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ABSTRACT
Background: Osteoarthritis (OA) is the most common type of arthritis, characterized by inflammation that can affect the joint structures, leading to pain and disability, and is directly linked to ageing. As an epigenetic risk factor, microRNAs (miRNAs), small non-coding RNAs, can play a role in OA pathogenesis by regulating genes involved in processes such as inflammation, apoptosis, and autophagy. Due to the unique therapeutic potential of curcumin, isolated from Curcuma longa, particularly its anti-inflammatory properties, the current study aimed to investigate the effect of nanomicelle formulation of curcumin, named SinaCurcumin®, on the expression of miRNA-21 and miRNA-34a genes in OA patients.
Methods: Thirty female patients with osteoarthritis were randomly assigned to two equal groups, who received nanocurcumin (n=15) and placebo (n=15) in a double-blind clinical trial for 3 months. The gene expression levels of miRNA-21 and miRNA-34a were evaluated using the SYBR® Green Real-Time PCR method. The association between the changes in expression of miRNA-21 and miRNA-34a and the changes in clinical and laboratory indexes in OA patients was analyzed using Spearman's rank correlation.
Results: In the nanocurcumin group, the gene expression of miRNA-21 and miRNA-34a was significantly reduced, while no significant changes were observed in the placebo group. Also, there was a significant positive correlation between the downregulation of miRNA-21 and miRNA-34a and a decline in clinical and laboratory indexes (Visual Analog Scale and C-reactive protein) in patients receiving nanocurcumin.
Conclusion: Curcumin may provide a promising therapeutic perspective for improving inflammation in OA, through its modulatory effects on miRNA-21 and miRNA-34a. 
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INTRODUCTION
Osteoarthritis (OA) is a chronic, degenerative joint disease that is the most prevalent type of arthritis, particularly in elderly individuals. It represents a leading cause of debilitation worldwide, with considerable socioeconomic challenges. The rising rate of OA development and its detrimental effect on patients' quality of life make this disease a significant health concern  (1). OA is characterized by inflammation that can involve the joint structures, resulting in pain and disability (2). The pathogenesis of OA is complex and commonly associated with changes in chondrocyte activity, including the production of inflammatory cytokines, matrix deposition, and apoptosis (3). MiRNAs, as epigenetic factors with 21–23 nucleotides, belong to the class of non-coding RNAs, which are responsible for gene regulation after transcription (4). An accumulating body of data has exponentially indicated that miRNAs are prominent players in OA development through their effect on inflammation mediators, the extracellular matrix (ECM), and apoptosis of chondrocytes (5). 
MiRNA-21 is one of the first microRNAs discovered in mammals with increased level and diagnostic value in some cancers, inflammatory and degenerative diseases (6, 7).  The miRNA-21 is upregulated in OA patients, which is likely related to causing aberrant inflammatory responses that favor the disease. Thus, it can be considered an emerging non-invasive biomarker for diagnosing and treating OA (8). The other miRNA with promising potential in OA therapy is miRNA 34a (9). Molecular investigations have shown that miR-34a is overexpressed during OA. It is significantly involved in the processes of chondrocyte apoptosis, autophagy, and inflammation, all of which contribute to the pathogenesis of OA (10). 
While conventional osteoarthritis treatments such as nonsteroidal anti-inflammatory drugs (NSAIDs) face serious limitations and side effects, nutraceuticals hold promise as a suitable complementary therapy due to their unique advantages in safety, effectiveness, and affordability (11). Curcumin, a yellow liposolouble compound with a polyphenolic structure, is the main curcuminoid isolated from Curcuma Longa (Turmeric) (12, 13). Curcumin is a well-known herbal medicine with remarkable pharmacological properties, including anti-inflammatory, antioxidant, and cell protective effects, which make it an outstanding candidate for OA management (14, 15) Considerably, several in vitro and in vivo studies suggest that curcumin can regulate various signalling pathways in its target cells and reduce pathological processes at the molecular level, such as miRNAs (16). The Food and Drug Administration of the United States (FDA) has classified curcumin as a Generally Recognized as Safe (GRAS) substance, and there is no evidence of toxicity in human subjects taking up to 8000 mg of curcumin daily for three months (17).  To further elucidate the therapeutic effect of curcumin and its underlying mechanisms of action in OA, this research aimed to evaluate the impact of Sinacurcumin®, a novel nanomicelle formulation of curcumin, on miRNA-21 and miRNA-34a gene expressions in osteoarthritis patients.
 METHODS AND MATERIALS
 Study design and ethics
