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Summary

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease with
abnormal T cell immune responses. We hypothesized that aberrant expres-
sion of microRNAs (miRNAs) in T cells may contribute to the pathogenesis
of SLE. First, we analysed the expression profiles of 270 human miRNAs in T
cells from five SLE patients and five healthy controls and then validated those
potentially aberrant-expressed miRNAs using real-time polymerase chain
reaction (PCR). Then, the expression of mRNAs regulated by these aberrant-
expressed miRNAs was detected using real-time PCR. Finally, miRNA trans-
fection into Jurkat T cells was conducted for confirming further the
biological functions of these miRNAs. The initial analysis indicated that
seven miRNAs, including miR-145, miR-224, miR-513-5p, miR-150, miR-
516a-5p, miR-483-5p and miR-629, were found to be potentially abnormally
expressed in SLE T cells. After validation, under-expressed miR-145 and
over-expressed miR-224 were noted. We further found that STAT1 mRNA
targeted by miR-145 was over-expressed and apoptosis inhibitory protein 5
(API5) mRNA targeted by miR-224 was under-expressed in SLE T cells.
Transfection of Jurkat cells with miR-145 suppressed STAT1 and miR-224
transfection suppressed API5 protein expression. Over-expression of miR-
224 facilitates activation-induced cell death in Jurkat cells. In the clinical
setting, the increased transcript levels of STAT1 were associated significantly
with lupus nephritis. In conclusion, we first demonstrated that miR-145 and
miR-224 were expressed aberrantly in SLE T cells that modulated the protein
expression of their target genes, STAT1 and API5, respectively. These miRNA
aberrations accelerated T cell activation-induced cell death by suppressing
API5 expression and associated with lupus nephritis by enhancing signal
transducer and activator of transcription-1 (STAT)-1 expression in patients
with SLE.

Keywords: API5, miR-145, miR-224, STAT-1, systemic lupus erythematosus

Accepted for publication 13 September 2012

Correspondence: C-L. Yu, Department of

Internal Medicine, National Taiwan University

Hospital, no. 7 Chung-Shan South Road, Taipei

100, Taiwan.

E-mail: chialiyu@ntu.edu.tw

Introduction

Systemic lupus erythematosus (SLE) is a systemic auto-
immune disease with complex aberrant cellular and
humoral immune responses [1–3]. Diverse T cell dysfunc-
tion, such as defective gene transcription and altered
cytokine production, has been found in patients with
SLE. Thus, dysregulated T cells could play an important role
in lupus pathogenesis [4]. MicroRNAs (miRNAs) are
small conserved non-coding RNA molecules that regulate
the expression of multiple target genes by targeting

the 3′-untranslated region (UTR) of messenger RNAs
(mRNAs), resulting in degradation or translational repres-
sion of mRNA. In the immune system, miRNA modulate
both innate and adaptive immune responses [5]. Altered
miRNA expression is implicated in the pathogenesis of
many different autoimmune diseases [6–9]. Recently,
several studies have demonstrated that altered expression of
miRNAs, including miR-146a, miR-21, miR-126, miR-125a
and miR-148a, in peripheral blood mononuclear cells
(PBMCs) or T cells from patients with SLE is associated
with innate immunity, inflammation and DNA methylation

bs_bs_banner

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/j.1365-2249.2012.04676.x

91© 2012 The Authors
Clinical and Experimental Immunology © 2012 British Society for Immunology, Clinical and Experimental Immunology, 171: 91–99



[10–15]. The altered expression of miRNAs is found even in
sera and urine from lupus patients [16,17], and is involved
in the development of lupus nephritis [18,19]. In consider-
ing the extremely complex pathogenesis of immune dys-
function in SLE, it is possible that many more miRNAs may
be involved in the immunopathogenesis of SLE. Therefore,
we hypothesized that aberrant expression of miRNAs in T
cells from SLE patients would affect the downstream target
molecule expressions that contribute to lupus pathogenesis.

