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Molecular mechanisms that contribute to sex bias in the development of systemic lupus erythematosus (SLE), an autoimmune

disease, remain unknown. We found that the expression levels of interferon regulatory factor 5 (IRF5), a lupus susceptibility

factor, depend on gender of mice. We found that steady-state levels of the Irf5 mRNA were relatively higher in splenic cells from

certain autoimmune-prone mice (for example, NZB and NZB/W F1) than in non-autoimmune C57BL/6 mice. Additionally, levels of

Irf5 mRNA and protein were higher in females than in strain and age-matched males. Accordingly, splenic cells from estrogen recep-

tor-alpha (ERa) knockout, when compared with the wild-type (ERa1/1), female mice expressed relatively lower levels of Irf5 mRNA

and the treatment of splenic cells with 17b-estradiol increased the levels. Furthermore, splenic B cells from the female mice had

relatively more IRF5 protein in the nucleus than the male mice. Collectively, our observations demonstrate a gender bias in the

expression and sub-cellular localization of the murine IRF5.
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Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease

(Kotzin, 1996; Crispı́n et al., 2010). The disease is characterized

by production of pathogenic autoantibodies against certain

nuclear antigens. The disease involves multiple organs, including

the kidneys. On the basis of genetic studies involving SLE patients

and mouse models of the disease, it is evident that SLE is a poly-

genic disease (Kotzin, 1996; Crispı́n et al., 2010). Of note, the

disease has a strong sex bias and develops at a female-to-male

ratio of 10:1 (Whitacre, 2001; Rider and Abdou, 2001;

Cohen-Solal et al., 2006; Zandman-Goddard et al., 2007).

Moreover, increased serum levels of type I interferon (IFN-a)

and induction of ‘IFN-signature’ genes are associated with

active SLE disease in patients (Theofilopoulos et al., 2005;

Banchereau and Pascual, 2006).

Like sex bias in the development of SLE in patients, (NZB ×
NZW)F1 female mice also display sex bias: the female mice

develop disease much earlier and have shorter life spans than

males (Rider and Abdou, 2001; Cohen-Solal et al., 2006;

Zandman-Goddard et al., 2007). Accordingly, castrated male

(NZB × NZW)F1 mice have earlier onset of lupus and shorter life

span than their intact littermates (Roubinian et al., 1978). In

addition, treatment of male mice with 17b-estradiol exacerbates

the disease activity and causes early mortality (Roubinian et al.,

1978). Although studies involving various mouse models of SLE

have revealed that the female sex hormone estrogen and estrogen

receptor-alpha (ERa) and increased serum levels of type I inter-

feron (IFN-a) are associated with SLE disease (Grimaldi et al.,

2001; Couse et al., 2003; Li and McMurray, 2007; Bynote et al.,

2008; Gubbels et al., 2008; Svenson et al., 2008), the molecular

mechanisms that contribute to the sex bias remain unclear.

One of the genes that control expression of the type I IFNs,

interferon regulatory factor 5 (IRF5), has been found to be a sig-

nificant genetic risk factor for lupus susceptibility (Graham et al.,

2006; Niewold et al., 2008; Moser et al., 2009; Feng et al., 2010).

The human IRF5 gene falls into key signal transduction pathways,

such as immune complex-induced signaling, host immune signal

transduction and interferon signaling pathways (Kozyrev and

Alarcon-Riquelme, 2007). Accordingly, the IRF5 SLE risk haplo-

type is associated with higher serum IFN-a activity in SLE

patients, and this effect is most prominent in patients who test

positive for autoantibodies (Niewold et al., 2008). It has been

reported that functional SNPs in the human IRF5 gene result in

expression of multiple unique isoforms of IRF5 mRNA and
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increased steady-state level of mRNAs encoding the IRF5 (Graham

et al., 2006; Feng et al., 2010).

The expression of the human IRF5 is detected in cells of lym-

phoid origin and can be further induced by type I IFN treatment

of cells (Barnes et al., 2001, 2002a, b). In the splenic B cells,

monocytes and particularly in precursor dendritic cells that are

high producers of IFN-a, IRF5 is expressed constitutively.

