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1. INTRODUCTION
Systemic lupus erythematosus (SLE), a heterogeneous systemic 
autoimmune disease, is characterized by the production of autoan-
tibodies and inflammation.1–3 Lupus nephritis (LN), one of the 
most serious complications of SLE, is an inflammation of the kid-
ney and associated with the poor prognosis of SLE.4,5 LN is preva-
lent in non-Caucasian females, especially those of child-bearing 
age.6,7 Approximately 30% to 50% of SLE patients will develop 
LN over the course of the disease.8,9 SLE patients with LN are 
more likely to develop end-stage renal disease (ESRD) with high 
mortality and poor prognosis.10 The most common symptom of 
LN is progressive glomerulonephritis with a variety of pathological 

disorders, including glomerular damage, leukopenia, proteinuria, 
and hematuria.11,12 The early diagnosis and aggressive treatment 
of LN exacerbations are of crucial importance to realize remission 
and prevent the development of irreversible lesions.8 Therefore, 
there is an urgent need to find new noninvasive biomarkers and 
identify novel therapeutic targets for the treatment of LN.

MicroRNAs (miRNAs) are a kind of noncoding single-
stranded RNA molecules with a length of 22 to 25 nucleotides.13 
MiRNAs participate in the regulation of multiple biological 
processes at the transcriptional level, including cell proliferation 
and apoptosis, differentiation, metabolism, and immune-inflam-
matory response.1,14 MiRNAs are important genetic regulators, 
and play pathophysiologic roles in the development of many dis-
eases. Abnormal miRNA expression may lead to the disturbance 
of important cellular processes. A number of miRNAs have been 
identified to be abnormally expressed in LN patients, containing 
the blood serum, urine, and renal tissue.15 As Navarro-Quiroz et 
al16 reported, there are significant differences in the expression 
levels of circulating miRNAs among patients with class IV LN, 
patients with lupus without nephritis, and healthy individuals, in 
which the serum expression of miR-485-5p was reported to be 
significantly increased. Considering the aberrant expression levels 
of miR-485-5p in LN, its specific role in LN attracts our attention.

Accordingly, we hypothesized that miR-485-5p could serve as 
a novel diagnostic marker in human LN. In the present study, we 
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detected the expression profile of miR-485-5p in LN serum sam-
ples. MiR-485-5p was identified to be upregulated in LN patients, 
and had relative ability for the early diagnosis for LN. Furthermore, 
the predictive value of miR-485-5p for ESRD risk was investigated.

2. METHODS

2.1. Study population and sample collection
A total of 65 SLE patients without LN (mean age: 45.06 ± 10.81 
years, range 17-69 years) and 116 LN patients (mean age: 43.86 
± 14.28 years, range 16-71 years) were recruited from June 2012 
to January 2015 in Dongying People’s Hospital. One hundred 
sixteen LN patients were divided into active LN patients (n = 80; 
mean age: 43.10 ± 14.73 years, range 19-71 years) and nonac-
tive ones (n = 36; mean: 45.56 ± 13.25 years, range 16-68 years) 
according to their kidney function status. Another 50 healthy 
individuals (mean: 47.34 ± 14.16 years, range 23-70 years) were 
enrolled as the control group. SLE was diagnosed according to 
the American College of Rheumatology diagnostic criteria.17 
LN was diagnosed according to the criteria of the International 
Society of Nephrology/Renal Pathology Society.18 None patients 
had received immunosuppressive treatment or immune modu-
lators within 3 months. Patients with malignant tumors, acute 
or chronic infections, or other autoimmune diseases were ruled 
out. Patients with proteinuria <500 mg/d and nonactive urinary 
sediment with stable kidney function were divided into nonactive 
LN group.15 Active LN patients were individuals with impaired 
kidney function, including proteinuria >500 mg/d or active urine 
sediment, or active glomerulonephritis in kidney biopsy. SLE dis-
ease activity index (SLEDAI‐2000) scores were used to evaluate 
the SLE activities of patients. Six milliliters of peripheral blood 
was collected from each subject and stored in EDTA K3 tubes.

