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Abstract
Objective

This study investigates the role of mannose-binding lectin (MBL) in susceptibility and clinical expression of systemic lupus 
erythematosus (SLE), through the analysis of promoter region and exon 1 polymorphisms of the MBL2 gene. 

Methods
We analysed 325 SLE patients from the Hospital de Clínicas de Porto Alegre and 344 controls. All individuals were 

grouped according to ethnic origin. Genotyping of the promoter and exon 1 variants were performed by PCR-SSP and 
PCR-RFLP, respectively. Polymorphisms frequencies between patients and controls were compared by Chi-square or 

Fisher’s exact tests. 

Results
A statistically significant difference was observed among the frequencies of both promoter haplotypes (p=0.005) and 
haplotypic combinations (p=0.004) in African-derived patients, with a higher incidence of HY haplotype and LY/HY 
combination in SLE patients when compared to controls. These results showed a tendency to higher frequencies of 

genotypes related to high MBL levels in African-derived patients. A joint analysis of data from the promoter and exon 1 
polymorphisms showed an increased frequency of genotypes conferring a deficient of MBL levels in European-derived 

patients (p<0.001). 

Conclusion
Our data suggest a possible influence of MBL deficiency in SLE European-derived although we did not observe any 
involvement of MBL2 variants in SLE clinical progression. The conflicting results shown by the analysis of patients 

grouped by ethnicity emphasise the need for studies considering this variable.
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Introduction
Systemic Lupus Erythematosus (SLE) 
is an autoimmune chronic inflamma-
tory disease that involves multiple 
organs and exhibits a wide spectrum 
of clinical manifestations (1, 2). It is 
characterised by the breakdown of self 
tolerance and activation of auto-reac-
tive lymphocytes, resulting in immune 
responses to self antigens (3) and in 
formation and deposition of immune 
complexes. This leads to an intense 
inflammatory response and to tissue 
damage (4). SLE is a multifactorial dis-
ease, with susceptibility associated to 
genetic, hormonal, immunological and 
environmental factors (5). For instance, 
the SLE prevalence is about nine times 
higher in childbearing women than 
in men, possibly due to effects of the 
estrogen hormone (6, 7). A predisposi-
tion to the disease may be related to the 
inheritance of gene variants located in 
specific chromosomal regions, includ-
ing genes that encode complement sys-
tem components and TLR genes (8, 9).
In the recent years, there has been an 
emerging interest in mannose-binding 
lectin (MBL) due to its central role 
as a recognition molecule in the com-
plement system, but also because of 
the potential clinical implications of 
genetically determined differences in 
MBL oligomerisation and serum levels 
among subjects (10). MBL is an acute 
phase protein mainly produced in the 
liver and it is an important constituent 
of innate immune system. MBL is able 
to recognise and bind to specific groups 
of sugars, arranged on the surface of 
many microorganisms, thus provid-
ing one of the first defense lines of the 
body (11, 12). After connecting to a 
pathogen, MBL undergoes to a confor-
mational change activating associated 
molecules such as serine proteases as-
sociated with MBL, resulting in activa-
tion of complement through the lectin 
pathway and in a consequent micro-  
organisms phagocytosis (13-15).
The human mannose-binding lectin 
gene (MBL2) is located on chromosome 
10 (q11.2–q21) and contains four exons 
(11, 16). Polymorphisms in MBL2 have 
been reported and a wide interindividu-
al variation in serum concentrations of 
MBL protein is a result of the presence 

