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Abstract

 

During active disease, patients with systemic-onset juvenile
chronic arthritis (S-JCA) demonstrate a rise and fall in se-
rum interleukin-6 (IL-6) that parallels the classic quotidian
fever. To investigate the possibility that this cytokine profile
results from a difference in the control of IL-6 expression,

 

we examined the 5

 

9

 

 flanking region of the IL-6 gene for
polymorphisms. A G/C polymorphism was detected at posi-
tion 

 

2

 

174. In a group of 383 healthy men and women from
a general practice in North London, the frequency of the C
allele was 0.403 (95% confidence interval 0.37–0.44). In
comparison, 92 patients with S-JCA had a different overall
genotype frequency, especially those with onset of disease at

 

,

 

 5 yr of age. This was mainly due to the statistically signif-
icant lower frequency of the CC genotype in this subgroup.
When comparing constructs of the 5

 

9

 

 flanking region
(

 

2

 

550–

 

1

 

61 bp) in a luciferase reporter vector transiently
transfected into HeLa cells, the 

 

2

 

174C construct showed
0.624

 

6

 

0.15-fold lower expression than the 

 

2

 

174G construct.
After stimulation with LPS or IL-1, expression from the

 

2

 

174C construct did not significantly change after 24 h,
whereas expression from the 

 

2

 

174G construct increased
by 2.35

 

6

 

0.10- and 3.60

 

6

 

0.26-fold, respectively, compared
with the unstimulated level. Plasma levels of IL-6 were also
measured in 102 of the healthy subjects, and the C allele
was found to be associated with significantly lower levels of
plasma IL-6. These results suggest that there is a genetically
determined difference in the degree of the IL-6 response to
stressful stimuli between individuals. The reduced frequency

of the potentially protective CC genotype in young S-JCA
patients may contribute to its pathogenesis. Similarly the in-
dividual’s IL-6 genotype may be highly relevant in other
conditions where IL-6 has been implicated, such as athero-
sclerosis. (

 

J. Clin. Invest.

 

 1998. 102:1369–1376.) Key words:
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Introduction

 

Juvenile chronic arthritis (JCA)

 

1

 

 is one of the commonest
forms of chronic childhood disability, with an annual UK inci-
dence of 10 cases per 100,000 children under 16 yr of age (1).
Approximately 11% of patients with JCA suffer from the sys-
temic-onset form (S-JCA), which is the subgroup most likely
to be associated with severe, debilitating, extra-articular fea-
tures and occasionally fatal complications (1, 2). To control
their disease, young children with S-JCA are often exposed to
potentially toxic therapies for many years. However, many
children still experience early joint destruction, necessitating
surgical replacement. Moreover, up to 48% of these patients
will still have active disease after 10 yr (3).

S-JCA is a clinically homogeneous and quite unique illness.
When the disease is active, patients display a typical quotidian
spiking fever, an evanescent macular rash, lymphadenopathy,
hepatosplenomegaly, serositis, myalgia, and arthritis. They are
frequently anemic with markedly raised neutrophil and plate-
let counts; they have a high erythrocyte sedimentation rate,
C-reactive protein, and serum fibrinogen. Patients also have a
polyclonal hypergammaglobulinaemia and in severe cases
raised liver enzymes and a coagulopathy (4). Additionally, in-
flammatory cytokines, such as tumor necrosis factor (TNF-

 

a

 

),
interleukin-1 (IL-1), and interleukin-6 (IL-6) have been shown
to be elevated in the serum and synovial fluid of inflamed
joints (5–8).

The particularly unusual feature of acute S-JCA is the
unique pattern of fever. Once, or occasionally twice a day—
and sometimes at the same time each day—the patient’s tem-
perature rapidly rises, often to more than 40

 

8

 

C. Patients may
remain febrile for several hours before their temperature re-
turns to normal, or subnormal. 24-h serum cytokine profiles
have demonstrated that the serum IL-6 concentration rises sig-
nificantly in conjunction with the fever spike, and then falls in
parallel with the return of body temperature to normal (9, 10).
Over this period TNF

 

a

 

 levels are only moderately elevated
and reach their maximum level 

 

z

 

 5 h after the peak of fever.

