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Advanced Intercross Line Mapping of Eae5 Reveals Ncf-1 and
CLDN4 as Candidate Genes for Experimental Autoimmune
Encephalomyelitis1
Kristina Becanovic,2* Maja Jagodic,* Jian Rong Sheng,* Ingrid Dahlman,*
Fahmy Aboul-Enein,† Erik Wallstrom,* Peter Olofsson,‡ Rikard Holmdahl,‡ Hans Lassmann,†
and Tomas Olsson*

M

ultiple sclerosis (MS)3 is a chronic inflammatory and
demyelinating disease of the CNS causing neurological deficits. There is evidence for a genetic predisposition to develop MS with a sib value of 20 – 40 (1). Although the
HLA region has proven to be associated with MS (2–5), it has
turned out to be difficult to link distinct genes to MS susceptibility
in both family linkage studies and association studies. This difficulty could be attributed to genetic heterogeneity, modest or weak
effects of each disease-predisposing gene, and insufficient sample
sizes. Rodent animal models of MS such as experimental autoim-
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mune encephalomyelitis (EAE) reduce these problems, because
analysis can be conducted in large crosses of EAE-resistant and
EAE-susceptible inbred strains. Genome-wide linkage analysis has
identified several loci linked to susceptibility in the mouse and rat
(6 –15). These loci are still large, encompassing hundreds of genes.
Demonstration of the biological effect of an EAE-regulating quantitative trait locus (QTL) requires analysis of congenic strains, and
further exact positioning requires extensive breeding to isolate the
disease-regulating genes. A shortcut to further narrow the confidence intervals within the QTLs can be achieved by using an advanced intercross line (AIL) in which F2 rats are intercrossed for
additional generations. This narrowing is due to an accumulated
increase in the number of recombinations compared with an F2
intercross (16). In addition, the AIL may allow calculations of
epistatic interactions within QTLs, in contrast to congenic mapping in which such interactions are difficult to identify systematically. We here combine congenic strains and an AIL to study
Eae5. This locus is of interest for two reasons: 1) it displays linkage to CNS inflammation in an F2 (DA ⫻ BN) cross (9) and
linkage to EAE severity in an F2 (E3 ⫻ DA) cross (14); and 2) it
overlaps with an arthritis-regulating locus, Pia4 (17), in which we
recently positionally cloned a major contributing gene, Ncf-1 (18).
We use EAE induced with myelin oligodendrocyte glycoprotein
(MOG) because, compared with many other rodent models, it displays a chronic relapsing disease course, demyelination, and axonal damage more closely resembling human MS (19 –21). In addition, similar to MS but unlike most EAE models, there appears
to be a pathogenic role of demyelinating Abs in MOG-EAE (22–
24). To define the underlying genes in the Eae5 locus we took
advantage of both congenic strains and an AIL. A congenic strain,
0022-1767/06/$02.00
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Eae5 in rats was originally identified in two F2 intercrosses, (DA ⴛ BN) and (E3 ⴛ DA), displaying linkage to CNS inflammation
and disease severity in experimental autoimmune encephalomyelitis (EAE), respectively. This region overlaps with an arthritis
locus, Pia4, which was also identified in the (E3 ⴛ DA) cross. Two congenic strains, BN.DA-Eae5 and BN.DA-Eae5.R1, encompassing the previously described Eae5 and Pia4, were established. DA alleles within the chromosome 12 fragment conferred an
increase in disease susceptibility as well as increased inflammation and demyelination in the CNS as compared with BN alleles.
To enable a more precise fine mapping of EAE regulatory genes, we used a rat advanced intercross line between the EAEsusceptible DA strain and the EAE-resistant PVG.1AV1 strain. Linkage analysis performed in the advanced intercross line
considerably narrowed down the myelin oligodendrocyte glycoprotein-EAE regulatory locus (Eae5) to a ⬃1.3-megabase region
with a defined number of candidate genes. In this study we demonstrate a regulatory effect of Eae5 on MOG-EAE by using both
congenic strains as well as fine mapping these effects to a region containing Ncf-1, a gene associated with arthritis. In addition to
structural polymorphisms in Ncf-1, both sequence polymorphisms and expression differences were identified in CLDN4. CLDN4
is a tight junction protein involved in blood-brain barrier integrity. In conclusion, our data strongly suggests Ncf-1 to be a gene
shared between two organ-specific inflammatory diseases with a possible contribution by CLDN4 in encephalomyelitis. The
Journal of Immunology, 2006, 176: 6055– 6064.
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BN.DA-Eae5, was established through introgression of a chromosome 12 DA fragment into the resistant BN background. BN contains the MOG-EAE-susceptible RT.1N MHC haplotype (19, 25),
although the non-MHC BN background genes provide a relative
resistance (19). Congenic BN.DA-Eae5 and the recombinant
BN.DA-Eae5.R1, sharing a region on chromosome 12 inherited
from DA, developed a more severe disease as compared with BN,
confirming the original F2 mapping data. To further confirm and
localize Eae5, we used an advanced intercross line in the seventh
generation (G7) in a cross between EA-susceptible DA and EAresistant PVG.1AV1 rats (both of which share the same RT.1AV1
MHC haplotype). Fine mapping of the Eae5 locus in the AIL confirmed the EAE association and limited the region to a ⬃1.3-megabase (Mb) region comprising only 20 genes. The mRNA from
these genes was analyzed for both sequence and expression differences between DA, PVG.1AV1, and BN. Polymorphisms were
identified in Ncf-1, and we here suggest it to be an example of a
shared gene between different organ-specific inflammatory diseases in rat, i.e., EAE and experimental arthritis. Furthermore, both
sequence and expression data suggest CLDN4 as an additional
modifier gene operating in encephalomyelitis. The syntenic region
in human (7q11.23) has previously displayed suggestive linkage to
MS (26). Accordingly, this comparative mapping approach suggests CLDN4 as an obvious candidate to be tested in association
studies using human MS material and healthy controls. Moreover,
CLDN4 is a tight junction protein involved in the blood-brain barrier integrity (27), making it at this stage already an interesting
candidate for drug targeting and for acting as a biomarker in MS.

create the F1 generation, two breeding pairs with DA as female founders
and two breeding pairs with PVG.1AV1 as the female founder were bred.
The F2 generation was produced from seven pairs of F1 rats with DA and
PVG.1AV1 as female founders, respectively. The third generation originated from 50 breeding pairs with both types of female founders. Random
breeding of 50 males and females produced all following generations,
avoiding brother-sister mating throughout the breeding program. Finally,
three G7 litters were produced for MOG-EAE experiments. The litters
were similar in size, with almost equal numbers of females and males. One
thousand sixty-eight G7 animals were selected for EAE experiments.

