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Abstract. The current study assessed the association between 
toll‑like receptor 9 (TLR9) and systemic lupus erythematosus 
(SLE) and subsequently determined the predictive value of 
TLR9 in assessing the prognosis of SLE. A total of 90 newly 
diagnosed patients with SLE and 49 healthy control subjects 
were enrolled in the current study. The expression of TLR9 
mRNA was measured in whole blood samples from patients 
and controls. All patients were followed up for ≥2  years 
and their clinical parameters were recorded. After 2 years, 
30 patients were randomly chosen from patient subgroups 
with high (n=20) or low (n=10) TLR9 levels and the expres-
sion of TLR9 mRNA were measured again. Cox proportional 
hazards regression was used to identify the risk factors of 
SLE prognosis. Patients with SLE and high SLE disease 
activity exhibited significantly increased TLR9 expression 
(P<0.05). Persistent proteinuria of >0.5 g/day [hazard ratio 
(HR), 6.314; 95% confidence interval (CI), 2.858‑13.947], 
C‑reactive protein levels (HR, 1.013; 95% CI, 1.007‑1.019) 
and high‑TLR9 mRNA expression (HR, 3.852; 95% CI, 
1.931‑7.684) were independent risk factors of poor prognosis 
during a 2‑year follow‑up period, whereas patient treatment 
with >1 immunosuppressant (HR, 0.374; 95% CI, 0.173‑0.808) 
was a factor indicating favorable prognosis. Furthermore, the 
expression of TLR9 mRNA remained high in patients with 
poor prognosis at the end of a 2‑year follow‑up period but in 
patients with a favorable prognosis, TLR9 mRNA expression 
was significantly reduced compared with the levels measured 
at SLE onset (P<0.0001). Therefore, the expression of TLR9 

mRNA in whole blood samples at SLE onset is associated 
with SLE disease activity and its expression may be used as an 
indicator of poor prognosis in patients with SLE.

Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune 
disease with a variety of clinical outcomes, ranging from benign 
illness to progressive disease, which may result in organ failure 
and mortality (1). The heterogeneity of SLE makes the predic-
tion of patient prognosis challenging. The majority of previous 
studies investigating SLE prognosis have focused on assessing 
its clinical manifestation and parameters (2‑4). At present, high 
levels of anti‑double stranded DNA antibody titers (dsDNA 
Ab), hypocomplementemia and renal dysfunction are the most 
reliable predictors of SLE prognosis (5‑7). However, there are 
currently no biomarkers that accurately predict SLE prognosis.

Toll‑like receptor 9 (TLR9) is a transmembrane receptor 
widely expressed in the monocytes and T and B cells of 
patients with SLE (8,9). TLR9 is a receptor for extracellular 
DNA and is therefore capable of nucleic acid recognition (10). 
Although the role of TLR9 in SLE remains controversial, 
the involvement of TLR9 in the pathogenesis of SLE by 
identifying DNA‑containing immune complexes has been 
established (11). It has been demonstrated that the expression 
of TLR9 mRNA is associated with SLE disease activity (12) 
and high SLE disease activity (including high SLEDAI score 
and severe organ damage) is associated with poor patient 
prognosis (13‑15). It has been demonstrated that high disease 
activity at the time of SLE diagnosis does not prevent remis-
sion in patients with SLE (16). Thus, the association between 
TLR9 and SLE disease activity and the predictive value of 
TLR9 in SLE prognosis requires further investigation.

The current study aimed to determine TLR9 expression in 
patients with newly diagnosed and active SLE and investigate 
the associations between TLR9 expression and the clinical 
parameters of SLE. Furthermore, the potential of using TLR9 
as a predictor of SLE prognosis was determined over a 2‑year 
period.

Materials and methods

Patients and collection of data. A total of 90 patients with 
newly diagnosed SLE (87 females and 3 males, mean age at 
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enrollment, 38±13.9 years) were enrolled in the current study 
at the Department of Rheumatology and Immunology of the 
First Hospital of Jilin University (Changchun, China) between 
October 2013 and August 2014. All patients with SLE were 
followed up until August 2016. A total of 49 age‑ and sex‑matched 
healthy controls (47 females, 2 males, mean age at enrollment, 
36.8±12.8 years) were enrolled from the Medical Examination 
Center of the First Hospital of Jilin University between October 
2013 and January 2014 and acted as a control group.

