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Abstract
This trial aimed to determine the possible therapeutic and immunomodulatory effects of vitamin D3 in patients with knee 
OA. In this open-label clinical trial, symptoms were assessed over 3 months in patients with primary knee OA receiving 
oral vitamin D3 4000 IU/day. Clinical response was evaluated at baseline and 3 months using WOMAC subscores and VAS. 
Serum levels of cytokines IL-1β, TNF-α, IL-13, IL-17, IL-33, IL-4, and IL-10 were determined by ELISA method. Eighty 
patients with knee OA were included. All 80 completed the study; the median 25(OH)D3 level was 23.1 ng/ml at baseline 
and increased by 12.3 ng/ml after treatment. Vitamin D3 after 3 months of supplementation induced a significant reduc-
tion in VAS pain and WOMAC subscores. Using OMERACT-OARSI criteria, 86.7% of patients treated with vitamin D3 
responded to treatment. At the end of 3 months, systemic values of IL-1β (p < 0.01), IL-23 (p < 0.01), and IL-33 (p < 0.01) 
were significantly increased, values of TNF-α (p < 0.01), IL-13 (p < 0.01), and IL-17 (p < 0.01) were significantly decreased, 
while value of IL-4 was not significantly changed. No adverse events were detected. Treatment with vitamin D is associated 
with improvement in pain, as well as stiffness and physical function. Vitamin D supplementation increased systemic values 
of IL-33. Our results indicate that vitamin D3 supplementation may be used as a novel therapeutic in knee OA. Future stud-
ies are needed to investigate a potential role of IL-33 in the pathogenesis of knee OA.
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Introduction

Although the exact pathogenesis of osteoarthritis (OA) 
remain unclear [1], evidence suggests that proinflammatory 
cytokines, specifically interleukin 1-beta (IL-1β) and tumor 
necrosis factor alpha (TNF-α) are key mediators in progres-
sion of cartilage degradation. These cytokines compromise 
the balance between catabolic and anabolic processes of the 
major cell type of cartilage tissue, chondrocytes, and lead 
to tissue failure [2]. Accumulating evidence has supported 
a crucial role of synovial inflammation in knee OA (KOA) 
pathogenesis [3]. This low-grade inflammation is triggered 
and maintained by complex activation of the innate immune 
system [1].

To present, OA does not have a cure, and treatment is 
related to symptom relief [4, 5]. Vitamin D deficiency is 
common in patients with OA. Vitamin D through the vita-
min D receptors fulfills various biological roles in cartilage, 
bone, and muscle and may have significant protective effect 
on these tissues in OA [6]. 1,25(OH)2D3 has the potential 
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to influence innate and adaptive immune system [7]. Some 
studies have demonstrated increased concentration of 
proinflammatory cytokines such as TNF-α, IL-1β, IL-6, 
IL-15, IL-17, and IL-18 in the serum or synovial fluid of 
OA patients [8, 9]. Vitamin D deficiency is associated with 
chronic inflammation and the increased secretion of inter-
leukin (IL)-33 [10]. IL-33 is a member of the IL-1 family 
of cytokines [11]. It is constitutive expressed by endothe-
lial and epithelial cells [12]. IL-33 is usually released by 
damaged cells, and it facilitates immune response [11]. 
Its role in KOA is still unclear. In vitro and in vivo studies 
reported inhibitory effect of 1,25(OH)2D3 on production 
of proinflammatory and facilitating effect on production of 
anti-inflammatory cytokines in innate and adaptive immune 
systems cells [13].

The role of vitamin D deficiency in the pathogenesis of 
OA is poorly understood [14]. Low levels of vitamin D are 
associated with cartilage degeneration, radiographic pro-
gression, and incidence of OA [10, 15]. Moreover, vitamin 
D deficiency is related to pain sensitization, severity of pain 
and disability in KOA [16]. Pain exacerbation in KOA is 
linked with elevated serum levels of CRP, TNF-α and IL-6 
[17]. However, data on the effect of vitamin D supplementa-
tion on proinflammatory cytokines in patients with OA of 
the knee are lacking.

The aim of the present study was to evaluate the possible 
therapeutic and immunomodulatory effect of vitamin D3 in 
KOA treatment. To the best of our knowledge, serum levels 
of IL-33 have not been evaluated in KOA patients; accord-
ingly, this is the first report regarding the status of IL-33 and 
vitamin D3 in KOA patients.