In the present study, we first demonstrated that the
expression of miR-145 and miR-224 was altered in SLE T
cells. We also confirmed that altered expression of miR-145
and miR-224 affected the expression of their target proteins,
signal transducer and activator of transcription-1 (STAT-1)
and apoptosis inhibitory protein 5 (API5). Transfection of
miR-224 into Jurkat T cells promptly caused cell apoptosis,
which is consistent with T cell abnormalities in SLE. In
addition, increased expression of STAT-1 mRNA was found
to have a significant association with lupus nephritis in the
clinical setting.

Material and methods

Patients and controls

Twenty-six patients in total satisfying the 1982 American
College of Rheumatology (ACR) revised criteria for the
classification of SLE [20] were recruited, and 27 age-
matched healthy volunteers served as a control group. Each
participant signed an informed consent approved by the
local Internal Review Board and Ethics Committee of Bud-
dhist Dalin Tzu Chi General Hospital, Chia-Yi, Taiwan (no.
B09702020). Demographic and clinical data of the SLE
patients were recorded. Blood samples were collected at
least 12 h after the last dose of immunosuppressants in
order to minimize drug effects in the in-vitro studies.

First, blood samples from five SLE patients and five
healthy controls (the screening group) were used to analyse
the expression profile of 270 human miRNAs in T cells by
real-time polymerase chain reaction (PCR). Secondly, we
validated the expression levels of these potentially aberrant
miRNAs in T cells from another 21 SLE patients and 22
healthy controls (the validation group). Finally, we analysed
the correlation between different clinical parameters and
expression levels of miRNA and mRNA using all the SLE
patients from both the screening and validation groups.
Three patients in the screening group were excluded due to
lack of enough specimens for analysis of the expression
levels of mRNA.

Preparation of RNA from T cells

Heparinized venous blood obtained from SLE patients and
healthy volunteers was mixed with a one-quarter volume of
2% dextran solution (MW 464 000 Da; Sigma-Aldrich, St

Louis, MO, USA) and incubated at room temperature for
30 min. Leucocyte-enriched supernatant was collected and
layered over a Ficoll-Hypaque density gradient solution
(specific gravity 1·077; Pharmacia Biotech, Uppsala,
Sweden). After centrifugation (250 g) at room temperature
for 25 min, mononuclear cells were aspirated from the
interface. T cells were purified further using anti-human
CD3 magnetic particles using an IMag Cell Separation
System (BD Bioscience, Franklin Lakes, NJ, USA). Total
RNA, including miRNA, was extracted from the purified T
cells using the mirVana miRNA isolation kit (Ambion,
Austin, TX, USA), according to the manufacturer’s proto-
col. The concentration of RNA was quantified using a
NanoDrop Spectrophotometer.

Reverse transcription (RT) of miRNAs

All the extracted miRNAs were converted into correspond-
ing cDNAs following the method of Chen et al. [21]. Briefly,
a 10-ml reaction mixture containing miRNA-specific stem-
loop RT primers (final concentration 2 nM each), 500 mM
deoxyribonucleotide triphosphates (dNTPs), 0·5 ml Super-
script III (Invitrogen, Carlsbad, CA, USA) and 1 mg total
RNA were used for the reverse transcription (RT) reaction.
The pulsed RT reaction was performed under the following
conditions: 16°C for 30 min, followed by 50 cycles at 20°C
for 30 s, 42°C for 30 s and 50°C for 1 s. After RT, the prod-
ucts were diluted 20-fold before further analysis.

