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Abstract: Systemic Lupus Erythematosus (SLE) is a clearly 

heterogeneous autoimmunity disorder with an unknown etiology that largely 

affects several body regions. Interleukin-15 (IL-15) is a cytokine that plays a 

vital role in the immune regulation and has been related in the pathogenesis of 

SLE disease. Hemolytic anemia is one of the hematological features of SLE, 

where the immune system breaks erythrocytes (red blood cells), causing 

anemia. The aim of this research is to evaluate IL-15 in SLE patients and their 

correlation with hemolytic anemia to see if this can be used as a biomarker for 

hemolytic anemia in SLE patients. This study analyzed the demographic and 

clinical presentation of 200 cases with whole blood and serum from this 

disease. ELISA and qPCR were also used to measure the amount of IL-15 at 

the gene and serum of SLE disease association hemolytic anemia. The results 

showed that IL-15 contributes to the immune response in hemolytic anemia 

from SLE. The data demonstrated that the gene and serum concentration of 

IL-15 in SLE disease patients associated with hemolytic anemia were higher 

than non-hemolytic anemia. In conclusion, the level of serum IL-15 was 

confirmed to be significantly higher in SLE patients associated with 

hemolytic anemia, not only in SLE disease patients. 
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1.Introduction  

Systemic Lupus Erythematosus (SLE) is a persistent 

autoimmune disease caused via mistakenly attacking the 

body's tissues in different areas of the body. This can 

result in inflammation and damage to different organs, 

including the skin,kidneys, and joints [1]. An 

autoimmune hemolytic anaemias (AIHAs) is uncommon 

red blood cells disorder produced by anti-RBCs 

autoantibodies which cause a short life span of red blood 

cell [2]. The causes of disease are unclear, but 

environmental and genetic factors trigger immune 

responses, leading to overproduction of harmful auto-

antibodies and cytokine imbalances, causing tissue and 

organ damage [3].  SLE always occurs among 

adolescents and young adults, between the ages of 15 

and 44, and primarily affects females in their 

reproductive years [4]. clinical manifestation of SLE 

include fever, fatigue,headache, rash, and multi arthritis, 

also anemia, leukopenia, and thrombocytopenia to 

vasculitis, serositis, and nephritis extend to serious organ 

and become life-threatening[5].SLE diagnosis is based 

on a mix of typical clinical symptoms and signs and 

positive immunological tests. The diagnosis tends to be 

difficult or delayed, and it requires good clinical skills 

for linking clinical and immunological test results [6]. 

Clinical manifestations of many parts of the body and 

organs, as well as immunological markers like anti-

nuclear antibodies (ANA) and specific antibodies to 

dsDNA, are the approved way to diagnose SLE [7]. 

Chloroquine, glucocorticosteroids, and 

immunosuppressant drugs are classical treatments for 

SLE patients, while biologic therapy, for example 

belimumab, is the first confirmed biologic agent for SLE 

treatment [8]. The imbalances of innate to adaptive 

immunity leading to a loss of immune tolerance. This 

loss of tolerance is regulated by a variou of mechanisms, 

such as cell death (apoptosis), inability to compete for T 

cell assistance, and failure to differentiate into effector 

cells [9]. B-lymphocytes contribute to the 
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immunopathogenesis of SLE disease by playing a 

immportant role in the generation of auto-antibodies 

[10]. T-cells crucially contribute to SLE 

immunopathogenesis by stimulating B-cell production of 

pathogenic auto-antibodies, promoting differentiation, 

proliferation, and class-switching of produced auto-

antibodies [11]. IL-15 is a pro-inflammatory cytokine 

involve in the development, proliferation, and activation 

of lines of multiple lymphocytes that use a diversity of 

signaling pathways [12]. IL-15 is expressed at the 

mRNA level in musculoskeletal tissue at a high level. 

This cytokine is produced mainly via monocytes, 

macrophages, activated CD4+ T-cells, and other cell 

types like cardiac muscle and kidney as a mature 

protein[13]. Serum levels of IL-15 were higher in SLE 

patients and increased in active disease than in inactive 

(remission) disease [14]. The purpose of this research 

was to evaluate serum levels of IL-15 in SLE patients 

receiving treatment and to analyze the correlation 

between IL-15 and SLE-disease association with 

hemolytic anemia. To improve that, it was hypothesized 

that the test of IL-15 is induced up/down regulate based 

on SLE disease related to hemolytic anemia. 

2.Methodology  

Samples collection  

    The samples were collected between 2nd of 

September to 24th April, 2024, we collected 

approximately 200 samples, divided into 165 SLE 

patients diagnosed based on the College of 

Rheumatology in America classification criteria for SLE 

[15] and 35 healthy cases of different ages and sexes. 

