diplotypes and Dissected IGHG2 Genotypes 
Investigated for IgE Sensitization 
 The homozygous  IGHG * bfn/ * bfn  diplotype (B1/B1) 

was more frequent (21/24 IgE-sensitized patients; 88%) 
than both the homozygous  IGHG * bf–n/ * bf–n  diplotype 
(B2/B2 cells) with 2/10 patients (20%) and the homozy-
gous  IGHG * ga–n/ * ga–n  diplotype (B4/B4 cells) with 3/15 
patients (20%;  fig.  2 a). The homozygous  IGHG2 * n/ * n  
genotype showed the highest number of sensitized pa-
tients compared to  IGHG2 * –n/ * –n  (p  !  0.001; OR 31.0, CI 
14.2–67.7) and compared to the heterozygous  IGHG2 * n/
 * –n  genotype (p = 0.001; OR 6.2, CI 3.0–12.6;  fig. 2 b). The 
same significant difference was found for the rate of IgE 
sensitization ( fig. 2 c). In total, there were 89 positive SPT/
RAST in 24 patients, 3.7 positive tests per patient for the 
 IGHG * bfn/ * bfn  diplotype (B1/B1 cells) compared to both 
the  IGHG * bf–n/ * bf–n  diplotype (B2/B2 cells) with 10 pos-
itive tests in 10 patients or 1.0 test per patient (p  !  0.001) 
and the  IGHG * ga–n/ * ga–n  diplotype (B4/B4 cells) with 
11 positive tests in 15 patients or 0.7 tests per patient (p  !  
0.001).

  IGHG Diplotypes and IGHG2 Genotypes Investigated 
for IgE Levels 
 The homozygous  IGHG * bfn/ * bfn  diplotype (B1/B1 

cells) presented increased IgE levels compared to both the 
homozygous  IGHG * bf–n/ * bf–n  diplotype (B2/B2 cells;
p  !  0.01) and the homozygous  IGHG * ga–n/ * ga–n  diplo-
type (B4/B4 cells; p  !  0.02). IgE levels were significantly 
increased in the homozygous  IGHG2 * n/ * n  genotype, 
compared to the alternative  IGHG2 * –n/ * –n  (p  !  0.01; 
 fig. 3 a).

  IGHG Diplotypes Investigated for IgG, IgG Subclass, 
IgA and IgM Levels 
 Serum IgG, IgA and IgM levels did not deviate be-

tween  IGHG  diplotypes. Total IgG subclass levels were 
also calculated from the combination of allelic IgG sub-
class levels. The IgG4 levels did not deviate.
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  Peripheral Blood Eosinophil and CD8 Lymphocyte 
Numbers in Homozygous IGHG Diplotypes 
 The homozygous  IGHG * bfn/ * bfn  (B1/B1 cells; p  !  

0.02) and  IGHG * bf–n/ * bf–n  diplotypes (B2/B2 cells; p  !  
0.02) demonstrated significantly increased numbers of 
peripheral blood eosinophils compared to  IGHG * ga–n/ 
* ga–n  (B4/B4 cells;  fig.  3 b). Instead  IGHG * ga–n/ * ga–n  

demonstrated increased numbers of CD8 lymphocytes 
compared to the homozygous  IGHG * bf–n/ * bf–n  diplo-
type (p  !  0.01) both with IGHG2 * –n/ * –n with a possible 
effect of  IGHG3–1 * ga  genes compared to   IGHG3–1 * bf 
( fig.  3 c). There was no deviation in CD4 or CD19 cell 
numbers comparing the different  IGHG  diplotypes of 
childhood asthma.

IGHG*bf–n/*bf–n diplotype (B2/B2)
(allelic IgG subclasses: IgG3*b, IgG1*f, IgG2*–n)

0

2

4

6

8

10

12

A
lle

lic
 Ig

G
 s

ub
cl

as
se

s 
(g

/l
)

 Asthma
(n = 8)

IgG3*b

IgG1*f
p < 0.05

IgG2*–n
p < 0.001 

 Controls
(n = 8)

IgG3*b

IgG1*f

IgG2*–n

IgG3*b
IgG1*f
IgG2*–n

0

2

4

6

8

10

12

IGHG*ga–n/*ga–n diplotype (B4/B4)
(allelic IgG subclasses: IgG3*g, IgG1*a, IgG2*–n)