The inclusion criteria for enrollment was newly diagnosed 
SLE according to the American College of Rheumatology 
(ACR) revised criteria for the classifications of SLE (17). The 
exclusion criteria were as follows: i) Use of steroids, antima-
larial drugs or immunosuppressants prior to diagnosis and 
ii)  the presence of active infection, hypertension, diabetes 
or neoplastic disease at the time of SLE diagnosis. Clinical 
and laboratory parameters were recorded during each visit, 
according to a standardized protocol  (18) and the clinical 
manifestations of SLE were defined using definitions outlined 
by the ACR (17).

The current study was approved by the Institutional 
Medical Ethics Review Board of the First Hospital of Jilin 
University. Written informed consent was obtained from all 
patients in compliance with the Declaration of Helsinki.

Disease activity and definitions. Disease activity was moni-
tored using the SLE Disease Activity Index (SLEDAI)‑2K (19) 
and calculated at each visit. Patients were divided into SLEDAI 
≤9 and SLEDAI >9 groups, according to the SLEDAI‑2K 
index. Due to the limited number of kidney biopsies available 
from patients, ‘renal involvement’ in the disease was defined 
as persistent proteinuria of >0.5 g/day with no infection (19). 
The Crithidia luciliae indirect immunofluorescence test is the 
typical method used to measure levels of anti‑dsDNA antibodies 
(Abs) in the clinic (20) and was used in the current study as it is 
regarded as a reference method due to its high specificity (21). 
An anti‑dsDNA Ab of ≥1:100 was considered to indicate 
high‑dsDNA Ab whereas ≤1:32 was defined as a low‑dsDNA 
Ab. Patients were categorized into two groups during the 2‑year 
follow‑up period: A favorable prognosis group and a poor 
prognosis group, according to disease activity. Patients in the 
favorable prognosis group had an SLEDAI‑2K <4; an active 
serological profile consisting of a low complement C3 levels 
(defined as C3 level <0.9 g/l; normal range is 0.9‑1.8 g/l) and/or 
high anti‑dsDNA Ab levels; were defined as clinically quiescent, 
serologically active or quiescent (22,23) during each visit over 
the consecutive 2‑year period and were treated with a daily dose 
of prednisone (<5 mg), immunosuppressants (cyclophospha-
mide, mycophenolate, cyclosporine, methotrexate, azathioprine 
or leflunomide) and antimalarials. Poor prognosis was defined 
as situations other than favorable prognosis, including mortality, 
persistent active disease (PAD; defined as SLEDAI‑2K ≥4 
excluding serology alone, on ≥2 consecutive visits) (24) and 
flare. Flare was defined as the presence of ≥1 of the following 
features: i) >3‑point change in the SLEDAI score, ii) new or 
worsening clinical lupus symptoms and iii) an increase in the 
steroid dose (25) during follow‑up visits.

Treatment and follow‑up. All 90  patients with SLE were 
treated with 0.5 mg/kg/day methylprednisolone (Pfizer, Inc., 

New York, NY, USA) and 400 mg/day hydroxychloroquine 
(Sanofi‑Synthelabo Ltd., Guildford, UK). A proportion of 
patients also underwent treatment with immunosuppressants, 
including cyclophosphamide (100  mg on alternate days; 
Maoxiang Pharmaceutical Co., Ltd., Tonghua, China), 
mycophenolate (25 mg/kg/day; Roche Diagnostics GmbH, 
Mannheim, Germany), cyclosporine (3  mg/kg/day; North 
China Pharmaceutical Group Corp., Hebei, China), metho-
trexate (10‑15  mg/week; Xinyi Pharmaceutical Co., Ltd., 
Shanghai, China), azathioprine (50 mg, twice/day; Excella 
GmbH, Feucht, Germany) or leflunomide (20 mg/day; Xinkai 
Pharmaceutical Co., Ltd., Suzhou, China) (Table I).

