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Abstract: Objective: To study the effect of DNMT1 on CD4+ T cells in the peripheral blood of systemic lupus erythe-
matosus (SLE) patients. Methods: To investigate the differential expression of DNMT1 in CD4+ T cells of SLE pa-
tients and healthy individuals, a DNMT1 lentiviral plasmid (pLenti6.3/V5-DNMT1) and a control plasmid (pLenti6.3/
V5-GW/LacZ) were constructed and transfected into CD4+ T cells from the peripheral blood of SLE patients. The 
transcriptional and translational expression of DNMT1, global genomic DNA methylation, and the production of IgG 
antibody in the CD4+ T cells in the peripheral blood of SLE patients were assessed using qPCR analysis, western 
blotting, flow cytometry, and ELISA, respectively. Results: The expression level of DNMT1 in SLE patients was signifi-
cantly lower than that in normal humans. The expression of DNMT1 was found to be positively correlated with the 
methylation level of genomic DNA and negatively correlated with the IgG titration level. DNA sequencing results con-
firmed that the DNMT1 lentiviral plasmid was successfully constructed. After the CD4+ T cells from the peripheral 
blood of SLE patients were transfected with the pLenti6.3/V5-DNMT1 plasmid, the transcription level of the DNMT1 
gene was upregulated and abundance of DNMT1 protein significantly increased. Global genomic DNA methylation 
was enhanced, while the production of IgG antibody was reduced. Conclusion: DNMT1 can inhibit the autoimmune 
response in SLE patients by reversing the abnormally low DNA methylation level in the CD4+ T cells.
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Introduction

Because of high prevalence, extremely harmful 
effects, and the unavailability of effective medi-
cal treatments, systemic lupus erythematosus 
(SLE) has become a serious threat to human 
health. Recent studies have found that demeth-
ylation of DNA in CD4+ T cells can increase the 
expression of autoimmune-related genes, such 
as CD11a (ITFAL) [1] and CD70 (TNFSF7) [2], in 
the T cells of SLE patients. CD11a can trigger 
the autoreactivity of T cells, while the overex-
pression of CD70 can stimulate B cells to 
increase the production of autoantibodies. A 
study by Lu et al. [3] also found that the high 
susceptibility of women to lupus erythemato-
sus is related to DNA methylation levels in CD4+ 
T cells. DNA demethylation leads to the inacti-
vation of regulatory genes in the X chromosome 
and the overexpression of autoimmune-related 
genes such as CD40L (TNFSF5), which enhanc-
es the effect of anti-chromatin antibodies in 
females. The association of the increasing sus-

ceptibility of female patients to lupus erythem- 
atosus with abnormal DNA methylation and its 
regulatory mechanism is highly complex. To 
date, the regulatory mechanism of DNA meth-
ylation in the T cells of SLE patients remains a 
highly debated subject of study within epi-
genetics. Sawalha AH et al. [4] claimed that 
DNA demethylation is caused by the downregu-
lation of DNA methyltransferase (DNMTs) due 
to the disruption of ERK signaling pathways in T 
cells of SLE patients. Deng C et al. [5] suggest-
ed that DNMTs are directly inhibited by inhibi-
tors such as 5-AZAC and procainamide. 
However, the research groups of Barreto G [6] 
and Li Y [7] proved that GADD45A erases meth-
ylation marks by promoting DNA repair, result-
ing in demethylation of CD11a and CD70 pro-
moter sequences in the T cells, resulting in 
autoimmunity in SLE patients. Some transcrip-
tional regulatory proteins, such as Sp and CTCF 
(isolated proteins, CCCTC binding factor), pro-
tect parts of regulatory genetic sequences from 
methylation by the formation of a specific 
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demethylated region via inhibition of the enzy-
matic transfer of the methyl group to cytosine 
by DNMTs. This enhances chromatin-remodel-
ing activators and maintains gene activation 
[8]. However, these studies did not fully investi-
gate the relationship between gene demethyl-
ation in the CD4+ T cells of SLE patients and the 
pathological mechanism of the disease. In this 
study, the effect of the DNMT1 on CD4+ T cells 
was investigated in vitro by overexpressing the 
DNMT1 gene on the DNMT1 lentiviral plasmid 
transfected into the CD4+ T cells. This study 
proved that DNMT1 is key to the occurrence 
and development of SLE. This study has con-
tributed to the development of an effective 
treatment for the disease by providing a more 
comprehensive description of the epigenetics 
of SLE pathogenesis.