A
lle

lic
 Ig

G
 s

ub
cl

as
se

s 
(g

/l
)

Asthma
(n = 16)

IgG3*g

IgG1*a
p < 0.001 

IgG2*–n
p < 0.02 

Controls
(n = 24)

IgG3*g

IgG1*a

IgG2*–n

IgG3*g
IgG1*a
IgG2*–n

a

IGHG*bfn/*bfn diplotype (B1/B1)
(allelic IgG subclasses: IgG3*b, IgG1*f and IgG2*n)

0

2

4

6

8

10

12

14

A
lle

lic
 Ig

G
 s

ub
cl

as
se

s 
(g

/l
)

IgG3*b

Asthma
(n = 22)

IgG1*f
p< 0.001

IgG2*n
p < 0.001 

IgG3*b
IgG1*f
IgG2*n

IgG3*b

Controls
(n = 42)

IgG1*f

IgG2*n

  Fig. 1.   a  46 homozygous  IGHG  diplotypes 
expressing allelic IgG subclass levels (g/l): 
 IGHG * bfn/ * bfn  (B1/B1): IgG3 * b, IgG1 * f, 
IgG2 * n;  IGHG * bf–n/ * bf–n  (B2/B2): 
IgG3 * b, IgG1 * f, IgG2 * –n and  IGHG * ga–n/ 
* ga–n  (B4/B4): IgG3 * g, IgG1 * a, IgG2 * –n of 
childhood asthma patients and age- and 
 IGHG  gene-matched healthy children. 
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  Discussion 

 Different IGHG genotypes of childhood asthma are 
linked to different allergy parameters. New methods have 
made it possible to identify individual  IGHG  genes and 
 IGHG  gene-related B cells and their expression of IgG 
molecules. Allergens affect individuals with certain 

 IGHG  genes more than others, as reported several times 
before. A pediatric asthma population was genotyped 
and the patients divided in equally sized groups for com-
parison. Six  IGHG  gene complexes of individual IGHG 
diplotypes, representing 98–99% of possible variants, 
were studied. The homozygous diplotypes with only 3 al-
lotypic IgG subclasses were most suitable to comment on. 
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 Fig. 1.   b  52 heterozygous  IGHG  diplotypes 
expressing allelic IgG subclass levels (g/l): 
 IGHG * bfn/ * bf–n  (B1/B2): (IgG3 * b, IgG1 * f, 
IgG2 * n, IgG2 * –n);  IGHG * bfn/ * ga–n  (B1/
B4): IgG3 * b, IgG1 * f, IgG2 * n, IgG3 * g, 
IgG1 * a, IgG2 * –n, and  IGHG * bf–n/ * ga–n  
(B2/B4): IgG3 * b, IgG1 * f, IgG2 * –n, IgG3 * g, 
IgG1 * a, IgG2 * –n of childhood asthma pa-
tients and age- and  IGHG  gene-matched 
healthy children. Allelic variants of IgG3, 
IgG1 and IgG2 are shown.
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  The  IGHG * bfn/ * bfn  diplotype (from B1/B1 cells) dem-
onstrated significantly increased allelic IgG2 * n subclass 
levels ( fig. 1 a) and activated  IGHE  genes with increased 
IgE levels and increased numbers of positive RAST/SPT 
tests. In dissecting the IGHG diplotype complexes, IgE 
sensitization was found to be  IGHG * n  dose dependent. 
The homozygous  IGHG2 * n/ * n  expressed the highest de-
gree of IgE sensitization ( fig. 2 a, b). The  IGHG2 * n  allele 
is located only 18 kb from  IGHG4  and another 23 kb from 
 IGHE,  of which the last two are induced by IL-4 and IL-
13 cytokines from Th2 lymphocytes ( fig. 4 )  [5, 24, 25] . 
The increased level of IgG2 * n is in contrast to the rather 
low levels in healthy children during childhood  [10] .

  The  IGHG * bfn/ * bfn  diplotype (B1/B1 cells) demon-
strated also a low IgG1 * f level compared to healthy con-
trols. The down-regulated IgG1 * f level in atopic asthma 
indicated a non-activated  IGHG1 * f  gene upstream of 
chromosome 14q32.3, usually influenced by Th1 cyto-
kines ( fig. 4 ), possibly in agreement with the hygiene hy-
pothesis. 

