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Structural characterisation of the distal 5 flanking
region of the human interleukin-10 gene
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Interleukin-10 (IL-10) is an important immunoregulatory cytokine. The recent characterisation of the proximal 5' flanking
region of IL-10 led to the identification of the promoter region. Two polymorphic dinucleotide repeats and 10 single
nucleotide polymorphisms (SNPs) have been identified and suggested to be useful genetic markers in several diseases.
We have sequenced a further 5275 bp from —9296 to —4021 of the distal part of the 5' flanking region of the human IL-10
gene from the cosmid clone pWE15-4/11. Our sequence analysis reveals a high density of Alu-repeats within the IL-10
gene locus, including three novel, related structures which we term Alu-IL10 (A-C). Using three overlapping PCR products
spanning 5110 bp of this distal part of the IL-10 gene the following single base pair substitutions were identified: at -8571
C/T, -8531 G/A , -6752 A/T , —-6208 G/C, —5402 C/G. In addition a heterozygous three base pair deletion at —7400 was
observed. The SNPs at —-8571 C/T and —-8531 G/A are contained within an Alu-repeat. These data should further the
understanding of how the IL-10 gene is controlled in man and how its function may vary between individuals. Genes and

Immunity (2001) 2, 181-190.
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Introduction

Recently we isolated the proximal 5'-flanking region of
interleukin-10 (IL-10), characterized the promoter region
and described a 4200-bp fragment.™* IL-10 is an
important multifunctional cytokine and a key regulatory
component of many aspects of the immune response.’ IL-
10 exerts a wide spectrum of biological activities in vitro
and in vivo and is implicated in the regulation of the
inflammatory and immune responses.”” The ability of IL-
10 to block activation of cytokine synthesis and several
accessory cell functions renders this cytokine a potent
suppressor of the effector functions of macrophages, T
cells and NK-cells.*'° Among the different cell types
affected by IL-10, monocytes/macrophages and lympho-
cytes appear to be particularly modified with regard to
their function, morphology, and phenotype.

The influence of IL-10 in the basic biology of the
human immune system is reflected in its involvement
with a range of autoimmune and malignant diseases.®”
In particular, IL-10 may contribute to the development
and progression of diseases which involve the prolifer-
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ation and differentiation of B cells, or the growth of
human B-cell lymphomas, where its expression can be
profoundly dysregulated' > IL-10 is able to promote the
proliferation and differentiation of B cells and the pro-
duction of autoantibodies.'!® Indeed, elevated levels of
IL-10 are found in the serum of systemic lupus ery-
thematosus (SLE) patients and the number of IL-10
secreting cells is also increased.'*'” Recent reports indi-
cate that this cytokine may contribute to Epstein-Barr
virus (EBV)-associated transformation.’*° It has been
shown that IL-10 is an autocrine growth factor for AIDS-
associated lymphoma cells in vitro and that IL-10 is a
pathogenic factor for lymphoma development in huS-
CID-mice.’®?! Increased levels of IL-10 were detected in
sera of patients with non-Hodgkin’s lymphomas as well
as in Hodgkin’s disease.”>> High IL-10 levels were also
associated with poor prognosis in acute infectious dis-
eases, particularly meningococcal meningitis.?*>

The expression of IL-10 is tightly regulated and the lev-
els of constitutive expression in normal leukocytes are
extremely low. In contrast, IL-10 is expressed in a range
of activated cell-types, including monocytes, T cells and
B cells. In addition, IL-10 is apparently constitutively
secreted by EBV-immortalised B cells and EBV-positive
Burkitt's lymphoma (BL) cells.'®'7'%* However, the
mechanism of the IL-10 induction in B cells is still
unclear.

Levels of IL-10 secretion are variable between individ-
uals and almost 70% of such intra-individual variation is
heritable.® It is reasonable therefore to examine the
human IL-10 gene for polymorphic elements associated
with such variation. We isolated the proximal 5'-flanking
region of IL-10, characterised the promoter region and
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described a 4200-bp fragment as highly polymorphic.’™*
Two informative dinucleotide repeats (microsatellites)
were described.>* It was demonstrated that these
microsatellites combine to form haplotypes which are
associated with differential IL-10 production.? The
haplotype IL10.R2/IL10.G14 was associated with highest
IL-10  secretion overall, whereas the haplotype
IL10.R3/IL10.G7 was associated with lowest IL-10
secretion. Thus, the ability to secrete IL-10 can vary in
man according to the genetic composition of the IL-10
locus. We and others also demonstrated the presence of
multiple single nucleotide polymorphisms (SNPs) in the
human IL-10 5’ flanking region and we recently showed
how these combine with the microsatellite alleles to form
four major haplotype families (IL10.01, IL10.02, IL10.03
and IL10.04) associated with differential IL-10 pro-
duction.*30-32

However, the variation in IL-10 secretion attributable
to these haplotypes or their component individual loci
does not account for the variation in IL-10 secretion
observed between individuals.****3* In addition, our orig-
inal description of the IL-10 5" flanking region and recent
publications demonstrated the presence of several posi-
tive and negative regulatory regions in the 4200 bp
described.'*° These observations suggest that there
may be other, as yet unidentified DNA variations within
the IL-10 gene locus, contributing to variation in IL-10
secretion.