Methods

Study design

We conducted a 3-month open-label trial. In total, 80 
patients with KOA visiting the Clinic for Orthopedics and 
traumatology of University Clinical Center, Kragujevac, 
were enrolled. The study was conducted from October 2020 
to March 2021. The study protocol was approved by the 
Ethics Committee of University Clinical Center Kraguje-
vac (reference number 01/17–4317), and all patients pro-
vided written informed consent. Inclusion criteria were the 
following: clinical and radiographic diagnosis of knee OA 
met American College of Rheumatology (ACR) criteria and 
Kellgren-Lawrence (K-L) grading of 2 or 3, age ≥ 45 years, 
constant pain defined as a minimal mean score of 40 mm on 
the visual analogue scale (VAS) for global pain (0–100 mm 
range for each), daily pain during the month before study 
enrollment, and no knee deformity or ankyloses. Patients 
were excluded if they had severe radiographic knee OA, 

grade 4 according to K-L score, secondary causes of OA, 
rheumatoid, psoriatic or septic arthritis, acute respiratory 
infections based on clinical symptoms and laboratory param-
eters, systemic disease like lupus or cancer, diseases at risk 
of hypercalcemia (such as primary hyperparathyroidism, 
sarcoidosis), severe cardiac, renal or liver impairment, any 
condition possibly affecting oral drug absorption (for exam-
ple, gastrectomy or malabsorption syndromes), significant 
trauma to knees, including knee surgery, arthroscopy or sig-
nificant injury to ligaments or menisci of the knee within one 
preceding the study, history of taking drugs that may affect 
bone metabolism (bisphosphonates, hormone replacement 
therapy, calcitonin) within 2 years, therapy with anticoagu-
lants, parathyroid hormone, corticosteroids, non-steroidal 
anti-inflammatory drugs, thiazide diuretics, previous use of 
vitamin D supplements or intra-articular steroid injection 
within 3 months, and hypersensitivity to vitamin D.

Randomization and blinding

Participants were randomly assigned, based on a computer-
generated random numbers list, to one of the two groups, 
either the vitamin D supplementation or without supplemen-
tation group at a ratio of 3:1. Investigators and participants 
were blinded to treatment allocation, and study treatments 
were identical in appearance.

Interventions

Participants in the treatment group were given the vitamin 
D3 (cholecalciferol) solution (Vigantol®, 20,000 IU /ml, 
oral drops, solution; INN:Cholecalciferol; Merck KGaA, 
Darmstadt, Germany) 4000 IU/day for the 3 months. Par-
ticipants in the control group did not receive the vitamin 
D3. Moreover, all the patients were told not to receive 
other interventions such as exercise or lifestyle modifica-
tion. During the study period, patients were allowed to 
take acetaminophen 500 mg tablets up to 2 g/day (500 mg 
four times daily) as rescue medication, except during the 
48 h before clinical evaluation. We recorded the following 
demographic and clinical characteristics at baseline: age, 
sex, plasma 25(OH)D3 levels, duration of knee pain, knee 
circumference, and body mass index (kg/m2). Radiographic 
severity was evaluated through anteroposterior knee X-ray 
examination in the standing position and graded on the K-L 
scale [18].

Outcomes

In clinical trials with OA patients, improvement in symp-
toms was commonly assessed using the analysis of mean 
changes in the Western Ontario and McMaster Universi-
ties OA Index (WOMAC) and/or a 100-mm visual analogue 
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scale (VAS). Categorization of individual response to treat-
ment in OA clinical trials was done by established responder 
criteria. These involve the mean change in the WOMAC 
subscores [19] and the OMERACT-Osteoarthritis Research 
Society International (OMERACT-OARSI) responder cri-
teria [20]. We used a modified OMERACT-OARSI crite-
ria without patient global assessment. OMERACT-OARSI 
responders were participants who had a knee improvement 
in pain or function ≥ 50% and an absolute change in pain 
or function ≥ 20 points, by the mean WOMAC pain or 
the mean WOMAC function subscore. Another group of 
responders in this study was achieved improvement in both 
the mean WOMAC pain and the mean WOMAC function 
subscore ≥ 20% and an absolute change ≥ 10 points. Efficacy 
of vitamin D was evaluated as the proportion of responders 
(%) at 3 months in the intervention group. A 20–30% result 
is expected in KOA when evaluated by the OMERACT-
OARSI criteria [20].

