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SUMMARY

 

Genome wide linkage studies in human SLE have identified seven highly significant loci linked to SLE,
and more than 20 other loci showing suggestive linkage to disease. However, pin-pointing the suscep-
tibility alleles in candidate genes within these linkage regions is challenging, due the genetic heteroge-
neity, racial differences and environmental influences on disease aetiology. Utilization of murine models
of spontaneous lupus nephritis provide a complementary approach, which may then identify candidate
genes for analysis in human cases. This review highlights the utility of cross-species approach to identify
and characterize the effect of given candidate genes in lupus. The examples described in this review
demonstrate the importance of bringing together both genetic and functional information in human and
mouse studies.
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INTRODUCTION

 

Systemic Erythematosus Lupus (SLE) is a complex multisystem
autoimmune disease of unknown aetiology, characterized by the
production of autoantibodies against a diverse set of nuclear and
cell surface autoantigens. End organ damage results from the for-
mation of immune complexes. The overall disease prevalence 1·5–
250 in 100 000; it is less common in European than in Asian and
Afro-Caribbean populations, and is approximately 10-fold more
common in women of childbearing age than men [1,2].

SLE is known to have a genetic basis, but with an environ-
mental contribution. Familial clustering indicated that SLE has a
significant genetic component with a sibling risk ratio (
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=

 

 20) [3],
which is the same range as other autoimmune diseases, for Type 1
Diabetes 

 

l

 

s

 

 

 

=

 

 16 and for Rheumatoid Arthritis 

 

l

 

s
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 8. Twin studies
showed that the concordance for monozygotic twins is 10 fold
more than for dizygotic twins [4]. Six genome-wide linkage stud-
ies have been performed to discover loci important in the lupus.
Seven loci having highly significant linkage (LOD score 

 

=

 

 3·3) to
SLE were replicated in multiple studies. These were 1q23–24,
1q41–42; 2q37, 4p15–16, 6p11–22, 16q12–13 and 17p13 [5–10].
More than 20other loci showing suggestive linkage to SLE
(LOD 

 

=

 

 1·9) were also identified, indicating that they may also
contain susceptibility loci, but of weaker effect. Linkage studies in

complex traits with heterogeneous phenotypes, such as SLE, may
yield false-positive results. Furthermore, linkage studies have less
power than association studies to identify aetiologic alleles.

The complexity of SLE in human disease has been highlighted
by the fact that no single locus was identified in every genome-
wide linkage study. Whilst this may reflect the differences in study
design, analysis, methodology and racial mix of the study cohorts,
it is largely due to the genetic heterogeneity of the out-bred
human population, with a small contribution from each locus to
the overall disease susceptibility. Different study cohorts were
used partially because of the difficulty in recruiting sufficient fam-
ilies to identify significant linkages in the analysis.

Murine models of lupus allow us to step back from the genetic
heterogeneity seen in the human population. It is possible to
breed large numbers of genetically homogenous inbred mice
under controlled environmental conditions to facilitate large-
scale genome wide linkage analyses. Furthermore, the flexibility
and manipulatability of murine models allow the generation of
congenic mouse strains to investigate the effect of given loci in
different nonlupus prone backgrounds, or the development of
knock-outs and transgenics to look at the effect of the absence or
over expression of immunologically relevant genes.

Given the overall similarity of the human and mouse immune
systems, it is anticipated that the linkage studies and functional
genetics from knock-outs and transgenics accumulated in the
mouse models can be fed back into the human disease studies.
This should provide additional stimulus for a real break-through
in the understanding of the human disease process and in the
development of alternative therapeutic strategies.
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SUSCEPTIBILITY GENES FROM THE INNATE 
IMMUNE SYSTEM – THE WASTE DISPOSAL 

HYPOTHESIS

 

CRP/SAP

 

One of the functions of the acute phase response, mediated by the
induction of two pentraxin genes, C-Reactive protein (

 

CRP

 

) and
Serum Amyloid P component (

 

SAP

 

), gene nomenclature 

 

ACPS

 

,
appears to be the clearance of apoptotic material. Following
inflammation or injury, 

 

CRP

 

, which is the major acute phase pro-
tein in humans, binds to the products of apoptosis, including com-
ponents of cellular matrix and nuclear antigens, to promote
opsonization of all these particles either indirectly by activation of
the classical pathway of the complement system or directly by
binding to the Fc

 

g

 

 receptors on apoptotic cells [11]. However, in
SLE patients, there is often little or no acute phase response [12].
This scenario is mirrored in lupus-prone NZB/W F1 mice, which
show reduced induction of the murine acute phase pentraxin, 

 

Sap

 

,
in the disease state [13].

