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AbstractmInterleukin-10 (IL-10) is an important regulatory
cytokine whose involvement extends into diverse areas of
the human immune system. Recent characterization of the
promoter and 5’ flanking regions has demonstrated the
presence of positive and negative regulatory segments in
the promoter. In addition, the characterization of two
dinucleotide repeat elements immediately upstream of the
gene has shown that there is considerable polymorphism
directly associated with the humanIL10 gene. In the present
report, we describe the mapping of the humanIL10 gene to
a discrete area of chromosome 1, the definition of a
potential cytokine-responsive segment 3–4 kilobases up-
stream of the transcription initiation site, and the identifi-
cation of two new point mutations in the immediate
promoter region with their distribution in a panel of 75
unrelated healthy individuals. These data should further the
understanding of how theIL10 gene is controlled in humans
and how its function may vary between individuals.

Introduction

The recent characterization of interleukin-10 (IL-10) as an
important multifunctional cytokine has led to the recogni-
tion that it is a key component of many aspects of the
immune response (Moore 1993; Mossmann 1994). The
influence of IL-10 in the basic biology of the human
immune system is reflected in its involvement with a
range of malignant and autoimmune disease states.

Interleukin-10 (IL-10) appears to have considerable
importance in the development of human cancer. IL-10 is
found at elevated levels in the serum of patients with
common tumors (Dummer et al. 1995; Fortis et al. 1995)
and this may be derived directly from the tumor cells; IL-10
protein or mRNA appear to be important components of the
tumor microenvironment in a range of human cancer types,
including renal cell carcinoma (Nakagomi et al. 1995) and
skin tumors (Lüscher et al. 1994; Kim et al. 1995). In
addition, IL-10 has been implicated in the development of
tumor-associated anergy (Lu¨scher et al. 1994); this may
involve the ability of IL-10 to reduce major histocompat-
ibility complex (MHC) class II expression on macrophages
(Malefyt et al. 1991a) and thus competent interaction with
T cells (Fiorentino et al. 1991). Indeed, a recent report
demonstrates clearly that IL-10 can maintain T-cell clonal
anergy in the face of stimulation with MHC class II-positive
human melanoma tumor-cell targets (Becker et al. 1994),
illustrating the importance of IL-10 in this process. IL-10
antagonizes human T-cell clonal expansion (Taga et al.
1993a) and has been shown to inhibit the development of
antigen-specific cytotoxic T cells (Bejarano et al. 1992).
Potential tumor targets are further protected from cytotoxic
T-cells by IL-10 reducing tumor cell MHC class I expres-
sion (Matsuda et al. 1994).

IL-10 is also important in the aetiology of human B-cell
lymphomas, where its expression can be profoundly dysre-
gulated. The Epstein-Barr virus (EBV) genome encodes a
gene with structural and functional similarity to human
IL-10 (Moore et al. 1993) and infection of normal human B
cells with EBV leads to immortalisation of these B cells and
an accompanying IL-10 production (Rousset et al. 1992).
While the relationship between EBV and the humanIL10
gene is poorly defined, it has been suggested that the
EBNA2gene product transactivates the EBV latent mem-
brane protein-1 (LMP-1), or other cellular genes, which
then activate the production of human IL-10 (Kube et al.
1994; Wang et al. 1990; Nakagomi et al. 1994). Interest-
ingly, infection and transformation of human B-cells by
EBV induces the production of the human (rather than the
viral) form of IL-10 by the infected cells (Burdin et al.
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1993) and raised levels of human IL-10 have been observed
in the serum of patients with non-Hodgkin’s lymphoma
(Blay et al. 1993) and in EBV-positive Hodgkin-Reed-
Sternberg cells of Hodgkin’s lymphoma (Herbst et al.
1996). Furthermore, the human Herpes virus-encoded
IL-10 homologue is instrumental in the induction of
T-cell non-responsiveness to infected cells and subsequent
tumorigenesis (Suzuki et al. 1995), while the natural human
IL-10 functions as an autocrine growth factor in HIV-
related B-cell lymphoma (Masood et al. 1995). Indeed,
recent data have demonstrated that a number of viruses can
initiate cytokine expression. In addition to IL-10, IL-1α and
IL-12p40 have also been observed (Schols and de Clercq
1996; Fantuzzi et al. 1996; Mori and Prager 1996).