Expression of the human IRF5 gene is induced by type I IFNs

and by p53 (Kozyrev and Alarcon-Riquelme, 2007). Human IRF5

is activated by phosphorylation by certain viruses and/or

ligands that bind to toll-like receptors (TLRs), such as TLR3,

TLR4 and TLR7 (Barnes et al., 2001, 2002b). Upon activation,

IRF5 protein translocates to the nucleus and functions either as

a transcriptional activator or repressor (Barnes et al., 2002a,

2002b). Upon activation, the IRF5 contributes to the transcrip-

tional regulation of various IFNA genes (Barnes et al., 2003). In

addition, IRF5 has a distinct role in the differentiation of lymphoid

cells and apoptosis (Barnes et al., 2002a, 2002b).

Unlike the heavily spliced human IRF5 gene, the murine Irf5

gene is primarily expressed as a full-length transcript, with only

a single splice variant that is detected in low levels in the bone

marrow (BM) of C57BL/6J mice (Paun et al., 2008). This BM Mu

Irf5 transcript contains a 288-nucleotide deletion in the coding

region. Therefore, it encodes an isoform of the IRF5 with an

impaired transcriptional activity. In vitro, the murine IRF5 can

be activated by both TBK1 and MyD88 to form homodimers and

to activate transcription of type I interferon and inflammatory

cytokine genes (Paun et al., 2008). Moreover, the IRF5 also under-

goes ubiquitination, which is important for nuclear translocation

(Balkhi et al., 2008). However, the BM Mu IRF5 is not ubiquiti-

nated (Balkhi et al., 2008). In the nucleus, the activated murine

IRF5 stimulates transcription of the Ifna genes and the Blimp-1

gene, which encodes a master regulator of the B cell differen-

tiation (Barnes et al., 2003; Lien et al., 2010; Crotty et al., 2010).

Recent studies have provided evidence that the female sex

hormone estrogen through the ERa up-regulates expression of

IFN-g (Li and McMurray, 2007; Bynote et al., 2008). The IFN-g

can up-regulate expression of IRF9, a component of the type I

IFN-inducible ISGF3 complex (Bluyssen et al., 1996). Thus,

making it likely that female sex hormone estrogen can activate

the expression of certain type I IFN-inducible genes. Given that

certain lupus-prone female mice exhibit IFN-inducible gene ‘sig-

nature’ and have increased serum levels of type I IFNs

(Jørgensen et al., 2007; Lu et al., 2007; Nacionales et al.,

2007), we investigated whether the expression of Irf5 gene is

gender-dependent. Here, we report that the expression of the

murine Irf5 in immune cells depends on the gender of mice.

Results

Mouse strain-dependent regulation of the
Irf5 mRNA levels

A previous study using semi-quantitative PCR approach had indi-

cated that steady-state levels of Irf5 mRNA may vary among

certain strains of mice (Paun et al., 2008). Therefore, to investi-

gate the potential role of the murine IRF5 in lupus susceptibility,

we compared steady-state levels of Irf5 mRNA among several

strains of male and age-matched female mice. These strains of

mice included a non-lupus-prone strain of mice (C57BL/6) and

several known strains of lupus-prone mice [NZB, (NZB/W)F1,

NZM2410 and B6.Nba2]. The B6.Nba2 congenic (congenic for

the NZB-derived Nba2 interval) female mice develop detectable

levels of autoantibodies against nuclear antigens beginning

�6-months of age (Jørgensen et al., 2004). Interestingly,

B6.Nba2 female mice that are deficient in the IFN-a/b-receptor

fail to develop autoantibodies (Jørgensen et al., 2004, 2007). As

shown in Figure 1, steady-state levels of Irf5 mRNA were relatively

lower in C57BL/6 splenic cells than the age-matched most

lupus-prone strains of mice. Levels of Irf5 mRNA in B6.Nba2

splenic cells were moderately higher when compared with age-

and gender-matched C57BL/6 mice. Interestingly, irrespective

of the mouse strain, all females had significantly higher steady-

state levels of Irf5 mRNA than the strain- and age-matched

males in several experiments. However, the difference between

male and female mice varied among the strains that were

tested. Therefore, these observations indicated that the genetic

factors may contribute to differential expression of the Irf5 gene

in certain strains of mice.