The protocols of this study were approved by the Ethics 
Committee of Dongying People’s Hospital, and all subjects 
signed written informed consent.

2.2. Follow-up survey
All patients were followed up for 5 years. The primary endpoint 
was the occurrence of ESRD.

2.3. RNA extraction and quantitative real-time polymerase 
chain reaction
According to the manufacturer’s instructions, total serum RNA 
was extracted using Trizol reagent (Invitrogen, Carlsbad, CA). 
After quantification, RNA was reverse transcribed into cDNA 
with RevertAid First Strand DNA Synthesis (RT) kit (Thermo 
Fisher Scientific, Waltham, MA, USA). Then, quantitative real-
time polymerase chain reaction (qRT-PCR) was performed with 
the SYBR Premix Ex Taq system (TaKaRa, Dalian, China) using 
the Bio-Rad CFX96 Real-Time PCR System (Bio-Rad, Hercules, 
CA). The relative expression level of miR-485-5p and phos-
phatase and tensin homolog (PTEN) were determined using 
2−ΔΔCt method and normalized to U6 or GAPDH.

2.4. Enzyme-linked immunosorbent assay
Serum levels of interleukin-1β (IL-1β), IL-6, and tumor necrosis 
factor-α (TNF-α) were quantified with specific enzyme-linked 
immunosorbent kits (Beyotime Biotechnology, Shanghai, China) 
according to the instructions of the manufacturer.

2.5. Dual-luciferase assay
TargetScan7.2 (http://www.targetscan.org/) was used to screen 
the potential target and PTEN was identified to be the candidate 
target gene of the miR-485-5p (Fig. 4A).

Luciferase assays were performed using a Dual-luciferase assay 
kit (Promega Corporation, Fitchburg, WI, USA) as previously 

described.19 The 3′-untranslated region (UTR) of PTEN was 
cloned into the luciferase reporter vector psiCHECK-2 (Promega 
Corporation) according to the manufacturer’s instruction. Briefly, 
HEK-293 cells were cultured in a 24-well plate the day before trans-
fection. Cells were cotransfected with wild type (WT) or mutant 
(MUT) PTEN 3′-UTR reporter (100 ng), and miR-485-5p mimic 
(50 nM; 5′- AGAGGCUGGCCGUGAUGAAUUC-3′) or negative 
control (miR-NC; 5′-UUCUCCGAACGUGUCACGUTT-3′) by 
using lipofectamine 2000 reagent. Then relative luciferase activity 
was detected with a microplate reader (Molecular Devices, LLC, 
Sunnyvale, CA, USA). Renilla luciferase was used for normaliza-
tion. All tests were performed at least three times.

2.6. Statistical analysis
All data analysis was performed on the SPSS 24.0, and measure-
ment data were expressed as mean ± SD. Differences between 
groups were compared by the Chi-square test or one-way analy-
sis of variance analysis. Pearson’s correlation test was used for 
analyzing the relationship between miR-485-5p and different 
clinical variables. The receiver operating characteristic (ROC) 
curves with the area under the curve (AUC) was constructed to 
assess the discriminative ability of miR-485-5p. Survival curve 
analysis was performed by Kaplan-Meier method and com-
pared by Log-rank test. Multivariable cox regression analysis 
was performed for the evaluation of prognostic indicators for 
LN. Differences were considered to be significant when p < 0.05.

3. RESULTS

3.1. Demographic and clinical information of the study 
population
The demographic and clinical data of the study population were 
collected and analyzed. As shown in Table 1, there was no signifi-
cant difference for age and gender distribution among control, SLE, 
and LN groups (all p > 0.05). But the levels of estimated glomerular 
filtration rate (eGFR), serum creatinine (Scr), proteinuria, SLEDAI 
score, IL-1β, IL-6, and TNF-α were statistically significant among 
three groups, and were highest in LN patients (all p < 0.001).

