
  

 

9 

This work is licensed under a Creative Commons Attribution 4.0 International License 

 

IHJPAS. 37 (1) 2024 

Ibn Al-Haitham Journal for Pure and Applied Sciences 

Journal homepage: jih.uobaghdad.edu.iq 

PISSN: 1609-4042, EISSN: 2521-3407 

  

 

 

 

 
1Anwar Khalil Ismael*      2 Hazima Mossa Alabassi  

                
  
 

*Corresponding  Author: anwaarkhalil9@gmail.com   
  

 

 

Abstract 

Systemic lupus erythematosus (SLE) is a chronic, autoimmune disease, with a wide range of 

clinical symptoms. Some studies have indicated the association between RANKL, Sclerostin, PD-

1, and vitamin D concentrations and the pathogenesis of SLE. The current study aimed to evaluate 

the role of RANKL, Sclerostin, PD-1 and vitamin D in the pathogenesis of SLE. The study 

included 180 females diagnosed SLE patients and healthy control (60 females as early diagnosed 

patients without treatment, 60 females as patients under treatment with (prednisolone, and 

hydroxychloroquine), and 60 females healthy as a control group, with ages ranging from 20 to 45 

years. The serum concentration levels of RANKL, Sclerostin, PD-1 and vitamin D were assessed 

by Enzyme linked immunosorbent assay (ELISA). The results of the current study showed no 

significant differences in the serum levels of RANKL and Sclerostin in both SLE patients’ groups 

(early diagnosed group and treated) compared with the control group (p<0.05). The serum level of 

PD-1 was significantly higher in both SLE patients’ groups compared with the control group 

(p<0.05). The serum level of vitamin D was significantly lower in both SLE patient groups 

compared with the control group (p<0.05). Based on these results, PD-1 may be considered a good 

therapeutic target for SLE and the level of vitamin D must be sufficient level especially in SLE 

patients.  
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1. Introduction 

SLE is a type of chronic inflammatory autoimmune disease caused by autoantibodies [1, 2]. 

SLE can have an impact on numerous human organs, including the skin, kidneys, joints, blood 

cells, neurological system, and blood vessels [3]. Also, SLE patients have a higher risk of losing 

their bone density [4]. This disease is associated with significant morbidity and mortality and 

affects mainly young females [5, 6]. The main characteristic of this disease is the loss of 

immunological tolerance, which leads to the production of a wide range of autoantibodies [7]. 

Programmed cell death protein 1 (PD-1) is a surface protein that is a member of the 

immunoglobulin superfamily and serves as an immunomodulatory molecule. When PD-1 binds 
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with its ligand PD-L1, which negatively regulates the immunological response after T cell 

activation and upholds the equilibrium of immune tolerance, it sends out inhibitory signals [8]. In 

order to stop autoimmune tissue damage, PD-1 down-regulates T cell activation during 

immunological responses. Long-term exposure to antigens can cause PD-1 expression in tumors 

or chronic infections, which can make it harder for the immune system to get rid of damaged cells 

or pathogens [9]. The PD-1 receptor and its ligands have been associated with SLE development 

[10]. In SLE, the PD-1 axis plays a role in regulating innate and adaptive immune subsets [11]. 

Antibodies that target PD-1 receptors to prevent their activation are a well-established treatment 

for a variety of malignancies [12]. This antibody therapy may also result in clinical symptoms like 

those of autoimmune diseases such as SLE [13, 12]. Vitamin D, unique among vitamins, can be 

generated on the skin as a result of sunlight exposure. Vitamin D is involved in regulating calcium 

and phosphorus metabolism [14]. Many autoimmune diseases, including SLE, scleroderma, and 

rheumatoid arthritis, are thought to be linked to a deficiency of vitamin D [15]. Although there is 

evidence linking low vitamin D levels to SLE, it is also critical to take into account the possibility 

that vitamin D deficiency may be a contributing factor in the etiology of SLE [16]. Many variables 

