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ARTICLE INFO ABSTRACT

Keywords:

Lupus erythematosus (LE) is an autoimmune disease that can be divided into two types. The cutaneous lupus
erythematosus (CLE), such as discoid LE (DLE), affects only the skin. While the systemic lupus erythematosus
(SLE) affects the hematopoietic, renal, and other systems. We previously found that IFI44L methylation could be a

Discoid lupus erythematosus
Systemic lupus erythematosus

]I;{f :I;ne thvlation biomarker for SLE. Here, we detect the IFI44L methylation by high-resolution melting-quantitative polymerase
HRM-qPClz chain reaction (HRM-qPCR) assay. The positive percentages of SLE, DLE and healthy controls (HC) are 96.00%,
IFN-al 27.45%, 2.00%, if the curve of 25% methylation was used as the threshold of SLE. And we determined the serum

IFN-al level by enzyme-linked immunosorbent assay (ELISA) in SLE, DLE and HC. The serum concentration of
IFN-al in patients with SLE was significantly higher than in the DLE (12.63 + 6.38 pg/mL vs 7.99 + 2.28 pg/mL,
P < 0.05) and HC (12.63 £ 6.38 pg/mL vs 7.17 + 1.86 pg/mL, P < 0.05). But the expression level of IFN-al in
serum was not significantly different between DLE and HC (7.99 + 2.28 pg/mL vs 7.17 + 1.86 pg/mL, P =
0.5365). This suggests that methylation of IFI44L and serum concentration of IFN-al may be used as biomarkers
to distinguish DLE from SLE.

1. Introduction

The lupus erythematosus (LE) is a complex autoimmune disease with
a variety of clinical manifestations, only skin damage or damage to
multiple systems. Cutaneous lupus erythematosus (CLE) is a subtype of
LE which only involving the skin, and one of the most common subtypes
of CLE is discoid LE (DLE), which belongs to chronic CLE [1, 2]. The
overlap in clinical features between CLE and systemic lupus erythema-
tosus (SLE) presents a challenge to correct diagnosis, and early correct
diagnosis and treatment are critical to the prognosis of LE [3]. SLE and
CLE can exist independently or simultaneously, and a portion of the CLE
can also develop into SLE. The probability of progressing to SLE varies
with the CLE subtype from 5% to 23% [4]. However, the current diag-
nosis of CLE mainly relies on skin lesion characteristics and clinical
symptoms, while the diagnosis of SLE relies on diagnostic criteria. There
are no laboratory indicators with both high sensitivity and specificity to

distinguish SLE from CLE, although the new EULAR/ACR 2019 criteria
has higher specificity for diagnosing SLE from CLE, which needs
biopsy-proven [4]. Disseminated LE lesions, nonspecific lesions, auto-
antibodies and other laboratory indicator like leukopenia can be used as
markers indicating disease progression from CLE to SLE [5]. It is reported
that there appear to be unique genetic factors specific for CLE which is
not clear yet [6]. Pathological biopsies can also help identify the CLE
subtype, but not all patients are willing to undergo biopsies [7]. Epige-
netic studies of CLE have also been reported. For example, miR-12,
miR-150, and miR-1264 levels were downregulated in DLE [8].

Studies showed that genetic factors, environmental factors, and im-
mune disorders are involved in the development of CLE into SLE [5, 9,
10]. Among them, type I interferon (IFN-I) are crucial [11]. We previ-
ously identified that DNA methylation of the Interferon-induced protein
44-like (IFI44L) promoter region is markedly downregulated in SLE and
could be used as a biomarker for SLE [12]. Then, we have reported a
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high-resolution melting-quantitative polymerase chain reaction
(HRM-qPCR) to semi-quantitative analyze the methylation of IFI44L
promoter, that can be used as a biomarker for the diagnosis of SLE with
relative high sensitivity and specificity [13]. IFI44L gene is a stimulator
of type I-IFN [14]. It remains unclear whether methylation level of IFI44L
is different in DLE from SLE, and whether type I-IFN genes can be used as
biomarkers to identifying SLE and DLE?

Here, we detected the methylation level of the IFI44L promoter region
using HRM-qPCR method in SLE, DLE and HC. The serum levels of IFN-al
in SLE, DLE and HC were also examined. The results indicated that
methylation of IFI44L promoter and serum levels of IFN-al may be po-
tential biomarkers for DLE distinguishing from SLE.

2. Materials and methods
2.1. Sample characteristics

All peripheral blood used in this study were obtained from 50 patients
with SLE, 51 patients with DLE and 50 HC at the Department of
Dermatology, Second Xiangya Hospital and peripheral blood samples
were collected in tubes with EDTA. The serums used in this study were
collected from 26 patients with SLE, 23 patients with DLE and 6 HC. All
participants have signed the informed consent, and their characteristics
such as gender and age were listed in Table 1.