Measurement of miRNA expression by real-time PCR

A real-time PCR-based method was used to quantify the
expression levels of miRNAs using a protocol described pre-
viously [22]. The prepared RT product (1 ml) was used as
the PCR template. Each PCR reaction contained 1 ¥ SYBR
Master Mix (Applied Biosystems, Foster City, CA, USA),
200 nM miRNA-specific forward primer and 200 nM uni-
versal reverse primer. All reactions were performed in dupli-
cate on an ABI Prism 7500 fast real-time PCR system
(Applied Biosystems). The conditions for quantitative PCR
were 95°C for 10 min, followed by 40 cycles of 95°C for 15 s
and 63°C for 32 s. Expression of the U6 small nuclear RNA
was used as an endogenous control for data normalization.
The threshold cycle (Ct) is defined as the cycle number at
which the fluorescence intensity change crosses the average
background level of the fluorescence signal. In the initial
screening studies, the normalized miRNA level was defined
by the equation (39 – Ct after normalization by the internal
control) with global median normalization before further
analysis. For the analysis of individual miRNA expression,
the value of each Ct was first normalized by U6 small
nuclear RNA (snRNA) and then the normalized miRNA
level was defined by the equation (39 – Ct after normaliza-
tion by the expression of U6 snRNA).
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Measurement of STAT-1 and API5 mRNA expression
by real-time PCR

The expression levels of STAT-1 and API5 mRNA were
quantified by real-time PCR using the one-step RT–PCR kit
(TaKaRa, Shiga, Japan) on an ABI Prism 7500 fast real-time
PCR system (Applied Biosystems). The primers for STAT-1
were 5′-ACC-GCACCTTCAGTCTTTTCC-3′ (forward) and
5′-TGAACTGGACCCCTGTCT-TCA-3′ (reverse) [23]. The
primers for API5 were 5′-TGATGGGTTTGGAGAA-GT
TCCG-3′ (forward) and 5′-TCACTTGATAGGCATCT
TTATGC-3′ (reverse) [24]. Conditions for the quantitative
PCR were 42°C for 5 min and 95°C for 10 s for RT, followed
by 40 cycles of 95°C for 5 s and 34°C for 34 s. Expression of
18S ribosomal RNA was used as endogenous control for
data normalization. The normalized mRNA level was
defined by the equation (39 – Ct after normalization by the
expression of 18S ribosomal RNA).

Transfection of miRNA into Jurkat cells

Jurkat T cells (1 ¥ 106/ml) purchased from the American
Type Culture Collection (Manassas, VA, USA) were electro-
porated with 1 mg of scrambled oligonucleotides or miRNA
mimics (Ambion) using the Gene Pulser MXcell electropo-
ration system (Bio-Rad Laboratories, Hercules, USA) using
the condition developed by Jordan et al. [25]. Jurkat cells
were then lysed with 1% NP-40 (Sigma-Aldrich) in the
presence of a proteinase inhibitor cocktail (Sigma-Aldrich)
24 h after transfection for further analysis.

Western blotting of cell lysates

One hundred mg of the cell lysates were electrophoresed and
transferred to a polyvinylidene difluoride (PVDF) sheet
(Sigma-Aldrich). The membranes were incubated with the
primary antibodies followed by horseradish peroxidase
(HRP)-conjugated secondary antibodies. Mouse mono-
clonal anti-STAT-1 and rabbit polyclonal anti-API5 anti-
bodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA), and mouse monoclonal anti-b-
actin antibody was purchased from Sigma-Aldrich as an
internal control. Goat anti-rabbit and goat anti-mouse
immunoglobulin (Ig)G antibodies were purchased from
Jackson ImmunoResearch Laboratories (West Grove, PA,
USA). The cognate molecules were visualized using a
chemiluminescence reaction (ECL; GE Healthcare, Little
Chalfont, UK). The band intensities were analysed using
Image J software (version 1·42; http://rsb.info.nih.gov/ij).

Detection of apoptosis by flow cytometry

Jurkat cells (1 ¥ 106/ml) were activated by 500 ng/ml iono-
mycin (Sigma-Aldrich) and 10 ng/ml phorbol 12-myristate

13-acetate (PMA; Sigma-Aldrich) for 24 h. The percentage
apoptosis of Jurkat cells was then determined after staining
with propidium iodide (BD Bioscience) and analysed by
fluorescence activated cell sorter (FACS)can flow cytometry
(Becton Dickinson) using Lysis II software.

Statistical analysis

All data are presented as mean � standard deviation (s.d.).
Statistical significance was assessed using the Mann–
Whitney U-test and a P-value of less than 0·05 was consid-
ered statistically significant.