They have been divided into two groups: hemolytic and 

non-hemolytic anemia cases. Each patient had two 

samples taken, one of serum and one of whole blood, 

and both were frozen directly after collection; however, 

Triozol was added to the whole blood samples to protect 

the mRNA from degrading before freezing. 

Laboratory tests 

   All samples were tested using immunological tests 

such as anti-nuclear antibody (ANA), anti-dsDNA 

antibody (Anti-dsDNA) have been performed to test all 

specimens. Coomb's test and the total serum bilirubin 

test (TSB) to classify all specimens according to 

hemolytic or non-hemolytic anemia, Real time RT-PCR 

   The whole blood samples were used from hemolytic 

anemia and non-hemolytic anemia cases. All samples 

were extracted due to the instruction of RNA kit (Solar-

bio Company) to isolate the mRNA. The samples were 

centrifuged at 200 xg for five minutes, and treated with 

lysis buffer. The pellet was treated with RPE buffer and 

then treated 2x with WT buffer. The RNA samples were 

eluted using elution buffer and kept it at -20 to next 

steps. The second step was performed by using a reverse 

transcription kit to generate complementary DNA 

(cDNA). The PCR was ruined with Primer Design 

Precision's 2x qPCR SYBER Green Master Mix. Plates 

with sets of primers and probes for the gene of interest 

are used as a quality assurance measure in the lab. The 

799HT Abi Prism equipment was used to conduct 40 

cycles of qPCR on the plate. The fluorescence emission 

from the product can be used to pinpoint the cycle point 

using qPCR Target. IL-15 levels are proportional to the 

Ct value. IL-15 primers are used: F: 

AGGATTTACCGTGGCTTTGAGT, R: 

CTGCACTGAAACAGCCCAAA, and GAPDH primers 

are used: F: TGCACCACCAACTGCTTAGC, and R: 

GGCATGGACTGTGGTCATGAG. These primers were 

purchased from the South Korean company Macrogen. 

Relative expression was normalized by comparison to 

established reference genes. When comparing relative 

fold expression differences, the Ct method was applied. 

The estimation of human IL-15 

All of the samples were tested for IL-15. The serum 

samples were briefly centrifuged to filter out debris 

before an instantaneous assay. After reconstituting the 

standard with 1.0 ml of standard sample diluent to make 

a stock solution of 2000 pg\ml. Allow the standard to 

remain for 15 minutes with gentle agitation prior to 

making dilutions. Pipette 875uL of standard \ sample 

diluent into 250pg\ml tube, and add 125 uL stock 

solution of 2000 pg/ml into it to get the high standard of 

250 pg/ml. Pipette 500ul of standard \ sample diluent 

into the remaining tubes. It was incubated at 37 °C for 90 

minutes with the plate covered. Three times, 1 x wash 

buffer is aspirated and used to wash each well. 

Incubation at 37 °C for a 30 minutes, a 100-ul working 

solution of biotin-conjugated anti-human IL-15 antibody 

is added to each well. Three times, 1x wash buffer is 

used to wash each well. After replacing the adhesive 

strip on the micro titter plate, 100 u1 of HRP-avidin 

working solution is poured into each well. After washing 

3 times with 1 x wash buffer, the mixture was incubated 

for 30 minutes at 37 °C. Each well is filled with 100 ul 

of TMB substrate, which is then gently mixed. The 

micro-plates are then incubated for 20 minutes at 37°C 

in a dark location.50 ul of stop solution were added to 

each well in order to stop the color shift. Using a micro 

plate reader set at 450 nm, the optical density of every 

well is determined in 30 minutes. It would be possible to 

determine the IL-15 content in the mystery sample after 

gathering all of the data. 
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 Figure2: The standard curve of interleukin 15 

concentration (pg/ml) 

Statistical analyses  

All graphs and statistical analyses were created and 

analyzed using GraphPad Prism 9. One- and two-way 

ANOVA for multiple comparisons were used to detect 

the specimens with statistically significant differences. 

The data is shown as a mean standard error of the mean. 

3. Results and discussion  

The aim of the study to evaluate IL-15 in SLE disease 

associated with hemolytic anemia cases. First of all, 200 

specimens were collected based on variant criteria. 

Samples have to meet the following criteria between 2nd 

of September, 2023 to 24th April, 2024. Anti-nuclear 

antibody and Anti- dsDNA antibody, Coomb's test, and 

total serum bilirubin test have been performed to test all 

specimens. The chorus instrument is based on the ELISA 

technique. The antigen has been embedded in a solid 

state. Specific immunoglobulins (Igs) bind to antigens 

during incubation with diluted human serum. The 

unreacted protein is washed, and then the samples are 

treated with an anti-human immunoglobulin Abs that has 

been conjugated to the horseradish peroxidase enzyme. 