Gender-dependent factors regulate
expression of the Irf5 gene

Given that the steady-state levels of Irf5 mRNA were significantly

higher in females than the age-matched males in total splenic

cells (Figure 1), we compared IRF5 protein levels between males

and females. Given that splenic cells from the NZB mice express

relatively higher levels of Irf5 mRNA than other strains of mice

(Figure 1), we chose the NZB splenic cells to compare the IRF5

Figure 1 Steady-state levels of Irf5 mRNA vary among mouse strains.

Total RNA isolated from splenic cells (splenic cells from two or more

age-matched male or female mice were pooled) prepared from male

(M) or age-matched female (F) C57BL/6, NZB, B6.Nba2, NZB ×
NZW)F1 or NZM2410 mice were analyzed for the Irf5 mRNA levels

by quantitative real-time PCR. The ratio of the Irf5 mRNA to

b2-microglobulin mRNA was calculated in units (one unit being the

ratio of the Irf5 mRNA to b2-microglobulin mRNA in splenocytes).

The relative levels of Irf5 mRNA in male C57BL/6 mice are indicated

as 1. Results are the mean values of triplicate measurements and

error bars represent standard deviation (*P , 0.05; **P , 0.01;

***P , 0.001).
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protein levels. As shown in Figure 2A, one of the commercially

available antibodies (from Cell Signaling Biotech.) against

murine IRF5, which was raised against a peptide (amino acid resi-

due 172–191), detected a major expected murine IRF5 size

(�56 kDa) protein band in the splenic cells from female mice,

but not male mice (Figure 2B). However, this antibody detected

a protein band of �59 kDa in males. Given that this antibody is

not predicted to detect the BM-derived isoform of the Mu IRF5

(Figure 2A), we decided to use another antibody (from Santa

Cruz Biotechnology), which was raised against a peptide (amino

acid residue 443–497) corresponding to the human IRF5

protein (Figure 2A). Using this antibody, we also detected

increased levels of the two isoforms (the 56 and 59 kDa) of the

IRF5 in splenic cells from the female mice than the age-matched

males (Figure 2B). Notably, both commercially available anti-

bodies to IRF5, under our experimental conditions, detected

two isoforms of the IRF5 protein in total splenic cells from the

NZB male and female mice. Moreover, levels of Blimp-1 protein,

expression of which is induced by the IRF5 transcription factor

(Lien et al., 2010), were detectable in females. However,

Blimp-1 protein was not detectable in extracts from age-matched

males. Accordingly, steady-state levels of Blimp-1 mRNA were

1.5–2-fold higher in all females than strain- and age-matched

males and levels varied with the age of mice (�50% less in 15

weeks old females than 9 weeks old females; data not shown).

Furthermore, consistent with increased expression levels of the

IRF5 protein in females compared with the age-matched males,

the female mice had �10 times more type I IFN-b mRNA levels

in splenic cells than the age-matched males (Figure 2C).

Together, these observations suggested that mouse gender-

dependent factors contribute to the up-regulation of IRF5

expression in female splenic cells.

Estrogen through ERa increases the Irf5
mRNA levels

Increased steady-state levels of Irf5 mRNA and protein in female

splenic cells when compared with males (Figure 2) prompted us to

test whether 17b-estradiol, a female sex hormone, could regulate

the expression of Irf5 gene. As shown in Figure 3A, treatment of

splenic cells with increasing concentration of 17b-estradiol

(from 0 to 100 nM) for 24 h resulted in increases in steady-state

levels of Irf5 mRNA. This observation prompted us to compare

steady-state levels of Irf5 mRNA in splenic cells between wild-type

(ERa+/+) and ERa-knockout (NZB × NZW)F1 mice (Bynote et al.,

2008). As shown in Figure 3B, levels of Irf5 mRNA were relatively

higher in the wild-type than age-matched ERa2/2 females. Given

that the splenic B cells (CD45R+) express relatively higher levels

of ERa mRNA and protein than T cells (Panchanathan et al., 2009)

