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Abstract
Objectives
Ankylosing spondylitis (AS) is a chronic inflammation of the spine and the sacroiliac joints. Current markers of
inflammation, such as C-reactive protein (CRP), are reflecting the production of an acute phase reactant rather than
tissue specific inflammation, but the use of CRP as a diagnostic and prognostic marker for AS has not provided the sought
accuracy and specificity. We hypothesized that local enzymatic activity in the disease-affected tissue, which is associated
with extensive tissue turnover may, by cleavage, modify the CRP produced in the liver. These cleavage products may
provide additional information on systemic inflammation as compared to that of full-length CRP. We investigated whether
these CRP degradation products would provide additional diagnostic value in AS patients compared to full-length CRP.

Methods
CRP fragments were identified by mass-spectrometry. Two fragments were selected for ELISA development. One assay
exclusively identified a matrix metalloproteinase (MMP) generated fragment, CRP-MMP, whereas the other assay
identified a cathepsin generated fragment, CRP-CAT. Full-length CRP, CRP-MMP and CRP-CAT were measured in
serum samples from 40 AS patients and 40 sex- and age-matched controls.

Results
Full-length CRP was not elevated in AS patients compared to controls, whereas CRP-MMP was elevated by 25%
(p<0.001) and CRP-CAT by 50% (p<0.0001). The Area Under Curve of the Receiver-Operator Characteristic curve
of CRP-CAT was the highest with 77%.

Conclusions
MMP and cathepsin degraded CRP provided more discriminative diagnostic potential compared to that of full-length
CRP in this current study. These data suggest that different pools of CRP may provide insight into the inflammation
processes in AS.
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Introduction

C-reactive protein (CRP) is considered
the prototypical acute phase reactant in
human and is produced in response to
a variety of clinical conditions includ-
ing infection, inflammation and tissue
injury (1, 2). During acute phase stimu-
lus the serum concentration of CRP ap-
proaches a 1000 to 10.000-fold increase
within 24-48 hours and decreases just
as rapidly to the low normal concen-
tration of a few pg/mL (1, 3). CRP is
upregulated in both situations of acute
and chronic inflammatory diseases,
however it is a non-specific biochemi-
cal marker due to its upregulation in all
inflammatory diseases (3).

CRP is synthesised by the liver and to
some extend deposited in the inflamed
tissue. The CRP sequestered in the in-
flamed tissue is susceptible to modi-
fication by the host cells, in the proc-
ess of high tissue turnover (4, 5). The
tissue modified versions of CRP may
therefore provide a more tissue specific
information compared to that of tradi-
tional full-length CRP. The target tissue
may use several different mechanisms
to modify proteins and CRP, includ-
ing the protease battery produced dur-
ing inflammation (4). Endopeptidases,
such as matrix metalloproteinases
(MMPs) and cathepsins, play a major
role in the degradation of extracellular
matrix proteins in many diseases (6), in
particular spondylopathies and inflam-
mation relation diseases (7-10) and
have received increased attention for
their proteolytic activity in generating
disease specific fragments of proteins.
These protein fragments, referred to as
neoepitopes, are released into the cir-
culation and have proven to be more
accurate markers for certain patho-
physiological processes during diseas-
es (11). Specific proteolytic activities
are a prerequisite for a range of cellular
functions and interactions within the
extracellular matrix (12). In pathologi-
cal situations, including inflammation,
the normal repair-response relationship
is disturbed (13), leading to excessive
protease secretion, tissue remodelling
and release of a range of neoepitopes.
These neoepitopes may be specific for
the tissue of origin and for the involved
proteases, and may consequently be
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used for design of molecular biochemi-
cal markers (11). For example, a type
IIT collagen fragment generated by
MMPs have been shown to be a marker
for generalised and liver fibrosis (14,
15), type II collagen degradation by
MMP has been demonstrated to be a
marker for osteoarthritis and rheuma-
toid arthritis (16), and finally type I
collagen fragments generated by cathe-
psin K, is a FDA approved diagnostic
tool for measuring and monitoring bone
resorption (11). In the specific context
of CRP, fragments of CRP may provide
additional information compared to
that of full-length CRP.

