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Abstract

Introduction: Rheumatoid arthritis is associated with bone loss and the risk of osteoporotic
fracture. Bone loss in this disease is mediated by inflammation and autoimmunity. Many studies
have shown that anti-citrullinated protein antibody is capable of inducing bone loss through
several mechanisms.

This study aimed to determine the relationship between autoimmunity, represented by anti-mu-
tated citrullinated vimentin (anti-MCV) in this study, and bone loss, represented by C-terminal
cross-linking telopeptide of type | collagen (CTX-1), and N-terminal pro-peptide of type 1 procol-
lagen (PINP) in this study, in patients with rheumatoid arthritis in remission and low disease
activity.

Material and methods: This study enrolled 38 rheumatoid arthritis patients with disease remission
and low disease activity in Cipto Mangunkusumo Hospital between August and September 2019.
We collected the patients’ demographic data, Disease Activity Score 28 (DAS28), and treatment
history. All participants underwent blood work for anti-MCV, CTX-1, and PINP.

Results: Thirty-four of the subjects were women (89.5%), with the mean age of 40 +7.6 years and
the median disease duration of 36 months. Among the subjects, 26 patients (68.4%) were anti-MCV
positive. There was no correlation between anti-MCV and CTX-1 levels (r = 0.101, p = 0.274). There
was a moderate negative correlation between anti-MCV and PINP (r =-0.449, p = 0.001). The mean
difference of PINP according to anti-MCV level also showed a significant difference (p = 0.019)
Conclusions: The anti-MCV levels are not directly correlated with CTX-1 levels, indicating heterogene-
ity in the disease course even after inflammation has ceased. The anti-MCV and PINP levels are mod-
erately correlated, indicating that bone formation is resumed during the suppression of autoimmunity.
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Introduction

Rheumatoid arthritis (RA) is a chronic disease char-
acterized by the presence of autoantibodies such as
rheumatoid factors (RF) and anti-citrullinated protein
antibodies (ACPAs) [1], which is thought to be expe-

rienced by 1% of the world population and 0.1-0.6%
of the Indonesian population [2, 3].

Rheumatoid arthritis is related to bone loss, which
could affect patients’ quality of life. The pathogenesis
of bone loss is associated with inflammation and auto-
immunity. Autoimmunity is particularly related to ACPA
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positivity. Multiple ACPA examinations are available
nowadays, including synthetic CCP and anti-MCV [4, 5].

Multiple pathways of ACPA can affect bone remod-
eling dynamics. Anti-citrullinated protein antibodies af-
fect bone destruction through multiple pathways such
as osteoclast precursor activation, immune complex
generation, increased production of receptor activator
of nuclear factor-xB ligand (RANKL), and pro-inflamma-
tory cytokine production [4, 6].

In contrast, ACPA also affects bone formation by pro-
ducing the anti-inflammatory cytokine interleukin 27
(IL-27) and suppressing T helper 17 (Th-17) production [7, 8].

Therapy for RA, such as disease-modifying antirheu-
matic drugs (DMARDs), can affect bone loss by reducing
inflammation and autoimmunity. Reduced inflammation
can be seen as an improvement in disease activity that
will be continued by reduced autoimmunity, as can be
seen in the seroconversion of ACPA-positive to ACPA-neg-
ative. Finally, seroconversion of ACPA is related to bone
loss reduction [9].

Disease Activity Scoring in RA, such as Disease Activi-
ty Score 28 (DAS28), is sufficient to express inflammation.
Thus, disease remission and low disease activity (LDA) are
associated with diminished or low levels of inflammation.

However, this scoring lacks the ability to measure auto-
immunity because it uses non-specific inflammatory
markers such as erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP). Thus, we cannot predict bone loss
caused by autoimmunity through DAS28 scoring [10].