Materials and Methods

Histopathologogical evaluation

Congenic rats

Rats from the first and second experiment performed were sacrificed and
perfused via the left ventricle of the heart with 4% paraformaldehyde on
day 30 p.i. Brains and spinal cords were dissected and embedded in paraffin
wax. Sections 2- to 4-m-thick were cut on a microtome and stained with
H&E to assess inflammation and with Luxol fast blue and periodic acidSchiff to assess demyelination (20). Inflammation and demyelination were
assessed on brain and spinal cord sections. To assess the extent of inflammation, the mean number of inflammatory infiltrates around vessels in the
spinal cord was evaluated. To assess the degree of demyelination, a semiquantitative score slightly modified from that described by Storch et al.
(20) was used. The scale ranged from 0 to 4 for brain and spinal cord, with
a maximum score of 8 per animal. The scores were obtained as follows: 1,
perivascular/subpial demyelination; 2, marked demyelination; 3, extended
demyelination, e.g., more than half of the spinal cord white matter or one
optic nerve or more than half of the cerebellar white matter; and 4, full
demyelination of the spinal cord white matter, both optic nerves, or the
cerebellar white matter.

Induction and clinical evaluation of EAE

BN rats were originally obtained from the Zentralinstitut für Versuchstierzucht (Hannover, Germany) and commercially bought from Harlan.
BN rats from Harlan were used in the second experiment performed. In the
third experiment we used BN rats both from Harlan and from our own
breeding, and we can confirm that there is no significant difference between
the strains under the current experimental conditions (data not shown). To
establish congenic BN.DA-Eae5 rats, (BN ⫻ DA)F1 rats were backcrossed
for seven generations using the speed congenic approach (28). One hundred microsatellite markers were used to screen the genome background in
the N4 rats. Rats with the least degree of DA alleles in the background
genome were chosen for breeding. BN.DA-Eae5 harbors DA alleles between D12Mgh1 and D12Rat22 (D12Rat22 is a telomeric marker) (38 cM
fragment). BN.DA-Eae5.R1 harbors DA alleles in the interval, D12Mgh1D12Rat26 (10 cM fragment) (see Fig. 1). BN.DA-Eae5.R1 is homozygous
BN in D12Mgh5. We could only include four recombinant BN.DAEae5.R1 rats, because the breeding of this strain was very unproductive.
All animals were kept locally in light- and temperature-regulated rooms
under specific pathogen-free conditions (with free access to water and
food). The North Stockholm Ethical Committee approved the experiments.

Anti-MOG IgG-isotype determination
Serum was sampled from each rat day 14 p.i. We used ELISA to determine
anti-MOG IgG, IgG1, IgG2a, IgG2b, and IgG2c for each rat. ELISA plates
(Nunc) were coated with recombinant rat MOG (aa 1–125) diluted in 0.1
M NaHCO3 (pH 8.2) at a concentration of 10 g/ml. One hundred microliters of the MOG dilution was added to each well. The coated plates were
stored overnight at 4°C. The sera for measuring IgG, IgG2a, and IgG2b

Advanced intercross line
The advanced intercross line was established from DA and PVG.1AV1
rats, both originally obtained from Zentralinstitut für Versuchstierzucht. To

Table I. Summary of the clinical EAE outcome in chromosome 12 congenic strains compared with BNa
Maximum Clinical EAE Score
Strain

Incidenceb

Mean Day of
Onset ⫾ SDb

BN
BN.DA-Eae5
BN.DA-Eae5.R1

25/58
33/45ⴱⴱ
4/4ⴱ

15.6 ⫾ 3.9
14.6 ⫾ 4.9
12.5 ⫾ 0.6

0

1

2

3

4

⬎4

Mean Maximum EAE
Score ⫾ SDc

Mean Cumulative
Score ⫾ SDc,d

Mortality

33
12

1

6
1

8
5

1
9

10
17
4

1.55 ⫾ 1.98
3.09 ⫾ 2.08ⴱⴱⴱ
5.0 ⫾ 0ⴱⴱ

19.9 ⫾ 31.8
42.1 ⫾ 33.9ⴱⴱⴱ
83.3 ⫾ 4.3ⴱⴱ

9/58
16/45ⴱ
4/4ⴱⴱ

a
The p values were calculated when comparing BN with BN.DA-Eae5 and BN.DA-Eae5.R1, respectively, using with the Mann-Whitney U test; ⴱ, p ⱕ 0.05; ⴱⴱ, p ⱕ 0.01;
ⴱⴱⴱ, p ⱕ 0.001.
b
Incidence indicates affected animals/total number of animals.
c
Mean values calculated include both affected and unaffected animals, except for day of onset where mean value only includes affected rats.
d
Rats that died before day of sacrifice were calculated with EAE score of 5 until days 30 –35 p.i. for cumulative EAE score.
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Rats between 8 and 11 wk of age were anesthetized with isoflurane (Abbott
Laboratories) and immunized intradermally in the tail base. Each rat received 200 l of inoculum containing recombinant MOG (aa 1–125) (29)
in PBS (Invitrogen Life Technologies) emulsified 1:1 with IFA (SigmaAldrich). Two hundred micrograms of Mycobacteria tuberculosis (Difco
Laboratories) was added to the described induction protocol for the experiments with congenic BN.DA-Eae5 and BN.DA-Eae5.R1 and parental BN
rats. Animals were weighed, and clinical signs of disease were evaluated
from day 7 to days 30 –35 postimmunization (p.i.). The signs were scored
as follows: 1, tail weakness or tail paralysis; 2, hind leg paraparesis (gait
disturbance) or hemiparesis; 3, hind leg paraparalysis or hemiparalysis; 4,
tetraplegia with urinary and/or fecal incontinence; and 5, death and/or sacrifice due to severe EAE. If severe balance disturbance and/or severe disease was observed for more than 1 day, the rat was sacrificed. EAE score
was defined when the rat displayed clinical signs for more than 1 day, and
onset was calculated as the first day the clinical signs were observed. Rats
that died before the day of sacrifice were included in the scoring with an
EAE score of 5. This was done to prevent a reduction in power of the
statistical analysis. Balance disturbance was scored as follows: 1, tilted
walk; 2, severe leaning position; and 3, spinning. The experiment with BN
and BN.DA-Eae5 was repeated four times, and pooled data are displayed
in Table I.
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isotype levels were diluted 1/2500, 1/2000, and 1/2500, respectively, and
the sera for IgG1 and IgG2c were diluted 1/250 and 1/200, respectively.
Antisera were diluted as follows: 1/2000 for IgG, IgG2a, and IgG2b;
1/1000 for IgG1; and 1/500 for IgG2c (Nordic). Goat anti-rabbit conjugate
was diluted 1/10,000 (Nordic). OD values were read at 450 nm. Each plate
had DA serum (immunized with MOG) as a positive control in duplicate.
Arbitrary units were calculated for each rat and for each IgG isotype by
comparing the values with the standard curve of the positive control for
each ELISA plate.

