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Allele *1 of HS1.2 Enhancer Associates with Selective IgA
Deficiency and IgM Concentration1

Vincenzo Giambra,2* Rossella Cianci,2† Serena Lolli,† Claudia Mattioli,‡ Giacomo Tampella,§

Marco Cattalini,§ Sebnem S. Kilic,¶ Franco Pandolfi,† Alessandro Plebani,§ and Domenico Frezza3‡

Selective IgA deficiency (IGAD) is the most common primary immunodeficiency, yet its pathogenesis is elusive. The IG (heavy) H chain
human 3� Regulatory Region harbors three enhancers and has an important role in Ig synthesis. HS1.2 is the only polymorphic enhancer
of the 3�RRs. We therefore evaluated HS1.2 allelic frequencies in 88 IGAD patients and 101 controls. Our data show that IGAD patients
have a highly significant increase of homozygousity of the allele *1 (39% in the IGAD patients and 15% in controls), with an increase
of 2.6-fold. Allele *4 has a similar trend of allele *2, both showing a significant decrease of frequency in IGAD. No relationship was
observed between allele *1 frequencies and serum levels of IgG. However, allele *1 was associated in IGAD patients with relatively low
IgM levels (within the 30th lowest percentile of patients). The HS1.2 polymorphism influences Ig seric production, but not IgG switch,
in fact 30th lowest or highest percentile of IgG in patients did not associate to different frequencies of HS1.2 alleles. The control on
normal healthy subjects did not correlate high or low levels of IgM or IgG with HS1.2 allelic frequence variation. Overall our candidate
gene approach confirms that the study of polymorphisms in human diseases is a valid tool to investigate the function of these Regulatory
Regions that confers multiple immune features. The Journal of Immunology, 2009, 183: 8280–8285.

T he humoral and cell-mediated immuno-response is the
product of complex interactions in a fine coordinated
manner modulated by multiple regulatory elements lead-

ing to the specificity of the immune-response. Alterations of this
equilibrium may induce immonological diseases. Selective Ig A
deficiency (IGAD)4 (OMIM 137100) is the most common primary
immunodeficiency, with a prevalence of �1/600 in Caucasians.
The affected individuals have low or absent IgA levels in serum
(usually below 5 mg/dl) and altered mucosal secretions and may
suffer from frequent respiratory and gastrointestinal infections.
The genetic basis of IGAD is poorly understood and susceptibility
loci have been described, such as IGAD 1 located at 6p21 (1). A
linkage to chromosome 16 has also been reported (2). Moreover,
the class switch recombination is under the control of several fac-
tors including regulatory genes, such as TACI (TNFR13B) (3, 4).
TACI mutants do not respond to its ligands. At least two ligands
have been identified and are referred to as 1) the proliferation-
inducing ligand (APRIL) (5) and 2) the B cell activating factor
(BAFF). Mutations in the receptor ligand system are associated
with IgA defect and other Ig defects (3, 6, 7). Bruton tyrosine

kinase (BTK) is pivotal for normal B cell differentiation, BTK also
has a consensus for NF-�B in the promoter and is probably co-
regulated with BAFF and TACI (8). It can be relevant the presence
of NF-�B binding site in allele *2 absent in allele *1 of HS1.2. The
human Ig (heavy) H chain 3� regulatory region, harbors three enhanc-
ers and has an important role in maturation and expression of immu-
noglobulins (9). This statement is based on available studies in
both mice and humans (10, 11). In contrast to the single murine
3�RR, in humans there are two 3�RRs, each one located down-
stream of the two C� regions (11, 12). The 3�RR enhancers are
structured as a regulatory complex and play a role in the germline
transcription (13). This is a prerequisite for class switch recombi-
nation and create an architectural scaffolding by physical interac-
tions with H chain variable region (14, 15). In addition to its ac-
tivity on Ig production, the HS1.2 is thought to be responsible for
a wider range of regulatory actions as B cell control (16, 17). The
network of interactions on B cell development involves also the
function of these regulatory regions activated in a time-dependent
manner (18). In humans, in respect to mice, the different organi-
zation of the 3�RRs could also have acquired diversified functions.