of these allelic variants (17). It is well 
established that MBL serum levels are 
influenced by three variants in exon 1 of 
MBL2 and are also modulated by poly-
morphisms in the promoter region (18). 
The most studied variants in exon 1 are 
the polymorphisms R52C (Arg52Cys), 
a CGT to TGT substitution called allele 
D; G54D (Gly54Asp), generated by a 
GGC to GAC substitution, determining 
allele B; and G57E (Gly47Glu), gen-
erated by a GGA to GAA substitution 
and called as allele C. A coding region 
containing any one of the three poly-
morphisms is generally called as al-
lele O, while the wild allele is referred 
to as A (19, 20). In addition to struc-
tural mutations, three polymorphisms 
have been described in the MBL2 gene 
promoter (21). These are H/L (G é C 
mutation), Y/X (G é C mutation) and 
P/Q (T é C mutation), respectively at 
positions -550, -221 and +4 of the gene 
(22). These variants are under strong 
linkage disequilibrium and only seven 
haplotypes (HYPA, LYQA, LYPA, 
LXPA, LYPB, LYQC and HYPD) are 
commonly found (21).
Recent studies suggest a relationship be-
tween MBL2 polymorphic variants and 
several autoimmune disorders, includ-
ing SLE (18, 23, 24). The established 
association between the deficiency of 
complement system components and 
the susceptibility to autoimmune dis-
eases suggested that a similar associa-
tion could also be found in MBL (25). 
A MBL deficiency promotes retention 
of apoptotic cells in macrophages and 
consequent abnormal clearance leads 
to an excessive self-antigens expres-
sion. Moreover, MBL2 polymorphisms, 
responsible for changes in protein lev-
els, are related to increased susceptibil-
ity to infections. Since infections may 
be a susceptibility factor for SLE, MBL 
could also be related to disease devel-
opment (17). Studies associating SLE 
with MBL are a promising area of re-
search and these studies imply a role of 
MBL in infectious, inflammatory and 
autoimmune diseases. The persistence 
of these gene polymorphisms in dif-
ferent human populations may be ex-
plained by a genetic balance in which 
some individuals can benefit from 
high levels of protein, which protects 
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against infections with extracellular 
microorganisms, although individuals 
with low MBL levels are more resist-
ant against infections by intracellular 
microorganisms (18).
In view of the ethnic variability, both in 
frequency of MBL allelic variants and 
in prevalence and incidence of SLE, 
and considering the unknown etiology 
of SLE and the lack of consistent in-
formation about the influence of MBL 
polymorphisms in this disease, the ob-
jective of this study was the immunoge-
netic characterisation of SLE individu-
als, through the analysis of MBL2 poly-
morphic variants, seeking a possible as-
sociation of these data with clinical and 
laboratory expression of disease.

Materials and methods
Samples
This study included 325 SLE patients 
followed at the Division of Rheuma-
tology of Hospital de Clínicas de Porto 
Alegre (HCPA). Patients were classi-
fied as European or African-derived 
according to phenotypic characteristics 
of individuals and ethnicity data of par-
ents/grandparents reported by the par-
ticipants. The issue arisen on the skin 
colour-based classification criteria that 
is used in Brazil is well documented and 
has been already assessed by our group 
in previous studies (26, 27). Although 
the individuals classified as European-
derived or African-derived can present 
a certain degree of admixture, a recent 
study published by Santos et al. as-
sessed individual interethnic admixture 
using a 48-insertion-deletion Ancestry-
Informative Marker panel. The authors 
identified a very high level of European 
contribution (94%) and fewer Native 
American (5%) and African (1%) genes 
in a sample of 81 European-derived 
individuals from southern Brazil (28). 
Therefore, the subgrouping of our SLE 
patients and controls seems to reflect 
the actual ethnic/genetic background of 
this human population. Information re-
garding demographic, clinical and labo-
ratory features of SLE patients were 
collected from data contained in medi-
cal records filled in the Medical Archive 
Service and Health Information. 
The clinical and laboratory features 
evaluated are presented at Table I and 

