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WE investigated th e s erum  concen trations of inter -
leukin -6 (IL-6) and tw o IL-6 fam ily of cytokine s
(leukaem ia in hibitory factor (LIF) and ciliary neuro-
trophic  factor (CNTF) as  w ell as  IL-6 soluble  re ceptor
(s IL-6R) us in g an  enzym e-linked im m unosorbent
as say (ELISA) in  66 patien ts  w ith  rh eum atoid arth ritis
(RA) and 24 healthy con trols . We ex am in ed a poss ible
as sociation  betw een  th e serum  levels  of th ese  pep-
tides  and RA activity according to  th e Mallya and Mace
scorin g system  and Ritch ie ’s  in dex . We also evaluated
the  correlation be tw een the serum  levels  of IL-6, LIF,
CNTF and sIL-6R and duration of the  dis eas e and
calculated sIL-6R/IL-6 ratio  in  RA patien ts  and in  the
con trol group. IL-6 and sIL-6R w ere detectable  in  all
66 patien ts  w ith RA and 24 norm al in dividuals. LIF
w as also  found in  th e se rum  of all patients  w ith  RA
and in  16 (66.7%) norm al in div iduals. In  con trast
CNTF w as m easurable  on ly in  15 (22.7%) patien ts
w ith  RA and 24 (33.3%) nor m al individuals. The
h ighest IL-6 and sIL-6R levels  w ere found in  the
patien ts  w ith  Stage s  3 and 4 of RA activity and th e
low est in  th e control group. In  contras t the re were no
statis tically s ign ificant dife rences  be tw een the LIF and
CNTF leve ls  in  RA patients  and norm al in dividuals. We
found pos itive  correlation  be tw een IL-6 and sIL-6R
concentrations and Ritch ie ’s  in dex  and a lack of such
correlation w ith LIF and CNTF. IL-6 serum  leve l
correlated positively w ith  the  disease duration , but
sIL-6R, LIF and CNTF did not. Se rum  sIL-6R/IL-6 ratio
w as s ign ifican tly low er in  RA patients  than  in  healthy
con trols . In  conclusion , an  in crease in  the  serum
leve ls  of IL-6 and s IL-6R, but not LIF and CNTF
concentrations, m ay be  us eful m arker s  for RA
activity .
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Introduction

Rheumatoid arthritis  (RA) is a syste mic autoimmune
disease localized pre fere ntially in the synovial joints,
resulting in joint de struction and pe rmanent
disability.1 ,2

There  is grow ing evidence  suggesting that some
cytokines, particularly proinflammatory cytokines
such as  tumour ne crosis fac tor a (TNF-a ), inte rleukin-
1 (IL-1), inte rferon g (IFN-g ) and inte rleukin-6 (IL-6),
play an important role  in the pathogene sis of this
disease.3 ,4 These  inflammatory cytokine s are  present
in the rheumatoid synovial membrane and participate
in cell proliferation as  we ll as in the  synthesis of
prostaglandins, metalloprote inases  and other
cytokine s.5 –7

IL-6 is a pleiotropic , immunomodulatory cytokine
produced by a variety of ce ll types, including fibro-
blasts, endothe lial c ells, monocytes  and both benign

and malignant lymphocyte s of B and T ce ll origin.8 It
is a multifunc tional cytokine, w hich plays a key role
in the differe ntiation and grow th of hae matopoietic
ce lls , B-ce lls , T-cells, keratinocytes , neuronal cells,
oste oclasts  and endothelial cells.9 Moreove r, IL-6
modulates  the  transcription of several liver-specific
genes during acute inflammatory state s. Pe rtinent to
inflammation is the ability of IL-6 to induce acute
phase  protein synthesis in hepatocytes.1 0