To measure the autoimmunity level, bone turnover
markers (BTM) have been used as an alternative. Bone
turnover markers are markers of bone destruction and
bone formation. There are plenty of BTM available today,
but the International Osteoporosis Foundation (IOF) rec-
ommends the use of C-terminal cross-linking telopeptide
of type I collagen (CTX-1) as a destruction marker and
N-terminal pro-peptide of type 1 procollagen (PINP) as
a formation marker (2, 11].

As mentioned above, patients with RA experience bone
loss related to autoimmunity. Therefore, by using bone
turnover markers (CTX-1 and PINP) in patients with RA, we
can measure the effect of autoimmunity on bone loss.

This study aimed to analyze the correlation between
anti-MCV and CTX-1 and PINP levels. Anti-MCV was cho-
sen as a representative of anti-citrullinated protein anti-
bodies in this study since anti-MCV has a high prevalence
in Indonesian patients and is the most bone-reactive
ACPA[12, 13].

Material and methods

The study was conducted in Rheumatology Clinics,
Cipto Mangunkusumo National Hospital, from August to

September 2019. The minimum number of samples
calculated with the formula for number of samples for
correlation research (considering an a of 0.05, the pow-
er of test 1-p being 0.90, and the correlation coefficient
being set at 0.5) was 38.

We then selected 38 patients who met the criteria
of inclusion and did not fulfill the exclusion criteria.
The inclusion criteria were RA patients diagnosed with
the ACR/EULAR diagnostic criteria for RA. The exclusion
criteria were steroid use of more than 7.5 mg of pred-
nisone, history of fractures, moderate or high disease
activity, use of biological agents for RA treatment, and
menopause or andropause.

We collected demographic data such as age, gender,
body weight, height, disease duration, and menopau-
sal or andropause symptoms. We defined menopause
as not having any menstrual cycle in the last 12 months
and defined andropause as three or more positive symp-
toms in the Androgen Deficiency in Aging Male (ADAM)
questionnaire [14, 15].

Disease activity was measured using the DAS28
score, and treatment history was categorized into the use
of methotrexate (MTX), non-MTX, and a combination
of DMARDs.

All included patients then underwent laboratory
examination for anti-MCV, CTX-1, and PINP. The exam-
ination of anti-MCV, CTX-1, and PINP was obtained by
ELISA in the faculty laboratory in Jakarta, Indonesia. We
categorized the patient as anti-MCV positive if the pa-
tient had an anti-MCV titer of > 10 IU/ml and negative if
the patient had an anti-MCV titer <10 IU/ml[16].

There are no certain “cut-off values” for CTX-1 and
PINP levels that can be considered normal or increased
since this marker has no positive or negative value and
varies among populations [17, 18].

Statistical analysis

Descriptive analysis was performed using the mean
and standard deviation (SD) for quantitative variables
with a normal distribution. The median and range were
used for variables with abnormal distributions. Correla-
tion was analyzed using Spearman correlation.

The Mann-Whitney U test was used to compare means
for data with abnormal distribution. A p-value of less than
0.05, one-sided, was considered statistically significant. All
statistical analyses were conducted using SPSS statistical
software (IBM version 20.0; SPSS Inc., Chicago, IL, USA).

Bioethical standards

This study was conducted in accordance with
the ethical principles of the Declaration of Helsinki and
adheres to the principles outlined in the Guideline for

Reumatologia 2022; 60/4



254

Tulus Widiyanto, Rudy Hidayat, R.M. Suryo Anggoro Kusumo Wibowo, Hamzah Shatri

Table I. Baseline patients’ characteristics

Characteristics Mean +SD/median (min-max) Number CTX-1 level P1NP level
of patients [ng/ml] [pg/ml]
(n=38)
Gender
Female 34 (89.5%) 2.328 £1.315 50.389 (3.460-220.610)
Male 4 (10.5%) 4.511 £+3.604 33.336 (9.951-151.764)
Age [years] Mean: 40 +7.6
20-29 3(7.9%) 1.602 +2.207 39.890 +22.534
30-39 14 (36.8%) 2.616 +1.430 71.138 £56.203
40-49 17 (44.7%) 2.447 £1.263 65.782 +61.212
50-59 4 (10.5%) 3.539 +3.845 50.779 +68.965
Disease durations [months] Median: 36 (4-228)
0-5 3(7.9%) 4.305 +4.178 174.585 +22.301
6-23 10 (26.3%) 3.215 +1.748 43.111 £26.086
> 24 25 (65.8%) 2.085 +1.147 59.286 +54.308

