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Abstract

Interferon regulatory factor 5-deficient (IRF5--) mice have been used for many studies of IRF5 biology.
A recent report identifies a mutation in dedicator of cytokinesis 2 (DOCK2) as being responsible for the
abnormal B-cell development phenotype observed in the IRF5-- line. Both dedicator of cytokinesis 2
(DOCK?2) and IRF5 play important roles in immune cell function, raising the issue of whether immune
effects previously associated with IRF5 are due to IRF5 or DOCK2. Here, we defined the insertion
end-point of the DOCK2 mutation and designed a novel PCR to detect the mutation in genomic DNA.
We confirmed the association of the DOCK2 mutation and the abnormal B-cell phenotype in our
IRF5-- line and also established another IRF5-- line without the DOCK2 mutation. These two lines were
used to compare the role of IRF5 in dendritic cells (DCs) and B cells in the presence or absence of

the DOCK2 mutation. IRF5 deficiency reduces IFN-a, IFN- and IL-6 production by Toll-like receptor 9
(TLR9)- and TLR7-stimulated DCs and reduces TLR7- and TLR9-induced IL-6 production by B cells to a
similar extent in the two lines. Importantly however, IRF5-- mice with the DOCK2 mutation have higher
serum levels of IgG1 and lower levels of IgG2b, IgG2a/c and IgG3 than IRF5-- mice without the DOCK2
mutation, suggesting that the DOCK2 mutation confers additional T, 2-type effects. Overall, these
studies help clarify the function of IRF5 in B cells and DCs in the absence of the DOCK2 mutation. In

addition, the PCR described will be useful for other investigators using the IRF57/- mouse line.
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Introduction

Interferon regulatory factor 5 (IRF5) is a member of the IRF
family of transcription factors that collectively are involved
in the regulation of innate immune responses, immune cell
development and oncogenesis (1, 2). IRF5 has a number
of functions including the induction of pro-inflammatory
cytokines and type | interferons following viral infection or
downstream of Toll-like receptors (TLRs), nucleotide-binding
oligomerization domain 2 and retinoic acid-inducible gene
| (8-8). In addition, IRF5 plays a role in apoptotic pathways
induced by viral infection, DNA damage, Fas ligand or tumor
necrosis factor-related apoptosis-inducing ligand (7, 9, 10).
IRF5 polymorphisms are associated with an increased risk of
developing a number of human autoimmune diseases includ-
ing systemic lupus erythematosus, scleroderma, rheumatoid
arthritis, Sjogren’s syndrome and ulcerative colitis (11-18).
These IRF5 polymorphisms cause the expression of novel IRF5

isoforms (11, 12) and/or an increased level of IRF5 expression
by promoting the stability of the IRF5 mRNA or protein (19-21).
In relation to lupus, interest has focused on the role of IRF5
in TLR signaling as dysregulated TLR7 and TLR9 responses
to endogenous RNA and DNA have been linked to lupus
pathogenesis (22-26). We have previously found that IRF5 is
required for IFN-a, IFN-f and IL-6 production by mouse den-
dritic cells (DCs) following TLR7 activation by RNA-containing
immune complexes and/or TLR7 and TLR9 activation by syn-
thetic ligands (6). A number of studies have shown that IRF5
deficiency reduces disease severity in mouse models of lupus
(27-30).

Many of the studies evaluating the role of IRF5 biology
including its role in lupus have involved the use of the IRF5
knockout mouse line (5). As part of our ongoing efforts to
understand how IRF5 may contribute to lupus pathology
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we have observed, as shown in this report, that IRF57~
mice backcrossed 11 generations to the C57BL/6 genetic
background had a marked reduction in the percentage of
mature B cells and almost no splenic marginal zone B cells.
Surprisingly, this B-cell phenotype was lost in /IRF57~ mice
backcrossed further to C57BL/6, indicating that this B-cell
developmental phenotype was not due to IRF5 deficiency
per se. A recent report describes a similar B-cell phenotype
in IRF5~- mice to that which we have found and demonstrates
that this is due to a previously unrecognized mutation of
the dedicator of cytokinesis 2 (DOCK2) gene in IRF57-
mice resulting in reduced expression of DOCK2 (31). This
raises the possibility that some effects attributed to IRF5 in
previous studies using the /RF5~- mice may have been due
to the DOCK2 mutation and not to IRF5. This is a particular
concern as DOCK2, a hematopoietic cell-specific guanine
exchange factor that mediates Rac activation, plays a role in
immune responses. DOCK27- mice exhibit migration defects
of B lymphocytes, T lymphocytes and neutrophils, due to
defective chemokine receptor signaling (32, 33). DOCK2--
mice develop excessive T helper cell type 2 (T,2) responses
as a result of the failure of DOCK2-deficient CD4* T cells
to down-regulate the expression of surface IL-4 receptor a
(34). Furthermore, plasmacytoid dendritic cells (pDCs) from
DOCK27- mice have an impaired ability to produce IFN-a
and IFN-B in response to TLR7 and TLR9 ligands (35).

In this study, we report a novel PCR that can be used to
identify the DOCK2 mutation responsible for the decreased
expression of DOCK2. We have used this PCR to identify
which mice in our colony express the DOCK2 mutation and
find that the abnormal B-cell phenotype is associated with the
presence of the DOCK2 mutation, consistent with the recent
findings of Purtha et al. (31). We have also compared TLR-
induced responses of B cells and DCs from /RF5~- mice with
and without the DOCK2 mutation to determine the relative
contribution of DOCK2 and IRF5 to these responses. In addi-
tion, we have compared serum IgG isotype and IgM levels in
these mice to determine the extent to which the observed T 2-
type IgG isotype skewing observed in the IRF57- line is due
to IRF5 deficiency or to the presence of the DOCK2 mutation.

Methods

Mice

C57BL/6 wild-type mice were purchased from The Jackson
Laboratory (Bar Harbor, ME, USA). IRF5-- mice backcrossed
eight generations to C57BL/6 were provided by Dr T. Taniguchi
(University of Tokyo, Tokyo, Japan) with the permission of
Dr T. Mak (University of Toronto, Toronto, Canada) (5). The
IRF5-- mice were further backcrossed using C57BL/6 mice
from The Jackson Laboratory to make the 11th, 14th and 15th
generation backcrossed mice used in this study. These are
termed IRF57- 11G, IRF57- 14G and IRF57- 15G, respec-
tively. All IRF5~- 11G mice used in this study had a complete
B-cell phenotype abnormality that included an absence of
marginal zone B cells. All mice were maintained at the Boston
University School of Medicine Laboratory Animal Sciences
Center in accordance with the regulations of the American
Association for the Accreditation of Laboratory Animal Care.