All patients with SLE were followed‑up until August 
2016 and evaluated for clinical manifestations and laboratory 
parameters during ≥4 annual visits over the 2‑year follow‑up 
period. Situations in which patients were classified as having 
'poor prognosis' were as follows: i) Patients who succumbed, 
ii) patients that experienced a flare, of which the date was 
assumed to be the midpoint between the visit at which an 
SLE flare was initially diagnosed and the previous follow‑up 
visit and iii) patients with PAD, in which the date was defined 
as the midpoint between the first visit at which SLE patients 
exhibited PAD and the previous follow‑up visit.

All 90 patients with SLE were divided into two groups 
according to the level of TLR9 mRNA expression at SLE 
onset. The high‑TLR9 group included patients with a TLR9 
mRNA level higher than the mean TLR9 mRNA level in 
healthy controls + two standard deviations. The remaining 
patients were classified as the low‑TLR9 group. Additionally, 
30 patients with SLE (20 from the low‑TLR9 group and 10 
from the high‑TLR9 group) were randomly selected using 
a random number table to measure TLR9 mRNA expres-
sion 2 years following the induction of immunosuppressive 
treatment.

Blood sample collection and reverse transcription‑quantita‑
tive polymerase chain reaction (RT‑qPCR). Peripheral venous 
blood samples (2 ml) were collected from all patients prior 
to and 2 years following the induction of immunosuppressive 
treatment. Following centrifugation (4˚C, 1,000 x g, 10 min), 
whole blood samples were suspended in 1 ml TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) and stored at ‑80˚C. Total RNA was isolated from whole 
blood using TRIzol. The purity of RNA was determined using 
a Synergy™ H1 Hybrid Reader (BioTek China, Beijing, China). 
RNA samples were reverse transcribed into cDNA using a 
PrimeScript RT Reagent kit (Takara Biotechnology Co., Ltd., 
Dalian, China). The levels of TLR9 mRNA relative to GAPDH 
were determined by qPCR using a SYBR Green PCR Master 
Mix kit and specific primers on an ABI 7500 Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The primer sequences used were as follows: TLR9 forward, 
5'‑CTG​CCT​TCC​TAC​CCT​GTG​AG‑3' and reverse, 5'‑GGA​
TGC​GGT​TGG​AGG​ACA​A‑3'; GAPDH forward, 5'‑CGG​ATT​
TGG​TCG​TAT​TGG​G‑3' and reverse, 5'‑TCT​CGC​TCC​TGG​
AAG​ATG​G‑3'. Samples were incubated at 95˚C for 10 min, 
followed by 40 cycles of denaturation at 95˚C for 10 sec and 
annealing and extension at 60˚C for 30 sec. The reactions were 
performed in duplicate. Relative TLR9 mRNA expression was 
calculated using the 2‑ΔΔCq method (26).
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Table I. The demographic and clinical characteristics and therapies administered to the high‑TLR9 and low‑TLR9 groups at 
baseline.

