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The role of Dickkopf-1 as a biomarker in
systemic lupus erythematosus and active
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Abstract

Background: Systemic lupus erythematosus (SLE) is a chronic disease which is mainly attributed to autoantibodies,
cytokines, and immune complex deposition. Studies have demonstrated that cytokines and autoantibodies were
strongly associated with renal diseases and can be used for the prediction of patients with lupus nephritis (LN).
However, antibodies to dsDNA and the reduction of complements were also detected in non-LN patients as well as
clinically non-active SLE patients. The current study was performed to detect the role of serum DKK-1 as a
biomarker for the identification of SLE patients and patients with LN and its relation to disease activity and severity.
The study was conducted on fifty clinically diagnosed SLE patients who were diagnosed according to Systemic
Lupus International Collaborating Clinics (SLICC) classification criteria for SLE, in addition to thirty healthy control
volunteers matched for age and sex. Assessment of SLE disease activity was done using Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI). Assessment of SLE disease severity was done using the Systemic
Lupus International Collaborative Clinics/American College of Rheumatology (SLICC/ACR) damage index. Serum
levels of DKK-1 were measured for all participants by ELISA using commercially available kits.

Results: DKK-1 serum levels were significantly higher among active lupus nephritis cases as compared with SLE
cases with no LN and with healthy controls (9197.60 μg/uL ± 2939.2 μg/uL vs. 6405.15 μg/uL ± 2018.91 μg/uL vs.
2790.33 μg/uL ± 833.49 μg/uL) respectively (p-values < 0.001). DKK-1 concentration was significantly higher among
SLE patients with positive as compared with negative anti-double-stranded DNA (dsDNA) antibodies (p-value <
0.001). According to receiver operating characteristic (ROC) curve analysis, serum DKK-1 level diagnosed the SLE at a
statistically significant level with a 98% sensitivity and 70% specificity and serum DKK-1 level also diagnosed active
lupus nephritis at a 90% sensitivity and 63% specificity.

Conclusion: DKK-1 could diagnose SLE and lupus nephritis with high sensitivity and specificity. Serum DKK-1 is a
reliable biomarker for the identification of SLE and patients with LN and could be used as a key molecule for the
diagnosis of SLE and as a prognostic indicator of LN.
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Background
Systemic lupus erythematosus (SLE) is a chronic inflam-
matory autoimmune illness that is characterized by gen-
erating numerous autoantibodies against auto-antigens
[1]. The development of SLE pathogenesis can disturb
various systems and multiple organs, among which lupus
nephritis (LN) is one of the most common organ mani-
festations and the chief cause of illness and death in SLE
patients [2].
The activity of renal disease is one of the most sig-

nificant predictive issues for patients with SLE, and
the documentation of LN in SLE patients thus has an
important clinical consequence in the treatment of
SLE [3].
Generally, SLE is known as a disease that is mainly

due to autoantibodies, cytokines, and immune complex
deposition. Studies have demonstrated cytokines and
autoantibodies were strongly related to renal diseases
and can be used for the prediction of patients with LN
[3]. However, antibodies to dsDNA and the decrease of
complements were also present in non-LN patients and
clinically non-active SLE patients with a fairly high per-
centage [4].
This shortage of specificity of anti-dsDNA anti-

bodies for renal activity was also noticed in other bio-
markers [5], which thus headed to search for other
consistent biomarkers for detecting SLE patients with
active nephritis [6].
The Wnt signaling can be controlled by extracellular

antagonists such as the Wnt inhibitory factor 1 (WIF1),
Cerberus, and the Dickkopf (DKK) family of secreted
proteins [7]. The DKK family contains four members of
proteins, DKK-1, DKK2, DKK3, and DKK4, which are
produced as antecedent proteins activated by a proteo-
lytic cleavage [8]. The DKK-1 is considered the most im-
portant member of this family, which can hinder the
Wnt signaling [9].
Human studies showed that the serum DKK-1 protein

was significantly higher in SLE patients when compared
with control individuals, associated by a high level of
DKK-1 in the renal tissues and an increased incidence of
apoptotic cells of the renal tubular and renal interstitial
tissues [10].
Many studies have detected the possibly diagnostic

and/or prognostic values of DKK-1 in rheumatic disor-
ders [11]. Together with the pathogenic roles of Wnt
signaling in LN development, these studies obviously
suggest that Wnt signaling, in specific the DKK-1, may
be a unique biomarker for the identification of LN for
patients with SLE.
The aim of the current study was to detect the role of

circulating DKK-1 as a biomarker for the identification
of SLE patients and patients with LN and its relation to
disease activity and severity.