The human Ig H chain 3�RR is derived by the large ancestral
duplication of four regions codifying for the constant Ig portion
and harbor three enhancers, shown in Fig. 1A. The duplication of
the four H chain regions probably occurred in apes with a hinge
region represented by the pseudo constant � region provoking a
deletion of one of the two HS3 enhancers present in the large
palindrome found in rodents (19, 20). The sequence, structure, and
position of the enhancers is highly retained in the Ig H chain 3�
Regulatory Region from rodents to humans. The presence of this
region is critical for class switch recombination (9, 21). Activation
of 3�RR is regulated during B cell maturation by progressive de-
methylation that activates chromatine districts (18). More recent
studies on mouse targeted for HS4 show that Ig switch can be
alternatively regulated by still unknown regulatory factors (17).
One unexpected consequence is the down-regulation of both Ig
levels and B circulating cell number. The function of enhancers
acts through the formation of complexes with transcription factors
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(22, 23). Because 3�RR in humans is duplicated it can be hypoth-
esized there is a coordinated activity for the two 3� RRs during Ig
maturation. In addition, they are considered relevant for germline
transcription of constant regions during B cell maturation (24).
When the switch involves the duplicated constant regions (�-2,
�-4, �, �-2) the 3�RR-1 will be deleted and the entire region could
be regulated in the next steps of maturation or in memory cell and
plasma cell by the presence of 3�RR-2 alone (22). In humans, only
HS1.2 was found polymorphic, while HS3 and HS4 was not (25).
The polymorphism consists of a 38 bp satellite repeated from one
to four copies separated by different spacers of 17, 20, 16, 1 or 4
bp rich in GC. Giambra et al. (26) observed the change of the
consensus for several transcription factors in the four alleles. The
specific binding of SP1 for HS1.2 allele *1 and *2 and the exclu-
sive binding of NF-�B for allele *2 which is absent in allele *1
was confirmed by competition EMSA. A different mechanism of
activation can be hypothesized for the two alleles (see Fig. 1B)
(27). These structural differences can give rise to a change in the
function of the enhancer and consequently on the entire regulatory

region, and therefore can influence the maturation and regulation
of B cells. In vitro studies with B cell transfected with the different
human alleles of HS1.2 occurring from one to four repeats showed
an increasing effect on the reporter gene (28). The biological rel-
evance and specific functions in humans of the 3�RRs in vivo can
be studied only with correlative studies of polymorphisms with
immuno-alterations or pathologies.

Several case control studies show correlation of 3�RR1 HS1.2
alleles with immune diseases. These evidences indicate a specific
role of this enhancer in B cell. Allelic frequency of 3�RR1 HS1.2
is highly variable and it is linked to different immunological dis-
eases. In contrast, the frequency of 3�RR2 HS1.2 alleles is con-
served among different populations (29). Taken together these data
support that the two 3�RRs harbor different functions in the de-
velopment of immune responses (30, 31).

The polymorphisms of the enhancer HS1.2 (see Fig. 1B) was
found significantly associated to several immune-mediated dis-
eases (32, 33). Compared with the healthy population, IGAD sub-
jects have a highly significant increase of allele *1 frequency. To

FIGURE 1. The human IgH chain cluster with the constant regions. A, The map of the constant regions on the 14q32 chromosome, the orientation
corresponds to the transcription direction from left to right. The telomeric side is on the left. The two 3�RRs are evidenced with the position of the three
enhancers. In the bottom part is shown the enlargment of the HS1.2 alleles *1, *2, *3, and *4. B, The alignment of the allele *1, *2, *3, and *4 sequences
show the polymorphic part of the enhancer. Starting from the 5�: in dark gray the conserved structure with the Oct1 binding site; in gray the 17 bp spacer
in two copies at the 5�end of the polymorphic part and at the 3� of all alleles of the enhancer, all alleles bear the SP1 consensus site; the 38 bp element
that harbors part of the NF-�B consensus in the allele *2 together with the 14 bp spacer (absent in allele *1) is present in two, three, and four copies in
the *2, *3, and *4 alleles. The 38 bp element of allele *1 does not bind NF-�B. Other NF-�B binding sites are virtually present also in allele *3 and *4,
but were determined only by “in Silicio” analysis and not with EMSA as for allele *2.
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further expand our understanding of the range of immunological
effects linked to a given phenotype of HS1.2 alleles, we also in-
vestigated whether Ig serum concentrations (IgG and IgM) were
related to HS1.2 allelic frequencies.