This study was earlier carried out as a double-blind randomized placebo-controlled clinical trial in Mashhad, the capital of Khorasan Razavi Province, Iran. The microRNA samples were employed from RNA samples archived in biobank from the above mentioned study with approval code (IR.MUMS.MEDICAL.REC.1397.118) of the Ethics Committee of Mashhad University of Medical Sciences, Iranian Registry of Clinical Trials (IRCT20151028024760N4), and Clinicaltrials.gov (NCT03715140). The current project was approved by the Ethics Committee of Mashhad Azad University with the code IR.IAU.MSHD.REC.1403.008. Written consent forms were completed by all participants according to the ethical principles in medical research are established by the Declaration of Helsinki.
 Patient Selection
Thirty female patients with knee OA enrolled in this study which was selected by an expert rheumatologist. The participants were randomly allocated to receive either curcumin or a placebo, with equal numbers in both groups. The study enrolled only females to limit the influence of gender, a risk factor for osteoarthritis, on the study findings. So, as inclusion criteria, women aged 40-55 who had experienced knee pain for at least six months were included. The mean±SD of age in the intervention and placebo groups were 49.13 ± 1.50 and 48.26 ± 1.32, respectively. All participants were also required to have a Kellgren-Lawrence (KL) grade of 2 or 3 indicating osteoarthritis severity, a visual analog scale (VAS) score of 5 or higher for knee pain, and a body mass index (BMI) between 18.5 and 29.9. Moreover, they had criteria for osteoarthritis diagnosis according to both the American College of Rheumatology (ACR) and the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Patients with KL grade 1 or grade 4 disease were excluded to ensure a relatively homogeneous cases of mild-to-moderate OA cases and avoid the confounding influence of disease severity  (18, 19). Likewise, patients were excluded from the study if they had any of the following:  pregnancy, prior joint damage or surgery in the affected knee, a history of taking anti-inflammatory medications for 3 weeks before starting the study, as well as having a corticosteroid drug or hyaluronate injection in the knee, comorbid diseases, and a BMI of 30 or higher.
Curcumin and placebo characteristics and administration
Exir Nano Sina Company in Tehran, Iran is the manufacturer of SinaCurcumin® as Nanomicelle, a product that contains 80 mg of curcumin. By encapsulating curcumin in these nanomicelles, it achieves approximately 100% efficacy and a greater oral absorption rate than traditional curcumin powder. The drugs and placebo were bought from Exir Nano Sina Company. Patients in the intervention group received a daily dose of 80 mg SinaCurcumin® for three months. The placebo group received a placebo capsule under the same regimen. To address standard clinical practice and ethical considerations, all participants were daily administered 50 mg of diclofenac sodium as the conventional treatment.
Sample preparation
To perform sampling, Ethylenediaminetetraacetic acid (EDTA)-containing tubes were used to collect six mL of blood from all 30 patients with OA before and 3 months after the intervention. Then, RNA was extracted using a kit (Yekta Tajhiz Azma, Tehran, Iran) according to the manufacturer's instructions, and the isolated RNA was stored at -80°C. The cDNA was synthesized using the specific kit (Ana Cell Company, Tehran, Iran). Analyzing the absorbance ratios at 260/280 nm and 260/230 nm with a Nanodrop Spectrophotometer (Thermo Scientific, The United States of America) ensured the purity of the extracted RNA. 
Clinical and Laboratory index assessment
Blood samples (2 ml) without anticoagulant were collected from all 30 OA patients before the intervention and three months afterward. The serum from these samples was subsequently used to measure CRP. Blood specimens collected with EDTA were used for ESR measurement. The nephelometry method was used to quantitatively measure CRP using a nephelometer device (MININEPH™, Binding site, UK). The Wintergreen method was applied to determine ESR levels. Also, the VAS index evaluated the severity and intensity of the patient's pain. Each patient rated their joint pain on a scale of 0, indicating no pain, to 10, representing the worst pain.
cDNA synthesis and SYBR Green Real-Time PCR (qRT-PCR)
The primer for Small Nucleolar RNA, C/D Box 47 (SNORD47) as the reference gene, was purchased from the Stem Cell Technology Research Center (Bonyakhteh, Tehran, Iran). Table 1 shows the sequences of the forward primers of Small Nucleolar RNA, C/D Box 47 (SNORD47). Also, primers for targeted miRNA-21 (NR_029695.1) and miRNA-34a (NR_002719.2) were purchased commercially as micro-RNA Detection Kit from AnaCell company, Tehran, Iran (Catalog number: miRDK-AC). Real-time quantitative polymerase chain reaction (RT-qPCR) was performed using the SYBR Green RT-PCR Master Mix kit (AnaCell Company, Tehran, Iran) according to the manufacturer's instructions. A Rotor-Gene 6000 (QIAGEN, USA) instrument was utilized for RT-qPCR amplification. The thermal cycling program consisted of an initial activation step at 95°C for 15 minutes, then 35 cycles of denaturation at 95°C for 20 seconds, annealing at 59°C for 45 seconds, and extension at 72°C for 20 seconds. Each RT-qPCR reaction was executed twice. miRNA-21 and miRNA-34a's relative gene expression levels were determined using the 2-ΔΔCT method.