2.2. DNA extraction and bisulfite conversion

GeneJET Whole Blood Genomic DNA Purification Mini Kit (Thermo
Fisher Scientific) was used for DNA extraction. Then DNA concentration
and purity were determined with the NanoDrop. Bisulfite conversion of
the genomic DNA was performed with an EZ DNA Methylation™ Kit
following the instruction manual. Finally, 5pl of bisulfite-treated DNA
per sample was used to detect methylation using HRM-qPCR.

2.3. Conduct of qPCR-HRM to determine methylation of the IFI44L
promoter

The 0% , 25% , 50% , 75% , 100% methylation standards were
prepared according to the sequence and preparation method in our
previous study and the primers also used the same sequence from the
previous study [13]. The HRM-qPCR experiment was performed on a
LightCycler 96® real-time PCR system (Roche). The kit used in this
experiment is LightCycler® 480 High-Resolution Melting Master
(Roche). These standards were used for the evaluation of the IFI44l
methylation of samples.

2.4. Detection of expression of the IFN-awith ELISA

The IFN-al concentrations in the serum were quantified with an
ELISA kit (Proteintech® Human IFNA1 ELISA; ptglab®).

Table 1
The characteristics of samples®.
Disease SLE DLE HC
Samples for HRM-gPCR
Sample size 50 51 50
Age(y) (mean + SD) 34.56 +£ 12.77 4235 +12.13 41.64 +£ 12.83
Sex (%) Female 84.00 72.55 70.00
Samples for ELISA
Sample size 26 23 6
Age(y) (mean + SD) 33.30 + 10.98 36.33 + 9.84 44.00 + 10.26
Sex (%) Female 92.31 86.96 100

@ SLE, systemic lupus erythematosus; DLE, discoid lupus erythematosus; HC,
healthy controls.

Journal of Translational Autoimmunity 4 (2021) 100092
2.5. Statistical analysis

The raw data of HRM-qPCR were analyzed in LightCycler 96® soft-
ware. All statistical analyses were done with GraphPad Prism. Differences
between LE subtypes and HC were analyzed using the two-tailed un-
paired t-test and a P < 0.05 was considered statistically significant.

3. Results
3.1. Methylation of IFI44L is lower in SLE than in DLE

We previously found that IFI44L methylation was significantly down-
regulated in SLE, compared with HC and disease controls including
rheumatoid arthritis and other diseases. Using 25% methylation as the
cutoff value, IFI44L is a biomarker for SLE with high sensitivity and
specificity. To detect whether there was difference in methylation of
IFI44L between SLE, DLE and HC, we conducted HRM-qPCR on 50 SLE,
51 DLE and 50 HC samples to determine the methylation level of the
IFI44L promoter region (Fig. 1). We used 25% methylation as threshold
of SLE, which has been shown to be optimal in our previous study(13).
The sample with lower than 25% is positive and higher than 25% is
negative. The positive rate of SLE, DLE and HC is 96.00%, 27.45% and
2.00%. The negative rate of SLE, DLE and HC is 4.00%, 72.55%, and
98.00%. We calculated the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) to evaluate the diag-
nostic value of the methylation of IFI44L for diagnosing SLE from DLE or
HC. The sensitivity was 96.00%, specificity was 72.55%, PPV was
77.42% and NPV was 94.87% when 25% methylation as cutoff value for
distinguishing SLE from DLE (Table 2).

3.2. Expression of IFN-al in SLE serum is higher than DLE and HC

IFI44L is the regulator of IFN. Previous studies repeatedly confirmed
that type-1 IFN level was upregulated in SLE [15]. To determine whether
IFN expression is different in SLE and DLE, we detected the expression
levels of IFN-al in serum of SLE, DLE and HC, all patients and HCs were
matched for age and sex (Table 1). The serum concentration of IFN-al in
patients with SLE was significantly higher than in the DLE (12.63 + 6.38
pg/mL vs 7.99 + 2.28 pg/mL, P < 0.05) and HC (12.63 + 6.38 pg/mL vs
7.17 + 1.86 pg/mL, P < 0.05). But the serum level of IFN-al was not
significantly different between DLE and HC (7.99 + 2.28 pg/mL vs 7.17
+ 1.86 pg/mL, P = 0.5365) (Table 3) (Fig. 2). The area under the receiver
operating characteristic (ROC) curve (AUC) was calculated, which was
0.799(Fig. 3). And the maximum value of Youden’s index was used as
cut-off point, taking 8.34 pg/mL as the cutoff value, if serum IFN-al is
higher than 8.34 pg/ml, it is diagnosed as SLE, and if it is less than this
value, it is diagnosed as DLE. Sensitivity and specificity are 84.6% and
73.9% respectively.

4. Discussion

In this study, we examined IFI44L methylation level in SLE, DLE and
HC by HRM-qPCR assay that we established previously. It was found that
IFI44L methylation level was not significantly reduced in DLE, which is
similar with HC, while significantly decreased in SLE. The expression
levels of IFN-al in serum of patients with SLE, DLE and HC were then
measured. The results showed that compared with DLE and HC, the IFN-
al in serum of SLE patients was significantly increased, which may
explain why SLE affects the multiple systems.