Materials and Methods
Subjects with IGAD and control of local population

Eighty-eight patients with a median age of 11.75 years (ranges: from 23.3
to 3.1 years), 49 males and 39 females with a diagnosis of selective IgA
deficiency based on IgA serum levels below 5 mg/dl, without impairment
of IgG and IgM, were included in the present study. None of them had
defect of T cell compartment as evaluated by T cell subsets evaluation. A
group of 101 subjects, age and sex matched from the same geographical
region, was included as control. The Ig levels of a normal group was
analyzed in 114 subjects of same geographical area and HS1.2 allelic fre-
quencies determined.

Lymphocyte cells and immunoglobulin serum determination

IgA, IgM, and IgG serum levels were evaluated with standard techniques
by the service of clinical analysis of the Pediatric Clinic of the University
of Brescia. The IGAD subjects and Control were stratified for two groups
of 30% each of the total with relatively low and high IgM or IgG levels.

PCR assay

To estimate the frequencies of the four alleles of HS1.2-A respectively
(Gene Bank acc. num. AJ544218, AJ544219, AJ544220, AJ544221), we
conducted a selective PCR, which amplified the HS1.2-A region, but not
the identical inverted HS1.2-B region (26). Genomic DNA was extracted
from peripheral blood nucleated cells or from buccal mucosal swabs and
amplified with the primers described previously (26). The cycle conditions
were 94°C 2� for a first step, followed by 94°C 30��, 61°C 30��, 68°C 5� for
10 cycles and 94°C 30��, 59°C 30��, 68°C 5� for 20 cycles, ending with
72°C 10�. PCRs were conducted in 50 microliters of reaction volume con-
taining: 2 microliters of extracted DNA (10 ng), 1.5 U Platinum TaqDNA
Polymerase High Fidelity (Invitrogen), 15 pmols of each primer, 1.5 mM
MgSO4, 50 microM each dNTP, and 1� buffer High Fidelity (600 mM
Tris-SO4 (pH 8.9), 180 mM ((NH4)2SO4) (Invitrogen), by using GeneAmp
PCR System 9700 (Applied Biosystems). To prevent carryover contami-
nation, pre-PCR procedures were performed with dedicated equipment in
a laminar flow hood, using aerosol-resistant plugged pipette tips (ART,
Molecular Bio-Product). Permanent devices were sterilized by UV irradi-
ation between uses. Negative and positive controls, without DNA template
or with a control DNA of a heterozygote, were always included. The nested
second PCR to amplify the polymorphic core of the enhancer HS1.2-A was

performed with 1/50 of the volume of the first PCR, avoiding the carryover
of the genomic DNA of the first reaction. Control reactions were performed
with 1 and 5 ng of total genomic DNA and resulted in no visible ampli-
fication in those conditions on gel agarose electrophoresis. The primers for
the PCRs are reported in Giambra et al. (26). The second PCR was con-
ducted with the same volumes and concentrations used in the first PCR,
except for the use of 1 U of Platinum TaqDNA polymerase (Invitrogen).
PCR products were analyzed on a 3.0% agarose gel stained with SYBR
Safe DNA gel stain (Invitrogen).

Statistical analysis

The frequencies of the variables considered are described in percentages.
Comparisons between frequencies of categorical variables in different
groups were performed by chi-square test. The p value was set at 0.05.
Smith’s Statistical Package, version 2.80 (Pomona College), GraphPad In-
stat, and Stata 6.0 TM software were used for statistical analysis.

Results
The frequency of the HS1.2 3�RR1 alleles and IGAD patients

The analysis of 3�RR-1 HS1.2 allelic frequencies of 88 IGAD
patients and 101 healthy subjects of the same geographical area is
reported in Table I. Comparison of the results shows a significant
difference: homozygosity of the allele *1 that has a frequency of
39% in the IGAD patients and 15% in the control, with an increase
of 2.6-fold; the heterozygous subjects with genotype *1/*2 also
have a marked shift from 17% in IGAD to 33% in the control
subjects; frequency of *2/*4 genotype changes from 9% in the
IgAD patients to 19% in the control population. The two cohorts
are in the conditions expected for the Hardy Weinberg equilibrium.
The differences of the allelic frequencies among the two groups
were investigated with the chi square test and the results are re-
ported in Table IB. Chi-square analysis of the allelic frequencies
among the two groups resulted highly significant ( p � 0.001). The
histogram in Fig. 2 shows the inversion of the frequencies among
allele *1 and *2 in the two groups, where the relative ratio shifted
from 1.24 in the patients with IGAD to 0.68 in the control. Allele
*4 has a similar trend of allele *2 with a ratio of control vs patients
with a significant decrease. The frequency of allele *3 is too low
to determine a significant variation. Differences among the IGAD
group of patients and the control for allele *1 and *2 shows a �2

value of 7.34 with a p value of 0.0067 (O.R. � 1.819).