IL-6 is  a member of a family of cytokines w hich also
include s leukaemia inhibitory factor (LIF), oncostatin
M (OSM), c iliary ne urotrophic  fac tor (CNTF), and
inte rleukin-11 (IL-11).1 1,1 2 These  cytokine s are a
group of evolutionary re lated prote ins characterized
by a common tertiary framework, w ith a distinc tive,
four helix  bundle topology.1 3,1 4 IL-6 type cytokines
induces grow th or differention via a receptor system
that involves a spec ific  receptor and the  use of a
shared signalling subunit, gp 130.15
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Ce lls isolated from the synovium of RA patients
ex pre ssed mRNA for LIF, OSM and IL-11 at higher
leve ls  than did synovial ce lls from osteoarthritis
patients, and spontaneously re le ased gre ater quan-
tities of this protein in culture.1 6 Elevated leve ls of LIF,
OSM and IL-11 w ere  also found in the synovial fluids
of RA patients .16 –18 How ever OSM, LIF and IL-11 have
been reported to be  undetec table in peripheral blood
of these  patients.1 6 To our know ledge the  leve l of
CNTF in the serum and synovial fluid of RA patients
has been not inve stigated, so far. However, we  have
found a dete ctable leve l of this cytokine in the serum
of the majority of systemic  lupus e rythematosus (SLE)
patients.1 9

The  ce llular IL-6 re ceptor complex  consists of tw o
different prote ins, an 80-kDa ligand binding glycopro-
te in (IL-6R) and gp 130 involved in ce llular signal
transduction.20 These tw o subunits of the  IL-6R
complex  are proteolytically cleaved and re leased from
the cell as soluble  receptor prote ins.21 Soluble forms
of the  IL-6R (sIL-6R) and gp 130 are found in diffe re nt
body fluids in patients  w ith various inflammatory
diseases , including SLE and RA.22 ,23

In the  pre sent study w e  measured the serum
concentration of IL-6, LIF, CNTF and sIL-6R in patients
w ith RA using ELISA as say. We correlated the serum
leve ls  of these  prote ins w ith dise ase  activity ac cord-
ing to the  Mallya and Mace scoring system and
Ritchie ’s index  as w ell as w ith disease  duration and
type  of tre atment. We  also evaluated the  corre lation
betw een the serum leve ls of these three cytokine s
and IL-6R as w ell as IL-6 w ith LIF and CNTF.

Patients and methods

Patients

The study involved 66 patients (57 females and nine
males). The ir mean age  w as 51.1 years (range  20–78
years). They fulfilled the revised crite ria of the
American Rheumatism Association (ARA), crite ria for
diagnosis  of RA.2 4,2 5

The  mean duration of the ir dise ase w as 8.7 years
(range  from 1 month to 30 years). Forty-six  of them
w ere  found positive  for the  rheumatoid factor (RF)
and 20 w ere  ne gative. Most of the  RA patients w ere
receiving non-steroidal anti-inflamatory drugs
(NSAID). In addition, 26 of the patients  w ere  treated
w ith pre dnisone , e ight w e re  taking D-pencillamine,
nine -gold salts , e ight methotrex ate and e ight sulfasa-
lazine. On the day of blood sampling, e ach patient’s
history w as re corded and a physic al ex amination
w as performed. Clinical variable s included dise ase
duration, applied tre atment and a joint count for
pain/te nderness. Ritchie ’s articular index  (RI),2 6

duration of the  morning stiffness  and visual analogue
pain score  (VAS) w ere  recorded by the  same  obser-
ver (A.G.).

Disease  ac tivity w as scored during vis its to the
outpatient clinic  ac cording to the method de scribed
by Mallya and Mace.2 7 Our group of patients included
16 patients in Stage 1 or 2, 34 in Stage  3 and 16 in
Stage  4 of the  dise ase ac tivity, ac cording to this
classific ation. The clinical and laboratory feature s of
RA patients are presented in Table  1.

The  control group consiste d of 24 healthy individ-
uals, 19 women and 5 men, aged from 24 to 68 years
(mean 51.2 years). Each underw ent a thorough
physical ex amination pe rformed by one  of the
authors (A.G.).

