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Abstract: The aim of the present study was to emphasize the collagen turnover in 2 of the most common chronic inflammatory rheu-
matic diseases by evaluating serum prolidase activity (SPA) in ankylosing spondylitis (AS) and rheumatoid arthritis (RA). 30 patients 
who met the modified New York Criteria for the classification of AS, 29 patients who met the 2010 Rheumatoid Arthritis Classification 
Criteria for the classification of RA, and 31 healthy controls were enrolled in the study. Serum samples of the patients and the controls 
were collected and SPA was measured by a spectrophotometric method. The comparison of the SPA in these 3 groups was statistically 
examined. In both patient groups, the SPA was lower than in the control group. SPA in patients with AS was statistically significantly 
lower than in the control and RA groups (P , 0.001/P = 0.002). No statistically significant difference was found between the RA and 
the control groups (P = 0.891). In conclusion, lower SPA is presumably associated with decreased collagen turnover and fibrosis, leading 
to decreased physical functions in both chronic inflammatory musculoskeletal diseases.
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Introduction
Ankylosing spondylitis (AS) and rheumatoid arthritis 
(RA) are common and severe chronic inflammatory 
musculoskeletal diseases with a high burden on soci-
ety, especially since many patients are affected at a 
young age, and no cure for the diseases are  available.1 
Based on the systemic inflammatory processes, 
severe alterations in bone turnover are more frequent 
in patients with rheumatoid arthritis (RA) and anky-
losing spondylitis (AS).2

Prolidase is a cytosolic exopeptidase that destroys 
the imidodipeptide proline or hydroxyproline in the 
C-terminal. This enzyme is important in the last step of 
degradation in collagen metabolism and cell growth.3 
Bone matrix consists of 90% type I collagen. 25% of 
type I collagen contains proline and hydroxyproline.4

The relationship between prolidase activity and col-
lagen metabolism was defined in previous studies.5–7 
Prolidase activity increases when the collagen cycle 
accelerates.8,9 Prolidase, through the regulation of the 
expression of growth factors and transcription factors, 
is important in many physiological and pathophysi-
ological processes like wound healing, inflammation, 
and angiogenesis. SPA has rarely been studied in 
inflammatory rheumatic diseases.10

Considering all of this as a backdrop, we sought 
to measure serum prolidase activity in patients with 
either AS or RA, and in healthy controls, hypothesiz-
ing that SPA should measure differently in patients 
with inflammatory rheumatic disease than in the con-
trol group, because of the underlying abnormal col-
lagen turnover and fibrosis.

Materials and Methods
This prospective, randomized clinical study included 
30 patients with AS, 29 patients with RA and 
31 healthy controls (HC). The study protocol con-
forms to the principles of the Declaration of Helsinki 
and was approved by the institutional ethics review 
board in Dicle University Hospital. Treatment proto-
cols of patients have not been changed in this study. 
All patients and controls gave informed consent for the 
use of their clinical information and serum samples. 
Past medical history and current medications were 
recorded, in addition to detailed physical examination 
in all cases. AS and RA were determined according to 
the criteria of modified New York11 and 2010 Rheu-
matoid Arthritis Classification Criteria,12  respectively. 

The age, sex, body mass index, and medications were 
noted. Blood samples were collected from all subjects. 
All patients’ routine hematological and biochemical 
parameters were examined. We determined the proli-
dase levels of serum samples from the patients versus 
the controls.

The exclusion criteria were the existence of sys-
temic diseases like hypo- or hyperthyroidism, dia-
betes mellitus and heart failure, history of acute or 
chronic infections, cerebrovascular disease, alcohol 
abuse, and the presence of abnormality in the bio-
chemical analysis of blood. Patients who had infec-
tious or endocrine related arthropathy, pregnancy, 
lactation, or clinically unstable medical illness were 
excluded. Control subjects consisted of healthy peo-
ple without any clinical evidence of rheumatic dis-
ease or any other systemic disorders.

