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Abstract: This study aims to explore the clinical value of urine TWEAK/Fn14 mRNA in lupus nephritis (LN) patients.
Thirty one SLE (Systemic Lupus Erythematosus) patients with or without active LN and another 10 healthy controls
were recruited. LN activity was assessed by SLE Disease Activity Index. Urinary expression of TWEAK, Fn14 and
MCP-1 at the mRNA level was measured by RT-PCR. Urinary expression of TWEAK, Fn14 and MCP-1 mRNA was sig-
nificantly increased in LN patients (P<0.05). TWEAK, Fn14, and MCP-1 mRNA expression was positively correlated
with 24-h urinary proteins, SLEDAI and serum anti-double stranded DNA antibodies (r=0.632, P=0.0001; r=0.651,
P=0.001; r=0.417, P=0.02). TWEAK mRNA was positively associated with Fn14 and MCP-1 mRNA (r=0.871,
P<0.0001; r=0.561, P<0.0001). In summary, TWEAK, Fn14 and MCP-1 mRNA are potential biomarkers of LN activ-

ity.
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Introduction

Systemic lupus erythematosus (SLE) is a re-
lapsing autoimmune disease with clinical mani-
festations that affect multiple organ systems
[1]. Lupus nephritis (LN) is one of the most
common and severe forms of SLE, accounting
for at least 50% among SLE patients. Notably,
LN is clinically characterized by the activation
and inflammation of intra-renal lymphocytes
[2]. A majority of the cytokines function in a
paracrine fashion, thus detection of the expres-
sion levels of these cytokines at the site of
pathology is of biological relevance. Although
Kidney biopsy has been widely employed to
evaluate the histological severity of LN, it is
invasive, has certain risk and is inapplicable for
consecutive monitoring. In the past decade,
extraction and quantification of messenger
RNA (mRNA) from urinary sediment have
emerged as a robust laboratory technique to
assess the activity of SLE in a noninvasive pat-
tern [3-8].

Tumor necrosis factor-related weak inducer of
apoptosis (TWEAK) is a multifunctional cyto-

kine that regulates cell survival, growth, migra-
tion, inflammation and differentiation by its
own known signaling receptor, fibroblast grow-
th factor-inducible 14 (Fn14), thereby activat-
ing the NF-kB, MAPK, and potentially, other
signaling pathways [9-11]. Fn14 is lowly expre-
ssed in normal tissues whereas up-regulated
in diseased tissues, resulting in the activation
of signaling pathway. Transient activation of
TWEAK/Fn14 pathway is implicated in the re-
pair and regeneration of physiologic tissues.
Nevertheless, excessive or persistent activa-
tion of TWEAK/Fn14 pathway stimulates the
responses of pathological tissue in the con-
texts of chronic injury and contributes to the
progression and degeneration of tissue dam-
age, indicating TWEAK/Fn14 pathway as a
potential intervention target. In clinical prac-
tice, the urinary expression of TWEAK was sig-
nificantly up-regulated in patients diagnosed
with LN along with renal flares. Interestingly,
intra-renal levels of TWEAK and Fnl14 varied
according to the histological classification of LN
and were correlated with the activity index [12-
16]. Taken together, both laboratory and clinical
studies confirm that TWEAK/Fn14 interaction
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plays a pivotal role in the pathogenesis of LN.
This study was designed to evaluate the perfor-
mance of urinary TWEAK/Fn14 mRNA in the
diagnosis of LN.

Materials and methods
Patient selection and clinical data

Thirty one SLE patients from Zhong Da Hospital,
Southeast University were divided into the
active LN (n=15) and non-LN SLE groups
(n=16), all of whom fulfilled the American
College of Rheumatology diagnostic criteria
for SLE [17]. Patients with systemic disease
activity and renal involvement were enrolled
in the active LN group (n=15) and those with
systemic disease but no history of renal dis-
eases were recruited in the non-LN SLE group.
Active LN was defined as a SLEDAI score of
6 [18]. Ten healthy volunteers were allocated
into the healthy control group. All studies were
approved by the Ethical Committee of South-
east University. Written informed consents
were obtained from all subjects to use their
urine for research purpose.