  The homozygous  IGHG * bf–n/ * bf–n  (B2/B2) and 
 IGHG * ga–n/ * ga–n  (B4/B4) diplotypes and heterozygous 
 IGHG * bf–n/ * ga–n  (B2/B4 cells), all with  IGHG2 * –n/ * –n,  
demonstrated low IgE levels and IgE sensitization, and 
less response to allergens. In these patients, IgG3 * g, 
IgG1 * f and IgG1 * a and IgG2 * –n levels were significantly 
decreased compared to healthy controls, pointing to an 
increased susceptibility to respiratory tract infections.

  Asthmatic children present with about the same clin-
ical history with cough, obstruction and infection pro-
neness. The non-IgE-mediated asthmatic patients are 
usually hard to define, but in the present study the 
 IGHG2 * –n / * –n is protective against IgE sensitization and 
a marker linked to non-IgE-mediated infectious-prone 
asthma. Primary immunodeficiencies such as IgG2, IgG3 
and IgA deficiencies and common variable immunodefi-
ciency in which bronchial inflammation is a common 
part, have been found with a dominance of homozygous 
 IGHG2 * –n/ * –n   [18, 26] .
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  Fig. 2.   a  Numbers of IgE sensitized (S+) and non-sensitized pa-
tients (S–) in the 6 different  IGHG  diplotypes (B cells) of 111 pa-
tients with bronchial asthma.  b   IGHG2 * n  gene dose dependency. 
IgE-sensitized (S+) and non-sensitized patients (S–) with bron-
chial asthma according to the  IGHG2  genotype ( * n/ * n,  * n/ * –n, 
 * –n/ * –n).  c  Numbers of positive SPT/RAST tests per patient 
(mean) in 111 patients with childhood asthma according to 
 IGHG2  (Fc � 2) genotype.  IGHG2 * n  gene dose dependency. n = 111. 
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  Identification of the allelic variants of IgG3, IgG1 and 
IgG2 as unique entities with structural and functional 
differences is informative. The GM allotype determina-
tion is still the simplest way to demonstrate  IGHG  genes 
by 6 alleles, 9 genotypes, 4 haplotypes and 10 diplotypes. 
RFLP and DNA analyses have been performed with lim-

ited success  [7] , and SNP investigations did not detect pre-
dominance of chromosome 14q32.3 in childhood asthma 
 [4] . The basis of alternative GM allotypes in humans is 
well defined at the molecular level by codon and amino 
acid substitutions for IgG1 on CH3 356, CH3 358 and 
CH3 481 and for IgG2 on CH2 281. The allelic IgG sub-
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  Fig. 3.    Comparison of IgE levels ( a ), numbers of peripheral blood 
eosinophils ( b ) and percentages of CD8 of peripheral blood lym-
phocytes ( c ) in 49 homozygous diplotypes:  IGHG * bfn/ * bfn  (B1 
cells; n = 24),  IGHG * bf–n/ * bf–n  (B2 cells; n = 10) and  IGHG * ga–n/ 
* ga–n  (B4 cells; n = 15). Means  8  SD.                         
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  Fig. 4.  The effect of cytokines on          IGH      genes, with the  IGHG * bfn 
 haplotype in childhood asthma as example.                                     
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B cells differed. The  IGHG * bfn/ * bfn  (B1/B1 cells) but 
also  IGHG * bf–n/ * bf–n  (B2/B2 cells) diplotypes demon-
strated significantly increased numbers of peripheral 
blood eosinophils compared to the  IGHG * ga–n/ * ga–n  
(B4/B4 cells). Instead, the  IGHG * ga–n/ * ga–n  (B4/B4 
cells) diplotype showed significantly increased numbers 
of CD8 peripheral blood lymphocytes, a sign of immu-
nosuppression. Asthma severity in patients from child-
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((Online supplementary material, IAA335592))

Chromosome 14q32.3 (5´, , 3, 1, 1, 2, 4, , 2 3´)

