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Abstract

Background Osteoarthritis is multifactorial joint disorder marked by the progressive breakdown of articular
cartilage, alterations in the underlying subchondral bone, and chronic inflammation of the synovial membrane.

Objective To measure serum levels of bone biomarkers (osteocalcin and sclerostin) in osteoarthritis patients
as compared to healthy controls and also to find out the link of these biomarkers with proinflammatory
cytokines including IL-6, IL-17, IL-1B and TNF-a.

Materials and methods A case-control study was implemented on 65 osteoarthritis patients and 35 healthy
controls participants. Blood samples were taken from participants after obtaining written informed consent.
Serum levels of cytokines and bone markers were measured using ELISA. Pain disability and intensity were
measured using the "Chronic Pain Grade questionnaire".

Results Compared to controls, patients with osteoarthritis had significantly higher levels of IL-18, TNF-a,
IL-6,and IL-17 (P < 0.0001 for all). Osteocalcin levels were dramatically lower in the osteoarthritis group than
the controls (mean + SD: 23.50 = 19.30 ng/mL vs. controls 48.90 # 5.20 ng/mL), while sclerostin levels were
much higher (11.70 = 1.10 ng/mL in osteoarthritis vs. 3.80 = 0.90 ng/mL in controls, P < 0.0001). Osteocalcin
showed a moderate positive correlation with IL-17, IL-6, and TNF-a.; sclerostin showed a negative correlation
with these cytokines.

Discussion A strong positive correlation exists between osteocalcin and proinflammatory interleukins.
The downregulation of sclerostin in OA also shares common pathways with proinflammatory cytokines
that drive expression of osteocalcin. Inflammation results in osteocyte apoptosis or their dedifferentiation,
and this further lowers the population of sclerostin-secreting cells in the subchondral bone. This is how
the reverse correlation is explained between sclerostin and proinflammatory cytokines in OA.

Conclusions Results show a robust inflammatory-bone axis in the pathogenesis of osteoarthritis.
High proinflammatory cytokines might bring about osteocalcin expression and also inhibit sclerostin, leading
to pathological subchondral bone alteration. These biomarkers reflect disease activity and therefore could be
used for early detection as well as monitoring and phenotypic stratification of osteoarthritis.
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AHHOTana

BBenmenne. OcteoapTpo3 — MHOTO(GaKTOpHOE 3a60/IeBaHe CYCTaBOB, XapaKTePU3YIOIeecs: IPOrpeccupyro-
MM paspyllleH)eM CyCTaBHOTO XPsIa, U3MEHEHMSIMY B CYGXOHAPAIbHO KOCTY ¥ XPOHUUECKMM BOCIIaje-
HMEM CMHOBMAIbHOI 060IOUKM.

Ilesb paGOTHI — MI3MEPUTDb CHIBOPOTOUHbBIE YPOBHM KOCTHBIX 6110MapKepOB (OCTEOKAIbIIMHA 1 CKIEPOCTUHA)
y Hal¥eHTOB C OCTe0apTPO30M U CPaBHUTD MX C YPOBHSIMU Y 3[I0POBbIX JII0/I€if, a TaKKe BbISIBUTD CBSI3b ITUX
610MapKepOB C IMTPOBOCIATUTETbHBIMY IMTOKMHAMM, BKIouas IL-6, [L-17, [L-1B 1 TNF-a.

Marepuabl M MeTOIbI. [IpoBeieHO KOHTPOIMPYeMOe KCCIeqoBaHMe ¢ yuacTreM 65 MmalieHTOB C 0cTeoap-
TPO30M U 35 3IOPOBBIX Jtomeit. O6pasibl KPOBM Gpaiy y YUIaCTHUMKOB TI0C/IE TTONyUYeHNsT ITMCbMEeHHOTO MH-
(hOpMMPOBAHHOTO COrIacyus. YpOBEHb IMTOKMHOB 1 KOCTHBIX MAapKepPOB B CHIBOPOTKE M3MEPSI/IN C IIOMOIIbIO
meTozna VDA, CrerieHb 6011 ¥ €€ MHTEHCUBHOCTD OL@HMBAJIM C TTIOMOIIBI0 « OIPOCHMKA OLIEHKM CTeIIeHM XPO-
HMYECKOI 60Im».