 

The first two authors contributed equally to this study.
During the preparation of this manuscript, the 

 

2

 

174G/C poly-
morphism was independently submitted to GenBank (GenBank ac-
cession number AF005485, authors Olomolaiye, O.O., N.A.P. Wood,
and J.L. Bidwell, unpublished). We have submitted the A

 

n

 

T

 

n

 

 poly-
morphism and corrections to the original sequence to GenBank (ac-
cession numbers AF039224–8 inclusive).
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The level of interleukin-1 receptor antagonist also parallels the
fever curve but with a lag phase of 

 

z

 

 1 h. This is consistent
with the fact that IL-1 receptor antagonist expression is rapidly
induced by IL-6 (11, 12), and this probably contributes to the
consistently low interleukin-1

 

b

 

 (IL-1

 

b

 

) concentrations found
during the fever curve.

Many of the clinical and laboratory features of S-JCA are a
reflection of a vigorous hepatic acute phase response, the chief
stimulus of which is IL-6. Furthermore, the systemic features
resemble those of other conditions where there is overexpres-
sion of IL-6, such as Castleman’s disease (13) and multiple mye-
loma (14). IL-6 has been shown to mediate fever induced by
IL-1 in animals (15) and to induce fever when administered to
patients with malignancy (16). Although TNF-

 

a

 

 and IL-1 may
also have an important role in S-JCA, the temporal patterns of
increase in the serum concentration of these two cytokines are
unlikely to be the cause of the cyclical levels of IL-6 or the
characteristic fever of S-JCA (9). The central role of TNF-

 

a

 

 in
the pathogenesis of RA was demonstrated by the beneficial ef-
fect of humanized anti–TNF-

 

a

 

 monoclonal antibody therapy
on disease activity (17). However, the pathogenesis of S-JCA
is likely to be different, since treatment with this antibody in
one patient resulted in the abolition of fever for a few days, but
the arthritis and malaise did not respond (18).

To explain the unique cyclical pattern of IL-6 serum con-
centration in active S-JCA, we have proposed that the regula-
tion of the expression of IL-6 in these patients differs from un-
affected individuals, possibly as the result of 5

 

9

 

 flanking region
polymorphisms. There are now several well-documented in-
stances where nucleotide polymorphisms occur within the reg-
ulatory region of cytokine genes, and some of these are associ-
ated with an altered rate of expression of the gene (19–21). In
addition, some examples of these polymorphisms have been
associated with autoimmune diseases, such as the combination
of oligoarthritis with uveitis and a polymorphism of IL-1

 

a

 

 in
Norwegian patients (22) (although this is not confirmed for
UK oligoarthritis patients [23]) and infectious diseases (24–26).

In this paper, we report the presence of polymorphisms
within the 5

 

9

 

 flanking region of the IL-6 gene. One of these lies
in an area previously reported to have a negative effect on
gene transcription. We demonstrate that it affects the tran-
scription rate of a reporter gene in transient transfection stud-
ies and is associated with lower plasma IL-6 levels in normal

individuals. Furthermore, there was a significant difference in
the frequency of genotypes between patients with S-JCA and
the controls.

 

Methods

 

Patients and controls.

 

Genomic DNA from Anglo-Saxon Caucasian
patients with S-JCA was extracted as previously described (27) from
blood samples collected at Northwick Park Hospital and from Great
Ormond Street Hospital for Sick Children and University College
London Hospitals. In all cases, samples were obtained from blood
taken during routine clinical analysis. The ARC DNA Repository at
the University of Manchester, England also kindly provided us with
genomic DNA samples from other Anglo-Saxon Caucasian S-JCA
patients. All patients had an age of onset of disease below 16 yr and
had a persistent polyarthritis for at least 5 yr. 53% of the patients
were female. Genomic DNA was also collected from healthy mem-
bers of staff at Northwick Park Hospital but used only for sequencing
and RFLP analysis during the search for polymorphisms, and not for
assessing genotype frequencies.

Caucasian control DNA was obtained from 383 healthy men and
women aged 40–75 yr recruited originally from a general practice in
North London as part of the Goodinge Study, which was designed to
investigate associations of urinary albumin excretion rate with cardio-
vascular disease in nondiabetic subjects. Full details of these subjects
have been described elsewhere (28, 29).

The characteristics of the subjects of Gujarati Indian and Afro-
Caribbean origin from the Brent and Harrow study have also been
described previously (30). DNA was extracted by the salting-out
method (31). DNA samples from three orangutans, three chimpan-
zees, and three gorillas (a kind gift of Dr. David Hunt, Institute of
Ophthalmology, London, UK) was also used.

 

Polymerase chain reaction.