While more usually associated with the inhibition of
T-cell function, under conditions of IL-2 deprivation IL-10
can inhibit apoptosis in human T cells (Taga et al. 1993b)
and can support the growth of certain T-cell clones, parti-
cularly those bearing a gamma-delta T-cell receptor (Pa-
welec et al. 1995). It is also a potent activator of normal B
cells, stimulating both proliferation and differentiation
(Rousset et al. 1992) and raised IL-10 levels have been
reported in several autoimmune states (Llorente et al.
1994). This may be important in chronic inflammatory
conditions such as rheumatoid arthritis and systemic lupus
erythematosus, where IL-10 has recently been shown to
promote the secretion of rheumatoid factor (Perez et al.
1995) and other autoantibodies (Llorente et al. 1995). In
this context, we have recently observed an association
between elements within or close to the humanIL10
locus and the presence of SLE (Eskdale et al. 1997).

The potential importance of IL-10 and theIL10 gene
locus in the epidemiology of malignant and autoimmune
disease has stimulated us to investigate further the structure
of the IL10 gene and its relationship with putative mRNA
species which may be nearby. Understanding in such areas
may give insight concerning to the involvement of this
important cytokine in the question of genetic predisposition
in human disease.

Materials and methods

Sequencing the human IL10 5’ flanking region

As a prelude to sequencing the 5’ flanking region of the humanIL10
gene, a cosmid gene bank (Stratagene, Cambridge, England) from
human placenta was screened forIL10 using two different hybridiza-
tion probes, as previously described (Kube et al. 1995). The nucleotide
sequence was determined using the USB rapid sequencing kit (Amer-
sham, Amersham UK). We have defined the DNA sequence up to
position –4082 from the transcription start site of the humanIL10 gene
(with the base immediately preceding the A of the ATG taken as
position –1). This sequence has been deposited in the GenBank and
EMBL databases as HSINTL10 with accession number X78437 (1996
update; D. Kube). Putative transcription factor binding sites were
assigned following examination of the sequence with the SIGSCAN
software (which is part of the GCG package), or the MatInspector/
TRANSFAC software, which is available on the World Wide Web, at
URL http://www.gsf.de/biodv/matinspector_help.html.

Mapping the human IL10 gene to chromosome 1q

We used the two dinucleotide repeats which lie in the 5’ flanking
region of the humanIL10 gene to analyze the position of this gene on
the Whitehead Institute Radiation Hybrid map of human chromosome
1. The theory of radiation hybrid mapping was recently described by
Cox and co-workers (1990). Basically, the human genome is fragment-
ed by irradiation, with the degree of fragmentation being dependant on
the radiation dose. Chromosomal fragments are then randomly inserted
into hamster cell lines where they often become integrated into the
hamster genome, thereby creating radiation hybrids. Examining a panel
of such hybrids by PCR for the area of interest generates a pattern of
positive and negative hybrid clones conforming to the particular
fragments of the human genome they have acquired. Computer
analysis of these results allows the positioning of the test marker (in
this case, the humanIL10 gene) in relation to known standards. The
distance between the test marker and known standards is given in centi-
Rays (cR). cR are analagous to centi-Morgans but are determined by
the initial irradiating dose used to construct the panel, rather than
cytological markers. The Genebridge-4 release of the radiation hybrid
panel was generously made available to us by the Human Genome
Mapping Project at the MRC centre in Cambridge, England. The panel
was amplified using theIL10.R and IL10.G microsatellite primers, as
previously described (Eskdale and Gallagher 1995; Eskdale et al.
1996). A confirmatory analysis was performed for each primer set;
no discrepancies were observed. Each primer set amplifed an identical
selection from the hybrid panel, with the exception that theIL10.G
primers gave a positive result with clone 4M5, while theIL10.R
primers were negative, and theIL10.R primers gave a positive result
with clones 4M4 and 4R1, while theIL10.G primers were negative.
The results from the screening were entered into the STS mapping
program at the Whitehead Institute’s World Wide Web site (URL:
http://www-genome.wi.mit.edu/) as a continuous vector of “1” or “0”,
depending on whether amplification was observed or not. Hybrids
4BB12, 4A5, 4BB10, 4U3, 4B9, 4O10, 4B2, 4R12, and 4K8 were not
supplied by the HGMP/MRC and so results for these were entered in
their appropriate positions in the vector as “2” (unknown). The full
vectors entered were:
IL10.G:
02002020112210110000000011000000100000001102000000100010-
0200001001001201010000020110000011000
IL10.R:
02002020112210110000000011000000100000001102000001000010
0200001101001201010000020110000011000