PesynbTaThl. IT0 CpaBHEHMIO C KOHTPOJIbHOJ IPYIINO, Y MAI[IeHTOB C OCTe0apTPO30M HabGII0IaIMNCh SHAUN-
TeabHO 6ojiee Boicokue ypoBHM IL-1B, TNF-a, IL-6, and IL-17 (P < 0,0001). YpoBeHb OCTeOKaIbIMHA ObLT 3HA-
YUTEIbHO HIU3KE B TPYIITIE C OCTE0AapPTPO30M, UeM B KOHTPOIBHOM rpyTiIie (CpefHee * CTaHOapTHOE OTKJIIOHEHME:
23,50 £ 19,30 ur/mi mpotus 48,90 £ 5,20 HI/MJI B KOHTPOJIBHOI TPYIIIIE), TOT/IA KaK YPOBEHb CKJIEPOCTIHA ObLT
3HaunTenbHO BhImIe (11,70 * 1,10 Hr/Mu ripu octeoapTpose mpotuB 3,80 * 0,90 HIr/MI B KOHTPOIbHOI IPYMIIE,
P <0,0001). OcreokanbliH ITOKa3aJl yMEPEHHYIO MTONOKUTENbHYI0 Koppensinuio ¢ IL-17, IL-6 u TNF-a; ckie-
POCTUH — OTPULIATEIbHYIO KOPPEJISIIINIO C STUMU LIUTOKMHAMMA.

00cykaeHMe. MexXny OCTEeOKaIbIMHOM U IPOBOCHAJIUTENbHBIMY MHTEPIENKMHAMY CYIIECTBYET CUJIb-
Hasl TIOJIOKUTENbHAST Koppessiys. CHYDKeHe YPOBHST CKJIEPOCTMHA MPY OCTE0aPTPUTE TAKKE MPOVCXOAUT
10 O6UIMM MexXaHM3MaM C ITPOBOCIATUTETbHBIMM IIUTOKMHAMY, KOTOPbIE CTUMYIMPYIOT SKCIIPECCUIO OCTe-
oKasjblIMHA. BocmaseHne MPUBOAUT K arloNTO3y OCTEOIMTOB MU UX NenuddepeHIPOBKe, UTO emé 60IIb-
1€ CHMKAeT MOMYJISALNIO KJIETOK, CEKPETUPYIOIUX CKIEPOCTVH, B CYOXOHAPAIbHO KOCTU. TakuM 06pa3om,
00OBSICHSIETCSI 06paTHAsT KOPPEeISIUS MeXIy YPOBHEM CKJIEPOCTUHA Y TPOBOCIAIUTENIbHBIMU [TUTOKMHAMU
TIpY OCTEO0APTPUTE.

3akmoueHue. Pe3ynbTaThl MTOKA3bIBAIOT BHIPDAKEHHYIO CBSI3b «BOCITAJIEHNE—KOCTh» B TIATOT€He3e OCTeoap-
Tpo3a. BricOKMIT ypOBeHb MPOBOCIAUTENbHBIX IIUTOKMHOB MOXKET MIPUBOIUTH K IKCIIPECCUM OCTEOKATbIIN-
Ha, a TaK)ke MHTMOGMPOBATb CKIEPOCTMH, UTO CIIOCOOCTBYET ITaTOJIOIMUYECKMM M3MEHEHMSIM Cy6XOHIPaTbHOIM
KOCTU. DTV GMOMapKephbl OTPasKalOT aKTMBHOCTD 3a60/1€BaHMs U, CJIEAOBATEIbHO, MOTYT ObITh MCIIOTb30BaHbI
IJIST pPAaHHETO BBISIBJIEHMS, MOHUTOPUHTA U (PEeHOTUITMUECKOI cTpaTudMKaIMM OCTe0apTPo3a.
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INTRODUCTION