Measurement of cytokines levels in sera

At baseline and 3 months after, fasting morning venous 
blood was collected and centrifuged, with serum samples 
stored at − 80 °C before use. Serum levels of cytokines (IL-
1β, TNF-α, IL-4, IL-13, IL-17, IL-23, IL-33) were deter-
mined by ELISA method, as described previously [21]. We 
used the commercially available ELISA tests following the 
instructions of the manufacturer (R&D Systems, Minneapo-
lis, Minn, USA).

Statistical analysis

Data were analyzed using IBM SPSS Statistics version 22 
(SPSS, Inc., Chicago, IL, USA). Kolmogorov–Smirnov or 
Shapiro–Wilk test was used in order that evaluate normal-
ity of data distribution. Student’s t test was used to test the 
time differences between groups (treatment vs. control). 
The chi-squared test was used to explore the proportion of 
OMERACT-OARSI responders within each group. Correla-
tion between variables was tested by Spearman’s rank cor-
relation coefficient. Data are summarized as mean ± standard 
deviation (SD). A p value less than 0.05 for differences and 
correlations was considered to be statistically significant.

Results

Baseline characteristics, such as, sex, age, BMI, duration of 
disease, and outcome parameters, are reported in Table 1. No 
adverse events were detected during the study.

Effect of vitamin D3 supplementation on plasma 
25(OH)D3 level

Among 60 participants in the vitamin D supplementa-
tion group, the median 25(OH)D level at baseline was 
23.1 ± 9.1 ng/ml. After 4000 IU of vitamin D3 supplementa-
tion per day for 3 months, there was a statistically significant 
increase in mean serum 25(OH)D level to 35.4 ± 14.6 ng/
mL (p < 0.0005).

Table 1   Baseline demographic 
and clinical characteristics of 
patients with knee OA

*Data are mean (S.D.) or ¥ number (n) or · frequencies (%); 25(OH)D3, 25‐hydroxyvitamin D3; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate; WOMAC, Western Ontario and McMaster Univer-
sities Osteoarthritis Index; VAS, visual analogue scale.

Characteristic All patients
(n = 80)

Vit D
(n = 60)

Without suppl
(n = 20)

p value

Age (years)* 57.1 (4.3) 57.4 (4.2) 56.1 (4.3)  > 0.05
Gender (female/male) 47/33 35/25 12/8  > 0.05
BMI (kg/m2)* 30.2 (2.8) 30.3 (2.9) 28.9 (2.4)  > 0.05
Disease duration (months)* 24.5 (10.4) 24.8 (10.7) 23.6 (9.1)  > 0.05
Knee circumference (cm)* 41.75 (2.3) 41.45 (2.2) 42.65 (2.4) 0.001
Kellgren-Lawrence grade, n (%)·

2 62 (77.5) 49 (61.3) 13 (16.3)  > 0.05
3 18 (22.5) 11 (13.8) 7 (8.8)
25(OH)D3 (ng/ml)* 24.0 (8.8) 23.1 (9.1) 26.8 (7.7)  > 0.05
CRP (mg/l)* 4.6 (5.4) 5.5 (5.9) 1.8 (1.3) 0.001
ESR (mm/hr)* 16.1 (11.5) 17.4 (12.3) 12.2 (7.8)  > 0.05
WOMAC
Pain score* 11.4 (3.7) 11.5 (3.7) 11.0 (3.5)  > 0.05
Stiffness score* 4.9 (1.7) 4.9 (1.7) 4.5 (1.8)  > 0.05
Physical function score* 41.9 (12.2) 42.0 (12.2) 42.2 (12.8)  > 0.05
Pain score (0–100 mm VAS)* 61.4 (15.8) 61.5 (16.9) 60.9 (12.5)  > 0.05
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Vitamin D3 supplementation reduced pain intensity, 
stiffness, and improved physical functioning

In KOA patients treated with the 4000 IU vitamin D3, we 
found that VAS pain and WOMAC pain scores decreased 
significantly after 3 months of treatment. Consistently, 
WOMAC stiffness and function scores improved after vita-
min D3 supplementation (Table 2).

