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Objective: The pro-inflammatory calcium-binding protein STOOA12 has been recently ascribed to the novel
group of damage associated molecular pattern (DAMP) molecules. Serum levels of STO0A12 reflect
neutrophil activation during synovial inflammation. The aim of this project was to analyse the effect of intra-
articular corticosteroids or systemic anti-TNF treatment on synovial expression and serum levels of ST00A12
in rheumatoid arthritis (RA).

Methods: Serum and synovial tissue was obtained from 19 RA patients prior to and 2 weeks after intra-
articular corticosteroid therapy. Serum was collected for 34 other patients, and in 14 of these patients
synovial tissue was additionally obtained prior to and after 8 weeks of infliximab treatment. The expression of
S100A12 was analysed by immunohistochemistry on frozen sections. Levels of STOOA12 in serum were
determined by ELISA.

Results: STOOA12 serum levels were elevated in patients with active RA prior to therapy and decreased
significantly in patients who responded to treatment in both patient groups, but not in non-responders. The
synovial expression of S100A12 was reduced 2 weeks after successful intra-articular corticosteroid
treatment. A similar decrease in local expression was found after 8 weeks of successful infliximab treatment.
Conclusions: Successful treatment of RA leads to downregulation of the DAMP protein ST00A12. Expression
and secretion of ST00A12 is rapidly diminished after therapy with intra-articular corticosteroids or
infliximab. Taking these findings together, decreasing serum concentrations of ST00A12 could reflect

and in initiating inflammation. Therapies targeting cyto-

kines mainly produced by phagocytes improve the clinical
course of rheumatoid arthritis.' > Recently, a novel group of
important pro-inflammatory molecules has been introduced to
the concept of innate immunity. In parallel to pathogen
associated molecular patterns (PAMPs) as exogenous factors
initiating inflammation, the term damage associated molecular
pattern (DAMP) proteins for endogenous molecules that are
released by activated or damaged cells under conditions of cell
stress, has been established.” An example of this group are
phagocytic  S100 proteins, which mediate inflammatory
responses.*

S100A12 (calgranulin C) is a member of the S100 family of
calcium-binding proteins and has been described to define a
novel pro-inflammatory axis by binding to the multiligand
receptor for advanced glycation end products (RAGE).
S100A12 is expressed and secreted by activated granulo-
cytes.”® Interaction of S100A12 with RAGE activates endothe-
lial cells, macrophages and lymphocytes, and blocking of RAGE
in experimental models of arthritis leads to suppression of the
inflammatory response.”'' Downstream signalling via the
nuclear factor (NF)-kB pathway results in the synthesis and
secretion of pro-inflammatory mediators.’

Rheumatoid arthritis (RA) is a chronic auto-inflammatory
disease characterised by synovial inflammation and progressive
bone destruction that leads to joint deformity and physical
disability."” Tumour necrosis factor alpha (TNFa) has a central
role in the pathogenesis of RA,”" as demonstrated by the
clinical benefit of TNFa-neutralising therapy.'*"'® Sustained
clinical benefit in patients with RA receiving a chimeric anti-
TNF antibody (infliximab) has been reported, but the exact
molecular mechanism of this biological agent is still only

The innate immune system has a key role in host defence
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alleviated synovial neutrophil activation during successful anti-inflammatory therapy in RA.

partially understood.” However, some of its beneficial effects
could be related to the induction of apoptosis in monocytes and
reduction of neutrophil activation.***

S100A12, as a marker of neutrophil activation, is released
during inflammatory conditions at the site of inflammation.*
In a previous study, we showed synovial expression of
phagocytic S100A12 in patients with active RA. Additionally,
S100A12 concentrations in serum correlated strongly with
synovial fluid levels and with disease activity in individual
patients.” In the present study, we focused on the expression of
the damage associated molecule SI00A12 in RA after anti-TNF
treatment and after intra-articular corticosteroid therapy. We
investigated the S100A12 expression in the synovium and in
serum after treatment either directed against innate immune
mechanisms or as a local immunosuppressive agent.

METHODS

Patients

A total of 53 consecutive patients (40 female, 13 male; median
age 51 years, range 21-83 years; table 1) were studied. All
patients had active arthritis and fulfilled the American College
of Rheumatology criteria of RA. Of the 53 patients, 33 were
recruited at the Karolinska Hospital, Stockholm, Sweden and
20 at the Ghent University Hospital, Ghent, Belgium. The study
protocol was approved by the Karolinska Hospitals Ethics
Committee, Stockholm and by the Ethics Committee of the
Ghent University Hospital respectively. Informed consent was
obtained from each patient prior to the study.