Table 1. Sequences for forward primers of SNORD47 (the housekeeping gene).
	RNA
	NCBI-/miRBase-mature sequence accession
	Forward primer sequence
(5´ 3´)
	Primer length (bp)

	SNORD47
	X96647
	ATCACTGTAAAACCGTTC
	18


Abbreviation: NCBI, National Center for Biotechnology Information; miR, microRNA; SNORD47, Small Nucleolar RNA, C/D Box 47























Statistical analysis
Graph Pad Prism version 8 (Graph Pad Prism Systems, Inc. CA, USA) was used to compare the statistical analysis of microRNA expression data before and three months after the intervention. Analyzing normality was done via the Kolmogorov-Smirnov test. The Mann-Whitney and the unpaired t-test were used to analyze non-parametric and parametric data, respectively. The link between gene expression and clinical and laboratory indexes was analyzed using Spearman's rank correlation. P< 0.05 was considered statistically significant.
RESULTS
Patients’ Demographic Characteristics
In the study, 30 women with knee OA, 15 in the nanocurcumin group and 15 in the placebo group, aged 40 to 55 years. All of these patients have finished the 3-month follow-up study. Following the standard protocol, all anthropometric indexes of the participants, including height and weight, were assessed after overnight fasting. The calculation of BMI for each individual was determined by dividing the weight in kilograms (kg) by the height in meters (m) squared (20).
The Gene Expression of miRNA-21 in the Curcumin and Placebo group
The mean±SEM gene expression of miRNA-21 in nanocurcumin receiving group before intervention was 2.115 ± 0.8914 and three months following intervention was 0.1820 ± 0.1406. Our results showed a significant decrease in the miR-21 gene expression in the Nanocurcumin receiving group. Also, the mean ± SEM gene expression of miRNA-21 in the placebo group before and three months after the intervention were 1.295 ± 0.3232 and 0.6825 ± 0.2784, respectively. The results indicated no significant reduction in miRNA-21 gene expression following intervention in patients who received the placebo (Figure 1). 
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Figure 1. Gene expression of miRNA-21 in osteoarthritis patients receiving nanocurcumin and placebo before and 3 months after intervention. Results were expressed as mean± standard error of the mean. The p< 0.05 was considered significant.




















The Gene Expression of miRNA-34a in the Curcumin and Placebo group
In the nanocurcumin group, the mean±SEM gene expression of the miRNA-34a was 2.283 ± 1.089 and 0.3491 ± 0.1912 before and three months after the intervention, respectively. A significant decrease was observed in the miR-34a gene expression in the curcumin group. In the placebo receivers, the mean±SEM gene expression of miRNA-34a was 1.467 ± 0.3358 and 0.9511 ± 0.3749 before and after the follow-up, respectively. So, miRNA-34a gene expression indicated no statistically significant decrease in the placebo receiving patients at the end point of the study (Figure 2). 
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Figure 2. Gene expression of miRNA-34a in osteoarthritis patients receiving nanocurcumin and placebo before and 3 months after intervention. Results were expressed as mean± standard error of the mean. The p< 0.05 was considered significant.


[bookmark: _GoBack]















The Correlation of Change in miRNA-21 and miRNA-34a Expressions with Change in Clinical and Laboratory Indices in Patients Received Curcumin
In our previous study, clinical and laboratory indices, including Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and visual analog scale (VAS) score of pain were evaluated after treatment. As shown in Table 2, it was indicated that patients who received curcumin had a significant decline in their CRP and VAS score, but no significant decline in their ESR (18). The present study evaluated the correlation between the changes in the miRNA-21 and miR34a gene expressions in patients before and after receiving curcumin and the change in their VAS score, CRP, and ESR before and after curcumin administration. Results showed a significant positive correlation between the decrease in miRNA-21 expression in patients and the decrease in their CRP (r=0.5, p=0.01) and VAS score of pain (r=0.5, p=0.08), while a very weak positive correlation between miRNA-21 expression and ESR was observed which was not significant, statistically. Also, there was a positive link between miRNA-34a expression in patients and their CRP level (r=0.5, p=0.02) and VAS score (r=0.6, p=0.01) which were statistically significant. The link between miRNA-34a expression and ESR level was very weak and non-significant.






