All experimental procedures were approved by the institu-
tional animal care and use committee at Boston University
School of Medicine.

Single nucleotide polymorphism analysis

Single nucleotide polymorphisms (SNPs) in genomic DNA
were analyzed by the JAX Mouse Diversity Genotyping Array
Service (The Jackson Laboratory) using DNA obtained from
mouse tails. This analysis measures >500 000 SNPs (approx-
imately every 5kb) in the mouse genome.

Reverse transcriptase PCR

RNA was purified from spleen cells of Jackson C57BL/6
mice, IRF57- 156G mice and /RF57- 11G mice using Trizol
(Invitrogen, Grand Island, NY, USA). cDNA was made using
the ThermoScript reverse transcriptase (RT)-PCR sys-
tem for first-strand cDNA synthesis (Invitrogen). PCR using
cDNA was performed using GoTaq Flexi DNA polymerase
(Promega, Madison, WI, USA) and primers as previously
published (Table 1) (31).

PCR

To detect the 3’ end of the DOCK2 duplication, genomic
DNA was purified from spleen cells of /RF57-11G mice using
Archive Pure DNA cell/tissue kit (5 Prime, Gaithersburg, MD,
USA). Primers used in this study are listed in Table 1. Long-
range PCR was performed using LongAmp Tag DNA poly-
merase (New England BiolLabs, Ipswich, MA, USA), which
can amplify up to 30kb. For the final PCR, which detects the
DOCK2 mutation as a 305-bp product, DNA was obtained
from tails digested with Proteinase K (5 Prime) and PCR was
performed using GoTaqg Flexi DNA polymerase (Promega).
PCR primer sequences that recognize the CD19 gene were
obtained from the Web site of The Jackson Laboratory (http://
jaxmice.jax.org/strain/004126.html), and the primers used as
an internal control to ensure that DNA preparation was ade-
quate in all tail DNA samples.

Reagents

Pam3CSK4, Poly (I:C), LPS, CL097, CpG-A ODN 2336 (ggg
GAC GAC GTC GTG ggg ggg) and CpG-B ODN 1826 (tcc
atg acg ttc ctg acg tt) were purchased from InvivoGen (San
Diego, CA, USA). Capital letters in ODN sequence indicate a
phosphodiester backbone, and lowercase letters indicate a
phosphorothioate backbone. The goat anti-mouse IgM anti-
body [F(ab’)2 fragment; n chain specific] was obtained from
Jackson ImmunoResearch (West Grove, PA, USA).

Staining of spleen cells and bone marrow cells

Spleen cell suspensions and bone marrow cells were treated
with red blood cell lysing buffer (Sigma, St Louis, MO, USA)
to remove red blood cells. The spleen cells were stained with
anti-CD3 (BD Biosciences, San Jose, CA, USA), anti-B220
(BD Biosciences), anti-AA4.1 (eBioscience, San Diego, CA,
USA), anti-IgM (eBioscience), anti-CD21 (BD Biosciences)
and anti-CD23 (eBiosciences). The bone marrow cells were
stained with anti-B220, anti-AA4.1 and anti-IgM. The cells
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Table 1. PCR primers used in this study
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Primer name

Sequences

PCR using cDNA to detect DOCK2 mutation (31)
DOCK2Ex27-30F (forward)
DOCK2Ex27-30R (reverse)
DOCK2Ex29-28F (forward)
DOCK2Ex29-28R (reverse)

Long-range PCR to detect insertion position of the DOCK2 duplication

Ex29F2 (forward)

R15 (reverse)

R16 (reverse)

R17 (reverse)

R18 (reverse)

R19 (reverse)
R20 (reverse)
R21 (reverse)
R22 (reverse)
R23 (reverse)
R24 (reverse)
R25 (reverse)
R26 (reverse)
Ex28R2 (reverse)
In29.1F (forward)
In29.2F (forward)
In29.3F (forward)
In29.4F (forward)
In29.5F (forward)
In29.6F (forward)
In29.7F (forward)
In29.8F (forward)
In29.9F (forward)

PCR using genomic DNA to detect DOCK2 mutation
In29.4F (forward)
InR22.3.1R (reverse)

Internal control (CD19) to confirm adequacy of DNA preparation
olIMR1589
o0IMR1590

GGA TGC GGC CTT CAC TTA

TCC ACA GCT GGA ACT CAA AG
CAA GGA CCT CAT TGG GAA GAA
TCT GAG CTG GTC TGG AAG GTC T

GAA GAATGT GTATCC TGG GGA CTG G
ATA AAG CCT GCA GAG ACA GGA AGC AG
AGG AGC ATC TTC TCA GGA GCC TTC
GAG AGT GAC CCA CAA GAC TGA ATG G
CTG TCT GCT CTC CTG GGT AAATGT C
ACT ATG ACT GGA GGG CCT GAA GAT TG
ACC TTC AGG GAC CCT TTC TCA CTG
ACA GCT GTA CCT GAG CAC CCATGC
GGG TGATTA GGA GGC TTC TTC TGC
CCC TCATCC CTC CATTTC TAC AGA G
CAG AAT AAG GAC AGA GGC AGAGGT G
AGG TCC TGC TGT GTG GTA GAT GAA G
GAC CAA AGG CAT CACTCAGTCTCTC
GAG ACC TTC CAG ACC AGC TCA GAC
GCC TGT ACC ATA CAA AGC CCT TCATC
GAA GAT CGA AGA AAC CGA CAC CTC TC
CTC AGG GTG CCT AGT GTT ATC ACC TC
GAC CTT ATG AGG TGG AAC CAC AAC C
GTG TGT GTC ATG TAG CTG ACATCC TG
ACA GAG TAC TTC CAG CCT CAG TTT CC
CAT TCC TAC TGC TGT GTG GTC CTG
GCA CGT CCT TTATAG GTC TCC TCT GG
AGG AGA AGA AAG CTG TGG GAA CAG TC

GAC CTT ATG AGG TGG AAC CAC AAC C
GAT CCA AAG ATT CCC TAC AGC TCC AC

CCT CTC CCT GTC TCC TTC CT
TGG TCT GAG ACATTG ACAATC A

were detected with a LSRII flow cytometer (BD Biosciences)
or a FACScan (BD Biosciences) and analyzed with FlowJo
software (Tree Star, Ashland, OR, USA).