There were differences at 3 months between treatment 
groups in the WOMAC pain score, with a decrease of 39.5% 
in the vitamin D supplementation group and an increase of 
43.7% in the without supplementation group; WOMAC 
stiffness score, with an increase of 24% in the vitamin D 
group, compared with a decrease of 60% in the without sup-
plementation group (p˂0.0005); WOMAC function score, 
with a decrease of 42.2% in the vitamin D group compared 
with an increase of 45.1% in the without supplementation 
group (p˂0.0005); and VAS, with a decrease of 44.2% in the 
vitamin D group versus an increase of 32.5% in the without 
supplementation group (p˂0.0005).

Correlation between vitamin D3 concentration 
and clinical parameters of disease severity

Analyses of correlation between vitamin D3 concentra-
tion and clinical parameters of KOA were made. The 
results showed absence of correlation between vitamin 

D3 concentration and knee circumference, WOMAC pain 
score, WOMAC stiffness score, VAS pain score, at base-
line as well as in group without supplementation (data not 
shown), but moderate negative correlation between vitamin 
D3 concentration and knee circumference (r =  − 0.237; 
p = 0.048), WOMAC pain score (r =  − 0.353; p = 0.006), 
WOMAC stiffness score (r =  − 0.348; p = 0.006), and VAS 
pain score (r =  − 0.311; p = 0. 016), after vitamin D3 treat-
ment (Table 3).

Table 2   Effect of vitamin D supplementation on pain and clinical status

*Variables are mean ± standard deviation (SD); ¥ mean (95% CI) change between each set of matched pairs (Vit D baseline vs. 3 months or 
without supplementation baseline vs. 3 months) was calculated using paired samples T test (p < 0.05); ǁ mean (95% CI) differences between 
the groups in post-intervention (3 months) values were evaluated with independent samples T test; ¶ number (%) and chi-squared test p value; 
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Outcome Vitamin D supplementation Without
supplementation

p value Treatment differencesǁ

WOMAC pain score
Baseline* 11.6 ± 3.5 11.1 ± 3.5
3 months*

Change¥
7.4 ± 3.7

4.2 (3.7 to 4.8)
15.1 ± 3.5
 − 4.3 (− 5.2 to − 3.4)

0.0005  − 8.0 (− 9.9 to − 6.1)

WOMAC stiffness score
Baseline* 4.9 ± 1.7 4.5 ± 1.8
3 months*

Change¥
3.1 ± 1.6

1.9 (1.6 to 2.1)
6.0 ± 1.5

 − 1.4 (− 1.8 to − 1.1)
0.0005  − 2.9 (− 3.7 to − 2.1)

WOMAC function score
Baseline* 49.1 ± 12.1 42.2 ± 12.8
3 months*

Change¥
25.1 ± 11.1
16.9 (15.3 to 18.4)

60.2 ± 16.3
 − 18.0 (− 21.2 to − 14.8)

0.0005  − 35.2 (− 41.6 to − 28.7)

Visual analogue scale
Baseline* 61.5 ± 16.9 60.9 ± 12.5
3 months*

Change¥

OMERACT-OARSI 
responder¶

36.1 ± 15.6
25.5 (23.2 to 27.9)
52 (86.7)

79.5 ± 12.5
 − 18.6 (− 21.1 to − 16.2)
0 (0.0)

0.0005
0.0005

 − 43.5 (− 51.1 to 35.8)

Table 3   Correlation between vitamin D3 and clinical parameters of 
knee OA severity

WOMAC, Western Ontario and McMaster Universities Ostoearthritis 
Index; VAS, visual analog scale.