were: presence or absence of malar 
rash, discoid rash, photosensitivity, 
oral or nasal ulcers, serositis, arthritis, 
nephritis, neurological manifestations 
(psychosis and convulsions), haemato-
logic events (hemolytic anaemia, leuko-
penia, lymphopenia and thrombocyto-
penia), positive antinuclear antibodies 
(ANAs) (titer >1:100) and other auto-
antibodies (anti-double-stranded DNA, 
anti-Sm, anti-Ro/SSA, anti-La/SSB, 
anti-RNP, anti-Scl 70, anticardiolipin, 
lupus anticoagulant and false positive 
VDRL). The definition of each variable 
followed the description from the clas-
sification criteria for SLE according to 
American College of Rheumatology 
(29). Furthermore, patients were evalu-
ated for the presence of Sjögren’s syn-
drome and secondary antiphospholipid 
syndrome, according to the classifica-
tion criteria proposed for both (30, 31). 
SLICC damage index and SLEDAI 
disease activity index were also per-
formed for each patient. The control 
group was formed by 344 unexposed, 
uninfected healthy blood donors, from 
the urban population of Porto Alegre, 
the capital of the southern-most state 
of Brazil, with ages ranging from 20 
to 62 years. All patients and controls 
participating in this study gave their 
written informed consent. This study 
was approved by the ethics committee 
of HCPA.

Molecular characterisation of 
promoter and exon 1 polymorphisms
The DNA used for molecular tech-
niques was obtained from 5 mL pe-
ripheral blood samples, collected with 
EDTA, and purified through salting-out 
method described by Lahiri e Nurn-
berger (32). DNA samples were stored 
at -20ºC. The MBL2 promoter regions 
spanning the -550 (L or H) and -221 (X 
or Y) polymorphisms were amplified 
by polymerase chain reaction with se-
quence-specific primers (PCR-SSP) as 
described by Neonato et al. (33), using 
the following primers: L forward: 5’-
GCTTACCCAGGCAAGCCTGTC-3’, 
X reverse: 5’-GGAAGACTATAAA-
CATGCTTTCG-3’, H forward: 5’-GCT-
TACCCAGGCAAGCCTGTG-3’ and Y 
reverse: 5’-GGAAGACTATAAACAT-
GCTTTCC-3’. Four simultaneous reac-

tions were made for each sample, using 
different combinations of primers (LX, 
LY, HX and HY) to identify the hap-
lotypes. The amplified fragments were 
visualised in 2% agarose gel. In addi-
tion, a control gene (cytochrome P450 
debrisoquine 4-hydroxylase, CYP2D6) 
was amplified in every reaction with 
specific primers: D6M2: 5’-TCGCCCT-
GCAGAGACTCCTC-3’ and D6B5: 5’-
TGCCGCCTTCGCCAACCACT-3’. 
Genotyping of exon 1 polymorphisms 
was already performed by our group 
and was previously published (4). In 
the present work, the previously de-
termined exon 1 polymorphisms were 
added to the newly genotyped promoter 
polymorphisms in order to haplotypes 
establishment.

Statistical analysis
MBL genotypic and allelic frequen-
cies were determined by direct count-
ing and compared to Hardy-Weinberg 
expectations using Chi-Square tests. 
Polymorphisms frequencies between 
patients and controls were compared by 
Chi-square test or Fisher’s exact test, 
if appropriate. The adjusted residuals 
were also calculated. All the data were 
analysed with SPSS software version 
15.0 and WinPepi 10.0. The quantita-
tive variables were analysed through 
the calculation of mean and standard 
deviation values, while the analyses of 
categorical variables were done by cal-
culating frequencies and percentages. 
Comparisons were also made correlat-
ing clinical and laboratory variables of 
patients with the frequencies of poly-
morphisms, through Chi-square test 
(or Fisher’s exact test) for qualitative 
variables and Kruskal-Wallis test for 
quantitative variables, using Bonfer-
roni correction to the level of statistical 
significance. Significance level was es-
tablished at p<0.05 (two-tailed).