Materials and methods

Subjects of the study

A total of 15 SLE outpatients and SLE inpa-
tients who met the 1997 updates of the 
American College of Rheumatology (ARA) 
revised criteria for classification of SLE were 
selected from our hospital [9]. The disease 
activity assessment was performed in accor-
dance with the SLE Disease Activity Index 
(SLEDAI-2000) [10]. The selected patients were 
sex- and age-matched and consisted of 8 mal- 
es and 7 females aged 25-62 years, with an 
average age of 34 years. Sex- and age-matched 
control groups of 12 healthy subjects were also 
selected. These subjects included 6 males and 
6 females aged 30-55 years with an average 
age of 43 years.

Cell lines and cell cultures

E. coli DH5α and the human embryonic kidney 
293FT cell line were purchased from the 
Shanghai Institute of Biochemistry and Cell 
Biology (SIBCB). The 293FT cell line was cul-
tured in complete medium: D-MEM (high glu-
cose), 10% fetal bovine serum, 0.1 mmol/l of 
non-essential amino acids, 2 mmo1/l of 
L-glutamine thalidomide, 100 U/ml of penicil-
lin/streptomycin, and 500 µg/ml of Geneticin® 
293FT.

Isolation of peripheral blood CD4+ T cells

A total of 20 ml of blood was withdrawn from 
the peripheral veins of fasting subjects early in 

the morning (with the informed consent of the 
patients and healthy volunteers). The blood 
was injected into a sterile anticoagulant tube 
containing 3.8% sodium citrate. The mononu-
clear cells in the peripheral blood were isolated 
by Ficoll density gradient centrifugation, and 
the MACS technique was then used to separate 
the subtypes of CD4+ T cells.

Construction of the pLenti6.3/V5-DNMT1 ex-
pression plasmid

The amplification primers for the ORF of human 
DNMT1 (GenBank ID: NM001379) were pur-
chased from Shanghai Invitrogen Co., Ltd. The 
forward primer was 5’ TCGCCCCTCCCCATC- 
GGTTT 3’, and the reverse primer was 5’ 
TGGGGCTAGGTGAAGGTTCAGGC 3’. These prim-
ers were used for PCR amplification with the fol-
lowing protocol for 32 amplification cycles: 
95°C for 30 s, 55°C for 30 s, and 72°C for 45 
s. Five microliters of the PCR products was 
loaded onto a 1.5% agarose gel for gel electro-
phoresis. The PCR-amplified DNMT1 product 
was recovered from the gel using the Gel 
Extraction Kit purchased from Shanghai 
Watson Biotechnologies, Inc. Fifteen microli-
ters of the recovered PCR product and 0.5 µl of 
plasmid pMD18T were added to the ligation 
reaction mixture (3 µl sterile water, 2 µl of 5X 
ligation buffer, and 1 µl of T4 DNA ligase). The 
reaction mixture was incubated for 16 h, and 
the ligation product was transformed into com-
petent DH5α cells. The transformed plasmid 
was extracted and sent to Shanghai Invitrogen 
Co., Ltd for sequencing using primers for the 
universal T7 promoter. The sequencing results 
were compared against the GenBank database 
by using BLAST in order to verify the topology of 
the constructed pMD18T-DNMT1 plasmid.

Lentiviral packaging and viral titer determina-
tion

The lentivirus was packaged using the lentivi-
rus transfection kit and the 293FT packaging 
cell line according to the manufacturer’s 
instructions. The supernatant was collected 
and concentrated. The primers and probes 
were designed for targeting the common cDNA 
sequences on the lentiviral plasmids and con-
trol plasmid to determine viral titers using 
qPCR.
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Lentivirus transfection of CD4+ T cells from the 
peripheral blood of SLE patients

The pLenti6.3/V5-DNMT1 plasmid and pLen-
ti6.3/V5-GW/LacZ (control plasmid) were 
transfected into the CD4+ T cells from the 
peripheral blood of SLE patients. The cells were 
collected for detection of positive isolates after 
72 h of transfection.