Genotype analysis
Genomic DNA was prepared from tail tips according to a standard protocol
(30). Microsatellite markers polymorphic for the DA and PVG.1AV1
strains were used for PCR-based amplification together with primers end
labeled with [␥-33P]ATP (31). Primers were obtained from Genset. PCR
products were size fractionated on 6% polyacrylamide gels and visualized
by autoradiography. Single nucleotide polymorphism (SNP) markers that
distinguish between DA and PVG.1AV1 in the coding region of Ncf-1 were
produced previously (18). Polymorphisms were identified by sequencing at
nt 330 (A in DA and BN and G in PVG.1AV1) and nt 472 (T in DA and
C in BN and PVG.1AV1). Genotype analyses for the SNP markers in exon
4 and 6 in Ncf-1 were run using the Pyrosequencing PSQ 96 system according to protocols supplied by the manufacturer (Biotage).

Tissue samples from thymus, spleen, lymph node, brain (hippocampal
level), and spinal cord (cervical level) were sampled from naive and MOGimmunized DA, PVG.1AV1, and BN rats, respectively. Tissues were sampled on the day of EAE onset in the MOG-immunized rats. Sampling of a
diseased DA rat resulted in the same sample number of PVG.1AV1 and BN
rats, respectively. These tissues were considered to be of biological importance in EAE. Cells for each tissue were lysed, and total RNA was
extracted (Qiagen total RNA extraction kit). Samples were incubated with
DNase according to the manufacturer’s protocol (Qiagen; RNase-free
DNase set) for 30 min at room temperature to avoid amplification of contaminating genomic DNA. Reverse transcription was performed with 10 l
of total RNA, random hexamer primer (0.1 g; Invitrogen Life Technologies), and SuperScript reverse transcriptase (200 U; Invitrogen Life Technologies). Quantitative analyses of mRNA expression were performed using QuantiTect SYBR Green according to the manufacturer’s instructions
(Qiagen). Amplification was performed using an ABI PRISM 7700 sequence detection system (PerkinElmer). All primers were designed using
the Primer Express software (PerkinElmer). Primers were constructed over
exon/exon boundaries to avoid amplification of contaminating genomic
DNA. Relative quantification of mRNA levels was calculated using the
standard curve method, with amplification of mRNA and GAPDH in separate tubes (as described in PerkinElmer Applied Biosystems User Bulletin
No. 2, ABI PRISM 7700 Sequence Detection System; December 11,
1997). Standard curves were created using four serial dilutions (1/1, 1/10,
1/100, and 1/1000) of liver cDNA equally mixed from five MOG-immunized DA and five MOG-immunized PVG.1AV1 rats. Each sample was
run in duplicate with primers for GAPDH and the different target mRNA,
respectively, in different wells. Samples without added cDNA served as
negative controls. The relative amount of mRNA in each well was calculated as the ratio between the target mRNA and the endogenous GAPDH.
⌬Ct, i.e., Ct value for target ⫺ Ct value for GAPDH (where Ct is cycle
threshold), was calculated for WBSCR28. The first experiment was performed on brain tissue in naive DA (n ⫽ 4) and PVG.1AV1 rats (n ⫽ 4).
The second experiment included naive and MOG-immunized DA and
PVG.1AV1 rats, respectively. We analyzed tissue from thymus, spleen,
lymph node, brain, and spinal cord in pooled groups of naive DA (n ⫽ 8),
naive PVG.1AV1 (n ⫽ 8), MOG-immunized DA (n ⫽ 5), and MOGimmunized PVG.1AV1 (n ⫽ 8) rats. All 20 genes within the confidence
interval of Eae5 were analyzed. Subsequently, we quantified the expression
of CLDN4 individually in spleen, lymph node, brain, and spinal cord in
individual samples of naive and MOG-immunized DA, PVG.1AV1, and
BN rats (naive DA, n ⫽ 8; naive PVG.1AV1, n ⫽ 8; naive BN, n ⫽ 7;
MOG-immunized DA, n ⫽ 5; MOG-immunized PVG.1AV1, n ⫽ 8; and
MOG-immunized BN, n ⫽ 8). Tri50 and FKBP6 were not expressed.

Sequence analysis
Primers for the sequencing of each target gene were designed using the
Oligo 6.0 version software (National Biosciences). Genomic DNA from
DA and PVG.1AV1 was used as source for sequencing of NSUN5, Tri50,
FKBP6, Fzd9, BAZ1B, CLDN4, WBSCR27, WBSCR28, Eln, Limk1,
WBSCR1, Wbscr5, RFC2, Cyln2, GTF2IRD1, GTF2I, Ncf-1, GTF2IRD2,
WBSCR16, and GATS in combination with cDNA for NSUN5 (liver), Fzd9

(brain), BAZ1B (liver), WBSCR27 (liver), Eln (liver), Limk1 (brain),
WBSCR1 (liver), RFC2 (liver), Cyln2 (brain), GTF2IRD1 (liver), GTF2I
(liver), Ncf-1 (liver), GTF2IRD2 (liver), WBSCR16 (brain), and GATS
(brain). Tissue source is indicated in parentheses and was chosen upon
evaluation of degree of expression when comparing brain, liver, spleen,
and kidney in DA rat. PCR were performed according to conventional
protocols and/or using the Advantage 2 PCR kit according to protocols
supplied by the manufacturer for sequences longer than 2 kb (BD Clontech). All PCR products were run separately on 0.8 –2% agarose gels for
evaluation of the size of the PCR product. Sequencing reactions were performed using Mix v3.1 Big Dye according to protocols supplied by the
manufacturer (Applied Biosystems).