Results
Among the 325 SLE patients studied, 
248 (76%) were classified as Europe-
an-derived and 77 (24%) as African-
derived and among 344 the controls, 
244 (71%) were classified as Euro-
pean-derived and 100 (29%) as Afri-
can-derived. Classification according 
to ethnic origin was performed since 
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both SLE incidence and frequencies 
of the MBL2 polymorphisms vary in 
different populations (10, 34). Due to 
the lack of clinical and/or laboratory 
data from medical records of some pa-
tients, a difference between the total 
number of individuals sampled and the 
number of individuals analysed may 
be observed in some cases. The mean 
age of patients was 42.2±14.3 years 
and the mean age of disease diagnos-
tic was 32.7±13.6 years. The frequen-
cies of patient’s clinical and laboratory 
features were previously published by 
our group (4). The values correspond-
ing to MBL2 promoter polymorphisms 

frequencies and to the haplotype com-
binations frequencies related with the 
MBL production levels in patients and 
controls are shown in Tables II and III, 
respectively.
The genotypic frequencies of MBL2 
promoter polymorphisms in Europe-
an-derived SLE patients and in Afri-
can-derived controls, for H/L variants, 
were different from those expected 
under Hardy-Weinberg equilibrium. 
This finding can be explained by the 
strong linkage disequilibrium between 
H/L and Y/X loci. The H/L and Y/X 
polymorphisms genotypic frequencies 
were compared between patients and 

controls (Table II), showing a statis-
tically significant difference among 
the H/L polymorphism frequencies in 
European-derived (p=0.033) and Afri-
can-derived (p=0.001) groups. There 
was a higher frequency of H/L geno-
type (0.56) and a lower frequency of 
L/L genotype (0.33) in European-de-
rived patients when compared with the 
controls (0.44 and 0.41, respectively). 
Among African-derived individuals, 
49.4% of patients had H/L genotype and 
41.6% had L/L genotype, compared to 
24% and 69% of controls, respectively. 
No significant difference was observed 
analysing Y/X variants in any of these 
groups (see Table II).
Haplotypes analysis (Table II) showed 
a statistically meaningful difference 
among frequencies of LX, LY and HY 
haplotypes in African-derived group 
(p=0.005), with a higher frequency of 
HY haplotype in patients (0.34) when 
compared to healthy controls matched 
by ethnic origin (0.19). However, no 
statistically significant difference was 
observed between European-derived 
group. As expected, HX haplotype was 
not observed in this study.
Likewise, the frequencies of all possible 
combinations of haplotypes (Table II) 
generated by genotypes and haplotypes 
found were evaluated. A statistically 
significant difference was observed 
only between the frequencies of haplo-
types’ combinations in African-derived 
individuals (p=0.004), with 40.3% of 
patients presenting LY/HY combina-
tion compared to 18% of controls. A 
higher frequency of LY/LY genotype 
was found in African-derived con-
trols (0.39) when compared to patients 
(0.22). Besides, none of the African-
derived patients had LX/LX genotype, 
while 6% of controls presented it.
The main analysis was made by com-
bining the newly obtained data of pro-
moter polymorphisms with the data 
of polymorphisms from exon 1 pre-
viously published by our group (4). 
The haplotypic combinations were 
obtained and they refer to the levels 
of MBL production (Table III): high 
serum levels (HYA/A and LYA/A), 
low serum levels (LXA/LXA, HYA/0 
and LYA/0) and deficient serum levels 
(LXA/0 and 0/0). Our results showed 

Table I. Clinical and laboratory features of SLE patients according to genotypes related to 
MBL production (%). 
     