 

The sequence of each PCR primer set
is given in Table I. Primer set 1 amplified a region of 611 bp, starting
upstream of the proximal putative glucocorticoid response element
and finishing immediately adjacent to the main translation start site.
The cycling conditions were: 95

 

8

 

C for 5 min, followed by the addition
of 0.5 U of 

 

Taq

 

 polymerase (Promega, UK), then 25 cycles of 95

 

8

 

C for
1 min, 63

 

8

 

C for 1 min, and 72

 

8

 

C for 2 min, followed by a terminal
10-min extension phase at 72

 

8

 

C. Primer set 2 generated a PCR frag-
ment encompassing the product of set 1 but extending 100 bases up-
stream and 148 bases downstream. Cycling conditions were similar to
set 1, except that an annealing temperature of 62

 

8

 

C was used; 35
cycles were carried out.

PCR for single-strand conformational polymorphism (SSCP) and
MADGE system RFLP (protocols developed by G. Faulds and S.

 

Table I. Sequences of Primers Used to Generate PCR Products for the Analysis of the IL-6 5

 

9

 

 Flanking Region

 

Name of primers Nucleotide sequence of primers

 

Set 1 5

 

9

 

-CAG AAG AAC TCA GAT GAC TGG-3

 

9

 

 (5/2)
5

 

9

 

-GCT GGG CTC CTG GAG GGG-3

 

9

 

 (3/2)
Set 2 5

 

9

 

-GGA GTC ACA CAC TCC ACC T-3

 

9

 

 (DF20)
5

 

9

 

-GTG ACT GAC AGC ACA GCT-3

 

9

 

 (DF21)
Set 3 5

 

9

 

-TGA CTT CAG CTT TAC TCT TGT-3

 

9

 

5

 

9

 

-CTG ATT GGA AAC CTT ATT AAG-3

 

9

 

Set 4 5

 

9

 

-CTG GTA GTA TTA CCT TCT TCA-3

 

9

 

5

 

9

 

-TTC TTT ATT AGT GAC TCA GCA-3

 

9

 

DF13 5

 

9

 

-CCT TCT TCA TAA TCC AGG-3

 

9

 

DF14 5

 

9

 

-GAG CTT CTC TTT GCT TCC-3

 

9

 

DF5/2D 5

 

9

 

-TAT GCG AGG TAC CAG AAG AAC TCA GAT GAC TGG-3

 

9

 

DF3/2D 5

 

9

 

-AGT TAA TCT AGA TAT GCT GGG CTC CTG GAG GGG-3

 

9

 

Upstream primer of each pair is described first.
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Humphries) were carried out using primer sets 3 and 4. The cycling
conditions were: five cycles: of 96

 

8

 

C for 9 min, 95

 

8

 

C for 1 min, and
72

 

8

 

C for 3 min, followed by 30 cycles of: 95

 

8

 

C for 1 min, 55

 

8

 

C for 1 min,
and 72

 

8

 

C for 1 min. Primer sets 3 and 4 were part of a group of six
primer pairs (others not shown) used by two of us (G. Faulds and S.
Humphries) to screen 1179 bp of the 5

 

9

 

 flanking region by SSCP.
Only products from these two primer pairs displayed SSCP changes
in this study and were further investigated by automated sequencing.

 

SSCP.

 

SSCP was carried out according to the method of Orita et
al. (32) with some modifications. 

 

33

 

P-dATP–labeled primer set 1
product was digested with Mae III. 9 

 

m

 

l of digested PCR product was
diluted with SSCP running buffer (10 nM NaOH, 80% formamide,
1 mM EDTA, and 0.1% each BPB and XC). The sample was heated
to 95

 

8

 

C for 5 min and then placed on ice. 10 

 

m

 

l of each sample was run
at 5 W overnight (18 h) on a 6% nondenaturing polyacrylamide gel
(MDE; Anachem, Luton, UK) at room temperature. Alternatively, 2

 

m

 

l of PCR product generated by primer sets 3 or 4 was added to 6 

 

m

 

l
of a 7:5 ratio of formamide dye mix (95% formamide, 10 mM EDTA,
and 0.02% wt/vol each of BPB and XC) and a solution of 0.1% wt/vol
SDS and 10 mM EDTA. The DNA was denatured at 95

 

8

 

C for 5 min,
and then placed on ice. 4 

 

m

 

l of each sample was run overnight at 300 V
on a 7.5% nondenaturing polyacrylamide gel with 5% vol/vol glycerol
and 10 mM EDTA at room temperature (33).

 

Sequencing of the IL-6 5

 

9

 

 flanking region.