Characteristics	 Low‑TLR9 group	 High‑TLR9 group	 P‑values

TLR9 mRNA levels, median (LQ, UQ)	 18,402 (10,687, 23,734)	 40,450 (32,510, 49,442)	 <0.0001
Patients, n	 67	 23
Age, years	 40.6±13.5	 30.4±12.4
Female, N (%)	 66 (98.5)	 23 (100)	 n.s.
Lag‑time onset‑diagnosis, months	 16.8±16.3	 17.1±15.2	 n.s.
SLEDAI	 13.7±9.1	 17.4±10.6	 n.s.
Clinical manifestations
  Fever, n (%)	 25 (37.3)	 10 (43.5)	 n.s.
  Skin involvement, n (%)	 32 (47.8)	 11 (47.8)	 n.s.
  Arthritis, n (%)	 43 (64.2)	 16 (69.6)	 n.s.
  Serositis, n (%)	 19 (29.7)	 7 (30.4)	 n.s.
  Persistent proteinuria of >0.5 g/day, n (%)	 23 (34.3)	 12 (52.2)	 n.s.
  Neuropsychiatric manifestations, n (%)	 5 (7.5)	 6 (26.1)	 0.029
  Vasculitis, n (%)	 13 (19.4)	 4 (17.4)	 n.s.
  Haematological involvement, n (%)	 30 (44.8)	 15 (65.2)	 n.s.
Laboratory parameters
  White blood cell counts	 5.8±3.6	 5.7±3.3	 n.s.
  Red blood cell counts	 3.8±0.7	 3.3±0.7	 n.s.
  Platelet counts	 163.3±90.5	 168.1±95.9	 n.s.
  IgM	 1.3±0.7	 1.1±0.6	 n.s.
  IgA	 3.2±1.5	 2.8±1.5	 n.s.
  IgG	 17.6±9.1	 18.8±9.3	 n.s.
  CRP, median (LQ, UQ)	 3 (1, 18.3)	 4 (1, 12)	 n.s.
  ESR	 42.6±35.2	 35.4±35.1	 n.s.
  Serum C3 level	 0.71±0.31	 0.55±0.28	 n.s.
  Serum C4 level	 0.13±0.13	 0.09±0.06	 n.s.
  Low C3 serum level, n (%)	 49 (73.1)	 20 (87)	 n.s.
  Low C4 serum level, n (%)	 41 (61.2)	 14 (60.9)	 n.s.
  ANA positivity, n (%)	 67 (100)	 23 (100)	 n.s.
  Anti‑dsDNA Ab positivity, n (%)	 49 (73.1)	 20 (87.0)	 n.s.
Drugs
  Glucocorticoids, n (%)	 67 (100)	 23 (100)	 n.s.
  Hydroxychloroquine, n (%)	 67 (100)	 23 (100)	 n.s.
Immunosuppressants
  Cyclophosphamide, n (%)	 13 (19.4)	 5 (21.7)	 n.s.
  Mycophenolate, n (%)	 29 (43.3)	 14 (60.9)	 n.s.
  Cyclosporine, n (%)	 0 (0)	 8 (34.8)	 <0.0001 
  Methotrexate, n (%)	 0 (0)	 2 (8.7)	 n.s.
  Azathioprine, n (%)	 1 (0)	 1 (2.8)	 n.s.
  Leflunomide, n (%)	 6 (11.1)	 2 (5.6)	 n.s.
  >1 immunosuppressant, n (%)	 11 (16.42)	 4 (17.39)	 n.s.
Prognosis
  Mortality rate, n (%)	 2 (3.0)	 4 (17.4)	 0.035 
  Poor prognosis over 2‑years, n (%)	 22 (32.8)	 16 (69.6)	 0.003

All results are presented as the mean ± standard deviation, unless otherwise specified. P<0.05 was considered to indicate a statistically 
significant difference. SLEDAI, systemic lupus erythematosus disease activity index; n, number; n.s., no significance; LQ, lower quartile; UQ, 
upper quartile; TLR9, toll‑like receptor 9; Ig, immunoglobulin; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; dsDNA, double 
stranded DNA; ANA, antinuclear antibody; AB, antibody titer.
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Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 5.0 (GraphPad Software, Inc., San Diego, 
CA, USA) and SPSS 20.0 (IBM Corp., Armonk, NY, USA). 
Categorical variables were analyzed using a Fisher's exact test. 
Continuous variables were analyzed using a Student's t‑test (if 
the data were normally distributed), a Wilcoxon signed rank 
test for paired samples or a Mann‑Whitney U test for unpaired 
samples (if the data were not normally distributed). One‑way 
analysis of variance with Tukey's test (for non‑parametric 
data) was used for comparisons among multiple groups. The 
Kaplan‑Meier method was used to analyze the association 
between TLR9 mRNA expression and poor prognosis of SLE 
and the log‑rank test was used to compare survival curves. 
A Cox regression model was used to perform multivariable 
survival analysis. The difference between TLR9 mRNA 
expression at baseline (time of SLE diagnosis) and after 
2 years of immunosuppressive treatment, was compared by 
paired analysis using the Wilcoxon signed rank test. P<0.05 
was considered to indicate a statistically significant difference.