Definition of two point mutations in the human IL10 promoter region

We made use of the Pileup software (part of the GCG package) to
analyze the humanIL10 promoter sequences deposited in the Gen-
EMBL database. This analysis revealed that the area between bases
–1002 and –516 contained three possible polymorphic bases. If these
were truely polymorphic, then polymerase chain reaction (PCR)
amplification of the area of interest, followed by digestion with the
restriction endonucleasesMae III, Hpa II or Rsa I should reveal the
polymorphic nature of nucleotides –854, –686, and –627, respec-
tively. PCR primers were obtained for this purpose from Cruachem
(Glasgow, Scotland):

IL-10.5 5’ GAC.TCC.AGC.CAC.AGA.AGC.TTA.C 3’
IL-10.6 5’ AGG.TCT.CTG.GGC.CCT.TAG.T 3’

which complemented bases –1002 to –981 and –534 to –516,
respectively, allowing amplification of the region containing all three
putative polymorphic bases. Amplification was carried out with an
initial denaturation of 5 min at 95°C followed by 35 cycles of 94°C
for 30 s, 55°C for 1 min and 72°C for 1 min; the reaction was
completed by a final extension step of 72°C for 5 min. The final
reaction volume was 75µl in all cases and reactions contained 1 unit of
Primezyme thermostable polymerase (Biometra, Go¨ttingen, Germany)
in the presence of 1.5 mM magnesium as Optimal Buffer. Aliquots
(10 µl) of reaction product were digested in a final volume of 20µl
with 1 unit of Mae III, or 5 units of Hpa II or RsaI, according to the
manufacturer’s instructions (all from Boehringer Mannheim, Mann-

J. Eskdale et al.: Mapping the humanIL10 gene 121



heim, Germany). Digestion fragments were separated in 2% agarose
(Gibco-BRL, Paisley, Scotland) in 1× TAE buffer and visualized by
ethidium bromide staining. A 100 base pair (bp) ladder (Gibco-BRL)
was used to calibrate the gels.

Results

Sequence of the human IL10 5’ flanking region

The sequence of the humanIL10 gene from +131 to –4082
is shown in Figure 1. This sequence supercedes our original
deposition and can be accessed from the GenBank/EMBL
database under the accession number X78437. The Figure
shows the sites of the two microsatellitesIL10.G and
IL10.R and a putative inverted repeat sequence beginning
at –2522, the functional significance of which remains to

be determined. TheGM-CSFpalindromic element is also
shown, at –2325.

Previously (Kube et al. 1995), we defined the location of
transcription factor binding motifs in the immediate pro-
moter of theIL10 gene. In this report, we also examine the
IL10 5’ flanking sequence for the presence of potential
transcription factor binding sites, paying particular attention
to those thought to transduce signals from cytokines or
other elements of the immune system; their locations are
shown in Figure 2. The sites included the NFkB/REL sites
known to mediate tumor necrosis factor signalling (Hou
et al. 1994; Ohmori and Hamilton 1995; Meyer et al. 1996)
and the STAT.1 sites known to mediate interferon and
interleukin signalling (David 1995; Ihle 1996). Also com-
mon were sites corresponding to the interferon-gamma
sequence motif fromHLA-DR genes (Yang et al. 1990),
the NF-IL6 recognition sequence (Akira et al. 1990), and
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the GM-CSF consensus sequence (Nimer et al.1990). The
palindromic repeat sequence associated with activation of
the humanGM-CSF gene and found in several cytokine
genes (Staynov et al. 1995) was also observed, as were the
CD28-like (Curtiss et al. 1996), the GAS-like (Galsgaard
et al. 1996), the GAS-LKRE (Tsukada et al. 1996), and the
YY1-like (Yant et al. 1995) factor recognition sequences,
described by others as being involved in the control of
immune and inflammatory reponses. Computer searching
(GCG) also revealed the presence of other potential sites,
including the SLE.LP, the IRSE-like, the cAMP, and the
GRE-like recognition elements. A total of 74 such potential
sites were identified and as shown in Figure 2, 36 of these
were in the 1500 bases immediately downstream of the
IL10.R microsatellite.