Results

Patients

The demographic and clinical data of the patients with SLE
and healthy volunteers are presented in Table 1.

Identification and verification of differential
expression of miRNAs in T cells from patients
with SLE and controls

To identify miRNAs that were expressed potentially differ-
entially in SLE T cells, we analysed the expression levels of
270 human miRNAs in T cells from five SLE patients and
five healthy controls (Fig. 1a). We found that the expression
of seven microRNAs, including miR-145, miR-224, miR-
513-5p, miR-150, miR-516a-5p, miR-483-5p and miR-629,
in T cells was different between SLE patients and control
groups (defined by fold change > 3·9 and P-value < 0·05;
Fig. 1b). We then validated these results by comparing the
expression levels of these seven miRNAs in additional T
cells from 21 SLE patients and 22 healthy controls. We
confirmed that decreased miR-145 (fold change: 0·43,
P = 0·020) and increased miR-224 (fold change: 2·01,
P = 0·015) expressions were found in SLE T cells compared
to normal T cells (Fig. 1c). The fold change was trans-
formed from the difference of Ct value by exponentiation.

Correlation of STAT-1 and API5 mRNA levels and their
corresponding miRNA expression in T cells from SLE
patients and healthy controls

Gregersen et al. [23] and Wang et al. [24] found that miR-
145 and miR-224, respectively, targeted their corresponding
gene transcripts, STAT-1 and API5, separately. Accordingly,
we decided to compare the mRNA expression levels of
STAT-1 and API5 in T cells from SLE patients and healthy
controls using real-time PCR. We confirmed that the
mRNA levels of STAT-1 (target of miR-145) were increased
modestly but significantly (fold change: 1·59), whereas the
expression level of API5 (target of miR-224) was decreased
significantly (fold change: 0·70) in SLE T cells compared to
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Table 1. Demographic and clinical data of systemic lupus erythematosus (SLE) patients and healthy volunteers.

SLE patients

(screening)

(n = 5 )

SLE patients

(validation)

(n = 21 )

Healthy volunteers

(n = 22) P-value*

Age (mean years � s.d.) 40·0 � 9·3 35·1 � 10·8 37·3 � 8·0 0·197

Sex (female : male) 4:1 17:4 11:11 0·055

SLEDAI score 1·4 � 1·7 4·4 � 5·6 –

Anti-dsDNA (IU/ml) 17·4 � 21·2 67·0 � 71·5 –

C3 (mg/dl) 104·4 � 7·7 92·9 � 29·3 –

Lupus nephritis 40% (2/5) 52·4% (11/21) –

Immunosuppressants

Corticosteroids 100% (5/5) 100% (21/21) –

Steroid dosage equivalence to

methylprednisolone (mg/day)

4·8 � 1·8 6·0 � 2·8 –

Hydroxychloroquine 100% (5/5) 100% (21/21) –

Mycophenolic acid 0% (0/5) 14·3% (3/21) –

Azathioprine 20% (1/5) 38·1% (8/21) –

Cyclosporin 0% (0/5) 4·8% (1/21) –

*Comparison between the SLE patients (the validation group) and healthy volunteers. DAI: disease activity index; s.d.: standard deviation.
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Fig. 1. Altered expression of microRNA

(miRNA) in T cells from patients with systemic

lupus erythematosus (SLE). (a) Expression

profile of 270 microRNAs (miRNAs) in T cells

from SLE patient and healthy controls measured

by real-time polymerase chain reaction (PCR).

Each scatter spot represents the average

normalized expression level in T cells from five

SLE patients and five healthy controls for each

miRNA. The threshold cycle (Ct) is defined

as the cycle number at which the change of

fluorescence intensity crosses the average

background level of the fluorescence signal.