may affect vitamin D levels in SLE patients, including photosensitivity, dark skin pigmentation, 

renal failure, sunscreen use, and medication [17]. On the other hand, individuals with SLE had a 

significant frequency of low BMD and vertebral fractures, highlighting the fact that osteoporosis 

is a prevalent feature of SLE [18]. Osteoporosis is a biomechanical phenomenon whereby 

mechanical stress on the joints results in pathological responses that cause damage to the articular 

cartilage and alterations in other tissues. These changes often take time to manifest and deteriorate 

over time [19, 20]. Osteoporosis is characterized by increased bone fragility and low bone mass 

[21]. Bone remodeling is a dynamic equilibrium biological process that occurs as a result of the 

interaction of osteoclasts and osteoblasts. When the equilibrium of bone remodeling is disturbed, 

diseases such as bone loss and osteoporosis develop [22]. Receptor activator of nuclear factor-κB 

(RANK) is expressed on osteoclastic precursor cells, and when RANK ligand (RANKL) binds to 

RANK, osteoclast differentiation and activation are facilitated [23]. Moreover, it is crucial for the 

development of the lymphatic system, the mammary glands, and establishing immunological 

tolerance [24]. Patients diagnosed with SLE exhibit heightened production of RANKL, which 

leads to an acceleration in osteoclastogenesis [25]. Elevated concentrations of oxidized low-

density lipoproteins (LDL) may potentially cause T-cell activation in SLE, which raises the 

expression of RANKL and the generation of TNF. They may also have a deleterious impact on 

bone formation by lowering osteoblast maturation [25, 26]. In the same context, sclerostin is a 

190-amino acid glycoprotein that is mainly secreted by adult osteocytes, even though chondrocytes 

and cementocytes can also produce it [27]. In many rare genetic bone diseases, the deficiency of 

sclerostin causes osteopetrosis [28]. Serum sclerostin could be used as a useful biomarker for lupus 

nephritis [29]. The current study aimed to evaluate the role of RANKL, sclerostin, PD-1, and 

vitamin D in the pathogenesis of SLE in early-diagnosed patients and patients under treatment. 

2.  Materials and Methods 

2.1. Subject Collection 

From March 2022 to August 2022, the current study was carried out in the Department of 

Rheumatology at Al-Yarmouk Teaching Hospital and the Medical City (Baghdad Teaching 
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Hospital) in Baghdad. There were 180 participants (age arranged between 20 to 45 years) which 

involved in this study (60 females as early diagnosed patients and 60 patients under treatment with 

(prednisolone, hydroxychloroquine) in addition to 60 apparently healthy individuals as control). 

All patients were diagnosed according to clinical examination by a rheumatologist physician and 

selected based on the SLE revised classification criteria published by the American College of 

Rheumatology (ACR) [30]. Patients with other diseases (Hypertension, diabetes type I, II, 

cardiovascular disease) or any other chronic disease including autoimmune diseases were excluded 

from this study.  

2.2. Blood Collection 

5 ml of a sample of intravenous blood was withdrawn from all participants (patients and healthy 

individuals), then centrifuged at 4000 rpm for about 10 minutes and kept at -20 C for subsequent 

analysis. The practical side was carried out in Hia clinics in Baghdad. The ELISA technique was 

used to assess serum levels of RANKL, sclerostin, and PD-1. ELISA research kits purchased from 

the USA company (CLOUD-CLONE CROP) were used for this purpose. ELISA research kits 

purchased from a German company (Human) were used to assess the serum level of vitamin D. 

2.3. Statistics  

The data were analyzed using SPSS Statistical software (IBM SPSS 26.0). We used the least 

significant difference (LSD) test with  probability of less than 0.05 (p<0.05). 

