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SUMMARY
Much evidence highlighted the role of interferon alpha (IFN-α) in systemic lupus erythematosus (SLE) and 
suggested its possible role in assessing disease activity. We measured serum IFN-α in Egyptian SLE patients in 
order to determine a cutoff value that can be used to distinguish patients from healthy controls and explored its 
clinical value in monitoring disease activity and different aspects of the disease, in particular lupus nephritis.
This cross-sectional, case-control study was conducted on 59 SLE patients and 30 healthy controls. Serum 
IFN-α was measured in all participants using sensitive enzyme-linked immunosorbent assay (ELISA). SLE 
patients underwent assessment of disease activity using the SLE disease activity index-2000 (SLEDAI-2K) 
as well as an evaluation of proteinuria, complement C3 and C4, and serology. Patients with evidence of renal 
involvement underwent renal biopsy.
The median serum IFN-α was 81.8 pg/mL (interquartile range [IQR] 63.4:102.4), which was significantly 
higher than in healthy controls (median 10.3 pg/mL [IQR 7.3:11.6]) (p<0.001). At serum level of 14.7 pg/mL, 
IFN-α has high sensitivity and specificity to discriminate SLE patients from controls, with high positive and 
negative predictive values. Serum IFN-α was not associated with markers of disease activity, clinical features 
and anti-double stranded DNA. Furthermore, it was not associated with markers of renal activity, including 
proteinuria, C3 and C4 complement factors and histopathology renal classes.
Despite elevated levels of serum IFN-α in SLE patients, it is not possible to use it as a biomarker for disease 
activity. 
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n	 INTRODUCTION

Systemic lupus erythematosus (SLE) is 
an autoimmune disease characterized 

by dysfunctional immune tolerance to nu-
clear antigens resulting in widespread or-
gan damage (1). 
SLE has heterogeneous clinical and labo-
ratory features, which lead to difficulties 
in diagnosis and makes the assessment of 
disease activity challenging for clinicians. 
A significant progress has been made in 
developing biomarkers for diagnosis and 
assessment of disease activity. Serum com-
plement factors C3 and C4 concentrations, 

as well as anti-dsDNA titers have been 
used for decades in the diagnosis and fol-
low up of SLE, in particular in lupus ne-
phritis (2), yet there are still many unmet 
needs for developing simple and reliable 
biomarkers that can improve the quality 
of care for SLE patients (3). Interferon al-
pha (IFN-α) is a key molecule in immune 
regulation and is mainly produced by plas-
macytoid dendritic cells, where it stands at 
the cross-road between innate and adaptive 
immunity (4). 
Much evidence has established increased 
expression of IFN-α-inducible genes and 
serum IFN-α levels in lupus patients and 
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has highlighted its role in initiating and 
perpetuating SLE (5, 6). The IFN signa-
tures in SLE were shown to be complex 
and may not be confined to IFN-α. Indeed, 
also IFN-β and IFN-γ may contribute to 
the signature of IFN (7). Therefore, direct 
assessment of serum IFN-α may be more 
accurate and specific to monitor disease ac-
tivity rather than the IFN signature. In this 
respect, a number of studies have recom-
mended the use of serum IFN-α as a useful 
biomarker that can assess SLE disease ac-
tivity (8, 9) and identify patients who are at 
risk of future disease flares (10). However, 
serum IFN-α has proved to be correlated 
with ethnicity (9).
The role of serum IFN-α in SLE disease 
activity was not properly studied in Egyp-
tian populations. Accordingly, in the cur-
rent study we aimed at measuring serum 
IFN-α in Egyptian SLE patients using a 
sensitive enzyme-linked immunosorbent 
assay (ELISA) in order to identify any pos-
sible association between its levels and the 
markers of disease activity, the presence of 
anti-double-stranded DNA (dsDNA), and 
also different clinical aspects, in particular 
lupus nephritis. We also identified the best 
cutoff value of serum IFN-α that can dis-
criminate SLE from healthy controls (HC).

