
Journal of Life Science 2010 Vol. 20. No. 5. 670~675 ⓒJLS / ISSN 1225-9918

Autoimmune Regulator Gene (Aire) is Expressed in Lymph Node Fibroblastic
Reticular Cell, BLS4
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Autoimmune regulator gene (Aire) is expressed in the thymus and controls the expression of periph-
eral self-antigens, known as promiscuous genes. Aire and promiscuous genes are involved in T cell
tolerance and autoimmunity in the thymus. Here, we identified Aire-expressing fibroblastic reticular
cell (FRC), which was derived from mouse lymph node and also expressed in insulin promiscuous
antigen. The expression of insulin was increased in cultured FRC over-expressed with Aire. These da-
ta suggest that Aire regulates promiscuous gene expression in FRC, and that this function might be
under peripheral selection control.
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Introduction

Autoimmune diseases resulted from autoreactive T cells

are clearly related to a breach of T cell tolerance. T cell toler-

ance is acquired by most of the peptides presented with

MHC molecules of normal cells of the body. Thymic se-

lection of the T cell progenitors migrated via blood vessels

from bone marrow provides the foundation for immuno-

logical maturation and tolerance of T cell. Negative selection

in the thymus is of importance for the prevention of auto-

immunity caused by the absence of the tissue-specific anti-

gens that contribute to negative selection of the developing

thymocytes in the thymus [14]. These central tolerance car-

ried out in thymus involves medullary thymic epithelial cells

(mTECs), which express endogenously promiscuous genes

to remove self-reactive T cells [18]. Recently, a few autor-

eactive T cells escape negative selection and reach the pe-

riphery such as lymph node (LN), where peripheral selection

is required to avoid autoimmunity [13,17].

Autoimmune regulator gene (Aire) was identified from

positional cloning [16], modulates the expression of pro-

miscuous genes and promotes central tolerance in thymus.

The Aire gene is also expressed in LN, thus suggesting that

the Aire gene may play a critical role in both the central

and peripheral control of immune reaction [3,8]. However,

Aire-expressing cell and the exact role of Aire gene still re-

main uncertain in periphery such as LN.

Fibroblastic reticular cell (FRC) is one of Aire-expressing

candidate cells in LN. Because FRC supports and guides T

cell within the paracortical region of LN [2] FRC interacts

with T cell for immune response.

We herein report that the Aire gene is restrictively ex-

pressed in FRC, BALB/c LN stroma (BLS) 4 cells [7,10] de-

rived from peripheral lymph node, thereby suggesting that

the Aire gene may play a role in peripheral regulation of

immune response.

Materials and Methods
Cells

FRC primary cell (BLS4) was originally a gift from Dr.

Tomoya Katakai [10]. Cell maintained in 10% FCS–DMEM

medium added with penicillin/streptomycin in CO2

incubator. When necessary, BLS4 cells were stimulated with

10 ng/ml TNFα, 10 ng/ml IL-1ß, 10 ng/ml IL-4 (Peprotech,

London, UK) or 10 μg/ml LPS (Sigma, St Louis, MO, USA)

for 48 hr.

Reverse transcription–PCR

Total RNA was extracted from BLS4 cells using TRIzol

reagent (Invitrogen, Carlsbad, CA, USA). For semi-quantita-
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tive reverse transcription (RT)–PCR analysis, oligo(dT)12–

18-primed cDNA was synthesized from the total RNA using

Superscript II reverse transcriptase (Invitrogen, Carlsbad,

CA, USA). cDNA was amplified by PCR with ExTaq DNA

polymerase (Takara, Japan) and the following specific pri-

mer pairs : GAPDH, 5'-CCATCACCATCTTCCAGGAG-3'

and 5'-CCTGCTTCACCACCTTCTTG-3'; for the nested PCR

about Aire, 1o forward primer, 5’-TCGTGGGACTGAG

GTCAGCTTC-3’ 1
o

reverse primer, 5’-GGCATCCTGC

AGTGGGCCATCCAGAG-3’ and 2
o

forward primer,

5’-TCGTGGGACTGAGGTCAGCTT-3’, 2
o

reverse primer,

5’-AGACACCACCCTTCTCTTCCTGA-3’. Insulin, 5’-TCTC

CAGCTGGTAGAGGG-3’ and 5’-CAGCCCTTAGTGACCAGC-3’

Spt1, 5’-AACTTCTGGAACTGCTGATTCTG-3’ and 5’-GA

GGCCTCATTAGCAGTGTTG-3’; Mup1, 5’-TCTGTGACG

TATGATGGATTCAA-3’ and 5’-TCTGGTTCTCGGCCAT

AGAG-3’; Tff3, 5’-TACGTTGGCCTGTCTCCAAG-3’ and

5’-CAGGGCACATTTGGGATACT-3’; Igf2, 5’-TGGGGGT

GGGTAAGGAGAAACCT-3’ and 5’-GGCCCCGGAGAGAC

TCTGTGC-3’; Sp2, 5’-GGCTCTGAAACTCAGGCAGA-3’

and 5’-TGCAAACTCATCCACGTTGT-3’; β-actin 5’-TGG

AATCCTGTGGCATCCATGAAAC-3’ and 5’-AAAACGC

AGCTCAGTAACAGTCCG-3’