ImmunoGlobulin constant Heavy G chain (IGHG) genes:
3,1……2

*b *g  *f *a     *n *-n

Alternative GM allotypes (alleles) of 3, 1, 2 genes

6 Allelic IgG subclasses:
IgG3*b and IgG3*g;   IgG1*f and IgG1*a;    IgG2*n and IgG2*-n;

9 IGHG genotypes: IgG3*b/*b, IgG3*b/*g, IgG3*g/*g
IgG1*f/*f, IgG1*f/*a, IgG1*a/*a
IgG2*n/*n, IgG2*n/*-n, IgG2*-n/*-n

4 Haplotypes and B cells (numbers and %) from 587 healthy Caucasians
children and adults (587 x 2 =1174 haplotypes)

B*bfnor B1       B*bf-nor B2         B*gan or B3      B*ga-n or B4
IGHG*bfn       IGHG*bf-n IGHG*gan       IGHG*ga-n

42.8%            24.0%              1.5%                31.6%
N=503            N=282              N=18                N=371

10 IGHG diplotypes (individual expression) (numbers and %)
(Frequency figures from 587 healthy Caucasians children and adults)

B1/B1          B1/B2          B1/B4           B2/B2           B2/B4            B4/B4 B1/B3          B2/B3         B3/B3              B3/B4
*bfn/*bfn    *bfn/*bf-n   *bfn/*ga-n   *bf-n/*bf-n    *bf-n/*ga-n   *ga-n/*ga-n *bfn/*gan     *bf-n/*gan   *gan/*gan     *gan/*ga-n
20.1%         18.2%          25.0%)          6.8%             16.2%            10.9% 2.2%         <0.1%            0.3%             0.2%
N=118        N=107          N=147           N=40             N=95            N=64 N=13 N=0 N= 2             N=1

Individual IGHG genes
6 common (4 rare) individual IGHG diplotypes, restricted allelic IgG subclasses and B
cells

6 individual
IGHG diplotypes

Restricted allelic IgG subclasses in serum Restricted
B cells

IGHG*bfn/*bfn IgG3*b, IgG1*f, IgG2*n B1/B1
IGHG*bfn/*bf-n IgG3*b, IgG1*f, IgG2*n, IgG2*-n B1/B2
IGHG*bfn/*ga-n IgG3*b, IgG1*f, IgG2*n, IgG3*g,IgG1*a,IgG2*-n B1/B4
IGHG*bf-n/*bf-n IgG3*b, IgG1*f, IgG2*-n B2/B2
IGHG*bf-n/*ga-n IgG3*b, IgG1*f, IgG2*-n, IgG3*g, IgG1*a B2/B4
IGHG*ga-n/*ga-n IgG3*g, IgG1*a, IgG2*-n B4/B4



2

Restricted allelic IgG subclasses in individual IGHG diplotypes
(mean levels in % of all allelic IgG subclasses) from the IGHG diplotypes of
healthy 10-year-old children controls in the present study.

In homozygous diplotypes                 In heterozygous diplotypes
(three allelic IgG subclass proteins)                (4-6 allelic IgG subclass proteins)

IGHG*bfn/*bfn (42)

IgG3*b
5%

IgG1*f
81%

IgG2*n
14%

IgG3*b
IgG1*f
IgG2*n

IGHG*bfn/*bf-n (47)

IgG3*b
6%

IgG1*f
71%

IgG2*n
9%

IgG2*-n
14%

IgG3*b
IgG1*f
IgG2*n
IgG2*-n

IGHG*bf-n/*bf-n (8)

IgG3*b
6%

IgG1*f
70%

IgG2*-n
24%

IgG3*b
IgG1*f
IgG2*-n

IGHG*bfn/*ga-n (65)
IgG3*b

3%

IgG3*g
3%

IgG1*f
37%

IgG1*a
32%

IgG2*n
9%

IgG2*-n
16%

IgG3*b
IgG3*g
IgG1*f
IgG1*a
IgG2*n
IgG2*-n
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IGHG*ga-n/*ga-n (24)

IgG3*g
3%

IgG1*a
74%

IgG2'-n
23%

IgG3*g
IgG1*a
IgG2'-n

IGHG*bf-n/*ga-n (39)
IgG3*b

3%

IgG3*g
3%

IgG1*f
48%IgG1*a

24%

IgG2-n
22%

IgG3*b
IgG3*g
IgG1*f
IgG1*a
IgG2-n

Allelic IgG subclasses & IgG4 (%)
in a serum pool (about 2000 healthy adult blood donors)

IgG1*f
41%

IgG1*a
18%

IgG2*n
14%

IgG2*-n
17%

IgG3*b
4%

IgG3*g
2%

IgG4
4%
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