Disease activity

Remission 31(81.6%)  2.470(0.238-9.129)  49.128 (3.460-196.327)

Low-disease activity 7(184%)  2.410 (0.227-3.390) 38.660 (8.020-220.610)
DMARD type

MTX 23 (60.5%) 2.410 (0.298-9.129)  45.912 (3.460-220.610)

Non-MTX 8 (21.1%) 3.032 (0.227-4.470)  56.325 (5.610-138.630)

DMARD combination 7 (18.4%) 1.350 (0.238-4.289)  49.128 (8.020-121.920)
Oral GC

Yes 12 (31.6%)  2.710 (0.660-4.910)  56.135 (5.610-220.610)

No 26 (68.4%)  2.016 (0.227-9.129)  42.286 (3.460~196.327)
Anti-MCV level [IU/ml] Median: 54.5 (1.42-2813.28)

Positive 26 (684%)  2.640 (0.238-9.129)  35.593 (3.460-196.327)

Negative 12 (31.6%) 1.767 (0.227-4.910)  89.550 (13.21-220.610)

CTX-1 level [ng/ml] Median: 2.44 (0.22-9.12)

PINP level [pg/ml]

Median: 47.520 (3.460-220.610)

anti-MCV — anti-mutated citrullinated vimentin, CTX-1 — C-terminal cross-linking telopeptide of type I collagen, DMARD — disease-modifying
antirheumatic drug, GC — glucocorticosteroid, MTX — methotrexate, PINP — N-terminal pro-peptide of type 1 procollagen.

Good Clinical Practice International Conference of Har-
monization (ICH) Tripartite Guideline (January 1997).
The local ethics committee of the Cipto Mangunkusumo
Institutional Review Board approved the study protocols.

Results

A total of 38 patients with RA were enrolled in this
study. The baseline characteristics of the patients are
shown in Table I. Thirty-four of our subjects were wom-
en (89.5%) with a mean age of 40 +7.6, and the median
disease duration was 36 (4-228) months. To control for
the effect of inflammation on bone loss, we chose pa-
tients in remission and LDA.
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In this study, we found that 31 (81.6%) patients were
in remission and seven (18.4%) patients were in LDA.
Most patients were treated with MTX (60.5%).

The median level of anti-MCV was 54.5 IU/ml. Twen-
ty-six of the patients were anti-MCV positive (68.4%).
The median level of CTX-1 was 2.44 ng/ml and the medi-
an PINP level was 0.047 ng/ml.

Anti-mutated citrullinated vimentin and
C-terminal cross-linking telopeptide
of type I collagen correlation

The authors correlated anti-MCV and CTX-1 lev-
els with Spearman’s correlation and found r = 1.010
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Anti-mutated citrullinated vimentin
and N-terminal pro-peptide of type 1
procollagen correlation

The authors correlated anti-MCV and PINP levels
with r = =0.449 (p = 0.001). The correlation between
anti-MCV and PINP is shown in Figure 2.

C-terminal cross-linking telopeptide
of type | collagen and N-terminal pro-
peptide of type 1 procollagen correlation

We also correlated CTX-1 and PINP levels, with
r=10.161 (p = 0.333). The correlation between CTX-1 and
PINP can be seen in Figure 3.