CD23+* B-cell purification and stimulation

After treatment with red blood cell lysing buffer, spleen cells
were incubated with anti-CD23-biotin (BD Biosciences) for
15min. The cells were washed with FACS buffer (3% fetal
bovine serum, 2mM EDTA in PBS), incubated with streptavi-
din-magnetic particles (BD Biosciences) for 30min and then
purified using iMagnet (BD Biosciences). The purified cells
were analyzed by flow cytometry and were >95% B cells
and 80% follicular B cells. Four hundred thousand cells were
seeded in 96-well flat-bottom plates and stimulated with the
relevant stimuli in complete RPMI 1640 (10% fetal bovine
serum, 2mM L-glutamine, 50 uM 2-mercaptoethanol, 100U/
ml penicillin and 100 ng/ml streptomycin) in the presence
of 50ng/ml B lymphocyte stimulator (BLyS; R&D Systems,
Minneapolis, MN, USA) in a total volume of 200 pl. After 48h,
the supernatants were collected for cytokine measurement.
For CD23* B-cell proliferation, the cells were incubated with
stimuli for 42h and then pulsed with ®H thymidine for 6h.

Incorporation of ®H thymidine was quantified using a liquid
scintillation beta counter.

DC preparation and stimulation

Bone marrow cells were seeded at 1.5 x 108 cells/ml in
complete RPMI 1640 supplemented with 7.5% conditioned
medium from B16 cells transfected with fml-like tyrosine
kinase 3 ligand (FIt-3L). The FIt-3L B16 cells were origi-
nally made by Dr H. Chapman (36) and were provided by
Dr U. Von Andrian (Harvard Medical School). The cells were
used for experiments after 8 days, at which time >90% were
CD11c-positive, of which 15-40% displayed a pDC pheno-
type (CD11c* CD45RAM" B220"s" CD11b°") and the remain-
der displayed a conventional DC (cDC) phenotype (CD11c*
CD45RA"w B220'* CD11bMe"). Before setting up each assay,
the FIt-3L DCs were routinely checked by flow cytometry for
the relative percentages of pDCs and cDCs and the respec-
tive DC activation status after staining with anti-CD11c,
anti-CD45RA, anti-B220, anti-CD11b and anti-CD62L (BD
Biosciences). Flt-3L DCs (3 x 10° cells) were seeded in
96-well round-bottom plates and cultured in complete RPMI
1640 with the relevant stimuli in a total well volume of 200 pl.
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After 18-24h, the supernatants were collected for cytokine
measurement.

Cytokine measurement

Cytokine levels in the cell culture supernatants were
measured using in-house ELISAs developed using
commercially available antibodies from BD Biosciences,
PBL InterferonSource (Piscataway, NJ, USA) or US Biological
(Swampscott, MA, USA) as previously described (6). The
detection limit of the IL-6 ELISA is 16 pg/ml. The detection
limit of the IFN-a ELISA is 80 pg/ml. The detection limit
of the IFN-f ELISA is 160 pg/ml. IgG isotype and IgM
levels in the sera were measured using in-house ELISAs
developed using commercially available antibodies from
BD Biosciences, Jackson ImmunoResearch and Southern
Biotech (Birmingham, AL, USA). The detection limit for the
IgG isotype and IgM ELISAs is 34 pg/ml.

Statistics

For in vitro experiments, groups were compared using a
two-way Kruskal-Wallis analysis of variance on ranks and, in
experiments where there were significant differences between
groups (P < 0.05), the Holm-Sidak method was employed for
post-hoc analysis and to correct for multiple comparisons.
One-way analysis of variance on ranks was used to compare
serum immunoglobulin levels of IRF5*+ mice to IRF57~ 11G
mice with the DOCK2 mutation or /RF57- 15G mice without
the DOCK2 mutation, and the Dunn’s method was used for
post-hoc analysis and to correct for multiple comparisons. All
statistics were performed using SigmaPlot 11.0 (Systat, San
Jose, USA) with P < 0.05 considered as statistically significant.

Results

IRF5~~ mice backcrossed 11 generations to C57BL/6 have
a striking B-cell phenotype, which is normalized in IRF5~~
mice backcrossed further to C57BL/6

IRF family members are involved in lymphocyte development
(1). To evaluate whether IRF5 plays a role in B-cell devel-
opment, we initially used /RF5~- mice that had been back-
crossed 11 generations to the C57BL/6 genetic background
(hereafter termed IRF57- 11G). Approximately 98.6% of the
genome in these mice was C57BL/6 as determined using a
panel of >500 000 SNPs (Table 2). We found that compared
with C57BL/6 wild-type mice from Jackson Laboratory, IRF5~-
11G mice had a marked reduction in total splenic B-cell

Table 2. Number and percentage of C57BL/6 and non-
C57BL/6 SNPs in IRF57- mice

SNPs IRF5~- 11G (with IRF5-- 14G (without
DOCK2 mutation) DOCK2 mutation)

C57BL6 542 191 (98.64%) 543 957 (98.96%)

Non-C57BL/6 1746 (0.32%) 1315 (0.24%)

Heterozygous 5677 (1.03%) 4393 (0.8%)

Uncalled 0 (0%) 0 (0%)

Total 549 614 (99.99%) 549 665 (100%)

number with both mature and immature B-cell populations
being reduced and an almost complete absence of splenic
marginal zone B cells (Tables 3 and 4). In addition to a reduc-
tion in total B-cell number, there was also a reduction in the
percentage of B cells relative to total (B and non-B) spleen
cells. The number of splenic CD3* T cells was also reduced
although to a less marked extent (Table 3). IRF57- 11G mice
also exhibited abnormalities in bone marrow B cells with a
reduction in Hardy fraction F (mature B cells or recirculating B
cells) but not fractions B-D (pro-B and pre-B cells) or fraction
E (immature B cells) (Fig. 1B).

We initially assumed that these differences were due
to the deficiency of IRF5, and thus, we were surprised to
find that the observed B-cell phenotype was much less
apparent when the /RF57- 11G mice were backcrossed
a further three or four generations to C57BL/6 (hereafter
referred to as IRF57 14G and IRF57- 15G, respectively).
We, therefore, concluded that there must be another gene(s)
that had contributed to the B-cell phenotype but that had
been lost during the further backcrossing. To determine the
role of IRF5 in B-cell development in the absence of this
confounding gene, we repeated the analysis using /RF5*+
and /RF57- 15G littermates derived from matings between
IRF5*- 15G heterozygous mice. There was no difference
between /RF5*+ 15G and [IRF57/- 15G littermates in the
percentages of total splenic B cells or the various B-cell
populations including the marginal zone B cells (Fig. 1A
and Tables 3 and 4). There was also no difference between
IRF5++ 15G and IRF5~- 15G littermates in the percentages
of the various Hardy fractions in the bone marrow (Fig. 1B).
Overall, these findings suggested that the observed
decrease in B-cell number and loss of marginal zone B
cells in IRF57- 11G mice was not due to IRF5 deficiency.

