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INTRODUCTION

© Copyright: Rheumatoid arthritis (RA) is a chronic, inflammatory connective tissue disease

Yonsei University College of Medicine 2013 which leads to joint destruction and consequently to disability and premature

This is an Open Access article distributed under the  death 12 Cytokines are intimately involved in RA pathogenesis. The interaction be-
terms of the Creative Commons Attribution Non-

Commercial License (http;//creativecommons.org/  tween various inflammatory cells and bone has been known to be mediated by cy-
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited. eling the bone matrix generating osteoblast and the bone resorbing osteoclasts.

tokines and chemokines, however, also by direct cell-cell interaction, thus remod-

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 54 NUMBER 1 JANUARY 2013 183



Izabela Korczowska, et al.

Osteoclasts are multicleated giant cells and are responsible
for bone resorption and play a crucial role in bone remodel-
ling in RA. interleukin 6 (IL-6) and tumor necrosis factor
(TNF) induce osteoclast formation indirectly by stimulating
osteoblast. Production of IL-6 from osteoblasts is induced
by IL-17. It is know that in RA patients IL-17 has a patho-
genetic role in the abnormal cartilage destruction and it has
been shown to have powerful inflammatory properties and
to be able to reduce bone formation via inhibition of the
type I collagen synthesis as well as increase bone destruc-
tion.* TNF-alpha and IL-17 contribute to osteoclastic bone
resorption in RA patients.* In addition, IL-17 induces the
expression of Nuclear Factor-KappaB ligand receptor that
is essential signal for differentiation of osteoclast and bone
resorption.> This cytokine is one of the factors associated
with pathogenesis of RA, as manifested by IL-23 induced
osteoclastogenesis.” TNF-alpha is a pleiothropic cytokine
produced in response to different antigens. Soluble recep-
tors of TNFR1 (p55, CD120a) and TNFR2 (p75, CD120b)
have a physiologic role in neutralizing many cytokines and
are part of a feedbox loop that can modulate the inflamma-
tory action of TNF-alpha.?? TNF-alpha binds to TNF recep-
tors on the surface of many cells (monocytes, T cells, fibro-
blasts or osteoblasts).!®!! Biological therapy with TNF-
blocking agents represents the most effective therapy so far
available to patients with RA. Infliximab, a chimeric IgG1
antibody against TNF-alpha binds to soluble and mem-
brane-bound TNF-alpha with a high affinity, and inhibits its
effect by blocking TNF receptors interaction. Our aim was
to determine the effects of infliximab on bone mineral me-
tabolism by measuring biochemical parameters involved in
the process of bone formation and resorption in RA patients
and to analyze the relationship between many inflammatory
markers of acute phase which have been thought to play
major roles in osteoclast activation and bone resorption.

MATERIALS AND METHODS

Patients

Thirty six patients (women’s) with established RA were in-
vestigated, diagnosed according to the criteria of the Ameri-
can College of Rheumatology. Their mean age was 48
years [standard deviation (SD)=12] with a range of 35 to 69
years, and disease duration was 120 months. None of the
patients had a history of hormone (oestrogen) replacement
therapy or had used any other bone-sparing drugs or calci-

um supplements. Infliximab i.v. (3 mg/kg) was administrat-
ed by intravenous infusion at dose 3 mg/kg at the baseline,
then at 2 weeks, 6 weeks and then every 8 weeks. MTX
was administered orally. All patients underwent general and
physical examination, and routine blood and urinary analy-
sis at baseline, 14 weeks, 6 months and 12 months after the
initial treatment.

Laboratory tests

At each treatment visit, serum and urine samples were col-
lected before infliximab administration. Blood samples from
all patients were taken in the morning after overnight fasting,
without anticoagulants. Serum was separated immediately
and stored at -70°C. Urine samples were obtained from the
second morning portion after 24 hour diet (without calcium
and food consisting collagen). Urine samples were spin and
stored at -70°C. The serum levels of TNF-alpha, TNFRI,
TNFR2, IL-6, IL-17 and IL-23 were measured by ELISA us-
ing the Quantikine kit from R&D System (Minneapolis,
MN, USA). Osteocalcin (BGP), deoxypyridynoline (Dpd),
and N-telopeptide of type I collagen (NTx) were measured
by ELISA using Novocalcin and Pyrilinks-D kits from Metra
Biosystems (Minneapolis, MN, USA) and Ostex Internation-
al Inc. (USA), respectively.