Methods
Study design
The present study was a case-control study conducted
on fifty clinically diagnosed SLE patients (2 males and 48
females) who were selected from Rheumatology &Re-
habilitation Department from March 2019 to March
2020 and diagnosed according to Systemic Lupus Inter-
national Collaborating Clinics (SLICC) classification cri-
teria for SLE [12], in addition to thirty healthy control
volunteers matched in age and sex (4 males and 26 fe-
males). Consents were obtained from the patients and
controls after approval by the local ethical committee.
Inclusion criteria were age > 17 years (males and fe-

males were included). An active LN was defined as urine
protein excretion ≥ 500 mg/day or cellular casts.
Exclusion criteria were patient’s refusal, patients with

other rheumatological diseases, or patients with chronic
kidney disease for causes other than SLE.

Patients’ assessment
All patients were subjected to full clinical and laboratory
investigations (CBC, ESR CRP, creatinine, urea, serum
cholesterol, complete urine analysis, 24-h urinary pro-
teins, ANA, anti-dsDNA, C3, and C4). Renal biopsy was
done if indicated and classified according to the classifi-
cation of lupus nephritis by the International Society of
Nephrology/Renal Pathology Society (ISN/RPS) [13].
Assessment of SLE disease activity was done using Sys-

temic Lupus Erythematosus Disease Activity Index
(SLEDAI) which measures disease activity within the last
10 days. It includes 24 clinical and laboratory variables
that are weighted by the type of manifestation, but not
by the severity [14].
Assessment of SLE disease severity was done using the

Systemic Lupus International Collaborative Clinics/
American College of Rheumatology (SLICC/ACR) dam-
age index which is a measurement of cumulative end-
organ damage in SLE. It is not related to active inflam-
mation, occurring since the onset of lupus, ascertained
by clinical assessment [15].

Detection of DDK-1 for all participants by ELISA
Concentrations of DKK-1 proteins in serum were mea-
sured by ELISA using commercially available kits ac-
cording to the manufacturer’s instructions.

Statistical methods of analysis
The collected data were coded then entered and analyzed
using the Statistical Package for Social Sciences (SPSS)
computer software (version 25), IBM software, USA.
Descriptive statistics was done for categorical variables

by frequency and percentage and for numerical variables
in the form of mean and standard deviation (mean ± SD).
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Suitable statistical tests of significance were used: inde-
pendent sample t test for two unrelated samples, one-
way ANOVA test for more than two related samples,
and post hoc (LSD) analysis to identify which pairs of
means were statistically different, chi-square (χ2) test for
categorical data, and Pearson correlation analysis; and
receiver operator characteristic (ROC) curve was used to
find out the best cutoff value and validity of certain vari-
able. p-values equal to or less than 0.05 were considered
statistically significant.

Results
The present study was a case-control study conducted
on two matched groups: SLE patients and controls; their
demographic data are presented in Table 1. Renal biop-
sies for twenty patients in the present study showed
eight cases (40%) were with class III, eight cases (40%)
with class IV, two cases (10%) with class II, one case
(5%) with class I, and one case (5%) with class V.
All the fifty SLE patients involved in the present study

were on steroid dose ranged from 5 to 60 mg (mg/day)
with a mean dose of 20.80 ± 15.3. Hydroxychloroquine
was used by 45 (89.8%) SLE patients, 3 cases of them
(10%) on dose 200mg while the majority of cases were on
dose 400mg (two pills per day) with no statistically signifi-
cant differences between active lupus nephritis cases and
other SLE cases (p-value = 0.943). Azathioprine (Imuran)
was prescribed for 27 cases only (54%) among the studied
SLE patients. They were significantly more frequently pre-
scribed for active lupus nephritis cases.
Serum creatinine level was significantly higher among

cases with active lupus nephritis as compared with other
SLE cases (p-value = 0.025). Urea was significantly
higher among cases with active lupus nephritis as com-
pared with other SLE cases (p-value = 0.023).
Serum cholesterol level was significantly higher among

cases with active lupus nephritis as compared with other
SLE cases (p-value = 0.002). However, no significant dif-
ferences were detected regarding other lipid profile pa-
rameters between active lupus nephritis and other SLE
cases in the present study (p-value = 0.825, 0.067, and
0.577).