The normalized miRNA level was defined as

(39 – Ct) after normalization with the internal

control (U6 small nuclear RNA). All data are

presented as mean � standard deviation. (b)

Seven miRNAs were found to be potentially

aberrant expressions in SLE T cells. miR-145,

miR-513-5p, miR-150, miR-516a-5p,

miR-483-5p and miR-629 were down-regulated,

whereas miR-224 was up-regulated (fold change

> 3·9; P-value < 0·05). (c) Altered expression

of miR-145 and miR-224 in T cells from SLE

patients after validation. The seven abnormally

expressed miRNAs in T cells were validated by

real-time PCR from 21 SLE patients and 22

healthy controls.
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normal T cells (Fig. 2a). The fold change was transformed
from the Ct value difference by exponentiation. The inverse
correlation between miR-145 and STAT-1 mRNA expres-
sions is shown in Fig. 2b. In contrast, no significant correla-
tion was noted between miR-224 and API5 expression
(Fig. 2c).

miR-145 transfection suppressed STAT-1 expression

In the next experiment, we transfected miR-145 into Jurkat
cells for direct observation of the effects on STAT-1 mRNA
and protein expression. We found that the levels of miR-145
increased dramatically after transfection (Fig. 3a), and sup-
pressed the expression of STAT-1 mRNA modestly but sig-
nificantly (Fig. 3b). The increased expression of miR-145
inhibited significantly the protein expression of STAT-1,
shown in Fig. 3c,d, 24 h after transfection.

miR-224 transfection suppressed API5 expression and
promoted activation-induced cell death in Jurkat cells

We transfected miR-224 into Jurkat cells to observe directly
the effects on mRNA and protein expression of API5. As
shown in Fig 4a, the expression levels of miR-224 increased
dramatically after transfection. Unexpectedly, the increased
miR-224 expression did not suppress mRNA expression of
API5 significantly (Fig. 4b), but suppressed significantly
protein expression of API5, shown in Fig. 4c,d, 24 h after
transfection. It is possible that miR-224 transfection did not
degrade but impaired markedly the protein translation effi-
ciency of API5 mRNA. This impairment may lead to incon-
sistency between mRNA and protein levels of API5. Because
API5 is an anti-apoptotic molecule that prevents cell apop-
tosis after deprivation of growth factor [26], we hypoth-
esized that the decreased expression of API5 due to
enhanced miR-224 expression would affect activated T cell
survival. We found that miR-224-transfected Jurkat cells
were more susceptible to activation-induced cell death com-
pared with those transfected with the scramble RNA
(Fig. 5b). A representative case is shown in Fig. 5a. These
results could suggest that increased expression of miR-224
in SLE T cells enhances apoptosis of these cells after stimu-
lation [27].

Expression levels of STAT-1 mRNA were associated
significantly with lupus nephritis

Finally, we analysed the correlation between different clini-
cal parameters and expression levels of miR-145, miR-224,
STAT-1 and API5. Initial analysis showed that only the
expression level of STAT-1 was associated significantly with
lupus nephritis. SLE patients with lupus nephritis had a
2·27-fold higher level of STAT-1 transcript expression than
patients without lupus nephritis [P = 0·014; 95% confidence
interval (CI): 1·20–4·29; Table 2]. After adjusting for age,
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gender and SLE disease activity index (SLEDAI), a signifi-
cant association with lupus nephritis remained, with a 2·04-
fold increase in STAT-1 transcript expression (P = 0·038;
95% CI: 1·04–3·99).

Discussion

Our results demonstrate decreased expression of miR-145
and increased expression of miR-224 in T cells from SLE
patients compared with normal T cells. Several miRNAs,
including miR-146a, miR-125a, miR-126, miR-21 or miR-
148a, were found recently to be involved in lupus pathogen-
esis [10–14]. These abnormally expressed miRNAs were also

included in the 270 miRNAs screened by us in the present
study. However, we failed to find a significant difference in
the expression profiles of these five miRNAs in T cells from
five SLE patients and five healthy controls. Due to the small
sample size, it is possible that false positive and false nega-
tive results might exist in the initial screen. Also, differences
in many parameters, such as detection methodology, cell
subpopulations (PBMCs, CD4+ T cells or total T cells),
and different patient populations, including genetic back-
grounds and disease activity, diverse abnormal immune
function and clinical manifestation in SLE patients in
different studies, may potentially affect the expression pro-
files of the miRNAs. Nevertheless, we confirmed decreased
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miR-145 and increased miR-224 expression in SLE T cells in
further analysis of 21 SLE patients and 22 healthy controls.