3.2. MiR-485-5p expression is increased in lupus nephritis
According to qRT-PCR, miR-485-5p was highly expressed 
in SLE patients compared with the healthy controls, and LN 
patients had the highest expression level of miR-485-5p 
(Fig. 1A). Moreover, expression level of serum miR-485-5p in 
active LN patients was significantly higher than that in nonac-
tive ones (p < 0.001, Fig. 1B).

According to the mean value of miR-485-5p expression in LN 
patients, all patients were divided into low miR-485-5p expres-
sion group (n = 58) and high miR-485-5p expression group (n = 
58). Then the relationship between miR-485-5p expression and 
the clinical parameters of the patients was analyzed. As shown 
in Table 2, a larger proportion of patients with high miR-485-5p 
levels were diagnosed with active LN, suggesting that the expres-
sion level of miR-485-5p had close correlation with LN activity 
(p < 0.001). However, there was no significant correlation for 
miR-485-5p with age and gender (p > 0.05).

3.3. Diagnostic potential of serum miR-485-5p levels in 
systemic lupus erythematosus and lupus nephritis
To explore the diagnostic value of miR-485-5p in LN, the ROC 
curve was established. Fig. 2A showed that miR-485-5p could 
discriminate the SLE patients from the healthy patients. The 
AUC for miR-485-5p was 0.705. And miR-485-5p had a sen-
sitivity of 81.5% and specificity of 60.0% at the cutoff value 
of 1.309. Additionally, serum miR-485-5p also showed a high 
diagnostic value to distinguish LN patients from SLE cases. 
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As shown in Fig. 2B, the AUC was 0.841, with a sensitivity of 
68.1% and specificity of 90.8% at the cutoff value of 1.846.

Then we further examined whether serum miR-485-5p could 
distinguish active LN patients from nonactive ones. The AUC of 
serum miR-485-5p was 0.801 with a sensitivity of 80.60% and 
specificity of 75.0% at the cutoff value of 2.005 (Fig. 2C).

3.4. Effects of miR-485-5p on inflammation factor and 
kidney function
To explore the role of miR-485-5p in inflammation, the pro-
tein expression levels of IL-6, TNF-α, and IL-1β were detected, 
and the correlations between the serum expression level of 

miR-485-5p and inflammation factors (IL-1β, IL-6, and TNF-
α) were analyzed in LN patients. It was observed that serum 
miR-485-5p showed positive association with the levels of 
IL-1β (Fig. 3A; Pearson’s r = 0.6979; p < 0.001), IL-6 (Fig. 3B; 
Pearson’s r = 0.6322; p < 0.001), TNF-α (Fig. 3C; Pearson’s r = 
0.7178; p < 0.001). Additionally, a positive association was also 
observed for serum miR-485-5p with SLEDAI score (Fig. 3D; 
Pearson’s r = 0.5639; p < 0.001).

Moreover, we further detected the correlation of serum miR-
485-5p with kidney function for LN patients. It was found that 
there were positive associations of serum miR-485-5p with 
the levels of eGFR (Fig. 3E; Pearson’s r = 0.4113; p < 0.001), 
Scr (Fig. 3F; Pearson’s r = 0.6579; p < 0.001) and proteinuria 
(Fig. 3G; Pearson’s r = 0.5733; p < 0.001) in LN patients.

3.5. Phosphatase and tensin homolog is target of 
miR‑485-5p
The luciferase reporter assay was performed in the HEK-293 cell 
lines to confirm whether PTEN was the target gene of miR-485-5p. 
As shown in Fig. 4B, the luciferase activity of the PTEN-WT was 
decreased in cells transfected with miR-485-5p mimic compared 
with the control. On contrary, the luciferase activity of cells in 
PTEN-WT group was increased after transfected with miR-
485-5p inhibitor. However, the effect of miR-485-5p was almost 
eliminated when cells were transfected with PTEN-MUT.