Mean difference

We compared means using the Mann-Whitney
U test to measure the mean difference of CTX-1 and
PINP according to anti-MCV status. There was no signif-

CTX-1 level [ng/ml]

Fig. 3. Correlation between C-terminal cross-linking te-
lopeptide of type | collagen and N-terminal pro-peptide
of type 1 procollagen.

icant mean difference in CTX-1 levels between anti-MCV
positive and negative patients (p = 0.312), but there was
a significant mean difference in PINP level between
anti-MCV positive and negative patients (p = 0.019).

Discussion

In this study, we aimed to demonstrate how auto-
immunity in RA can affect bone loss. Many studies
have shown that ACPA is capable of inducing bone loss
through several mechanisms [16-19].

To better understand how ACPA as an autoantibody
affects bone loss, we chose patients with LDA and re-
mission to avoid the effect of inflammation. This study
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included 38 patients with 31 (81.6%) patients in remis-
sion and 7 (18.4%) in LDA.

In Indonesian patients, conventional synthetic
DMARDs such as methotrexate, leflunomide, sulfasala-
zine, and hydroxychloroquine are the most common
drugs used to achieve disease remission.

In our study, methotrexate was administered to
23 (60.5%) patients to achieve remission or LDA. Con-
ventional synthetic DMARD, particularly methotrexate,
gives faster remission for ACPA-positive RA patients
than ACPA-negative RA patients [20].

This DMARD is even capable of inducing immunolog-
ical remission, that is, seroconversion of ACPA-positive
to ACPA-negative patients [21]. Thus, this drug could
affect autoimmunity-induced bone loss by converting
autoimmunity status.

The finding of no correlation between ACPA level and
CTX-1 level shows the heterogeneity of disease progres-
sion. In this study median disease duration is 36 (4—228)
months; thus most of our patient are in the phase of es-
tablished RA[22].

A patient with established RA has a different disease
process than early RA in terms of the amount of pro-in-
flammatory cytokines and tissue destructive material.
High ACPA levels in early RA are associated with bone
destruction parameters such as cartilage oligomeric
matrix protein (COMP) and matrix metalloproteinase 3
(MMP-3) [15].

In ACPA-positive-established RA patients and al-
ready in remission or LDA after csDMARD the disease
process might have been modified by the presence
of anti-inflammatory cytokines such as IL-27 and Th-17
cell suppression [8, 23].

In the presence of anti-inflammatory cytokines,
ACPA is not capable of cytokine-induced osteoclast ac-
tivation and thus bone destruction is partially inhibited
and CTX-1 levels are not increased.

The presence of other autoantibodies such as rheu-
matoid factor (RF) and ACPA may affect CTX-1 levels.
Anti-citrullinated protein antibody positivity is often ac-
companied by positivity of RF and ACPA [15].

In this regard, low levels of ACPA might be accom-
panied by high levels of other autoantibodies and
vice versa; thus, the ACPA correlation with CTX-1 is
not linear. This finding was also supported by the lack
of a mean difference between CTX-1 levels in terms
of ACPA status.

The correlation between ACPA and PINP levels is
moderate and negative; that is, a decrease in ACPA
level may be associated with a moderate PINP level in-
crease. This is shown when inflammation is controlled
and autoimmunity is suppressed, bone formation could
take place. The inhibition of bone formation at low lev-
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els of ACPA might be related to Wnt pathway inhibitors,
such as Dickoff-1 protein (DKK-1) or osteocalcin.

We also analyzed the correlation between CTX-1
and PINP levels and found no significant correlation be-
tween these two variables. This result can be expected,
as CTX-1is a biomarker for bone resorption, while PINP
is a biomarker for bone formation [2].

Conclusions

Anti-citrullinated protein antibody levels are not
linearly correlated with CTX-1 levels in RA patients with
LDA and remission due to disease heterogeneity and
treatment effects. The correlation between ACPA and
PINP is moderate, indicating the role of autoimmunity
suppression in bone formation.

Thus, in addition to disease activity monitoring in RA
patients, bone loss monitoring is recommended, even
in patients with LDA and remission, to adjust the ther-
apeutic continuum.
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