Laboratory tests

On the  day of blood sampling for cytokines the
follow ing laboratory parameters  w ere  analysed: com-
plete  blood cell count (CBC), Weste rgre n erythro-
cyte sedimentation rate (ESR), urinalysis blood urea
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Table 1. Clinical characteristics of patients with rheumatoid
arthritis

Symptom Number of
patients

%

Total 66 100
Age

Mean ± SD 53.6 ± 12.4
Range 20–78

Sex (male/female) 9/57 13.6/86.4
Disease activity according to

Mallya and Mace
Grade 1 1 1.5
Grade 2 15 22.7
Grade 3 34 51.6
Grade 4 16 24.2

Ritchie point index
Mean ± SD 15.2 ± 6.9
Range 1–30

RE positive 44 66.6
Fever 12 18.2
Renal disorder

(creatinine > 1.2mg/dl)
10 15.2

Pulmonary rheumatic disease 2 0.3
Vasculitis lesions 8 12.1
Weight loss (>5kg/6 months) 18 27.3
Treatment during the study

NSAID 48 12.1
Prednisone 24 36.4
Methotrexate 7 10.6
D-penicillamine 8 12.1
Gold salts 8 12.1
Sulfasalazine 9 18.2

Laboratory parameters
ESR

Mean ± SD 54.9 ± 32.2
Range 10–136

Haemoglobin (g/dl)
Mean ± SD 11.9 ± 1.5
Range 7.6 ± 11.9

Platelets ( 3 109/1)
Mean ± SD 286.4 ± 85.4
Range 152–614

White blood cells ( 3 109)
Mean ± SD 7.8 ± 1.9
Range 4.8–12.5



nitrogen and c re atinine leve ls , fibrinogen leve l, liver
function te sts  (GOT, GPT, bilirubin), C-reactive  pro-
te in (CRP), serum iron and rheumatoid fac tor (RF).
Chest radiographs, abdomen ultrasonography and
EKG w ere  also performed.

Serum sampling and cytokine determination

Venous blood samples  for IL-6, IL-6 re lated cytokines
(LIF and CNTF) and sIL-6R were  collected at the time
of clinical asse ssment into pyrogen free tubes,
allowed to clot at –4°C for 1 h and centrifuged at
2000 3 g for 10 min. The obtained serum w as divided
into aliqots and stored at –25°C until assayed for IL-6,
LIF, CNTF and sIL-6R. The se ra w ere  randomly coded
and te sting w as  carried out w ithout know ledge  of the
clinical status of the subject or of re lated laboratory
data. The cytokine  serum concentration w as assayed
by specific, commercially available , enzyme linked
(ELISA) assay kits (Quantikin e, R&D Systems Inc,
USA) in ac cordance  w ith the manufac ture r’s instruc-
tions and analysed w ith an ELISA re ader at 492 mm.
The procedure  w as  desc ribed in details e lse-
w here .1 9,28 In brie f, the  monoclonal antibodie s,
specific for the cytokines w ere  placed onto the
mic rotitre  plates  provided w ith the kits. Standard and
the samples  w ere  pipetted into the  w ells and any
present cytokines w ere  bound by the  immobilizing
antibody. After rinsing enzyme  – linked polyclonal
antibodie s, specific for cytokines, we re  added to the
w ells to sandw ich the  cytokines immobilized during
the first incubation. After the nex t rinsing the
substrate  solution w as added to the w ells and the
colour deve loped proportionally to the  amount of
cytokines bound in the first ste p. In e ach assay the
appropriate  recombinant human cytokine  w as used
to generate  the standard curve. The  concentration of
cytokines and sIL-6R in the samples w ere  determined
by interpolation from the  standard curve . Serum sIL-
6R concentration measurement w as  diluted 40 times
and its leve l w as measured betw een 7.8 and 500 pg/
ml. Sensitivity of the  assay for IL-6 w as 0.7 pg/ml, for
LIF 2.0 pg/ml and for CNTF 8.0 pg/ml.