Total RNA extraction from urine samples

A whole-stream early-morning urine specimen
was collected from each study participant at
the first admission day [19]. Shortly after urine
collection, the urine was centrifuged at 3,000xg
for 30 minutes at 4°C. The urinary supernatant
was discarded, and the remaining cell pellet
was re-suspended in 1.5 ml DEPC-treated PBS
and then centrifuged at 13,000xg for 5 min-
utes at 4°C. The pellet was then re-suspended
in 1.0 ml RNAiso Plus (Takara, Dalian, China)
and stored at -80°C until use. Total RNA was
extracted according to the manufacturer’s pro-
tocol (Takara, Dalian, China). All tubes and tips
used for RNA extraction were treated with 0.1%
DEPC to inhibit the RNase and total RNA was
lysed in 10-30 ml 0.1% DEPC-treated ddH,0.
The integrity of RNA was determined by running
agarose gel, which was shown to be adequate
for PCR. The RNA concentration and purity were
confirmed using the relative absorbance ratio
at 260/280 on a nano-drop 2000 (Thermo,
Wilmington, USA). RNA samples with a ratio
higher than 1.8 were used for RT-PCR.

Reverse transcription

For reverse transcription, 2 pg of total RNA was
mingled with 8 ul of 5X PrimeScript™ buffer, 2
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ul of PrimeScript™ RT enzyme MixI, 2 ul of Oligo
dT primer (50 uM), 2 ul of Random 6 mers (100
uUM), (Takara, Dalian, China), the solution was
increased to a final volume of 40 pl with dH,0.
Reverse transcription was performed at 37°C
for 15 minutes, followed by an inactivation
reaction at 85°C for 5 seconds. The resulting
cDNA was stored at -20°C until use.

Real-time PCR

Relative abundance of TWEAK, Fni14, and
MCP-1 mRNA were quantitatively analyzed
using the ABI Prism 7300 sequence detection
system (Applied Biosystems, California, USA).
Human b-actin was used as a reference house-
keeping gene. The following oligonucleotide
primer sequences were used: TWEAK: forward
5-CCC TGC GCT GCC TGG AGG AA, reverse
5-AGA CCA GGG CCC CTC AGT GA; Fn14: for-
ward 5’-CCA AGC TCC TCC AAC CAC AA, reverse
5-TGG GGC CTA GTG TCA AGT CT, MCP-1: for-
ward 5-AACACTCACTCCACAACCCAAG, reverse
5-TGTGGTTCAAGAGGAAAAGCAAT; B-actin: for-
ward 5-TGGCACCCAGCACAATGAA, reverse 5-
CTAAGTCATAGTCCGCCTAGAAGCA (designed and
synthesized by TAKARA). For real-time PCR, 2 pl
of cDNA, 10 ul of SYBR Premix Ex TaqTM, 0.4 ul
of forward primer (10 uM), 0.4 ul of reverse
primer (10 uM), 0.4 ul of ROX Reference dye
(50X; all from TAKARA) and 6.8 ul of dH,0 were
mixed to make a 20 ul of reaction volume. All
samples were run in duplicate. PCR technique
was performed using a two-step process: 95°C
for 30 s, 40 cycles at 95°C for 5 s and 60°C
for 31 s. Then, dissociation curves (DC) and
melting temperatures (T ) were recorded. The
results were analyzed using sequence detec-
tion software version 1.4 (Applied Biosystems,
California, USA). The relative gene expression
of each target was quantitatively measured
with a standard curve method. The pre-PCR
product of each gene was used as standard,
and the standard curve was established with a
10-fold serial dilution of the product. The stan-
dard curve was included in all PCR runs. The
equation of target gene abundance/house-
keeping gene abundance was used to evaluate
the level of expression of each gene. Controls
consisting of ddH,O were negative in all runs.

Statistical analysis

SPSS 16.0 was used for data analysis (SPSS
Inc., Chicago, USA). All results were presented
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Table 1. Baseline data of the patients between the active LN
and non-LN SLE groups

Group Active LN Non-LN SLE Pvalue
(n=15) (n=16)
Female:male ratio 14:1 15:1 0.742
Age (year) 30.5£10.9 35.9+13.6 0.242
SLEDAI score* 13.4+4.1 6.1+1.5 0.0001
Serum creatinine (mmol/L) 97.9157.5 72.7+29.8 0.145
Proyeinuria (g/day)* 2.06+1.63 0.26+0.12  0.0002
Serum C3 (g/L) 0.55+0.26 0.75+0.29 0.063
Serum C4 (g/L) 0.13+0.16 0.12+0.04 0.875
Anti-dsDNA titre* 748.8+463.5 162.4+205.0 0.0001
ESR (mm/h)* 69.8+34.4 20.5£15.1  0.0001
CRP (mg/L) 9.7+16.3 13.6+20.4 0.574
WBC (10°%/L)* 4.25+1.15 5.64+1.67 0.015
HB (g/L)* 90.1+28.7 116.4+19.3  0.007
PLT (10*%/L)* 133.2+75.8 148.8+82.1 0.601

Note: *Denotes statistical significance between active LN and non-LN SLE
groups.