 

Initially, 1 

 

m

 

l of PCR
product generated from genomic DNA from S-JCA patients and staff
controls by using primer pair 1 was ligated into the pCRII vector (In-
vitrogen, Groningen, Netherlands). This was then used to transform
competent 

 

Escherichia coli

 

 (Invitrogen). Plasmid DNA prepared by
the Wizard Miniprep kit (Promega, Southampton, UK) was se-
quenced with 

 

Vent

 

 polymerase (ThermoCycle Kit; NEB, Hitchin,
UK) by using the primers shown in Table II. Subsequently, the same
PCR product was sequenced using the Vistra 725 automated se-
quencing system (Amersham, Little Chalfont, UK). 5

 

9

 

-Texas Red–
labeled sequencing primers (DF13 and DF14; Oswell, Southampton,
UK) were nested within the location of the original PCR primers.
The reaction parameters were: 95

 

8

 

C for 3 min, followed by 25 cycles
of 95

 

8

 

C for 30 sec, 51

 

8

 

C (DF13) or 50

 

8

 

C (DF14) for 15 sec, and 72

 

8

 

C
for 30 sec.

PCR products from Caucasian, Gujarati, and Afro-Caribbean
control DNA samples generated using primer sets 3 and 4 were se-
quenced using the ABI Prism 377 system, using 3.2 pmol of the 5

 

9

 

primer from the initial PCR and 0.1 pmol/

 

m

 

l PCR product. Cycle se-
quencing was: 96

 

8

 

C for 30 sec, 50

 

8

 

C for 15 sec, and 60

 

8

 

C for 4 min, for
25 cycles.

 

Restriction fragment length polymorphisms.

 

10 

 

m

 

l of PCR prod-
uct generated from S-JCA patient genomic DNA by using primer sets
1 or 2 was digested with Sfa NI. After digestion the sample was dena-
tured at 65

 

8

 

C for 5 min, then placed on ice for 5 min before electro-
phoresis on a 1% agarose gel. PCR reactions and restriction digests

were carried out in duplicate. 12 

 

m

 

l of primer set 3 PCR product, gen-
erated from the Caucasian, Gujarati Indian, and Afro-Caribbean
control sample genomic DNA, was digested with either Hsp 92II or
Nla III. Analysis of the fragments was undertaken using the 96-well
MADGE system (34). Restriction enzymes were obtained from
Promega and New England Biolabs, Hitchin, UK.

 

Reporter gene constructs.

 

PCR primers annealing to the same se-
quences as primer set 1 but containing recognition sites for Kpn I in
the upstream primer (DF5/2D) and Xba I in the downstream primer
(DF3/2D) were used to produce a 614-bp product (

 

2

 

550–

 

1

 

61 bp)
from pCRII clones containing either a G or a C at the 

 

2

 

174 position.
For consistency, both clones contained the A

 

8

 

T

 

12

 

 allele, allowing a di-
rect comparison between the G and C alleles to be made without the
confounding effects of a different A

 

n

 

T

 

n

 

 allele between the two re-
porter constructs. This allele was chosen because it represented the
commonest observed allele associated with the 

 

2

 

174C allele. PCR
conditions were the same as for primer set 2, with the exception that
the primer annealing temperature was 67

 

8

 

C and 25 cycles were car-
ried out. After restriction enzyme digestion, the products were direc-
tionally ligated into the pGL3 Basic Luciferase vector (Promega),
linearized by digestion with Kpn I and Nhe I. Transfection-grade
plasmid was prepared using the standard alkaline lysis “maxiprep”
procedure, followed by two caesium chloride centrifugation gradi-
ents. Alternatively, plasmids were prepared using the Qiagen Midi-
prep system (Qiagen, UK). Before transfection, the sequence of each
cloned product was confirmed by automated sequencing.

 

Transient transfections.

 

4 

 

3

 

 10

 

5

 

 HeLa cells (ATCC, Rockville,
MD) were seeded into each well of a six-well plate and grown to con-
fluence (2 d) in Dulbecco’s modified Eagle’s medium (GIBCO BRL,
Paisley, UK), supplemented with 10% heat-inactivated fetal calf se-
rum, nonessential amino acids, and penicillin (50 U/ml)/streptomycin
(50 

 

m

 

g/ml), all obtained from Sigma (Poole, UK). The HeLa cells
were transfected with 10 

 

m

 

g of each reporter plasmid and 3 mg of a
control plasmid containing the b-galactosidase gene (RSV-b-gal),
which lacks a cytokine responsive promoter, by the calcium phos-
phate method (35). After 18 h, the cells were stimulated with either
IL-1 (10 U/ml) or LPS (10 mg/ml). After a further 24 h, the cells were
harvested. Luciferase and b-galactosidase expression were measured
using commercial assay kits (Luciferase Assay; Promega and Galac-
toLight Plus; Tropix, Bedford, MA) in a BioOrbit 1253 luminometer
(Labtech, Uckfield, UK). Each transfection was carried in duplicate,
and transfections were done twice each.