A total of 19 patients received intra-articular corticosteroids
(IAC) as therapy. Per patient, only one knee joint was injected
with triamcinolone hexacetonide 40 mg at one time. A total of
34 patients were treated with infliximab infusions, 3 mg/kg, at
weeks 0, 2 and 6. For additional therapy information, see
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Table 1 Characteristics of the patients treated with intra-
articular corticosteroids (IAC) or infliximab
Treatment groups
IAC Infliximab
Age, median (range), years 51.2 (21-83) 50.5 (25.0-74.0)
Female/male 15/4 25/9
Disease duration, median 7.5 (0.3-23) 10.8 (0.6-30.0)
(range), years
ST100A12 serum levels before 585 (+ 170) 430 (+65)
therapy, ng/ml (+ SEM)
S100A12 serum levels after 490 (+160) 290 (+55)
therapy, ng/ml (+ SEM)
CRP before therapy, mg/dl - 3.2(+0.9)
(+SEM)
CRP dfter therapy, mg/dl - 1.0 (+0.3)
(+SEM)
ESR before therapy, mm/h - 23 (+4)
(+SEM)
ESR after therapy, mm/h - 11 (+2)
(4 SEM)
Number of patients with
concomitant thercpy:
MTX (>7.5 mg/week) 7/19 26/34
Systemic corticosteroids 4/19 14/34
-, value not determined.

table 1. In the treatment group with IAC, biopsy specimens of
the injected knee joints were obtained at baseline and 9-
12 days after injection from all 19 patients. In the infliximab
group, synovial biopsy samples were obtained from 14 of the 34
patients during arthroscopy before and after 8.8 weeks (range
2.7-17 weeks) of treatment. From all patients of this group
serum samples were obtained at baseline and after a median of
7.2 weeks, i.e. after three infusions of infliximab.

Clinical and laboratory assessments

All patients were assessed for overall disease activity at baseline
and during sample acquisition. Responders in the infliximab
group were defined having at least 20% improvement (ACR 20)
of clinical and laboratory parameters. In patients treated with
IAC, response to therapy was defined as absence of joint
swelling in clinical examination. In addition, significant
reduced swelling on arthroscopic finding at days 9-12 in
comparison to the first examination was noted in all these
cases.

Biopsy specimens

Biopsy specimens were obtained by arthroscopy guided
techniques in 33 patients. The biopsy specimens were taken
from an area adjacent to the cartilage—pannus junction, placed
in pre-chilled isopentane on dry ice, and maintained at —70°C
until sectioned. Several biopsies were taken from each biopsy-
site. From a representative single biopsy we stained the whole
section and evaluated the infiltrate semiquantitatively in all
fields of the section.

Tissue preparation and immunohistochemical staining
Cryostat sections (6-8 pm, cryostat setting 7 pm) were
mounted on superfrost slides. Sections to be stained were
initially fixed for 20 min with 2% (v/v) formaldehyde (Sigma
Chemicals, St Louis, Missouri, USA) dissolved in phosphate
buffered saline pH 7.4 at 4°C and were then left to dry before
storage at —70°C.

Frozen sections of the biopsy specimen were stained to
analyse the expression of S100A12. We used a polyclonal
affinity purified rabbit antibody against human SI100A12
prepared as reported previously.® Monoclonal mouse antihu-
man granulocyte associated antigen CDI15 antibody (Dako,
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Hamburg, Germany), a sensitive neutrophil marker, was used
to detect neutrophils in infiltrates. Mouse antihuman CD68
(Dako, Hamburg, Germany) and mouse antihuman CD163*
were used to detect monocytes and macrophages. Staining on
serial sections was performed to detect co-expression of
S100A12 and CDI15 in infiltrates. For controls, monoclonal
mouse IgM (Dianova, Hamburg, Germany) and polyclonal
rabbit IgG (Amersham Biosciences, Freiburg, Germany) of
irrelevant specificity were employed. Secondary antibodies and
substrates for colour reaction were used as described pre-
viously.” *

Sections were coded and analysed semiquantitatively on a
four-point scale (0-3) by two independent observers who were
blinded to diagnosis and clinical data. The analysis included all
areas of the sections at a magnification of 200-fold and a global
score was given for each parameter, using a semiquantitative
four-point scale (0= lowest level of expression, no positive
cells; 3 = highest level of expression, all cells positive in all
areas).” The summation index is a composite index that
consists of the sum of the three layer indices.