Statistical analysis
The Mann-Whitney U test was used to compare the clinical scores, antiMOG IgG levels, inflammation index, and demyelination for BN, BN.DAEae5, and BN.DA-Eae5.R1 rats. Fisher’s exact test was used to analyze
whether there was a difference in observed genotype distribution between
affected rats, i.e., rats with positive clinical scores, and nonaffected rats. In
addition, the Kruskal-Wallis ranking test was used to determine whether
different genotypes in the AIL were associated with differences in maximum EAE score, cumulative EAE score, weight loss, demyelination, inflammation, and anti-MOG Ab levels. All of the statistical analyses mentioned above were performed using JMP version 5.0 (SAS Institute).
MAPMAKER/EXP version 3.0 (32) was used to create a genetic map, and
linkage analysis was performed using the MAPMAKER/QTL (32). The
confidence interval was arbitrarily defined as a drop in a base 10 logarithm
of the likelihood ratio (LOD) of 1. The linkage analysis was confirmed
using R/qtl software (33). Permutation analysis was performed to determine the significance levels based on the analyzed sample material (34,
35). Permutation analysis involves repeated shuffling of the trait values
1000 times among the genotypes to calculate relevant significance levels.
The permutation procedure based on the investigated material is empirical
and reflects the characteristics of the particular trait to which it is applied.
This method does not rely on distributional assumptions regarding the
quantitative trait and is valid in a small sample (35). We present the thresholds obtained for highly significant linkage in Results. For calculation of
linkage to the following phenotypes, we used the methods given in parentheses: incidence of EAE (nonparametric model); maximum EAE score,
(Haley-Knott regression); cumulative EAE score and duration of EAE
(two-part model). The following maximum LOD values were obtained:
LOD of 4.2 for incidence of EAE (LOD score corresponding to p ⫽ 0.001
is 2.9); LOD of 5.0 for maximum EAE score (LOD score corresponding to
p ⫽ 0.001 is 3.1); LOD of 5.7 for cumulative EAE score (LOD score
corresponding to p ⫽ 0.001 is 3.5); LOD of 7 for duration of disease (LOD
score corresponding to p ⫽ 0.001 is 3.8)

Results
Clinical EAE parameters
The parental DA strain displays a severe relapse-remitting disease
course, with disease onset on average 2 wk after immunization,

FIGURE 1. Genetic map of rat chromosome 12 (RNO12) aligned with
congenic intervals in BN.DA-Eae5 and BN.DA-Eae5.R1, respectively.
The RNO12 map contains microsatellite markers used for congenic breeding and for definition of their borders. Microsatellite marker positions were
placed according to a relative scale based on genome sequence retrieved
from Ensembl. Thick vertical lines indicate the congenic fragment with
homozygous DA alleles on a BN background (thin line). Dotted lines indicate recombination sites.
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phenotypes, i.e., incidence of EAE, maximum EAE score, cumulative EAE score, and mortality (Table I) (Fig. 1). We also tested
a rat strain with a smaller congenic fragment i.e., BN.DA-Eae5.R1
(10 cM), which developed very severe and chronic EAE compared
with BN (Fig. 1).
Eae5 is associated with increased inflammation and
demyelination

whereas the BN strain displayed a moderate incidence rate with
our immunization protocol (Table I). The EAE effect in BN is
reminiscent of an on/off effect, where diseased BN usually displayed severe EAE with a chronic progressive disease course.
Nevertheless, we could detect significant differences between the
BN and the congenic BN.DA-Eae5 (38 cM) for several of the EAE

Eae5 is associated with total serum Ab levels and anti-MOGspecific IgG2b antibodies
We measured anti-MOG Ab serum levels day 14 p.i. (Fig. 3). In
addition, we measured anti-MOG IgG isotypes, which could potentially discriminate between a T1/T2 bias in the immune response. IgG2b and IgG2c are associated with T1 and IgG1 is associated with T2 responses in the rat (36) (37). We compared the
anti-MOG Ab levels in BN (n ⫽ 30) and BN.DA-Eae5 (n ⫽ 28)
rats. BN.DA-Eae5 rats displayed lower total anti-MOG IgG ( p ⫽
0.014, Mann-Whitney U test) and anti-MOG IgG2b ( p ⫽ 0.017)
isotype levels (Fig. 3). There was no significant difference in the
anti-MOG IgG1, IgG2a, and IgG2c isotype levels.
SNP genotype data improved the level of significance at Eae5
by ⬃10-fold
We initially performed F2 intercrosses to have enough power to
identify QTLs regulating EAE (9, 14). These genome-wide scans

FIGURE 3. Anti-MOG Ab serum levels at day 14 p.i as measured by ELISA. BN.DA-Eae5 (n ⫽ 28) rats displayed lower total IgG levels (p ⫽ 0.014;
Mann-Whitney U test) and IgG2b isotype (p ⫽ 0.017) serum levels as compared with BN (n ⫽ 30). There were no differences in IgG1, IgG2a, and IgG2c
isotype serum levels. BN.DA-Eae5.R1 (n ⫽ 4) did not show any differences in anti-MOG isotype levels as compared with BN. Data are presented in
arbitrary units. The ends of the box plots show the 25th and 75th quartiles. The line across the middle of the box identifies the median sample value. The
whiskers extend from the ends of the box to the outermost point. ⴱ, p ⱕ 0.05.
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FIGURE 2. Inflammation and demyelination assessed by histopathological evaluation of brain and spinal cord sections at day 30 p.i. The left and
the right scatter plots demonstrate the mean number of inflammatory infiltrates around vessels in the spinal cord and the degree of demyelination
between BN and BN.DA-Eae5, respectively. All BN.DA-Eae5 rats displayed demyelination. Ten of eleven BN.DA-Eae5 rats also displayed severe clinical EAE. BN rats displayed a more variable histopathological and
clinical correlation, with equal numbers of rats displaying no EAE and no
histopathological phenotypes, no clinical EAE but some degree of demyelination, and clinical EAE along with demyelination and/or inflammation.
BN.DA-Eae5 displayed a higher degree of inflammation (p ⫽ 0.0002,
Mann-Whitney U test) as well as demyelination (p ⫽ 0.006) compared
with BN (ⴱ, p ⱕ 0.05; ⴱⴱ, p ⱕ 0.01; ⴱⴱⴱ, p ⱕ 0.001). Histopathological
analysis of spinal cords of representative animals (medians of each strain)
of BN and BN.DA-Eae5 are shown in the lower portion of the figure,
where a and b represent BN and c and d represent BN.DA-Eae5. Analysis
showed clear differences in the numbers of infiltrating immune cells (a and
c, hematoxylin) as well as extent of demyelination (b and d, Luxol fast
blue) in experimentally induced CNS inflammation. Scale bars, 150 m