Antinuclear antibody (ANA) was positive among all
SLE patients involved in our study. Anti-double-
stranded DNA (dsDNA) antibodies were positive in 21
(42%) cases of the involved SLE patients, only one case
with no lupus nephritis, and the remaining 20 cases were
active lupus nephritis with a statistically significant dif-
ference between both groups (p-value < 0.001).
Complement C3 ranged from 14 to 160 with a mean

of 96.81 ± 28.28 (mg/dL). Complement C4 ranged from
2 to 35 with a mean of 20.35 ± 7.91 (mg/dL) in SLE pa-
tients with no lupus nephritis, while in SLE patients with
active lupus nephritis C3 ranged from 14 to 172 with a
mean of 87.80 ± 45.91 (mg/dL) and C4 ranged from 2 to
99 with a mean of 20.24 ± 20.35 (mg/dL) with no statis-
tically significant difference between patients with LN
and patients without LN (p-values = 0.394, 0.979).
The SLICC damage index score showed no damage in

41 cases (82%) and damage only in 9 cases (18%), while
the SLEDAI score for the studied SLE patients ranged
from 4 to 35 with a mean score of 17.38 ± 7.6 with no
statistically significant difference between patients with
LN and patients without LN.
DKK-1 level was significantly highest among active

lupus nephritis cases as compared with SLE cases with
no LN and with healthy controls (9197.60 μg/uL ±
2939.2 μg/uL vs. 6405.15 μg/uL ± 2018.91 μg/uL vs.
2790.33 μg/uL ± 833.49 μg/uL) respectively, p-values <
0.001 (Fig. 1).
DKK-1 serum level comparison according to different

symptoms and signs showed significant differences with
arthritis/arthralgia only (Table 2).
DKK-1 concentration was significantly higher among

SLE patients with positive anti-double-stranded DNA
(dsDNA) antibodies as compared with SLE patients with
negative dsDNA antibodies among the studied SLE pa-
tients (p-value < 0.001) (see Fig. 2).
No correlation was detected between patients’ age, dis-

ease duration, prednisolone dose used in the management
of SLE, and the concentration of DKK-1 among studied
SLE patients. Also, no significant correlation was detected
with any of the laboratory investigations (CBC, ESR, CRP,
lipids). No significant correlation was detected with both

Table 1 DKK1 serum level among studied population

Studied Population p-value

SLE Patients
(No Lupus Nephritis)
N = 30

SLE Patients
(Active Lupus Nephritis)
N = 20

Healthy Controls
N = 30

Mean ±SD 6405.15 ±2018.91b,c 9197.60 ±2939.2a,c 2790.33 ±833.49a.b <0.001*

Minimum 1050.60 4244.00 1150.00

Maximum 9752.00 13640.00 4516.00

Statistical analysis was carried out using one-way analysis of variance (ANOVA) followed by LSD post hoc analysis. *p-value ≤0.05 is considered significant
a Significantly different from SLE Patients (No Lupus Nephritis) at p-value < 0.05
b Significantly different from Active Lupus Nephritis at p-value < 0.05
c Significantly different from Healthy Controls at p-value < 0.05
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neither C3 nor C4 and the concentration of DKK-1
among studied SLE disease patients. The concentration of
DKK-1 showed a non-significant correlation neither with
disease activity by SLEDAI score nor with SLICC damage
index score among studied SLE patients.
As demonstrated in Table 3 and Fig. 3, the receiver

operating characteristic (ROC) curve analysis was used
to assess the clinical diagnostic accuracy of DKK-1 in
SLE disease and the normal individuals; the results of
DKK-1 (ROC) curve analysis showed p-value < 0.05, so
the serum DKK-1 level diagnosed the SLE disease state
at a statistically significant level with a 98% sensitivity
(true positive cases) and 70% specificity (true negative
cases) at a cutoff point level ≥ 3160.00.
As demonstrated in Table 4 and Fig. 4, ROC curve

analysis was used to assess the clinical diagnostic accur-
acy of DKK-1 in active lupus nephritis and the normal
individuals; the results of DKK-1 (ROC) curve analysis
showed p-value < 0.05, so the serum DKK-1 level diag-
nosed the lupus nephritis state at a statistically signifi-
cant level with a 90% sensitivity (true positive cases) and
63% specificity (true negative cases) at a cutoff point
level ≥ 6010.00.