Measurement of plasma IL-6. Plasma IL-6 levels were measured
from blood samples obtained in the early morning, after an overnight
fast. All the subjects were healthy at the time of venesection. The
samples were analyzed in duplicate using a commercially available
ELISA kit (R & D Systems, Oxon, UK) as described previously (36).

Statistical methods. The gene-counting method with a x2 test with
Yates correction was used to compare the frequency of the C allele
between the different groups. All other tests and transformations
were performed using the SPSS/PC1 statistical package. The t test
was used to compare levels of luciferase between constructs. Statisti-
cal significance was considered to be at the 0.05 level. ANOVA was
used to compare concentrations of plasma IL-6 between individuals
with different IL-6 genotypes. To test differences in IL-6 concentra-
tions, values were log-transformed before statistical analysis. Multi-
ple linear regression was used to adjust for the effects of age, body
mass index, gender, and smoking on plasma levels of IL-6 and the ad-
justed values used in the ANOVA. Original rather than log trans-
formed values are presented for clarity.

Results

SSCP analysis. The region of the IL-6 gene investigated is shown
in Fig. 1. Significant interindividual differences in SSCP band-
ing patterns were observed for Mae III digested primer set 1 PCR
products and for the nondigested primer set 3 and 4 products.

Table II. Sequence of Primers Used for Manual Sequencing

Nucleotide sequence of primers Name of primers

59-CAG AAG AAC TCA GAT GAC TGG-39 5/2
59-GCT GGG CTC CTG GAG GGG-39 3/2
59-TTC ACA CAG GAA ACA G-39 M13 reverse, within

pCRII vector
59-GTC AGA GGA AAC TCA GTT CAG-39 DF3
59-GTG CAT GAC TTC AGC TTT AC-39 DF4
59-GTG GTT CTG CTT CTT AGC-39 DF5
59-GGA CGT CAC ATT GCA C-39 DF6
59-GAG TCT CAA TAT TAG AGT CT-39 DF7
59-GTC GTG ACT GGG AAA AC-39 M13 forward, within

pCRII vector
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Overall, these features were highly suggestive for the presence
of variations in the nucleotide sequence in these regions.

G to C polymorphism at position 2174. Initially the 611-bp
primer set 1 PCR product from 41 staff controls and 19 pa-
tients with S-JCA was cloned into the pCRII vector and se-
quenced by a combination of manual and automated sequenc-
ing. Compared with the published sequence of Yasukawa et al.
(37), a G to C polymorphism was identified at position 2174 in
14 of these controls and 7 of the S-JCA cases (35% of the total
samples). It was independently confirmed (by G. Faulds and S.
Humphries) by automated sequencing of 12 examples of the
primer set 3 PCR product, 6 with each SSCP appearance, cor-
responding to either allele. The polymorphism produced an
RFLP that was identified by three restriction enzymes, Sfa NI,
Hsp 92II, and Nla III. The sensitivity and specificity of each
RFLP method was demonstrated as each was able to correctly
recognize the genotype identified by sequencing (data not
shown).

The C allele and genotype frequencies of the 383 Cauca-
sian controls, 115 Gujarati Indians, and 101 Afro-Caribbeans
analyzed by MADGE system RFLP are shown in Table III.
The frequency of the C allele in the different racial groups was
0.403 (0.37–0.44), 0.150 (0.094–0.184), and 0.05 (0.016–0.072),
respectively.

The distribution of the age of onset of S-JCA in our sample
is shown in Fig. 2. The peak age of onset of disease in this
group was at 2 yr. Table IV shows the genotype and C allele
frequencies for the S-JCA patients (both as a whole and di-
vided into onset at or before 5 yr and onset at or after 6 yr of
age), compared with Caucasian controls. There was no signifi-
cant difference between the C allele frequencies in the controls
and any of the S-JCA patient groups. However, the overall
genotype distribution of the whole patient group was signifi-
cantly different than the controls (P 5 0.03, x2 5 6.82). In the
# 5-yr-old onset group, this difference was even greater (P 5
0.01, x2 5 8.94). When the genotype frequencies of the S-JCA
patients and the controls were compared, there was a statisti-
cally significant reduction in CC genotype frequency in the
S-JCA patients with age of onset # 5 yr (P 5 0.04, x2 5 4.32,
OR 0.34, 95% CI 0.12–0.98).