3.  Results  

The results showed that, serum level of RANKL recorded a non-significant difference among 

the three understudying groups, the results for SLE early diagnosed group, SLE under treatment 

group and the control group, the results were (1.203±0.29, 0.921±0.28, 0.870±0.23 pg\mL) 

respectively. Serum level of sclerostin also showed no significant differences among three 

understudying groups, the results were (0.686±0.09, 0.588±0.09, 0.462±0.0899 ng/mL) 

respectively, as shown in Table 1. 

Table 1. Serum levels of RANKL and sclerostin. 

Groups 
RANKL (pg\mL) 

(Mean ± SE) 

Sclerostin (ng/mL) 

(Mean ± SE) 

Early diagnosed patients 1.203±0.29A 0.686±0.09A 

Treated patients 0.921±0.28A 0.588±0.09A 

Control 0.870±0.23A 0.462±0.08A 

P value 0.106 0.11 

LSD(P<0.05) 0.755 0.244 

Similar letters denote to the non-significant difference at P<0.05* 

 

The serum level of PD-1 was significantly higher in the early-diagnosed group and the 

undertreated group compared with the control (0.611±0.04, 0.579±0.07, and 0.256±0.04 ng\mL, 

respectively). The serum concentration level of vitamin D was significantly higher in the early-

diagnosed group and treated group compared with the healthy control group (56.87±4.45, 

56.62±2.08, 46.02±1.57 ng\mL), respectively, as shown in Table 2. 
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Table 2. Serum levels of PD-1 and Vitamin D. 

Groups 
PD (ng\mL) 

(Mean ± SE) 

Vitamin D (ng\mL) 

(Mean ± SE) 

Early diagnostic patients 0.611±0.04A 56.87±4.45B 

Treated patients 0.579±0.07A 56.62±2.08B 

Control 0.256±0.04B 46.02±1.57A 

P value 0.009 0.001 

LSD(P<0.05) 0.153 5.38 

*Different letters denote to the significant difference at P<0.05 

 

4. Discussion 

4.1. Serum Level of PD-1 

PD-1 receptors and their ligands have been implicated in the pathogenesis of SLE. [11]. The 

higher level of serum PD-1 in SLE patients may be explained by two theories. The first one is 

sPD-1, which is produced by alternative splicing and can disrupt the regulatory impact of 

membrane-bound PD-1 on T cell activation after raising its level in the serum of SLE patients [31]. 

The second says that there is a noteworthy correlation between increased PD-1 expression in  T 

cells and increased expression in  B cells after stimulating hyporesponsive lupus B cells (which 

exhibit an elevated PD-1 phenotype). These results suggest that PD-1 membrane expression in 

these cells is reciprocally regulated in SLE [32]. Also, PD-1 may play a role in SLE pathogenesis 

by other means in addition to its inhibitory function as a negative costimulatory molecule. It may 

also be associated with disease severity and act as a negative feedback mechanism for preventing 

potential tissue damage brought on by excessive autoimmune responses in SLE patients [33]. 

Based on the findings of the study, the increased PD-1 expression in SLE patients may be related 

to the pathogenesis of the disease and may be helpful in SLE treatment. The current study agrees 

with the previous study done by Bassiouni et al. [34], who discovered that serum PD-1 levels are 

significantly higher in patients with early-diagnosed SLE compared to healthy individuals. While 

the present study disagrees with Her et al.'s [35] study, which recorded that PD-1 serum levels in 

patients with SLE were comparable to those in the control group, 

4.2. Vitamin D 

Evidence has accumulated in recent years on the influence of vitamin D on the immune system. 