IRF5~- 11G mice have a mutation in DOCK2, whereas
IRF57- 14G and IRF5~- 15G mice do not

At the time we were doing these studies, Drs Diamond and
Bhattacharya informed us that they had found a similar B-cell
phenotype in their IRF5~- mice to that which we had observed
and that an exon 28-29 duplication in the DOCK2 gene in the
IRF5~~ mice was the cause of this phenotype (31). Based
on our B-cell phenotype data, it was therefore likely that
the IRF57- 11G mice would have this mutation in DOCK2,
whereas the IRF57- 14G and IRF57- 15G mice would not,
and we confirmed that this was indeed the case using an
RT-PCR assay designed by Drs Diamond and Bhattacharya
(31) (Fig. 2A).

We next wanted to determine the extent to which the DOCK2
mutation was present in our IRF5 knockout line. RT-PCR is
not an ideal screening assay as it requires mRNA isolation
from hematopoietic cells and is more labor intensive than a
DNA-based screen. Furthermore, RT-PCR cannot be used
to determine the DOCK2 genotype of mice used in previous
experiments unless RNA from hematopoietic cells happened
to be saved from that particular experiment. Therefore, it was
important to develop an efficient and reproducible PCR assay
to detect the DOCK2 mutation in genomic DNA. To do this, it
was first necessary to determine the insertion end-point of the
DOCK2 mutation within genomic DNA.
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Jackson C57BL/6 IRF5*+ 15G IRF5-- 15G IRF5~- 11G with DOCK2
(n=23) littermate (n = 4) littermate (n = 3) mutation (n = 6)
Total spleen cell 89.2+17.9 (100%) 93.1+17.0 (100%) 70.5+13.3 (100%) 39.4+1.9 (100%)
number (x10°)
B cells (B220+) 47.9+10.3 (563.6%) 48.1+£10.4 (51.7%) 34.1+7.2(48.3%) 10.4+0.9 (26.4%)
T cells (CD3") 29.2+6.3 (32.7%) 30.0+2.9 (32.2%) 25.2+4.0(35.7%) 17.4+1.0 (44.2%)
Non-B and non-T 7.7+0.7 (8.6%) 9.1+2.1(9.8%) 6.4+0.7 (9.1%) 9.3+0.3(23.6%)

cells (B220-CD3")

Table 4. Numbers and percentages of B-cell subpopulations?® in spleen

Jackson C57BL/6 IRF5++ 15G IRF5-15G IRF5~- 11G with DOCK2
(n=23) litermate (n = 4) littermate (n = 3) mutation (n = 6)
Total spleen cell number (x10°) 89.2+17.9 (100%) 93.1£17.0 (100%) 70.5+13.3 (100%) 39.4+1.9 (100%)
Immature B cells 8.0+1.5(9.0%) 9.5+1.4(10.2%) 6.4+0.8 (9.1%) 2.9+0.3(7.3%)
T1 1.7+£0.4 (1.9%) 2.1+0.2 (2.3%) 1.1+0.3 (1.6%) 0.4+0.0 (1%)
T2 4.2+0.8 (4.7%) 51+0.7 (5.5%) 3.6+0.6 (5.1%) 1.4+0.1 (3.6%)
T3 1.420.4 (1.6%) 1.6+0.5(1.7%) 1.2+0.3 (1.7%) 0.7+0.2 (1.8%)
Mature B cells 42.7+9.5(47.9%) 43.5+10.9 (46.7%) 32.2+8.4(45.7%) 9.7+0.9 (24.6%)
Follicular B cells 37.1+9.4 (41.6%) 38.3+10.3 (41.1%) 28.8+7.7 (40.9%) 8.6+0.9 (21.8%)
Marginal zone B cells 4.0+0.2 (4.4%) 3.2+0.4 (3.4%) 2.3+0.5(3.3%) 0.3+0.0 (0.8%)

@The B-cell subpopulations were identified as shown in Fig. 1.

IRF5+/+ 15G
Littermate

IRF5-/- 156G
Littermate

IRF5-/- 11G

DOCK2 mu

Jackson
C57BL/6

with

Total spleen cells Immature B cells Mature B cells
(B220*AA4.1%) (B220*AA4.1%)

0 10 Bﬁzow‘ 10° 3 w’CDrfzsw 10° 010 CBZSM 10°

0w et 010 10 a0t 10f
—— B220 —» —— IgM —>»

Fig. 1. Normal percentages of B-cell populations in the spleen and bone marrow of /RF57- 156G mice. (A) Spleen cells from Jackson C57BL/6
wild-type mice, IRF5** and IRF5- 156G littermates and IRF5~- 11G mice (with the DOCK2 mutation) were stained with antibodies against B220,
AA4.1, IgM, CD23 and CD21. Percentages of mature (M) B cells (B220* AA4.1-) and immature (IM) B cells (B220* AA4.1*) were determined.
Immature B cells were further classified as transitional 1 (T1), T2 or T3 based on IgM and CD23 expression. Mature B cells were further clas-
sified as marginal zone (MZ) or follicular (FO) B cells based on CD21 and CD23 expression. The data are representative of three to six inde-
pendent experiments. (B) Bone marrow cells from the same mice evaluated in (A) were stained with antibodies against B220, AA4.1 and IgM
to detect mature B cells (B220* AA4.1°) and immature, pro-B and pre-B B cells (B220* AA4.1+) (left-hand panels). The relative percentages of
Hardy fractions B-D (pro-B and pre-B; B220* IgM), fraction E (immature B; B220emediate |gM+) and fraction F (mature B; B220"" |gM*) were also
determined (right-hand panels) (37). The data are representative of three independent experiments.
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A _. PCR product PCR product
DOCK2wt cDNA *25'26'27'28'29'30'31|32P- 383 bp =l 2526 [27[28] 20|30 [ 31|32 }= None
=3
DOCK2mu cDNA 425|26|27|28|29|28|29|30!31|32b-577bp = 25]26[27]28] 29[ 28] 29 [30] 31 [ 32 ]+ 158 bp
IRF5 15G littermates IRF5-/- 11G IRF5 15G littermates IRF5-/- 11G
Jackson |RF5 |RF5 IR Negative Jackson |RF5 IRF5 IRl Negative

