Differential association of the N-propeptide of collagen ITA
(PITANP) and collagen II C-telopeptide (CTX-II) with
synovitis and erosions in early and longstanding
rheumatoid arthritis

A.F. Christensen!, T. Lottenburger?, H. Lindegaard', S. Christgau’,
K. Hgrslev-Petersen?, P. Junker!

!Departments of Rheumatology, Odense University Hospital, Odense and Institute of Clinical
Research, University of Southern Denmark, Denmark; *Graasten Gigthospital, Graasten, Denmark;
SNovoseeds, Novo A/S, Bagsvaerd, Denmark.

Abstract
Objectives
To determine the N-terminal propeptide of collagen IIA (PIIANP) in early and established rheumatoid arthritis (RA) and
to study the association with collagen Il degradation assessed by its C-telopeptide (CTX-II), x-ray status and disease
activity measures.

Methods
Two cohorts of RA patients were included: A) a one-year prospective cohort including 45 patients with early, untreated
RA and B) a cross-sectional study comprising 50 RA patients with advanced disease. Blood donors and healthy volunteers
served as controls. PIIANP in serum and urine CTX-1I were measured by ELISA.

Results
PITANP did not differ from control levels at any time in patients with early RA (p=0.16 and p=0.89), but at one-year
follow-up, PIIANP was decreased compared with baseline (p=0.046). In patients with longstanding RA, PITANP was lower
than in controls (p=0.002) and RA patients with a 12-month disease (p=0.01). PITANP was unrelated to joint counts and
CRP in both cohorts, but baseline PIIANP was lower among x-ray progressors than in non-progressors (p=0.04). CTX-11
was persistently increased in both cohorts (p<0.001 and p<0.001). CTX-II was positively associated with joint counts and
CRP but not with x-ray progression (p=0.84). There was no correlation between PITANP and CTX-II.

Conclusion
Declining PIIANP with increasing RA duration and persistently increased CTX-II indicate that cartilage anabolic and
degradative pathways are unbalanced from clinical RA onset. Furthermore, that collagen II depletion in RA is both
mediated by anti-anabolic effects unassociated with synovitis (decreased PIIANP) and by excess collagen II degradation
linked to synovitis (increased CTX-II).
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Background

The majority of patients with rheuma-
toid arthritis (RA) will develop irrevers-
ible joint deformities unless tight syno-
vitis control can be achieved (1). This
is particularly important in the first few
months after clinical diagnosis which
seems to represent an important window
of therapeutic opportunity regarding
the effect of traditional anti-rheumatic
agents (2, 3). Increased knowledge
about the pathophysiologic processes
in the rheumatoid joint, the advent of
potent targeted new therapies and im-
proved imaging techniques call for the
development of candidate biomarkers
for specific aspects of the disease proc-
ess for use in the clinic as supplement to
systemic measures of inflammation, C-
reactive protein (CRP) in particular.
Cartilage degradation is a key feature of
rheumatoid joint inflammation. Accord-
ingly, an array of assays has been de-
veloped for the assessment of cartilage
synthesis and breakdown (4). However,
so far, no single biomarker has proven
sufficiently accurate for routine clinical
purposes. Furthermore, current clini-
cal evaluations of existing markers do
not allow unequivocal determination
of cut-off levels and appropriate inter-
vention responses, which will be re-
quired for eventual introduction of the
markers in routine clinical practice.
Collagen type II is the major structural
protein in cartilage, and soluble frag-
ments of this protein are supposed to re-
flect the metabolic processes in joint car-
tilage (4). The C-telopeptide fragment
of type II collagen (CTX-II) is currently
the prevailing marker for collagen II
degradation in osteoarthritis (OA) and
RA (5). The propeptides of collagen
type Il are released from the protein dur-
ing its synthesis and incorporation into
the cartilage matrix, and can be used as
measures of matrix synthesis. The role
of the C-terminal propeptide of collagen
II (CPII), for the assessment of cartilage
collagen synthesis is less well defined at
the present time (4), but a recent study
on OA patients supports the notion that
CPII reflects collagen II synthesis (6).
Type II procollagen exists in two forms
as a result of alternative splicing (7).
While synthesis of collagen type IIB
prevails in mature cartilage, collagen
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ITA is predominantly generated during
development in immature cartilage and
in non-chondrogenic premature tissues
like nerves and internal organs (8-11).
This collagen type II variant comprises
an additional cystein-rich domain of 69
amino acids in the N-terminal propep-
tide. The vitreous body is the only adult
human healthy tissue known to express
substantial amounts of type IIA colla-
gen (12). However, type IIA collagen is
re-expressed in damaged cartilage, e.g.
OA, in chondrosarcomas and other ma-
lignant tumours (13-16). As expression
of type IIA collagen seems to be a hall-
mark of pathological changes in carti-
lage, measurement of PITANP in biolog-
ical fluids has been proposed as an ana-
bolic marker in joint diseases (17-19).
It was recently reported that PITANP in
serum is decreased in patients with OA
and established RA. The authors specu-
late that these findings reflect inhibitory
effects on cartilage metabolism by pro-
inflammatory cytokines (18).