The degree of inflammation and demyelination was assessed in
brain and spinal cord sections day 30 p.i. (Fig. 2, a– d). These
phenotypes were distributed in a similar way as the clinical signs
of disease. Ten of the eleven BN.DA-Eae5 rats displayed severe
clinical EAE, whereas all of them had both inflammation and demyelination in the CNS. In comparison, 8 of 13 BN rats displayed
no EAE and no (n ⫽ 4) or a very low degree of demyelination (n ⫽
4). One BN rat displayed maximum EAE score of 2 (only two
days), but no demyelination or inflammation in the CNS. BN.DAEae5 (n ⫽ 11) rats displayed a higher degree of inflammation ( p ⫽
0.0002, Mann-Whitney U test) as well as demyelination ( p ⫽
0.006) compared with the BN rats. The inflammation indices were
relatively low compared with the demyelination scores, most apparent among BN rats. This result is expected in view of the late
sampling in this study at day 30 p.i., a time point at which T cell
and macrophage infiltration had decreased as compared with earlier in the disease course. One BN.DA-Eae5 and four BN rats
displayed histopathological but no clinical signs, suggesting a subclinical healed disease with histological sequelae, a subclinical active disease process, and/or signs not assessed in our scoring procedure such as sensory deficits.
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identified Eae5 with a broad confidence interval. However, to enable a more precise fine mapping of EAE regulatory genes, we
bred an AIL between the EAE-susceptible DA strain and the EAresistant PVG.1AV1 strain. One thousand sixty-eight rats from this
Table II. Genes within the confidence interval of Eae5
Genea,b

Position in Rat

D12Rat51
NSUN5
Tri50
FKBP6
Fzd9
BAZ1B
CLDN4
WBSCR27
WBSCR28
Eln
Limk1
WBSCR1
Wbscr5
RFC2
No descriptionc
No descriptionc
Cyln2
GTF2IRD1
D12Got46
GTF2I
Ncf-1
GTF2IRD2
WBSCR16
GATS
D12Rat26
D12Rat8
D12Rat9

22417925–22418145 bp (22.4 Mb)
22439343–22444280 bp (22.4 Mb)
22446134 –22461108 bp (22.4 Mb)
22464623–22476654 bp (22.5 Mb)
22572493–22574271 bp (22.6 Mb)
22578825–22597102 bp (22.6 Mb)
22687188 –22687820 bp (22.7 Mb)
22693188 –22701632 bp (22.7 Mb)
22730401–22734942 bp (22.7 Mb)
22892483–22935863 bp (22.9 Mb)
22952110 –22984673 bp (23.0 Mb)
23008919 –23023902 bp (23.0 Mb)
23035111–23041465 bp (23.0 Mb)
23046412–23059175 bp (23.0 Mb)
23072490 –23073180 bp (23.1 Mb)
23081041–23082885 bp (23.1 Mb)
23088867–23152664 bp (23.1 Mb)
23181243–23289310 bp (23.2 Mb)
23225514 –23225729 bp (23.2 Mb)
23350479 –23408833 bp (23.4 Mb)
23441313–23449099 bp (23.4 Mb)
23513696 –23545170 bp (23.5 Mb)
23560961–23590301 bp (23.6 Mb)
23600395–23637029 bp (23.6 Mb)
23708771–23708949 bp (23.7 Mb)
23797947–23798087 bp (23.8 Mb)
24333613–24333738 bp (24.3 Mb)

Possible Role in EAE

Neuron survival and growth
Transcription factor
Tight junction protein, brain-blood barrier

CNS development
Translation initiation factor

JAK in B cell signaling
Subunit of NADPH oxidase complex

a
Genes confirmed in rat are written with a first capital letter and remaining letters in lowercase. Genes not confirmed, but
with human and/or mouse orthologs, are written with capital letters. Microsattelite markers used within this region are indicated
with bold letters and included at their respective positions. Data is retrieved from Ensembl version 29 (www.ensembl.org/
Rattus_norvegicus/index.html.
b
All genes are within the chromosomal location 12q12 in rat and 7q11.23 in human (Ensembl).
c
Genes with no description were not analyzed.
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FIGURE 4. Log likelihood plots of Eae5 using an G7 (DA ⫻
PVG.1AV1) intercross. The y-axis represents the LOD score, and the xaxis shows the microsatellite and SNP markers used in the genotype analysis (R, rat; G, Got; A, Arb; ex, exon). There is significant linkage to
duration of disease (LOD ⫽ 7.5) shown in the figure, but there is also
linkage to cumulative score (LOD ⫽ 5.8), EAE incidence (LOD ⫽ 4.3),
and maximum EAE score (LOD ⫽ 5.6). Specific SNP markers in exon 4
and 6 in the Ncf-1 gene were analyzed. The peak marker is in the Ncf-1
exon 4 and exon 6 interval for all of the EAE phenotypes described. Linkage analysis was performed using MAPMAKER/QTL. The confidence interval encompasses seven confirmed genes and an additional thirteen unconfirmed genes in rat. The confirmed genes are Tri50, Fzd9, Eln, Limk1,
Wbscr5, Cyln2, and Ncf-1. Genes within the interval described were retrieved from Ensembl version 29.