Ankylosing spondylitis (AS) is a form
of chronic inflammation of the spine
and the sacroiliac joints (17). Destruc-
tion in AS starts at the entheses where
several processes are observed: inflam-
mation, bone destruction and new bone
formation. One of the most commonly
used monitoring parameters for AS in
the serum is CRP, but this provides
relative low sensitivity and specificity
(18). Tissue remodelling with new bone
formation is a central step in the patho-
genesis of AS. This process has gained
attention and several markers of the
joint COMP, C2M, C2C (16, 19, 20) as
well as regulators of bone formation,
such as osteocalcin (21), DKK-1(22)
and sclerostin (23) have been assessed
in AS and have been linked to struc-
tural remodelling of the spine. These
serological biochemical markers have
provided preliminary insight into the
disease processes of AS. However a
link between inflammation and struc-
tural remodelling is so far lacking.

The current hypothesis is that protease-
mediated degradation fragments of
CRP occurs in AS, which may reflect
the interplay between inflammation
and tissue remodelling in AS. These
neoepitopes could be more specific
than full-length CRP, and allow gain-
ing additional information for the di-
agnostic and prognostic discriminative
power in patients with AS. This tech-
nology is referred to a protein finger-
printing, which have been documented
for other pathologies to allow for better
tissue accuracy compared to traditional
full length proteins measurement by
standard marker technologies (24-27).



The aim of the present work was to de-
velop two ELISAs for quantitative as-
sessment of protease degraded CRP by
MMPs and cathepsin and to investigate
whether these cleavage fragments pro-
vide additional information compared
to full-length CRP in patients with AS.

Methods

In vitro cleavage of CRP

Purified CRP from human serum
(Alpha Diagnostics) was cleaved with
MMP-1, MMP-9, cathepsin K, cathe-
psin S (Calbiochem, VWR), MMP-
3, MMP-8 (Abcam), A Disintegrin
And  Metalloproteinase ~ with a
Thrombospondin motif (ADAMTS)-1,
and -8 (Abnova). The proteases were
activated according to the manufactur-
ers’s instructions. Each cleavage was
performed separately by mixing 200ug
CRP and 2pg of activated enzymes in
MMPbuffer (100mM Tris-HCI1, 100mM
NaCl, 10mM CaCl,, 2mM ZnOAc, pH
8.0), cathepsin buffer (5S0mM NaOAc,
20mM L-cystine, pH=5.5) or aggreca-
nase buffer (50mM tris-HCl, 10mM
NaCl, 10mM CaCl,, pH=7.5). As con-
trol 200pg CRP was mixed with MMP
buffer only. Each aliquot was incubated
for three days at 37°C. All MMP cleav-
ages were terminated using GM6001
(Sigma-Aldrich) and all cathepsin
and aggrecanase cleavages using E64
(Sigma-Aldrich). Finally the cleav-
age was verified by visualisation using
the SilverXpress® Silver Staining Kit
(Invitrogen) according to the manufac-
turers’ instructions.

Peptide identification by MS

The cleavage products were purified
and desalted using reversed phase (RP)
micro-columns (Applied Biosystems)
prior to nanoLC-MS-MS analysis as
describes in litterature(28). The pu-
rified peptides were resuspended in
100% formic acid, diluted with H,O
and loaded directly onto a 18cm RP
capillary column using a nano-Easy-
LC system (Proxeon, Thermo Scien-
tific). The peptides were eluted using
a gradient from 100% phase A (0.1%
formic acid) to 35% phase B (0.1%
formic acid, 95% acetonitrile) over 43
min directly into an LTQ-Orbitrap XL
mass spectrometer (Thermo Scientific).

Two novel biochemiccal markers of inflammation / H. Skjgt-Arkil et al

For each MS scan (Orbitrap, resolution
of 60000, 300-1800Da range) the five
most abundant precursor ions were
selected for fragmentation (CID). The
raw data files were converted to mgf
files and searched in Mascot 2.2 using
Proteome Discoverer (Thermo Scien-
tific). Peptides with a mascot probabili-
ty score p<0.05 were further analysed.