and the increased levels IRF5 protein in NZB females are associ-

ated with increased levels of Blimp-1 (Figure 2B), a transcriptional

target of IRF5, we also compared steady-state levels of the IRF5

protein and the extent of its nuclear localization in splenic B

cells between male and female mice. As shown in Figure 3C,

Figure 2 Steady-state levels of Irf5 mRNA and protein in splenic cells are gender-dependent. (A) A schematic representation of two isoforms of

the murine IRF5 proteins and their predicted molecular weights. An internal deletion (from amino acid residue 133–228) in BM-derived IRF5

protein results in an isoform that is defective in transcriptional activation. Epitopes for two commercially available antibodies (#4950 and

sc-98651) that were used to detect murine IRF5 in immunoblotting are also shown. (B) Total protein lysates from splenic cells isolated from

male (M1, M2 and M3) and age-matched female (F1, F2 and F3) NZB mice (age 8 weeks) were analyzed by immunoblotting using antibodies

specific to the indicated proteins. IRF5 (CS), the IRF5 antibody, which is directed against amino acid residue 171–191 of mouse IRF5, was from

Cell Signaling Technology; IRF5 (SC), the IRF5 antibody, which is directed against amino acid residue 443–498 of human IRF5, was from Santa

Cruz Biotech. PC, positive control: an extract from murine RAW264.7 macrophage cell line. (C) Total RNA isolated from splenic cells prepared

from male or age-matched female NZB mice were analyzed for the IFN-b mRNA by quantitative real-time PCR. The ratio of the IFN-b mRNA to

b2-microglobulin mRNA was calculated in units (one unit being the ratio of the IFN-b mRNA to b2-microglobulin mRNA). The relative levels of

IFN-b mRNA in the NZB male mice are indicated as 1. Results are the mean values of triplicate measurements and error bars represent standard

deviation (***P , 0.0005).
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the IRF5 protein was detected in the cytoplasmic and nuclear frac-

tions of B cells isolated from both male and age-matched female

B6.Nba2 mice. However, more IRF5 protein was detected in the

nucleus of female B cells than males. Together, these obser-

vations suggested that sex-related factors also contribute to the

activation and the nuclear localization of the IRF5 protein in

female splenic B cells.

Discussion
Genetic risk factors in human SLE disease include the IRF5 allele

(Graham et al., 2006; Moser et al., 2009). In contrast to the

human IRF5 gene that is expressed in multiple spliced variants

and corresponding protein isoforms, much remains unknown

about the murine Irf5 gene and the corresponding protein.

Moreover, unlike the promoter region of the human IRF5 gene

(Mancl et al., 2005), the promoter region of the murine Irf5

gene has not been characterized. However, it appears that the

murine Irf5 gene is transcribed as a single full-length transcript

and only a single splice variant, which is expressed in very low

levels in the BM of C57BL/6J mice, as has been reported (Paun

et al., 2008). This variant contains a 288-nucleotide deletion

from exons 4–6 and exhibits an impaired transcriptional activity

(Paun et al., 2008).

Given that SLE disease develops at a female-to-male ratio of

10:1 and most patients have increased serum levels of IFN-a

(Whitacre, 2001; Cohen-Solal et al., 2006; Banchereau and

Pascual, 2006), our observations demonstrate that the expression

levels of Irf5 mRNA and protein in mice: (i) depend on the mouse

strain and are relatively higher in certain lupus-prone strains than

a non-lupus-prone C57BL/6 strain (Figure 1); (ii) exhibit a sex bias

in the expression, being higher in females of all strains tested

than the strain- and age-matched males (Figure 2); (iii) are

increased upon treatment of splenic cells with 17b-estradiol

(Figure 3); and (iv) depend on the expression of ERa (Figure 3).