Osteoarthritis is a multifactorial disease of the joints involving progressive degradation of the cartilage surface
and changes in the underlying bone as well as chronic inflammation of the synovial membrane. The interplay
between proinflammatory cytokines and bone biomarkers exerts a critical role in the pathophysiology
of OA, influencing progression of the disease and treatment outcomes. Sclerostin is a product of osteocytes
and well comparably known to suppress the differentiation of osteoblasts and promote the differentiation
of osteoclasts. This idea has been recently introduced and evolved [1]. In OA, the imbalance between bone
formation and resorption leads to joint degeneration. The pathway of Wnt signaling performs major functions
in the formation of bones [2]. Suppression of Wnt signaling by sclerostin may lead to decreased bone formation;
this can be taken as an influence on OA. Results showed normal sclerostin levels in people with type 1 diabetes
but elevated levels in type 2 patients; most of them have low bone turnover [3]. This dysregulation applies
to OA since that means altered bone metabolism which then compromises the integrity of joints. It has been
suggested that anti-sclerostin therapies serve as a therapeutic pathway for OA by restoring the balance
of bone remodeling and, hence, reestablishing healthy joints [2]. Osteocalcin, like a marker mainly for bone
formation, has received more attention for its systemic functions, including modulation of glucose metabolism
and energy homeostasis. In other words, since its levels correlate with changes in cartilage structure over time,
osteocalcin levels could be indicative of the quantity of cartilage volume loss in OA patients [4]. The interplay
of sclerostin with osteocalcin is very important in the context of OA. Control of osteocalcin by other
factors, for example leptin, may indirectly influence its levels and therefore bone formation and the health
of cartilage [5]. Abnormal leptin production by osteoblasts in OA could also drive altered osteocalcin levels
further complicating the metabolic aspects of this disease. Also, using sclerostin and osteocalcin levels
as markers in osteoarthritis could give clues into how the disease works. Latest studies hint that although
osteocalcin levels might not vary much between OA patients and controls, they are important for the picture
of bone and cartilage metabolism [6]. Osteoarthritis has long been known as a non-inflammatory disorder
of the joints, but recently it has been established that there is the involvement of low-grade inflammation
which remains sustainable for the development and progression of the disease. The major pro-inflammatory
cytokines participating in inducing that resultant inflammatory state are IL-6, TNF-q, IL-1B, and IL-17
in the OA disease state which are key mediators in the molecular cascade leading to cartilage degradation,
synovial hyperplasia, osteophyte formation, and pain sensitization [7]. Though the existing literature is
very insightful, there are gaps in knowledge regarding the exact roles of sclerostin and osteocalcin in OA
and their link to cytokines. The aim of this work is to assess serum levels of bone biomarkers (osteocalcin
and sclerostin) in OA patients as compared to healthy controls and also to find out the link of these biomarkers
with proinflammatory cytokines including IL-6, IL-17, IL-13 and TNF-o.

Objective To measure serum levels of bone biomarkers (osteocalcin and sclerostin) in Osteoarthritis patients
as compared to healthy controls and also to find out the link of these biomarkers with proinflammatory
cytokines including IL-6, IL-17, IL-1B and TNF-a.

MATERIALS AND METHODS

Patients and data collection

This case-control cross-sectional study was carried out at the Medical City complex in Baghdad, Iraq.
It extended from August 2024 to April 2025. A sample of 65 patients diagnosed with osteoarthritis was enrolled
from the rheumatology and orthopedic outpatient clinics. Controls were a group of 35 age- and sex-matched
apparently healthy individuals free of joint diseases or any systemic inflammatory condition, recruited during
the same period. Demographic data (age and body mass index) were collected through direct interviews
and physical measurements. The classification of BMI adopted WHO criteria. Levels of IL-6, IL-17, IL-1p,
TNF-q, osteocalcin, and sclerostin in the serum were measured by performing commercially utilized sandwich
ELISA kits (R&D Systems, USA) as per instructions provided by the manufacturer. For sclerostin, samples were
added to Wells of a microplate already coated with capture antibody specific to sclerostin. Then detection was
carried out using an enzyme-linked secondary antibody. After thoroughly washing away unbound reagents,
substrate solution was added and allowed to incubate until color development occurred. Absorbance was read
at 450 nm; use was made of a standard curve to determine concentration in each sample. Pain disability
and intensity were measured using the "Chronic Pain Grade questionnaire", a validated 7-item self-report tool
assessing pain intensity and pain-related disability. The scores are reported on a 0—100 scale, where greater
severity and impact on function correspond to higher scores.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 25.0 (SPSS Inc., Chicago, IL, USA). The test normality
was assessed by the Kolmogorov — Smirnov test. Data that showed normal distribution were displayed
in mean * standard deviation (SD). The OA patients and controls were compared using an independent samples
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t-test. Pearson’s correlation coefficient evaluated correlations between biomarkers and clinical parameters.
The results of the ROC curve analysis for the discriminative ability of sclerostin and osteocalcin to distinguish OA
patients from healthy individuals are provided below. A P-value < 0.05 was regarded as a significant difference.