In order to establish the molecular basis for further
studies to determine genetic variations in IL-10 secretion
and predispositions to infectious, autoimmune and
malignant diseases, we set out to characterise the distal
5' flanking region of the IL-10 gene.

Results

Sequence of the distal human IL-10 5’ flanking region
Using oligonucleotides which allowed direct sequencing
5" of the IL10.R microsatellite the defined sequence
upstream of the human IL-10 gene was extended on the
recently described cosmid pWE15-4/11." Because of the
presence of a 26 residue mononucleotide T repeat which
was difficult to sequence directly, a genomic walking pro-
cedure was performed. Cosmid and genomic DNA were
digested with Rsal or HindII followed by a subsequent
adaptor ligation, which allowed us to generate a 1386-
bp fragment (Rsal) and a 1006-bp fragment (HindII). The
corresponding amplimers were sequenced in both direc-
tions using the corresponding adaptor (T3Ad) and IL-10
specific primers (IL10/40R). Further primer walking on
the cosmid led to the description of an additional 5110
bp giving new information about the distal part of the 5’
flanking region of the IL-10 gene. The sequence of the
human IL-10 gene from -3901 to —9296 is shown in
Figure 1. This sequence has been added to our original
deposition and can be accessed from the GenEMBL data-
base under the original accession number, X78437.
Figure 1 shows the sites of the IL10.R microsatellite and
a mononucleotide repeat comprising a stretch of 26 T
residues, the polymorphic nature of which remains to
be determined.
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-9300 ....TAACAT ATACATATAT ATGTATATAT AACTATATAC ATATATATGT ATATATAACT
-9240 ATATACATAT ATATGTATAT ATAACTATAT ACATATATAT GTATATATAA CCCACATAAG
-9180 TGAAAGCTCT TTGGGGGTCC TCTATAACTT TGAAGATGTA AAAGAGTCCT GGATCCACAT
Bam HI
-9120 AGTTCGCCAA CAGCTGACTT AGGGAACCGG GGGCAAGGCT GGACGCAGTT GCTCGCACCC
~9060 ACTCCCTTTC CCTTCTTCCT TAGTCTATGA GCTAAGAGGG GCACATGTAA ATGACAGTCA
-9000 TAGTGGAAGT AGCATGAATC CAGGGTGGGA GGAAGCAACT GCATCTTCAT GTGTGATGCA
~8940 GCTGTGCATC CAAAATGCAC AAAACACACG GAGTATGGGG AGGATTGAGA GTCAGTGGCA
-8880 CGTTTTAGAG GTAAGGACCA GAATGGGCAG GATGATGTCC TTCTGAGCAA AGTGCTCAAC
-8820 TTCCTCCTCT CTCTCTTTTT TTTCTTTTTT TETCTTTTTT TTTTTTCTTT TTITTTITGA
-8760 GACAGAGTCT GCTCIGTCGC CCAGGCTGGA GCACAGTG! SCGATCTCIG CTCACTGCAG
Alu-YbB/Sz repeat (composite)
-8700 CCTCAGCCT! CAGATTCAA. GTGATTCT TGCCTCAGCC TCACCACGC AGCTAATTT
-8640 TTGTATTTTT ACCAGAGACA GGGTTICACC ATGTIGGCCA GGCTGGCTTC AACTACTGAC
-8580 CTAGTGATCC GCCCATCT CCTCCCA) GTGCTGGGAT TACAGGCGTG AGCCACCGCG
-8520 CCTGGCCCCT CTCCTCTCTT TTATAAGGTT TCTGGAAGGT GTTGCTCCTG TAGGGGTACT
-8460 GCAGTCGGGAA GGCAGGCCAA ACTATGCTTT ATAACACTGT GACACTCATG GATCAGAGAC
-8400 AAAATAGAAA CACCATTCTG TCTGAAAACA CTCCAAGGCA GAAATCTTCC CCTAAGACAA
-8340 AAATATCTAA GCCACCCTCA CTATCATTCC CAATTCCTAA ACTTAAGGTA CCCAAGGAGT
-8280 ACARAATAGA TTCATAACTG TTTAATGGAT GGAAACTTAT TGTCACAGAC TTTCAACTTC
-8220 TTACCACCAC AACCTCACAC ACCGARCACA TCTTAGACAG CTGCCCCTAA TTGTTGCTGC
-8160 AGGCCCAGAG AACCCAGAGT GATTTGATAC TTACATGAGT AAAGGAATTA GGTACTGATC
-8100 TGAAAAAGAA TTGCATTCAG ATTCTACCTT TGCCATTAAC TACCTCTAGG ACCTGGGAAA
-8040 GTCTTCTTCT CTAGGCCTCT GTTTGCCCAT TTATAAAAGA AGACACGTGA ATTTGATAAG
-7980 ACCCCCTCTT CTTCTGACGT CCATATAGAA TTTTAACATT CCAGCAGCCA TGGAGGAGTT
-7920 AACATCCGCC TGGAAGAGCA CTAATTAGTA ATCAGATCAA TTCTTTTAAA AACTGGAAAA
-7860 GCTATAATAG GTATAGGCAT ATAGTTTGTA AGGACAGTGG TTTCTTCAGA TGAATCCATT