Statistical analysis

The mean value s w ere  compared in Kruskal Wallis  and
Mann-Whitney te sts . Diffe renc es in parameters
betw een the groups w ere  evaluated w ith Student’s
t-te st. Statistical analysis for the  frequency of de tec t-
able  cytokines w as performed using chi-squared te st.
The linear corre lations betw een serum interleukin
leve ls  compared w ith e ach othe r or w ith Ritchie ’s
index  w ere  evaluated using the Spearman rank-sum
correlation coefficie nt and linear regress ion calculated
w ith the le as t-square s method. Results  are  presented
w ith R2 coefficie nts. Comparison and correlation w ere
cons idere d significant w hen P < 0.05.

Results

Table  2 show s the re sults of measurement of IL-6, LIF,
CNTF and sIL-6R in the  se rum of 66 patients w ith RA
and 24 normal individuals. IL-6, LIF and sIL-6R w ere
dete ctable in the serum of all 66 patients w ith RA. In
contrast, CNTF w as  measurable  only in 15 (22.7%) out
of 66 patients . In the control group IL-6 and sIL-6R
w ere  dete ctable in all 24 individuals, LIF in 16 (66.7%)
and CNTF only in e ight (33.5%). The leve ls  of IL-6 and
sIL-6R w ere  highe r in RA patients  than in healthy
persons (P < 0.001 and P < 0.03 respec tively). The
concentrations of IL-6 and sIL-6R w ere  higher in the
patients in Stage s 3 and 4 of RA activity than in Stages
1 and 2 RA ac tivity. A dete ctable leve l of LIF w as also
found in all 66 patients  w ith RA and in 16 out of 24
(66.7%) normal individuals . In contrast CNTF w as
measurable  only in the  sera from 15 out of 66 (22.7%)
patients w ith RA and in e ight out of 24 (33.3%)
healthy subjects . The mean values of LIF and CNTF in
RA patients and normal individuals w ere  not statis-
tic ally different (P > 0.05). However, LIF w as  more
frequently dete ctable in RA patients than in the
control group (P < 0.03). We found a positive
correlation betw een IL-6 as w ell as sIL-6R concentra-
tions and Ritchie ’s index  (R2 = 0.1404, P < 0.002 and
R2 = 0.0952, P < 0.02, re spectively) but no such
correlation be tw een LIF and CNTF se rum leve ls  w ith
Ritchie ’s index  (R2 = 0.0035, P > 0.05 and R2 = 0.002,
P > 0.05 re spec tively) (Fig. 1).

We  also analysed the re lationship betw een se rum
concentrations of IL-6, sIL-6R, LIF and CNTF w ith the
duration of the  disease (Fig. 2). We obse rved a positive
correlation betw een the se parameters only in the case
of IL6 (R2 = 0.1401, P < 0.002), but no such
correlation in the case  of sIL-6R, LIF and CNTF (R2 =
0.0420, P > 0.05, R2 = 0.0001, P > 0.05 and R2 =
0.0020, P > 0.05 respective ly).

The  re lationship be tw een the serum leve ls of sIL-6R
w ith evaluated cytokines, as w ell as be tw een partic-
ular cytokine s alone  w as also analysed (Fig. 3). We
observed no corre lation betw een any of the com-
pared parameters. The calculation of the  ratio of sIL-
6R to IL-6 in patients w ith RA ac cording to disease
activity is  pre sented in Table  3.

We  found a significantly lower ratio of sIL-6R to IL-6
in RA patients  compared w ith normal pe rsons
(1406.3 and 8806.0 re spec tively). There  was also
significant differenc e betw een the sIL-6R to IL-6 ratio
in Stages 1 and 2 and Stage 4 RA ac tivity according to
Mallya and Mace  (P < 0.05).

The  influence  of the tre atment schedule on the
se rum concentrations of IL-6, sIL-6R, LIF and CNTF has
been also analysed (data not presented). How eve r w e
found no statistically s ignificant differe nce s betw een
the leve ls of dete cte d cytokines or sIL-6R in the
patients treated w ith NSAID only, pre dnisone , metho-
trex ate , D-penicillamine, gold salts or sulfasalazine.