Based on the assumption, that cartilage
anabolic and catabolic pathways are un-
balanced in favour of increased break-
down at different stages of the disease,
the purpose of the present investigation
was to study two markers of collagen
type II metabolism, PITANP and CTX-
II in a prospective study on newly di-
agnosed, DMARD (disease modifying
anti-theumatic drugs) naive RA pa-
tients and in the same setting to meas-
ure PITANP in a well-defined cohort of
RA patients with advanced disease.

Methods

Patients

The study included two subsets of RA
patients:

a) Newly diagnosed RA: a one year pro-
spective study including 45 DMARD
naive patients with newly diagnosed
RA, disease duration less than 12
months. The patients were followed for
1 year on methotrexate starting at 7.5
mg increasing to maximum 20 mg per
week. Patients with high disease ac-
tivity and unable to await the onset of
metho-trexate action at inclusion were
offered prednisolone 7.5 mg orally
per day (4 and 6 patients at baseline
and year 1, respectively). The patients
all met the 1987 American College of
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Rheumatology (ACR) criteria for clas-
sification of RA (20). Additional inclu-
sion criteria were disease duration less
than 12 months and age 18-71 years.
Exclusion criteria were a previous his-
tory of arthritis and treatment with
DMARD:s, past or present malignancy,
kidney or liver disease, oral or intraar-
ticular glucocorticoid therapy within 4
weeks prior to inclusion.

b) Advanced RA: a cross-sectional study
comprising 50 patients with established
RA. Inclusion criteria were fulfilment
of the revised ACR 1987 criteria for
RA, disease duration of 5-15 years, ero-
sions by x-ray in at least 1 joint/joint
area, age 18-75 years. Exclusion crite-
ria were glucocorticoid therapy within 4
weeks, DMARD therapy change within
3 months, surgery within 8 weeks, past
or present malignancy, liver and/or
kidney disease, serious heart (NYHA
class III-IV) or lung disease, advanced
atherosclerosis, anticoagulant therapy,
concomitant inflammatory rheumatic
disease, arterial hypertension (>140/90
mmHg despite antihypertensive treat-
ment), pregnancy and lactation. All pa-
tients were on a DMARD (methotrexate
(19) as mono-therapy and 12 as part of
combination therapy), leflunomide (4),
aurothiomalate (5), sulfasalazine (6),
sulfasalazine+azathioprine (1), azathio-
prine (1), penicillamine (1) and hydrox-
ychloroquine (1)). None were treated
with glucocorticoids. The patients were
recruited on a voluntary basis and both
in- and outpatients participated.

Controls

Two control groups were used:

1) One hundred and twenty blood do-
nors, comprising 60 (50%) women,
served as controls for PITANP measure-
ments. The controls were divided into
decades with 24 controls in each decade
(2-6) at inclusion. Only sex and age-
group were available in this cohort.

2) Six hundred and thirty six healthy
volunteers with mean age of 50.4 years
(range 21-73) served as controls for
CTX-II measurements. This cohort in-
cluded 427 (67.1%) women.