Results

TLR9 mRNA expression is increased in the whole blood cells of 
patients with SLE and is significantly different in the SLEDAI, 
anti‑dsDNA Ab and C3 patient subgroups but not in the renal 
involvement subgroup. A total of 87 female and 3 male patients 
with SLE with a mean age of 38±13.9 years were enrolled 
in the current study. The healthy control group consisted of 
47 females and 2 males. The average age of subjects in the 
control group at study enrollment was 36.8±12.8 years. There 
were no significant differences in the age or sex of patients 
with SLE compared with healthy controls.

The expression of TLR9 mRNA in the whole blood 
samples of the 90 patients with SLE and 49 healthy controls 
was compared to identify the role of TLR9 in the pathogenesis 
of SLE. Levels of TLR9 mRNA in patients newly diagnosed 
with SLE were significantly higher than in healthy controls 
(P=0.004; Fig. 1A). The baseline demographic and clinical 
characteristics of patients in the high‑TLR9 and low‑TLR9 

Figure 1. The expression of TLR9 mRNA is increased in whole blood samples from patients with SLE and is associated with SLEDAI scores, anti‑dsDNA 
Ab levels and C3 levels, but not with renal involvement. (A) Expression of TLR9 mRNA in the whole blood of newly diagnosed patients with SLE (n=90) 
compared with HCs (n=49). (B) Expression of TLR9 mRNA in the whole blood of patients with SLE in the SLEDAI ≤9 and SLEDAI >9 groups, as well as 
HCs. (C) Expression of TLR9 mRNA in the whole blood of patients with SLE in the high‑ and low‑dsDNA Ab groups, as well as HCs. (D) Expression of TLR9 
mRNA in whole blood from patients with SLE in the normal‑ and low‑C3 level groups, as well as HCs. (E) Expression of TLR9 mRNA in the whole blood of 
patients with SLE with renal involvement and those with no renal involvement. Data are expressed as the mean ± standard deviation. TLR9, toll‑like receptor 
9; HCs, healthy controls; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index; C3, complement C3; dsDNA Ab, double stranded DNA 
antibody titer.
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groups as well as the treatments administered are presented 
in Table I.

Differences in the expression of TLR9 mRNA in the 
different subgroups of patients with SLE were subsequently 
determined. Levels of TLR9 mRNA expression in the 
whole blood samples of patients with SLE were significantly 
higher in the SLEDAI >9 group compared with the SLEDAI 
≤9 group (P=0.029, Fig. 1B). Similarly, TLR9 mRNA expres-
sion was significantly increased in the high‑dsDNA Ab group 
compared with the low‑dsDNA Ab group (P=0.022; Fig. 1C) 
and the low‑C3 level group compared with the normal‑C3 
level group (P=0.001; Fig. 1D). The difference in the levels 
of TLR9 mRNA in patients with renal involvement compared 
with patients with no renal involvement was not signifi-
cant (Fig. 1E). The difference in the percentage of patients 
with renal involvement (persistent proteinuria of >0.5 g/day) 
between the low‑TLR9 and high‑TLR9 group was also not 
significant (Table I).

High TLR9 mRNA expression is independently associated 
with the poor prognosis of patients with SLE. During the 
2‑year follow‑up period, 52  patients (57.8%) experienced 
clinical remission and the remaining 38  patients (42.2%) 
were categorized into the poor prognosis group. The differ-
ence in age, sex, onset‑diagnosis lag‑time, laboratory 
analysis findings, other clinical manifestations and the thera-
pies administered to the high and low‑TLR9 groups was not 
significant (Table I). However, there was a significant increase 
in neuropsychiatric manifestations (P=0.029), application of 
cyclosporine (P<0.001), mortality rates (P=0.035) and poor 
prognosis (P=0.003) in the high‑TLR9 group compared with 
the low‑TLR9 group over the 2‑year follow‑up period (Table I).