n	 PATIENTS AND METHODS

In this cross-sectional, case-control study, 
serum IFN-α was measured in 59 SLE 
patients (males/female: 3/56, with a mean 
age of 31.7±9 years) and 30 age- and sex-
matched healthy volunteers (males/female: 
2/28, with a mean age of 31.1±9.9 years). 
SLE patients were recruited consecutively 
from the rheumatology and clinical im-
munology outpatient clinic of the Inter-
nal Medicine Department at Kasr Alainy 
Hospital from November 2018 to March 
2019. All patients fulfilled the Systemic 
Lupus International Collaborating Clinics 
(SLICC) classification criteria for the diag-
nosis of SLE (11). 
Patients with evidence of overlap with 
other systemic immune diseases were ex-
cluded. In addition, subjects with other co-
morbidities, such as major infection or any 

malignancy, were excluded, as these condi-
tions may influence IFN-α concentrations.
The demographics, clinical characteris-
tics, disease duration, medication history 
and disease activity were recorded for all 
patients. The disease activity was assessed 
using the Systemic Lupus Erythematosus 
Disease Activity Index 2000 (SLEDAI-2K) 
score (12). Inactive disease was defined as 
SLEDAI-2K score <4 , while active disease 
was defined as SLEDAI-2K score ≥4 (13).
The following laboratory tests were per-
formed for SLE patients: complete blood 
count (CBC), serum creatinine, urea, li-
pid profile, erythrocyte sedimentation rate 
(ESR), C-reactive protein (CRP), 24-h uri-
nary protein, anti-dsDNA and complement 
C3 and C4. 
Serum IFN-α was measured according to 
the manufacturer’s instructional protocol 
using the ELISA assay that was supplied by 
Bioassay Technology Laboratory, Shang-
hai, China (Cat. No E0076Hu), which 
leads to an accurate quantitative detection 
of very low serum INF-α with sensitivity 
2.12 pg/mL. 
Renal biopsy was performed in patients 
with clinical and laboratory evidence of re-
nal involvement as defined based on urine 
protein excretion ≥500 mg/day, cellular 
casts, unexplained hematuria, or unex-
plained increases in serum creatinine (14). 
The class of lupus nephritis was then clas-
sified according to the International Socie-
ty of Nephrology/Renal Pathology Society 
(ISN/RPS) 2003 classification system (15).
All assays were done in blind mode with 
respect to the clinical data. All participants 
provided a signed informed consent, and 
the study was approved by the local ethics 
committee.

Statistical analysis
Data were coded and entered using the sta-
tistical package SPSS (Statistical Package 
for the Social Sciences) version 25. The 
normality of the data was tested using Sha-
piro-Wilk test. Quantitative data were sum-
marized using mean, standard deviation, 
median, and inter-quartile range and cat-
egorical data were summarized using fre-
quency and percentage. Mann Whitney test 
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was used to compare quantitative variables 
between two groups in non-parametric data 
(SD>30%mean), while Kruskal-Wallis test 
was used to compare quantitative variables 
between more than two groups in non-
parametric data (SD>30%mean), then the 
pairwise comparison test was used to find 
any statistical difference between each 
of two groups. For comparing categori-
cal data, the Chi square (c2) test was per-
formed. Correlations between quantitative 
variables were done using Spearman corre-
lation coefficient. A receiver operator char-
acteristic (ROC) curve was done using the 
Med-Calc program to determine the best 
cut-off of serum IFNα that can discrimi-
nate SLE patients from healthy controls. 
p values less than 0.05 were considered as 
statistically significant, and those less than 
0.01 were considered as highly statistically 
significant.

n	 RESULTS

The demographics of SLE patients are 
presented in Table I. The enrolled SLE pa-
tients were predominantly females (94%), 
their mean age was 31.7±9 years, the me-
dian disease duration was 48 months with 
an IQR of 12:96, and the median SLEDAI-
2K was 5 with IQR of 0:11. More than 
half of the patients (68 %) had an active 
disease defined as SLEDAI-2K score ≥4, 
while an inactive disease was observed in 
32%. The enrolled patients reflected the 
different disease spectrum; lupus nephritis 
(LN) was the most frequent manifestation 
found in 51% followed by arthritis (34%) 
and muco-cutaneous manifestations (32%) 
(Table I). Regarding the renal histopatholo-
gy classification of lupus nephritis, 43 % of 
the patients (13 patients) had class II, 13% 
(4 patients) had class III, 33% (10 patients) 
had class IV, 3% (one patient) had class V 
and 7% (2 patients) had class II-III.
In SLE patients, the median serum IFN-α 
was 81.8 pg/mL with IQR of 63.4:102.4, 
which was significantly higher than that re-
ported in healthy subjects (median 10.3 pg/ml 
[IQR 7.3:11.6]) (p<0.001) (Figure 1A). At 
a serum level of 14.7 pg/mL, IFN-α has a 
sensitivity and specificity of 100% to dis-