C57BL/6 +/+  +/+ -/- control C57BL/6 +/+  +/+ A control

B WT genomic DNA

26,442 bp 125,717 bp 2,014 bp

9,784 bp 6,127 bp
>

27 Reverse primers for approximately ev

ettt

5kbp (R1-R26, and Ex28R2)

tAttststeses

Forward primer (Ex29F2)
2,014 bp® < 9,784 bp
D 4——>

? bp

i DNA duplication <4< <

R15 R16 R17 R18 R19 R20 R21 R22 R23 R24 R25 R26 Ex28R2

10 kb —
8 kb —_—
6 kb —
5 kb —
- - ‘?&”!!.. Et—‘
3 kb R d&d A
Ex29 «¢ n >
C 10 forward primers for approximately every 1kbp F2 1F 2F 3F 4F 5F 6F 7F 8F 9F
(Ex29F2, In29.1F-In29.9F) =
10 kb
AR T e o
2kb
1 1 1 1.5 kb
1 1 R23 1 -—
g Intron between | Intron between ! 1kb
! exon 29-30 1 exon 27-28 1
0.5 kb
D In29.4F > F 2 JRF5 15G litermates IRF5-/- 11G
GCCCCTCAAG ACGACCTTAT GAGGTGGAAC CACAACCATT TGCATTTTAC g‘ F . . L ..‘
OT T ¥FIFTT
AAATGACACA GCTAACTGAC TTACTCATCA TTGCAATGCCA GTAAGGAAGA 8 i L T T
roeeoeeowo
GAAACACCAT TCAACCTGAGC CAACTTCTGA GCCCCGGCTT CATCCTGTGA —
- - - - Internal
GGGAGGGAGG GAGGGAGGGA GAGAGAGAGA GAGAGAAAAT CTCCCCTACC 5 control
500bp & (47TDbp)
CCACACAGAA GCTAAAAGAT CATTAGACAT GGTTGCTCTG GAGAAAGCAA 300 bp - < DOCK2
TATTCCTGTT TCTTAAACCT AAACCCAATG AACACAGAAG,6 TGGAGCTGTA ;ggtsatll)or)]
p.
GGGAATCTTT GGATCCCCAG TCCCCAACCG CAGCCTCTTG AAAATAGCTC
InR22.3.1R
E DOCK2 mutant genomic DNA 2bp 2014bp 3991 bp 17306 bp

F 7 >
o 2]

DOCK2 mutation
PCR (305 bp)

Fig. 2. A DOCK2 mutation is detected in IRF57- mice backcrossed 11 generations to C57BL/6 (/RF5~- 11G) mice but not in /RF5~~ mice back-
crossed 15 generations to C57BL/6 (IRF57- 15G). (A) RT-PCR to detect the DOCK2 mutation (DOCK2mu). RNA was purified from splenic B
cells of wild-type C57BL/6 mice from The Jackson Laboratory (Jackson wild-type), IRF5** and IRF5~- 15G littermates and /RF57- 11G mice.
RNA was reverse transcribed into cDNA and amplified using specific primers to detect the exon 28-29 duplication as described (31). Primers
used in the left-hand gel give a 577-bp product for the DOCK2 mutation and a 383-bp product for wild-type DOCK2. Primers used in the
right-hand gel give a 158-bp product for the DOCK2 mutation and do not amplify wild-type DOCK2. (B) The diagram shows the hypothesized



The mutation in the DOCKZ2 gene is an exon 28-29
duplication that results in a substantial reduction in DOCK2
mRNA expression (31). We hypothesized that the duplicated
DNA might be inserted somewhere before the original genomic
exon 28 and must include some segment of the intron sequence
between exon 27 and 28, as well as some segment of the intron
seqguence between exon 29 and 30 (Fig. 2B). Because the length
of the intron sequence between exon 29 and 30 in the wild-type
DOCKZ2 gene is 9784 bp, the distance between the duplicated
exon 29 and the end-point of the insertion must be <9784 bp. We
designed a forward PCR primer in exon 29 (termed Ex29F2) and
26 reverse PCR primers for every 5kb in the 125 717bp intron
between exons 27 and 28 (termed R1-26) and one reverse PCR
primer on exon 28 (termed Ex28R2). Using those primers, we
performed long-range PCR using DNA polymerase that can
amplify up to 30kb (Fig. 2B). DNA electrophoresis showed that
three reverse PCR primers (R23, R24 and R25) amplified DNA,
whereas primers R1-22, R26 and Ex28R2 did not, suggesting
that the 3 end-point of the inserted DOCK2 duplication is
between the R22 and R23 primer recognition sites (Fig. 2B).
Using the R23 primer, we next sought to determine the length
of the duplicated intronic segment between the duplicated
exon 29 and this 3’ end-point. We designed nine additional
forward primers for every 1kb after the duplicated exon 29
(termed In29.1F to 9F) and did long-range PCR using R23 as
a reverse primer (Fig. 2C). Primers from Ex29F2 and In29.1F to
In29.4F successfully amplified DNA from genomic DNA of mice
with the DOCK2 mutation, whereas primers In29.5F to In29.9F
did not (Fig. 2C). This result suggested that the duplicated
DOCK?2 insertion ends somewhere between the recognition site
of In29.4F and In29.5F. DNA sequencing of the PCR product
demonstrated that the DOCK2 duplication ended 3991 bp after
the duplicated exon 29, and this occurred at a position 17 306 bp
before the non-duplicated exon 28 (Fig. 2D and E).

On the basis of this information, we designed a final PCR
protocol that detects the DOCK2 mutation in genomic DNA
and gives a PCR product of 305bp (Fig. 2F). This PCR
demonstrated that the /RF57~ 11G mice had the mutation
in DOCK2, whereas the IRF57- 14G and IRF57- 15G mice
did not (Fig. 2F and data not shown) confirming the previous
results obtained using RT-PCR (Fig. 2A).

IRF5 is involved in B-cell IL-6 production in response to
TLR7 and TLR9 ligands, whereas the DOCK2 mutation is
involved in B-cell IL-6 production in response to TLR2 and
TLR4 ligands

To determine the relative contributions of IRF5 and the DOCK2
mutation to B-cell functional responses, we next evaluated
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B-cell cytokine production and proliferation. Cytokine produc-
tion in response to TLR stimulation was compared using B
cells from wild-type C57BL/6, IRF57- 11G and IRF57 14G
mice. Because /IRF57- 11G mice have no marginal zone B
cells in the spleen but IRF57 14G mice do, we purified B
cells using anti-CD23 antibody positive selection, which
excludes marginal zone B cells but includes other splenic
B-cell populations. Purified B cells from all groups of mice
had equal percentages of immature B cells (B220* AA4.1%),
mature B cells (B220* AA4.1°) and follicular B cells (B220*
AA4.1- CD23*) but no marginal zone B cells (B220* AA4.1-
CD21+ CD23) (Fig. 3A).