Statistical analysis

All values are given as median and mean+SD. The Mann-
Whitney U test was used for comparison of two indepen-
dent variables, the Fisher test (differences were considered
significant for p<0.05) was used for comparison of two de-
pendent variables. The Spearman test was used to determine
the correlation between the variables.

RESULTS

The results of our study showed statistically significant
(p<0.01) decrease of all cytokines levels (IL-6, IL-17, IL-
23, TNF-alpha, TNFR1 and TNFR2) in RA patients after 2
weeks of treatment. After 14 weeks, the levels of IL-6 (p<
0.05), IL-17 (»p<0.01), IL-23 (»p<0.01), TNF-alpha (»<0.01),
TNFRI (p<0.01), and TNFR2 (p<0.01) were significantly
lower in the patients treated with infliximab as compared to
the results before the treatment. Moreover, 1L-23 level was
significantly (p<0.05) lower than that after 2 weeks of treat-
ment and the levels of the cytokines (p<0.01) were still low
at 6 months. Three of them (IL-23, TNF-alpha and TNFR2)
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were also decreased (p<0.05) compared to the levels after 2
weeks of treatment. Nevertheless, none of the cytokines
showed statistically significant changes, compared to the
levels measured at 14 weeks. The results of our study showed
statistically significant decrease of the levels of IL-6 (p<
0.05), IL-17 (p<0.01), IL-23 (p<0.01), TNF-alpha (p<0.01),
TNFR1 (p<0.01) and TNFR2 (p<0.01) in RA patients, in
comparison to the levels measured at 12 months of treat-
ment. At the end of our study, the levels of cytokines such
as IL-23, TNF-alpha, TNFR1 and TNFR2 were significant-
ly lower (p<0.05), compared to 2 weeks of treatment. How-
ever, there was no statistical significance in all the cyto-
kines analysed between the levels measured at 14 weeks
and 6 months, compared to 12 months (Table 1).

The biochemical markers of osteoporosis (BGP, Dpd,
and NTx) were determined in all patients, but the second
measurement was done 14 weeks after initial treatment be-
cause of bone’s remodelling. The levels of BGP (p<0.05)
and NTx (p<0.01), but not Dpd were statistically signifi-
cantly lower at 14 weeks in comparison to the results be-
fore treatment. After 6 months, statistically significant de-
crease of both, bone formation and resorption markers was
observed in RA patients who received the therapy at the be-
ginning of observation (p<0.01). Changes observed in RA

patients who were treated with infliximab revealed signifi-
cant decrease in the level of BGP (p<0.01), NTx (p<0.01)
and Dpd (p<0.01) after 12 months, compared to the results
before treatment. The levels of BGP, but not other markers,
were found to be significantly lower compared to week 14.
There was no statistical significance in all biochemical
markers of osteoporosis analysed at 6 months and 12
months (Table 2).

We found positive correlation between the levels of NTx
and IL-6, IL-17 and TNFRI1 as well as between those of
Dpd and IL-6, and Dpd and TNFR2, whereas negative cor-
relation between BGP and IL-23 in RA patients before the
treatment. At 14 weeks of the treatment, NTx level correlat-
ed significantly with IL-6, IL-17, TNF-alpha and TNFR1
levels. There was also a positive correlation between Dpd
and IL-6 levels. At 6 months of infliximab treatment, posi-
tive correlations were found between NTx and IL-6 levels,
and between Dpd and IL-6 levels whereas negative correla-
tions between BGP and IL-17, and BGP and IL-23 levels.
At the end of our measurement (12 months), a positive as-
sociation was found between BGP and IL-6 levels as well
as Dpd and IL-6 levels. We also observed a positive rela-
tion between Dpd and TNF-alpha and negative one be-
tween BGP and TNFR1 (Table 3).

Table 1. The Levels of Interleukin-6 (IL-6), Interleukin-17 (IL-17), Interleukin-23 (IL-23), Tumour Necrosis Factor-a (TNF-a), Tu-
mour Necrosis Factor-Receptor 1 (TNFR1), and Tumour Necrosis Factor-Receptor 2 (TNFR2) in Rheumatoid Arthritis Patients

Treated with Infliximab

Parameters Before 2 wks 14 wks 6 months 12 months
median (range)

IL-6 (pg/mL) 42 (4-191) 8 (3-101)* 9(3-161)" 6 (3-107)* 9 (2-199)