Measurement of serum prolidase activity
Peripheral venous blood samples were collected from 
the antecubital vein of patients who had remained 
supine for at least 15 minutes (min) without discontin-
uing drug treatment. Aliquots were stored at -80 °C to 
allow analysis. Prolidase activity was determined by 
a method that determines proline levels produced by 
prolidase. The supernatant was diluted twofold with 
physiological serum. 25 microliters of the mixture 
were preincubated with 75 µL of the preincubation 
solution (50 mmol/L of a Tris HCl buffer of pH 7.0 
containing 1 mmol/L of glutathione, and 50 mmol/L 
of MnCl2) at 37 °C for 30 min. The reaction mixture, 
which contained 144 mmol/L of gly–pro at pH 7.8 
(100 µL), was incubated with 100 µL of the preincu-
bated sample at 37 °C for 5 min. To stop the incuba-
tion reaction, 1 mL of glacial acetic acid was added. 
After adding 300 µL of the Tris HCl buffer of pH 7.8, 
and 1 mL of ninhydrin solution (3 g/dL ninhydrin 
was melted in 0.5 mol/L of orthophosphoric acid), the 
mixture was incubated at 90 °C for 20 min and then 
cooled with ice. Absorbance was then measured at a 
515 nm wavelength to determine the proline value 
by the method proposed by Myara et al.13 Intra and 
interassay coefficients of variations of the assay were 
lower than 7%.

Statistical analysis
Outcome measures were analyzed using the SPSS 
package program, and data was shown as the mean ± 
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standard deviation. An independent-Samples t-test 
was used to statistically compare the clinical details 
and results in the groups. The Chi-square test was 
used for categorical variables. A P-value of less than 
0.05 was accepted as statistically significant.

Results
The average age of the AS patients (n = 30), RA 
patients (n = 29), and healthy controls (n = 31) was 
40.1 years, 43.1 years, and 39.2 years, respectively. 
The clinical and laboratory characteristics of the 
groups are summarized in Table 1.

 The demographic data of the patients and healthy 
controls showed homogeneity, and there were no 
significant differences in age, body mass index, or 
female/male ratios between the patients and the 
healthy controls. No statistically significantly differ-
ence was found between the groups according to the 
biochemical parameters.

There were significant differences between AS 
patients and healthy controls with respect to prolidase 
activity. SPA was significantly lower in the patients 
with AS than those of the control subjects (P , 0.001). 
However, even though the SPA in RA patients was 
lower than that in the healthy controls, no statisti-
cally significant difference was seen (P = 0.891). We 
found statistically significant differences between 
the 2 patient groups. The mean of the serum proli-
dase levels in the patients with RA were found to be 
significantly higher than in the group of AS patients 
(P = 0.002). The results were summarized in Table 2.

Table 1. Baseline clinical and laboratory characteristics of 
the groups.

As Hc RA
Age (years) 40.1 ± 5.71 39.2 ± 5.74 43.1 ± 9.5
P value* 0.539 0.061
Sex (F/M) 12/18 17/14 18/11
P value** 0.246 0.570
BMI (kg/m²) 24.4 ± 3.8 24.5 ± 3.6 26.5 ± 4.5
P value* 0.983 0.057
eSr (seconds) 25.3 ± 23.3 29 ± 7.9 24.1 ± 11.7
P value* 0.402 0.064
CrP (mg/L) 3.7 ± 11.8 0.8 ± 0.1 1.2 ± 1.4
P value* 0.182 0.208

notes: *Independent-samples t test; **Chi-square test.
Abbreviations: AS, Patients with ankylosing spondylitis; hC, healthy 
controls; rA, Patients with rheumatoid arthritis; BMI, Body mass index; 
eSr, erythrocyte sedimentation rate; CrP, C-reactive protein.

Table 2. Serum prolidase activity of the groups.

As Hc P value*
SPA (U/L) 548 ± 195.7 912.6 ± 348.6 ,0.001**

RA Hc
SPA (U/L) 896.4 ± 538.8 912.6 ± 348.6 0.891

As RA
SPA (U/L) 548 ± 195.7 896.4 ± 538.8 0.002**

notes: *Independent-samples t test; **statistically significant.
Abbreviations: AS, Patients with ankylosing spondylitis; hC, healthy 
controls; rA, Patients with rheumatoid arthritis; SPA, Serum prolidase 
activity.