IL-6 ty pe  cy to k ine s  and s IL-6R in  RA

Mediators of Inflammation · Vol 7 · 1998 349



Discussion

The role  of cytokines in the pathogene sis of RA and
their s ignificance in c linical monitoring of the  disease
advancement has been attac ting much attention since
a few  years.3 – 6 In this  disease the articular synovial
membrane  is infiltrated w ith inflammatory cells
diffusing into the synovial fluid. The inflammatory
proce ss spre ads from the  synovial membrane to the
cartilage and bone tissue  causing the ir damage .3

Cytokine s p lay a crucial role in sustaining an inflam-
matory proce ss w ithin synovial membranese. So far,
most attention has be en paid to the role  of inflamma-
tory cytokines in RA pathogene sis, especially TNF-a ,
IL-1, IFN-g and IL-6.3,5 ,2 2 The ac tivity of othe r cyto-
kines constituting IL-6 group, like LIF, OSM and IL-11
in RA w as a subject of single re ports  and the  role  of
CNTF in this disease  has  not be en investigated so
far.16 – 18 ,29 Unlike  the soluble TNF re ceptors the  role
of sIL-6R in RA and the prognostic meaning of this
receptor are also poorly investigated.3 0,31

In our studies w e  as sessed se rum concentration of
IL-6, LIF, CNTF and sIL-6R in 66 patients w ith RA in
different stages of dise ase advancement and duration
as we ll as in 24 healthy controls. IL-6, sIL-6R w ere
dete cte d in the  serum of all patients w ith RA and all
healthy persons. De tec table  leve ls of LIF w ere  found in
all RA patients but only in 16 (66.7%) healthy controls,
and CNTF in 15 (22.7%) patients  w ith RA and e ight
(33.3%) individuals from the control group.

The  concentration of IL-6 in blood serum of RA
patients w as six -fold higher than in healthy pe rsons
and corre lated w ith the dise ase  activity and its
duration. The se results  are  consiste nt w ith the  observa-
tions made by Madhok e t a l.32 and van Leeuwen e t
a l.33 Moreove r, high concentration of IL-6 in the
synovial fluid of RA patients and the  corre lation
betw een the  concentration of this cytokine and the
intensity of bone le sions seen in radiograms, as  w ell as
its  significant role  in the  joint destruction, w ere
demonstrated.3 0,3 4 Also clinical improvement and the
decre ase of C-reactive prote in in the  serum of the
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Table 2. Serum levels of IL-6, LIF, CNTF and sIL-6R in patients with RA according to disease activity (according to Mallya and
Mace) and normal control group. Mean values in pg/ml ± SD, median and range in parentheses

Group
cytokines

ALL RA
patients
n = 66

RA
stages 1 & 2

n = 16

RA
stage 3
n = 34

RA
stage 4
n = 16

Normal
control group

n = 24

Statistical
analysis

for means
(a) (b) (c) (d) (e)

IL-6 n1 = 66 n1 = 16 n1 = 34 n1 = 16 n1 = 24

a & e p < 0.001*
Mean ± SD 52.7 ± 53.2 22.5 ± 20.3 52.3 ± 42.2 83.6 ± 77.0 5.1 ± 3.0 b & e p < 0.001*
Median 34.1 12.3 40.9 37.5 5.3 c & e p < 0.001*
Range 1.5–234.0 2.3–58.0 1.5–138.4 5.8–234.0 0.5–16.6 d & e p < 0.001*

b & c p < 0.04*
b & d p < 0.02*
c & d p > 0.05

LIF n1 = 66 n1 = 16 n1 = 34 n1 = 16 n1 = 16

a & e p > 0.05
Mean ± SD 5.1 ± 2.1 5.20 ± 2.1 5.0 ± 1.9 5.2 ± 2.7 3.8 ± 3.4 b & e p > 0.05
Median 4.8 4.8 4.8 4.8 4.0 c & e p > 0.05
Range 0.8–9.6 2.4–9.6 1.6–8.8 0.8–9.6 0.0–10.4 d & e p > 0.05