Univariate analyses demonstrated that persistent protein-
uria >0.5 g per day [hazard ratio (HR), 3.81; 95% confidence 
interval (CI), 1.96‑7.40], serum C3 (HR, 0.31; 95% CI, 0.10‑1.0), 
SLEDAI (HR, 1.05; 95% CI, 1.02‑1.09), C‑reactive protein 
(HR, 1.006; 95% CI, 1.001‑1.012) and high‑TLR9 mRNA 
levels (HR, 3.60; 95% CI, 1.88‑6.90) were predictive of poor 
patient prognosis over the 2‑year follow‑up period (Table II). 
Following adjustment for several factors, including age, persis-
tent proteinuria (>0.5 g/day), serum C3 serum level, SLEDAI, 
C‑reactive protein, treatment with >1 immunosuppressant 
therapy and high‑TLR9 mRNA level, the multivariate analysis 
demonstrated that persistent proteinuria (>0.5 g/day; HR, 
6.314; 95% CI, 2.858‑13.947), C‑reactive protein (HR, 1.013; 
95% CI, 1.007‑1.019) and high‑TLR9 mRNA levels (HR 3.852; 
95% CI, 1.931‑7.684) were independent risk factors for poor 
prognosis, whereas treatment with >1 immunosuppressant 
(HR, 0.374; 95% CI, 0.173‑0.808) was indicative of favorable 
prognosis (Table II).

The median time of patients with SLE developing 
poor prognosis was 6 months following diagnosis (range, 
0‑13.83 months). Kaplan‑Meier survival curves indicated that 
the 2‑year poor prognosis‑free probability was 66% (95% CI, 
54.2‑77.8) in the low‑TLR9 group and 30% (95% CI, 10.4‑49.6) 
in the high‑TLR9 group (HR, 3.85; 95% CI, 1.93‑7.68; Fig. 2). 
This difference between prognosis‑free probability was 
significant (P<0.0001; all Fig. 2).

TLR9 mRNA levels remain high in the poor prognosis group 
following treatment for 2 years with immune suppressants. At 

Table II. Univariate and multivariate analyses of risk factors for SLE prognosis.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 HR	 95% CI	 P‑values	 HR	 95% CI	 P‑values

Persistent proteinuria of >0.5 g per day 	 3.600 	 1.879‑6.898	 <0.0001a 	 6.314 	 2.858‑13.947	 <0.0001a 
High‑TLR9 level 	 3.812 	 1.963‑7.400	 <0.0001a 	 3.852 	 1.931‑7.684	 <0.0001a 

>1 immunosuppressant for therapy	 0.775 	 0.401‑1.499	 0.450 	 0.374 	 0.173‑0.808	 0.012a 
CRP	 1.006 	 1.001‑1.012	 0.027a 	 1.013 	 1.007‑1.019	 <0.0001a 
Serum C3 level	 0.311 	 0.098‑0.989	 0.048a 
SLEDAI	 1.051 	 1.016‑1.087	 0.004a 

aP<0.05. CRP, C‑reactive protein; SLEDAI, systemic lupus erythematosus disease activity index; TLR9, toll‑like receptor 9; HR, hazard ratio; 
CI, confidence interval.

Figure 2. Kaplan‑Meier survival curve of SLE prognosis associated with 
TLR9 mRNA expression. A total of 90 patients with SLE were divided into 
two groups according to the levels of TLR9 mRNA at SLE onset. Patients 
with TLR9 mRNA expression levels higher than the mean TLR9 mRNA level 
in the healthy controls + 2 standard deviations were placed in the high‑TLR9 
group and the remaining patients were placed in the low‑TLR9 group. SLE, 
systemic lupus erythematosus; TLR9, Toll‑like receptor 9; HR, hazard ratio.
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the end of the 2‑year follow‑up period, the expression of TLR9 
mRNA in the favorable prognosis group (n=20) was compared 
with the poor prognosis group (n=10) at baseline and 2 years 
following diagnosis of SLE (Fig. 3). There was a significant 
increase in the baseline expression of TLR9 mRNA in the 
poor prognosis group compared with the favorable prognosis 
group (P<0.0001). Compared with baseline levels, the levels 
of TLR9 mRNA expression 2 years following induction of 
immunosuppressant treatment decreased significantly in the 
favorable prognosis group (P<0.0001) but remained high in the 
poor prognosis group (P=0.1192; both Fig. 3).