Discussion
Prolidase has an important role in the cycle of colla-
gen and has not yet been studied in rheumatic diseases 
in detail. Serum prolidase deficiency has been indi-
cated as a rare etiology of arthritis by Marotte et al.10 
Butbul et al has reported the deficiency of prolidase 
as associated with systemic lupus erythematosus.14 
We evaluated the SPA in patients with AS and RA. 
Normal serum prolidase levels are below 1000 U/L. 
We found the prolidase levels of the healthy controls 
near this boundary. The SPA in patients with AS and 
RA were below the limit. This seems to be associated 
with the disorderliness of collagen turnover.

SPA in osteoarthritis and osteoporosis were 
studied previously with respect to musculoskeletal 
 diseases.9,15,16 Altındag et al found that the SPA was 
significantly lower in patients with osteoarthritis than 
in the controls.9

Systemic osteoporosis is a common and heteroge-
neous complication in AS and RA.15,16 In Verit’s study, 
it was observed that there was no statistically sig-
nificant difference in SPA in postmenopausal osteo-
porotic women when compared with postmenopausal 
nonosteoporotic and premenopausal nonosteoporotic 
controls.17

The production of antibodies to IgG and to type I 
and type II collagen (CI and CII) was analyzed by 
enzyme-linked immunospot assays in patients with 
rheumatoid arthritis (RA) and patients with other 
inflammatory or degenerative joint diseases.18 In 
rheumatic diseases, low SPA shows the ineffective 
collagen turnover and poor quality of bone, probably 
leading to lower prolidase activity.16

RA is associated with the destruction and space 
narrowing of the joints, while AS is dominated by 
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bone formation. The causative relationship between 
inflammation and structural damage in RA is well 
established, while this relationship is largely unknown 
but certainly less strong in AS.19 Although the his-
tological features of the synovial membranes of the 
peripheral joints in AS are similar to those of RA, 
intimal cell hypertrophy, fibroblastic proliferation, 
diffuse histiocyte and lymphocyte infiltration and the 
presence of fibrin were less marked in the joint tissues 
of AS than in joint tissues of definite RA. Decreased 
fibroblastic proliferation and intimal cell hypertrophy 
were observed in synovial tissues of AS compared 
with RA.20 Statistically significant lower prolidase 
activity in AS patients compared with RA patients in 
our study is compatible with this evidence.

Some studies showed that collagen turnover 
appears to be positively correlated with degree of 
exercise.15,16 Lower prolidase activity in our study 
might in part be related to the reduced physical activ-
ity levels that these patients tend to exhibit.

In conclusion, lower SPA is presumably associ-
ated with the decreased collagen turnover and fibrosis 
related to decreased physical functions in both of these 
chronic inflammatory musculoskeletal diseases.

Author contributions
Conceived and designed the experiments: DU, SE. 
Analyzed the data: DU, MB. Wrote the first draft of 
the manuscript: DU, PO. Contributed to the writing 
of the manuscript: DU, MÇ. Agree with manuscript 
results and conclusions: DU, KN. Jointly developed 
the structure and arguments for the paper: DU, HKY, 
OG. Made critical revisions and approved final 
version: DU, SE. All authors reviewed and approved 
of the final manuscript.

Funding
Author(s) disclose no funding sources.

competing Interests
Author(s) disclose no potential conflicts of interest.

Disclosures and ethics
As a requirement of publication the authors have pro-
vided signed confirmation of their compliance with 
ethical and legal obligations including but not limited 
to compliance with ICMJE authorship and competing 
interests guidelines, that the article is neither under 

consideration for publication nor published else-
where, of their compliance with legal and ethical 
guidelines concerning human and animal research 
participants (if applicable), and that permission has 
been obtained for reproduction of any copyrighted 
material. This article was subject to blind, indepen-
dent, expert peer review. The reviewers reported no 
competing interests.

References
 1. Lories RJ, Baeten DL. Differences in pathophysiology between rheu-

matoid arthritis and ankylosing spondylitis. Clin Exp Rheumatol. 2009; 
27(4 Suppl 55):S10–4.

 2. Gough AK, Lilley J, Eyre S, Holder RL, Emery P. Generalised bone loss in 
patients with early rheumatoid arthritis. Lancet. 1994;344(8914):23–7.