b & c p > 0.05
b & d p > 0.05
c & d p > 0.05

CNTF n1 = 15 n1 = 3 n1 = 7 n1 = 5 n1 = 8

a & e p > 0.05
Mean ± SD 0.9 ± 3.0 0.49 ± 1.1 1.1 ± 4.0 0.93 ± 1.4 1.17 ± 2.30 b & e p > 0.05
Median 0.0 0.0 0.0 0.0 0.0 c & e p > 0.05
Range 0.0–19.5 0.0–3.9 0.0–19.5 0.0–3.2 0.0–8.5 d & e p > 0.05

b & c p > 0.05
b & d p > 0.05
c & d p > 0.05

sIL-6R n1 = 66 n1 = 16 n1 = 34 n1 = 66 n1 = 24

a & e p < 0.03*
Mean ± SD 49756 ± 14503 40688 ± 10395 50436 ± 13564 57381 ± 15745 41683 ± 11497 b & e p > 0.05
Median 45366 40802 48066 50870 39674 c & e p < 0.04*
Range 17288–81760 17288–62904 31200–79248 40180–15744 23732–64512 d & e p < 0.002*

b & c p < 0.05*
b & d p < 0.003*
c & d p < 0.05*

*Statistically significant difference; n = number of investigated individuals; n1 = number of individuals with detectable cytokines.



patients treated w ith antibodies against CD4+ lympho-
cytes, and then antibodies  neutralizing IL-6, may prove
the s ignificance of IL-6 in the pathogenesis  of RA.35

The  results of our studies may indicate  that tw o
othe r cytokines re lated to IL-6 i.e . LIF and CNTF,
unlike  IL-6 are  of smaller pathogenetic significance
and of no use  in de te rmining RA activity. Their
concentration in the se rum of patients did not
correlate w ith the  degree  of RA activity and w as
similar to their se rum concentration in healthy
individuals. Our re sults diffe r from those  re ported by
Okamoto e t a l.1 6 w ho show ed that the  isolated from
the synovium of RA patients cell produce  gre ater
quantities  of LIF than patients w ith osteoarthritis,
ne ve rthe less , they w ere  unable to detect this  cyto-
kine in blood serum of patients w ith RA. These
differences may stem from different sens itivity of
ELISA te sts applied in both studie s. In the studies of
Okamoto e t a l. the  sensitivity re ached 15 pg/ml,
w hile  in our te sts the  sens itivity w as  much higher
and amounted to 2 pg/ml. High concentration of LIF
in the synovial fluid of patients  w ith RA w as also
observed by Waring e t a l.1 7 It should be  emphasized

IL-6 ty pe  cy to k ine s  and s IL-6R in  RA
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FIG. 1. Correlation between serum concentrations of IL-6, sIL-
6R, LIF and CNTF with disease activity according to Ritchie’s
index (RI) in patients with rheumatoid arthritis (RA).

FIG. 2. Correlation between serum concentrations of IL-6, sIL-
6R, LIF and CNTF with duration of disease.

FIG. 3. Correlations between serum concentrations of IL-6R
with IL-6, LIF and CNTF, IL-6 with LIF and CNTF and LIF with
CNTF in patients with RA.



that w e dete cte d LIF pre viously in the se rum of
some SLE patients and the  concentration of this
cytokine corre lated w ith the disease  activity w hen
using the  same ELISA method.19

Elevated leve ls of LIF w ere  also observed in the
se rum of patients  w ith non-Hodgkin’s  lymphoma,
Hodgkin’s dise ase , chronic lymphocytic leukaemia as
w ell as in tissue shock.3 6,37 Although it should be
emphasized that in those  studies  the ELISA method
w ith polyclonal antirabbit antibodie s was employed,
w hich is  probably more  sens itive than the  commer-
cially available te sts  used in our studie s i.e . Quantikine,
R&D Systems Inc. w ith monoclonal antibodies.3 8

To our know ledge  CNTF has so far not be en
asse ssed in the  serum of RA patients. In our studies
this cytokine w as dete ctable only in 15 out of 66
(22.7%) patients w ith RA and in e ight out of 24
(33.3%) of healthy individuals . This  cytokine  w as
previously as sessed by us in SLE patients, and w as
present in 52 out of 64 of the ex amined patients.19 In
SLE w e also demonstrated a correlation betw een the
concentration of CNTF and the activity of the disease.
It may indicate that CNTF has a greater significance  in
the pathogene sis of SLE than in RA.