Moreover, serum PTEN mRNA levels in all subjects were 
detected by qRT-PCR. As shown in Fig. 4C, the PTEN mRNA 
expression levels in SLE patients were significantly decreased 
compared with the healthy controls (p < 0.001). Meanwhile, the 
PTEN mRNA level in LN group was decreased compared with 
that in SLE group (p < 0.001).

Table 1

Clinical characteristics of the study population

Parameters Health (n = 50) SLE (n = 65) LN (n = 116) p

Age 47.34 ± 14.16 45.06 ± 10.81 43.86 ± 14.28 0.308
Gender (male/female) 7/43 5/60 15/101 0.487
eGFR (mL/min/1.73m2) 120.76 ± 7.61 117.23 ± 7.58 60.89 ± 15.18 <0.001
Scr (mg/dL) 0.82 ± 0.08 0.85 ± 0.11 1.78 ± 0.89 <0.001
Proteinuria (mg/24h) 81.04 ± 23.99 120.27 ± 12.68 523.07 ± 107.81 <0.001
SLEDAI — 11.46 ± 3.65 16.73 ± 7.74 <0.001
IL-1β (ng/mL) 10.91 ± 2.46 50.54 ± 11.06 88.32 ± 15.48 <0.001
IL-6 (ng/mL) 10.89 ± 1.36 38.08 ± 10.90 63.51 ± 14.51 <0.001
TNF-α (ng/mL) 5.74 ± 1.85 19.39 ± 6.81 33.43 ± 9.07 <0.001

eGFR = estimated glomerular filtration rate; IL = interleukin; LN = lupus nephritis; Scr = serum creatinine; SLE = systemic lupus erythematosus; SLEDAI = SLE disease activity index.

Fig. 1  The level of miR-485-5p in the serum of SLE and LN patients. A, miR-485-5p was highly expressed in SLE patients compared with the healthy controls, 
and LN patients had the highest expression level of miR-485-5p. ***p < 0.001, compared with healthy controls; ###p < 0.001, compared with SLE group. B, 
Serum expression of miR-485-5p was determined to be significantly higher in active-LN patients than that in nonactive cases. ***p < 0.001, compared with 
nonactive group. LN = lupus nephritis; SLE = systemic lupus erythematosus.

Table 2

Correlation between miR-485-5p expression levels and clinical 
features

Parameters
Cases  

(n = 116)

miR-485-5p expression

p
Low  

(n = 58)
High  

(n = 58)

Gender    0.782
  Male 15 8 7
  Female 101 50 51
Age (y)    0.190
  ≤30 51 22 29
  >30 65 36 29
Activity    <0.001
  Yes 80 28 52
  No 36 30 6
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To further explore the relation between miR-485-5p and 
PTEN, the correlation between the expression level of miR-
485-5p and PTEN was analyzed in SLE and LN patients (n 
= 181), and a negative correlation was detected (Fig. 4D; r = 
−0.6191; p < 0.001). These results confirmed that PTEN was a 
target of miR-485-5p.

3.6. Prognostic value of miR-485-5p expression for the 
end-stage renal disease risk in lupus nephritis patients
LN patients (n = 116) were followed up for 5 years. It was 
found that among 116 LN patients, 19 cases developed ESRD. 
As Kaplan-Meier analysis results showed, more ESRD events 
were observed in cases with high miR-485-5p expression (log-
rank p = 0.023, Fig. 5). Furthermore, according to the multivari-
able cox regression analysis results (Table 3), miR-485-5p (HR 
= 3.438; 95% confidence interval [CI], 1.149-10.287; p = 0.027) 
and SLEDAI (HR = 3.302; 95% CI, 1.076-10.133; p = 0.037) 
were proved to be the independent factors for ESRD risk in LN 
patients.

4. DISCUSSION
SLE is characterized by progressive involvement of multiple-
organ systems with alternating clinical exacerbations and remis-
sions.16 LN is a common debilitating feature of SLE. SLE should 
be closely monitored for renal manifestations, early diagnosis 
and treatment are vital for renal preservation.20 But the reliable 
and sensitive biomarkers for LN are limited, and the pathogen-
esis toward LN is poorly understood.