G7 population were subjected to MOG immunization and careful
phenotyping for MOG-EAE as described earlier (30). Of 1068
MOG-immunized rats, 158 displayed clinical signs of EAE. We
genotyped 152 (6 DNA samples were excluded due to poor quality) affected rats and a random selection of 162 unaffected rats with
15 microsatellite markers and 2 SNP markers dispersed over the
Eae5 locus on chromosome 12. There was significant linkage to
duration of EAE (LOD ⫽ 7.5) with a peak over the Ncf-1 locus
(Fig. 4) and incidence of EAE (LOD ⫽ 4.3), maximum EAE score
(LOD ⫽ 5.6), and cumulative EAE score (LOD ⫽ 5.8). Rats homozygous for DA alleles displayed a higher incidence of EAE and
higher mean values for maximum EAE score, cumulative EAE
score, and duration of EAE as compared with the other two genotype groups. There was no linkage to total anti-MOG IgG or
isotype levels. Because the Ncf-1 gene was found to explain the
corresponding Pia4 locus associated with arthritis (18), SNPs in
exon 4 and 6 in the Ncf-1 gene were also analyzed. Linkage analysis was performed before and after the addition of the Ncf-1 SNP
genotype data. SNP genotype data improved the significance at
Eae5 by ⬃10-fold (1 LOD unit) (Fig. 4). It is, however, important
to note that a simple mapping model is not the optimal analysis for
an AIL (i.e., its inability to account for randomization in breeding
that obliterates cross structure in addition to fixation and correlation of genotypes between siblings). Currently, there are no analyses established that accurately account for these factors. The behavior of confidence intervals in AILs is thus not entirely clear,
and our interval may be optimistically small. However, we consider the statistical significance of the peak to be a true finding,
because the relevance of the Ncf1 gene has been reported previously (38).
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The 95% confidence interval from the linkage data was defined as
a drop in LOD of 1 (39), and seven confirmed genes within this
region and thirteen unconfirmed could be identified in this region
(Fig. 4) (Table II). Two genes were annotated as unknown and did
not have any orthologs in human or mouse. Among the 13 unconfirmed but predicted genes, all have orthologs in human and/or
mouse, respectively. The confirmed genes are Tri50, Fzd9, Eln,
Limk1, Wbscr5, Cyln2, and Ncf-1. This gene region is syntenic to
human 7q11.23 (Ensembl; www.ensembl.org).
Defined polymorphisms and expression differences in a
restricted set of genes
The expression analysis and sequencing of genes within the defined confidence interval of Eae5 demonstrated a restricted number
of differences when comparing DA, PVG.1AV1, and BN rats. The
coding region of NSUN5, Fzd9, BAZ1B, Wbscr5, GTF2IRD1, and
GATS contained polymorphisms between DA vs PVG.1AV1 and
BN rats. These were, however, all synonymous and therefore unlikely to be of importance (Table III). Polymorphisms in the 3⬘
untranslated region (UTR) were detected when comparing sequences for RFC2 and GTF2I. Furthermore, Ncf-1 contained three
polymorphisms where one SNP was synonymous (Arg), whereas
two resulted in amino acid substitutions (M106V and M153T).
This confirms earlier analysis showing that the only polymorphism
of Ncf-1 between DA, PVG.1AV1, and BN rats is the M153T
substitution that is likely the disease-related mutation (40). The
GTF2IRD2 contained two polymorphisms, of which one was synonymous, whereas the other resulted in an A18S substitution. This
SNP could be of relevance for protein structure and function.
Quantification of mRNA expression for all genes within the confidence interval was performed (Fig. 5). We did not detect any
consistent expression differences of Ncf-1 between DA and
PVG.1AV1, neither for the naive nor for the MOG-immunized
samples analyzed (Fig. 5). Moreover, no differences were detected

Claudin orthologs in human and mice
The claudin gene identified in Eae5 is not confirmed in rat but has
claudin-3 and claudin-4 orthologs in both human and mouse. Sequence alignment analysis showed that the sequence homology to
Cldn4 in mouse was the highest (score 94), and the sequence homology to Cldn3 in mouse and Cldn3 and Cldn4 in humans was

Table III. Polymorphisms between DA, PVG.1AV1, and BN for genes within Eae5

Genea,b

NSUN5
Fzd9
BAZ1B
CLDN4f
Wbscr5
RFC2
GTF2IRD1
GTF21
Ncf-1
GTF2IRD2
GATS

SNP
(bp)

Codon

DAc

PVG.1AV1c

BNc,d

36
1260
1308
571
9
168
1088
468
930
2992
330
472
1161
53
144
504
780

12
420
436
191
3
56
3⬘ UTR
107
261
3⬘ UTR
106
153
383
18
48
168
260

GCG
ACC
GTG
AAA
GCT
TCG
T
TGT
TCA
T
ATG
ATG
AGG
GAC
GTA
CCT
TCC

GCC
ACA
GTT
GAA
GCC
TCA
C
TGC
TCG
C
GTG
ACG
CGG
GGC
GTG
CCC
TCT

GCC
ACA
GTT
GAA
GCC
TCG
Cr
TGC
TCGr
C
ATGr
ACGr
AGGr
GGCr
GTA
CCT
TCC

Amino Acid
Substitutione

Ala3 Ala
Thr3 Thr
Val3 Val
Lys3 Glu
Ala3 Ala
Ser3 Ser
Cys3 Cys
Ser3 Ser
Met3 Val
Met3 Thr
Arg3 Arg
Asp3 Gly
Val3 Val
Pro3 Pro
Ser3 Ser

a
Table only includes the genes that contained polymorphisms between DA, PVG.1AV1, and BN. Genes confirmed in the
rat are written with a first capital letter and remaining letters in lower case. Genes not confirmed but with orthologs in human
and/or mouse are written with capital letters.
b
Sequencing data does not include Eln exons 9 –30 and FKBP6 exon 2.
c
Codons in boldface indicate identical codons between strains.
d
Sequence for BN was obtained from locally bred BN or from reference sequence obtained from Ensembl (www.
ensembl.org/Rattus_norvegicus/index.html) where r is indicated.
e
Amino acid change due to gene polymorphisms. DA indicated to the left and PVG.1AV1 to the right of the arrow.
f
CLDN4 was sequenced in additional strains (LEW.1AV1 EAE-susceptible strain, and ACI and E3 EAE-resistant strains)
and polymorphism at codon 191 was confirmed to segregate with disease i.e. AAA in DA, LEW.1AV1 and GAA in PVG.1AV1,
BN, AC1, E3.
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for RFC2 and GTF2I. Therefore, SNPs in the UTR regions of
RFC2 and GTF2I probably do not influence gene expression.
CLDN4 contained a polymorphism resulting in a K191E substitution. This polymorphism segregated with EAE susceptibility in
several rat strains, i.e., lysine, which is a basic acid in EAE-susceptible DA and LEW.1AV1 rats, and glutamic acid, which is an
acidic amino acid in PVG.1AV1, BN, AC1, and E3 rats (Fig. 6a).
Moreover, CLDN4 was the only gene within Eae5 displaying consistent expression differences detected between both naive and
MOG-immunized DA and PVG.1AV1 rats (Fig. 5). Naive DA rats
displayed lower expression of CLDN4 in thymus, spleen, and
lymph node as compared with naive PVG.1AV1 rats. MOG-immunized DA displayed even more distinct differences, with lower
expression of CLDN4 in thymus and spleen as well as brain and
spinal cord as compared with PVG.1AV1 rats. This finding was
further confirmed when analyzing CLDN4 expression individually
in naive and MOG-immunized DA, PVG.1AV1, and BN rats, respectively (Fig. 6b). DA expressed lower levels of CLDN4 as compared with both PVG.1AV1 and BN. Thus, both expression and
sequence data segregate with EAE susceptibility vs EAE resistance in the strains analyzed. There was a significant difference in
CLDN4 expression in spleen between EAE-susceptible DA and
EAE-resistant PVG.1AV1 and BN rats (Fig. 6b). We cannot exclude the possibility that expression differences of specific genes in
individual tissues may be of relevance at different time points during disease. Therefore, there are additional candidate genes within
the confidence interval apart from Ncf-1 that might influence EAE
specifically. Of these, CLDN4 is the most interesting.