Mapping of the human IL10 gene to chromosome 1q

A previous comparison of the mouse and humanIL10 loci
(Kim et al. 1992) localized the humanIL10 gene to
chromosome 1. The mouse gene was localized more clo-
sely, lying in association with the REN, Ly-5 (CD45), and
so on. Because of the recognized synteny between the
mouse and human genomes in this area, it has been
assumed that the humanIL10 gene lay in the same relative
position as in the mouse, but this has never been deter-
mined. Our mapping results are summarized in Figure 3.
The humanIL10 gene was positioned within 0.00cR of the
WI-9614 framework marker 890.24cR from the tip of
chromosome 1p. In the area close to WI-9641, a distance
of 1.0 cR is approximately equal to 0.8 Mb (Whitehead
Institute, personal communication). TheIL10.G microsa-
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tellite was positioned at 890.24cR and theIL10.R micro-
satellite at 891.24cR, with a LOD score of43.0 in each
case. Thus, some sense of directionality was implied and so
we have indicated a possible transcriptional orientation (59-
39, towards the centromere), although this remains to be
confirmed. The full vector analysis positioned the micro-

satellites in the same location as the following expressed
sequence tag (EST) markers: WI-15562, NIB1751 and
SGC35372 (examination of the sequences of these markers
shows that none of them is IL-10). The nearest Genethon
panel markers were D1S505 (5.23cR, telomeric) and
D1S504 (5.17cR, centromeric). In cytogenetic terms, this
probably places the humanIL10 gene at the junction of
1q31 and 1q32.

Definition of two new point mutations in the human IL10
promoter and their allelic distribution

As shown in Figure 4, Pileup analysis of the various
sequences for theIL10 promoter available from the
GenBank/EMBL database suggested that three poly-
morphic areas might exist. Analysis of this observation
(Materials and methods) revealed that two of these (iden-
tified by the enzymesMae III and Rsa I ) were, in fact,
polymorphic. Amplification of the humanIL10 promoter
with the IL-10.5 and IL-10.6 primers yielded a 486 base
product. This fragment contains one conservedMae III site
in addition to the polymorphic one. Thus, digestion with
Mae III yields 2 bands (361 and 125 bp) where nucleotide
–854 is T and there is no additional cut site; where base
–854 is C and there is an additional cut site, three bands are
generated (217, 144, and 125 bp). Similarly, the amplified
fragment contains three conservedRsa I sites and so
digestion withRsaI yielded four bands (351, 85, 42, 8 bp)
where base –627 is C and five bands (240, 111, 85, 42,
8 bp) where base –627 is A. We followed our convention of
naming the cut allele “allele 1” and the uncut allele “allele
2” in each case. The widely available Tissue-Typing Panel
cell-line IBW9 was homozygous forIL10.-854.1andIL10.-
627.2, while the cell-line LZL was homozygous forIL10.-
854.2andIL10.-627.1. The three possible combinations for
each of these (homozygous cut, heterozygous, and homo-
zygous uncut) were observed in our test population of 75
unrelated individuals and are shown in Figure 5. Also
shown in Figure 5 is the fact that we failed to observe
any polymorphism at base –686 (suggested by the Pileup
analysis to be polymorphic for cutting withHpa II); this
may be a very rare allele. In our population, these new
alleles were distributed thus:IL10.-854.1, 76.7%; IL10.-
854.2, 23.3%; IL10.-627.1, 23.3%; IL10.-627.2, 76.7%.
These alleles appeared to be in complete linkage equili-
brium; we observed thatIL10.-854.1was always present
with allele IL10.-627.2and vice versa. When we examined
the relationship between these new alleles and our pre-
viously characterized microsatellite alleles, we observed
that the rare combination (IL10.-854.2 and IL10.-627.1)
was strongly associated with theIL10.G9allele (χ2 = 9.111,
P = 0.0025,PC = 0.025), while its association with the
IL10.R2 allele was slightly less strong (χ2 = 5.359,
P = 0.0206,PC = 0.0618); no associations were observed
with other commonIL10.G alleles.
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Discussion