These observations are likely to provide a molecular basis for

observed sex bias in SLE in mice. Moreover, detection of IRF5

protein in splenic B cells from the B6.Nba2 mice in the nuclear

fraction also raises the possibility that innate immune responses,

such as those initiated by RNA-containing immune complexes

(Yasuda et al., 2007), may contribute to increased expression

as well as the activation of IRF5 in B cells, resulting in increased

expression of the IRF5 target genes.

Because the female hormone estrogen influences the develop-

ment, survival and functions of the immune cells, including the B

cells (Grimaldi et al., 2001; Cohen-Solal et al., 2006), T (Pernis

2007) and DCs (Hughes and Clark, 2007), it is likely that gender-

dependent increased levels of estrogen in females also affect the

sub-populations of immune cells in mice. Therefore, further work

will be needed to determine whether the observed differences in

the levels of IRF5 protein between male and age-matched female

mice are associated with increases (or decreases) in certain sub-

populations of the immune cells.

Our observations that steady-state levels of Irf5 mRNA in

splenic cells from non-lupus-prone C57BL/6 or pre-disease (age

�9 weeks) B6.Nba2 female mice were significantly higher

than the strain and age-matched males (Figure 1) are consistent

with the idea that increases in the levels of the mRNA are inde-

pendent of lupus-like disease. Moreover, our observations that

NZB female-derived splenic cells had significantly increased

levels of IFN-b mRNA than males (Figure 2C) support the possi-

bility that increased levels of Irf5 mRNA in splenic cells from the

lupus-prone NZB mice are, in part, due to increased production

of type I IFNs. Therefore, further work will be needed to identify

factors that contribute to increased levels of IRF5 protein in the

NZB mice.

Figure 3 Estrogen and ERa regulate the steady-state levels of Irf5 mRNA and nuclear localization of IRF5 protein. (A) Total splenic cells isolated

from female B6.Nba2 mice (age 10 weeks) were treated with the indicated increasing concentrations of the female hormone estrogen for 24 h.

Total RNA was isolated after the treatment and analyzed for the Irf5 mRNA levels by quantitative real-time PCR. The ratio of the Irf5 mRNA to

b2-microglobulin mRNA was calculated in units (one unit being the ratio of the Irf5 mRNA to b2-microglobulin mRNA). The relative levels of Irf5

mRNA in untreated cells are indicated as 1. Results are mean values of triplicate measurements and error bars represent standard deviation

(NS, not significant; **P , 0.005). (B) Total RNA was isolated from splenic cells from wild-type (ERa+/+) or age-matched ERa-knockout

(ERa2/2) female mice and RNA was analyzed for the Irf5 mRNA levels by quantitative real-time PCR. Results are mean values of triplicate exper-

iments and error bars represent standard deviation (*P , 0.05). (C) Splenic B cells (splenic cells from two or more age-matched male or female

mice were pooled) purified (using the CD45R MicroBeads) from male or female B6.Nba2 mice were fractionated into cytoplasmic and nuclear

fractions. Equal amounts of proteins were analyzed by immunoblotting using the antibodies specific to the indicated proteins. Detection of

histone H3 and IkBa proteins in primarily in the nuclear and cytoplasmic fraction, respectively, served as a control for the quality of cell

fractionations.
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Under our experimental conditions, two commercially available

antibodies raised against two non-overlapping regions of the IRF5

protein (Figure 2A) detected two isoforms (�56 and �59 kDa) of

the murine IRF5 protein in total splenic cells from the NZB male

and female mice. On the basis of the predicted size difference

between the predominant form (�56 kDa) of the murine IRF5

and the BM Mu IRF5 variant (�46 kDa) and the predicted

ability of antibodies that were raised against the peptide contain-

ing amino acid residue 172–191 of murine IRF5, it is unlikely

that the slow-migrating isoform (�59 kDa) of the IRF5 that we

detected in NZB splenic cells (Figure 2B) is a previously described

isoform of the IRF5 protein (Paun et al., 2008). Therefore,

further work will be needed to characterize this isoform of the

murine IRF5.