Table 2. Comparison of expression levels of target gene
MRNA among three groups

Active LN Non-LN SLE Healthy control

(n=15) (n=16) (n=10) Prvalue

Group

TWEAK 0.034+0.027 0.0133+0.014 0.006+0.009  0.002
logTWEAK -1.59+0.34  -2.26+0.48 -2.49+0.48  0.0001
Fn14 0.017+0.019 0.003+0.003 0.0007+0.0007 0.002
logFn14 -2.21+0.48 -2.96+0.60 -3.32+0.43  0.0001
MCP-1 0.011+0.010 0.002+0.002 0.003+0.007  0.001
LogMCP-1 -2.27+0.35 -2.80+0.39 -2.72+0.47 0.002

and a value less than 0.05 was
considered to be statistically sig-
nificant.

Results
Clinical characteristics

The demographic and clinical char-
acteristics of the patients were
shown in Table 1. Age, sex and eth-
nicity did not significantly differ
between two groups (all P>0.05).
There was no significant difference
in the level of serum C3, C4, creati-
nine, CRP and PLT between the
active LN and non-LN SLE groups
(all P>0.05).

Urinary mRNA expression levels of
SLE groups and healthy controls

The levels of target gene expres-
sion, including TWEAK, Fnl14, and
MCP-1, among three groups were
statistically compared, as illustrat-
ed in Table 2. The gene levels were
compared by the log-transformed
ratio of target gene mMRNA to
B-actin in urinary sediment cells,
as illustrated in Figure 1. Com-
parative analysis revealed that uri-
nary mRNA levels of all target
genes in the active LN group were
significantly higher compared with

as mean * SD unless otherwise specified.
Baseline data were compared by a one-way
analysis of variance (ANOVA) among three
groups. Since gene expression levels were
highly skewed, Ig transformation was used prior
to analysis. We used the [B-actin normalized
level as the dependent variable in a Kruskal-
Wallis test to identify the differences among
the three groups. The Mann-Whitney test was
used for gene comparison between two groups.
Correlation between gene expression and clini-
cal parameters (SLEDAI, anti-dsDNA, serum
creatinine, C3, C4, 24 h urinary proteins, blood
test) were calculated using the Spearman rank-
order correlation. If the difference between two
groups was statistically significant, the receiv-
er-operating-characteristic (ROC) curves were
established and cutoff points that yielded the
highest combined sensitivity and specificity
were calculated. All p-values were two tailed,
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those in the non-LN SLE and control groups (all
P<0.05).

Correlation between expression of target gene
mRNA and clinical parameters

The expression levels of target gene mRNA
were positively correlated with 24 h urinary
proteins, SLEDAI and serum anti-dsDNA anti-
bodies. The expression of TWEAK, Fn14, and
MCP-1 mRNA was correlated with 24 h urinary
proteins (r=0.622, P=0.0001; r=0.5289, P=
0.002; r=0.442, P=0.013), as shown in Figure
2A and 2D. The expression of TWEAK, Fnl4,
and MCP-1 mRNA correlated with SLEDAI
(r=0.719, P=0.0001; r=0.612, P=0.001; r=
0.568, P=0.001), as revealed in Figure 2C
and 2F. The expression of TWEAK, Fnl14, and
MCP-1 mRNA correlated with anti-dsDNA (r=
0.632, P=0.0001; r=0.651, P=0.001; r=0.417,
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Figure 1. Comparison of expression levels (log) of target gene mRNA among three groups.
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Figure 3. Correlation analysis between expression of TWEAK mRNA and Fn14 and MCP-1 in urinary sediment.

P=0.02), as illustrated in Figure 2C and 2E. In
addition, TWEAK mRNA was found to be posi-
tively correlated with Fn14 and MCP-1 mRNA
(r=0.871, P<0.0001; r=0.561, P<0.0001), as
shown in Figure 3.