Vitamin D3

Before supplementa-
tion

After supplementation

Pearson’s rho p value Pearson`s rho p value

Knee circumference  − 0.173 0.172  − 0.237 0.048
WOMAC pain 

score
 − 0.077 0.558  − 0.353 0.006

WOMAC stiffness 
score

0.078 0.552  − 0.348 0.006

VAS pain score  − 0.082 0.536  − 0.311 0.016
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Vitamin D3 supplementation altered cytokine 
profile

Serum cytokines of interest were measured in KOA patients 
prior and after vitamin supplementation. Systemic values of 
IL-1β (p < 0.01), IL-23 (p < 0.01), and IL-33 (p < 0.01) were 
significantly increased, values of TNF-α (p < 0.01), IL-13 
(p < 0.01), and IL-17 (p < 0.01) were significantly decreased, 
while value of IL-4 was not significantly changed, after vita-
min D3 treatment (Fig. 1). The absence of vitamin D3 sup-
plementation increased systemic values of IL-1β (p < 0.01), 
while it did not significantly alter concentration of other 
cytokines of interest (Fig. 1).

Increased ratios of IL‑33 with proinflammatory 
cytokines after vitamin D3 supplementation

Analyses of the ratios of IL-33 with IL-1β, TNF-α, IL-4, 
IL-13, IL-23, and IL-17 were done. All analyzed ratios 
IL-33/IL-1β (p < 0.01), IL-33/TNF-α (p < 0.01), IL-33/IL-4 
(p < 0.01), IL-33/IL-13 (p < 0.01), IL-33/IL-23 (p < 0.01), 
and IL-33/IL-17 (p < 0.01) were significantly higher after 

vitamin D3 treatment (Fig. 2). Additionally, IL-33/IL-4 
(p < 0.01) and IL-33/IL-23 (p < 0.01) ratios were signifi-
cantly higher after placebo treatment (Fig. 2).

IL‑33 negatively correlates with clinical parameters 
of disease, after vitamin D3 supplementation

Further, we have tested the correlation of the serum level of 
IL-33 with the clinical parameters of KOA, prior and after 
vitamin D3/placebo supplementation. The results showed 
absence of correlation between IL-33 concentration and all 
tested clinical parameters at baseline as well as after placebo 
treatment (data not shown), but negative correlation between 
IL-33 concentration and knee circumference (r =  − 0.512; 
p = 0.001), WOMAC pain score (r =  − 0.487; p = 0.001), 
WOMAC stiffness score (r =  − 0.358; p = 0.006), VAS pain 
score (r =  − 0.541; p = 0. 016), after vitamin D3 treatment. 
Finally, we found negative inter-correlation between IL-33 
and vitamin D3 concentration (r =  − 0.244; p = 0. 029) prior, 
but positive inter-correlation between them after vitamin 
supplementation (r = 0.282; p = 0. 011).

Fig. 1   Systemic cytokine profile before and after treatment with/with-
out vitamin D3. IL-1β, TNF-α, IL-4, IL-13, IL-17, IL-23, and IL-33 
were measured by ELISA in the sera of patients with KOA prior and 

after treatment with/without vitamin D3. Statistical significance was 
tested by Mann–Whitney rank sum test
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Discussion

KOA is condition that cause disability and vitamin D defi-
ciency among with KOA patients leading to disability wors-
ening and deterioration of functional ability [22]. We con-
ducted an open-label study to assess the efficacy of 4000 IU 
oral vitamin D3 daily for 3 months on pain, stiffness, func-
tion, and circulating inflammatory markers in KOA patients. 
Using OMERACT-OARSI established criteria, 86.7% of 
patients treated with vitamin D responded to treatment, with 
clinically meaningful improvements in pain and function. 
We found that clinical outcomes displayed a minimal clini-
cal significant improvement as per OARSI recommendation 
of 20%.

Data from observational studies revealed that vitamin 
D supplementation may reduce pain and disability in KOA 
[16]. However, there is inconsistent evidence from rand-
omized clinical trials [23]. Sanghi et al. showed in patients 
with KOA and low vitamin D level that vitamin D3 sup-
plementation at daily dosage of 60,000 IU for 10 days and 
followed by monthly dosage of 60,000 IU for 1 year was 
significantly associated with improvement of knee pain and 
function [24]. Jin et al. also have assessed the influence 
of cholecalciferol supplementation at monthly dosage of 
500,000 IU for 24 months in KOA patients with vitamin D 
deficiency. Post hoc analysis revealed significant reduction 
of knee pain in the vitamin D group as compared with the 
placebo group. Moreover, the improvement in KOA symp-
tom measured by the WOMAC pain and WOMAC function 
score was larger in patients who received vitamin D [25]. 