-7800 CTCTACTTCT ACTTTATAAG AGATGGAAGA ACAGACATAT AGCCATGTAG CACTACCAAA
-7740 AGTTTAGGAA GCACATGCTC AGCCGCCCAG TCAGCCAACA ACATATTTAG TGAGAACCTT
-7680 GGATGTGCCC AGAACCATGC TGAGTACTGA GCAAACAACA CTCATCAAAA ACAGATACAG
-7620 GCCCTGCCCT CGAAGTGGTC ACAGTCTCAC AGGAGAGACA GAGGTCAATC AAATGATCAC
-7560 ATAGCCACAT GTCTAATTAC AAACTGACAT AAATACTACA GAGGGGTGGG AGCAAGGTGT
-7500 TCTGAGAAGA TACACCCAGG GGGCCTGACC TAGACTGGGCG AATGATGAAC TCATTTAAGG
-7440 AAGGAACATC TGAGCTGAGA GCTGAAGGAT G CAGGA GGA AGG GAGAA
-7380 TAAATGTGCA AAGGCCCTGT GATAGGAGAG AGAGGGGATA AATCACTGGG CATAGTGGCT
Alu-J repeat (half site}
-7320 T ATGT AN CAGCC ACTTGGAGGC. T GCAR GCGATTACTT TAGGA(
-7260 TICAAA CTGGGC, CATAGCAAG, CCTGTCTCT TTAAAAAAAR AAAAAGAGA!
-7200 AGAGAGAGCA TGCGGATCAT TTGAAAAAAA AGAAGAAGAA AGTCAATGAG GCTGGAGTGC
-7140 AGAGGGAAGT AGAAACTGAA GAGTGCCGCA AGCTTGAAGCA GAAGAGATAG GCAGTGTCAG
~7080 ATGATAAAGG AAGTTATAGA AMACATTAGA ATATGAGTCC TTATTTGACC AAGAGAGGGA
-7020 AAGTGGCAAG CCATGGAAGG GTTCAAGTAG CAACAGAGTC ATGATCAGAT TGGTGCTTGG
-6960 ARATAATTAC TCTTGCTACA ACGTGGAGAA CGGTCTAGAG AATGGATATT AGAATACCAA
-6900 TTTGGCATTT ATTTTGGAGT CCAGGAGAGA TGAGACAGTG TTGGGGTGAT TAGACCCAAC
-6840 ACTAGGCCAT GGGGGCTACA AAGTCCAGCA GAGTCAAAGG AATGAGAAAA GACAAGTTAA
-6780 GGGTGCATAA BRATGGGTCCA GTGGGCCAAC ACTGGTATGG AGGCTGCAAA GGCCCTGAGC
-6720 TCTGGGAGCC CACACTATTT ATTGGTGATC AAACARAAGAA GCAGGTGGTG AGGACGTGGEG
-6660 GGTAAACAGG TGAGGGCGTG AGGATGTGGG GGTAGAAAGG TAGTGGTGCA TCAAGCATAG
-6600 CTGTGATGGT TTAGCATTTT CTTTGACACA TATAGRATAT GCTCTGCTGC TCAAGATAAT
-6540 GGAGAGCATG TTTACGAGCC TGGGAGAGCA ACCAACARAGT CTGTGCACAT TCCATCCAAG
-6480 CCACGAGGGA TTTTATGCCC TGGGCTTAGA TTTGTGGTGC AGCAGGGCAG CCTTCTACCC
-6420 TTTGGCACAG AGCTTGGTGT TCCAAAGGCC ACGAGCGGTT TTAGACCCTG GACCCCGGAC
~6360 ATCTCCCAAG ACTCTTTTAT ATTATGACAG ACARGCCAGT CCTGCCTCAG CTCTTCTACC
-6300 AACAGATAGT AGCTTGAACC AGACAGTCAT TGCTGCTGAT GATGGAAATG GAGACAAATC
-6240 AGTAGATTAG AGAAATGTTT ATGAAGAAAA ATGTGGAGGT TCTGGTGATA GATTGAACAT
-6180 AGATTGGCAA GGAAGAGGGA GGGACCAACA AATCATTTCT AGAGTTAATT GATAGTTCCA
-6120 TTTCCCTCGC TCAGTTGCAC TGGATGAAGG TGAAACCAGA GAGAGATGAT TTTACTCTCA
-6060 GATACAGAAT CAACTACATA AATTGGCAGG GGAAGACAGT ACAAAATAAA AATGTGGAAC
-6000 CCCCTGCTCA ACAGTTATTG AGAATTTCAA GATGGTGGTA GCAGAGTAAG GGGAGGACTT
-5940 TTTTAGTCAT GGGACCCTGT GTGACTGCAG AAGTCACTTA TCTACAAACC CAGCCCTGCT
~5880 TGGATATCTT GGGTTGGAGG TGCCAGCCAT CCAGTGGAGA CTGGAGCAAA CTAAAGCGCA
-5820 CCAGAGGGAC AGTCCTGGAG CTAAAAGAAT CCATTITGTGC CCCACACTCA GGAGCCCACT
-5760 AGTTATCCTA GGTAGTCATG CAGACAGAGC AGAAACAACT ATGGTCCTCT GGGTGGCCAA
-5700 GGCTCAAACA CCTGGTGTCC TGGTCCCTGA TAAGCCAART TTCTCATATG AGAAGTTACA
-5640 GAGCACAGTG TCCATCCCCT AAGGAAAATC CRAATTGCCT GATTTGGTGC CATAGTTGCA
~5580 CAAAGGGGAA TTCCACATTG GCTGCCCAAA GATCAGCCCT TCCGCTCATC TGTGGETTTGC
~5520 AGTGTCTGCC GGCCATGATC CTCGGAAGGG CGCTTAATCC GGTTTGCATA ACCCTTGTTC
-5460 CATTCCACCT AAGGGCCAGC CCCAGCCCGG GCTCCTCTTA AACTTCTGGC CCACCTAGGCG
-5400 TTTATTCTGA AGTACCCCAG ACACTATCAA AGCCAATGTC AGGAAAGCCC AGAGGAATAC
Rsa I
-5340 AGTGCTCACA GACTCCTGTC TCCTTGCACC CCAAACTGGC CACACTTTGG GTGTGTGATA
-5280 GGCATTGGGG TCTGTTGCAG CACAGCTTCT GAGGAAGCCT CTGTCCTAGG AGCTGAGGAA
-5220 GCTTATTCGA GGGAATACTA GAAATTTCAA GCTGGCAAAG CTATTTTACA CACTAAATGT
-5160 CCTGGATAAC AAGAAATGAA ACTCCCGTTA TCAGCTTTAA ARAATAACTA CTAATGGCAA
-5100 ATAGGAGTCA AGCCCGGAGG GGCTTCTTCA TCAGGACAGT TGTCACCCAT CCCCAAGATG
-5040 GGCACGGTCT CACCTTCTCT GCCTGCATCG TCAACCTGCC TGCTCTCTGC CGECTGACCG
Hind IT
-4980 TGTTGCCCAA CAAGCTGTCT AAACCCAGAG TCCAGCAAGC CCGGATCOCT GAACCTTCCC
Bam HI