Discussion

The current study demonstrated that levels of TLR9 mRNA 
were significantly increased in the whole blood samples from 
patients with SLE and that these levels were associated with 
disease activity. Furthermore, to the best of our knowledge 
this is the first study to demonstrate that increased expression 
of TLR9 mRNA indicates the poor prognosis of patients with 
SLE over a 2‑year period. Thus, over the short term at least, 
TLR9 may predict the successful recovery of patients from 
SLE without remission and determine the most effective thera-
peutic strategy for treating patients.

In humans, TLR9 is expressed in the spleen, lymph nodes, 
tonsils and peripheral blood mononuclear cells (27,28). Previous 
studies have demonstrated that TLR9 is highly expressed in 
SLE monocytes, T and B cells (8,12,29,30) and that TLR9 
expression in patients with active SLE is increased compared 
with healthy controls (31). The results of the current study are 
consistent with this, as they indicate that the expression of 
TLR9 mRNA in patients with active SLE was significantly 
increased compared with healthy controls. The current study 
also measured the expression of TLR9 mRNA in peripheral 
whole blood cells. TLR9 is expressed by monocytes, T and B 
cells in patients with SLE; therefore, measuring the expres-
sion of TLR9 mRNA in the whole blood may provide a better 

indication of the in vivo environment and avoids the potential 
adverse effects of separating cells in collected blood samples.

It has been suggested that a deficiency in the clearance 
of cellular debris causes the accumulation of extracellular 
nucleic acids, which may be recognized by TLR9 in patients 
with SLE (32). This is consistent with the results of the current 
study, as it was demonstrated that patients with SLE and an 
increased titer of anti‑dsDNA Ab exhibited increased expres-
sion of TLR9 mRNA.

The association between TLR9 and different clinical 
parameters remains controversial. Wong et  al  (8) demon-
strated that there was no correlation between TLR9 expression 
and SLEDAI in patients with SLE (mean SLEDAI, 3.13±2.29). 
By contrast, Nakano et al (33) identified a positive correla-
tion between the expression of TLR9 mRNA and SLEDAI in 
patients with active SLE. Furthermore, Papadimitraki et al (12) 
reported a positive correlation between levels of TLR9 expres-
sion and anti‑dsDNA Ab in the B cells of patients with active 
SLE. The results of the current study demonstrated that the 
expression of TLR9 mRNA in whole blood cell samples from 
patients with newly diagnosed active SLE differed significantly 
different among the SLEDAI, anti‑dsDNA Ab and comple-
ment C3 subgroups. This suggests that TLR9 is involved in the 
pathogenesis of active SLE.

The optimal criteria for predicting SLE remission remain 
unknown, as the results of previous studies provide differing 
views (16,24,34). Varying definitions of remission are likely 
to be the main reason for the divergent results. Unlike other 
studies that define SLE disease activity as complete remission, 
serologically active clinically quiescent disease or persistently 
active disease and flare, the current study categorized SLE 
outcomes as favorable or poor. At the end of the study, the 
proportion of patients with favorable prognosis and poor 
prognosis were 57.8 and 42.2%, respectively. Additionally, the 
expression of TLR9 mRNA in the whole blood cells of patients 
at the onset of SLE was closely associated with prognosis at 
2 years. The increased expression of TLR9 mRNA at SLE 
onset was associated with a poorer outcome of SLE during the 
2‑year follow‑up period. The current study demonstrated that 
the proportion of patients with poor prognosis was 69.6% in 
the high‑TLR9 group and 32.8% in the low‑TLR9 group. There 
were 4 (17.4%) patient mortalities in the high‑TLR9 group and 
2 (3.0%) in the low‑TLR9 group. Thus, the increased expres-
sion of TLR9 mRNA may indicate an increased likelihood of 
mortality in patients with SLE.