ROC curve analysis

ROC curves were calculated to assess the diag-
nostic power of each target gene (TWEAK, Fn14
and MCP-1) in terms of AUCs when SLE patients
and controls were compared. All target genes
could be used to discriminate LN patients and
healthy controls, with an AUC above 0.5. The
AUC of TWEAK mRNA level was 0.896 (95%
confidence interval, 0.801 to 0.991), 0.882 for
Fn14 mRNA level (95% confidence interval,
0.782 to 0.982) and 0.810 for MCP-1 mRNA
level (95% confidence interval, 0.681 to 0.940).

Discussion

LN is one of the most common complications of
SLE. Recent studies have demonstrated that a
disorder of the regulation of apoptosis, such as
TWEAK, serves as a pivotal factor during the
progression of SLE [20]. TWEAK combined with
its receptor Fn14 could activate the expression
of Ik-B kinase (IKK), resulting in the degrada-
tion and activation of Ik-B. Subsequently, Ik-B is
transferred into cell nucleus and up-regulates
the expression levels of MCP-1, RANTES and
IL-6, leading to inflammatory cell infiltration.
Recent findings have linked TWEAK signaling
pathway to renal inflammation in an animal
model of SLE. Moreover, TWEAK and Fnl4
MRNA are up-regulated locally in both glomeru-
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lar and tubular compartments in patients diag-
nosed with LN. Fn14 can be expressed by vari-
ous resident cells within the kidney, including
murine and human mesangial cells, podocytes
and tubular cells [14, 21], and potentially on
infiltrating macrophages as well [22, 23]. It is
the most likely to generate TWEAK by infiltrat-
ing leukocytes including macrophages. There-
fore, we hypothesized that urinary levels of
TWEAK and Fn14 mRNA may reflect the pres-
ence and activity level of LN in SLE patients.

The results of our present study demonstrated
that urinary levels of TWEAK, Fn14 and MCP-1
mMRNA in the active LN group were significantly
higher compared with those in the non-LN
group and healthy controls, which is consistent
with previous findings [24, 25]. However, Wen
et al proposed a different idea in another cross-
sectional study that TWEAK was merely detect-
ed in the urine samples of 6 among 51 LN
patients [26]. Urinary mRNA levels of all target
genes were positively correlated with 24h uri-
nary proteins, SLEDAI and serum anti-dsDNA
antibodies, indicating that high urinary levels of
TWEAK, Fn14 and MCP-1 mRNA are a relatively
unique feature of LN patients and neither due
to the systemic inflammatory process nor the
renal disease in isolation. Previous studies con-
ducted by our group revealed that urinary levels
of TWEAK, Fn14 and MCP-1 mRNA have the
potential of being developed as non-invasive
biomarkers for active LN. Cytokines could be
measured in the urine at the protein level,
which represents the sum of local production
and passive glomerular filtration from the sys-
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temic circulation. On the other hand, most cyto-
kines are produced locally, exert effects within
the renal parenchyma and may not be excreted
in the urine to any appreciable extent.

Several biomarkers, such as SLEDAI, protein-
uria, serum complement and anti-dsDNA anti-
body levels have been commonly used to eval-
uate the severity of LN. However, test sensitivi-
ty and specificity of these parameters are rela-
tively low in terms of assessing the severity of
LN especially for renal flare and response [27].
Since LN is clinically characterized by serious
intra-renal lymphocyte activation and inflam-
matory cell infiltration, measurement of the
expression levels of inflammatory cytokines in
urinary sediment can be utilized to assess the
extent of the renal damage, which is subse-
quently validated by pathological examination
according to the WHO-defined classification of
lllb, IVb and IVc [28]. Hence, detection of
TWEAK/Fn14 signaling genes expressed in the
inflammatory and renal cells secreted from the
urinary tract can reflect the pathological chang-
es of the kidney.

In addition, positive correlation was observed
between the expression of TWEAK/Fn14 mRNA
and several clinical parameters, such as
SLEDAI, anti-dsDNA, 24 h urinary protein and
C3, could be utilized to evaluate the severity of
renal involvement, serving as promising novel
biomarkers for evaluating LN severity and mon-
itoring the changes in the progression of LN.

Taken together, the mRNA profiles of TWEAK,
Fn14, and MCP-1 in the urine sampling from LN
patients were found to significantly increase in
patients diagnosed with active. The expression
levels of TWEAK, Fn14 mRNA were demon-
strated to be significantly positively correlated
with levels of MCP-1 mRNA, indicating its
potential role as a novel biomarker of evaluat-
ing the severity of active LN.
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