Clinical and laboratory  European-derived African-derived
features n=248 n=77
 
  DF LP HP DF LP HP
  n=54 n=74 n=120 n=13 n=19 n=45

Malar rash 51.9 52.7 57.1 69.2 31.6 52.3
Discoid rash  14.8 18.9 12.6 7.7 15.8 13.6
Photosensitivity 68.5 79.7 82.4 61.5 36.8 65.9
Oral/nasal ulcers 35.2 40.5 36.1 30.8 36.8 29.5
Arthritis 85.2 85.1 79.8 92.3 84.2 81.8
Serositis 27.8 38.4 25.2 46.2 42.1 36.4
Nephritis 31.5 45.9 43.7 38.5 36.8 52.3
Neurologic disorders 16.7 13.5 9.2 7.7 10.5 11.4
 Psychosis 7.4 9.5 4.2 0 10.5 6.8
 Convulsions 13.0 4.1 5.9 7.7 0 4.5
Haematologic disorders 83.3 74.3 72.3 69.2 100.0 86.4
 Haemolytic anaemia 38.9 31.1 27.7 15.4 31.6 31.8
 Leukopenia/Lymphopenia 63.0 50.0 60.5 69.2 89.5 65.9
 Thrombocytopenia 25.9 17.6 16.0 7.7 31.6 20.5
Positive ANA 100.0 100.0 97.5 92.3 100.0 100.0
Immunologic disorders 61.1 70.8 62.7 46.2 73.7 70.5
 Anti-DNA 37.0 50.0 47.5 30.8 42.1 59.1
 Anti-Sm 16.7 208.0 18.6 23.1 26.3 20.5
 Anticardiolipin  29.6 29.2 21.4 7.7 42.1 29.5
 Lupus anticoagulant 11.1 6.9 3.4 0 0 4.5
 False positive VDRL 3.7 4.2 1.7 0 0 2.3
Anti-Ro/SS-A 36.0 33.9 39.6 61.5 64.7 66.7
Anti-La/SS-B 8.0 10.2 13.5 38.5 17.6 20.5
Anti-RNP 30.0 35.6 28.1 30.8 29.4 30.8
Anti-Scl 70 2.0 1.7 3.1 0 0 2.6
Sjögren 5.7 11.6 13.0 7.7 16.7 7.1
APS 3.8 10.1 7.0 0 5.6 4.8
SLICC * 1 (0–8) 1 (0–5) 1 (0–7) 0 (0–5) 1 (0–3) 1 (0–5)
SLEDAI * 2 (0–16) 0 (0–12) 0 (0–16) 2.5 (0–8)  0 (0–10) 1.5 (0–36)

DF: genotypes related to deficient serum MBL levels; LP: genotypes related to low serum MBL levels; 
HP: genotypes related to high serum MBL levels; ANA: antinuclear antibody; APS: antiphospholipid 
syndrome; SLEDAI: systemic lupus erythematosus disease activity index; SLICC: systemic lupus in-
ternational collaborating clinics; VDRL: venereal disease research laboratory test.
* Median (minimum-maximum). 
Statistical significance was considered with p-value <0.0024 by Bonferroni correction.



987

MBL2 polymorphisms in SLE / N. Glesse et al.

21.8% of European-derived SLE pa-
tients with genotypes related to MBL 
deficient production compared to 5.3% 
of healthy controls and 48.4% of these 
patients with genotypes related to high 
serum MBL levels compared to 57.4% 
of controls (p<0.001). The African-de-
rived individuals did not present any 
statistically meaningful difference for 
such condition.
Clinical, laboratory and demographic 
features observed in SLE patients were 
previously described and compared 

among different ethnic groups (4). 
We analysed the clinical differences 
between patients with SLE accord-
ing to the haplotypic combinations 
for promoter polymorphisms (data 
not shown). A statistically significant 
difference was observed between the 
haplotypic combinations and SLICC 
damage index in African-derived SLE 
patients (p=0.030). The median for SL-
ICC was higher in patients presenting 
HY/HY haplotypic combination when 
compared to patients with other com-

binations. However, when Bonferroni 
correction was applied, these statisti-
cally significant differences were not 
maintained.
Comparisons between disease features 
and frequencies of haplotypes com-
bined, related to serum MBL levels, 
were also performed (Table I). The 
results showed a prevalence of 100% 
of haematologic disorders in African-
derived patients with genotypes related 
to low serum MBL levels compared 
to 86.4% of patients with genotypes 
related to high serum MBL levels and 
69.2% with genotypes corresponding to 
deficient serum MBL levels (p=0.038), 
although after Bonferroni correction, 
the statistically significant differences 
were lost. 