The Irf5 knockout mice develop splenomegaly in an age-

dependent manner (Paun et al., 2008). Moreover, the develop-

ment of splenomegaly is associated with an accumulation of

CD19
+B220

2 B cells with defects in functions. Furthermore,

expression of Blimp-1 gene decreases in the Irf5 knockout mice

(Paun et al., 2008), indicating that IRF5 transcriptionally regulates

the expression of Blimp-1 gene, which encodes a plasma cell com-

mitment factor and regulator of B cell terminal differentiation

(Crotty et al., 2010). Therefore, our observations that increased

levels of IRF5 in splenic cells from female NZB mice were associ-

ated with Blimp-1 expression is consistent with the possibility

that increased levels of Blimp-1 in splenic B cells from the rela-

tively young female mice contribute to an increased number of

terminally differentiated B cells that secrete pathogenic autoanti-

bodies, thus accounting for increased production of the patho-

genic autoantibodies in the NZB females when compared with

age-matched males. Further work will be needed to investigate

the role of age-dependent factors in the expression of IRF5.

Others have shown that the expression of murine IRF5 is

required for the development of lupus-like disease in the

FcgRIIB2/2 Yaa and FcgRIIB2/2 lupus models (Richez et al.,

2010). Moreover, the study also noted that type I IFN receptor

subunit 1-deficient FcgRIIB2/2 Yaa mice maintain a substantial

level of residual disease, thus raising the possibility that IRF5

may contribute to the disease phenotype in these mouse

models of SLE independent of the IFN-signaling through the

receptor. Therefore, further work will be needed to identify the

IFN-signaling independent role of IRF5 in SLE.

The IRF5 plays a critical role in IFN-a and IFN-b production

induced not only by RNA-containing immune complexes but

also by conventional TLR7 and TLR9 ligands (Schoenemeyer

et al., 2005; Takapka et al., 2005). Moreover, production of IL-6

by DCs induced by these stimuli is dependent on a functional

type I IFNR, indicating the need for a type I IFN-dependent feed-

back loop in the production of inflammatory cytokines, such as

IL-6, IL-12 and TNF-a, by various TLR ligands (Takapka et al.,

2005). Therefore, our observations that the female sex hormone

increases Irf5 mRNA levels are consistent with the idea that

female mice of certain strains, when compared with males, are

prone to increased levels of proinflammatory cytokines in

response to the activation of TLRs.

Disruption of ERa (or Esr1) gene in (NZB × NZW)F1 mice attenu-

ates glomerulonephritis in females and increases survival (Bynote

et al., 2008). Significantly, the ERa deficiency in these female

mice also retards the development of anti-histone/DNA anti-

bodies. Given that the Esr1-deficient splenic cells express less

IRF5 (Figure 3B), our observations are consistent with the

idea that ERa promotes loss of immunologic tolerance by up-

regulating the expression of IRF5. Further work is in progress to

test this possibility.

In summary, our observations provide evidence for sex bias in

the expression and activation of the murine IRF5, which is pre-

dicted to contribute to increased levels of type I IFNs and IFN ‘sig-

nature’ observed in the lupus disease in mice (Figure 4). However,

it remains to be seen whether the sex bias exists in human SLE

patients with respect to the IRF5 expression. To the best of our

knowledge, demonstration of gender bias in the expression of

IRF5 has not been reported previously. Therefore, our obser-

vations will serve as a basis to elucidate the molecular mechan-

isms by which the female sex hormone estrogen increases

levels of the murine Irf5 mRNA and protein in immune cells.

Materials and methods

Mice, splenic cells and treatments

Experimental protocols that are used in this manuscript were

approved by the University of Cincinnati’s Animal Care and Use

Committee. Age-matched (�6–8 weeks old) male and female

C57BL/6J, NZB, (NZB × NZW)F1, NZM2410 and B6.Nba2 mice

were purchased from The Jackson Laboratory and mice were

housed in a pathogen-free Laboratory of Animal and Medical

Services facility at he University of Cincinnati. Spleens were iso-

lated from wild-type (Esr1+/+) or null (Esr12/2) (NZB × NZW)F1

female mice (age �10 weeks) that were housed at the animal

facilities of the University of Nebraska Medical Center, Omaha,

NE (Bynote et al., 2008).