criminate SLE patients from controls, with 
high positive and negative predictive val-
ues (Figure 1B, Table II).
The IFN-α levels showed no correlations 
with patients’ age and disease duration (Ta-
ble III). Also, IFN-α levels were not asso-
ciated with the dose of hydroxychloroquine 
and prednisone treatment (Table III). The 
IFN-α levels did not differ between patients 
receiving prednisone (mean=84.7 pg/mL 
[IQR=63.1:117.2]) versus those who were 
not on prednisone (mean=80.4 pg/mL 
[IQR=64.8:91.9]) (p value 0.581), and the 
same was found for hydroxychloroquine (p 
value 0.595) (data not displayed).
Serum IFN-α was not correlated with dis-

Table I - Demographics, clinical, laboratory and therapeutic characteristics of 
SLE patients.

Gender N (%)
Male 3 (5.1)

Female 56 (94.9)

Age (mean ± SD) 31.7±9

BMI (mean ± SD) 27.6±7.1

Disease duration in months [median (IQR)] 48 (12:96)

SLEDAI-2K score 

Total score [median (IQR)] 5 (0:11)

Number of active SLE (%) 40 (68%)

Number of inactive SLE (%) 19 (32%)

Distribution of SLE 
features N (%)

Lupus nephritis 30 (51)

Arthritis 20 (34)

Muco-cutaneous 19 (32)

Neuro-psychiatric 7 (12)

Hematological 7 (12)

Fever 6 (10)

Serositis 4 (7)

24-h urinary proteins (g/day) [median (IQR)] 0.3 (0.11:1.1)

Serum creatinine (mg/dL) [median (IQR)] 0.7 (0.6:0.89)

Hemoglobin (g/dl) [median (IQR)] 11(10:12)

Serology N (%)

ANA 59 (100)

Anti-ds DNA 40 (68)

Low complement C3/C4 levels 19 (32)

Prednisolone
N (%) 23 (39)

Dose, mean±SD 24.8±17.2 mg/dL

Hydroxychloroquine
N (%) 44 (75)

Dose, mean±SD 260.87±94.09 mg/dL

N, number, SD, standard deviation; IQR, interquartile range; SLEDAI-2K, SLE 
disease activity index-2000; ANA, anti-nuclear antibodies; Anti-ds DNA, anti-
double stranded DNA.
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ease activity as assessed by SLEDAI-2K 
score (Table III) and the serum IFN-α did 
not differ between active and inactive SLE 
groups. However, inactive SLE patients 
still had significantly higher concentrations 
of IFN-α compared to healthy controls 
(p<0.001) (Figure 2A). Moreover, serum 
IFN-α did not differ between patients with 
low complement, as an indicator of disease 
activity, and those with normal comple-
ment (Figure 2B).
As SLEDAI-2K score reflects a hetero-
geneous disease spectrum, we studied the 
INF-α levels in patients with different clin-
ical features. Patients with lupus nephritis 
had higher IFN-α levels (median 84 pg/
mL [IQR 67.5:106.9]) than those without 
renal manifestations (median 77.9 pg/mL 
[IQR 55.2:94.8]). However, no significant 
difference was found (Figure 2C); the con-

Table II - Sensitivity and specificity of serum IFN-α in discriminating SLE patients from healthy controls.

Cut off value (pg/mL) AUC 95% Confidence interval P value Sensitivity Specificity PPV NPV

>14.1 1.000 0.959 to 1.000 <0.0001 100 96.67 98.3 100

>14.7 1.000 0.959 to 1.000 <0.0001 100 100 100 100

>27.5 1.000 0.959 to 1.000 <0.0001 96.61 100 100 93.7

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.

Figure 1 - (A) The serum concentrations of IFN-α in SLE patients and healthy controls (B) ROC curve analysis: showed the diagnostic 
performance of IFN-α for discriminating SLE patients from healthy controls.

Table III - Correlations of serum IFN-α with different variables in SLE patients.