Determination of DNMT1 Gene expression by 
qPCR 

TRIzol reagent was used to extract the total 
RNA from the 72-h treatment group (pLenti6.3/
V5-DNMT1 plasmid) and the control group 
(pLenti6.3/V5-GW/LacZ plasmid). Total RNA 
was reverse transcribed into cDNA, and the tar-
get gene was detected using the primers F1: 
5’-CCTTGGAGAACGGTGCTCAT-3’ and R1: 5’- 
TCTCCATCGGACTTGCTCCT-3’. The PCR reaction 

protocol consisted of denaturation at 95°C for 
2 min, followed by 40 cycles of 10-s denatur-
ation at 95°C, 30-s annealing at 60°C, and 
45-s extension at 70°C.

Western blot detection of DNMT1 protein ex-
pression

Cultures of the treatment group (pLenti6.3/
V5-DNMT1 plasmid) and the control group 
(pLenti6.3/V5-GW/LacZ plasmid) were har-
vested 2 weeks after the transfection. Cell lysis 
buffer was added to the cells to extract the pro-
teins. The protein extracts were quantified 
using the BCA method. Twenty picograms of 
each sample were used for SDS-PAGE gel elec-
trophoresis and blotting to the transfer mem-
brane. After blocking, the transfer membrane 
was incubated overnight at 4°C with the prima-
ry antibody (DNMT1 antibody or the housekeep-
ing GAPDH antibody). After washing, the mem-

Figure 1. A: PCR results showed that in CD4+ T lymphocytes from SLE patients, DNMT1 is significantly lower than 
that in normal population (P < 0.05); B: Western Blot results showed that in CD4+ T lymphocytes from SLE patients, 
the protein expression of DNMT1 was significantly lower than that in normal population; C: The DNA total methyla-
tion level of CD4+ T lymphocyte in SLE patients were significantly lower than that in healthy people; D: In SLE pa-
tients, the expression of DNMT1 and IgG antibody titers were negatively correlated (P < 0.05).
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brane was hybridized with the secondary anti-
body at room temperature for l h, followed by a 
second washing. The membrane was then visu-
alized using ECL light emission and imaged.

Genomic DNA extraction and determination of 
methylation levels

Cellular DNA was extracted using the Tiangen 
Genomic DNA kit (blood/tissue/cell genomic 
DNA extraction kit). DNA methylation levels 
were determined using the MethylFlash™ 
Methylated DNA Quantification Kit (Colorimetric) 
(Epigentek Inc., USA).

IgG antibody test

The CD4+ T cells were cocultured with the non-
CD4+ T cells. The non-CD4+ T cells were isolat-
ed and quantified, and the cell suspension with 
a total of 8 × 105 cells was centrifuged at 400 
× g for 10 min to discard the supernatant. The 
cells were resuspended in 100 µl of RPMI 1640 
medium and transferred in duplicate into a 
96-well plate. A total of 1 × 105 of the 72-h-trans-
fected CD4+ T cells were collected from each 
group and were added to the non-CD4+ T cell 

wells with gentle mixing. The plate was incubat-
ed at 37°C in a 5% CO2 incubator. Fifty microli-
ters of RPMI 1640 medium was added to each 
well on the fourth and eighth days of incuba-
tion. The plate was centrifuged at 400 × g for 
10 min on the tenth day of incubation to collect 
the supernatant. The IgG antibody was deter-
mined using the Human Immunoglobulin G 
(IgG) ELISA kit according to the instructions pro-
vided by the manufacturer (Nanjing Bo Pai 
Biofactory Co. Ltd.).

Results

Differential expression of DNMT1 mRNA and 
protein in the CD4+ T cells of SLE patients and 
normal humans

As indicated in Figure 1A, the qPCR assay 
showed that the expression level of DNMT1 
mRNA in CD4+ T cells of SLE patients was sig-
nificantly lower than that in normal humans (P < 
0.05). Figure 1B illustrates the western Blot 
experimental results, which showed that the 
expression level of DNMT1 protein in CD4+ T 
cells of SLE patients was significantly lower 
than that of the normal humans.