Discussion
In this study we investigated the possi-
ble influence of MBL2 polymorphisms 
on the SLE development. MBL appears 
to have a key role in innate immunity 
due to its central role in the host de-
fense (35). MBL2 gene polymorphisms 
have been associated with suscepti-
bility to infectious and auto-immune 
diseases, highlighting the possible 
interference of different MBL serum 
levels, attenuating or aggravating cer-
tain pathologies (36, 37). In this view, 
several studies have suggested that the 
genetic variability of MBL2 may be in-
volved in SLE pathogenesis (5, 35, 37, 
38). However, genotyping studies have 
shown inconsistent results.
It is already known that the SLE inci-
dence varies according to different hu-
man populations and that certain ethnic 
groups are more susceptible to develop 
this disease than others (39). For this 
reason and since the frequencies of 
MBL2 polymorphisms vary in differ-
ent populations, we analysed patients 
and controls grouped according to their 
ethnic origin. The analysis of MBL2 
promoter region variants showed a 
higher frequency of H/L genotype in 
SLE patients as compared to their re-
spective controls, both among the Eu-
ropean- and African-derived individu-
als. Conversely, a higher frequency of 
L/L genotype was observed in controls 
as compared to SLE patients in both 
groups. In contrast, no differences were 

Table II. H/L and Y/X polymorphisms frequencies of MBL2 gene in SLE patients and 
controls.
  
Genotypes European-derived African-derived
         
 Controls (%) Patients (%) Controls (%) Patients (%)
 n=244 n=248 n=100 n=77

L/L            101 (41.4)* 81 (32.7)* 69 (69.0)* 32 (41.6)*

H/L            107 (43.9)* 138 (55.6)*               24 (24.0)* 38 (49.4)*

H/H            36 (14.8) 29 (11.7)               7 (7.0) 7 (9.1)
 χ2  p=0.033 χ2  p=0.001
X/X            10 (4.1) 9 (3.6) 6 (6.0) 0
X/Y            72 (29.5) 75 (30.2) 30 (30.0) 22 (28.6)
Y/Y            162 (66.4) 164 (66.1) 64 (64.0) 55 (71.4)
 χ2  p=0.954 Fisher  p=0.075

Haplotypes 2n=488 2n=496 2n=200 2n=154

LX 92 (18.8) 93 (18.8) 42 (21.0) 22 (14.3)
LY 217 (44.5) 208 (41.9) 120 (60.0) 80 (51.9) 
HY 179 (36.7) 195 (39.3) 38 (19.0)* 52 (33.8)*        
 χ2  p=0.665 χ2  p=0.005

Haplotypic n=244 n=248 n=100 n=77 
combination               

LX/LX 10 (4.1) 9 (3.6) 6 (6.0)*                      0* 
LX/LY 47 (19.3) 39 (15.7) 24 (24.0) 15 (19.5)
LX/HY 25 (10.2) 36 (14.5) 6 (6.0) 7 (9.1)
LY/LY 44 (18.0) 34 (13.7) 39 (39.0)* 17 (22.1)*

LY/HY 82 (33.6) 101 (40.7) 18 (18.0)* 31 (40.3)*

HY/HY 36 (14.8) 29 (11.7) 7 (7.0) 7 (9.1)
                                                  χ2  p=0.239                                                    χ2  p=0.004      

*Significant adjusted residuals (p<0.05).

Table III. Haplotypic combinations frequencies related to serum MBL levels in SLE        
patients and controls.

Haplotypic combination European-derived African-derived
 
 Controls (%) Patients (%) Controls (%) Patients (%) 
 n=244 n=248 n=100 n=77

Deficient production 13 (5.3)* 54 (21.8)* 17 (17.0) 13 (16.9)
Low production 91 (37.3)       74 (29.8) 29 (29.0) 19 (24.7)
High production 140 (57.4)* 120 (48.4)* 54 (54.0) 45 (58.4)
 Fisher  p<0.001 Fisher  p=0.8165