The human 

 

SAP

 

 and 

 

CRP

 

 genes, are located in 1q23.2, in the
linkage region identified by Moser 

 

et al

 

. [8], and close to that iden-
tified by Shai 

 

et al

 

. [7]. The mouse homologues are located in the

 

Sle1

 

/

 

Nba2

 

 linkage region on distal mouse chromosome 1
(Table 1) [14,15].

An 

 

Acps

 

 knock-out mouse developed spontaneous autoim-
munity and glomerulonephritis. It was hypothesized that the
absence of 

 

Sap

 

 probably preventing the clearance of chromatin.
This failure in ‘waste-disposal’ promotes the production of
autoantibodies against chromatin and DNA, with subsequent
deposition in the kidney [16]. Additionally, expression of a human

 

CRP

 

 transgene in the NZW/B F1 has been shown to delay the
onset of lupus [17].

More  recently,  human  association  studies  have  shown
that  a  single  SNP,  CRP4,  is  associated  with  SLE  and  also  with
the production of ANA [18]. The human gene produces two
mRNA  species,  which  differ  in  the  length  of  the  3’UTR
(

 

http://www.ncbi.nlm.nih.gov/

 

). CRP4 is located in the 3

 

¢

 

UTR of
the longer CRP mRNA molecules and may therefore play a role
in transcript stability. Furthermore, basal levels of CRP were
affected by the rare A allele of CRP4, being lowest in A/A
homozygotes of CRP4. Further experiments are required to
determine whether genetic variation at the CRP locus impacts on
the magnitude of the acute phase CRP response, which is pre-
served in response to certain inciting stimuli in SLE.

 

DNASEI

 

Like the pentraxins, 

 

DNASEI

 

 is also involved in the removal of
potential autoantigens. Interest in 

 

DNASEI

 

 as a susceptibility

gene for SLE began with the observation that there was reduced

 

DNASEI

 

 activity in the serum of SLE patients [19]. The enzyme
is the major nuclease present in the serum, urine and excreta,
probably being the enzyme responsible for the degradation of
nuclear antigens carried by the serum, produced by apoptosis of
cells at sites of tissue damage or inflammation elsewhere in the
body.

More recently B6, 

 

Dnase

 

–/–

 

 knock-out mice showed increased
production of autoantibodies against nuclear antigens, especially
ssDNA and nucleosomes. There may be a dose-dependent effect
on gene expression, since there was only 50% DNAse I expres-
sion levels in 

 

Dnase

 

+

 

/–

 

 mice compared to that seen in wild-type
mice. Furthermore, 17% of the 

 

Dnase

 

+

 

/–

 

 animals showed symp-
toms of glomerulonephritis, as compared to 23% of 

 

Dnase

 

–/–

 

 mice
[20].

Given the reduced enzyme activity and production of patho-
genic ANA in lupus, it was suggested that polymorphisms at the

 

DNASEI

 

 locus might contribute to the development of SLE. The
human gene is located at 16q13.3, in an interval linked to SLE
[5,6]. Furthermore, an A/T polymorphism in exon 2 was detected
in two young Japanese SLE patients, who had low serum

 

DNASEI

 

 activity and high levels of IgG antinucleosome antibod-
ies [21]. However, this missense polymorphism was not found in
182 UK patients [22], 39 unrelated Tunisian SLE cases or 91 nor-
mal controls[23] 18 American SLE patients [24] or 108 Spanish
SLE patients and 100 healthy controls [25].

It is interesting to note that although there are three differ-
ent isoforms of the enzyme, produced by six known polymor-
phisms, there are no significant differences in enzyme activity
between these isoforms [26]. To fully elucidate the genetic contri-
bution of 

 

DNASEI

 

 to the aetiology of SLE, identification of fur-
ther SNPs across each isoform of the enzyme will be necessary,
prior to detailed association studies in different racial groups.
Additionally, it will be interesting to determine whether the dif-
ferent isoforms of 

 

DNASEI

 

 have an individual genetic contribu-
tion to SLE and the causality of the low serum levels of

 

DNASEI

 

.