Table 2. Clinical and laboratory indexes before intervention and 3 months after. Data are expressed as Mean ± SEM. *: P < 0.05, **: P < 0.01, ***: P < 0.001, ****: P < 0.0001, NS: P > 0.05.
	Indexes
	VAS score
(Mean ± SEM)
	CRP (mg/l)
(Mean ± SEM)
	ESR (mm)
(Mean ± SEM)

	Before Nanocurcumin
	7.93 ± 0.39
	2.73 ± 0.7
	13.4 ± 1.26

	After Nanocurcumin
	3.4 ± 0.27
	1.82 ± 0.51
	13 ± 1.02

	P-Value
	****
	*
	NS

	Before Placebo
	8.46 ± 0.5
	2.8 ± 0.56
	12.47 ± 0.96

	After Placebo
	9.1 ± 0.25
	3.48 ± 0.7
	12.53 ± 0.88

	P-Value
	NS
	**
	NS


Abbreviation: CRP, C reactive protein, ESR, Erythrocyte sedimentation rate, VAS, Visual analog scale.



















DISCUSSION
The present study assessed the effect of the nano micelle of curcumin on the expression of miRNA-21 and miRNA-34a in osteoarthritis patients. It has been shown that miRNAs regulate genes associated with inflammation, differentiation, apoptosis, autophagy, and ECM degradation in chondrocytes, which could play a fundamental role in the pathogenesis of osteoarthritis (21). Recent research has identified specific microRNAs that are expressed differently in patients with osteoarthritis. So, as a novel therapeutic target, miRNAs have attracted a wide range of attention to reverse the pathophysiology process of osteoarthritis (22). On the other hand, it has been demonstrated that curcumin might exert its therapeutic effect by modulating some miRNAs, which have an aberrant expression in OA (23). For example, a study by Li et al. found that curcumin can decrease matrix metalloproteinase (MMP) 9 by upregulating microRNA-365 expression, thereby diminishing bone destruction in rats with osteoporosis (24). In a recent clinical trial conducted by Atabaki et al., the expression levels of microRNAs 16, 138, and 155 showed a significant reduction in osteoarthritis patients who received a nano-micelle of curcumin for three months. Results provided evidence of curcumin's modulating effect on adaptive immunity in OA patients through its impact on microRNAs, leading to attenuated pain and inflammation in these patients (25). Furthermore, Noori et al showed an immunomodulatory effect of curcumin through the regulation of T helper (TH)17 function which was probably attributed to the significant increase in miRNA-873 expression in OA patients receiving curcumin (26).
In line with these investigations, our results indicated that the gene encoding miRNA-21 was downregulated significantly in OA patients after 3 months of nanocurcumin administration. Nevertheless, the expression level of this miRNA in patients receiving the placebo indicated a non-significant decrease after the study period.
Previous studies suggest that miR-21, with inflammation-stimulating activities, has high expression in osteoclast precursors and is a good therapeutic option for  RA and OA (27). Previous studies suggest that miR-21, which exhibits inflammation-stimulating activities, is highly expressed in osteoclast precursors and may be a promising therapeutic option for RA and OA (28). It is worth noting that miRNA-21 can contribute to the progression of OA by decreasing chondrogenesis through its regulatory effect on cell proliferation and differentiation-related pathways (29). Zhang et al. reported that endogenous miR-21 is elevated in individuals with osteoarthritis and can inhibit chondrogenesis by targeting growth differentiation factor 5 (GDF-5), demonstrating that miR-21 has an etiological role in osteoarthritis (30). Wang et al reported that miRNA-21 gene expression was increased in the cartilage tissue of OA mice, and selective removal of miRNA-21 resulted in a significant decrease in articular cartilage destruction (31). In our assessment, the gene expression of miRNA-21 was reduced after curcumin intake, which may be attributed to the underlying mechanism of curcumin's anti-inflammatory effect in alleviating symptoms in OA patients.
MicroRNA-34a is another regulator of genes involved in biological processes, including inflammation, cellular senescence, and apoptosis (32). It has been found that miR-34a silencing could reduce NF-kB mediated inflammation and IL-1β-induced apoptosis in OA (33, 34). About the effect of curcumin on miRNA-34a, Yao et al reported that curcumin exerts a cartilage protective effect by suppressing miRNA-34a in rats fed a high-fat diet. This effect was likely mediated by a reduction in P53-induced apoptosis and an increase in autophagy through suppression of the Akt/ mammalian target of rapamycin (mTOR) signalling pathway, resulting in osteoarthritis alleviation (35). Consistent with these findings, our study demonstrated that miRNA-34a gene expression was significantly downregulated in patients who received curcumin, but not in the placebo group. Therefore, curcumin may improve OA patients by downregulating miRNA-34a, likely through modulation of inflammation- and apoptosis-related pathways, thereby protecting chondrocytes.