Selection of peptide for immunisations

The first six amino acids of each free
end of the sequences identified by MS
were regarded as a neoepitope gener-
ated by the protease in question. All
protease-generated sequences were
analysed for homology and distance to
other cleavage sites and then blasted
for homology using the NPS@: net-
work protein sequence analysis (29).

Immunisation procedure

Six 4-6 week old Balb/C mice were
immunised subcutaneously in the ab-
domen with 200uL emulsified antigen
(50 pg per immunisation) using Fre-
und’s incomplete adjuvant (KAFVF-
PKESD-GGC-KLH and GNFEG-
SQSLV-GGC-OVA (Chinese Peptide
Company, Beijing, China)). Immunisa-
tions were continued until stable titer
levels were obtained. The mouse with
the highest titer was selected for fusion
and boosted intravenously with 50 pg
immunogen in 100 pL 0.9% sodium
chloride solution three days before iso-
lation of the spleen for cell fusion. The
fusion procedure has been previously
described (30).

Characterisation of clones

The potential sequences KAFVFP and
GNFEGS, named CRP-MMP and CRP-
CAT respectively, were selected for
antibody generation. Native reactivity
and peptide binding of the monoclonal
antibodies were evaluated by displace-
ment of human serum in a preliminary
indirect ELISA wusing biotinylated
peptides (KAFVFPKESD-K-Biotin or
GNFEGSQSLV-K-Biotin) on a strepta-
vidin coated microtitre plate and the
supernatant from the growing mono-
clonal hybridoma. Tested were the spe-
cificities of clones to the free peptide
(KAFVFPKESD or GNFEGSQSLV),
a non-sense peptide, and the elon-
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gated peptide (RKAFVFPKESD or
GGNFEGSQSLYV). Isotyping of the
monoclonal antibodies was performed
using the Clonotyping System-HRP kit
(Southern Biotech). The selected clones
were purified using Protein G columns
according to manufacturer’s instruc-
tions (GE Healthcare Life Science).

Assay protocol

The selected monoclonal antibodies
were labelled with horseradish per-
oxidase (HRP) using the Lightning
link HRP labelling kit according to
the instructions of the manufacturer
(Innovabioscience). A 96-well strepta-
vidin plate was coated with 1.25ng/mL
KAFVFPKESD-K-Biotin (CRP-MMP
assay) or 0.40ng/mL GNFEGSQSLV-
K-Biotin (CRP-CAT assay) dissolved
in assay buffer (25mM Tris, 1% BSA,
0.1% Tween-20, pH 7.4) and incubated
30 minutes at 20°C. 20uL of free pep-
tide calibrator or sample were added
in duplicates to appropriate wells, fol-
lowed by 100uL of conjugated mono-
clonal antibody (1A7-HRP or 3HS8-
HRP) and incubated 1 hour at 20°C.
Finally, 100uL tetramethylbenzinidine
(TMB) (Kem-En-Tec) was added and
the plate was incubated 15 minutes at
20°C in the dark. All the above incuba-
tion steps included shaking at 300rpm.
After each incubation step the plate
was washed five times in washing buff-
er (20mM Tris, SOmM NaCl, pH 7.2).
The TMB reaction was stopped by
adding 100puL of stopping solution (1%
HCI) and measured at 450 nm with 650
nm as the reference. A master calibra-
tor, prepared from the synthetic free
peptide accurately quantified by amino
acid analysis, was used as a calibration
curve and plotted using a 4-parametric
mathematical fit model.

Technical evaluation and specificity

From 2-fold dilutions of quality con-
trol (QC) serum samples, linearity was
calculated as a percentage of recovery
of the 100% sample. The lower limit of
detection was determined from 21 zero
samples (i.e. buffer) and calculated as
the mean + 3X standard deviation. The
inter- and intra-assay variation was de-
termined by 12 independent runs of 8
QC samples, with each run consisting
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Fig. 1. Characterisation of the CRP-MMP (panel A, B and C) and CRP-CAT (panel D, E and F) monoclonal antibodies. ELISA showing percent inhibition
of the signal of A) the free peptide and elongated peptide; B) the in vitro cleaved CRP with different MMPs and cathepsin K. The materials were run diluted
1:10, 1:20 and so on as indicated by the dotted lines; C) the free peptide and the native human serum sample which were run undiluted, diluted 1:2, 1:4 and
so forth as indicated by the dotted lines; D) the free peptide and elongated; E) the in vitro cleaved CRP with different MMPs and cathepsin K. The materials
were run diluted 1:10, 1:20 and so on as indicated by the dotted lines; F) the free peptide and the native human serum sample which were run undiluted,
diluted 1:2, 1:4 and so forth as indicated by the dotted lines.

of two replicas of double determina-
tions. The stability of serum samples
was measured for three samples, which
have been frozen and thawed for one to
ten times.