Figure 1. A schematic representa-
tion of the 59 flanking region of the 
IL-6 gene identifying the 174G/C 
polymorphism, transcription factor 
binding sites, and the position and 
orientation of the oligonucleotide 
pairs used in the SSCP, RFLP, and 
sequencing analysis. Locations of the 
binding sites are relative to the ma-
jor transcription start site: TATA 
box 227 to 224; NF-kB 273 to 264; 
NF-IL-6 (C/EBPb) 2158 to 2145; 
CRE (cAMP responsive element) 
2163 to 2158; NRD (negative regu-
latory domain) 2225 to 2164; AP-1 
2283 to 2277; AnTn tract 2392 to 
2373; GRE1 and GRE2 (glucocorti-
coid responsive elements 1 and 2) 
2466 to 2461 and 2557 to 2552, re-
spectively.

Table III. Results of MADGE PCR-RFLP for the 2174 
Polymorphism, Showing the Genotype Distribution and C 
Allele Frequency (95% confidence interval) in Subjects of 
Different Ethnic Origin

Genotype

UK Caucasian male
and female controls

(n 5 383)

Gujarati
Indians

(n 5 115)

Afro-
Caribbeans
(n 5 101)

GG 144 85 92
GC 169 28 9
CC 70 2 0
C allele 0.403 0.150 0.05
Frequency (95% CI) (0.37–0.44) (0.094–0.184) (0.016–0.072)

All three racial groups were in Hardy-Weinberg equilibrium. x2 values
were: Caucasians 2.7 (P 5 0.10), Gujaratis 0.03 (P 5 0.86), and Afro-
Caribbeans 0.22 (P 5 0.64).

Figure 2. Age of onset distribution for patients with S-JCA. The peak 
age of onset in the group studied here was 2 yr. 61% of the patients 
had an age of onset of 5 yr or below.



Interleukin-6 Polymorphisms and Systemic-Onset Juvenile Chronic Arthritis 1373

Other polymorphisms. We also observed a variation in the
composition of the AnTn tract at the published positions 2392
to 2373, the published nucleotide sequence being A9T11 (37).
We assessed the composition of the AnTn tract in a total of 57
subjects (32 staff controls and 25 S-JCA patients) by sequenc-
ing of cloned PCR products. Three patterns of 20 base length
were observed: A8T12 (n 5 24), A9T11 (n 5 12), and A10T10 (n 5
10). Two patterns of 19 bases: A9T10 (n 5 3) and A10T9 (n 5 1)
and one pattern of 21 bases: A10T11 (n 5 7) were also seen. In
all but one case, the 2174C allele was associated with the
A8T12 pattern (Table V).

In addition, we consistently observed that the published se-
quence had underestimated two triplets of C residues, at posi-
tions 2508 and 115, as pairs of C residues. This is likely to rep-
resent a technical error in the reported sequence.

Functional studies. Fig. 3 shows the results of transient
transfection experiments in HeLa cells by using constructs
containing either allele of the 2174 59 flanking region poly-
morphism. Correction for variations in transfection efficiency
and cell lysate recovery was achieved by dividing the luciferase
luminescence value by that for b-galactosidase control (38).
The results of two separate experiments (each performed in

Table IV. Results of the RFLP Analysis of Patients with S-JCA, Showing the Genotype and C Allele Frequencies, Compared with 
the UK Control Caucasian Group

Genotype
All S-JCA patients

(n 5 92)
S-JCA Onset # 5 yr old

(n 5 56)
S-JCA Onset $ 6 yr old

(n 536)

UK Caucasian male
and female controls

(n 5 383)

GG 28 (0.30) 16 (0.29) 12 (0.33) 144 (0.38)
GC 54 (0.59) 36 (0.64) 18 (0.50) 169 (0.44)
CC 10 (0.11) 4 (0.07) 6 (0.17) 70 (0.18)
C-allele 0.402 0.393 0.417 0.403
Frequency* (0.33–0.47) (0.30–0.48) (0.30–0.53) (0.37–0.44)
Patients** vs. controls P 5 0.03 P 5 0.01 P 5 0.79

x2 5 6.82 x2 5 8.94 x2 5 0.46

* 95% CI. **Overall genotype distribution analyzed by x2 test.