4920 TCTGCAGCTC CAGAGCCACC
-4880 GCTGCAGAAT TGCAGTAAGG
~4800 GCCATSGAGAG TAGCTGGGAG

-4740 GCTCTIGTCGC CCAGGCTGGA,

CTCACAAGGC TGCTAGCCTG
CATGGGGTAA CTACACCCAA
GCAGATTCTT TITTTTITITIT

GTGCAGTGAC GCGATCTCGS

CTCCCCACTC TTGGGTTTGA
GRAGGCTGCC ATTTTGCTTA
IITTITTCAG ACGGAGTCTC
Alu-Y repeat
CTCACTGCAA GCTCCGCCTC

-4680 CCAGGTTCAC GCCATTCTTC

TGCCTCAGCE TCCCGAGTA

CTGGGACTAC AGGCACCTGC

-4620 CACCACGCCC AGCTAATTIT

TTCTATTTTT TTTTAGTAGA

GACAGGGTTT CACCGTGTTA

-4560 GCCAGGGTGG TCTCAATCTC CTGACCTCGT GATCCGTCCA CCTCGGCCTC CCAAAGTGTT
-4500 QGUATTACAG TGAGCCA TGCCCGA CAAGGGAGGC AGATTCITTT TTTTTTITTT
mononuclectide repeat (n=27)

-4440 ITITTTIITT TPTCTAGTTG CAAGATTTAA TACAGTGAAA ACAGAGCTCC CATACAAAGS
-4380 GAAGGGACCC AAAGAGGSTA GCCATTGCCG GOTTGAATGC CCGGGTTTAT GTCCCGATCA
~4320 TTGTCCCTCC CGCTGTGCTC TCAGGCGATA GATGATTGGC TATTTCTTTA CCTCCCGTTT
-4260 TTGCCTAATT AGCATTTTAG TGAGCTCTCT TTACCACCTG ATTGGTCGGG TGTGAGCTAA
-4200 GTTGCAAGCC CCGTGTTTAA AGGTGGATGC GGTCACCTTC CCAGGTAGGC TTAGGGATTC
~4140 TTAGTTGGTC TAGGAAATCC AGCTAGTCCT GTCTTTCAGT CCCCGOTGTG AACAGCAAAA
-4080 CCCAAGTGCT GTTGGGGAGG TTGGCCGATG ACTGCTCTAA TGGGAGGCAG ATTCTTTATA
-4920 AGATCTTCTA AACTGTACAA TGCACCCTCC AAAATCTATT TGCATAACGCA CACACACACA

Byl IT IL10.R (n=13)
-3960 CACACACACA CACACCCCAG

Figure 1 Sequence of the distal 5" flanking region of the human IL-
10 gene from positions —9296 to -3941. The positions of the IL10.R
microsatellites, the mononucleotide T repeat and the Alu repeats
are shown as well as selected sites for restriction enzymes Bgl II,
BamH I, Rsa I and Hind II.