The  dete rmination of the role of IL-6 group
cytokines in the pathogenesis of RA re quires  furthe r
investigation. How ever, the already available data
indicate that the  role  of LIF, CNTF, OSM and IL-11 in
the initializing and sustaining inflammation is le ss
important than the role of IL-6 alone . Gabay e t a l.3 9

show ed that LIF and IL-11 stimulate human hep-
atocyte s to produce the acute phase protein much
poore r than IL-6, although in the  ex pe riments on
mice it w as found that CNTF stimulate s production of
the hepatic  acute phase proteins to the same  ex te nt as
IL-6.40 It is not clear, howeve r, w he ther this cytokine
has a similar biological activity in ex perimental
animals  and humans. The  results  of our rese arch are
cons is tent w ith the obse rvations of Okamoto e t a l.1 6

and indicate  that despite  the func tional s imilarity of
IL-6 group cytokine s, IL-6 is in this group the  main
mediator of inflammation in RA.

Soluble IL-6 receptor (sIL-6R), unlike  other soluble
cytokine re ceptors, has the unique property of ac ting

agonistically w ith its ligand and enhances the stimula-
tion of this  cytokine  on generating acute  phase
prote ins (APP) by human hepatocytes,4 1 as w ell as
prolife ration of mye loma ce lls4 2 and synovial fibro-
blasts.43 In our studies w e found positive  corre lation
betw een the se rum concentration of sIL-6R in
patients w ith RA and Ritchie ’s  index . We also demon-
strated significantly low er values of sIL-6R/IL-6 ratio in
RA patients  than in healthy subjects and low er value s
of this  index  in the most active form of the  disease
(Stage  4 of RA activity according to Mallya and Mace)
than in less ac tive forms (Stages 1 and 2). We did not
reveal how eve r, correlation be tw een the  concentra-
tions of IL-6 and sIL-6R in the serum of RA patients.
These observations indicate a complex  and not ve ry
clear re lation betw een these tw o prote ins in this
disease.

Studie s of Kotake e t a l. show ed highe r concentra-
tions of IL-6 and sIL-6R in the  synovial fluid in RA
patients than in patients  w ith osteoarthritis and
correlation of these peptides w ith the  degree of joint
destruc tion.30 Though contradictory results w ere
obtained in patients w ith juvenile  rheumatoid arthri-
tis , w here  ne gative corre lation be tw een the  concen-
tration of sIL-6R and IL-6 in serum w as obse rved, and
the concentration of sIL-6R in those patients w as
low er than in healthy persons .44 However it should
be  emphasized that the concentration of sIL-6R in
patients w ith SLE, AIDS and multiple  mye loma w as
significantly higher than in healthy pe rsons.42 ,4 5

Neverthele ss, like  in the case  of our RA patients , no
correlation betw een the serum concentration of sIL-
6R and IL-6 w as found in multiple mye loma.46 These
data indicate that different agents influenc ing the
production of both prote ins, may be  pre sent in
different dise ases.

In conclusion w e can state that the  serum concen-
tration of IL-6 and sIL-6R in patients w ith RA is higher
than in healthy pe rsons, and these  peptides may se rve
as markers  of this dise ase activity. The concentration
of othe r cytokine s of IL-6 group (LIF and CNTF) in
se rum of RA patients and healthy individuals ne ither
differs significantly nor correlates w ith the ac tivity of
the disease.
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Table 3. Serum sIL-6R/II-6 ratio in the patients with RA according to disease activity according to Mallya and Mace

sIL-6R/II-6 ALL RA
patients
n = 66

RA
stages 1 & 2

n = 16

RA
stage 3
n = 34

RA
stage 4
n = 16

Normal
control group

n = 24

Statistical
analysis

for means
(a) (b) (c) (d) (e)