 

C1Q

 

C1q initiates the classical pathway of the complement system. A
role for C1q in the genetic predisposition to SLE originated from
observations that homozygous hereditary C1q deficiency is a sig-
nificant risk factor, albeit an extremely rare, in the development
of SLE. Almost 90% of people identified as being C1q deficient,
go on to develop SLE, with a low age of onset [27–31]. However,
the molecular basis for this complete C1q deficiency is heteroge-
neous [29] Additionally, acquired low levels of serum C1q, are
also predictive of proliferative lupus nephritis [32].

 

Table 1.

 

Susceptibility loci important in human SLE and murine models of lupus

Gene
Human 
location

Linkage 
study

Mouse location 
(Chromosome: cM)

Mouse linkage 
region

Mouse
linkage reference

 

CRP/SAP

 

1q23·2  [7,8] 1: 94·2

 

Sle1

 

/

 

Nba2

 

 [15]/[14]

 

DNASE1

 

16q13·3  [5,6] 16: 1·7 – –

 

C1Q

 

1p36  [10] 4: 66·1

 

~

 

Nba1

 

 [33]

 

FC

 

g

 

RIIA/IIA

 

1q23  [8,10] 1: 92·3

 

Nba2

 

 [14]

 

PDCD1

 

2q37·3  [67] 1 D

 

Bxs3

 

 [80]

http://www.ncbi.nlm.nih.gov/
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The 

 

C1QA

 

, -

 

B

 

 and -

 

C

 

 genes in humans are located at 1p36,
which has been identified as a suggestive linkage region for SLE
by Gray-McGuire 

 

et al

 

. [10] (Table 1). The C1q genes in mice are
found on mouse chromosome 4 at 66·1 c

 

M

 

, close to the 

 

Nba1

 

 link-
age region mapped in the NZB/W F1 model of lupus nephritis
[33]. A 

 

C1qa

 

–/–

 

 knock-out mouse, on a hybrid 129 

 

¥

 

 C57/BL6
background, produced high levels of ANA and antihistone
autoantibodies. 25% of these animals developed glomerulone-
phritis, with a relative increased frequency of glomerular apop-
totic bodies [34]. Since C1q is produced directly from cells of the
monocyte-macrophage lineage, reconstitution of normal serum
levels of C1q in the 

 

C1qa

 

–/–

 

 knock-out was seen within 4–6 weeks
after transplantation with wild type bone marrow cells [35].

Although it is clear that hereditary C1q deficiency is a signif-
icant risk factor in the development of human SLE, the contribu-
tion of genetic variants with the potential to exert subtle effects
on C1q expression and function is less clear-cut, and awaits fur-
ther investigation. In a recent small study it was suggested that a
synonymous SNP in Gly70 was associated with decreased levels
of C1q in subacute cutaneous lupus erythematosus [36]. However,
the molecular basis of the reduction in C1q levels was explored in
NZB and NZB/W F1 mice. There were no polymorphisms
detected in the two exons and single intron of  each of the 

 

C1qa

 

,
-

 

b

 

 or -

 

c

 

 genes. However, a 

 

~

 

3·5 kb insertion in the upstream
region of the 

 

C1qa

 

 gene was linked to low levels of C1q in young
NZB and NZB/W F1 serum. The exact location of this insertion
was not reported, but the 

 

D4Mit70

 

 microsatellite in the region of
the insertion was linked to low levels of C1q and development of
nephritis [37].

 

THE Fc RECEPTORS

 

A number of lines of evidence have implicated the Fc

 

g

 

 receptors
in the development of autoimmunity. 

 

Nba2

 

 and 

 

Sle1

 

 are two key
linkage intervals for lupus nephritis, on mouse distal chromosome
1 [14,38,39], these loci contain two 

 

Fc

 

g

 

 receptor genes, 

 

Fcgr2

 

 and

 

Fcgr3

 

, with the peak of linkage in 

 

Nba2

 

 being close to 

 

Fcgr2

 

(Table 1) [40,41]. Although there are membrane-bound Fc recep-
tors described for each class of antibody, IgG, IgM, IgA and IgE,
it is 

 

Fcgr2

 

 and 

 

Fcgr3

 

 which are important in lupus. This family of
receptors is important in the clearance of antibodies or immune
complexes, a process crucial to the regulation of the immune
response. The clearance effect of the 

 

Fc

 

g

 

 receptor system is a
balance between activating and inhibitory receptors, with 

 

Fcgr

 

3
being an activating receptor and 

 

Fcgr

 

2 being an inhibitory
receptor.