The developed CRP-MMP and CRP-
CAT ELISAs were evaluated using
the materials described under “In vitro
cleavage”, where CRP was cleaved by
different MMPs, cathepsins and ag-
grecanases. The materials were diluted
1:10 in the ELISA.

CRP-MMP, CRP-CAT vs. total CRP

in patients with ankylosing spondylitis
CRP-MMP, CRP-CAT and full-length
human CRP (Quantikine, R&D System)
were assessed in serum from patients
diagnosed with AS and compared to
healthy sex- and age-matched controls
from the Department of Medicine 3 of
the University of Erlangen-Nuremberg.
Serum samples were retrieved from pa-
tients diagnosed with ankylosing spond-
ylitis (AS) according to the modified
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New York criteria and from sex- and
age-matched non-diseased controls.
BASDAI and mSASSS was registered
for the each of the AS patients (Table
II). The samples were diluted 1:4 in the
CRP-MMP assay and in the CRP-CAT
assay. The study was approved by the
Ethics Committee of the University of
Erlangen-Nuremberg and conformed to
the principles outlined in the Declaration
of Helsinki. Written informed consent
was obtained from each person.
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Table I. Summary table of the technical validation of CRP-MMP and CRP-CAT assays.

Technical validation step CRP-MMP CRP-CAT

Target
Detection range

MMP degradation of CRP  Cathepsin degradation of CRP
0.814-50.0ng/mL 7.28-250ng/mL

Dilution range of serum samples 1:2-1:4 1:2-1:4
Dilution recovery of human serum* 109% 106%
Intra-assay variation™* 4.16% 5.01%
Inter-assay variation™* 10.4% 6.77%
Analyte stability™* 100% 98.4%

“Percentage dilution recovery was calculated as the mean of 5 human serum samples diluted 1:2, 1:4
and 1:8. **Inter- and intra-assay validation was calculated as the mean variation between 8 individual
determinations of each human serum sample. ***The stability of the analyte (human serum) was calcu-
lated as the mean of three different serum samples, which were freeze and thaw for one to 10 times.

Table II. Demographic description of the study.

Controls AS
n. (women/men) 40 (21/19) 40 (19/21)
Age (range) 43.0 years (18 to 66) 42.5 years (29 to 63)
CRP [95% Cl1] 3016 ng/ml [1595, 4438] 4061 ng/ml [2426, 5696]
BASDAI 3.79[0.01,0.45]
mSASSS 5.08 [0.04, 1.14]
MMP assay Cathepsin assay
A B N *kk N

8 300+ r 1
o )
£ * £ 200
£ 2
o 44 [
. 3
a a. 100
o 24 14
(] (8]

0- 0-

Fig. 2. Biological validation in human serum from patient with AS (n=40) compared with controls
(n=40). A) CRP-MMP in serum in AS and controls, p=0.0007. B) CRP-CAT in serum in AS and con-
trols, p<0.0001. Bars indicate mean level. Groups were compared by Wilcoxon rank sum test.

Statistics

Serum levels of the individual biomark-
ersbetweenAS patients and non-diseased
controls were compared using two-sided
non-parametric Wilcoxon rank sum test.
Correlations between the biomarkers
were investigated by non-parametric
Spearman’s test. Area under the curve
was measured with use of Receiver
Operating Characteristic (ROC). The bi-
omarkers were investigated in odds ra-
tios (extrapolated from weighted levels:
lowest value in the population was set
at 0 and highest at 1) where all subject
were classified as having normal (within
SD of the mean of the normal popula-

tion) or high (>SD) levels of the biomar-
ker. Results were considered statistically
significant if p<0.05.