 
Interferon alpha level

r p value

Age 0.015 0.908

Hemoglobin -0.2 0.128

WBCs count -0.003 0.982

Platelet count -0.193 0.143

ESR (mm/hour) -0.028 0.834

CRP (mg/dL) -0.136 0.305

24 hours urinary protein 0.0775 0.559

Prednisone dose (mg/day) 0.075 0.735

Hydroxychloroquine dose (mg/day) 0.242 0.265

Duration of SLE (months) -0.165 0.211

SLEDAI-2K score -0.222 0.09

r, Spearman’s correlation coefficient; WBCs, white blood cells; SLEDAI-2K, 
SLE Disease Activity Index-2000; ESR, erythrocyte sedimentation rate; CRP, 
C-reactive protein.
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centrations were also not significantly dif-
ferent among different LN classes (Figure 
2D). In addition, no association between 
IFN-α levels and proteinuria was observed 
(Table III). Serum IFN-α also did not dif-
fer according to different clinical features, 
including arthritis, serositis, muco-cutane-
ous, hematological and neuro-psychiatric 
manifestations (Figure 3A-B).
Finally, both patients with or without posi-
tive anti-ds DNA antibodies had high serum 
IFN-α levels with no significant differenc-
es (Figure 3C). Furthermore IFN-α levels 

in patients with both positive anti-ds DNA 
and low complement (median 83.1 pg/mL 
[IQR 63.5:104.45]) were higher compared 
to other patients (median 69.3 pg/mL [IQR 
34.3:85.8]), but with no significant statis-
tical difference (p value 0.231) (data not 
shown).

n	 DISCUSSION

In the current study we found higher levels 
of serum IFN-α in Egyptian SLE patients 
than in healthy subjects. This finding has 

Figure 2 - (A) The serum concentrations of IFN-α in healthy control, inactive and active SLE patients. (B) The concentration of serum 
IFN-α in lupus patients with low complement and those with normal complement. (C) The concentration of serum IFN-α in lupus ne-
phritis and non-lupus nephritis. (D) The concentration of serum IFN-α in different classes of renal biopsies obtained from SLE patients 
with lupus nephritis.
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already been reported in previous studies 
(8, 16, 17) and emphasized a role of IFN-α 
in SLE patients.
At a serum level of 14.7 pg/ml, IFN-α has a 
high sensitivity and specificity to discrimi-
nate SLE patients from healthy controls, 
with high positive and negative predictive 
values. Despite its importance, the stand-
ardization of a cutoff value may be diffi-
cult, as the commercially available assays 
have different sensitivities.
The increased levels of IFN-α in our pa-
tients were not associated with disease 
activity as assessed by SLEDAI-2K score. 

However, this should be interpreted with 
caution, because the sample size is rela-
tively limited and the same SLEDAI-2K 
might reflect a heterogenous spectrum of 
disease involvement. We also found that 
patients with inactive disease had similar 
serum IFN-α levels compared to patients 
with active disease, but when compared to 
controls, they had significantly higher lev-
els of IFN-α. Moreover, no significant dif-
ference was found between patients with or 
without a low complement, as a marker of 
disease activity. 
Also, serum IFN-α levels were not associ-

Figure 3 - (A & B) Comparison of serum IFN-α in different disease manifestations. (C) comparison of serum IFN-α in patients with 
positive anti-dsDNA and those with negative antibodies.
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ated with proteinuria and did not differ in 
patients with lupus nephritis compared to 
those without renal involvement. In addi-
tion, serum IFN-α was similar in the pa-
tient subgroup with renal involvement in 
the renal nephritis class. These data raised a 
concern about the significance of the cross-
sectional evaluation of serum IFN-α in the 
assessment of disease activity in Egyptian 
SLE patients.
Some gene expression studies have shown 
that IFN-α signature in SLE patients is 
associated with disease activity, when as-
sessed cross sectionally (5, 18, 19). How-
ever, IFN signatures in SLE are complex 
and may be not restricted to IFN-α, but 
also involve IFN-β and IFN-γ (7).
Results concerning the clinical meaning 
of serum IFN-α are inconsistent across the 
available literature, as some studies have 
found a cross-sectional relationship with 
disease activity (8, 9, 17), whereas other 
studies have not observed a possible corre-
lation (20). Interestingly, a recent longitu-
dinal study found that a significant propor-
tion of patients, despite being in remission, 
have high serum IFN-α levels that were 
found to predict independently the risk of 
subsequent SLE flares. Also the patients in 
clinical remission with serological activity 
presented more frequently elevated serum 
levels of IFN-α than patients in complete 
clinical and serological remission (10).
We found no associations between the 
IFN-α levels and the current doses of pred-
nisone and/or hydroxychloroquine and 
no significant difference in IFN-α levels 
among patients who were taking these 
drugs compared to those who did not. 
Similarly to our findings, Jolly et al. found 
no statistical difference in interferon activ-
ity, when comparing the different medica-
tions that patients were on (including pred-
nisone, other immunosuppressive drugs, 
hydroxychloroquine, or non-steroidal anti-
inflammatory agents) (20). However, the 
use of large doses of methylprednisolone 
may affect the IFN-α, as was demonstrated 
by another study that showed a dramatic 
decrease in the expression of IFN-induc-
ible genes in lupus patients who received 
pulse glucocorticoid therapy (18).