Demonstration of potential transcription factor
binding sites

Previously we had found that the known 4200 bp of the
IL-10 promoter could direct the expression of a luciferase
reporter gene in different lymphoid cell lines, when
inserted in the reverse orientation (own unpublished
observation). We therefore searched for potential pro-
moters, transcription factor binding sites related to cyto-
kines as well as for potential open reading frames. Using
the NIX software package (available to registered users
of the UK Medical Research Council’s human genome
mapping project website: http://www.hgmp.mrc.ac.uk)
potential promoters were identified at positions: 8010
and —6340 on the coding strand and positions —8524,
-8010, -6340 and —-4021 on the noncoding strand of the
IL-10 gene (Figure 2). The potential transcription factor
binding sites were defined using TRANSFAC software
and our own collection of motifs recently identified as
important for the regulation of cytokine promoters,
including NFkB, NF-IL6, Octl, CREB, AP1, GM-CSF;
their locations are shown in Figure 2a. As seen on the
figure the dense cluster of potential transcription factor
binding sites previously described between —-3000 and
—4000 has to be extended to —4500 because in this part
of the new sequence we identified the highest density of
potential functional motifs, including a TATA box at
-4021, NFkB and AP1 sites.*

The IL-10 5’ flanking region contains multiple novel
Alu-repeats

A number of Alu repeats were identified, as illustrated
in Figures 2b and 3. The new generated sequence, includ-
ing also our own published sequence from the proximal
5’ flanking region of IL-10 as well as the IL-10 sequence
deposited under HSJNT4 were analysed. Other SINE and
LINE repeats are also shown (Figure 2b). Starting at
—-4427, immediately upstream of the IL10.R microsatellite
is the mononucleotide [T],, repeat, closely followed by
an Alu repeat homologous to the Alu-Y family at position
—-4753 to -4472 (Alu-IL10C). A composite Alu repeat
showing homology to Alu-YbS8 in the first half and to
Alu-Sc within the second half of the repeat was identified
at position —8770/-8514 (Alu-IL10A). A half site Alu
repeat is localised at =7332/-7220 (Alu-IL10B) with hom-
ology to Alu-J. Overall, four complete Alu sequences
(Alu-IL10A, Alu-IL10C, Alu-IL10D and Alu-IL10E) and
one Alu half site (Alu-IL10B) within 18 kb of our new
5’ flanking sequence, the previously existing 5’ flanking
sequence and the genomic sequence containing the
coding elements and the 3'UTR were identified. It should
be noted that the density of repeat elements is higher in
the newly-defined distal 5’ flanking region compared to
the proximal 5" flanking region of the IL-10 gene. These
new IL-10 Alu sequences are compared against their
nearest homologous sequences in Figure 3a while their
evolutionary relationships are presented in Figure 3b.*

Novel point mutations in the distal 5’ flanking region
of human IL-10 gene

Genomic DNAs from European donors and from African
donors were sequenced in both directions. A total of 16
individuals were sequenced. These were compared with
each other and with the sequence from the pWE15-4/11
cosmid. This led to the discovery of new SNPs within the
IL-10 5' flanking region, summarised in Table 1. Variant
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bases were found at positions: -8571 C/T, -8531 G/A,
-6752 A/T, -6208 G/C and -5402 C/G. The pWE15-4/11
cosmid had the following base composition: -8571 C,
-8531 G, -6752 A, -6208 G and -5402 C, which we
adopted as the reference sequence. Because of the low
sample number tested no linkage analysis was perfor-
med, however each SNP was observed more than once.
Individuals who were —8751 C/C and C/T were ident-
ified, as were —8531 G/G and G/A and -5402 C/C and
C/G. All possible combinations were observed at —6752
and —6208 and these two SNP loci may be closely linked
since homozygotes were always observed to be
A/A+G/G or T/T+C/C. The SNPs at positions —8571
and —-8531 are part of the Alu-repeat Alu-IL10A. The SNP
—-8571 is within a potential SP1 binding site and the pres-
ence of the “T” variant would disrupt this.

In addition to the described sequence variations, a tri-
nucleotide insertion/deletion (indel) AGG mutation was
noted at —7400 in five individuals. This deletion was only
observed as a heterozygous genotype in the samples ana-
lysed. This three base pair indel is near to the Alu-J
repeat, which is itself a disrupted Alu repeat.

Discussion

We have obtained sequence data for the distal 5" flanking
region of the human IL-10 gene to =9296 bp upstream of
the transcription initiation site flanked by a BamHI
restriction site and have analysed this new sequence for
the existance of potential promoters, transcription factor
binding sites and potential new genes. The comparison
of our sequence with recently published data (AC068122)
is summarised in Figure4. Some of the deposited
unsorted sequences aligned well to the known IL-10
sequence at positions 17123-20054, 4856-3489, 93517-
100618 and 39271-41480 as shown in Figure 4 (base pair
numbers are from AC068122 as found in August 2000).
This alignment allowed us to localise the IL-10 sequence
within the cosmid pWE15-4/11 near to the T3 site of the
cosmid. In addition we used the deposited information
to identify neighbouring sequences by PCR and direct
sequencing. This revealed that the fragments 7076-9365
and 32892-38895 (AC068122) are immediately 5’ from the
described 5’ distal part of the IL-10 5’ flanking region.