We obtained sequence data for the 5’ flanking region of the
humanIL10 gene to 4082 bp upstream of the transcription
initiation site. The transcriptional control of the human

IL10 gene is not well defined, but it is known to be
influenced by other cytokines, particularly tumor necrosis
factor (TNF; Wanidworanum and Strober 1993; Platzer
et al. 1995), IL-12 (Gerosa et al. 1996; Windhagen et al.
1996), and interferon (Aman et al. 1996). Several studies
have demonstrated that, where gene transcription is influ-
enced by TNF, this influence is exerted through complexes
of NFκB and REL proteins (Hou et al. 1994; Ohmori and
Hamilton 1995; Meyer et al. 1996) or cAMP activated
proteins (Platzer et al. 1995; Meisel et al. 1996). A total of
nine potential NFκB binding sites were identified within
this sequence. Four of these were in the 750 bases imme-
diately downstream of theIL10.Rmicrosatellite and two lay
close together immediately upstream of theIL10.G micro-
satellite. Thus, we speculate that the recognized ability of
TNF to influence transcription of the humanIL10 gene is
mediated through these sites. Also, the possible ability of
viruses to induce IL-10 through these sites is suggested by
gel shift assays for the HTLV-Itaxprotein in T cells (Meisel
et al. 1996; Mori et al. 1996). Four STAT-1 sites were
found; three of these were adjacent to or overlapping NFκB
sites and may be involved in general cytokine-activated
IL10 expression as well as in autocrine regulation ofIL10
(Darnell et al. 1994; Lehmann et al. 1994; Finbloom and
Winestock 1995). Consensus sequences for interferon-
gamma, interleukin-6, and granulocyte/macrophage colo-
ny-stimulating factor responsive elements were also fre-
quently observed within the 1500 bases downstream of the
IL10.R microsatellite; of a total of 74 such potential sites
identified upstream of the initiation codon, 36 were within
these 1500 bases. This dense clustering of potential cyto-
kine response elements suggests that this portion of the
human IL10 gene may indeed be the area through which
other inflammatory cytokines exert influence overIL10
transcription, although this hypothesis will be subject to
experimental verification.
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Fig. 4mPileup analysis of a por-
tion of the humanIL10 promoter
shows three potential point mu-
tations. Sequences of the human
IL10 promoter which were avail-
able in the GenEMBL database in
August 1996 were compared
using the Pileup software from
the GCG package. The sequences
compared are shown by their ac-
cession numbers. The numbering
is taken from Figure 1. The po-
sitions of the primersIL10.5 and
IL10.6 are shown

Fig. 3mPositioning of the humanIL10 gene in relation to other markers
on chromosome 1q. The centromere is indicated by theshaded circle.
The chromosome is orientated with 1pter to the top. TheIL10.G
microsatellite was positioned at 890.24cR from the top of chromosome
1 and the IL10.R microsatellite at 891.24cR. The position of the
Genethon (D1Sxxx) markers and the CHLC marker were derived
from the Whitehead Institute. The area of interest is scaled linearly
in cR from the top of chromosome 1. 1.0 cR is approximately 0.8 Mb
in the area adjacent to WI-9641. The distance in centi-Morgans from
the top of chromosome 1 is shown non-linearly, for the Genethon
markers only. The putative direction of transcription for the human
IL10 gene is indicated by thearrowhead. Also shown are the first ATG,
the relative positions of the two microsatellites (solid boxes), and the
putative cytokine-responsive area (shaded box)