The results of our study are in line with previous randomized 
clinical trials, and 4000 IU vitamin D3 supplementation 
improves pain and disability in KOA patients.

On the contrary to our results, two randomized double-
blind, placebo-controlled trials demonstrated that supple-
mentation of vitamin D with a low daily dose had no ben-
eficial effect on symptoms in KOA [26, 27]. We found that 
the arthritic symptoms were significantly improved in the 
vitamin D supplemental group; however, in this study, we 
used high‐dose of the vitamin D. In a study by McAlindon 
et al., majority (51%) of KOA patients in the vitamin D sup-
plemental group had advanced KOA with K-L grades of 3 
and 4 [27]. Selection of patients with early KOA is prefer-
able because structural abnormalities at earlier stages are 
likely more reversible and possibly more responsive to vita-
min D treatment as compared with patients with advanced 
KOA. This discrepancy may be addressed to factors such as 
vitamin D dosages, severity of KOA, age, baseline serum 
vitamin D level, and obesity. The influence of these factors 
can undermine the therapeutic effect of vitamin D supple-
mentation. These conflicting findings could be a result of 
the fact that KOA is a highly heterogeneous disease with 
multiple etiologies.

A pooled analysis of the four studies showed significant 
decreased in WOMAC pain and stiffness scores, but not in 
WOMAC function score after vitamin D treatment at dos-
age more than 2000 IU/day, in contrast with our results. [28, 
29]. A meta-analysis of 1599 KOA patients demonstrated 
similar results with our study. The vitamin D supplementa-
tion in KOA patients was significantly linked to reduction 

Fig. 2   Ratio of IL-33 and pro-
inflammatory cytokines before 
and after treatment with/without 
vitamin D3. IL-1β, TNF-α, 
IL-4, IL-13, IL-17, IL-23, and 
IL-33 were measured by ELISA 
in the sera of KAO patients 
prior and after treatment with/
without vitamin D3. Ratios of 
IL-33/IL-1β, IL-33/TNF-α, 
IL-33/IL-4, IL-33/IL-13, IL-33/
IL-23, and IL-33/IL-17 were 
evaluated for each patient, sepa-
rately. Statistical significance 
was tested by Mann–Whitney 
rank sum test
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in WOMAC subscores [30]. Another meta‐analysis of nine-
teen placebo‐controlled clinical trials found that decreased 
in pain score was greater in vitamin D group [22].

It is believed that immunopathology is the main mecha-
nism in the genesis and progression of KOA [9]. The osteo-
chondral destruction, which is directly related to the severity 
of the disease, is due to an intense immune response [31]. 
There is sample evidence that both, innate and acquired 
immunity participate in immunopathogenesis of OA [11]. 
Our results revealed that vitamin D3 supplementation inhib-
its type 1 and type 17 immune responses in KAO patients, 
as evidenced by decreased systemic values of TNF-α, IL-13, 
and IL-17 (Fig. 1). In line with our findings, recent studies 
have suggested the association of vitamin D3 supplementa-
tion with similar immune system alteration in OA patients 
[32]. In vitro, these effects result in decreased production of 
proinflammatory markers such as: TNF-α, interferon gamma 
(IFN-γ), IL-2, IL-12, IL-17, and IL-21 but with increased 
production of anti-inflammatory cytokines such as IL-10 [7]. 
Vitamin D affects T cell responses indirectly, by inhibit-
ing antigen presenting cells (downregulation of its antigen 
presentation function), and directly, by inhibiting the pro-
duction of IL-2, IL-17, and IL-21 and by stimulating IL-4 
and IL-10 production [8, 33]. Interestingly, we found incre-
ment of proinflammatory innate immunity cytokines IL-1β 
and IL-23 after vitamin D3 supplementation (Fig. 1). Still, 
their "mates in acquired immunity (TNF-α and IL-17) were 
decreased after the same treatment, indicating a potentially 
different impact of vitamin D3 supplementation on innate 
and acquired immunity in KOA patients. Treatment with-
out vitamin D3 was also followed by increment of IL-1β 
(Fig. 1), implicating vitamin D3 independent alteration of 
this cytokine.