Discussion
Lupus nephritis is a common and serious complication
of SLE which progresses to end-stage renal disease. Sev-
eral key molecules have been investigated as biomarkers
for disease diagnosis and prognosis among which is
DKK-1 [16].
We performed this study to detect the value of serum

DKK-1 as a biomarker for the detection of patients with
SLE and patients with LN and its relation to disease ac-
tivity and severity.
The majority of the studied SLE patients in our study

were females (94%) where only 6% were males with a fe-
male to male ratio of nearly 16:1 and the mean age for
our patients was 28.98 ± 6.8 years old. SLE has long been
viewed as a disease primarily of young females with a
young age at onset of the disease [17].
Anti-double-stranded (ds) DNA autoantibody is a useful

tool in the evaluation of disease activity and nephritis in
systemic lupus erythematosus (SLE) patients. Antibodies
to dsDNA and the reduction of complements C3 and C4,
which are considered indicators for renal affection and ac-
tivity, were also detected in patients without LN and pa-
tients with clinically inactive SLE with a comparatively
high proportion [18]. In our study, there was no statisti-
cally significant difference in complements C3 and C4
among patients with active LN and patients without. On
the other hand, in the present study, anti-double-stranded
DNA (dsDNA) antibodies were positive in 21 cases of the
involved SLE patients, only one case with no lupus neph-
ritis and the remaining 20 cases were active lupus neph-
ritis with a statistically significant difference between both
groups (p-value < 0.001). This result is considered consist-
ent with the other studies, which found that antibodies
such as anti-double-stranded (ds) DNA antibodies have

Fig. 1 DKK1 serum level among the studied population

Table 2 Comparison of DKK-1concentration in Anti-double
strand DNA positive and Anti-double strand DNA negative in
Studied SLE Patients; (N = 50)

DKK-1
concentration

p-value

Mean ±SD

ds-DNA No; n = 29 6309.40 ±1984.12 0.001*

Yes; n = 21 9196.86 ±2864.78

*p-value ≤0.05 is considered statistically significant
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been shown to associate with renal involvement in lupus
patients [19–21].
In the present study, patients with active LN were sig-

nificantly more often on immune-suppressive drugs as
compared with patients without active LN. This result
came in agreement with Sj wall and his colleagues who
studied 261 SLE patients (37 of them were with active
LN), where active LN patients were more often on my-
cophenolate mofetil (immunosuppressive) [22].
SLE disease activity and severity were assessed by SLE-

DAI score and SLICC damage index score in our study
and revealed no statistically significant difference be-
tween both studied patients’ groups (with and without
active LN); this was near to that reported by Sjӧwall and
his colleagues as no statistically significant difference in
SLICC damage index score between studied patients with
and without active LN; however, in their study, SLEDAI
score was significantly higher among patients with active
LN [22].
Renal biopsies in our study showed eight cases (40%)

were with class III, eight cases (40%) with class IV, two
cases (10%) with class II, one case (5%) with class I, and
one case (5%) with class V (serum levels of Dicopf-1
comparison between different grades were not done due
to the small number of each subgroup). The higher fre-
quency of class III and IV LN in this study might be
owing to the late presentation and the significant associ-
ation between symptoms and signs with these classes at
presentation. Our percentages were close to those of

Somers et al., who reported 40% class III and 35% class
IV of their studied patients [23]. This is also similar to
Mahgoub et al., who reported 50% had LN grade III and
30% had LN grade IV [18].
The concentration of DKK-1 proteins was assessed in

SLE patients’ serum and in healthy control subjects by
ELISA technique. The results revealed that a significant
increase of DKK-1 protein was detected in sera of SLE
patients compared with healthy controls (p-value < 0.001).
The serum DKK-1 concentration was higher in LN-
SLE patients in comparison with non-LN-SLE subjects
(p-value < 0.001).
The effect of DKK1 has been studied in renal involve-

ment among SLE patients. In 97 SLE patients from a
hospital in Shanghai who were referred for renal biopsy,
hyper-activation of the Wnt pathway in relation to
healthy individuals and patients with some types of renal
tumors was found. The abovementioned results were
confirmed by elevation in the intensity of þ-catenin
staining by immunohistochemistry of the glomeruli in
the renal biopsies, increased levels by Western blot and
by reverse transcription polymerase chain reaction (RT-
PCR), as well as an elevation in AXIN-2 and DKK-1,
which are part of the elements of response at the end of
the signaling pathway, and finally, increase in serum
DKK-1 measured by ELISA [24].
In the SLE disease, dysregulated Wnt signaling activity

was first detected in sera and kidneys of mice during
lupus development by gene expression analysis. This