We stimulated the anti-CD23-purified B cells with TLR
ligands for 48h and measured IL-6 production. B cells from
both IRF57- 11G (with the DOCK2 mutation) and IRF5~~ 14G
(without the DOCK2 mutation) mice produced less IL-6 than
wild-type mice in response to the TLR7 ligand CL097 and
the TLR9 ligand CpG-B. In contrast, and surprisingly, IL-6
production in response to the TLR2 ligand Pam3Cys and the
TLR4 ligand LPS was reduced only in B cells from IRF57-11G
mice (Fig. 3B). These results indicate that IRF5 is involved in
IL-6 production downstream of TLR7 and TLR9 signaling in
CD23* B cells, but that the DOCK2 mutation, and not IRF5,
limits IL-6 production downstream of TLR2 and TLR4 signal-
ing in CD23* B cells.

To determine whether IRF5 or the DOCK2 mutation played
a role in B-cell proliferation, we compared responses of
anti-CD23-purified B cells from IRF5** and IRF57/- 15G lit-
termates and /RF57- 11G mice. Proliferative responses
induced by anti-IgM and TLR ligands were similar in B cells
from IRF57- 11G mice and IRF57- 15G mice indicating that
the DOCK2 mutation does not contribute to these responses,
although baseline proliferation in the absence of any stimu-
lus was lower in B cells from the IRF57- 11G mice (Fig. 3C).
Unexpectedly, B cells from IRF57- 15G mice proliferated
slightly more strongly to TLR7 and TLR9 ligands than B cells
from their IRF5+ 15G littermates, suggesting the possibility
that IRF5 may act to inhibit B-cell proliferation downstream of
TLR7 and TLR9. This was not due to a generalized reduction
of proliferation in the IRF5*+ B cells as there was no difference
between B cells from /RF5** and IRF57- 15G mice in prolif-
erative responses to anti-IlgM or LPS or in basal proliferation
in the absence of stimulus (Fig. 3C).

IRF5 is involved in IFN-a., IFN—f and IL-6 production by
murine DCs downstream of TLR9 and/or TLR7

Mouse bone marrow cells cultured in vitro with FIt3 ligand
develop into a mixed population of pDCs and cDCs, collectively

differences in genomic DOCK2 DNA between wild-type and DOCK2 mutant /RF5~- mice. In the DOCK2 mutant mice, the duplicated exon 28
and 29 together with some flanking DNA is inserted into the intron between exons 27 and 28. The gel shows a PCR performed using a forward
primer, which recognizes exon 29 (Ex29F2) and 27 reverse primers (R1-R26 or Ex28R2), which detect the region in the intron between exons
27 and 28 that is closest to exon 28. PCR products were obtained with the R23-R25 primers. /RF57- 11G genomic DNA containing the DOCK2
mutation was used as the template. (C) PCR was performed using the R23 reverse primer and 10 forward primers, which recognize either exon
29 (Ex29F2) or the intron between exons 29 and 30 (In\.1F to In29.9F). (D) DNA sequence of the 3’-end of DOCK2 mutation. The shaded region
is the duplicated intronic sequence between exons 29 and 30, and the unshaded region is the non-duplicated intron between exons 27 and 28.
(E) Diagram of the DOCK2 mutation. The duplicated segment of the DOCKZ2 gene present in the DOCK2 mutation ends at 3991 bp after exon
29. This duplicated segment is inserted into intron 27-28 at 17 306 bp before exon 28. (F) PCR to detect the DOCK2 mutation. Genomic DNA
from IRF5- 11G mice gave a PCR product for the DOCK2 mutation (305bp), whereas DNA from /RF5*+ and IRF5~- 15G littermates did not.
CD19 PCR was used as an internal control to verify the adequacy of DNA preparation in each sample.
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Fig. 3. Relative contributions of IRF5 and the DOCK2 mutation to B-cell IL-6 production and proliferation. (A and B) B cells were purified from
the spleens of Jackson C57BL/6 wild-type mice, IRF57/~ 14G mice and /RF5~- 11G mice (with the DOCK2 mutation) using CD23-positive selec-
tion. (A) The B cells were stained with antibodies against B220, AA4.1, IgM, CD21 and CD23. Data are representative of three independent
experiments. IM, immature B cells; M, mature B cells; T, transitional B cells; MZ, marginal zone B cells; FO, follicular B cells. (B) B cells were
stimulated with LPS (30 ng/ml), Pam3Cys (1 pg/ml), 1826 and CL097 for 48h in the presence of BLyS (50ng/ml). IL-6 levels in the supernatants
were measured by ELISA. The data represent the mean + SEM of three independent experiments. **P < 0.01; ***P < 0.001 versus IRF5**. There
was no statistical difference between B cells from IRF57~ 14G and IRF57- 11G mice. (C) B cells were purified from the spleens of Jackson
C57BL/6 wild-type mice (n = 3), IRF5*"* (n = 5) and IRF57- (n = 3) 15G littermates, and /RF57~ 11G mice (with the DOCK2 mutation) (n =6)
using CD23-positive selection. The B cells were stimulated with 1826 (3 ng/ml), CL097 (3 ng/ml), LPS (30 ng/ml), Pam3Cys (1 ng/ml) and anti-
IgM antibody (30 ng/ml) for 42h in the presence of BLyS (50ng/ml) and pulsed with *H thymidine for 6h. The data represent the mean + SEM

of three independent experiments.

referred to as FIt-3L DCs (38). Previously, we have shown that
IRF5 is involved in the production of IFN-a, IFN- and IL-6
from mouse FIt-3L DCs downstream of TLR7 and TLR9, but
not downstream of TLR2 and TLR4 (6). As the IRF57- mice
used in these previous studies likely had the DOCK2 muta-
tion and pDCs from DOCK2-deficient mice have a reduced
capacity to make IFN-a and IFN-f after TLR9 and TLR7 activa-
tion (35), it was important to determine whether our previously
reported results were due to IRF5 deficiency or to the DOCK2
mutation. To do this, we prepared FIt-3L DCs from /RF5** and
IRF5-- 15G littermates and /RF57- 11G mice using an identi-
cal procedure to that used previously. There was no difference
between the three experimental groups in the percentages of
cDCs and pDCs in the Flt-3L DC cultures (Fig. 4A).

FIt-3L DCs from both /RF57- 15G and IRF57 11G mice
produced less IL-6 than Flt-3L DCs from /RF5** mice after
activation by TLR9 and TLR7 ligands with no difference seen
in IL-6 production between the IRF57- 156G and IRF57 11G
groups (Fig. 4B). These results indicate that IRF5 is involved
in TLR9- and TLR7-induced IL-6 production by FIt-3L DCs. No

differences were seen between any of the three experimental
groups in IL-6 production induced by TLR2 and TLR4 ligands.