Figure 2. Synthesis process of 
plenti6.3/v5-DNMT1 viral vector.
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Figure 3. A: PCR results showed that, after the transfection of plenti6.3/v5-DNMT1 viral vector into CD4+ T lymphocytes, the mRNA level of DNMT1 were markedly 
elevated; B: Western Blot results showed that, after the transfection of plenti6.3/v5-DNMT1 viral vector into CD4+ T lymphocytes, the protein level of DNMT1 were 
markedly elevated; C: Flow cytometry results showed that, after the transfection of plenti6.3/v5-DNMT1 viral vector into CD4+ T lymphocytes, the methylation level of 
total DNA raised; D: ELISA results show that, compared with the control group, the production of IgG antibody was reduced after the transfection of plenti6.3/v5-DN-
MT1 viral vector into CD4+ T lymphocytes (P = 0.021); E: 5-Aza-dc cell demethylation can significantly reverse the level of IgG antibody titers in CD4+ T lymphocytes.
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Global genomic DNA methylation in the CD4+ T 
cells of the SLE patients and normal humans

Global genomic DNA methylation levels in the 
CD4+ T cells of SLE patients were significantly 
lower than those in the normal humans (P = 
0.0017) (Figure 1C).

Correlation test of DNMT1 expression and IgG 
antibody titers 

As indicated in Figure 1D, the DNMT1 expres-
sion and IgG antibody titers were negatively 
correlated in SLE patients (P < 0.05).

Construction and sequencing validation of 
plenti6.3/v5-DNMT1 viral vector 

Refer to Figure 2.

Effect of plenti6.3/v5-DNMT1 plasmid trans-
fection on the DNMT1 mRNA and protein ex-
pression levels in CD4+ T cells of SLE patients

As shown in Figure 3A, after transfection with 
the plenti6.3/v5-DNMT1 plasmid, DNMT1 
mRNA expression levels in the CD4+ T cells of 
SLE patients were significantly higher than 
those of the control group (P = 0.0086). After 
transfection with the plenti6.3/v5-DNMT1 plas-
mid, DNMT1 protein expression levels in the 
CD4+ T cells of SLE patients were significantly 
higher than those of the control group (P = 
0.0223) (Figure 3B).

Effect of the plenti6.3/v5-DNMT1 plasmid on 
global DNA methylation in CD4+ T cells of SLE 
patients

Flow cytometry analysis showed that the DNA 
methylation levels of the CD4+ T cells from the 
peripheral blood of SLE patients transfected 
with the pLenti6.3/V5-DNMT1 plasmid were 
significantly increased by 1.35-fold (1.35 ± 
0.059) as compared to the control group 
(Figure 3C).

ELISA evaluation of the effect of plenti6.3/v5-
DNMT1 plasmid on the production of IgG an-
tibodies by the SLE patients’ peripheral blood 
CD4+ T cells

As indicated in Figure 3D, the amount of IgG 
antibody produced from the CD4+ T cells that 
were obtained from the peripheral blood of SLE 
patients and transfected with Lenti6.3/

V5-DNMT1 plasmid was significantly lower than 
that from the control group, and the difference 
was statistically significant (P = 0.021).

Effect of 5-AZA on the production of IgG 
antibody in CD4+ T cells obtained from SLE 
patients and transfected with the plenti6.3/
v5-DNMT1 plasmid 

After the CD4+ T cells that were obtained from 
the peripheral blood of SLE patients and trans-
fected with the plenti6.3/v5-DNMT1 plasmid 
were treated with 5-Aza-2-dc, the production of 
the IgG antibody increased significantly com-
pared to that from the untreated cells (P = 
0.005) (Figure 3E).

Discussion

DNA methylation is closely tied to gene silenc-
ing. It plays an important role in body develop-
ment and gene marking in mammals. After the 
T-cells are stimulated, the methylation group of 
the IL-2 gene promoter is erased, thus leading 
to activation of the T cells. This indicates that 
methylation is a reversible and dynamic mecha-
nism of DNA modification [11]. Recent studies 
on SLE patients and gene expression of DNA 
demethylation-associated genes have gradual-
ly revealed the epigenetics of the SLE patho-
logical mechanism.