Figure 4 Proposed model for gender-dependent expression of the

murine IRF5 protein and its predicted role in gender bias in lupus

susceptibility.
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Total single cell splenocytes were prepared from age-matched

male or female mice as described previously (Panchanathan

et al., 2009). After lysis of red blood cells, splenocytes were

re-suspended in RPMI-1640 medium supplemented with 10%

fetal bovine serum, 1% penicillin/streptomycin/ glutamate and

1× minimal essential medium, non-essential amino acids/

sodium pyruvate. Unless otherwise indicated, splenic cells from

two or more age-matched male or female mice were pooled to

purify splenic B cells and to prepare total RNA or protein extracts.

B cells were purified from splenic cells using the CD45R (B220
+)

MicroBeads (purchased from Miltenayi Biotech, Auburn, CA, USA)

allowing the positive selection of the splenic B cells. The purified

(.90% pure) B cells were used immediately for further

experiments.

For treatment of B cells with 17b-estradiol (E2), cells were cul-

tured in phenol red-free DMEM medium (Invitrogen, Carlsbad, CA,

USA) and the medium was supplemented with 10% charcoal-

stripped fetal bovine serum (Invitrogen). Cells were treated in

vitro with E2 at concentrations as described previously

(Panchanathan et al., 2009).

Isolation of RNA from splenocytes and
quantitative real-time PCR

Freshly prepared splenocytes (5–8 × 10
6 cells) were used to

isolate total RNA using the TRIzol (Invitrogen) isolation method.

Total RNA was digested with DNase I (to remove any contami-

nating genomic DNA in the preparation), and 0.5–2 mg of RNA

was used for RT reaction. Quantitative real-time TaqMan PCR

technology (7300 Real-Time PCR System, Applied Biosystems,

Foster City, CA, USA) and commercially available real-time

TaqMan gene expression assays were used to compare

expression of genes between male and female mice. The PCR

cycling program consisted of denaturation at 958C for 10 min,

40 cycles at 958C for 15 s, followed by annealing and elongation

at 608C for 1 min. The TaqMan assays for Irf5 (Assay Id#

Mm0049677_m1; the assay allowing the detection of both full-

length and truncated murine Irf5 transcript), murine interferon-

beta (Assay Id# Mm00439546_s1) and the endogenous control

b2-microglobulin (Assay Id# Mm00437762_m1) were purchased

from Applied Biosystems and used as suggested by the supplier.

Cell fractionation and immunoblotting

Purified B220
+ B cells were fractionated into the cytoplasmic and

nuclear fractions as described previously (Choubey et al., 2010).

Total splenocytes were collected in PBS and re-suspended in a

modified radio-immune precipitation assay (RIPA) lysis buffer

(50 mM Tris–HCl, pH 8.0, 250 mM NaCl, 1% Nonidet P-40, 0.5%

sodium deoxycholate, 0.1% SDS), supplemented with 1× pro-

tease inhibitor (Roche Diagnostics, Mannheim, Germany) and

incubated at 48C for 30 min. Cell lysates were sonicated briefly

before centrifugation at 14 000 rpm in a microcentrifuge for

10 min at 48C. The supernatants were collected, and the protein

concentration was measured by Bio-Rad protein assay kit.

Equal amounts of protein were processed for immunoblotting.

Two commercially available polyclonal antibodies were used to

detect the murine IRF5 protein in immunoblotting (#4950, Cell

Signaling Technology, Danvers, MA, USA; and SC-98651, Santa

Cruz Biotech., Santa Cruz, CA, USA). Antibodies to actin (#4967)

and Blimp-1 (#9115) were purchased from Cell Signaling

Technology (Danvers, MA).

Statistical analyses

Values are presented as mean+SEM. The statistical significance

of differences in the measured mean frequencies between two

groups was calculated using Student’s two-tailed t-test. A

P-value of ,0.05 was considered significant.
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