Results

Assay development and validation
CRP was cleaved by a battery of pro-
teases after which the fragments were
identified by LC-MS/MS with a statisti-
cally significant MASCOT score. Four
identified fragments were generated by
MMP-1, 46 by MMP-3, 102 by MMP-
8, 126 by MMP-9, 86 by MMP12, 38
by cathepsin K, 33 by cathepsin S, 7 by
ADAMTS-1 and 8 by ADAMTS-8. All
protease-generated neoepitopes were
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tested for homology and cross-reactivity
to other proteins. Twenty of the most po-
tential fragments were selected for im-
munisation and antibody generation
The requirements for selecting the mono-
clonal antibodies for ELISA develop-
ment were I) IgG subtype, II) specific
towards the neoepitope and not the elon-
gated peptide nor uncleaved CRP, III)
native reactivity towards human serum
and not only the synthetic peptide and
acceptable dilution recoveries of human
serum. Based on these requirements two
antibodies recognising the sequences
KAFVFP and GNFEGS respectively
were selected. The two monoclonal an-
tibodies did not show any affinity to-
ward either the elongated peptides or the
uncleaved CRP (Fig. 1). The sequence
KAFVFP was identified cleaved at
the lysine 25 by MMP-1, -3, -8 and -9,
and the sequence GNFEGS cleaved at
the glycine 162 by cathepsin K, -S and
ADAMTS-1. From the ELISA charac-
terization it was observed that MMP-1
and MMP-8 were able to generate the
KAFVFP fragment in an amount high
enough to be detected by the ELISA. In
contrast MMP-3, MMP-9 and cathepsin
K were not able to generate the frag-
ment (only cathepsin K shown in fig-
ure). Since the neoepitope is exclusively
generated by MMPs, it is named CRP-
MMP. Cathepsin S and K generated the
GNFEGS fragment in an amount high
enough to be detected by the ELISA.
In contrast MMP-9 and aggrecanase-1
were not able to generate the fragment
(only MMP-9 shown in figure). Since the
neoepitope is exclusively generated by
cathepsins, it is named CRP-CAT. The
native reactivity towards human serum
was high and the signal almost inhibited
completely. These findings were consist-
ent in the repeated cleaved batches.

The results of the technical evaluation
are summarised in Table I, showing
technically robust assays with dilu-
tion recovery within the recommended
range of 10%. The accuracy and pre-
cision were acceptable with low inter-
and intra-assay variation.

CRP degradation biomarkers are
elevated in ankylosing spondylitis
Levels of the MMP generated neo-
epitope  CRP-MMP were significant
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(»=0.0007) higher in serum from patient
with AS compared to controls (Fig. 2A).
The levels of full-length human CRP in
the AS samples compared to controls
did not show any significant difference
(data not shown). When measuring the
cathepsin generated neoepitope CRP-
CAT assignificant difference (p<0.0001)
was observed between the AS and con-
trols (Fig. 2B).

Correlation between individual
biomarkers

The correlations between the three
measured biomarkers are shown in
Table III. There was a significant cor-
relation between CRP-MMP, CRP-CAT
and full-length CRP in the AS group.
The correlation between CRP-MMP and
CRP-CAT was however stronger than
between full-length CRP and the two
degradation markers. The correlation in
the controls was strong between CRP-
MMP and CRP-CAT and low between
full-length CRP and the two degradation
markers. No correlation of the three in-
dividual markers to gender and age was
observed (data not shown).

Diagnostic value of the biomarkers

to differentiate between AS patients
and controls

To investigate the diagnostic value of
each biomarker, the ROC curves were
made. The area under the curve (AUC)
is calculated for the three biomarkers.
CRP-CAT had the best diagnostic value
(AUC 77%, p<0.0001) followed by
CRP-MMP (AUC 72%, p=0.00066).
The full-length CRP had the lowest di-
agnostic potential (AUC 63%, p=0.46).
The odds ratios for differentiating con-
trols from AS patients indicate that
CRP-MMP is having the highest value
(6.3, [2.0-20]) followed by CRP-CAT
(3.9,[1.4-11]) (Fig. 3). Full-length CRP
has the lowest value (1.7, [0.5-5.9]).
The positive and negative predictive
value is 0.48 and 0.88 for CRP-MMP,
0.45 and 0.83 for CRP-CAT and 0.20
and 0.88 for CRP.