Fig. 2 Relation of anti-double-stranded DNA (dsDNA) and DKK-1 concentration among SLE patients

Table 3 The results of ROC curve analysis of DKK-1 in the studied SLE and normal population

AUC SE 95% CI Sensitivity Specificity Cutoff value p-value

DKK-1 0.968 0.021 0.926 – 1.000 98% 70% ≥ 3160.00 <0.001

AUC Area under the curve, SE Standard Error, CI Confidence interval of AUC
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study thus indicated that Wnt signaling activity was
boosted in the kidney with LN, which was associated
with increased renal and serum DKK-1 levels, signifying
that the canonical Wnt signaling was involved in the
turnover of extracellular matrix components and de-
notes a valuable mediator of the morphologic changes
that occur inside the glomerulus throughout the devel-
opment of nephritis, and the DKK-1 might be a critical
element in the development and evolution of systemic
and end-organ failure in SLE [25].
Wang et al. [26] reported increased activation of Wnt/

β-catenin signaling in SLE patients with LN. In their
study, they assessed the expressions of β-catenin, DKK-
1, and AXIN-1 mRNAs and proteins in the renal biopsy
from patients with LN-SLE by a quantitative RT-PCR
and immunohistochemistry assay, respectively; the con-
centration of plasma DDK-1 was also measured by ELIS
A. A significantly higher concentration of serum DKK-1
protein was found in LN patients in relation to healthy
controls [26].

In agreement with the above findings, a similar study
measured serum DKK-1 in 111 SLE patients (31 with
LN and 80 without LN) and 70 healthy volunteers; an el-
evated concentration of DKK-1 was determined in the
serum of SLE patients in relation to healthy individuals.
Significantly higher levels of serum DKK-1 were detected
in LN-SLE patients compared to those with non-LN-
SLE [27].
In our study, DKK-1 concentration was significantly

higher among SLE patients with positive dsDNA anti-
bodies as compared with SLE patients with negative
dsDNA antibodies. This finding was on the contrary
with Xue et al. 2017 who reported no significant correl-
ation between concentrations of serum or urine DKK-1
anti-dsDNA antibody; in their study, anti-dsDNA was
higher among active LN but with no statistically signifi-
cant differences, p-value = 0.054 [27]. In our study, there
was no significant correlation between the concentration
of serum DKK-1 and C3 and C4; the same was reported
by Xue et al. [27].

Fig. 3 The results of ROC curve analysis of DKK-1 in the studied SLE and normal population

Table 4 The results of ROC curve analysis of DKK-1 in the studied Active Lupus Nephritis and normal population

AUC SE 95% CI Sensitivity Specificity Cutoff value p-value

DKK-1 0.874 0.041 0.793 – 0.954 90% 37% ≥ 6010.00 <0.001

AUC Area under the curve, SE Standard Error, CI Confidence interval of AUC
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The concentration of DKK-1 showed a non-significant
correlation with disease activity assessed by SLEDAI
score among studied SLE patients. No relation was de-
tected between SLICC damage index score and DKK-1
concentration among the studied SLE patients. Those
findings were in accordance with Wang et al. [26] study
where DKK-1 did not seem to be correlated with clinical
parameters, including disease activity, assessed by SLE-
DAI and SLICC damage index score SLE [26].
DKK-1 showed unexpected lower levels in our patients

with arthralgia/arthritis than those without which war-
ranted further studies as DKK is known to be secreted
in synovial fluid.
The ROC curve analysis showed that serum DKK-1

was considered a better positive independent biomarker
than negative in SLE and LN with higher sensitivity.
Those findings were in accordance with Wang et al.
study, which concluded that the serum DKK-1 was con-
sidered a better positive biomarker for identification of
LN in SLE patients [26].
The current study has some limitations presented such

as the small number of participants and consequently
for each group and we could not do the correlation ac-
cording to the results of renal biopsy.

Further researches with larger numbers of patients are
recommended to illuminate the role of DKK-1 as an in-
dependent biomarker in SLE patients. We recommend it
to be measured not only in serum but also in urine and
synovial fluid.

Conclusion
DKK-1 could diagnose SLE and lupus nephritis with
high sensitivity and specificity. Serum DKK-1 is a reli-
able biomarker for the identification of SLE and patients
with LN and could be used as a key molecule for the
diagnosis of SLE and as a prognostic indicator of LN.
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