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Introduction

Rheumatoid arthritis is a common autoimmune disease 
associated with progressive disability and systemic and 
local conflicts (1). Rheumatoid arthritis is associated with 
synovial inflammation, joint swelling, and production of 
autoantibodies, cartilage and bone destruction, and syste-
mic complications such as cardiac, vascular, and pulmo-
nary disorders (2). Disturbance of the immune system ba-
lance plays a vital role in the development of rheumatoid 
arthritis. Many studies consider both arms of the immune 
system, i.e., humoral and cellular immunity, to be involved 
in the development of arthritis (3).

In addition, cells such as monocytes and T cells and 
their secreted cytokines such as TNF, IL-8, and IFN-γ 
play an essential role in the development of rheumatoid 
arthritis (4). Among the subtypes of T cells, Th1 and Th17 
cells play the most crucial role in the development of RA 
(1). The activation of T cells and other immune cells more 
than expected and disruption of the internal homeostasis 
of these cells play the most critical role in the development 
of rheumatoid arthritis. On the other hand, as a cellular ca-
tabolic process, autophagy plays an essential role in main-
taining the balance of cells and recycling damaged cellu-
lar components (5). Autophagy is a process during which 
auto-phagosomes, which contain cytoplasmic details, are 
merged with lysosomes, their internal contents are broken 
into their constituent subunits, and finally, they are used by 
the cell itself (6).

Autophagy has different stages, which include induc-

tion of autophagy, nucleation of auto-phagosome, matu-
ration of auto-phagosome, integration of auto-phagosome 
with the lysosome, and breakdown of auto-phagosome 
contents (7). In each step, a series of specific genes are 
activated, two of which are studied in this study, Beclin-1, 
and Atg5. Beclin-1 binds other proteins related to autopha-
gy at the site of autophagosome formation and promotes 
auto-phagosome nucleation. Atg5, in a complex form with 
Atg12 and Atg16L, plays a role in membrane curvature 
and auto-phagosome maturation. Autophagy can regulate 
immune responses against various antigens by influencing 
the development, survival, and proliferation of lympho-
cytes (2). Uncontrolled autophagy is associated with seve-
ral autoimmune diseases, such as rheumatoid arthritis and 
systemic lupus erythematosus (SLE) (8).

Autophagy can induce proliferation in synovial fibro-
blast cells in patients with rheumatoid arthritis and also 
regulate the resistance to apoptosis in these cells. Auto-
phagy plays a role in delivering citrullinated peptides to 
T cells and activating them (9). In addition, new studies 
show that increased autophagy is associated explicitly 
with inflammation leading to rheumatoid arthritis, and 
many drugs used to treat this disease may reduce the 
autophagy process (10). For example, chloroquine (CQ) 
and hydroxychloroquine (HCQ), which are highly effec-
tive drugs in treating RA, can regulate autophagy (11). 
Considering the role of immune cells in the progression 
of rheumatoid arthritis and the importance of autophagy in 
regulating the internal homeostasis of cells, in this study, 
we determined the expression levels of two genes related 
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to autophagy (i.e., Beclin-1 and Atg5) in the peripheral 
blood cells of two groups of Rheumatoid arthritis patients, 
(i.e., primary patients and patients under treatment) were 
examined compared to healthy people because by iden-
tifying the changes in the expression of these genes in the 
group of untreated rheumatoid arthritis patients and the 
treated group, it is possible to understand the effects of the 
common drugs used to treat RA on the expression of these 
genes. In the future, along with the medications used to 
treat rheumatoid arthritis, these genes can be targeted as 
a new therapeutic approach and used to improve the treat-
ment of rheumatoid arthritis patients.

Materials and Methods

Collection of samples
This study is analytical-cross-sectional. Samples were 

randomly collected from two groups of rheumatoid arthri-
tis patients and a group of healthy people as a control group. 
Peripheral blood samples were collected from patients in 
the six months of summer and fall of 2021. After the dia-
gnosis of patients with rheumatoid arthritis by a rheuma-
tology specialist according to EULAR/ACR criteria and 
confirmatory tests, 40 patients (average age 52 years), and 
40 healthy individuals (average age 49 years) were sam-
pled. The groups under investigation in this study were 
matched in terms of age and sex. The number of patients 
studied was selected based on previous studies in this 
field. Patients with a history of autoimmune disease, joint 
disease, severe infection, and cancer, as well as people 
who used tobacco, were excluded from the study. First, 
the necessary explanations about the project were given to 
the people, and each participant participated in this study 
by declaring personal consent and filling out the consent 
form. Disease severity (DAS-28) was calculated based on 
the number of swollen joints, the number of painful joints, 
and ESR based on the following formula:
DAS-28= 0.56(TJ) 1/2 + 0.28 (SJ) 1/2 + 0.7 In(ESR) +0.14 
(GH)
(TJ: Number of Tender joints from 28 joints; SJ: Number 
of swollen joints from 28 joints; GH: Global Health).