Association to modified Stroke
Ankylosing Spondylitis Spine Score
(mSASSS) and Bath of Ankylosing
Spondylitis Activity Index (BASDAI)
Up till now, there has been reasonable

Table III. The Spearman’s correlations between individual biomarkers in AS group and
controls.

CRP CRP-MMP CRP-CAT
Controls
CRP 0.32% 0.32%
CRP-MMP Q.57 0.8 1%
CRP-CAT .54k 0.75%%%
AS
Fig. 3. Odds ratio for the three . *k N
biomarkers in AS samples. Data 8 . '
is shown as mean+SD with 95% T . * )
confidence intervals. The posi- v v
tive and negative predictive val- ns 2.0-20
ue is 0.20 and 0.88 for CRP, 0.48 6- —
and 0.88 for CRP-MMPand 045 .2
and 0.83 for CRP-CAT. ©
; 4- 1.4-11
©
3
24 [0.5-5.9]
c - I- - 1
@ A
< & F
&« $ & &
& & o o
\4
~

CRP pools in the body

Uncharacterized CRP

CRP monomer

CRP
proform

CRP degradation peptides

MMP
generated

cathepsin
generated

CRP pentamer

Fig. 4. The different CRP pools in the body.

consensus about using BASDALI as the
gold standard for disease activity in AS
(18). No correlation between the three
inflammatory biochemical markers and
BASDAI was observed in this study.
To investigate the relationship between
the inflammatory biochemical markers

and syndesmophyte formation in AS,
the individual markers of CRP were
correlated to the mSASSS score, which
assesses the amount of syndesmo-
phytes in the spin. Neither CRP-MMP,
CRP-CAT nor full-length CRP corre-
lated with the mSASSS.
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Discussion

This is, to our knowledge, the first study
to present assays detecting fragments
of CRP generated by either MMPs or
cathepsins. To identify the fragments
of CRP, purified CRP from human se-
rum was selected for cleavages in vitro
by MMPs and cathepsins followed by
analysis by MS. Such an approach has
been undertaken for identification of
other candidate biomarkers (6). The
MS analysis identified a plethora of
fragments and 20 specific fragments
were selected for assay development
that did not cross-react to other pro-
teins and were predominantly gener-
ated by either MMPs or cathepsins. To
be specific, it is important that the assay
only recognise the peptide and not the
elongated peptide containing an extra
amino acid at the cleavage site nor the
full-length CRP. Native reactivity is
crucial, since it is human fluids and not
synthetic peptide the assay is measur-
ing. Out of the many developed assays,
CRP-MMP and CRP-CAT assays meet
these demands and have the potential of
providing additional insight into the in-
flammation processes.

Endopeptidases such as MMPs and
cathepsins play a major part in the
degradation of extracellular macro-
molecules in diseases with inflamma-
tion and tissue destruction, such as AS
(31, 32) and rheumatoid arthritis (RA)
(33, 34). Indeed MMPs and cathep-
sins have been demonstrated to be the
key players in a range of diseases with
high extracellular matrix remodelling
(5,11, 16, 35, 36). In the current study
highly significant differences between
AS patients and age and sex-matched
controls were observed when assess-
ing both the CRP-MMP and CRP-CAT
biomarkers. This significant difference
was not observed in the full-length
CRP nor others (18). CRP produced by
the liver face a rapid degradation both
in serum and in inflammation affected
tissues, which could be the cause for
the rather low CRP serum levels and
lack of sensitivity in diseases like AS
and other forms of spondylarthritides
(SpA) as compared to RA (37). Moreo-
ver, the high local MMP and cathepsin
activity could explain the elevated lev-
els of CRP neoepitopes in patients with
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AS, although this need further investi-
gation.