The VAS score is a valuable tool commonly applied to determine pain severity in various diseases such as osteoarthritis. Along with VAS, two markers of inflammation, including CRP and ESR, are used to monitor inflammation and evaluate treatment response in patients (36). Researchers found that the VAS score significantly decreased in OA patients who had taken curcumin as an analgesic compound for eight weeks compared to the placebo-receiving group (37). Moreover, Panahi et al. demonstrated a significant decline in CRP levels of OA patients after curcumin consumption. In the other study, following 6 weeks of curcumin administration in OA patients, a considerable decrease in CRP concentrations was observed; however, the change in ESR was non-significant compared to the placebo group (38). Our results in the previous study, which showed a statistically significant decline in CRP and a non-significant change in ESR in OA individuals who received curcumin, are consistent with these reports (20). As one of the key findings, the current study reported a significant correlation between the reduction in VAS scores and CRP levels and the downregulation of miRNA-21 and miRNA-34a genes in OA patients receiving nanocurcumin. This indicates that after 3 months of treatment with curcumin, a concurrent decrease in miRNAs and clinical indexes of OA occurred. This may support the improving effect of curcumin on OA symptoms through modulating pathogenesis-related miRNAs. Meanwhile, since the decline in miRNA-21 and miRNA-34a, as well as clinical parameters, was not significant in the placebo group, the correlation assessment for this group was deemed unreasonable. Analogously, some evidence has shown the link between miRNA-21 and the clinical incidence of arthritis diseases. Ciancio et al. indicated that circulating miR-21 is elevated in peripheral blood in arthritis patients, whose levels are associated with CRP (39). The report by Hoshikawa et al. stated that a single intra-articular injection of a miRNA-21 inhibitor in experimental rats with surgically induced osteoarthritis resulted in long-term analgesia by blocking toll-like receptor (TLR)-7-mediated inflammation (40). Regarding the relationship between miRNA-34a and pain intensity, several studies have shown that miRNA-34a may mediate neuropathic and inflammatory pain, and its elevated gene expression is positively correlated with CRP (41). 
In conclusion, this investigation demonstrated the potential anti-inflammatory effect of curcumin on the expression of miR-21 and miR-34a genes in patients with OA. Regarding the evidence, inflammation plays a prominent role in OA, and the upregulation of specific miRNAs can mediate this. It has been identified that curcumin exhibits significant anti-inflammatory and analgesic activities, similar to those of NSAIDs, while being a safe compound. These properties make curcumin a possible chondroprotective compound for OA therapy. Our findings showed that curcumin treatment had no side effects and reduced the expression levels of miRNA-21 and miRNA-34a, which are pathophysiological factors in OA and are primarily involved in inflammation. Also, the expression of miRNA-21 and miRNA-34a was positively correlated with analgesia and inflammation-related clinical indexes in patients receiving curcumin. Therefore, curcumin administration and targeting miRNAs can open a new window to OA treatment. However, further studies on the involved molecular pathways are needed to gain better insights into curcumin’s mechanism of action in improving OA. For instance, evaluating the effect of curcumin on the gene expression of other miRNAs associated with OA pathogenesis is suggested. On the other hand, our study was limited by its small sample size and the absence of long-term follow-up, which we aim to address by conducting upcoming studies. Also, including OA patients who only receive conventional drugs and comparing their results with the curcumin and placebo group can help to draw a better conclusion in future work. Moreover, our research was restricted to patients with KL grade 2–3 osteoarthritis. Therefore, the relationship between disease severity and treatment outcome could not be further stratified across different stages. This should be addressed in future studies with larger and more diverse cohorts. To sum up, designing further clinical trials to establish the most reliable protocol is strongly recommended to pave the way for the challenging road of OA management.
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