*Significant adjusted residuals (p<0.05).
Haplotypes: High serum MBL levels (LYA/A, HYA/A); Low serum MBL levels (LXA/LXA, LYA/0, 
HYA/0); Deficient serum MBL levels (LXA/0, 0/0).
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observed considering Y/X polymor-
phic variants, which is in agreement 
with a Hungarian study, which also 
found no significant differences among 
the genotypic frequencies of Y/X poly-
morphism between SLE patients and 
controls (40).
Analysing the haplotypic frequencies, 
we found a higher frequency of African-
derived SLE patients carrying HY hap-
lotype compared to controls, suggest-
ing that HY haplotype, related to high 
serum MBL levels (21, 41), is possibly 
associated with SLE development. This 
association can be explained based on 
the fact that high serum levels of MBL 
could cause excessive complement ac-
tivation by the lectin pathway, after ini-
tial tissue damage. Consequently, this 
could promote an immune response, 
resulting in autoimmunity and tissue 
injury. High activity and high serum 
levels of MBL have been associated 
with inflammatory diseases, rejection 
to transplants and diabetic nephropa-
thy (42). Furthermore, along with other 
susceptibility, genetic or immunologi-
cal factors, high MBL levels could in-
fluence the susceptibility to infections 
by intracellular microorganisms, since 
that such protein promotes phagocy-
tosis, facilitating pathogens that act 
inside the cell, and thus contributing 
to the SLE development (13, 42, 43). 
These findings differ from those found 
in a study performed with 92 black 
SLE patients at Philadelphia, which 
reported that the promoter haplotype 
related to high MBL serum levels was 
negatively associated to SLE (44). 
In the European-derived group, the 
HY, LY and LX haplotypes frequen-
cies were similar between patients and 
controls. In two studies with Chinese 
populations the LX haplotype frequen-
cy was significantly higher in SLE pa-
tients than controls, suggesting that LX 
haplotype is a risk factor for SLE in this 
ethnic group. According to these stud-
ies, LX haplotype, which determines 
low serum MBL levels, may hamper 
clearance of immune complexes and 
thus lead to an overall impairment of 
the immune system (45, 46). The HX 
haplotype was not found in these stud-
ies nor in our study, but an unusual fre-
quency of this haplotype was observed 

in a study made by Navarre et al. in a 
population of the Philippines (47). Nev-
ertheless, such HX frequency is contro-
versial since, besides their occurrence 
in a few other individuals (44, 48) it is 
a haplotype never before described in 
literature (49).
We observed a significantly higher fre-
quency of the LY/HY haplotypic com-
bination in African-derived SLE pa-
tients when compared to controls and 
a tendency to increase of LY/HY com-
bination was also observed in Europe-
an-derived (although not significant), 
confirming the high frequency of H/L 
genotype in patients when compared to 
controls in both ethnic groups. There 
was a significant increase of the haplo-
typic combinations LY/LY and LX/LX 
in African-derived controls compared 
to patients and a tendency to increase 
of these combinations in European-
derived. This analysis confirmed the 
increasing L/L genotype frequency in 
controls, as previously reported. How-
ever, these findings contrast with those 
found by Huang et al., which showed 
an increase of LX/LX haplotypic com-
bination in Chinese SLE patients, in-
dicating a strong association with the 
disease development (p<0.01) (46). 
Another study performed with African 
American and Caucasians observed that 
LX haplotype was over-represented in 
African American SLE patients and 
that an increase of LX/LX combination 
was observed in African American SLE 
patients when those were compared to 
controls (p<0.0001) (50). Our study 
failed to show association between 
LX haplotype and SLE and, instead, 
it seemed to act as a protective factor 
against the development of the disease. 
The marked interethnic differences in 
the frequencies of promoter haplotypes 
and the fact that African-derived popu-
lation in Brazil is highly admixed may 
have influenced the results. 
As previously stated, the high frequen-
cy of MBL2 allelic variants that alter 
protein function in different popula-
tions suggests that MBL deficiency 
may protect against some infectious 
diseases (51). Actually, MBL deficien-
cy confers selective advantages against 
intracellular pathogens and it can be as-
sociated with resistance against leprosy 