By further analysis we found that pa-
tients with a high CRP-MMP or a high
CRP-CAT had increased odds ratios of
6.3 and 3.9, respectively, of having AS.
Importantly, the AUC-values of both
neoepitopes provide more diagnostic
power in the current cohort compared to
full-length CRP. Interestingly, the two
cleavage products of CRP had higher
correlation to each other than to full-
length CRP in both controls and dis-
ease affected. The level of CRP-MMP
and CRP-CAT were significantly lower
than full-length CRP, even though they
provided additional diagnostic infor-
mation, suggesting that different sub-
pools of CRP provides different types
of information. Further analysis com-
paring the three types of CRP in addi-
tional diseases in which inflammation
plays a major role may provide more
specific details of the pathophysiologi-
cal involvement of the different pools.
No correlation between the two CRP
neoepitopes nor intact CRP with
mSASSS and BASDAI was observed.
Were mSASSS assesses the radiologi-
cal damage of the cervical and lumbar
spine that is associated with accumu-
lated disease activity over time, inflam-
mation markers are more the result of
the current level of disease activity. In
alignment, others studies also failed to
demonstrate significant correlation of
CRP to disease activity evaluated by
e.g BASDAI and mSASSS (38, 39).
This suggests that other types of mark-
ers may be more associated with the
clinical score, such as structural mark-
ers of the joints (16) and syndesmo-
phyte formation, such as osteocalcin
(21). In future studies, particular em-
phasis should be directed to whether
CRP-MMP and CRP-CAT could have
prognostic potential for identification
of fast progression that are in need of
treatment, and predictive value of those
that respond to a given treatment.
Biochemical markers measured in se-
rum, plasma and urine are often products
of local pathological events, in which
many local specific events contribute
to a particular pool of the marker. Even
though some biochemical markers have
been shown to correlate with the number
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of disease-affected sites, such as the
correlation between cartilage degrada-
tion (40) and number of joint affected
by the disease (41), tissue specificity
and pathological relationships must be
carefully evaluated. One approach for
this evaluation may be by application
of the Burden of disease, Investigatory,
Prognostic, Efficacy and Diagnostic bi-
omarkers (BIPED) criteria (11, 42) that
was developed under the FDA critical
path initiative by OsteoArthritis Re-
search Society International (OARSI)
members. Further studies are needed
to investigate the clinical potential of
these two CRP neoepitopes, and fur-
ther classification according to the BI-
PED principle. Longitudinal studies are
in particular warranted to investigate
whether these two novel biochemical
markers may provide any prognostic
value, identifying fast progressors and
the future course of the disease.
Asillustrated in Figure 4, different forms
of the same protein may be present in
serum, in which each sub-pool holds
unique information. This concept has
been extensively applied to osteoporo-
sis and bone turnover, in which the pro-
peptide of type I collagen is used for
bone formation (43) and the degrada-
tion fragment by cathepsin K (CTX-I)
is use for bone resorption (36). For the
current context this serves to highlight
that different fragment of the same pro-
tein hold the completely opposite infor-
mation. In alignment, aggrecanase and
MMP mediated aggrecan degradation
has been shown to reflect reversible
and irreversible cartilage degradation,
emphasising that two pools of the same
protein entails unique biological infor-
mation (13).

There is a range of limitations of the cur-
rent study. Most importantly the small
sample size and that the clinical assess-
ment was done by mSASSS. mSASSS
assesses the cervical and lumbar spine
by radiography, thus it does not assess
important AS associated events such as
inflammation and joint health. These and
other parameters may be better assessed
by advanced MRI technologies. Fur-
thermore, the preset study was a cross
sectional study, which did not allow for
assessment of the prognostic potential
of this novel marker. The present finding
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needs to be validated in a larger cohort.

In

conclusion, two robust assays have

been developed using specific mono-
clonal antibodies for the detection of
CRP-MMP, a CRP fragment derived
from MMP activity and CRP-CAT, a
CRP fragment derived from cathepsin
activity in human serum. It was dem-
onstrated that these two fragments were
significantly elevated in AS patients
while full-length CRP was not, illus-
trating that these CRP neoepitopes may
provide additional diagnostic power
than traditional biochemical markers.
Further clinical studies are needed to
evaluate the prognostic as well as the
implication of these neoepitopes in oth-
er clinical inflammatory diseases.
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