Recently, a large number of miRNAs have been identified to 
be aberrantly expressed in LN, such as miR-148a-3p,21 miR-
410,22 and miR-198.23 These dysregulated miRNAs have been 
highlighted for their clinical significance in diagnosis and prog-
nosis and attracted increasing attention on their therapeutic 
potential in human diseases.24,25 For example, in LN patients, cir-
culating miR-146a is detected to be significantly decreased, and 
has the relative ability for the diagnosis of LN.1 As reported by 
Zhang et al,26 miRNA-124 serves as a novel diagnostic marker 
in human LN and plays an inhibitory effect on the growth and 
inflammation of renal mesangial cells by targeting TRAF6. In 

Fig. 2  ROC curve was used to identify the diagnostic value of serum miR-485-5p in different patients groups. A, Diagnostic value of miR-485-5p to distinguish 
SLE patients from healthy controls. B, Diagnostic value of miR-485-5p to distinguish LN patients from SLE patients. C, Diagnostic value of miR-485-5p to 
distinguish activity LN patients from nonactive cases. LN = lupus nephritis; ROC = receiver operating characteristic; SLE = systemic lupus erythematosus.

Fig. 3  The correlations of the serum expression level of miR-485-5p with inflammation factor and kidney function in LN patients. A–C, Correlation between the 
expression level of miR-485-5p and serum IL-1β, IL-6, and TNF-α levels. D, Correlation between the expression level of miR-485-5p and SLEDAI score. E–G, 
Correlation of serum miR-485-5p with the levels of eGFR, Scr,  and proteinuria. IL = interleukin; LN = lupus nephritis; SLEDAI = SLE disease activity index.
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this study, serum expression of miR-485-5p was identified to be 
significantly increased in SLE and LN patients compared with 
healthy control, and the miR-485-5p expression levels in activity 
LN patients were clearly higher than that in nonactivity ones. 
These results indicated that the miR-485-5p expression levels 

were related to the progression of SLE and might be associated 
with the activity of LN in SLE.

Emerging evidence has reported that miR-485-5p was dys-
regulated in various diseases, such as osteoporosis,25 colorectal 
cancer,27 and ischemia–reperfusion injury.28 Its clinical value in 

Fig. 4  Validation of PTEN as a direct target of miR-485-5p. A, The putative miR-485-5p binding site in the 3′-UTR of PTEN was shown. B, The relative luciferase 
activity was determined by luciferase reporter assay in cells cotransfected with miR-485-5p mimic, miR-485-5p inhibitor or miR-NC, and wild or mutant reporter 
vectors (PTEN-WT or PTEN-MUT). C, The PTEN mRNA expression levels in the serum of subjects were performed. ***p < 0.001, compared with control group. 
###p < 0.001, compared with SLE group. D, Correlation between the expression level of miR-485-5p and mRNA expression of PTEN in all patients. miR = 
microRNA; PTEN = phosphatase and tensin homolog; PTEN-MUT = mutant PTEN 3′-untranslated region; PTEN-WT = wild type PTEN 3′-untranslated region; 
SLE = systemic lupus erythematosus; UTR = untranslated region.

Fig. 5  Survival curve analysis of miR-485-5p impact on ESRD progression. ESRD = end-stage renal disease.
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diagnosis and prognosis attracted the researcher’s attention. For 
instance, miR-485-5p is identified to be upregulated in patients 
with osteoporosis by comparing with health cases, and miR-
485-5p could be a potential therapeutic strategy for the treat-
ment of osteoporosis.25 Wang et al29 reported that miR-485-5p 
was lowly expressed in breast cancer, and overexpression of 
miR-485-5p could inhibit cell viability and invasion and migra-
tion of breast cancer cell line MCF-7 and promote apoptosis. 
Considering the dysregulation of miR-485-5p in the serum of 
SLE patients, we further explored its diagnostic value for SLE 
and LN. The ROC curve analysis results indicated that serum 
miR-485-5p was a promising biomarker for the early diagnosis 
of SLE, and it can distinguish LN patients from simple SLE cases. 
Furthermore, according to the kidney condition, the LN patients 
were further divided into nonactive and active LN patients. It 
was found that serum miR-485-5p level was increased in active 
LN patients, and could distinguish active LN patients from non-
active cases. These results demonstrated that serum miR-485-5p 
is a potential biomarker for the early diagnosis of LN in SLE 
cases, and it might be associated with the LN severity.