Table I. HS1.2 allelic frequencies of the IGAD patients and control population

A

Genotypes

Controls IgA defect

p valueObserved % Expected Observed % Expected

1/1 15 14.85 12 34 38.64 22.5 0.0004
2/2 25 24.75 26 24 27.27 14.7 NSa

3/3 - - - - - 0.02 NS
4/4 - - 2 - - 0.4 NS
1/2 33 32.67 35 15 17.05 36 0.0218
1/3 1 0.99 0.7 2 2.27 1.5 NS
1/4 6 5.95 9 4 4.54 6 NS
2/3 - - 1 1 1.14 1.2 NS
2/4 20 19.80 14 8 9.09 4.8 NS
3/4 1 0.99 0.3 - - - NS

B

Alleles Frequencies Observed Frequencies Observed �2 TEST

*1 0.346 � 0.033 70 0.506 � 0.037 89 �2 � 18.541
*2 0.510 � 0.035 103 0.409 � 0.037 72 d.f. 4
*3 0.010 � 0.006 2 0.017 � 0.009 3 p value � 0.001
*4 0.134 � 0.023 27 0.068 � 0.018 12

a NS, not significant.
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HS1.2 allelic frequency in IGAD patients and control related to
IgG and IgM seric concentration

Because HS1.2 is involved in a coordinated manner in Ig matura-
tion, indirectly it could be involved in B cell maturation and sur-
vival (13, 17). Therefore, we investigated whether in our patients
beside the IgA defect 3�RR-1 HS1.2 could be involved in differ-
ences in plasma IgM concentration or IgG. We evaluated serum
levels of IgM and IgG to determine a possible correlation in the
production of circulating Ig with the polymorphisms before and
after isotype switch. The subjects with the values of IgM or IgG
corresponding to the 30th percentile with low serum levels vs 30th
percentile with high serum levels were compared for the frequen-
cies of HS1.2 alleles in IGAD patients and Control. The results
reported in Table II indicate that there is a remarkable difference of
HS1.2 allelic frequencies as far as concerns the IgM values in
IGAD subjects with relatively low or high levels in the serum. No
differences were observed for IgG concentrations and HS1.2 fre-
quencies. The frequency of the 1/1 homozygous individuals with
low or high levels of IgM from 46% changes to 25% with a de-

crease of 1.84-fold and with an increase of 1.85-fold, respectively,
for the 1/2 genomes, respectively. However for the IgG high and
low values a change of frequency is observed only for the 1/2
genotypes, but on the whole does not influence the frequency of
the four alleles among the two groups that show almost identical
values (Table II). The variation of the four allele frequency is
statistically significant for the comparison of patients with low or
high IgM values with a p value of 0.0391 (O.R. � 2.023) (Table
IIB). The analysis in the Control group stratified for the 30% of
subjects with normal high or low levels of the IgM and IgG in the
serum showed no significant difference for the genotype frequen-
cies of the HS1.2 alleles as reported in Table III.

Discussion
In this study, we first report a significant increase of HS1.2 allele *1
in the cohort of patients with IGAD, suggesting a possible role of this
allele in the pathogenesis of the disease. The precise role of HS1.2 in
the pathogenesis of IGAD is not known, but its strong association

FIGURE 2. The histogram repre-
sents the comparison of HS1.2 allelic
frequencies in IGAD patients and a
control population of same geo-
graphical area. Inversion of fre-
quency is observed for allele *1 in
respect to alleles *2 and *4. The fre-
quency of allele *3 is statistically not
relevant. The �2 analysis on the al-
lelic frequencies shows a difference
with a p value of 0.001 highly sig-
nificant. Values are indicated with
the SEM. Total number of subjects is
88 for IGAD and 101 for the control.
The single genotypes are reported in
Table I.