To investigate the effects of serological changes, disease activity and
treatment on methylation and ELISA results, we collected clinical data on
40 SLE and 51 DLE samples for HRM-qPCR and 20 SLE and 20 DLE
samples for ELISA. Clinical data included urine protein, Antinuclear
antibody (ANA), anti-Smith antibody (Sm), anti-double-stranded DNA
antibody (dsDNA), and use of glucocorticoids. Then we analyzed the
effect of clinical data on the results of HRM-qPCR or ELISA. The results of
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Fig. 1. a. Melting curves of 10 SLE samples when using the melting curve of 25% methylation standard as the cut-off value. b. Melting curves of 10 DLE samples when
using the melting curve of 25% methylation standard as the cut-off value. c. Melting curves of 10 HC samples when using the melting curve of 25% methylation

standard as the cut-off value.

Table 2
The diagnostic value of the methylation of IFI44L for diagnosing SLE from DLE or
HC.

HRM-qPCR

Positive Negative
SLE 48 2 Sensitivity Specificity PPV NPV
DLE 14 37 96.00 72.55 77.42 94.87
HC 1 49 96.00 98.00 97.96 96.08

HRM-qPCR, High resolution melting quantitative Polymerase chain reaction;
SLE, systemic lupus

Erythematosus; DLE, discoid lupus erythematosus; HC, healthy control; PPV,
Positive predictive value; NPV, Negative predictive value.

showed that there was no significant influence of urine protein, Sm,
dsDNA, glucocorticoids on the results of HRM-qPCR and ELISA. How-
ever, decreased methylation of IFI44L appeared to be parallel with ANA,
possibly because SLE was more likely to present ANA positive than DLE
patients (Table S1) [16].

LE is an autoimmune disease with strong heterogeneity. Different
subtypes of LE have different prognoses, SLE can damage the nervous
system, blood system and other systems and even cause death [17]. Early

Table 3
Serum concentration of IFN-y compared between SLE, DLE and HC®.
Disease N IFN-al (pg/ SD Minimum (pg/ Maximum (pg/
ml) ml) ml)
SLE 26 12.63 6.38 6.37 35.85
DLE 23 7.99 2.28 5.72 15.12
HC 6 7.17 1.86 4.56 10.34

@ SLE, systemic lupus erythematosus; DLE, discoid lupus erythematosus; HC,
healthy controls.

correct diagnosis and timely treatment are crucial for the prognosis of LE.
There are several diagnostic criteria for SLE, while the diagnosis of CLE
mainly relies on clinical skin lesion characteristics, history, and biopsy.
Jin H etc. compared three sets of classification criteria for SLE, such as the
1997 American College of Rheumatology, in distinguishing SLE from
CLE. They found none of them can accurately distinguish due to low
specificity [2]. It is reported that fewer than 5% of DLE patients can
progress into SLE [18]. A study showed the level of gene expression
which is related to IFN correlates with cutaneous disease activity [19],
and IFI44L is an IFN regulatory protein. Therefore, we supposed
down-regulated methylation of IFI44L may work as an indicator of the
progression of CLE into SLE, which requires more randomized controlled
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Fig. 2. Scatter plots of IFN-al levels in serum of patients with SLE, DLE and HC.
IFN-al levels in SLE patients were significantly higher than those in DLE and HC.
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Fig. 3. Receiver operating characteristic (ROC) curves for the serum IFN-al
levels in patients with SLE compared with DLE.

trial (RCT) and case follow-up. However, the accuracy of methods for
detecting serum IFN-al levels may reduce the sensitivity and specificity
of distinguishing between SLE and DLE, Mathian A etc. established an
ultrasensitive single-molecule array digital immunoassay for detecting
serum IFN- al level and found that abnormal serum IFN-al levels were
associated with short-term recurrence [20]. Our previous work also
demonstrated that reduced methylation levels of IFI44L seem to be
associated with renal damage [12]. Both IFI44L methylation and IFN-al
have the potential to work as prognostic indicators.

Although existing laboratory indicators, such as ANA and dsDNA, can
also help in differentiating diagnoses CLE and SLE [21]. In clinical
practice, some patients’ autoantibodies appear very late, or even do not
appear in the course of disease. While changes in DNA methylation often
occur early in the course of disease, prior to the general serological in-
dicators [22]. IFI44L hypomethylation and serum levels of IFN-al may

Journal of Translational Autoimmunity 4 (2021) 100092

work as predictive biomarkers to distinguish SLE from DLE, which may
guide follow-up and help improve the prognosis of LE patients.

5. Conclusions

In summary, we verified that the DNA methylation of IFI44L promoter
region of SLE is lower than that of DLE and HC, in contrast, the serum
level of IFN-al is higher than that of DLE and HC, which may be used as
biomarkers for SLE and DLE diagnosis.
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