Mean ± SD 4114 ± 7829 4342 ± 4159 4716 ± 10200 2601 ± 4014 12976 ± 16309 a  &  e p < 0.001*
Median 1406.3 3381.5 987.5 1265.7 8806.0 b & e p < 0.001*
Range 206–6357 639–13524 331–46357 205–13852 2988–85816 c & e p < 0.001*

d & e p > 0.005
b & e p < 0.005*
c & d p < 0.05

*Statistically significant difference.
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4. Robak T, Gladalska A, Stepie ń M. Tumour ne cros is  factor (TNF) family of
re ceptors  ligands in the  serum of patie nts  w ith rheumatoid arthritis. Eu r
Cy to k in e  Ne tw 1998; 9: 145–154.

5. Holt I, Coope r RG, Denton J, Meage r A, Hopkins  SJ. Cytokine
interre lationships and the ir assoc iation w ith disease  ac tivity in arthritis.
Br J Rh eu m a to l 1992; 31: 725–733.

6. Brennan FM, Maini N, Fe ldmann M. Cytokine  ex pres sion in chronic
inflammatory disease . Br Me d Bu ll 1995; 51: 368–384.

7. Ronnelid J, Be rg L, Rogbe rg S, Nilsson A, Albertsson K, Klare skog L.
Production of T-ce ll cytokines  at the  s ingle -ce ll leve l in patients w ith
inflammatory arthritide s: enhanced activity in synovial fluid c ompare d
to blood. Br J Rh eu m a to l 1998; 37: 7–14.

8. Akira S, Taga T, Kishimoto T. Inte rleukin-6 in biology and medic ine . Ad v
Im m u no l 1993; 54: 1–78.

9. Bauer J, Herrmann F. Interle ukin-6 in c linical medic ine . Ann  Hem a to l
1991; 62: 203 –210.

10. Le  JM, Vilcek J. Interleukin-6: a multifunctional cytokine  re gulating
immune  reactions  and the  acute  prote in response . La b Inve s t 1989; 61:
588–602.

11. Kishimoto T, Akira S, Narazaki M, Taga T. Interle ukin-6 family of c ytokines
and gp 130. Blo o d 1995; 86: 1243–1254.

12. Havle y RG. Hematopathology of interleukin-6 type  cytokines . Stem  Ce lls
Da y t 1994; 12 : (suppl 1): 155–171.

13. Sprang S, Bazan J. Cytokine  s tructural tax onomy and mechanism of
re ceptor engagement. Cu rr Opin  Stru c Bio l 1993; 3: 815–821.

14. Robinson RC, Gre y LM, Staunton D, Vanke le com H., Vernallis  AB, More au
JF, Stuart DI, Heath JK, Jone s EY. The c rys tal s tructure  and biological
function of le ukemia inhibitory factor: implication for rece ptor binding.
Ce ll 1994; 71: 1101–1116.

15. Simpson RJ, Hammacher A, Smith DK, Matthew s JM, Ward LD. Interleukin-
6: struc ture , function, re lationships. Pro te in  Sc i 1997; 6: 929–955.

16. Okamoto H, Yamamura M, Morita Y, Harada S, Makino H, Ota Z. The
synovial ex press ion and serum le ve ls  of interle ukin-6, inte rleukin-11,
leukemia inhibitory factor, and oncos tatin M in rheumatoid arthritis.
Ar thritis  Rhe u m 1997; 40: 1096–1105.

17. Waring PM, Carroll GJ, Kandiah DA, Buirski G, Metcalf D. Increased le ve ls
of leukemia inhibitory factor in synovial fluid from patie nts w ith
rheumatoid arthritis  and other inflamatory arthritides . Arth ritis  Rh eu m
1993; 36: 911–915.

18. Lotz M, Moats  T, Villiger PM. Leukemia inhibitory fac tor is ex pres sed in
cartilage  and synovium and can contribute  to the  pathogene s is of
arthritis . J Clin  Inve s t 1992; 90: 888–896.

19. Robak E, Sysa-Jedrze jow ska A, Stepie ń H, Robak T. Circulating inter-
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