 3. Wolańska M, Sobolewski K, Drozdzewicz M. Integrins and prolidase activity 
in uterine leiomyoma during tumor growth. Ginekol Pol. 2001;72(3):121–6. 
Polish.

 4. Arata J, Umemura S, Yamamoto Y, Hagiyama M, Nohara N. Prolidase 
 deficiency: its dermatological manifestations and some additional biochem-
ical studies. Arch Dermatol. 1979;115:62–7.

 5. Erbağci AB, Araz M, Erbağci A, Tarakçioğlu M, Namiduru ES. Serum pro-
lidase activity as a marker of osteoporosis in type 2 diabetes mellitus. Clin 
Biochem. 2002;35(4):263–8.

 6. Namiduru ES, Ozdemir Y, Kutlar I, Ersoy U. A study of prolidase in 
 mothers, their newborn babies and in non-pregnant controls. Arch Gynecol 
Obstet. 2001;265(2):73–5.

 7. Oner P, Gürdöl F, Oner-Iyidon Y, Kolanci C, Büyüköztürk S. Evaluation 
of the effect of low-dose oral theophylline therapy on some bone turnover 
markers and serum prolidase I activity in mild asthmatics. Pharmacol Res. 
1999;40(2):189–93.

 8. Hui KS, Lajttia A. Prolidase activity in brain: comparison with other organs. 
J Neurochem. 1978;30:320–7.

 9. Altindag O, Erel O, Aksoy N, Selek S, Celik H, Karaoglanoglu M. 
Increased oxidative stress and its relation with collagen metabolism in knee 
 osteoarthritis. Rheumatol Int. 2007;27(4):339–44.

 10. Marotte H, Gineyts E, Miossec P. Prolidase deficiency: a rare aetiology of 
arthritis. Joint Bone Spine. 2010;77(1):88–9.

 11. Van der Linden SM, Valkenburg HA, Cats A. Evaluation of the diagnos-
tic criteria for ankylosing spondylitis: a proposal for modification of the 
New York criteria. Arthritis Rheum. 1984;27:361–8.

 12. Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis classifi-
cation criteria: an American College of Rheumatology/European League 
Against Rheumatism collaborative initiative. Arthritis Rheum. 2010;62(9): 
2569–81.

 13. Myara I, Myara A, Mangeot M, Fabre M, Charpentier C, Lemonnier A. 
Plasma prolidase activity: a possible index of collagen catabolism in chronic 
liver disease. Clin Chem. 1984;30:211–5.

 14. Butbul Aviel Y, Mandel H, Avitan Hersh E, et al. Prolidase deficiency asso-
ciated with systemic lupus erythematosus (SLE): single site experience and 
literature review. Pediatr Rheumatol Online J. 2012;22,10(1):18.

 15. Dischereit G, Tarner IH, Müller-Ladner U, Lange U. Infliximab improves 
bone metabolism and bone mineral density in rheumatoid arthritis and anky-
losing spondylitis: a prospective 2-year study. Clin Rheumatol. 2013;32(3): 
377–81.

 16. Star VL, Hochberg MC. Osteoporosis in patients with rheumatic diseases. 
Rheum Dis Clin North Am. 1994;20(3):561–76.

 17. Verit FF, Geyikli I, Yazgan P, Celik A. Correlations of serum prolidase activ-
ity between bone turnover markers and mineral density in postmenopausal 
osteoporosis. Arch Gynecol Obstet. 2006;274(3):133–7.

 18. Tarkowski A, Klareskog L, Carlsten H, Herberts P, Koopman WJ. Secretion 
of antibodies to types I and II collagen by synovial tissue cells in patients 
with rheumatoid arthritis. 1989;32:1087–92.

http://www.la-press.com


Prolidase in ankylosing spondylitis and rheumatoid arthritis

Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders 2013:6 33

 19. Landewé R, van der Heijde D. A systematic comparison of rheuma-
toid arthritis and ankylosing spondylitis: structural outcomes. Clin Exp  
Rheumatol. 2009;27(Suppl 55):S102–7.

 20. Revell PA, Mayston V. Histopathology of the synovia membrane of  peripheral 
joints inankylosing spondylitis. Ann Rheum Dis. 1982;41:579–86.

http://www.la-press.com