and leishmaniasis (52, 53). Conversely, 
a study with Australian indigenous sug-
gested that very high MBL levels may, 
in part, explain the devastating conse-
quences caused by tuberculosis in 19th 
and 20th centuries (54).
Variants effects of promoter region ex-
plain much of the ethnic differences 
that are not explainable by structural 
variants alone. Exon 1 mutations are be-
lieved to interfere in oligomerisation of 
protein causing a decrease of functional 
MBL in the circulation while the pro-
moter polymorphisms influence MBL 
expression. Interplay between promoter 
and structural variants of MBL2 gene 
control basal serum levels of this pro-
tein and can vary among individuals 
(21, 46, 51). The common haplotypes 
established, due to linkage disequi-
librium, are correlated with different 
serum levels of MBL. In European-de-
rived individuals, there was an increase 
of haplotypic combinations related to 
deficient MBL levels (LXA/O, O/O) in 
SLE patients when compared to con-
trols, suggesting a possible influence 
of deficiency of protein in the disease. 
These results are in agreement with a 
study that analysed Icelandic SLE fami-
lies where genotypes determining low 
MBL production were suggested as a 
contributing factor in SLE (3). Our data 
corroborate the results of both San-
drin-Garcia et al. and Villarreal et al., 
that also reported a higher frequency 
of haplotypic combinations related to 
high MBL production in controls. Ac-
cording to the authors, MBL haplotypes 
encoding for high protein serum levels 
are protective against the development 
of SLE (55, 56) and the protective na-
ture of these haplotypes may become 
more apparent during an acute-phase 
response, when baseline levels of pro-
tein can increase up to 4-fold (55). 
Besides the possible influence on SLE 
development, there is growing interest 
in the clinical significance of MBL2 
variant alleles and several studies have 
reported their association with different 
clinical and laboratory features of dis-
ease (38, 40, 57). For example, a recent 
analysis from Southern Brazil found a 
significant association between MBL2 
A/O genotype and nephritic disorders 
as well as for MBL2 promoter X/Y 
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genotype and antiphospholipid syn-
drome. Moreover, SLE patients carry-
ing combined haplotypes determining 
low MBL levels presented an increased 
risk to develop nephritis (56). A study 
with SLE children from Taiwan showed 
that high MBL expression genotype 
was associated with renal disorders 
and it had a protective role against 
bacterial infections, suggesting the in-
fluence of serum MBL levels in SLE 
activity (58). An association was also 
observed between 0/0 genotype and the 
development of arterial thrombosis in 
SLE patients (59). According to other 
studies, patients carrying genotypes 
related to low MBL levels presented 
a higher prevalence of chronic renal 
failure, vasculitis, heart valve lesions, 
cardiac valve dysfunction, associated 
APS and a higher mean SLICC score 
(38) and MBL deficient SLE patients 
had more renal involvement, increased 
infection, strongly increased risk for 
arterial thrombosis and increased lev-
els of autoantibodies against molecules 
associated with apoptotic cells, such as 
C1q and cardiolipin (42). But studies 
involving the clinical implications of 
MBL in the SLE development are still 
very contradictory. These genes versus 
disease associations studies are contro-
versial since the allelic frequencies are 
different among ethnic groups and one 
must be cautious in extrapolating re-
sults to other populations. 
The results presented in the present 
manuscript are conflicting with the pre-
vious data, when these same patients 
were analysed only in relation to poly-
morphisms of exon 1 (4). This shows 
the need for a joint analysis of variants 
at both structural and promoter regions 
of MBL2 in order to determine the in-
fluence of MBL in SLE. 
In conclusion, the results of this study 
suggest an association of the genotypes 
related to deficient serum MBL levels 
with the SLE development in Euro-
pean-derived patients, indicating that 
MBL2 structural and promoter poly-
morphisms can have a possible role 
in disease susceptibility in this ethnic 
group. The opposite was seen in Afri-
can-derived SLE patients who showed 
a tendency to higher frequencies of 
genotypes related to high serum MBL 

levels. Our data showed a large con-
trast in the frequencies of MBL2 SNPs 
according to ethnicity, emphasising 
the importance of interethnic genetic 
variability and the need to include 
more population groups in the analy-
sis before making any association with 
the disease. Therefore, further studies 
should be made to support our find-
ings and also to reveal more clearly the 
molecular mechanisms involved in this 
association.
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