RESULTS

Table 1 reveals the age data in the subgroups, BMI categories, and pain scores for healthy controls
and osteoarthritis (OA) patients. Statistical comparisons of age P=0.22 and BMI (P=0.17) between
the two groups were not significant, indicating good demographic matching. However, pain intensity
and pain-related disability scores were greater in OA patients than in healthy participants; 58.33 + 16.23 versus
9.67£2.5 and 53.33*16.23 versus 7.89 £4.2, respectively; P<0.001 for both comparisons clinically
burdensome results regarding pain and disability in the OA group.

Table 1
Comparison of age, BMI and pain scores between OA patients and control
OA Patients N = 65 Control N =35
Items Mean D Mean D T-Test (P-value)
Age 56.87 13.93 52.67 20.5 2.79 (0.22)
BMI 29.56 9.72 23.98 10.3 3.79(0.17)
Pain Intensity 58.33 16.23 9.67 2.5 6.54 (0.000)
Pain Disability 53.33 16.23 7.89 4.2 5.36 (0.000)

The findings indicated that patients with osteoarthritis had significantly raised levels of serum sclerostin
(11.70 £ 1.10 ng/mL) compared to healthy controls who had levels of 3.80 * 0.90 ng/mL (Fig. 1). In turn, the levels
of osteocalcin were dramatically lower in patients (23.50 = 19.30 ng/mL) vs controls (48.90 # 5.20 ng/mL),
and both variations were significant at P < 0.0001 (Fig. 2). This indicates that bone metabolism is deranged
in osteoarthritis with increased inhibition of bone formation via sclerostin and decreased osteoblastic activity
shown by the lower osteocalcin level.
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Fig. 1. Assessment of serum sclerostin (ng/mlL) Fig. 2. Assessment of serum osteocalcin (ng/mL)
between patient and control groups between patients and control groups

The comparison of serum proinflammatory cytokine levels between the osteoarthritis patients and healthy controls
showed that the concentrations of all the cytokines measured were statistically increased in the osteoarthritis
group. IL-1B, TNF, IL-6, and IL-17 were statistically greater in osteoarthritis patients (means: 11.5, 15.34,
36.8, and 45.8 pg/mL, respectively) compared to controls (means: 8.4, 11.39, 8.4 and 13 .8 pg/mL respectively).
The variations were all extremely significant at a probability level of (P < 0.0001). These findings further emphasize
the central role of systemic inflammatory response in the pathophysiology of osteoarthritis and confirm these
cytokines' modes of action regarding disease progression and symptom severity (Table 2).