Laboratory examinations

Concentration of S100A12 in the serum of patients was
determined by a specific double-sandwich enzyme-linked
immunosorbent assay (ELISA) system established in our
laboratory as previously described.” Polyclonal affinity purified
rabbit antisera against human S100A12 were prepared as
reported previously.® Monospecificity of rabbit antihuman
S100A12 antibody was analysed by immunoreactivity against
purified human and recombinant S100A12, and Western blot
analysis of lysates of granulocytes. The blood samples were
centrifuged within 2 h and the serum was stored at —80°C until
analysed. Serum concentrations of SI00A12 are given as mean
+ standard error of the mean (SEM) if not mentioned
otherwise. C-reactive protein (CRP) and erythrocyte sedimen-
tation rate (ESR) were obtained from patients treated with
infliximab for therapy monitoring when biopsies and serum
samples were obtained. Blood samples for CRP and ESR were
not taken routinely from patients who underwent local
treatment.

Statistical analyses

Correlation was calculated using Spearman’s correlation.
Differences between groups were analysed using Mann-
Whitney U test. Statistical analyses were performed using
SPSS for Windows V.11.0. Data are presented as mean + SEM
except otherwise stated. p<<0.05 was considered statistically
significant.

RESULTS

S100A12 serum concentrations

Serum samples of patients with active RA revealed a mean
(+SEM) SI100A12 concentration of 430465 ng/ml in the
infliximab group and of 585+ 170 ng/ml in the cortison group.
After therapy, patients treated with infliximab had a mean
concentration of 290 +55 ng/ml (p<<0.001). In the subgroup of
patients who responded to infliximab therapy, mean serum
levels fell from 350450 ng/ml to 190+ 30 ng/ml after therapy
(p=0.001; fig 1A). Non-responders had higher levels prior to
therapy and did not show a significant decrease after therapy
(6504180 ng/ml before and 620+ 150 ng/ml after therapy;
p =0.207; fig 1C). In the group of patients treated with intra-
articular corticosteroids, 18 of 19 (95%) patients showed
clinical and arthroscopic response to therapy. Parallel to this
response, we found a significant decrease of S100A12 serum
levels after therapy from 585+ 170 ng/ml to 490+ 160 ng/ml
(p=0.031; fig 2A). Normal values of SI00A12 serum levels are
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Figure 1 (A) STO0A12 serum levels (p=0.001) and (B) ST00A12

synovial sublining layer expression (p=0.025) in patients who responded
to infliximab treatment, beﬁre and after therapy. In contrast, STO0A12
serum levels and STO0A12 synovial sublining layer expression revealed no
significant differences (p =0.02 for both) in patients who did not respond to
infliximab treatment (not shown). STO0A12 serum levels are expressed as
boxplots with median, 10th, 25th, 75th, 90th percentile and mean line
(dashed line) and STO0A12 synovial sublining layer expression as
semiquantitative microscopic score. Mean + SEM.

<120 ng/ml (lower than mean plus two standard deviations of
healthy controls) as we have shown in previous studies.”®
Concomitant therapy in both patient groups did not change
during the follow-up, thus S100A12 levels could not be affected
by intraindividual varying medication.

Synovial ST00A12 expression and response to therapy
Immunohistochemical studies on the biopsies from inflamed
synovia showed a specific pattern of S100A12 expression in
inflamed areas. The S100A12 expression was most impressive
in the sublining layer and in CD15 positive stained infiltrating
cells (fig 3A, C). In addition, S100A12 was found in an
extracellular distribution surrounding S100A12 positive cells,
reflecting secretion of S100A12 and possibly binding to other
RAGE bearing cells in infiltrates. As we could confirm in serial
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Figure 2 (A) STOOA12 serum levels (p=0.031) and (B) STO0A12
synovial sublining layer expression (p=0.002) in patients who responded
to IAC treatment, before and after therapy. STO0A12 serum levels are
expressed as boxplots with median, 10th, 25th, 75th, 90th percentile and
mean line (dashed line) and STO0A12 synovial sublining layer expression
as semiquantitative microscopic score. Mean + SEM.
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sections S100A12 positive granulocytes were CD15 positive, too.
Coexpression of SI00A12 with macrophage markers CD68 or
CD163 could not be found (fig 4).