RNA extraction and cDNA synthesis
RNA extraction from peripheral blood cells was per-

formed immediately after sampling using the RNX PLUS 
kit protocol. The quality and kit of extracted RNA were 
evaluated by gel electrophoresis and nanodrop device 
(Thermo Scientific, Waltham, MA, USA), respectively. 
Synthesis of cDNA was done using Transcriptor First 
Strand cDNA (Roche, Basel, Germany).

Investigation of Beclin-1 and Atg5 gene expression
Using real time PCR technique, the relative expression 

of Beclin-1 and Atg5 was measured in two groups inclu-
ding patients and healthy individuals. In this study, the 
GAPDH gene was used as a housekeeping gene (Table 1).

The primers of these three genes were designed using 
the Oligocalc and Outoanalyzer online sites and were 
blasted using the NCBI online site to check their speci-
ficity. Real time PCR reaction was performed using TA-
KARA's Syber Green master mix and Roche Life Science 
Lightcycler® 96.

The PCR reaction was performed in a volume of 20 µL 
according to the protocol of the kit and to control the work 
in duplicate on each sample. The time schedule of the am-
plification device includes three stages: 1 preincubation 
cycle at 95°C for 30 seconds, 45 amplification cycles at 
95°C for 5 seconds, 60°C for 30 seconds, and 72°C for 30 
seconds, and finally 1 cycle of melting was done at 95°C 
for 5 seconds, 60°C for 60 seconds, and 95°C for 1 second. 
Using the designed primers (Table 1), the expression va-
lue of each Beclin-1 and Atg5 gene was calculated as a 
difference in threshold cycle value (CT) compared to the 
GAPDH gene based on Levak's formula. Then, using the 
Quantile Normalization method, these data were norma-
lized. After calculating the ∆CT, the CT difference of the 
reference gene from the target gene for each individual, 
the formula 2-∆CT was used to obtain the expression level 
of each of the Beclin-1 and Atg5 genes. Finally, the ave-
rage expression of these genes was obtained for the three 
studied groups.

Statistical analysis
Under the assumption of quantification and normality, 

ANOVA and t-test were used. All statistical analyzes were 
done using Statistic Package for Social Science (SPSS) 
version 16 software (SPSS Inc., Chicago, IL, USA). Data 
were reported as Mean±SD. The level of statistical signi-
ficance was P<0.05.

Results

The clinical and laboratory characteristics of the stu-
died subjects are specified in Table 2. 

The expression of the Beclin-1 gene in patients shows 
a significant increase compared to control subjects. The 
expression level of this gene in patients is 2.21 compared 
to the control condition (P<0.05) (Figure 1).

Atg5 gene expression increased in untreated patients 
compared to control subjects, which was statistically si-
gnificant. The expression level of this gene has increased 
in patients by 1.53 times compared to the control condition 

Gene Sequence Product Length Annealing Temp.
GADPH Forward CTTTTAACAGGGGCTGTCTGGT 205bp 63°C

Reverse ACTTGATTTTGGAGCCCCGGA
Beclin-1 Forward CGTTAGCTGCATACTCTGTGT 152bp 61°C

Reverse TGACTGCCTCCTGTCTTTCTTCAA
Atg5 Forward CTGGATATCCCCTTTATTGTTATG 104bp 59°C

Reverse AGTGTCCTAGTGGCAACTGTCCA

Table 1. The sequence of primers for gene expression study.
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accumulate in joint areas. These cells produce pro-inflam-
matory cytokines that affect synovial fibroblasts and are 
involved in the pathogenesis of rheumatoid arthritis (12). 
The factors that play a role in activating these cells are 
influential in the progression of rheumatoid arthritis. As 
mentioned, one of the essential mechanisms in maintai-
ning the internal homeostasis of cells is the autophagy 
process (13). This study selected two critical genes in the 
autophagy process for investigation. Beclin-1 is one of the 
important genes in the induction of the autophagy process 
and is involved in the nucleation of autophagosomes in the 
membrane and the activation of other autophagy-initiating 
factors. On the other hand, Atg5 forms a complex with 
Atg7 in the lipidation of the microtubule-associated light 
chain (LC3). Also, the evolution of the auto-phagosome 
membrane plays a role. The increase in the expression 
of these genes can indicate an increase in the autophagy 
process in patients with rheumatoid arthritis. Increasing 
autophagy in these conditions can provide the subunits of 
nutrients needed for the cells and maintain the immune 
cells' activity in rheumatoid arthritis (14).