Table II. HS1.2 frequencies in IGAD patients of the 30th percentile with low or high values of IgM and IgG in the serum

Genotypes

IgM IGADa IgG IGADb

Low values
(30%)

High values
(30%)

Low values
(30%)

High values
(30%)

Obs % Exp Obs % Exp Obs % Exp Obs % Exp

1/1 27 45.7 18.4 7 25 4 13 45 7.7 12 41.3 9.3
2/2 15 25.4 7.8 9 32.1 7 8 27.6 4.5 7 24.1 4.2
3/3 - - - - - - - - - - - -
4/4 - - - - - - - - - - - -
1/2 8 13.5 24 7 25 10.6 3 10.3 12 7 24.1 12.5
1/3 2 3.5 1.7 - - - - - - 1 3.5 0.6
1/4 2 3.5 3.3 1 3.6 1.5 1 3.4 2 1 3.5 1.2
2/3 1 1.7 1 - - - 1 3.4 0.4 - - -
2/4 4 6.7 2 4 14.3 2 3 10.3 1.5 1 3.5 0.7
3/4 - - - - - - - - - - - -

Alleles Frequencies Obs Frequencies Obs Frequencies Obs Frequencies Obs

*1 0.559 � 0.045 66 0.392 � 0.063 22 0.517 � 0.065 30 0.569 � 0.065 33
*2 0.364 � 0.044 43 0.518 � 0.065 29 0.397 � 0.064 23 0.379 � 0.063 22
*3 0.026 � 0.014 3 0.001 � 0.001 0 0.017 � 0.016 1 0.017 � 0.016 1
*4 0.051 � 0.020 6 0.089 � 0.033 5 0.069 � 0.033 4 0.035 � 0.023 2

a IgM: �2 � 4.257; p value (two sided) � 0.0391; OR (95% CI) � 2.023 (1.031–3.971).
b IgG: �2 test is not significant.
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with the disease and the complex effects of this enhancer on the im-
mune systems prompted us to make some speculations. HS1.2 might
be directly associated to IGAD pathogenesis. Alternatively, and more
likely, the presence of a high frequency of allele *1 and low frequency
of allele *2, may be associated to a given pattern of immune response
characterized by several features: both IGA and IGM production. It
has been shown that specular (high allele *2, low allele *1) pattern of
HS1.2 allelic distribution is present in diseases with increased or ab-
normal IgA production such as IgA nephropathy and Celiac disease
(30, 34). These results expand our knowledge of the possible role of
HS1.2 alleles in the regulation of Ig production and in the pathogen-
esis of human immunological diseases. Overall, our data suggest that
allele *1 may be linked to defective IgA production. In contrast, allele
*2 may be associated to diseases with abnormal or hyperproduction of
Ig. Our results on IGAD patients support previous evidence that high
frequency of allele *1 is associated with reduced (albeit normal) se-
rum level of at least one Ig class, while at high frequency of allele *2
corresponds significantly serum increase of at least one class of Ig
(27).

The analysis on IGAD subjects shows that relatively low level
of IgM correlates with high frequency of allele *1, in contrast high
frequency of allele *2 is associated in patients with relatively high
levels of IgM. The same pattern is not observed for IgG concen-
trations. Because IgM levels but not IgG are influenced by 3�RR1
HS1.2 allele frequencies, this suggests that the alleles cooperate
differently before and after the isotype switch at least for the hap-
lotypes associated in IGAD patients, though HS1.2 alleles interfere
positively and negatively with Ig and also affect IgM production.
It is intriguing why it does not affect IgG production in IGAD
patients. This effect can be ascribed to the presence of two HS1.2
enhancers in both 3�RRs. It can be hypothesized that HS1.2 en-
hancer of 3�RR1 influences IgM production but differently than the
isotype switch. This effect is not present in a control cohort. In a
sample of 52 IGAD patients where CD19 data were available, we
observed decreased percentages of CD19� cells associated with
reduced allele *1 frequency as compared with subjects with higher

levels of CD19� cells (data not shown). Possibly these data indi-
cate a coregulation or coordinated way to support survival and/or
activation of B cells by HS1.2 allele interactions. So far, HS en-
hancers of IgH cluster have been almost exclusively linked to Ig
production; in light with this data in the present study, we report in
IGAD patients HS1.2 enhancer alleles association with IgM seric
levels. These findings are elusive, but a clue for their interpretation
can be obtained by recent results by Vincent-Fabers et al. (17) who
described a mouse KO for HS4. This mouse has a reduced number
of spleen B cells. The two findings, KO for mouse HS4 and poly-
morphism of Human HS1.2, may appear contradictory, however
the enhancers of 3�RR act synergistically and the KO of HS4 in
mouse or polymorphisms of HS1.2 in IGAD patients both can alter
the 3�RR activity and consequently B cell circulating number and
Ig production.