FIt-SL DCs from both /RF57- 15G and IRF57- 11G mice
produced less IFN-a than Flt-3L DCs from /RF5*+ mice after
stimulation with CpG-A concentrations of 0.1 and 0.3 uM
but not after stimulation with higher concentrations of CpG-
A. There was no difference in IFN-o production between
IRF5~-15G and /IRF57- 11G mice (Fig. 4B). To confirm these
findings, we performed additional experiments comparing
Fit-3L DCs from Jackson C57BL/6 wild-type (/RF5*) mice
with FIt-3L DCs from /RF5~- 14G or 15G mice and combined
these data with the /RF5** and IRF57- 156G littermate data.
The combined data mirrored the IRF5** and IRF57~ 15G lit-
termate data and demonstrated reduced IFN-o production by
the IRF5~- FIt-3L DCs at CpG-A concentrations of 0.1 and
0.3 pM (Fig. 4C). IFN-B production by the /RF5~- FIt-3L DCs
was even more dramatically reduced (Fig. 4D). Overall, these
results are very similar to those we previously reported (6)
and demonstrate that IRF5 is involved in TLR9-induced IFN-a
and IFN-f production by Fit-3L DCs.
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Fig. 4. IRF5 is required for TLR7- and TLR9-induced IL-6 and type | interferon production by FIt-3L DCs. (A and B) Bone marrow-derived Flt-3L
DCs were prepared from IRF5** (n = 5) and IRF57- 15G littermates (n = 3) and IRF57- 11G mice (with the DOCK2 mutation) (n = 6). (A) Flt-3L
DCs were stained with antibodies to CD11c, CD45RA and CD11b to determine the relative percentages of pDCs (CD11c*, CD45RAM" and
CD11b") and cDCs (CD11c*, CD45RA and CD11b*). The data are representative of three independent experiments. (B) Flt-S3L DCs were
stimulated with the TLR9 ligand CpG-A (2336), the TLR7 ligand R837, the TLR4 ligand LPS and the TLR2 ligand Pam3Cys for 24h. The levels
of IFN-a and IL-6 in the supernatants were measured by ELISA. The data represent the mean + SEM of three independent experiments. (C
and D) Bone marrow-derived Flt-3L DCs were prepared from IRF5*+ (n = 10; either IRF5*+ 15G littermates or Jackson C57BL/6) and IRF5-~
(n =7, either IRF5~- 15G littermates or IRF5~- 14G mice). FIt-3L DCs were stimulated with the TLR9 ligand CpG-A (2336) for 24 h. The levels of
IFN-a. (C) and IFN-B (D) in the supernatants were measured by ELISA. The data represent the mean + SEM of 6-7 independent experiments.

*P < 0.05; **P < 0.01; ***P < 0.001 versus IRF5++.

The presence of the DOCK2 mutation enhances T,2
skewed IgG production in IRF5~- mice

Several reports using /RF57- mice have shown that IRF5 is
required for anormal T, 1 response, while /RF5~~ mice show a
more skewed T 2 response (30, 39, 40). However, it has also
been shown that DOCK2-deficient mice have an enhanced
T,2-type response and a suppressed T, 1 response (34). The
authors observed that DOCK2~- mice have higher serum lev-
els of IgG1 and IgE, but a lower level of IgG2b. Therefore, it is
critical to determine whether the T, 1/T, 2 imbalance observed
in IRF5~~ mice with the DOCK2 mutation is a result of IRF5
deficiency or the presence of the DOCK2 mutation. To exam-
ine this, we measured serum IgG isotype and IgM levels in
wild-type mice, IRF57~ 11G mice with the DOCK2 mutation
and /RF57- 15G mice without the DOCK2 mutation. IRF57-
15G mice had less IgG2a/c and IgM and slightly higher levels

of IgG1 compared with /RF5** mice, but there was no differ-
ence in IgG2b and 1gG3 levels (Fig. 5) This suggests that,
as previously reported, IRF5 is involved in class switching to
the IgG2a/c isotype (39). However, IRF57/~- 11G mice with the
DOCK2 mutation have dramatically increased levels of IgG1
compared with /RF5** mice and IRF57- 156G mice (Fig. 5).
In addition, IRF57- 11G mice with the DOCK?2 mutation have
less 1gG2b, 1gG2a/c and IgG3 compared with /RF57~ 15G
mice without the DOCK2 mutation. These results clearly show
that T, 2 skewing of IgG isotypes is enhanced in IRF5-deficient
mice by the presence of the DOCK2 mutation.

Discussion

IRF57- mice have been used for many studies of IRF5 biol-
ogy (5-9, 27-29, 39-46). Purtha et al. (31) have recently
shown that there is a DOCK2 mutation present in a commonly
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distributed /RF57- line that results in a reduced level of
DOCK2 expression. It is, therefore, important to be able to
easily identify /RF57- mice that have, and do not have, the
DOCK2 mutation so that archived tissue from past experi-
ments can be regenotyped and future experiments can be
done using /RF5~- mice without the mutation. Where archived
tissue is not available, it will also be necessary to repeat cer-
tain studies to determine whether effects attributed to IRF5 in
previously published reports were in fact due to IRF5 rather
than to the DOCK2 mutation.

Purtha et al. (31) used an RT-PCR assay to detect the
DOCK2 mutation. This assay was invaluable in the initial char-
acterization of the DOCK2 mutation, but it does have certain
limitations. Firstly, it requires RNA that needs to be obtained
from DOCK2-expressing hematopoietic cells. Although RNA
can be obtained from peripheral blood, this is not ideal for rou-
tine screening in living mice. Secondly, RNA is often not avail-
able from experiments that have been performed in the past.
Thus, if investigators want to determine whether the DOCK2
mutation was present in the /RF57- mice used for these previ-
ous experiments, it may not be possible to do this using RT-
PCR. In order to overcome these limitations, we determined
the insertion point of the exon 28-29 duplication and designed
a PCR assay to detect the DOCK2 mutation in genomic DNA.
This PCR can be used to detect the DOCK2 mutation in DNA
obtained from tail samples or other tissue samples. One limita-
tion of our assay is that it cannot be used to determine whether
the mutation is heterozygous or homozygous. Nevertheless,
we have been able to use the PCR to identify /RF5~- mice that
do not have the mutation and thus obtain a colony of IRF57~
mice without the DOCK2 mutation.