Clinical evaluation
Systematic clinical evaluation was made
by one experienced rheumatologist at

inclusion and after 52 weeks in cohort
A and at inclusion in cohort B. Swollen
and tender joint counts and functional
impairment score (health assessment
questionnaire, HAQ (21)) were com-
puted.

X-ray

Radiographs of hands (posteroanterior
and Ngrgaard projections (22)) and
wrists (posteroanterior and lateral pro-
jections) were obtained in both patient
cohorts. Radiographs were obtained at
baseline and after 12 months in patients
with early RA. Patients with advanced
disease were x-rayed at inclusion. The
radiographs were evaluated by one ex-
perienced senior musculoskeletal radi-
ologist and 14 joints including 2 wrists,
10 metacarpophalangeal joints and 2
interphalangeal joints (thumbs) were
scored according to the Larsen method
(23, 24). In early RA, patients were
divided into radiographic progressors
and non-progressors, the former being
defined as patients with higher erosion
score at 1 year compared to baseline.

Laboratory analyses

Non-fasting blood was collected be-
tween 8.00 am and 2.00 pm, at least one
hour after bed rest. Samples were cen-
trifuged at 4000 g for 10 min and stored
at -80°C. Spot urine samples were col-
lected as the second, non-fasting urine
void in the morning and kept frozen at
-20°C until analyzed.

PIIANP was measured by a competi-
tive ELISA (LINCO Research, USA)
using a polyclonal antibody raised
against recombinant GST-human type
II procollagen 2 fusion protein specific
for the N-propeptide of type IIA col-
lagen (9). Homologous serum proteins
did not cross-react with this polyclonal
antibody (25). The inter-assay coef-
ficients in our laboratory were 17.1%
and 10.8% for low and high concentra-
tion quality controls. The intra-assay
variation was <5%. All analyses were
done in duplicate using kits with the
same lot number and serial samples
from the same patient were analyzed
simultaneously.

Urine CTX-II was assayed by ELISA
(Nordic Bioscience, Denmark) as pre-
viously described (5, 26). Intra- and

309

inter-assay variation amounted to 7.6%
and 8.3%, respectively.

CRP and erythrocyte sedimentation rate
(ESR) were measured using standard
methods and IgM-rheumatoid factor
was determined by ELISA (27).

Ethics

The study was conducted in accord-
ance with the Declaration of Helsinki,
and local ethics committee approval
was obtained before the study start (J.
No 19980024 and M-2359-02).

Statistical analyses

Mann-Whitney U-test and Fisher’s ex-
act test were used to compare groups for
non-dichotomous and dichotomous re-
sponses, respectively. If more than two
groups, the Kruskal-Wallis test was used.
Adjustment for sex and age was done
using multiple regression models. When
including both RA patients and controls
in the regression models adjustment for
disease status was done. The analysis
of prospective data was carried out by
linear regression models using STATA’s
cluster option to support the assump-
tion of independence within groups, i.e.
treating only observations with differing
person id as truly independent.

PIIANP and CTX-II were logarithmi-
cally transformed to approximate nor-
mal distribution when used as a de-
pendent variable in linear regression
models. Associations between PITANP
or CTX-II, disease activity, radiology
and marker molecules were done by
Spearman Rank correlation and Mann-
Whitney U-test. Logistic regression was
used to asses the risk of radiographic
progression with adjustment for sex,
age, erosive status, CRP and IgM-RF
at baseline. In addition, odds ratios
(OR) were calculated for the change in
risk per standard deviation (SD) of the
mean value in controls. The results are
presented as median (95 % confidence
interval) if not otherwise stated. p<0.05
were regarded as significant.

All analyses were conducted in STATA/
version 9 (StataCorp, Texas, USA)

Results
Controls
PIIANP normal range in serum was
284-2356, median 895 ng/ml. Male
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blood donors had significantly higher
levels of PIIANP than females (941
[883; 1021] vs. 870 [797; 930] ng/ml,
p=0.03). PIIANP levels did not differ
between age-groups (p=0.8), but wom-
en <50 years (n=36) had significantly
lower PITANP than women >50 years
(n=12) (859 [737; 933] vs. 962 [887,
1156] ng/ml, p=0.03).