Figure 3. Luciferase activity (SD), measured as 
the fold increase in light emission relative to the 
unstimulated G(A8T12) construct, of G(A8T12) 
and C(A8T12) constructs expressed in HeLa cells. 
Results are the mean of four transfections, cor-
rected for protein content and efficiency of trans-
fection by b-galactosidase cotransfection.
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duplicate), where the plasmids were prepared by caesium chlo-
ride gradient separation or Qiagen preparation, were com-
bined by calculating the fold change in corrected luciferase
expression relative to the unstimulated 2174G allele. In un-
stimulated cells, the C(A8T12) construct showed 0.6260.15-fold
lower (P , 0.005) expression than the G(A8T12) construct. Af-
ter stimulation with lipopolysaccharide or IL-1, expression
from the G(A8T12) construct increased by 2.3560.10-fold and
3.6060.26-fold, respectively, compared with the unstimulated
level (both P , 0.001). However, expression from the
C(A8T12) construct did not change significantly (P 5 0.5 and
0.46, respectively). LPS- and IL-1–induced luciferase expres-
sion from the G(A8T12) construct was, respectively, 4.5560.39-
fold and 4.3860.54-fold that induced from the C(A8T12) con-
struct (both P , 0.0001).

Plasma IL-6 levels. From the 383 healthy Caucasians, a
subset of 102 subjects were recalled for measurement of their
fasting plasma IL-6. In this subset, the GG homozygotes had
circulating IL-6 concentrations approximately twice as high as
those homozygous for the C allele (P 5 0.02) (Fig. 4).

Discussion

There are now several examples of polymorphisms occurring
within cytokine genes, some of which are associated with dis-
ease. A polymorphism in the promoter region of the IL-1a
gene has been found to be associated with pauci-articular JCA
in a cohort of Norwegian children, especially in those with
chronic iridocyclitis (22), but not in UK children (23). There is
a strong association between a worse outcome from malaria or
mucocutaneous leishmaniasis and the rare allele of the 2308

TNF-a promoter polymorphism (TNFA2) (24, 25). This allele
has been shown to be a stronger inducer of reporter gene ex-
pression than the common allele (19). IL-6 polymorphisms
have previously been reported: Msp I and Bgl I identify proba-
ble base substitutions around the fifth exon and in the 59 flank-
ing region, respectively (39). In addition, Bst NI and at least
nine other enzymes identify an RFLP in an AT-rich area of the
39 flanking region, representing insertions of varying sizes. A
PCR method to screen this region has been developed (40).
Considerable interethnic variation in the frequencies of these
polymorphisms has been demonstrated (39), which is consis-
tent with our data for the 2174C allele, which is considerably
rarer in Gujarati Indians and Afro-Caribbeans, compared with
UK Caucasians. As all of the primates examined were GG ho-
mozygotes, it is likely that this allele is ancestral and that the C
allele represents a relatively recent change in the IL-6 59 flank-
ing sequence.

Until now, there have been no disease associations with
any polymorphisms in the 59 flanking region of the IL-6 gene.
The Msp I and Bgl I RFLP are not associated with RA, SLE,
or pauci-articular JCA (41). An increased frequency of an Xba
I RFLP, also likely to be due to 39 flanking region insertions,
has been described in some patients with SLE and elevated
IL-6 levels (42). By using PCR-RFLP and sensitive polyacryl-
amide gel electrophoresis, an association between genotype
for the 39 flanking region polymorphism and peak bone min-
eral density in women has been demonstrated (43). However,
none of these RFLP are located in areas known to be responsi-
ble for inducible transcriptional control. This current report is
the first description of a polymorphism in the 59 flanking re-
gion that alters the transcriptional response to stimuli such as
LPS and IL-1, results that have since been repeated consis-
tently in both our laboratories.

The region between 2225 to 2164 containing the G to C
polymorphism has previously been reported to demonstrate a
negative regulatory effect on reporter gene expression (44).
Studies on the repression of the IL-6 promoter by using DNA
footprinting have demonstrated binding of the glucocorticoid
receptor to a region around 2201. The polymorphism at 2174
is close enough to this site for it to potentially influence the
binding of the glucocorticoid receptor and thus its ability to re-
press transcriptional activation. It is of considerable interest
that the change from a G to a C at position 2174 creates a po-
tential binding site for the transcription factor NF-1. NF-1
comprises a family of structurally related transcription factors
active in many cell types (45). Although this factor has been
shown to have varying effects on transcription, in HeLa cells it
has been demonstrated to be a repressor of gene expression
(46). Our work has shown that reporter gene expression from
the C allele is repressed in HeLa cells. It is possible that in

Figure 4. Mean plasma IL-6 levels in healthy men and women with 
different IL-6 G/C genotypes. Mean values (adjusted for age, body 
mass index, gender, and smoking) were GG: 2.74 (95% CI 2.43–3.10); 
GC: 2.64 (2.35–2.97); CC: 1.63 (1.44–1.86). (P 5 0.02 by ANOVA).