The transcriptional control of the human IL-10 gene is
not well-defined, but it is known to be influenced by
other cytokines, particularly tumour necrosis factor, IL-
12 and interferon-gamma.'®*'#> Several studies have
demonstrated that, where gene transcription is influ-
enced by TNF, this influence is exerted through com-
plexes of NFkB and REL proteins.*** The dense clus-
tering of potential cytokine response elements between
-3000 to —4500 suggests that this portion of the human
IL-10 gene may indeed be the area through which proin-
flammatory cytokines exert influence over IL-10 tran-
scription, although this hypothesis will be subject to
experimental verification (Figure 2a).*

Our sequence analysis reveals a high density of Alu
repeats within the IL-10 gene locus with 3 Alu repeats
located in the 9296 bp 5’ flanking region of the gene (Alu-
IL10A/C/D) and an additional one in the 3’ flanking
region of the IL-10 gene (Alu-140E). Repetitive elements
such as Alu families play a dynamic role in the constant
reorganisation of the genome and may be major contrib-
uters to evolutionary divergence. Such reorganisation is
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Figure 2 The sites of potential transcription factor binding sites,
potential promoters (a) and repetitive elements (b) in the human
IL-10 distal 5" flanking region are shown on this map. The position
of the 5 end of the recognition sequence is shown. In (a) are also
indicated the identified Alu repeats, potential promoters as calcu-
lated by NIX searches. Note the concentration of transcription factor
binding sites in the part of the distal 5’ flanking region of the IL-
10 gene between —-4500 and —4000 which is close to the IL-10.R
microsatellite and the recently identified dense cluster of transcrip-
tion factor binding sites.* (b) Scheme of LINE/SINE as identified
by the CENSOR search.®®
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mainly accomplished by crossing-over between Alus and 185

retrotransposition. The existence of a half of an Alu-J
repeat at —=7332/-7220 (Alu-IL10B) strongly suggests that
a recombination event has happened in this region. Fur-
thermore, the existence of a heterozygous deletion of
AGG at position 7400 nearby this disrupted Alu-J repeat
may indicate the position of an active recombination site.
In addition the nearby Alu-repeat Alu-IL1I0A at
-8770/-8514 showed highest homology only after separ-
ate alignments to Alu-Yb8 and Alu-Sz and we speculate
in addition that this Alu repeat could be the result of a
recombination event between two related Alu families.

b 3.4
— Alu-Sc
16,7
L Alu-Ya8
34
] Alu-Y
1,3
5.4
15,5 Alu-Yas
25
L Alu-Yb8
11,
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31,5
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! 2,9
39,8
Alu-IL108
24,7 Alu-IL10C
Alu-IL10E

138 At

L Alu-Sq

L Alu-consensus

- Alu-Sx

Figure 3 Alu elements within the IL-10 gene locus. (a) Alignment of Alu sequences identified within the distal 5" flanking region of the
IL-10 gene in comparison to the known Alu subtypes as defined in Batzer et al 1996,% including the Alu repeat at —2870/2570 in the
proximal part of the 5’ flanking region and the Alu repeat within the 3’ flanking region. (b) PILEUP of Alu sequences of the IL-10 gene
to build up an evolutionary tree using HUSAR software. The numbers shown reflect the relative distance of the Alu-repeat sequences.
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Table 1 DNA sequence variations within the distal 5" flanking region of the IL-10 gene in European (E) and African (A) donors

-8571C/T -8531G/A —6752A|T -6208G/C -5402G/C —7400del"
ATCI[C|TIGCC CGTI[G/AJAGC  CCA[A|TICAC  AATIG/CITGG  AGGIC/GIGTT  GGA(GGA)GAG
cosmid pWE15-4/11 C G A G C +
EO01 c/C G/G A/A G/G c/C +/+
E02 C/T G/G T/T c/C G/C +/-
E03 C/T G/G A/T G/C c/C +/+
E04 C/T G/A A/T G/C G/C +/-
E05 C/T G/A A/T G/C G/C +/-
E06 c/C G/G A/A G/G c/C +/+
E07 C/T G/G A/T G/C Cc/C +/+
E09 c/C G/G A/A G/C c/c +/+
E10 C/T G/G A/T G/C Cc/C +/+
El1 c/C G/G A/T G/C G/C +/-
E12 C/T G/A A/T G/C c/C +/-
E61 c/C G/G ND G/C G/C ND
A188 c/C G/G A/A G/G c/C +/+
A191 ND G/G ND G/C c/c +/+
A149 c/C G/G A/A G/G c/C +/+
Ale6l c/C G/G ND G/C c/C ND
E, Caucasian; A, African. *+ no deletion, — 3 bp deletion, ND not determined.
IL-10
distal proximal
5' flanking region coding region
.27000 -24000 -21000 -18000 -15000 -12000 -9000  -6000 -3000  +1 +3000  +6000
-] =k bomm | cccaassel—— | oosel
TEPNEISAA) T3.pWE15-4/11
[T |
112261126358 AT
70554-63543
93517-100618
93328-100671 30271 - 41280
38995 - 44306

Figure 4 Alignment of sequence data identified in Genebank compared to our own sequence. Used files include sequences from HSJNT4
(coding region) and AC068122. The numbers below indicate the positions within the AC068122 sequence with homology to the presented
sequence and the already published IL-10 sequences. In italic letters are shown the numbers of the corresponding sequence parts as
deposited in AC068122. (M) own sequence data, (\) own sequence data generated knowing published data, () sequence data deposited

in HSJNT4, (X)) sequence data deposited in AC068122.

Further analysis of the identified Alu repeats within the
IL-10 gene locus would provide more evidence for this
suggestion.