The normal range for urinary CTX-II
was 0.02 - 1.59, median 0.14 nwg/mmol
creatinine. While no gender differences
were observed (p=0.49), CTX-II var-
ied significantly between age-groups
(p<0.001). This variation was least prom-
inent in subjects in their forties and did
not change after stratification for gender
(»<0.001 for men and women, respec-
tively). Stratification of women aged 49
to 53 according to menopausal status
showed that postmenopausal women
(n=221) had significantly higher levels
of CTX-II than premenopausal women
(n=162) (0.17 [0.16;0.19] vs. 0.12 [0.11;
0.13] ug/mmol creatinine, p<0.001).

RA clinical variables

No difference between the two cohorts
was observed regarding sex, age and
rheumatoid factor status. Patients with
early disease had higher CRP, tender and
swollen joint counts and HAQ score at
baseline than patients with longstanding
disease. Baseline characteristics of both
cohorts are outlined in Table I.

RA biochemistry

In early RA, three patients were ex-
cluded from the statistical analyses
to reduce skewness of both non-loga-
rithmically and logarithmically trans-
formed data (2 patients had baseline
PIIANP levels of 5946 ng/ml and 3613
ng/ml, respectively, and one patient had
CTX-II level of 6.65 ug/mmol creati-
nine). PITANP was not available in one
patient with longstanding disease. No
difference in disease activity or erosion
status between these patients and the
remaining patients was observed (data
not shown).

At disease onset and after a one-year
follow-up, PITANP did not differ signif-
icantly from controls: 967 (880; 1074)
vs.895 (870; 950) and 919 (841; 1007)
vs. 895 (870; 950) ng/ml, p-adjust-
ed=0.16 and p-adjusted=0.89, respec-
tively. However, by one year PITANP
was significantly decreased as com-
pared with baseline (Fig. 1). This trend
remained after adjustment for gender
and age (By,iin,= -0.09 [-0.18; 0.001],
p-adjusted=0.053). In patients with ad-
vanced disease PITANP was even more
decreased both when compared to con-
trols (790 [670; 868] vs. 895 [870; 950]
ng/ml, p-adjusted=0.002) and RA pa-
tients with 12 months disease duration
(p-adjusted = 0.01) (Fig. 1).

In contrast to healthy subjects, PITANP
did not differ between female and male

RA patients at any stage of the disease
(early RA patients at baseline: 960 [647;
1361] ng/ml in men vs. 967 [877;1118]
ng/ml in women, p=0.53 and Cohort B:
718 [589; 979] ng/ml in men vs. 791
[671;878] ng/ml in women, p=0.74) or
within age-groups (p=0.71 and p=0.58,
respectively). Stratification according
to menopausal status (women aged
<50 years vs. women aged >50 years)
revealed no difference in PITANP. This
observation applied to both RA cohorts
(p=0.43 and p=0.28, respectively).
CTX-II was elevated more than two-
fold at baseline and remained high af-
ter one year in patients with early RA
(baseline: 0.30 (ug/mmol creatinine)
(0.21; 0.45) and 1 year: 0.33 (ug/mmol
creatinine) (0.18-0.40) vs. 0.14 (ug/
mmol creatinine) (0.13; 0.14), p-adjust-
ed p<0.001 and p<0.001, respectively)
compared with controls (Fig. 2).

The CTX-II level after one year did not
differ significantly from baseline CTX-
II (B,e=-0.02 [-0.3; 0.34], p=0.90),
even after adjustment for sex and age
(data not shown).

Similarly, CTX-II was higher in RA pa-
tients with longstanding disease com-
pared to control subjects after adjust-
ment for sex and age (0.25(ug/mmol
creatinine) [0.21; 0.31] vs. 0.14 (ug/
mmol creatinine) [0.13; 0.14], p<0.001)
(Fig. 2). CTX-II did not differ between
RA patients at disease onset or one-year

Table I. Demographic, clinical and laboratory characteristics of patients with early and longstanding RA.