The synovial expression of S100A12 was already significantly
reduced 2 weeks after successful intra-articular corticosteroid
treatment as seen in the lining (p =0.014) and the sublining
layer (p = 0.002; fig 2B and table 2). A similar decrease in local
expression was found after 8 weeks of infliximab treatment in
responders. In the case of the sublining layer expression
pattern, we could observe a significant decrease in S100A12-
positive cells (p = 0.025), whereas in the lining (p = 0.157) and
perivascular layer (p =0.234) the decrease was not significant
(fig 1B and table 2). In patients who did not respond to
infliximab therapy there was no significant decrease in any of
the three layers (fig 1D and table 2).

Correlation between S100A12 serum concentrations
and synovial expression

Serum levels of SI00A12 and synovial expression as measured
in a semiquantitative microscopic score correlated significantly
for patients treated with infliximab and intra-articular corti-
costeroids concerning the sublining and the perivascular layer
(table 3). In the latter patient group there was also a correlation
between S100A12 serum levels and lining layer expression.

DISCUSSION

A new concept of pattern recognition involves the multiligand
RAGE in sensing endogenous DAMPs.” Most DAMPs, i.e.
HMGBI1, heat-shock proteins, uric acid, and S100 proteins,
exhibit a double life; as intracellular molecules they have a role
in cell homeostasis, e.g. as calcium-binding proteins, chaper-
ons, or chromatin-stabilising molecules,* ** *° but after release
into the extracellular compartment as a result of cell damage,
infections or inflammation they become danger signals that
activate immune cells and vascular endothelium.’ *!

In the present study, we investigated the DAMP molecule
S100A12 and studied its differential expression levels in RA
after anti-TNF treatment and after intra-articular corticosteroid
therapy.

S100A12 and its interaction with the multiligand receptor
RAGE represent a pro-inflammatory axis within the innate
immune system. The exact mechanisms involved in SI00A12
secretion by neutrophils are poorly known, but there is evidence
that S100A12 is secreted by activated neutrophils infiltrating
the synovium.>”** Upon secretion, S100A12 exhibits pro-
inflammatory functions after binding to RAGE on myelomo-
nocytic cells and endothelium, thus stimulating inflammatory
responses in synovial tissue via activation of NF-kB and MAP
kinase signal pathways.”’* Data from murine models of
inflammation demonstrated that S100A12 blocking antibodies
could attenuate synovial inflammation.”*** In these models,
blocking the interaction of S100A12 with RAGE suppressed
clinical and histologic evidence of arthritis, in parallel with
diminished levels of TNF-o, interleukin-6 (IL-6), and matrix
metalloproteinases.’ °

We could confirm the previous observation that SI00A12 is
expressed in infiltrating CDI15 positive neutrophils that
assemble during inflammatory arthritis in the sublining layer
of the synovial tissue. Expression of S100A12 in activated
monocytes or macrophages has been reported under other
inflammatory conditions, but we could not find coexpression of
S100A12 with macrophage markers CD68 or CD163 in our
synovia biopsies. In a previous study we have already shown
reduced expression of SI00A12 after methotrexate treatment in
psoriatic arthritis.”> Now, we also add evidence for its
differential expression in RA in response to infliximab and
intra-articular corticosteroids (IAC). Significant correlation
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Figure 3 (A) Expression of STO0A12 in
synovidl tissue before infliximab with
response to therapy. (B) Synovial biopsy of
the same patient oﬁer successful treatment
showing markedly reduced ST00A12
expression. (C) Expression of STO0A12 in
synovial tissue before IAC. (D) Synovial
biopsy of the same patient after successful
treatment showing markedly reduced
S100A12 expression (peroxidase staining,
red). The andlysis included all areas of the
sections at a magnification of 200-fold.

between sublining layer S100A12 expression and S100A12
serum levels endorse the hypothesis that the origin of serum
S100A12 is the protein secreted by these infiltrating granulo-
cytes. Local expression of S100A12 leads to elevated synovial
fluid levels in RA patients® and subsequently to increased

serum levels. Local treatment with immunosuppressive IAC
induces a positive response to treatment in most RA patients; in
our study, this was 95% of patients after 9-12 days. The normal
response rate has been reported to be around 74% ACR 20 after
4 weeks, so our response rate was comparably rather high.”