The various polymorphic elements in the IL-10 pro-
moter and 5’ regions have been associated with suscepti-
bility to disease. The best-defined example of this is in
SLE where we and others have shown association
between IL10.G microsatellite genotype and disease sus-
ceptibility.*>*¢ In addition certain SNP genotypes have
been associated with disease, or the presence of particular
SLE symptoms or disease severity, for example the pres-
ence of neuropsychiatric disease.*”~** In less-well repli-
cated studies various markers and alleles in the IL-10
locus have been associated with rheumatoid arthritis,
ulcerative colitis and asthma amongst others.* 4303

It has been shown that patients suffering from chronic
hepatitis C and carrying an IL-10 haplotype associated
with high IL-10 production capacity showed less
response to IFN-alpha therapy.>

There is also a growing number of reports concerning
the potential use of IL-10 DNA sequence variations in
risk prediction in the field of transplantation.”>*” For
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renal transplantation it was shown that rejection episodes
and severe rejections of transplants may correlate with
‘high producer’ genotypes of the IL-10 SNP at —1087 and
of TNF at position -308 of the recipient.”® However in
a study by Allen et al*® dysregulated IL-10 production
associated with UVB-induced local immunosuppression
did not correlate with any of the known IL-10 polymor-
phisms. This suggests that additional, as yet uncharacter-
ised DNA variations within the IL-10 gene locus may be
associated with this and related phenomenon.?%3%3*

In addition to the IL10.G and IL10.R microsatellites, we
and others have identified SNPs at positions —3538 T/A,
2774 G/A, -2744 G/A, 2018 G/A, -1354 G/A, -1260
C/T, -1087 A/G, -856 G/A, -824 T/C, -662 C/A, =597
A/C of the human IL-10 5’ flanking region.***> Two of
them —2774 G/A, -2744 G/A are part of an Alu repeat,
whereas -2018 G/A is part of a NF«kB consensus site,
probably important in virus-associated IL-10 deregu-
lation. In the present report, we found evidence for new
SNPs at =8571 C/T, -8531 G/A, -6752 A/T , -6208 G/C,
and -5402 C/G, and a heterozygous three base pair
deletion at =7400. The SNPs at -8571 C/T and -8531 G/A



are contained within an Alu- repeat. Whether the DNA
sequence variations within the Alu repeats at 2769 A/G;
-2739 A/G and at —-8571 C/T; -8531 G/A are classical
SNPs or reflect the existance of polymorphic Alu repeats
remains to be analysed. The data presented here now
provide new useful information about further DNA vari-
ations within the IL-10 gene. In the future, this infor-
mation could be used to analyse their frequency and geo-
graphical appearance to be useful in their application to
epidemiological studies in autoimmune, infectious and
malignant diseases. The sequence variations observed so
far suggest an geographic specificity between the Cauca-
sian or the African individuals. This however has to be
analysed in more detail.

IL-10 is a central component of the immune response.
It offers control over inflammatory and cell-mediated
immunological mechanisms.® This is reflected in its
apparent involvement in many immunological disease
states, especially malignant, autoimmune and infectious
diseases. Recent evidence has also shown that IL-10 is a
target for many viruses in their attempt to subvert the
human immune system.®*? The area of chromosome 1
where human IL-10 is encoded is rich with genes enco-
ding proteins important for immune reactions; for
example, components of the complement system
(RCA =regulator of complement activation). These genes
are adjacent to our location for the IL-10 gene and the
genes for many of the Fc-gamma receptors are also
nearby as is the cell-surface structure CD34.%*> Several
lines of evidence indicate that these RCA genes share a
common ancestor from which they originated by mul-
tiple events of gene duplication.®®

Like other cytokines, IL-10 does not act in isolation but
functions within a cytokine network. Recent reports indi-
cate the existance of genes (mda-7, IL-19) with homology
to IL-10 located on chromosome 1q31/32.5#%> On chromo-
some 12 two other IL-10 homologues IL-22 and Ak155
which are grouped together with IFN-gamma were ident-
ified.®*%” If the RCA gene cluster is the result of multiple
gene duplications, it sounds logical to suggest, that this
also could happens with an ancestor gene of the IL-10
gene family and the polymorphic variants we found
might affect mda-7 or IL-19 regulation.

The DNA sequence variations described in this report
appear to be present in Caucasians and the limited num-
ber of analysed individuals suggest that they are likely
to be common. However further studies will be required
to determine their true frequency in Caucasians and other
ethnic groups. Thus our structural analysis of the distal
5" UTR may form the basis for further detailed studies
about their structure and functional significance in nor-
mal physiology and human diseases.

Materials and methods

Sequencing the human IL-10 5’ flanking region

As a prelude to sequencing the 5’ flanking region of the
human IL-10 gene, a cosmid genebank (Stratagene Eur-
ope, Amsterdam, The Netherlands) from human placenta
was screened for IL-10 using two different hybridisation
probes, as previously described.!* The nucleotide
sequence was determined using the ABI Big Dye Termin-
ator sequencing kit (Applied Biosystems, Foster City, CA,
USA). The sequences were analysed on an ABI373

Structural characterisation of the IL-10 gene
D Kube et al

sequencer using ABI software. We have defined the DNA
sequence up to position —9296 from the transcription start
site of the human IL-10 gene (with the base immediately
preceding the ‘A’ of the ATG taken as position +30). This
sequence has been deposited in the Genebank and EMBL
databases as HSINTL10 with accession number X78437
(1996 update, D Kube; 2000 update, D Kube); oligonucle-
otides used to prime the sequencing reaction are sum-
marised in Table 2.