Presented data implicate that vitamin D3 supplementa-
tion inhibits development of proinflammatory type 1 and 
type 17 immune responses in KAO patients. Same effect of 
vitamin D3, as inductor of T cells differentiation towards a 
more tolerogenic state with an induction of T helper-2 (Th2) 
cells and regulatory T cells (T regs) and as down regulator of 
proinflammatory Th1 and Th17 cells, was established previ-
ously [33]. In our study, the representative Type 2 cytokine 
IL-4 was slightly increased after vitamin D3 supplementa-
tion; however, this alteration did not reach statistical signifi-
cance (Fig. 1). Other cytokine IL-33, previously established 
as type 2 cytokine [11], was significantly increased in sera of 
vitamin D3 treated KAO patients, supporting the phenome-
non that vitamin D3 supplementation facilitates type 2 while 
inhibiting type 1 and type 17 immune responses in KAO 
patients. Increment of IL-1β and IL-33 can be explained by 
their common affiliation to IL-1 cytokine family and fact that 
IL-1β and IL-33 both use same receptor IL-1R3 (IL-1RAcP) 
and subsequently activate same signaling axis [12, 34]. It 
appears that vitamin D3 supplementation did not inhibit 

IL-1β production or its inhibition was outweighed by the 
facilitating effect of IL-33 on IL-1β [35, 36].

IL-33 concentration is significantly increased in sera of 
vitamin D3 treated KOA patients (Fig. 1). The exact role of 
this pleiotropic cytokine in the biology of OA in not fully 
understood. It has been shown that IL-33 polarizes naïve T 
cells toward type 2 phenotype, to produce IL-4, IL-5, and 
IL-13 [11, 37]. Our previous studies revealed that IL-33 
facilitates differentiation toward type 2 and suppress type 
1 and 17 immune responses in experimental tumor models 
[38, 39]. It appears that vitamin D3 and IL-33 acts in the 
same manner, when it comes to immunomodulatory prop-
erties [40]. As systemic concentration of both increases, it 
implicates on their synergistic role in KOA patients. Find-
ing of positive inter-correlation between IL-33 and vitamin 
D3 concentration after vitamin D supplementation supports 
previous statement. Further, significantly increased values 
of IL-33/IL-1β, IL-33/TNF-α, IL-33/IL-4, IL-33/IL-13, 
IL-33/IL-23, and IL-33/IL-17 ratios in vitamin D3 treated 
KAO patients (Fig. 2) point on predominance of IL-33 
over proinflammatory cytokines after vitamin D3 supple-
mentation. This finding additionally suggests a relationship 
between IL-33 and vitamin D3 treatment. Vitamin D and 
the IL-33/ST2 signaling pathways are closely involved in 
bone remodeling in psoriatic arthritis (PsoA) [41]. Polari-
zation of immune response toward type 2 is promoted by 
IL-33 and vitamin D, which are stimulators of both regu-
latory and Th2 cells. It is likely that vitamin D and IL-33 
share some signal pathways, as they share immunological 
functions [42]. Moreover, vitamin D acts through vitamin 
D receptors, which are expressed on different types of cells, 
including immunocompetent cells that can produce IL-33 
[43]. A study by He Z et al. showed increased expression 
of IL-33 and its receptor ST2 in OA patients, and that use 
of monoclonal antibodies against IL-33 and ST2 attenuates 
both OA and pain in experimental model of OA (41). This 
apparent contradiction in role of IL-33 in arthritis could be 
explained by its pleiotropic function. IL-33, depending on 
the type of tissue and cytokine milieu, can have different 
effects in arthritis.

Conclusion

Our findings indicate that KOA patients may have ben-
efit from vitamin D3 supplementation at dosage 4000 IU/
day. Using OMERACT-OARSI criteria, 86.7% of patients 
treated with vitamin D responded to treatment, with clini-
cally meaningful improvements in knee pain, stiffness, and 
function. Vitamin D supplementation also diminished type 
1 and 17 immune response and increased systemic values 
of IL-33. Predominance of IL-33 over pro-inflammatory 
mediators in patients KOA may present a mechanism for 
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limiting the inflammatory process and subsequent tissue 
damage and points to IL-33 as an important regulator of 
immune response interplay in KOA patients after vitamin 
D treatment. Future studies are needed to investigate the 
exact mechanism underlying the effect of IL-33 in biology 
of KOA.
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