It was of interest that the NFκB site located at –482 is in
an area which we have recently shown to be a silencing
region in EBV-positive Burkitt’s lymphoma cells (Kube
et al. 1995). Our recent data suggest that this silencing
activity is placed in an area which also contains strong
gene-activating signals (Kube and co-workers, unpublished
observations). Recently, it has been shown that three of
these NFκB sites are able to bind NFkB in HTLVtax-
expressing human T-cells, suggesting a direct involvement
of this transcription factor in virus-associated IL-10 expres-
sion (Mori et al. 1996).

We also noted two point mutations in theIL10 promoter,
at –854 and –627 respectively. In our population, these
were in complete linkage equilibrium, as might be expected
from their very close proximity to one another. When we
examined their relationship with theIL10.G or IL10.R
microsatellite alleles, a strong association was observed
between theIL10.G9 microsatellite allele and the less
commonIL10.-854.2/IL10.-627.1combination.

IL-10 is a central component of the immune response. It
offers control over inflammatory (Malefyt et al. 1991b) and
cell-mediated (Malefyt et al. 1991a) immunological me-
chanisms. 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
attempts to subvert the human immune system. The area of
chromosome 1 where human IL-10 is encoded is rich with
genes encoding proteins relevant to the immune system; for
example, components of the complement system (decay
accelerating factor, complement receptor 1, complement
receptor 2) are adjacent to our location for theIL10 gene as
are those for cell-surface structures such as CD21. The
genes for many of the Fc-gamma receptors are also nearby
(1q23). As reports begin to emerge about the role of
elements within this part of chromosome 1 in the genetic
background to malignant and autoimmune diseases (Bieche
et al. 1995; Salmon et al. 1995; Eskdale et al. 1997), so the
accurate positioning of theIL10 gene in relation to such

others will assist in the understanding of its role (if any) in
the molecular aetiology of disease, and its relationship with
other parts of the immune system generally, as will a full
understanding of the genetic diversity which exists within
this important gene. Like other cytokines, IL-10 does not
act in isolation but functions within a cytokine network.
The uncovering of a dense clustering of sites through which
other pro-inflammatory cytokines might influence the pro-
duction of IL-10 provides a potential mechanism for this.

AcknowledgmentsmJoyce Eskdale is the Mary Millar Bequest Fund
senior research fellow, 1995–1996. Dieter Kube is grateful to the
Deutsche Forschungsgemeinschaft (SFB 502) and the Bundesminis-
terium fur Forschung und Technologie (01KS 9502) for their generous
support.

References

Akira, S., Isshiki, H., Sugita, T., Tanabe, O., Kinoshita, S., Nishio, Y.,
Nakajima, T., Hirano, T., and Kishimoto, T. A nuclear factor for IL-
6 expression (NF-IL6) is a member of a C/EBP family.EMBO J 9:
1897–1906, 1990

Aman, M. J., Tretter, T., Eisenbeis, I., Bug, G., Decker, T., Aulitzky, W.
E., Tilg, H., Huber, C., and Peschel, C. Interferon-alpha stimulates
production of interleukin-10 in activated CD4+ T cells and
monocytes.Blood 87:4731–4736, 1996

Becker, J.C., Czerny, C., and Brocker, E.B. Maintainance of clonal
anergy by endogenously produced IL-10.Int Immunol 6:
1605–1612, 1994

Bejarano, M.T., Malefyt, R.D., Abrams, J.S., Bigler, M., Bacchetta, R.,
DeVries, J.E., and Roncarolo, M.G. Interleukin-10 inhibits allo-
specific proliferative and cytotoxic T-cell responses generated in
mixed lymphocyte cultures.Int Immunol 4:1389–1397, 1992
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Note added in proof:
After this paper had been accepted for publication, we became aware
of independent work by Turner and co-workers (1997) in which they
note the two point mutations described here. We acknowledge the
contribution by Turner and co-workers to the understanding of the
structure of the humanIL10 promoter.
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