A study found that DNA demethylation can lead 
to the overexpression of LFA-1, which was 
detected in the SLE patients and in the T cells 
of DNA methylation inhibitor-induced lupus ery-
thematosus-like autoimmune disease [12]. The 
level of overexpressed LFA-1 is correlated with 
SLE-DAI [13]. LFA-1 is expressed as a heterodi-
mer (CD11α/CD18) on the surface of the lym-
phocytes and belongs to the β2-integrin family, 
which mediates cell-cell adhesion and plays an 
important role in inflammation and immune 
responses with co-stimulatory functions [14]. 
The mRNA expression levels of LFA-1/CD11α/
CD18 have been found to increase by 10-fold in 
human T-cells after treatment with azacitidine 
or procaine. Flow cytometry also detected the 
overexpression of CD11α/CD18 on the cell sur-
face. Transfected cells can exert an immune 
response in the presence of low levels of anti-
gen, but equal levels of antigen do not trigger 
an immune response in non-transfected cells 
[15], suggesting that the overexpression of 
LFA-1 and the autoreactivity of T-cells play 
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important roles in the pathological mechanism 
of autoimmune diseases.

Recent studies have shown that the perforin 
expression in the CD4+ T cells of lupus erythe-
matosus patients was significantly higher than 
that of the control group, and the increase in 
expression levels was found to be positively 
correlated with those of SLE-DAI. Perforins, 
which are mainly expressed on the activated 
cytotoxic T cells and natural killer cells, serve 
as the main toxic proteins that kill the target 
cells. Perforins are usually stored in the cyto-
plasmic granules. T-cells and macrophages 
from an active lupus erythematosus patient 
were cocultured and divided into two groups; 
one group was treated with concanamycin A (a 
selective inhibitor of perforin). The results 
showed that concanamycin A completely inhib-
ited the killing of macrophages, indicating that 
perforin might play an important role in the pro-
cess of killing target cells [16]. The reduction in 
the functionality or the abundance of DNA 
methyltransferase enzyme can cause DNA 
demethylation, leading to onset of the disease. 
Therefore, any disruption in the gene or the 
expression of DNMT1 may play an important 
role in the onset of SLE.

Our previous study [17] used real time RT-PCR 
to determine mRNA expression levels of DNMT1 
in CD4+ T cells from 30 SLE patients and 18 
normal humans. In addition, global methylation 
of genomic DNA was analyzed in parallel to 
DNMT1 expression in order to determine the 
correlation between the two and their relevance 
with the disease activity score (SLEDAI). Our 
study found that expression levels of DNMT1 
mRNA in the CD4+ T cells of SLE patients 
decreased and were associated with DNA 
demethylation, which plays an important role in 
the pathological mechanism of SLE.

In this study, a genetically modified lentivirus 
served as the vector. A lentivirus plasmid, pLen-
ti6.3/V5-DNMT1, containing the human 
DNMT1 gene was constructed, and the 
sequence was validated by DNA sequencing; 
the lentiviral expression plasmids were pack-
aged into the lentivirus in 293FT cells to pro-
duce the infectious viral stock. The construc-
tion of the human DNMT1 gene expression 
plasmid served as the foundation for the study 
of the physiological function of DNMT1 protein 
and the pathological mechanisms in SLE. Using 

our lentiviral vector, the pLenti6.3/V5-DNMT1 
plasmid was transfected into the CD4+ T cells 
of the SLE patients and compared to the con-
trol group. qPCR analysis showed an increase 
in DNMT1 transcription levels, which was fur-
ther confirmed by western blotting, which 
showed increase in protein levels in the cells. 
Flow cytometry verified that global genomic 
DNA methylation levels increased, and that pro-
duction of the IgG antibodies decreased after 
the cocultivation. The capability of the pLen-
ti6.3/V5-DNMT1 plasmid in promoting methyl-
ation in CD4+ T cells of SLE patients has pro-
vided a new tool and insights for future research 
on DNA methylation and its regulation factors.
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