Variables Early RA Longstanding RA p-value®*
n. 45 50

Disease duration® < 12 months 9 years (5.5)

Age at inclusion in years* 55 (17) 58 (14) 0.09
Sex (women/men) 31/14 32/18 0.67
Patients with erosions (%) 6 (13) (at disease onset) 50 (100) <0.001
IgM-rheumatoid factor positive (%) 35 (78) 44 (88) 0.27
HAQ score (0-3)* 0.55 (0.75) 0.38 (0.63) 0.03
CRP (mg/)* 18 (36) 13 (12) 0.01
Swollen joints* 9 (8) 3 (2) <0.001
Tender joints* 6 (9 3 (5 0.01
Serum PITANP (ng/ml) at disease onset 967 [880;1074] - -
Serum PIIANP (ng/ml) after 1 year. 919 [841;1007] - -
Serum PIIANP (ng/ml) in longstanding RA - 790 [670;868] -
CTX-II (ug/mmol creatinine) at disease onset 0.30 [0.21;0.45] - -
CTX-II (ug/mmol creatinine) after 1 year 0.33 [0.18;0.40] - -
CTX-II (wg/mmol creatinine) in longstanding RA - 0.25 [0.21;0.31] -

*Median (interqueartile range) otherwise median [95 % confidence interval].
**Calculated using Fishers exact test or Mann Whitney U-test.
HAQ: health assessment questionnaire; CRP: C-reactive protein; PIITANP: N-terminale propeptide of collagen type IIA; CTX-II: C-telopeptide fragment

of collagen II.
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Fig. 1. PIIANP at disease onset, after one year, after approximately 9 years and in a healthy
population.

*p=0.046 (early RA: 12 months vs. baseline) — using linear regression models with time as an
independent variable and PITANP as the dependent variable.

*#p=0.003 (longstanding RA vs. controls), Mann-Whitney U-test.

#p=0.01 (longstanding RA vs. early RA, 12 months), Mann-Whitney U-test.
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Fig. 2. CTX-II at disease onset, after one year, after approximately 9 years and in a healthy population.
*p<0.001 compared to controls.
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follow-up compared to longstanding
disease (p-adjusted=0.52 and p-adjust-
ed=0.58, respectively).

There were no gender differences with
respect to CTX-II in RA patients at
baseline, nor at one year follow up or in
longstanding disease (p=0.51, p=0.67
and p=0.43, respectively). A similar
pattern was observed in the control co-
hort. CTX-II levels did not appear to be
significantly affected by menopausal
status in either cohort, but the limited
number of definite pre-and post meno-
pausal women in the two RA popula-
tions should be considered.

No correlation was observed between
PIIANP and CTX-II at baseline and
after one year in early RA (rtho=-0.15,
p=0.36 and rho=-0.04, p=0.82, respec-
tively) or longstanding RA (rho=-0.05,
p=0.72). There was no correlation be-
tween A-PITANP and A-CTX-II in ear-
ly RA (rho=0.25, p=0.14).

Correlations with clinical

and x-ray findings

No correlation was observed between
baseline or one year PITANP and tender
and swollen joint count, CRP or x-ray
findings (data not shown). In addition,
PITANP did not differ between rheuma-
toid factor positive and negative indi-
viduals at baseline (p=0.55). However,
patients who progressed radiographical-
ly (n=8) had significantly lower PIIANP
at baseline compared with non-progres-
sors (736 ng/ml [587;1247] vs. 989 ng/
ml [900;1181], p=0.04). Conversely,
decreased baseline-PIIANP, defined as -
1 SD (361.5 ng/ml) of the mean value in
controls, could not predict radiographic
progression after adjustment for poten-
tial confounders (OR: 1.78 [0.85;3.71],
p=0.12).

Demographic characteristics of pro-
gressors and non-progressors are out-
lined in Table II from which it appears
that progressors have slightly higher
joint counts than non-progressors.

The change in PITANP from baseline to
1 year did not correlate with the change
in any of the outcome variables in pa-
tients with early RA (Table III). There
was no correlation between PIIANP
and laboratory or clinical variables in
patients with longstanding RA (Table
IIT). The change in tender and swollen



PITANP and CTX-II in early and longstanding rheumatoid arthritis / A.F. Christensen et al.