Considering the dysregulation of miR-485-5p between active 
and nonactive LN patients, we further assessed the role of miR-
485-5p in kidney function in LN patients. It is well known that 
eGFR, Scr, and proteinuria levels are indicators reflecting the 
kidney function.30 In the present study, Pearson’s correlation 
analysis results indicated that serum miR-485-5p showed a close 
positive correlation with the levels of eGFR, Scr, and proteinuria 
in LN patients, revealing that miR-485-5p was linked to the kid-
ney function in LN patients. Additionally, we further studied the 
correlation between the serum expression level of miR-485-5p 
and inflammation factor in LN patients. It was found that there 
was a positive association for miR-485-5p with the inflamma-
tory cytokine release. Consistently, in a study of osteoarthritis, 
miR-485-5p is proved to promote the production of inflamma-
tory factors on the cartilage surface, demonstrating its crucial 
role in inflammatory response.31 Additionally, a positive associa-
tion was also detected for miR-485-5p level with SLEDAI score. 
These findings indicated that serum miR-485-5p might be asso-
ciated with SLE severity and kidney function status.

PTEN, a potent tumor suppressor gene, is a phosphatase that 
negatively regulates the PI3K pathway.32,33 PTEN has been iden-
tified as a key regulator of B cell function and plays an impor-
tant role in the development of the immune complex disease, 

including SLE.34 Additionally, as Liu et al reported, PTEN was 
downregulated in the serum of LN patients, and it may par-
ticipant in the regulatory role of miR-148a-3p in LN progres-
sion.21 In the current study, a dual-luciferase assay showed that 
PTEN was a direct target of miR-485-5p. A marked reduction 
in the mRNA expression of PTEN was found in both SLE and 
LN patients compared with that in healthy controls, and the 
mRNA expression level of PTEN in active LN group was signifi-
cantly lower than that in the nonactivity group, the results were 
consistent with the previous evidence. Furthermore, correlation 
analysis confirmed that miR-485-5p was negatively correlated 
with the mRNA level of PTEN. Therefore, we concluded that 
PTEN might be involved in the regulatory role of miR-485-5p 
in the pathogenesis of LN.

Additionally, all LN patients were followed up for 5 years to 
explore the predictive value of miR-485-5p for LN. The Kaplan-
Meier analysis results indicated that more ESRD events were 
observed in cases in high miR-485-5p expression, and serum miR-
485-5p could identify cases at higher risk of developing future 
ESRD in LN patients. Furthermore, multivariable cox regression 
analysis results indicated that miR-485-5p was an independent 
factor for ESRD risk in LN patients. The current study provides 
evidence for the potential diagnostic value of serum miR-485-5p 
for LN and its predictive significance for the risk of future ESRD 
for LN patients. However, there are several limitations to our 
study. First, our study population is relatively small, future stud-
ies with a larger population are needed to confirm the present 
findings. Besides, the baseline clinical information of the LN 
patients during the 5-year follow-up period was not collected 
in our study, it will be essential for a better understanding of 
the role of miR-485-5p in LN. Additionally, a group of nephritis 
without SLE is useful to explore whether the role of miR-485-5p 
in kidney function is associated with the existence of SLE.

In conclusion, our study suggests the potential clinical value of 
miR-485-5p for the early diagnosis of LN patients. MiR-485-5p 
has potential predictive value for ESRD risk in LN patients.
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