IRF57~ 11G mice (that have the DOCK2 mutation) exhib-
ited a marked reduction in total spleen cell number. This was
due mainly to a reduction in both the percentage and num-
ber of splenic B cells although some reduction in T-cell num-
ber was also evident. IRF5~~ 15G mice (that do not have the

DOCK2 mutation) exhibited a normal percentage of splenic
B cells and a substantial increase in splenic B-cell number
compared with /RF57~ 11G mice suggesting that the DOCK2
mutation was responsible for these observed differences
between IRF57/- 11G and /RF57- 15G mice. This interpreta-
tion is consistent with the findings of Purtha et al. (31) as well
as with the known role of DOCK2 in trafficking of B cells, T
cells and neutrophils (32, 33).

Previous studies using B cells from /RF5~-mice have shown
that IL-6 production induced by TLR9 and TLR7 ligands is
IRF5 dependent (5, 43). We have confirmed these findings
using B cells from /RF57~ 14G mice that do not express the
DOCK2 mutation. We also found that, in contrast to its role
in TLR9- and TLR7-induced IL-6 production, IRF5 is not
involved in IL-6 production downstream of TLR2 or TLR4 in
B cells. Unexpectedly however, IL-6 production downstream
of TLR2 or TLR4 was much lower in B cells from IRF57~ 11G
mice, but not IRF57-15G mice, suggesting the possibility that
DOCK2 might be involved in TLR2- and TLR4-induced B-cell
cytokine production. To the best of our knowledge, the role
of DOCK2 in TLR-induced cytokine production in B cells has
not been studied previously but could be examined in future
studies using B cells from DOCK2-knockout mice.

Using IRF5* and IRF57- 15G littermates, we found that
TLR9 (CpG-A)-induced IFN-o. production by pDCs within
FIt-3L DC cultures is IRF5 dependent at lower CpG-A con-
centrations consistent with our previous observation (6).
Importantly, IFN-f production induced by CpG-A was mark-
edly reduced in /IRF57 FIt-3L DCs compared with [RF5+
FIt-3L DCs, emphasizing the underappreciated role of IRF5
in IFN-B production. Overall, our data demonstrate that IRF5
plays a role in TLR9-induced type | interferon production
independent of the DOCK2 mutation. This conclusion is dif-
ferent from that reached by Purtha et al. (31) who concluded
that type | interferon responses are largely intact in IRF57/-
DCs. This may reflect the fact that IFN-f3 production was not
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evaluated in that report. Given the pleiotropic immunomodu-
latory effects of type | interferons (47), induction of IFN-a and
IFN-B by IRF5 may represent one important way whereby
IRF5 regulates immune responses during infection as well as
in autoimmune disease.

We found that IRF5 deficiency alone leads to a slight
increase in serum IgG1 production and a large decrease
in 1gG2a/c production in C57BL/6 mice although IRF5 defi-
ciency had no effect on the levels of the other T, 1-induced
isotypes IgG2b and 1gG3. This finding is consistent with the
reported ability of IRF5 to specifically bind to the IgG2a/c pro-
moter in B cells (39) and suggests that IRF5 deficiency may
induce a mild T,2-like phenotype, at least in the absence of
infection or autoimmunity. However, we found that in /RF5~~
11G mice with the DOCK2 mutation, there was a dramatic
skewing toward T 2-type IgG isotypes with much more IgG1
production and much less IgG2b, IgG2a/c and IgG3 pro-
duction than in their /IRF57~ DOCK2 wild-type counterparts.
This is consistent with a previous report showing that DOCK2
deficiency results in skewing toward a T, 2 response because
CD4+ T cells in DOCK2-~ mice cannot down-regulate IL-4Ra
surface expression due to the lack of DOCK2-dependent Rac
activation in CD4+ T cells (34). Overall, the DOCK2 mutation
greatly enhances the mild T,2 phenotype of /RF57 mice.

We previously reported that heterozygous and homozy-
gous deficiency of IRF5 markedly reduced disease severity
in the FcyRIIB-Yaa male and FcyRIIB~- female mouse mod-
els of systemic lupus erythematosus (27). These mice were
generated by intercrossing IRF5-deficient mice backcrossed
eight generations to C57BL/6 with FcyRIIB7~ Yaa mice. To
determine the extent to which the DOCK2 mutation was pre-
sent in these original experimental mice, we purified DNA
from archived tail samples and analyzed the DNA using the
PCR described in Fig. 2. All samples from the FcyRIIB~-Yaa
male experimental cohorts (n = 33) were positive for the
DOCK2 mutation, except for one. In the FcyRIIB7~ female
experimental cohorts, a total of six samples tested negative
for the DOCK2 mutation: four out of 15 FcyRIIB~- IRF5*+, one
out of 21 FcyRIIB~- Rl IRF5*- and one out of 22 FcyRIIB--
IRF5--. A limited analysis suggested that IRF5 deficiency,
and not the DOCK2 mutation, was likely responsible for the
protective phenotype observed in the FcyRIIB7~ IRF5- and
FeyRIIB7~ IRF5~~ mice (data not shown). However, given the
very small number of mice without the DOCK2 mutation, it
will be important to confirm the protective effect of IRF5 defi-
ciency in the FcyRIIB~- model by evaluating new cohorts of
FeyRIIB-~ IRF5+, IRF5- and IRF5- mice that do not have
the DOCK2 mutation.

The origin of the DOCK2 mutation is not known. However,
the fact that the DOCK2 mutation was observed in two sepa-
rate IRF5~- colonies at Boston University and Johns Hopkins
University initiated from mice obtained independently from
the original colony suggests that at least a subset of IRF57~
mice from the original colony possessed the DOCK2 mutation
(31). It is possible that the DOCK2 mutation arose as a spon-
taneous mutation in the /RF5~- line. Alternatively, it is possible
that the DOCK 2 mutation was present in C57BL/6 mice used
in the backcrossing of the /IRF5~~ mice or was present in the
embryonic stem cells used in the generation of the IRF57~
mice. If the latter is the case, the DOCK2 mutation may not
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be restricted to the IRF57- line and may be more widespread
in other experimental mice. There is a precedent for this pos-
sibility. For example, caspase 1 knockout mice and cellular
inhibitor of apoptosis 1 knockout mice are also deficient in
caspase 11 expression as a result of a mutation in the cas-
pase 11 locus in the 129 embryonic stem cells used to make
these mice (48, 49). It is also not clear why the DOCK2 muta-
tion has persisted in the IRF5~- line despite backcrossing to
the C57BL/6 background given that the IRF5 locus and the
DOCK?2 locus are unlinked.

In future studies, it will be necessary to more completely
define the biological functions of IRF5 both in vitro and in vivo.
The availability of a fully backcrossed /RF57~ line without the
DOCK2 mutation and a PCR assay able to reliably detect
the DOCK2 mutation in genomic DNA should facilitate these
efforts.
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