Table 2
Comparison of proinflammatory cytokines between patients and control
i OA Patients N = 65 Control N =35
Proglyf’ltzrﬁlirfrllgstory Mean SD Mean SD T-Test (P-value)
IL-1B (pg/mL) 11.5 2.01 8.4 2.5 4.61 (0.000)
TNF (pg/mL) 15.34 5.71 11.39 4.3 3.57 (0.000)
IL-6 (pg/mL) 36.8 7.60 8.4 1.9 6.2 (0.000)
IL-17 (pg/mL) 45.8 9.47 13.8 1.5 7.5 (0.000)
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The analysis of diagnostic performance has revealed sclerostin to have a strong potential as a biomarker
for osteoarthritis with an area under the curve of 0.82 which is fairly good. At a cut-off value of 5.8 sclerostin
reported a sensitivity of 78% and specificity of 82 % which means it can fairly well identify those individuals
who have osteoarthritis from those who do not. The p-value obtained 0.029 also adds to the evidence in favor
of the reliability of sclerostin in this case. These findings strengthen the potential clinical application
of sclerostin as a non-invasive biomarker in the future for detecting and assessing the risk of osteoarthritis
at an early stage (Table 3, Fig. 2). The correlation matrix exhibited that sclerostin showed highly significant
positive correlations with TNF (r = 0.423, p = 0.000), IL-6 (r = 0.342, p = 0.003), and IL-17 (r = 0.298, p = 0.005).
Thus, a direct involvement of inflammatory activity in increased expression of sclerostin is suggested.
The other way round, osteocalcin revealed the most significant negative correlations with the above-mentioned
cytokines: TNF (r=-0.385, p =0.001), IL-6 (r=-0.345, p =0.003), and IL-17 (r=-0.312, p = 0.004), hence
an inverse relationship with inflammation status on bone formation activity. The above proinflammatory
cytokine did not correlate with IL-1p expression. The different degrees of expression of the two major genes
associated with bone remodeling confirm the report by the authors that inflammatory mediators have
a differential regulatory effect on the expression of these genes (Fig. 3).

Table 3
Pearson correlation coefficient between bone biomarkers and interleukins
Proinflammatory Cytokines Sclerostin Osteocalcin
IL-1B r=0.121(0.351) r=-0.106 (0.420)
TNF r=0.423 (0.000) r=-385 (0.001)
IL-6 r=0.342 (0.003) r=-0.345 (0.003)
IL-17 r=0.298 (0.005) r=-0.312 (0.004)
(A) IL-1B vs. Sclerostin p (B) IL-1B vs. Osteocalcin (C) TNF vs. Sclerostin
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Fig. 3. Scatter plots showing the correlation and regression line between proinflammatory cytokines and bone
markers in osteoarthritis patients (A) IL-1B and sclerostin. (B) IL-1B and osteocalcin. (C) TNF and sclerostin.
(D) TNF and osteocalcin. (E) IL-6 and sclerostin. (F) IL-6 and osteocalcin (G) IL-17 sclerostin (H) IL- 17 and osteocalcin

DISCUSSION

Osteoarthritis is the most prevalent degenerative joint disorder. In osteoarthritis (OA), the subchondral bone
gets remodeled and the inflammatory microenvironment greatly affects both the expression and systemic
levels of related proteins such as osteocalcin and sclerostin. Osteocalcin is a non-collagenous protein
secreted by osteoblasts that has key importance in marking bone formation. It has been found elevated
in patients with OA; thus, its synthesis reflects increased turnover of bone characteristic of the disease, along