IL-17 (pg/mL) 28 (10-54) 15 (4-31)* 14 (6-33)* 17 (7-33)* 13 (6-22)*

IL-23 (pg/mL) 96 (51-154) 43 (31-102)* 33 (23-71)** 34 (22-69)** 37 (24-71)*1

TNF-a (pg/mL) 20 (0-45) 11 (0-34)* 9 (0-34)* 8 (0-34)** 5 (0-18)**

TNFRI (pg/mL) 2055 (1317-5428) 1529 (941-3589)* 1573 (899-3426)* 1569 (921-3001)* 1441 (901-2401)*"

TNFR2 (pg/mL) 3191 (1737-5001) 2457 (1468-5000)* 2243 (1798-3687)* 2287 (1522-3599)*° 2127 (1522-3012)*"

*p<0.01 vs. baseline.
'p<0.01 vs. 2nd measurement.
#p<0.05 vs. baseline.
¥p<0.05 vs. 2nd measurement.

Table 2. The Levels of Osteocalcin (BGP), N-Telopeptide of Type | Collagen (NTx), and Deoxypyridynoline (Dpd) before and

during Treatment with Infliximab in Rheumatoid Arthritis Patients

Parameters Befor.e treatment !4 wks 6 .months 12 months
median (range) median (range) median (range) median (range)
BGP (ng/mL) 12.8 (4.6-28.0) 7.7 (3.1-34) 4.6 (2.3-34)* 4.2 (2.1-14.2)%!
NTx (U/L) 79 (31-154) 40 (22-87)* 43 (24-71)* 39 (25-62)*
Dpd/Crea (nmol/mmol) 6.6 (3.80-31.0) 430 (2.60-32.0) 4.10 (1.97-34.6)* 42 (2.10-11.20)*

*p<0.01 vs. baseline.
'p<0.05 vs. baseline.
!p<0.05 vs. 14th measurement.
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DISCUSSION

Osteoclasts play an important role in bone remodeling in
RA, however, the mechanism of osteoclasts activation or
differentiation is still unclear. Generalized bone loss in RA
patients may be influenced by inflammatory process associ-
ated with the levels of TNEF, IL-6 or IL-17 and treatments
such as corticoids. Therefore, the mechanism responsible
for causing joint damage and functional impairments in RA
is complex.'*!® Biological therapy with TNF-blocking agents
represents the most effective therapeutic modality available
to patients with RA.'® Therefore, we set out to show that in-
fliximab inhibits bone destruction highly effectively and
found that treatment with infliximab resulted in significant
early decrease of the inflammatory markers. All the cyto-
kines examined were found to be significantly lower after the
first injection of infiximab. In RA patients several pathophys-
iological processes such as activity of inflammatory process
or erosive joint destruction and high rate of bone turnover
as occurs in osteoporosis, could be measured by elevated
concentrations of bone metabolism markers.!” Similar to a
previous study,'® disease activity in our present study, mea-
sured by cytokines levels, was not only decreased rapidly
after the initial treatments, but they were also significantly
decreased 14 weeks after the initial treatment and were still
low 6 and 12 months after the initial treatment. The same
could be said of the bone formation marker BGP as well as
resorption marker NTx. It is well know that bone alkaline
phosphatase is early marker of osteoblasts differentiation
and useful marker of bone formation while NTx and Dpd
have been showed to be useful markers of bone resorption.
Torikai, et al.'” showed a significant decrease of Ntx, but not

BGP levels, in RA patients who were treated with inflix-
imab. In our study, infliximab treatment significantly de-
creased the levels of BGP and NTx, but not Dpd, at week
14. At 6 months, the levels of all bone markers measured
were still low and significantly changed compared to their
levels before the treatment. However, NTx and Dpd did not
significantly change during the treatment. In contrast to the
result of Torikai, et al.'”” BGP levels in our study also de-
creased significantly after 12 months compared to 14 weeks
of treatment. Kageyama, et al."” found that serum levels of
IL-23 at baseline changed not only after first injection but
significantly decreased at 14 and 30 weeks after the initial
infusion in good agreement with our results. Moreover, IL-
23 in our study was only one of all cytokines measured
which was statistically lower at 14 weeks compared to 2
weeks. This differences in the levels of cytokines during
treatment may suggest at possibility that serum IL-23 levels
are reduced by infliximab through a different pathway. The
role of IL-23 in inflammatory process in RA has not been
clearly understood: it may not depend on the general sup-
pression of inflammation. In the current study, treatment
with infliximab was showed to result in negative correla-
tions between markers of bone formation BGP and IL-23 at
6 months of treatment. 1L-23 was negatively correlated
only with NTx at 6 month, and there were no associations
with other biochemical markers of osteoporosis at any time
of during the study. BGP also correlated with IL-6 at 12
months. The positive correlations between BGP, cytokines
IL-6, and TNF-alpha measured at 12 months demonstrate
the importance of inflammatory processes in RA patients.
These result suggests that changes of IL-6 are associated
with the changes in disease processes that occur during inf-
liximab treatment. Furthermore, NTx and Dpd seem to be