Figure 4 Coexpression of STO0A12 (A)
and CD15 (B) as neutrophil marker in serial
sections from a representative patient. In
contrast, the expression-pattern of the
macrophage markers CD48 (C) or CD163
(D) di&reg substantially. The analysis
included all areas of the sections at a
magnification of 100-fold.

www.c:nnrheumdis.com
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Table 2 Mean STO0A12 serum concentrations and expression of STOOA12 in synovial tissue
layers before and after treatment with intra-articular Corticosteroids (IAC) or infliximab

Serum concentrations

Perivascular

(ng/ml) Lining layer Sublining layer  layer Overall index
IAC responder prior t0585 (+ 170) 0.42 (+0.12) 1.05(+0.16) 0.53 (+0.18) 2.00 (+0.39)
IAC
After IAC *490 (+160) *0.11 (+£0.07) **0.37 (+0.18) 0.32 (+0.13) **0.79 (+0.35)
Infliximab responder 350 (+50) 0.33 (+0.21) 1.17 (+0.17) 0.33 (+0.21) 2.00 (+0.2¢)
prior fo infliximab
After infliximab **190 (+30) 0(+0) *0.33(+0.21) 0(+0) *0.33 (+0.21)
Infliximab non- 650 (+180) 0.25(+0.16)  1.25(+0.25) 0.88 (+0.23) 2.38 (+0.53)
responder prior to
infliximab
After infliximab 620 (+150) 0(+0) 0.75 (+0.25) 0.38 (+0.26) 1.13 (+0.44)

*p<0.05; **p<0.005.

Successful treatment leads to diminished expression of synovial
S100A12 in the sublining layer and significantly lower S100A12
serum concentrations in parallel as quickly as 2 weeks after IAC
therapy.

Monocytes and neutrophils as cells of the phagocytic lineage
are extensively involved in synovial inflammation. Infiltration
of phagocytes with production of various pro-inflammatory
cytokines results in synovitis.”” >*** The importance of the
innate immune system in chronic arthritis is emphasised by the
fact that the most efficient available therapies, such as anti-
tumour necrosis factor (TNF) agents, are targeting phago-
cytes.” * Previous studies demonstrated the influence of TNF-a
on neutrophil infiltration in arthritis.*”** We have demon-
strated that TNF-a also induces secretion of SI00A12 in human
neutrophils.” Here, we demonstrate that successful direct
blocking of TNF-a in vivo reduces SI00A12 expression and
secretion in patients with RA and thus interrupts the positive
feedback-loop between TNF-o and S100A12. Decreases of
S100A12 serum levels indicated response to therapy in
individual patients and correlated with the expression of
S100A12 at local sites of inflammation. Measurement of serum
S100A12 could therefore be a useful biological marker for anti-
cytokine therapy, i.e. infliximab. Patients were more likely to
respond to infliximab when they had lower S100A12 levels,
indicating that patients with higher S100A12 levels might
require more aggressive treatment, e.g. more infliximab doses
over time.

Interestingly, the expression level of S100A12 in the synovial
tissue after a mean of 8 weeks treatment with infliximab is
similar to the expression level after only 2 weeks of IAC
therapy, but the serum concentrations are notably lower. IAC
therapy is restricted to the site of inflammation and has almost
no systemic effects. By contrast, the more significant decrease
of serum S100A12 after infliximab could indicate that this
therapy is capable of inhibiting systemic neutrophil activation
in addition to the affected joints targeted by IAC.

While the exact pathogenetic role of SIO0A12 in RA still
needs further evaluation, its overexpression in a variety of

Table 3 Correlations between STO0A12 synovial
expression and STO0A12 serum concentrations.

S100A12 serum levels

S100A12 synovial
expression IAC freatment Infliximab treatment
Lining layer r=0.52 (p=<0.001) r=0.04 (p=0.85)

*r=0.54 (p=<0.001)
*r=0.36 (p=0.014)
*r=0.49 (p=0.001)

*r=0.55 (p=0.002)
*r=0.53 (p=0.004)
*r=0.55 (p=0.002)

Sublining layer
Perivascular layer

Overall index

*Significant correlation.
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autoimmune and autoinflammatory diseases and a number of
proven pro-inflammatory effects of S100A12 in target cells
underscore the relevance of this S100-protein in human
inflammatory disorders. It has been suggested that an initial
unknown stimulus could be the starting signal for inflammatory
arthritis and subsequently DAMPs as endogenous molecules lead
to an amplification and chronification of inflammation.’ °

In conclusion, our data confirm that S100A12 is a factor
present at local sites of inflammation as well as systemically
expressed in RA and that this molecule is an excellent marker
for monitoring anti-inflammatory therapies directed either
against local synovial inflammatory processes or systemic
cytokine effects. For all RA standard therapies (MTX, inflix-
imab, IAC) it is now proven that they have significant effects on
S100A12 expression, indicating that S100A12 itself could be a
direct target for successful anti-inflammatory therapy in
arthritis.
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