Table V. Combined Results for Sequencing AnTn Tract from 
Patient and NPH Controls

A8T12 A9T11 A10T10 A9T10 A10T11 A10T9

2174G 5 12 9 3 7 1
2174C 19 0 1 0 0 0

In all but one case, the 2174C allele was associated with the A8T12 tract
configuration. Considerably more variation was observed for the AnTn

tract association with the 2174G allele.
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other cell lines this response is very different. Thus, the in vivo
situation is likely to be complex, where IL-6 is expressed from
several different tissues. We are currently investigating the
possibility that this effect is due to binding of DNA in this re-
gion by a nuclear protein acting as a repressor in HeLa cells,
by using electromobility shift assays and DNA footprinting.
We are also investigating whether this reduced expression oc-
curs in other tissue cell lines, by transient transfection experi-
ments and if different AnTn patterns influence this differential
expression.

The genotype frequencies in our S-JCA patient group is
significantly different from that in a large control population.
The reduction in the prevalence of the CC genotype in pa-
tients with S-JCA, especially those with disease onset at or be-
fore 5 yr, is a very interesting finding. This is the first time that
a significant genetic association has been demonstrated for
S-JCA. The in vitro data showing that reporter expression
from the C allele is repressed after stimulation with IL-1 and
LPS, whereas the G allele induces reporter expression as
would be predicted, suggest that the presence of the C allele—
and more so the CC genotype—would result in a lower IL-6
expression after a given inflammatory stimulus compared with
the GG genotype. This is supported by our in vivo observation
that IL-6 levels are lower in normal subjects with the CC geno-
type, compared with GC or GG subjects.

The reduction in the frequency of the CC genotype in
S-JCA patients therefore suggests that this genotype confers a
protective influence against the development of the disease.
This implies that an individual’s genotype influences his or her
IL-6 response to a stressful stimulus in a manner analogous to
that of the TNF-a 2308 polymorphism (19). It is highly un-
likely that the -174 polymorphism alone represents the suscep-
tibility gene for the development of S-JCA. Rather, the GG
(or GC) genotypes may be interacting with other genetic and/
or environmental triggers to produce the disease. Linkage be-
tween the polymorphism and S-JCA is amenable to analysis by
the transmission disequilibrium test, for which we are cur-
rently collecting simplex families.

Although there is no validated method for assessing dis-
ease severity in S-JCA, the disease course of persistent arthri-
tis in all of these patients demonstrates that they are of the
moderate to severe spectrum. There is no published data con-
cerning the incidence of S-JCA in non-Caucasians, and given
the low frequency of the C allele in Gujarati Indians and Afro-
Caribbeans, it would be very interesting to investigate the geno-
types of S-JCA patients in these groups. The reduction in CC
genotype frequency in the # 5-yr-old onset group is very inter-
esting. These children are frequently very unwell, with chronic
disease that is difficult to suppress. The subdivision into onset
before or after 5 yr of age is also of relevance in other JCA
subgroups. In particular, the young onset oligoarticular JCA
subgroup is often defined by onset age 5 or below, and they
have strong HLA associations that are not seen in older oli-
goarticular onset children (47).

Although it would be of interest to determine the associa-
tion between a patient’s 2174 genotype and their serum IL-6
levels during active disease, and also to compare the level of
IL-6 in the prefever, febrile, and postfever state between pa-
tients with different genotypes, these findings are likely to be
very difficult to interpret for several reasons. First, IL-6 levels
may be influenced by medication. Second, we have shown a
large variation in the absolute IL-6 level between children

acutely ill with S-JCA (9). Third, other factors, such as the “se-
verity” of disease (for which there is no agreed, objective
scale), age, disease duration as well as the duration of current
flare, and nutritional state are also likely to influence the se-
rum IL-6 levels. However, the association between the C allele
and lower levels of IL-6 in healthy fasting men and women
strongly supports the in vitro finding of reduced promoter
strength. We are also in the process of measuring IL-6 produc-
tion by PBMC from healthy donors with different genotypes
to assess the in vitro IL-6 response to inflammatory stimuli.

In summary, we have demonstrated novel polymorphisms
in the 59 flanking region of the IL-6 gene, an area important in
the regulation of gene expression. A single nucleotide change
from G to C at position 2174 results in suppression of IL-6
transcription in response to LPS or IL-1 in HeLa cells. Fur-
thermore, the CC genotype is significantly less common in
S-JCA than in Caucasian control subjects and may play a pro-
tective role against the development of the disease.
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