Given that vitamin D supplements are inexpensive and infrequently harmful, it may be advised 

that all SLE patients take them regularly [36]. It is generally safe, considerably raises serum 

vitamin D levels in SLE patients, extends life, lowers proteinuria, and improves knee arthritis [37, 

38]. Therefore, the current results showed an increase in vitamin D levels in SLE patients 

compared to the healthy group. In the same context, vitamin D insufficiency is frequent in the 

general population; an estimated one billion individuals worldwide are thought to suffer from 

vitamin D deficiency or insufficiency [38, 39]. According to certain research, women are more 

likely to suffer from vitamin D deficiency than men because they spend less time outdoors and use 

sunscreen more frequently. This finding may also be related to the Islamic custom of covering the 

body from head to toe [40; 41]. and this explains the low vitamin D level in the healthy control 

group. A previous study showed no significant differences in vitamin D levels between SLE 
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patients taking anti-malarial and corticosteroids and those who were not taking them [37]. The 

current study disagrees with previous studies conducted by Islam et al. [42] and Attar et al. [43], 

who discovered a link between low vitamin D levels in SLE patients and healthy individuals. A 

study performed by Stockton did not record a difference between patients and controls [44]. It's 

possible that the literature on SLE exaggerated the vitamin D insufficiency in lupus because the 

majority of research included healthy hospital-based controls. The healthy controls might not have 

represented the overall population, and the hospital-based recruiting process could have resulted 

in selection bias [45]. Therefore, despite the widespread belief that people with SLE have 

significantly lower levels of vitamin D, differences in assay methods, ethnicity, cut-off values, 

seasonality, latitude, age, disease duration, and sex all affect the frequency of vitamin D [46], and 

may all people in the same society have a deficiency in vitamin D level. 

4.3. Serum Level of RANKL 

The development of RANKL assay has generated significant interest in utilizing them as 

markers for metabolic bone diseases. Nevertheless, it is worth noting that changes at the cellular 

level may not necessarily lead to corresponding alterations in serum levels [47]. Because most 

RANKL is membrane bound, studies using serum RANKL can sometimes be constrained by the 

significant percentage of individuals with undetectable circulating [48]. Therefore, maybe 

RANKL is only detectable in vivo by flow cytometry following bone biopsy [49]. In humans, this 

technique is very impractical [47]. Because only a tiny amount of serum RANKL may enter the 

systemic circulation and because some of the serum RANKL concentrations may come from non-

skeletal sources, serum RANKL may not accurately reflect its level in the bone microenvironment 

[50], and this may explain why the current result did not record a significancy in serum level of 

SLE patients compared to healthy individuals. The current study disagrees with previous studies 

done by Hao et al., [51] and Ali et al., [52] who showed that RANKL was significantly higher in 

children with SLE. Another study done by Sandal et al., [53] on children with SLE found that 

RANKL levels were unrelated to disease activity. The current study agrees with a previous study 

conducted by Carmona-Fernandes et al., [48] who found sRANKL levels to be similar between 

SLE and healthy control women. The reason for the discrepancy in the results of different studies 

may be attributed to the many factors that influence these measurements, such as differing designs 

and methodologies. 

4.4. Serum Level of Sclerostin 

In various autoimmune diseases, sclerostin levels seem to have a heterogeneous pattern [54]. A 

previous study conducted on rheumatoid arthritis (RA) patients attributed the reason why serum 

sclerostin levels did not increase in those patients to the fact that increased osteocyte death in bone 

samples from RA patients may decrease sclerostin synthesis and release from osteocytes into their 

circulation [55]. Also, sclerostin serum levels may not reflect its tissue concentration or reflect 

changes in the microenvironment of the joints [56]. and this maybe explains why the current study 

did not record a significant difference in the sclerostin serum level of SLE patients compared to 

healthy individuals. The current study agrees with previous studies done by [57] and [58], who 

observed that sclerostin levels found in SLE patients were comparable to those found in healthy 

individuals. The current study disagrees with the study done by [59], who recorded a decrease in 
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serum levels of sclerostin in SLE, and also disagrees with [29], who reported a high sclerostin 

level in SLE patients compared to healthy controls. The reason for the disparity in the results of 

different studies may be attributed to the many factors that influence these measurements, such as 

the number of samples or the examination method. 

5. Conclusions 

Based on our findings, PD-1 may be considered a good therapeutic target for SLE, and the level 

of vitamin D must be at a sufficient level, especially in SLE patients. 
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