There is not much information about the role of auto-
phagy in rheumatoid arthritis. But a study conducted in 
2016 shows that excessive activation of T cells in rheuma-
toid arthritis and their resistance to apoptosis may result 
from increased autophagy flow (15). The results obtai-
ned in our study regarding Beclin-1 and Atg5 genes were 
consistent with this study. Also, in addition to making 
nutrients available to cells, autophagy also plays a role 
in delivering citrullinated peptides to T cells through the 
MHCII supply route, thus stimulating the activation of T 
cells (7). Since many peripheral blood cells are made up of 
T cells, the increase in these genes can be related mainly 
to T cells (16, 17). A study conducted on rats shows that 
the administration of methotrexate can activate apoptosis 
and autophagy pathways by affecting the factors related to 
these pathways. For example, methotrexate can increase 
AMPK in rheumatoid arthritis patients (19). AMPK is an 
intracellular energy sensor regulating autophagy pathways 
under different conditions by affecting factors such as 
mTORC1 and FOXO3 (20). Also, in a study, researchers 
showed that using combined treatments consisting of 
methotrexate and an autophagy inhibitor has more effec-
tive results on the healing process of rheumatoid arthritis 
patients (12). However, the exact mechanism of the effect 
of methotrexate on the autophagy process in patients with 
rheumatoid arthritis needs more studies. Prednisolone is a 
glucocorticoid drug commonly used to treat rheumatoid 
arthritis, reducing the progression of this disease (21).

Also, studies show that prednisolone can increase apop-
tosis in immune cells, including T cells, by increasing the 
expression of pro-apoptotic proteins. Regarding hydroxy-
chloroquine, it should be mentioned that this compound is 
used as an anti-malarial drug (22). Still, it has been used in 
treating autoimmune diseases such as rheumatoid arthritis 

(P<0.05) (Figure 2).

Discussion

In the present study, the expression level of two genes 
related to autophagy, i.e., Beclin-1 and Atg5, in the peri-
pheral blood cells in the group of untreated patients with 
rheumatoid arthritis was higher than in the control group, 
and these results are statistically significant for both of 
these genes. In the early stages of rheumatoid arthritis, 
immune cells such as activated T cells and monocytes 

Variable Patients (n=40) Control (n=40)
Age (year) 52.17 ± 2.48 49.11 ± 6.43
ESR (mm/h) 31.42 ± 6.22 -
DAS28 4.17 ± 0.194 -

Table 2. Clinical and laboratory characteristics of the studied groups.

Figure 2. Comparison of Atg5 gene expression in patients and healthy 
people; the expression of the Atg5 gene in patients showed an increase 
compared to control subjects, which was statistically significant. The 
expression level of this gene in patients is 1.53 times compared to 
the control state. The change in Atg5 gene expression compared to 
control samples is reported as mean ± standard deviation (* P<0.05).

Figure 1. Comparison of Beclin-1 gene expression in groups of pa-
tients and healthy people; the expression of the Beclin-1 gene in pa-
tients shows a significant increase compared to control subjects. The 
change in Beclin-1 gene expression compared with control samples is 
reported as mean ± standard deviation (* P<0.05).

The data is in Mean ± SD format. ESR: erythrocyte sedimentation rate, DAS-28: Disease Activity Score28.



232

Wen Zhao et al. / Genes related to autophagy in rheumatoid arthritis, 2023, 69(9): 229-233

in recent years. Hydroxychloroquine can directly inhibit 
the integration of autophagosomes with lysosomes (23). 
Thus it is known as a potent suppressor of the autophagy 
process. On the other hand, studies show that TNF-de-
pendent autophagy may play a role in resistance to apopto-
sis in this disease because it is well-known that inhibition 
of autophagy by anti-TNF drugs may activate apoptosis 
(24). According to the information related to the mecha-
nisms of action of these drugs, it can be said that the effects 
of these drugs are likely to decrease the level of autophagy 
and the resistance to apoptosis (increased apoptosis) in the 
peripheral blood cells of patients with rheumatoid arthritis 
(25). Although the available evidence shows that methot-
rexate can increase autophagy, it should be noted that this 
drug can also activate apoptosis (26). These two pathways 
are closely related and act in opposite directions in most 
cellular situations. Which of these two mechanisms is more 
dominant in cells largely depends on the environmental 
signals of these cells (27). On the other hand, combining 
methotrexate with drugs such as prednisolone (increasing 
apoptosis) and hydroxychloroquine (inhibiting autophagy) 
can lead cells to decrease autophagy. Reducing autophagy 
can reduce the activity of immune cells, reduce resistance 
to apoptosis in these cells, and generally facilitate the hea-
ling process of patients (28).

In general, this study showed that the expression of 
autophagy genes increases in the peripheral blood cells 
of rheumatoid arthritis patients. This way, we raised the 
importance of autophagy in the progression of rheumatoid 
arthritis. To clarify the exact mechanism of autophagy in 
rheumatoid arthritis, it is suggested to evaluate other genes 
and factors effective in this path.
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