Unbound conjugate antibodies are removed, and 

peroxidase substrate is added. The color produced is 

immediately proportional to the titers of the specific 

antibody present in the serum samples. All the reagents 

needed to conduct tests on the Chorus/Trio device are 

involved in the disposables. The gadget used to diagnose 

SLE disease is expressed in international units (IU/mL) 

for the results. The result shows that the hemolytic 

anemia cases is about 10%, and the non-hemolytic 

anemia cases is about 90%, as shown in Figure 2. It 

seems that the percentage of non-hemolytic anemia was 

higher than hemolytic anemia cases. This result was in 

agreement with[16]. 

 
Figure 3: The percentage of hemolytic anemia and non-

hemolytic anemia at SLE patients  

The results show the percentage of 200 samples from 

SLE disease that were isolated in different labs Missan 

province. Coomb's test, and total serum bilirubin tests 

were used to check all of the samples for hemolytic 

anemia and non-hemolytic anemia at SLE patients. 

 

The changes of IL-15 at the mRNA level in 

response to SLE disease association with 

hemolytic anemia 

The aim of this part was to determine whether IL-15 in 

hemolytic anemia cases was up- and/or down-regulated 

after SLE disease. In brief, the RNA has been extracted, 

and cDNA was prepared using a reverse transcriptase kit. 

After analyzing the data from qPCR, the fold change was 

calculated using the equation 2^(-ΔΔCt). The results 

show IL-15 was mostly increased in hemolytic anemia 

cases at mRNA expression, while IL-15 was not changed 

in non-hemolytic anemia cases at mRNA expression 

compared with control cases, as demonstrated in figure 

4. The IL-15 was significantly increased with hemolytic 

anemia group P-value 0.01 **, but there was no 

significant difference in non-hemolytic anemia cases. 

These results agreed with those of other researchers, for 

example, McFarlane and their group found that IL-15 

enhances the Janus kinase 3-STAT5 pathway to promote 

the expansion, proliferation, and cytotoxic function of 

CD4+ CD28− T cells in SLE patients [17]. It seems that 

IL-15 can be used as a good marker for detecting the 

hemolytic anemia cases of SLE disease. These results 

were similar with another result obtained by [18]. 
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Figure 4: The IL-15 at mRNA expression has changed in 

response to SLE with hemolytic anemia and non-

hemolytic anemia 

IL-15 expression has been measured by qPCR in patients 

who have been detected to have hemolytic anemia in 

cases of SLE compared with healthy cases. Expression 

of IL-15 in healthy cases and non-healthy cases was 

calculated using the 2-ΔΔCt method following 

estimation of the housekeeping gene GAPDH. IL-15 

showed changes in whole blood cells. The significance 

of differences has been tested by one-way ANOVA, 

where ** p<0.01 is significant and ns = non-significant. 

The data are the means of 200 samples from three 

separate experiments with duplicates. 

 

The changes of IL-15 protein in response to 

SLE disease association with hemolytic anemia 

cases 

    The aim of this section was to approve that IL-15 

levels are also changed by protein levels and gene 

expression in hemolytic anemia and non-hemolytic cases 

of SLE disease. To do this, all samples are collected and 

classified according to our criteria. The serum was 

collected and kept at -20 °C from healthy and non-

healthy cases of SLE disease. The IL-5 Eliza kit 

(Solorbio-China) was used according to manufacturer 

instructions using the sandwich Eliza technique, and the 

results were analyzed using the standard curve 

technique. The results showed a significant increase in 

hemolytic anemia and not a significant difference in the 

non-hemolytic anemia compared to control cases 

concentrations. Interestingly, IL-15 significantly 

increased in the hemolytic anemia group (P-value 0.01 

**) compared to control cases, as demonstrated in figure 

5. These results agreed with other researchers’ for 

examples; Aringer and his colleagues found that the IL-

15 increase with serum level of SLE patient[17] and 

[18]. It seems that IL-15 can be used as a good marker 

for detecting the hemolytic anemia cases of SLE disease. 
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Figure 5: The IL-15 protein expression has changed in 

response to SLE with hemolytic anemia and non-

hemolytic 

The IL-15 protein expression has been measured by 

Eliza in patients who have been detected to have 

hemolytic anemia in SLE compared with healthy cases. 

Expression of IL-15 in healthy cases and non-healthy 

cases was calculated using the standard curve method 

following an estimation of manufacturer information. IL-

15 showed changes in serum. The significance of 

differences has been tested by one-way ANOVA, where 

** p<0.01 is significant and ns = non-significant. The 

data are the means of 200 samples from three separate 

experiments with duplicates. 

 

Conclusion 
IL15 is up-regulated at mRNA levels and protein 

concentration with SLE associated hemolytic anemia 

compared with non-hemolytic anemia. It seems that the 

IL-15 can regulate SLE at different stages of disease 

especially with hemolytic anemia.  
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