Table II. Demographic and clinical characteristics of radiographic progressors and non-
progressors at baseline and at 1 year in early RA.

Variables Progressors Non- p-value*  Progressors Non- p-value*

progressors progressors

Baseline 1 year 1 year 1 year
N 8 34 - 8 34 -
Age (years) 59.5 (13) 55.5 (18) 0.21 - - -
Sex (females/men) 4/4 25/9 0.23 - - -
IgM-rheumatoid factor 3 30 0.006 - - -
CRP (mg/1) 40 (62) 18 (30) 0.16 5.5 (13) 10 (8) 0.52
HAQ score (0-3) 0.38 (1.03) 0.58 (0.75) 0.59 0 (0.38) 0.25 (0.6) 0.28
Swollen joints 12 (6) 8 (7) 0.06 0.5 (2) 0 (3) 0.81
Tender joints 11 (9) 5 (8) 0.04 1(5 1(5) 0.99

Median (interquartile range).
*Mann-Whitney U-test.

HAQ: health assessment questionnaire; CRP: C-reactive protein.

Table III. Associations between PITANP and CTX-II and laboratory and clinical measures
in early RA at baseline and in longstanding RA.

Variables Early RA-PIIANP  Early RA- Established Established
CTX-II RA - PIIANP RA - CTX-II
Erosions at baseline () p=0.29% p=0.86% - -
Erosions rho=0.03 rho=-0.12 - -
p=0.84** p=0.48
IgM-RF at baseline (+) p=0.55% p=0.26% p=0.26% p=0.38%
CRP mg/1 rho=-0.02 rho=0.22 rho=0.20 rho=0.16
p=0.88%* p=0.18%* pv=0.17 p=0.29
ESR rho=0.06 rho=0.22 rho=0.15 rho=0.36
p=0.74%%* p=0.2%* p=0.29 p=0.01
Tender Joint count rho=-0.06 rho=0.51 rho=0.09 rho=0.06
p=0.70%* p=0.002%* p=0.55 p=0.69
Swollen Joint count rho=-0.03 rho=0.64 rho=0.04 rho=0.24
p=0.87%* p<0.001%%* p=0.79 p=0.1
HAQ score (0-3) rho=-0.24 rho= 0.49 rho= 0.02 rho= 0.04
p=0.15%%* p=0.003%%* p=0.87 p=0.76

*Mann-Whitney U-test or Spearman Rank Correlation test.
**Spearman correlation between A-PITANP or A-CTX-II (Values at 12 months minus baseline values)

and A-variable (12 months-baseline values).

RF: rheumatoid factor; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; CTX-II:
C-telopeptide fragment of collagen II; HAQ: Health Assessment Questionnaire.

joint counts and HAQ was correlated
to the change in CTX-II from baseline
to 1 year as presented in Table III. In
established RA, CTX-II correlated to
ESR Table III).

In early RA, CTX-II correlated to CRP
(rho=0.35, p=0.02), ESR (rho=0.38,
p=0.01) and HAQ score (rho=0.33,
p=0.03) at baseline. After one year,
CTX-II correlated to number of swol-
len joints (rho=0.44, p=0.006). No as-
sociation to erosions at baseline or after
1 year was observed (data not shown).
CTX-II at baseline did not differ be-

tween erosive progressors and non-
progressors (Mann-Whitney U-test,
p=0.84). Similarly, after adjustment for
potential confounders, elevated base-
line CTX-II, defined as +1 SD (0.13
(ug/mmol creatinine)) from the mean
in the controls, did not predict subse-
quent radiographic progression during
the one-year observation period (OR:
0.72 [0.48; 1.09], p=0.12).

Discussion

This study is the first to measure circu-
lating PITANP prospectively in RA from
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clinical disease onset and 12 months
on. While the levels of this putative
marker of cartilage formation did not
differ between newly diagnosed RA pa-
tients and healthy controls at inclusion,
PITANP was significantly decreased by
12 months as compared with baseline,
and PITANP was even lower in patients
with longstanding disease. PITANP was
un-related to joint counts and CRP at
any time in both cohorts. Baseline PI-
IANP was significantly lower in x-ray
progressors as compared with non-pro-
gressors, although radiographic progres-
sion could not be predicted by PITANP
levels. By contrast, urinary CTX-II was
equally increased in both RA subsets,
and CTX-II was positively correlated
with joint counts and CRP. There was
no correlation between CTX-II and PI-
TANP at any time in either cohort.