Currently, there are no reliable predictors of SLE prognosis 
and the majority of studies concerning SLE prognosis have 
been clinical reports. It has been demonstrated that glomeru-
lonephritis, vasculitis and hematological abnormalities are 
independent risk factors for the absence of clinical remission 
in patients with SLE (4) and a recent study, demonstrated that 
renal and neurological involvement decreased the likelihood 
of remission and favorable prognosis (35). The results of the 
current study are partially consistent with those from these 
previous studies, as it was demonstrated that renal involvement 
is an independent risk factor and increased levels of TLR9 
mRNA and C‑reactive protein in the whole blood are risk 
factors for poor prognosis in patients with SLE. The effects 
of renal involvement (persistent proteinuria of >0.5 g/day; 
HR, 6.31) and high TLR9 mRNA levels (HR, 3.85) on patient 

Figure 3. TLR9 mRNA levels remained high in the poor prognosis group in 
the 2 years following diagnosis of systemic lupus erythematosus. Expression 
of TLR9 mRNA at the beginning of the study (baseline) and 2 years following 
diagnosis were compared in the favorable prognosis group (n=20) and poor 
prognosis group (n=10). There was a significant difference in the expres-
sion of TLR9 mRNA between the favorable prognosis and poor prognosis 
groups at baseline (P<0.0001). The expression of TLR9 mRNA decreased 
significantly 2 years following diagnosis (P<0.0001) in the favorable prog-
nosis group compared with the level at baseline but remained high in the 
poor prognosis group (P=0.1192). Data are expressed as the mean ± standard 
deviation. TLR9, toll‑like receptor 9.
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prognosis were greater than those of C‑reactive protein (HR, 
1.01). It has been demonstrated that high levels of TLR9 
mRNA predict poor outcomes in breast cancer (36); however, 
to the best of our knowledge, the current study is the first to 
identify an association between TLR9 expression and SLE 
prognosis. The expression of TLR9 mRNA was significantly 
decreased 2 years following the induction of immunosuppres-
sive treatment in the favorable prognosis group but remained 
unchanged in the poor prognosis group.

Administration of >1 type of immunosuppressant for SLE 
therapy promoted the favorable prognosis of patients with SLE 
in the current study. Although the administration of multiple 
immunosuppressants is an acceptable practice, it is necessary 
to evaluate the side effects of immunosuppressants and their 
cost‑effectiveness in the long term.

The role of TLR9 in SLE pathogenesis remains unclear. A 
previous study suggested that activation of TLR9 induces the 
progression of nephritis in MRL‑Fas lupus prone mice (37), 
which may lead to the progression of autoimmune disease. 
Other studies have demonstrated that TLR9 induces cytokine 
secretion in B cells and plasmacytoid dendritic cells (29,38). 
Additionally, DNA‑containing immune complexes activate 
TLR9 in SLE (12) and excessive dsDNA fragments may induce 
high TLR9 expression in patients with SLE. This is consistent 
with the results of the current study, which identified that 
TLR9 expression was positively associated with the SLEDAI 
score in patients with SLE. Previous studies have indicated 
that SLE disease activity is the primary factor affecting SLE 
prognosis in the 5 years following diagnosis  (13,14). High 
expression of TLR9 mRNA is suggestive of a severe autoim-
mune response in patients with SLE and high SLEDAI (37). 
A more severe autoimmune response makes recovery more 
difficult, leading to poorer patient prognosis. This has been 
confirmed in previous studies, which demonstrated that high 
SLE disease activity is a factor that predicts poor disease 
prognosis (13,14). Organ damage may also be a risk factor for 
poor SLE prognosis, however this was not assessed during the 
follow‑up period in the present study, which is a limitation. 
Furthermore, the potential role of TLR9 expression in SLE 
prognosis remains unclear.

In conclusion, TLR9 is involved in the pathogenesis of 
SLE, associated with disease activity and may predict SLE 
outcome within a 2‑year period. This suggests that the detec-
tion of TLR9 mRNA at SLE onset should be used to identify 
patients with poor prognosis who may require more frequent 
monitoring in the short‑term. Thus, TLR9 may be a useful 
biomarker for predicting SLE prognosis.
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