In the cell miRNA transfection experiments, over-
expression of miR-145 in Jurkat cells suppressed the mRNA
and protein expression of STAT-1, an important transcrip-
tion factor involved in the interferon-mediated signalling
pathway that may induce autoimmunity, particularly in
SLE [28–31]. Some authors further demonstrated over-
expressed STAT-1 in PBMCs and T cells of patients with
SLE [32,33]. Our finding of miR-145 under-expression in
SLE T cells is consistent with STAT-1 over-expression in
these cells, contributing to the immunopathogenesis of SLE.
It is equally interesting that STAT-1 over-expression in SLE
T cells was associated significantly with lupus nephritis.
This original observation was supported further by studies
directly showing activation of the STAT-1 pathway in
kidney tissues obtained from autoimmune Murphy Roths
large lymphoproliferation (MRL/lpr) mice and SLE patients
[34,35]. Furthermore, inhibition of STAT-1 activation via
targeting Janus kinase ameliorated the severity of lupus
nephritis in an animal model and provided a potential
therapeutic basis for SLE patients [36]. We note that the
expression levels of STAT-1, but not miR-145, in SLE T cells
was associated with lupus nephritis. In addition to miR-145,
it is conceivable that the expression of STAT-1 is also con-
trolled by other miRNAs, such as miR-146a, which was
found to be down-regulated in SLE [13]. Therefore, it is
possible that decreased expression of miR-146a also con-
tributed to the high STAT-1 expression that may have con-
founded our results.

We also showed that over-expression of miR-224 sup-
pressed protein but not mRNA levels of API5 in T cells
(Fig. 4b,c). This may be because miR-224 hindered API5
protein translation rather than mRNA degradation.
However, the real mechanism needs further investigation.
The API5 molecule has been identified as a survival mol-
ecule inhibiting cell apoptosis after growth factor with-
drawal [26,37]. In the present study, we confirmed further
that miR-224-transfected Jurkat cells were more susceptible
to activation-induced cell death, one of the immunopatho-
logical phenomena in SLE T cells [38,39]. This result sug-
gests that decreased expression of API5 in SLE T cells
contributes to lupus pathogenesis by facilitating cell apop-
tosis. However, further investigation using an animal model
is needed to clarify the in-vivo pathological roles of miR-
145 and miR-224 in SLE, as shown in the report by Dai
et al. [40]. Another unsolved question remains – that one
miRNA can potentially repress a number of target gene
translations simultaneously [41]. The functional relation-
ships between miR-145 and miR-224 and their target pro-
teins have not been characterized fully in the present study.
We deduce that other proteins and pathways regulated by
miR-145 and miR-224 are also involved in the pathogenesis
of SLE. Clearly, more investigation is required to resolve
this.
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Fig. 5. Effects of microR (miR)-224 transfection on activation-

induced cell death in Jurkat cells by electroporation. The miR-224 or

scramble RNA-transfected (control) Jurkat cells were then stimulated

with ionomycin (500 ng/ml) and phorbol myristate acetate (PMA)

(10 mg/ml) for 24 h. The treated transfected Jurkat cells were then

stained by propidium iodide (PI) staining solution for measurement

of % apoptosis by flow cytometry. (a) A representative case; (b)

percentage of cell apoptosis.
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In conclusion, we demonstrate for the first time that
under-expressed miR-145 and over-expressed miR-224 is
found in SLE T cells. In miRNA transfection studies, over-
expression of miR-145 suppressed the gene expression of
STAT-1 which seems to be associated with lupus nephritis.
Over-expression of miR-224 suppressed expression of API5,
which facilitates the activation-induced cell death of T cells.
These observations may contribute to the immunopatho-
genesis of SLE.
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