Candidate genes within the Eae5 confidence interval
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FIGURE 5. Quantification of the mRNA expression of genes in Eae5. Tissue samples from thymus (light gray), spleen (dark gray), lymph node (dark
gray), spinal cord (gray) and brain (white) were pooled from naive DA (n ⫽ 8), naive PVG.1AV1 (n ⫽ 8), MOG-immunized (M) DA (n ⫽ 5), and
MOG-immunized (M) PVG.1AV1 (n ⫽ 8). Relative quantification of mRNA levels was calculated using the standard curve method with amplification of
mRNA and GAPDH. The relative amount of mRNA in each well was calculated as the ratio between the target mRNA and the endogenous GAPDH. ⌬Ct
was calculated for WB5CR28.

the lowest (score between 65 and 84) (ClustalW; www.ebi.ac.uk/
clustalw/index.html.). Both Cldn3 and Cldn4 play a major role in
tight junctions. Tissue specificity and expression are, however, not

well defined, because there is only information on high expression
in lung and liver and lower expression in kidney and testis for both
of these claudin genes (UniProt; www.ebi.uniprot.org/). However,
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it is of great relevance and importance to mention that it has previously been shown that expression of Cldn3 is affected in brain
during EAE in mouse (27). Furthermore, Cldn1, Cldn2, and
Cldn11 are expressed in mouse (41), and Cldn5 is expressed in
human brain (42). Mutations in Cldn14 cause autosomal recessive
deafness in humans and prove that defects in claudin genes are
related to and cause human diseases (43).

Discussion
The results from the congenic strains demonstrate that DA alleles
within Eae5 are sufficient to aggravate EAE on a BN genome
background, confirming previous findings in F2 intercrosses (9,
17). The full-length congenic BN.DA-Eae5 and the recombinant
BN.DA-Eae5.R1, both with genome fragments that include the
overlapping Eae5 and Pia4 (14), were more susceptible to EAE as
compared with BN. This finding was consistent when comparing
the clinical EAE course as well as the degree of demyelination and
inflammation in the CNS. The total anti-MOG IgG Ab levels and
the IgG2b isotype levels were lower in BN.DA-Eae5 rats compared with BN rats (Fig. 3). The effects of the DA congenic fragment on anti-MOG IgG levels are, however, not interpretable in
any simplistic way. In a broad sense they may reflect the effects on
immunoregulation by genes in the fragment. Another explanation
of the higher anti-MOG IgG levels in BN rats as compared with
BN.DA-Eae5 rats would be a consumption of circulating MOGspecific Abs in the more diseased BN.DA-Eae5 rats, displaying
more inflammation in the CNS with an opened blood-brain barrier
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FIGURE 6. a, Sequencing of CLDN4 in EAE-susceptible and EAEresistant strains. Sequencing analysis of several strains revealed a polymorphism resulting in a K191E substitution. This polymorphism segregated with EAE susceptibility in several rat strains, i.e., lysine, a basic
amino acid in EAE-susceptible DA and LEW.1AV1 rats, and glutamic
acid, an acidic amino acid in EAE-resistant PVG.1AV1, BN, AC1, and E3
rats. The reference sequence (REF) corresponds to the CLDN4 sequence
obtained from Ensembl. b, RT-PCR analysis of CLDN4 transcript levels in
spleen tissue sampled from naive and MOG-immunized (M) DA,
PVG.1AV1, and BN rats, respectively. Tissue from MOG-immunized (M),
EAE-susceptible DA rats was sampled on the individual day of EAE onset,
together with the corresponding number of EAE-resistant PVG.1AV1 and
BN rats, respectively. Naive PVG.1AV1 had significantly higher levels of
CLDN4 (p ⬍ 0.05) and tendencies in MOG-immunized PVG.1AV1 when
compared with DA rats. Both naive (p ⬍ 0.05) and MOG-immunized (p ⬍
0.01) BN rats displayed higher levels of CLDN4 transcripts than DA rats.
Error bars in the graph indicate the SEM.