Genome walking

The method is based on the separate digestion of gen-
omic DNA with each of two restriction enzymes creating
blunt ends (in this protocoll: Rsal or HindlIl). After diges-
tion a T3-adaptor is ligated to the DNA. Using a biotinyl-
ated primer from a known sequence, a linear PCR is per-
formed making use of the T3 adaptor to allow with a
subsequent magnetic purification of the single strand.
This purified single strand is amplified with the biotinyl-
ated oligonucleotide and the corresponding adaptor
primer. For specificity it is recommended to use a nested
PCR. One pg of DNA (cosmid, genomic DNA) was
digested with Rsal or HindIll (Roche Diagnostics,
Mannheim, Germany). The digested DNA was precipi-
tated. The DNA pellet was dissolved in 50 pmole of the
corresponding adaptors. The following oligonucleotides
(Eurogentec, Seraine, Belgium, for all used oligonucleo-
tides in genome walking, all other oligonucleotides pur-
chased from Interaktiva, Germany) have been used after
phosphorylation using polynucleotide kinase according
to the manufacturer (Roche Diagnostics):

Table 2 Primers used

Primer® Sequence in 5'-3'-direction

-8953 CATGTGTGATGCAGCTGTGCATCC
-8876 TTAGAGGTAAGGACCAGAATGGGC
-8600 GGCTGGCTTGAACTACTGACCTAG
-8341R TTGTCTTAGGGGAAGATTTC

-8263 CTGTTTAATGGATGGAAACTTATTGTC
-7766 ACATATAGCCATGTAGCACTAC
-7320R CAGCCACTATGCCCAGTGAT

=7279 GATTACTTGAGCCTAGGAGTTCAAA
—-6962R CAAGCACCAATCTGATCATGAC
-6950 TCTTGCTACAACGTGGAGAACG
-6398 CAAAGGCCACGAGCGGTT

-6396R TTGGAACACCAAGCTCTGTGCCAA
-6315R GGCAGGACTGGCTTGTCTGTCATA
-5951R CTTACTCTGCTACCACCATCTTGA
-5854 CCATCCAGTGGAGACTGGAGC
-5574R ACATTGGCTGCCCAAAGA

-5559R GCCAATGTGGAATTCCCCTTTGTGCAA
-5524 TTGCAGTGTCTGCCGGCCAT

-5317R AGGAGACAGGAGTCTGTGAGC
-5268 TGTTGCAGCACAGCTTCTGAG
-5217R CCTCAGCTCCTAGGACAGAGGC
-5015 GCATCGTCAACCTGCCTGCTC
—-4762R AAAAAAAAAAGAATCTGCCTCC
-4693 GCAAGCTCCGCCTCCCAGGTT
-4651R TGCGGTAAGAAGACGGAGTCG
-4608R CTGGGCGTGGTGGCAGG

—4459R CTGCCTCCCTTGTCGGGCACGG
-4258 GCCTAATTAGCATTTTAGTGA
—-4235R AGCTCACTAAAATGCTAATTAGG
-4148 CCTTCCCAGGTAGGCTT

°The primer name corresponds to the position within the IL-10
sequence.
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T3Ad: 5’
GGAGATCTCGAAATTAACCCTCACTAAAGGG;
T3AdR: 5’
CCCTTTAGTGAGGGTTAATTTCGAGATCTCCGCA.

After adaptor ligation using TAKARA ligation kit
(Takara Shuzo, Otsu, Japan) the reaction mix was heat
inactivated by incubation at 70° for 10 min followed by
a purification using the Qiagen PCR purification kit
(Qiagen, Hilden, Germany). Afterwards a linear PCR was
performed using Pfu polymerase (Stratagene) and a bioti-
nylated IL-10 specific primer (5° ATCACTTTAGCTGC
AGAGGAATCT). The amplimers were heat inactivated
by incubation at 70° for 10 min and chilled on ice before
performing the magnetic separation. Magnetic-Streptavi-
din coated beads were used as recommended by the
manufacturer (Promega GmbH, Mannheim, Germany).
The single strand DNA was eluted using sterile water
and processed directly to a nested PCR using Pfu poly-
merase and T3Ad and the IL-10 specific primer —3963R
(6" TCTGTGTGTGCTTATGCAAATAGATTTTG) as pri-
mers. 1/1000 of this PCR reaction was used for an
additional seminested PCR using T3Ad/-3981R (5" GG
AGATCTAATAGATTTTGGAGGGTGCATTCTACAG).
The amplimers were extracted from the agarose gel using
the QiaExII kit (Qiagen). The purified amplimers were
sequenced directly using the adaptor primer or a corre-
sponding IL-10 specific primer.

The following software and websites have been used
for the sequence analysis:

‘Sequence Navigator’ (Applied Biosystems Inc),

‘DNASIS2.1" (Hitachi Software, Japan),
sponding IL-10 specific primer.
http:// genius.embnet.dkfz-heidelberg.de,

BLAST: http://www.ncbi.gov/blast,

Nix UK HGMP Resource Centre:
http:// www. hgmp.mrc.ac.uk/Nix,

TRANSFAC: http://www.gsf.de/biodv/matinspector,

CENSOR: http:/ /www.girinst.org/RepbasetUpdate-
LoginForm.htm].**%
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