Our study found that both patients with or 
without positive anti-ds DNA antibodies 
had high serum IFN-α levels with no sig-
nificant difference. We assumed that anti-
dsDNA antibodies alone are not enough 
for activation of IFN-α pathway and other 
disease-specific factors may be important. 
A similar assumption was made by Nie-
wold et al., who found high levels of type 
I IFN in sera of maternal lupus, regardless 
of the presence of anti-SSA/Ro antibodies 
(21). In addition, one study found elevated 
IFN-α levels in healthy relatives of SLE 
patients in whom autoantibodies against 
dsDNA and RNA-binding proteins (RBP) 
were very uncommon (16). 
This was not in agreement with an experi-
mental study showing that sera contain-
ing immune complexes containing nucleic 
acid released by necrotic or late apoptotic 
cells can activate plasmacytoid dendritic 
cells and promote type I IFN production 
which in turn enhances toll like receptor-7 
(TLR7) signaling, therefore, forming a 
positive feedback loop, suggesting a strong 
association between SLE-associated au-
toantibodies and serum IFN-α (22). Also, 
our findings were not consistent with other 
clinical studies which found that the pres-
ence of antibodies specific for dsDNA (9, 
16, 23), RNP and SSA/Ro were associated 
with the levels of serum IFN-α (10).
We found no association between serum 
IFN-α and the different disease manifes-
tations. This is partially consistent with 
other studies reporting that IFN-α was as-
sociated with skin disease (8, 9), but not 
with other clinical manifestations includ-
ing neurological, and renal diseases (9) as 
well as arthritis, and Raynaud’s phenom-
enon (8, 9). 
Based on our findings we assume that 
IFN-α overproduction in our lupus patients 
may be related to other factors rather than 
disease activity and dsDNA autoantibodies. 
Both genetic and environmental factors may 
be important and should be investigated fur-
ther. One Egyptian study showed high serum 
IFN-α in SLE patients and their first-degree 
relatives compared to healthy unrelated con-
trols (23). Another study found a clustering 
of high serum IFN-α in lupus families com-
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pared to healthy unrelated individuals. The 
authors observed strong familial correla-
tions in serum IFN-α, regardless of disease 
status, and SLE probands in the same fam-
ily tended to have similar levels of serum 
IFN-α, and accordingly they suggested that 
high serum IFN-α in SLE patients may be 
explained by genetic susceptibility (16). 

Limitations of our study
The present study has a few of limitations. 
The sample size of our cohort was rela-
tively small, therefore our findings may not 
be extensively generalized. Another limi-
tation is the lack of long-term follow-up, 
which might show variations in terms of 
serum IFN-α levels according to different 
circumstances. Finally, the study did not 
include disease controls with systemic au-
toimmune diseases other than SLE, which 
would be important to determine the opti-
mal cut-off for IFN-α in SLE patients com-
pared to other autoimmune diseases.

n	 CONCLUSIONS

In conclusion, serum IFN-α was elevated 
in Egyptian SLE patients compared to HC. 
However, it was not associated with dis-
ease activity, any of the clinical features 
and anti-dsDNA antibodies. In addition, 
serum IFN-α was not associated with any 
indicators of renal activity, including pro-
teinuria, serum C3 and C4 complement and 
histopathology renal classes. These find-
ings challenged the role of serum IFN-α as 
a reliable biomarker in Egyptian SLE pa-
tients. Further studies with a larger sample 
and longitudinal design are recommended 
to confirm these results.
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