The association between allelic variability in 3�RR-1 and im-
mune diseases is still unclear, but some speculation can be made.
HS1.2 allele *2 has a binding site for NF-�B, while allele *1 does
not. It has been shown that BAFF, proliferation-inducing ligand
(APRIL), and BTK, all regulate B cell survival via NF-�B (3, 8),
and therefore in subjects with allele *1 homozygosis, the lacked
binding sites for NF-�B may interfere with this pivotal transcrip-
tion factor leading to Ig maturation and production thus affecting
also survival of B cells. The penetrance of the allele *1 for the
absence of circulating IgA is partial but can coregulate also IgM
production. We do not exclude that the presence of specific hap-
lotypes associated to IGAD and determined by polymorphisms
distributed on the entire 3�RRs can cause conformational changes
with different structural variation of the Regulatory Regions rele-
vant for methylation changes and other epigenetic events. Inter-
estingly, in mouse where polymorphisms are not studied was ob-
served the relevance of the 3�RR for the epigenetic regulation (35).
However further studies are needed to clarify the role, if any, of
HS1.2 allele *1 in the pathogenesis of IGAD and to confirm a
pattern of allelic frequencies associated to increased (allele *2
high; allele *1 low) or decreased (allele *1 high; allele *2 low) IgA

Table III. HS1.2 frequencies in control population of the 30th percentile with low or high values of IgM and IgG in the serum

A

Genotypes

IgM Controlsa IgG Controlsb

Low values
(30%)

High values
(30%)

Low values
(30%)

High values
(30%)

Obs % Exp Obs % Exp Obs % Exp Obs % Exp

1/1 6 18.2 4 9 27.3 6 6 17.6 6 7 20.6 5
2/2 7 21.2 8 7 21.2 5 7 20.6 7 7 20.6 7
3/3 - - - - - - - - - - - -
4/4 - - - - - - - - - - - -
1/2 10 30.2 56 6 18.2 11 9 26.5 12 9 26.5 12
1/3 - - - - - - - - - 1 2.9 1
1/4 2 6.1 3 4 12.1 4 5 14.7 4 2 5.9 3
2/3 2 6.1 1 1 3 0.5 2 5.9 1 1 2.9 1
2/4 6 18.2 4 6 18.2 4 5 14.7 5 7 20.6 4
3/4 - - - - - - - - - - - -

B

Alleles Frequencies Obs Frequencies Obs Frequencies Obs Frequencies Obs

*1 0.364 � 0.059 24 0.424 � 0.060 28 0.382 � 0.058 26 0.382 � 0.058 26
*2 0.485 � 0.061 32 0.409 � 0.060 27 0.441 � 0.060 30 0.456 � 0.060 31
*3 0.030 � 0.020 2 0.015 � 0.014 1 0.030 � 0.020 2 0.030 � 0.020 2
*4 0.121 � 0.040 8 0.152 � 0.044 10 0.147 � 0.042 10 0.132 � 0.041 9

a IgM: �2 test is not significant.
b IgG: �2 test is not significant.
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production. It is also worth noting that IGAD increases suscepti-
bility to celiac disease (34, 36).

One additional point that can be made based on the results pre-
sented herein and those already available of a correlation between
allelic frequency and immune mediated diseases is related to the
functions of 3�RR-1 and 3�RR-2. In humans it is present an allelic
hypervariability in 3�RR1, while alleles in 3�RR-2 have constant
frequency. The variability in 3�RR-1 is associated with different
diseases as we have discussed above. These findings suggest in-
dependent roles of the two 3�RRs in the development of the im-
mune function as well as in susceptibility to immune-mediated
diseases. Thus we suggest that the two human 3�RRs can play
different roles for Ig maturation and B cell control. They could act
differently either for different polymorphisms that can bear, either
for different time activation caused by the position that have in the
cluster (Fig. 1).

Only further studies in different diseases will confirm whether
that pattern of IgM is specific for IgAD or is related to the activity
of a given set of alleles present not only in IgAD but synergic with
other cofactors leading in each case to different pathologies. Only
the whole pattern of polymorphisms of both 3�RRs will show
whether the presence of specific haplotypes may condition the reg-
ulatory activity in linkage to polymorphic enhancer HS1.2.
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