The human orthologues of 

 

Fcgr2

 

 and 

 

Fcgr3,

 

 Fc

 

g

 

RII and
Fc

 

g

 

RIII are located in the 1q23–24 linkage region on human chro-
mosome 1, identified in genome-wide linkage studies for SLE
[8,10]. However, there is not a direct gene-to-gene match of the
human and mouse genes, since in mice there are single genes for

 

Fcgr2

 

 and 

 

Fcgr3

 

, whereas in humans there is gene duplication,
leading to five genes corresponding to 

 

Fcgr2

 

 and 

 

Fcgr3

 

; encoded
in the order Fc

 

g

 

RIIA, Fc

 

g

 

RIIIA, Fc

 

g

 

RIIC, Fc

 

g

 

RIIIB and
Fc

 

g

 

RIIB.
Many association studies have investigated polymorphisms in

the stimulatory Fc

 

g

 

RIIa (CD32) and Fc

 

g

 

RIIIa (CD16) genes,
both of which are low affinity binders of IgG molecules. These
genes make good candidates for SLE, because they both possess
SNPs causing nonsynonymous amino acid changes that are asso-
ciated with disease.

In the case of Fc

 

g

 

RIIa the nonsynonymous polymorphism
converts amino acid residue 131 from histidine (H) to an arginine
(R), with the R allele binding with less avidity to IgG2 than the H
allele. Since Fc

 

g

 

RIIa is the major receptor class for IgG2, this mis-
sense mutation is important because anti-dsDNA autoantibodies
are predominantly of the IgG2 subclass, so the mutation may lead
to delayed clearance of dsDNA-IgG2 containing immune com-
plexes. However, the results of a series of association studies
investigating the involvement of the R131 allele with lupus
nephritis were inconclusive. In SLE cases from African American
[42], white Dutch [43] and Hispanic populations with high level of
renal disease [44], there was increased Fc

 

g

 

RIIa R131 allele com-
pared to the H allele. However, this was not observed in other
European, Asian or African Caribbean populations both with and
without renal disease [42,45–50]. In an attempt to clarify the
inconsistencies of these results, meta-analysis was carried out on
genotyping information from 17 studies. This analysis showed that
the RR genotype was more common in the total number of SLE
cases (Odds Ratio (OR) 

 

=

 

 1·30, 95% confidence interval (CI)
1·10–1·52) and in those patients without renal disease (OR 

 

=

 

 1·27,
95% CI 1·04–1·55), both compared to normal controls. There was
a potential dose–response relationship, most clearly seen in the
European Caucasian racial group, between the R allele, encoding
the low affinity receptor, and the risk of SLE, but not for lupus
nephritis [51].

In Fc

 

g

 

RIIIA, the most frequently studied SNP also leads to
nonsynonymous amino acid change; from phenylalanine (F) to
valine (V) change at residue 158. The F158 allele binds IgG1 and
IgG3 with lower affinity than the V158 allele. This is important
since evidence in both human SLE and in murine models of lupus
nephritis suggests that IgG2 and IgG3 may have a pathogenic role
in kidney disease [52,53].

Consequently, alleles of Fc

 

g

 

RIIA reducing the clearance of
IgG3 antibodies may increase the extent of renal disease. As with
Fc

 

g

 

RIIA, the results from association studies were not conclusive,
with increased levels of the low binding F158 allele in reported in
Hispanic [44] Caucasian [48], Korean [50] and an ethnically
diverse population [54], but not in African American [55] or Cau-
casian SLE patients [47].

Association of F158 to lupus nephritis was found in a Cauca-
sian, Korean and a multiethnic population [50] but not in Ger-
mans or in Hispanics, Asian/Pacific Islanders and African
Americans [56]. A recent meta-analysis of the F/V158 polymor-
phism using data from 11 studies showed association of the low-
binding F158 allele with lupus nephritis {OR 

 

=

 

 1·2, 95% CI 1·06–
1·36, 

 

P

 

 

 

=

 

 0·003]. This risk was higher in FF homozygotes com-
pared to VV homozygotes (OR 

 

=

 

 1·47, 95% CI 1·11–1·93,

 

P

 

 

 

=

 

 0·006). The association to SLE was uncertain [57]. Overall,
the association data for the H/R131 and F/V158 polymorphisms is
not strong enough to fully account for the linkage identified in
1q23–24, indicating that other genes encoded in this region are
involved in the genetic susceptibility to SLE.