Plasmid

Full cDNA fragment encoding mouse Aire gene was am-

plified from BLS4 total RNA with PCR. Cloning primer pairs

for full length of Aire cDNA: EcoRV: 5-

CCGATATCATGGGCAGGTGGGGATGGAATGC-3’, NotI:

5’-TTGCGGCCGCTCAGGAAGAGAAGGGTGGTG-3’. The

PCR products were sub-cloned into expression vectors

(pcDNA3.1, Invitrogen) and evaluated via sequence analysis.

Transfection of BLS4 with mouse Aire cDNA

For transient transfection, cells were transfected by lip-

ofectamine method (Invitrogen). When BLS4 cells were

70-80% confluent, the cell media were 400 μl OptiMEM

(Invitrogen, Carlsbad, CA, USA) two hours before

transfection. The transfection media were prepared as fol-

lows: (a) 0.8 μg plasmid DNA was diluted into 50 μl final

volume of OptiMEM; (b) 2μl Lipofectimine 2000 was diluted

into 50 μl final volume of OptiMEM; and (c) the

Lipofectimine-containing solution was mixed with the plas-

mid-containing solutions, and incubated at RT for 20 min.

Subsequently 25 μl of pcDNA3.1-Aire plasmid/lipofect-

amine solution was added to each well. The cells were in-

cubated at 37°C, 5% CO2 for 4 hr. After the incubation the

cells were washed in DMEM containing 10% FBS and in-

cubated for 24 hr.

Western blotting

BLS4 cells were washed with PBS and lysed in 1% NP-40,

120 mM NaCl, 50 mM Tris, pH 8.0, 1 mM EDTA, 0.1 mM

phenylmethylsulfonylfluoride, 10 μg/ml leupeptin and 10 μg/

ml aprotinin. The cell lysates quantified by BCA method

were separated by 10% SDS-PAGE and transferred onto

Immobilon PVDF membranes (Millipore, Bedford, MA,

USA). Specific bands were detected using polyclonal an-

ti-Aire antibody (Millipore, Bedford, MA, USA) followed by

goat anti-rabbit antibody conjugated with HRP (Jackson, Bar

Harbor, ME, USA) and chemiluminescent reaction using

ECL Plus (Amersham Biosciences).

Immunofluorescence microscopy

Immunofluorescent staining of BLS4 cells with primary

and second antibodies was performed by 4% paraformalhde-

hyde in PBS for 30 min in room temperature. Treated sam-

ples were permeabilized with 0.2% Tween-20/PBS for 15

min, and blocked for 1 h at RT in PBS with 5% BSA. Primary

antibody was added for 1 hr at RT in blocking solution. After

washing phycoerythrin goat anti-rabbit IgG (1/500) in block-

ing solution was added for 1 hr at RT. Nucleus was vi-

sualized with DAPI. Samples were observed using immuno-

fluorescence microscopy (TND330; Nikon).

Results

Expression analysis of Aire in mouse tissue and cells

The Aire mRNA is expressed in a few cells in the thymus

medulla [15]. In this study we attempted to evaluate the ex-

pression pattern with Aire specific primers for lymph node

(LN), lung and liver. Positive signal in LN was detected,

whereas mouse lung and liver tissue show no signal (Fig. 1).

Aire mRNA analysis in mouse lymph node derived

fibroblastic reticular cell, BLS4

Mouse lymph node derived FRC, BLS4 was established

previously [10]. To detect expression of Aire, total RNA of

BLS4 was synthesized using oligo (dT) 12–18-primed

cDNA. Nested PCR was applied to amply mArie expression

in BLS4. The first round of PCR amplification revealed Aire

specific band (arrow) and non-specific band (Fig. 2A).
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Fig. 3. Insulin transcripts are detected in BLS4 cell. After synthesis of cDNA, RT-PCR was carried out. Insulin was detected from

BLS4 cell (arrowhead), however, other genes (Sp2, Igf2 etc) were not amplified from BLS4 (serial five-fold dilution).

Fig. 1. Aire is expressed in the lymph node. Total RNA was

purified from lymph node, lung and liver tissue. cDNA

was synthesized by manufacture protocol. RT-PCR was

carried out about specific Aire primers.