777 T'enuii opmoneduu. 2025;31(6)



Knunanuyeckue ucciegoBaHms

with the formation of osteophytes [8]. Sclerostin from osteocytes, a known inhibitor in the pathway
of Wnt/B-catenin signaling, is mostly inhibited in OA particularly where there is active subchondral
bone formation, i.e., in osteophyte regions [9]. On the other hand, recent data have shifted this view since
chronic low-grade inflammation mainly mediated by proinflammatory cytokines appears to be central
to the pathogenesis and evolution of OA. The proinflammatory cytokines included in the current study are
strong mediators in the molecular cascade that leads to degradation of the cartilage; hyperplasia of synovium,
osteophyte formation, and pain sensitization [10]. The concentration levels of IL-1f in OA synovial fluid are
typically within 10-150 pg/mL. Healthy individuals normally have significantly lower concentrations; their
levels are often undetectable or < 10 pg/mL [11]. Higher levels of IL-1B have been accompanied by a positive
correlation with disease severity, joint space narrowing, and radiographic grading in OA patients [12].
It underscores the importance not just as a mechanistic contributor but a potential biomarker for disease
activity and progression. Another essential inflammatory cytokine in OA is TNF-a. Its producing cells are
macrophages, synovial fibroblasts, and chondrocytes; that is, practically any cell residing within the joint.
Levels of TNF-a in serum and synovial fluid in OA patients (normally run between 15 and 100 pg/mL
control values) are below 10-15 pg/mL [13]. Higher levels of TNF-a have also been correlated with pain,
stiffness, and limitation of function in joints among OA population [12]. Similarly, in OA joints, IL-6 is
secreted by chondrocytes, synoviocytes, and osteoblasts; it is more commonly in response to the stimulation
by IL-18 and TNF-a [14]. Raised levels of IL-6 have been determined in the blood and joint fluid of OA
patients, usually between 10-300 pg/mL, much higher than in healthy people (< 10 pg/mL) [15]. Greater
amounts of IL-6 are linked to more pain in the joints, severity seen on X-rays, and loss of cartilage measured
by MRI images [16]. IL-6 helps in central pain sensitization and could explain why some OA patients have
worse symptoms than would be expected from the amount of damage. It is mostly secreted by T helper cells
17 (Th17) and this proinflammatory cytokine is ever more identified in the pathology of OA. It has been found
that IL-17 levels are greatly elevated in the serum and synovial fluid of OA patients as compared to the norm,
and its concentrations most times range between 20—150 pg/mL [17]. These cytokines hardly ever act alone.
They typify the pro-inflammatory milieu seen within the OA-affected joint. For instance, IL-17 can signal
chondrocytes to secrete IL-1p3 and TNF-a which further improve IL-6 secretion, creating a positive feedback
loop [18]. Such crosstalk perpetuates the high degree of local and systemic inflammation seen in concert with
ongoing joint destruction. Raised levels of TNF-a, IL-1p, IL-17, and IL-6 together have been linked with poorer
clinical outcomes; in other words, the higher pain scores and the greater functional limitations are the faster
radiographic progression is [19]. In osteoarthritis, the cross-talk bone remodeling and inflammation hold
a central position in the pathogenesis of the disease. Important molecular mediators of bone metabolism are
osteocalcin and sclerostin. These two proteins quite opposed in function and regulation. In OA, osteocalcin is
upregulated and sclerostin suppressed simultaneously, reflecting a shift toward a bone-anabolic phenotype
from a chronic low-grade inflammatory state. A negative correlation was reported between sclerostin
and studied interleukins [20]. The increase in osteocalcin seems to be very much related to proinflammatory
cytokines. These cytokines, IL-6, IL-1B, and TNF-a have been proven to activate osteoblast progenitor cells
through intracellular signaling cascades delivering messages that eventually result in gene expression
of osteocalcin [21-22]. Moreover, under conditions of chronic inflammation these same cytokines can
stimulate Wnt/B-catenin signaling that paradoxically increases osteoblast differentiation and matrix protein
synthesis such as osteocalcin [23]. In OA, at the bone-cartilage interface, the inflammatory microenvironment
together with mechanical stress allows for osteoblastic hyperactivity and angiogenesis to come about.
This further raises osteocalcin levels and pathological bone formation [9]. Therefore, a strong positive
correlation exists between osteocalcin and proinflammatory interleukins. The more these latter cytokines are
involved in inflammation, the more they accelerate bone turnover in OA. The downregulation of sclerostin
in OA also shares common pathways with proinflammatory cytokines that drive expression of osteocalcin.
The inflammatory signaling pathways under which IL-1p, IL-17, and TNF-a suppress SOST gene expression
involved that allowed for unrestrained osteogenesis. Inflammation results in osteocyte apoptosis or their
dedifferentiation, and this further lowers the population of sclerostin-secreting cells in the subchondral bone.
Thus, it furthers the abnormal bone formation environment to prevail [20]. This is how the reverse correlation
is explained between sclerostin and proinflammatory cytokines in OA.

CONCLUSION

The studied proinflammatory cytokines (IL-17, IL-1B, TNF-a, IL-6) mediate osteoarthritis; they act
by enhancing inflammation and damage to cartilage as well as changing the subchondral bone. In this regard,
they increase osteocalcin levels by promoting the activity of osteoblasts and inhibit sclerostin allowing
pathological bone formation. The positive correlation of osteocalcin with cytokines and inverse correlation
with sclerostin reflects an inflammatory-driven imbalance in bone remodeling. Collectively, these molecules
provide a clue to the pathophysiology of osteoarthritis and could perhaps be biomarkers indicative of disease
activity and progression.
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