Our data on PIIANP are in line with
a recent report based on longstanding
RA (18). These authors proposed that
decreased PIIANP could result from
increased expression of pro-inflamma-
tory cytokines in the inflamed joint.
Our observation of decreased PITANP
by 12 months despite excellent synovi-
tis control as judged clinically indicates
an anti-anabolic effect on cartilage by
mechanisms which are not detected by
traditional measures of RA disease ac-
tivity. This accords with evidence, that
erosions may develop in spite of clini-
cal remission (28, 29), probably due to
a local pro-inflammatory environment
caused subclinical synovitis (30).
When interpreting these results the fol-
lowing issues should be considered.
First, the control subjects had higher
levels of PIIANP compared to RA pa-
tients with advanced disease. This find-
ing could reflect that PIIANP is also
released from extra-articular sites, sug-
gesting that synthesis of collagen ITA
also occurs in healthy persons. In the
Genetics osteoarthritis and Progression
(GARP) study, Meulenbelt et al. found
that PITANP expression was associated
with spine and/or hand OA when clus-
tered with cartilage oligomeric matrix
protein and age, suggesting that the
spine may be a major contributor to
PITANP in serum (31).

Secondly, both PITANP and CTX-II ex-
hibit diurnal variation at approximately
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20% (5, 32, 33). However, in the present
study, PITANP was decreased in RA pa-
tients, although PITANP has been report-
ed to increase during morning activities
in OA (33). CTX-II has been shown to
decrease slightly during the daytime (5;
32). Such an effect was not apparent
among our RA patients.

On the contrary, like in previous stud-
ies, CTX-II was consistently increased
from clinical disease onset in RA pa-
tients. Nonetheless, x-ray progression
could not be predicted by high CTX-II,
which is in contrast to previous studies
(5, 34, 35). However in the present in-
vestigation, radiographs of hands were
only scored according to the number
of erosions. Besides, relatively few
patients showed radiographic progres-
sion in the early RA cohort. An effect
by glucocorticoid treatment is unlikely
because only 4 and 6 patients were on
low-dose prednisolone daily at baseline
and 1-year follow-up.

PITANP and CTX-II have been studied
simultaneously in two OA cohorts (17,
19) but not in RA. Garnero et al. report-
ed that high CTX-II and low PIIANP
at baseline could identify OA patients
at high risk of rapid x-ray and arthro-
scopic progression (17). It has recently
been reported, that PITANP and CTX-II
epitopes rarely co-localize in OA carti-
lage estimated by immunohistochemis-
try (36). If this observation also applies
to rheumatoid arthritis, such a spatial
segregation of cartilage metabolic
epitopes lends further support to the hy-
pothesis, that the generation and release
of these different cartilage metabolic
markers are regulated by different and
independent processes (29, 37, 38).
While PITANP was significantly higher
among healthy males than in women,
no gender differences were observed
between RA patients with short and
long disease duration. In addition,
healthy women aged >50 years had sig-
nificantly higher PITANP than women
below 50 years. This age difference
was not found in RA patients with
early or longstanding disease, thereby
supporting that the anabolic capacity of
RA cartilage is compromised.

The progressive decrease of PIIANP
despite clinically significant DMARD
effects may reflect that these agents are

unable to revert the imbalance between
cartilage formation and degradation
supposed to underlie the development
of erosions.

In conclusion, this study provides addi-
tional evidence, that collagen II anabol-
ic and degradative pathways are unbal-
anced from the clinical onset of RA. In
addition, these results indicate, that col-
lagen II depletion in RA is both medi-
ated by anti-anabolic effects un-associ-
ated with synovitis (decreased PITANP)
and by excess collagen II degradation
linked to synovitis (increased CTX-II).
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