However, functional data, supported by murine knock-outs,
indicate that both 

 

Fcgr2

 

 and 

 

Fcgr3

 

 may be involved in disease
pathogenesis. The g chain, located at 1q23, forms part of the func-
tional FcgRIII and FcgRI molecules, hence a g chain knock-out
did not express either FcgRIII or FcgRI. Phenotypically, these
mice were able to generate and deposit immune complexes, but
did not develop the inflammation and nephritis mediated by
Fcgr3 [58]. Additionally, NZB/W nice possessing a disrupted
Fcgr3b gene did not develop glomerulonephritis, despite having
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increased levels of antidsDNA autoantibodies with renal deposi-
tion [59]. In the Fcgr2 knock-out mouse there were increases in
both B cell responses and in levels of immunoglobulins. These
data are important since Fcgr2b is only expressed on B cells,
where it inhibits B cell receptor-mediated activation of B cells.
However, other pathways are also involved in the regulation of
antibody levels, since these mice do not show uncontrolled immu-
noglobulin production [60]. Fcgr2b knock-out mice do not show
significant renal disease [61]. More recently, the Fcg RIIB defi-
ciency in combination with the Fas mutation has been shown to be
important in the development of autoimmune disease, since the
B6.Faslpr/lpr-Fcg RIIB deficient mice develop systemic autoimmu-
nity, but the B6.Faslpr/lpr do not [62].

Investigation of a molecular mechanism for the involvement
of Fcgr2 in the pathogenesis of autoimmune disease revealed sin-
gle nucleotide polymorphisms (SNPs) in the promoter of Fcgr2b.
These SNPs, identified in spontaneous mouse models of autoim-
munity (NZB, BXSB, MRL and NOD), led to down regulation of
the levels of Fcgr2b in germinal centre B cells, which produce high
affinity IgG anti-DNA autoantibodies [63–65].

Although there is good circumstantial evidence to support a
role for murine Fcg receptors in lupus, there two major problems
in the interpretation of the data. Murine knock-outs of genes in dis-
tal chromosome 1, including the Fcg receptors, have been devel-
oped using the B6/129 hybrid system. However, in the fragment of
DNA used for the homologous recombination, there are other
genes, adjacent to the disrupted gene which have been implicated
in autoimmunity. There may be epistatic interactions between uni-
dentified 129 or B6 genes in the background of the knock-out
which interact with the targeted gene to contribute to the autoim-
mune phenotype [66]. In addition, as mentioned earlier, there are
structural differences in the locus containing the Fcg receptors in
mouse and human. However, given these caveats, the association
data in humans, the functional genetic studies in mice, the balance
between activation and inhibition of the Fcg receptor pathways in
both systems, together with the divergence in antibody specificity
for the Fc receptors, it may be that combinations of the alleles at
multiple Fcg receptor genes make a bigger contribution to the
development of SLE than the individual genes alone.

OTHER GENES

PDCD1
Human linkage studies have also identified a locus, SLEB2, at
2q37.3, which contains the PDCD1 gene [67]. PDCD1 is an inhib-
itory transmembrane receptor which down-regulates lymphocyte
proliferation and cytokine secretion (mediated by the T cell
receptor) [68,69]. The gene is a member of the immunoglobulin
family and is induced on peripheral T and B lymphocytes [68,69].

Aged Pdcd1 knock-out B6 mice develop spontaneous lupus-
like disease with glomerulonephritis and arthritis. Using a T cell
receptor transgenic system, it was shown that the regulatory effect
of PDCD1 operated the level of the T cell receptor, in maintain-
ing peripheral tolerance [70]. Interestingly, although Pdcd1
knock-out mice develop lupus-like illness, there are increased lev-
els of PDCD-1, compared to controls, in several autoimmune dis-
eases, including SLE [71]. However, the reasons behind for this
apparent contradiction are unclear.

A polymorphism in intron 4 (PD1·3), allele A, was associated
with SLE (P = 0·00001), in Europeans [72] and in European
Americans [73]. The A allele of this SNP, which is located in an

intronic enhancer sequence, disrupts the binding site for the
RUNX1 transcription factor. It was proposed that the polymor-
phism resulted in the inappropriate regulation of PDCD1, leading
to a breakdown in tolerance and to lymphocyte hyperactivity.
Recently a significant association with renal disease was reported
by the same group in Swedes, but not in European Americans
[73]. However, a SNP in exon 6, in amino acid residue C268, was
not associated with SLE in Chinese patients, but was associated
with Rheumatoid Arthritis [74].