allowing passage of MOG-specific Abs. We have observed similar
phenomena in drug-treated MOG-EAE rats, where those with no
or mild disease displayed higher anti-MOG IgG levels than the
vehicle-treated, severely diseased rats (44).
Detailed positioning of the effect would require extensive breeding with a selection of recombinants within a congenic region. This
is not easily achieved, as the BN strain is a poor breeder. Highresolution mapping of Eae5 was therefore performed using the
advanced intercross line G7 (DA ⫻ PVG.1AV1). With this approach we were able to map Eae5 to a ⬃1.3-Mb region. As compared with the outcome using microsatellite markers, adding specific SNP markers in exons 4 and 6 in the Ncf-1 gene, respectively
(18), improved the level of significance 10-fold (Fig. 4). This result
may reflect either linkage to Ncf-1 or to nearby genes. DA alleles
confer an increase in EAE incidence and higher means of maximum EAE score, cumulative EAE score, and duration of disease in
a recessive fashion. The confidence interval encompasses seven
confirmed genes, including Ncf-1, and 13 unconfirmed genes (Table II). Of these genes, only Ncf-1 was previously sequenced and
known to be polymorphic in exon 6 between DA, BN, and
PVG.1AV1. Codon 153 in Ncf-1 exon 6 is ATG in DA and ACG
in BN and PVG.1AV1 (M153T substitution) rats (Ref. 40 and
present paper). The DA genotype is linked to a low oxidative burst
and the BN genotype to a high oxidative burst, respectively. The
role of Ncf-1 in MOG-EAE regulation has recently been demonstrated in mice and is related to the function of APCs and the
processing and presentation of Ags (38). We here present congenic
BN.DA-Eae5 data, AIL data, and the sequence polymorphism
data, all of which together strongly suggest that Ncf-1 might also
explain the regulatory effect of Eae5 in rat MOG-EAE. Furthermore, we here use the DA strain for MOG-EAE induction, which
is considered to be a model for encephalomyelitis more closely
resembling human MS than many other rodent models in regard to
disease course, demyelination, and axonal damage (19 –21).
We speculate that the present genetic evidence suggesting a role
of Ncf-1 in EAE may shed light on the role of NO in EAE. Some
studies suggest detrimental effects and others a protective role of
NO in CNS inflammatory diseases (45) (46). NO affects nerve
fibers and nerve conduction negatively (47) (48). Paradoxically,
resistant PVG rats develop full-blown EAE if NO production is
blocked (49). The M153T substitution in Ncf-1 in the resistant
strains (BN, E3, and PVG.1AV1) results in a high oxidative burst
as mentioned previously. The superoxide produced during the oxidative burst can react with NO, producing high levels of the very
reactive and toxic molecule peroxynitrite. It has been suggested
that peroxynitrite may have a potential role in the pathogenesis of
clinical EAE and demyelinating lesions (reviewed in Refs. 50 and
51). In contrast, a more suitable hypothesis correlating with our
results would be that peroxynitrite dampens autoaggressive antiMOG immune responses. This would explain part of the EAE
resistance in PVG rats, which potentially have a higher oxidative
burst as well as higher levels of peroxynitrite as compared with
DA rats. If so, DA rats would not develop more severe EAE with
NO blocking because they normally display a low oxidative burst.
Instead, we would expect a milder clinical EAE course due to the
inhibition of the toxic NO effects on the nervous system. This
indeed seems to be the case in DA rat MOG-EAE (52). Consequently, the outcome of NO being blocked would in part depend
on the Ncf-1 genotype.
Although the relevance of synonymous changes, SNPs in UTRs,
and expression differences in other tissues and time points cannot
be excluded, our data suggest Ncf-1 and CLDN4 as the strongest
candidates in Eae5. These are tightly linked and, therefore, difficult
to separate. Congenic strains with recombinations between Ncf-1
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notyping the function of Ncf-1 in inbred and congenic strains will
help us to elucidate the role of Ncf-1. Subsequently, this line of
research could be addressed in humans and possibly lead to the
establishment of diagnostic assays and/or tools that can be used in
the clinics to diagnose rheumatoid arthritis and MS patients. Furthermore, our sequence and expression data suggest CLDN4 as a
candidate gene operating in encephalomyelitis. Future work will,
however, resolve the question of whether Eae5 contains several
EAE-regulatory genes closely linked to Ncf-1. This question suggests that studies should be undertaken to assess whether this gene
or genes in the same pathway are of importance for human MS in
addition to rheumatoid arthritis.
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and CLDN4 will, however, be established in the DA and
PVG.1AV1 strain combination to enable a genetic dissection of
this region and to confirm whether there are several genes acting
jointly with an influence on EAE as was recently demonstrated for
Eae18 (53). Interestingly, CLDN4 contained one polymorphism
that resulted in a K191E change, segregating between EAE-susceptible and EAE-resistant rat strains (Fig. 6a. and Table III).
Moreover, there were distinct differences in expression in both
naive and MOG-immunized DA rats as compared with PVG.1AV1
and BN rats in several tissues of relevance for EAE. The claudins
belong to a family of integral membrane tight junction proteins and
comprise ⬎20 members that are of importance for the formation of
tight junction strands (54) (Ensembl). Claudin expression is considered to be tissue specific, even if previous data presented has
shown the difficulties of accurately defining specificity due to
cross-reactivity (27). Our data, however, suggest CLDN4 as a very
interesting candidate for disease regulation, controlling the influx
of inflammatory cells into the target organ. Furthermore, previous
studies in mice have demonstrated a selective loss of Cldn3 in the
blood-brain barrier during EAE (27). Looking at the pathological
differences, the major feature is that BN rats have a low degree of
inflammation but quite extensive demyelination, whereas the DA
rats display both inflammation and demyelination. One possible
explanation for this finding is that in BN rats the disease develops
in a similar way as in DA rats in the early stage of disease, but the
BN rats recover without further disease progression. In contrast, in
DA rats early disease may be a bit milder, but the disease
progresses and the rats have extensive inflammation and demyelination until the stage at which they are sampled. A possible explanation for such a scenario could be that the given CLDN4 genotype is also of importance in the integrity of the blood-brain
barrier, leading to a more rapid repair and, thus, inhibition of disease progression in BN rats.
In addition, the syntenic human region on 7q11.23 contains
claudin-3 and claudin-4, and the syntenic mouse region on chromosome 5 contains claudin-3, claudin-4, and claudin-13. The expression pattern of claudins is nonrandomly distributed (55). The
literature on claudin expression in different tissues and interspecies
differences is, however, not well defined. Accordingly, we therefore cannot exclude any of these claudins. Instead, we believe that
these results suggest that CLDN4 in this case is of relevance in
EAE regulation in rat and that specific claudins most probably are
involved in MS pathogenesis (B. Engelhardt, personal communication). Furthermore, the Eae5 region is syntenic to the human 7q11.23
region that was previously identified in a linkage analysis performed
on MS material (26). This finding strengthens the comparative mapping approach that we have applied and present in this work. More
importantly, this study suggests claudins, as a protein family, to be
strong candidate genes for EAE and MS disease regulation. Accordingly, association studies on several claudins are currently underway
in our laboratory and will be tested in MS material and healthy controls and in several other inflammatory diseases.
In conclusion, we demonstrate in this work a regulatory effect of
Eae5 on MOG-EAE using congenic strains and we fine map these
effects to a ⬃1.3-Mb region containing Ncf-1, a gene with reported
effects in experimental arthritis and encephalomyelitis. Thus, if
Ncf-1 is indeed the gene that regulates MOG-EAE, as the evidence
strongly suggests, it would be an example of a shared gene between different organ-specific inflammatory diseases. Moreover,
we here confirm the relevance of Ncf-1 in inflammatory disease in
the rat. Ncf-1 is duplicated in the human genome, which makes the
interpretation of genotyping data and, thus, association studies in
humans difficult. In this case we believe that the use of inbred and
established congenic rat strains will be of major importance. Phe-
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