Table 3. Correlation between Acute Phase Markers and Biochemical Markers of Osteoporosis in Patients with RA during Inf-

liximab Treatment
Before treatment 14 wks 6 months 12 months

I(;agr/agf;ers BGP  NTx Dgl% %rvea BGP  NTx D(pn‘lj/n%{/ea BGP  NTx D&% fj/ea BGP  NTx D&% ?Vea

(ng/ml)  (UL) mmol) (ng/mL)  (UL) mmol) (ng/mL)  (UL) mmol) (ng/mL)  (UL) mmol)
IL-6 01111 0.8814*  04146*%  0.0934 0.5418%  0.5442*  0.1265 0.5186*  0.5715%  0.7362*  0.2650 0.6605*
IL-17 -0.1145  0.6067*  0.0412  -0.2666 0.3472*  0.1378 -04717*  0.0874 0.1674 0.1341 0.1910 0.2351
IL-23 -0.3485%  0.3211 02852  -0.1837 0.1591 0.3062 -0.3800%  -0.3172 0.0738 -03178  -0.0063  -0.0839
TNF-a -0.1622  0.1224 -02124  -0.1718 0.3802*  0.1915 0.0256 0.1382 0.2445 0.1619 0.1205 0.4391*
TNFR1 02063  0.5819*  0.3081 -0.1414 0.3992%  0.2938 -0.0904  -0.0791 0.0675 -0.3907*  0.0753  -0.1675
TNFR2 -0.0298  0.3151 0.3572*  -0.1925  -0.0991 0.1338 -0.1730  -0.1504 0.1966 -0.3323  -0.1221 -0.2238

RA, rheumatoid arthritis; IL, interleukin; TNF-a, tumour necrosis factor-a; TNFR1, tumour necrosis factor-receptor 1; TNFR2, tumour necrosis factor-receptor
2; BGP, osteocalcin; NTx, N-telopeptide of type | collagen; Dpd, deoxypyridynoline.

*pvalue <0.05 by in the Spearman test.
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valuable markers to detect bone loss in RA and might be
useful for treatment monitoring and evaluation of RA. We
confirmed that NTx levels were associated mainly with the
activity of cytokines before treatment, followed by IL-6,
IL-17 and TNFR2 as well as at 14 week of treatment.
Greenspan, et al.”® and Ravn, et al.?! indicated that NTx is a
more sensitive marker than Dpd when measuring bone-de-
rived type I collagen fragment. Our results also confirmed
this conclusion. Infliximab potently inhibited IL-17 induced
osteoclastogenesis by blocking TNF-alpha, consistent with
the clinical effect of TNF-alpha antibody treatment in pre-
venting bone destruction. In contrast to Kageyama, et al.?
who showed no significances changes at 14 and 30 weeks
compared to those at pretreatment, the levels of IL-17 rap-
idly reduced in our study after the first injection of inflix-
imab, which may suggest that the activity of this cytokines
is inhibited by infliximab. The IL-17 levels were low at 14
weeks, 6 and 12 months, but not significant compared to
previous measurement, and they correlated with NTx at
first measurement and after 14 weeks. In RA patients IL-17
has a significant role in the destruction of bone, because be-
gin the mechanism of osteoclastogenesis. It may suggest
that control of production and function of this cytokine
could be a strategy for the treatment of RA.?*> Many studies
on RA patients with active disease indicate that increased
bone turnover and inflammation are important in the patho-
physiology of RA-related osteoporosis, and that infliximab
may slow down bone destruction. In fact, this is the first re-
port to shown many cytokines related to bone metabolism.
However, our study has several limitations. The number of
patients in this study was low. Soluble receptors have short
plasma half-lives and it would be required to neutralize the
effects on inflammatory cytokines. In fact, during measured
levels of bone markers in serum, we can not differentiate
between local and systemic bone loss, these are the results
of ongoing or decreased juxtaarticulare bone destruction or
resorption and the systemic bone remodeling.

In conclusion, we showed that infliximab not only re-
duced clinical disease activity measured by cytokine levels,
but also had a positive effect on bone remodeling. Thus, it
is highly possible that it may limit the risk of osteoporosis
in rheumatoid arthritis patients.
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