CONCLUSIONS

This review summarizes several examples in which mouse genet-
ics have provided a powerful tool in the analysis of candidate
genes for SLE. This can be seen in the murine linkage studies,
which have identified linkage regions containing the CRP/SAP,
Fcgr2 and Fcgr3 genes, with orthologous genes also found in
regions linked to human SLE. However, divergence between the
human and mouse genomes may mean that for given candidate
genes there may not be direct orthologues between the two spe-
cies. Nevertheless, this lack of orthology may not be a serious
problem for the cross species approach to the genetic analysis of
lupus. This can be seen most clearly in the case of the Fcg
receptors and pentraxin genes, where it was still possible to gain
valuable information from murine candidates, despite the
absence of direct human orthologues.

Functional data has also been informative, with mouse knock-
outs implicating several genes as good candidates for SLE, with a
diversity seen in the autoimmune phenotypes. This highlights the
complexity of the disease pathology for lupus. However, using
data from mouse models of lupus will not give us complete picture
of the factors involved in human SLE. This is because the pre-
dominant disease phenotype in mice is of glomerulonephritis,
whereas in human SLE which involves multiple organ systems,
there are a much wider set of clinical manifestations, including
serositis, skin involvement and disorders of the central nervous
system. This limitation of the disease phenotypes in mice can be
seen by looking at the reports of several murine knock-outs. The
ACPS knock-out mice developed glomerulonephritis. DNASE1
knock-out mice had increased levels of autoantibodies against
nuclear antigens in addition to glomerulonephritis, however,
glomerulonephritis was less prevalent in the C1q knock-out ani-
mals, since only 25% of the animals had renal disease. Further-
more, the autoantibodies produced were predominantly against
ANA and histones. The g chain knock-out did not develop the
inflammation and severe nephritis characteristic of some other
knock-outs, but did have proteinuria and glomerular deposition of
anti-DNA autoantibodies and IgG1, -2a and -2b immune
complexes [58]. The Fcgr3b knock-out also did not develop
glomerulonephritis, but had renal deposition of antidsDNA
autoantibodies [59] and the Fcgr2b knock-out, despite having ele-
vated immunoglobulin levels, also did not develop renal disease
[60,61]. Pdcd1 knock-out mice develop multiple immunoglobulins
with glomerulonephritis and deposition of IgG3 autoantibodies
[70]. However, as mentioned previously, there can also be prob-
lems in the utilization of murine knock-outs. In the case of C1q, a
129/sv genomic library was used to isolate the C1q gene. If the seg-
ment of DNA around this 129/Sv C1q gene, which is included in
the DNA fragment used for homologous recombination also con-
tains susceptibility loci, it may be difficult to interpret whether the
phenotype is due to the knocked out gene or these other suscep-



Candidate gene and murine models of human SLE 5

© 2004 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 137:1–7

tibility genes. In the future, it will be possible to use RNAi
approaches to specifically knock out a single gene, thereby avoid-
ing the ‘carry over’ of flanking DNA sequence. Nevertheless, it is
likely that the variants contributing to a complex disease trait do
not completely abrogate the function of their gene product.

In mice, the identification of loci important in disease aetiol-
ogy, may be hampered by the limited sequence heterogeneity
seen in inbred mice. However, this can be overcome by mapping
loci in different lupus-prone strains and in the context of different
genetic backgrounds to increase sequence diversity [75]. Further-
more, this may counteract the problems associated with the
extreme genetic heterogeneity in human samples, which may act
to reduce the chances of finding a strong genetic effect. It should
be noted that the extent of haplotype diversity is not infinite in the
human population, with a variation in both the size and the con-
stituent variants of the discrete haplotype blocks found through-
out the genome [76–79].

In summary, this shows that integrating data from murine
models of lupus may facilitate the identification of susceptibility
genes for SLE in human populations, because they are a good
experimental system in which to test out functional hypotheses
for the aetiology of SLE and potential therapeutic strategies. The
examples given in this paper serve to demonstrate that this cross-
species approach can be an important tool in unravelling the com-
plexity of the human disease.
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