Fig. 2. Aire is expressed BLS4 cell. Nested RT-PCR was carried

out. Total RNA was purified from BLS4 and cDNA was

synthesized according to the manufacture protocol. Aire

was amplified at first round PCR (A, arrow) and specific

Aire PCR products were obtained from second round

PCR (B, serial five-fold dilution).

However, Aire specific band was amplified by second

round PCR using the first PCR products as templates

(Fig. 2B).

Analysis of promiscuous gene expression in BLS4

Aire was expressed in BLS4 cells as described in Fig 2.

We checked the expression of several promiscuous genes

such as insulin, Igf2, Sp2 [1], Tff3 [12], Ins2 [4], Mup1 [12],

Spt 1 [12], which were expressed in the thymus for negative

selection of thymocytes. Surprisingly, insulin promiscuous

gene was expressed in BLS4 cell (Fig. 3), however, no signal

was detected in other promiscuous genes described in mate-

rials and methods. Although other promiscuous genes were

not detected in BLS4 cell, the result suggests the involvement

of insulin for peripheral selection.

Involvement of Aire in the expression of insulin

The expression levels of many promiscuous gene ex-

pressions are significantly decreased in Aire knockout mice

in the thymus [4]. To determine whether the over-expression

of Aire has effect on insulin expression we used an over-ex-

pression system of Aire (pcDNA3.1-Aire versus pcDNA3.1).

Transfection with the pcDNA3.1-Aire resulted in an in-

creased production of Aire protein (Fig. 4A). The pcDNA3.1-

Aire transfection also resulted in an increase of insulin tran-

scripts (Fig. 4B). This indicates that Aire controls the ex-
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Fig. 4. Insulin gene is controlled by Aire protein in BLS4 cell. (A) Enhanced Aire protein was detected with Aire specific antibody

after transfection of pc-DNA3.1-Aire plasmid in BLS4. (B) RT-PCR was carried out for insulin gene after total RNA purification

from BLS4 transfected with pc-DNA3.1-Aire plasmid.

Fig. 5. Aire protein was accumulated around and dot-spotted in nucleus of BLS4. BLS4 was stained with Aire specific antibody

interacted with PE-conjugated with secondary antibody.

pression of insulin in BLS4 cell.

Subcellular localization of Aire was detected with

immunofluorescence microscopy

Observed image revealed the protein as concentrated

around the nuclear including dot-like spot in nuclear of BLS4

cells (Fig. 5). It seems that Aire localizes in or around nucleus

to function as a transcription regulator for Aire dependent

genes.

Aire expression on inflammatory agent

The regulatory signaling mechanisms of insulin in BLS4

are unclear. LN is a place of immune responses for

inflammation. Several studies revealed that transcription of

Aire was promoted by LTβR-TRAF6-NIK-NF-κB pathway

[19,20]. To investigate Aire expression levels, BLS4 cells were

treated with LPS, IL-1β, TNF-α, IL-4. However, Aire ex-

pression levels show similar levels (Fig. 6). This indicates

that the expression of Aire controls by other stimulator in-

stead of inflammatory agents.

Discussion

In this study we used mouse lymph node derived FRC,

BLS4 cells. At first, this cell was isolated for the cell bio-

logical role and mechanism of lymph node about providing
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Fig. 6. Relationships between inflammatory agent and Aire expression in BLS4 cell. Aire transcript was amplified from BLS4 treated

with indicated inflammatory agents. β-actin was used as a technical control.

T cell microenviroment [10]. So far, the function of Aire has

been focused in T cell selection in thymus. Especially, Aire

was expressed in medullar epithelial cell. Aire was involved

in Aire dependent self-antigen expressions and functioned

central negative selection of thymocytes [14,18]. Aire regu-

lates a number of promiscuous genes such as insulin, in-

sulin-like growth factor2 (Igf2), salivary protein2 (SP2) in the

thymus. Recent report also suggests that Aire is detected

among CD45-negative secondary lymphoid stroma [5] and

the secondary lymphoid organs may also be a place of pro-

miscuous expression for tissue-specific antigens, though the

relationship between Aire and peripheral selection remains

contentious [6]. The detection of Aire at low levels in various

tissues including secondary lymphoid organs of mice and

humans may be due to the existence of rare migrating cells

such as monocyte/dendritic cell lineages [9,11]. However,

the debate about Aire expression in secondary lymphoid or-

gans continues. Here we demonstrate that the murine Aire

and insulin promiscuous gene are first identified in lymph

node derived FRC, BLS4 cells. Transfection of Aire plasmid

revealed that the expression levels of insulin increased in

BLS4 cells. This suggests that Aire specifically promotes in-

sulin gene expression in BLS4 cell. So, this research suggests

the possibility about peripheral selection between FRC and

peripheral T cells. Further studies to clarify the role of the

Aire gene about interaction mechanisms between peripheral

immune cell and lymph node stroma about controlling auto-

immunity in secondary lymphoid tissue are thus called for.
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