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a b s t r a c t

CD23, the low affinity IgE receptor, is hypothesized to function as a negative regulator of IgE production.
Upon discovering reduced CD23 surface levels in 129/SvJ inbred mice, we sought to further investigate
129/SvJ CD23 and to examine its influence on IgE levels. Five amino acid substitutions were found in
129/SvJ CD23. Identical mutations were also observed in CD23 from New Zealand Black and 129P1/ReJ
mice. 129/SvJ B cells proliferated more rapidly than those from BALB/c after stimulation with IL-4 and
CD40 ligand trimer. However, in vitro IgE levels in supernatants from stimulated 129/SvJ B cells were sig-
nificantly reduced. Contrary to the in vitro findings, the 129/SvJ CD23 mutations correlated with a hyper
IgE phenotype in vivo and 129/SvJ were able to clear Nippostrongylus brasiliensis infection more rapidly
than either BALB/c or C57BL/6. Overall, this study further suggests that CD23 is an important regulatory
factor for IgE production.

� 2008 Elsevier Inc. All rights reserved.
1. Introduction

The low affinity IgE receptor, CD23 (FceRII), is a type II trans-
membrane protein and a member of the calcium-dependent (C-
type) lectin family [1]. In the mouse system, CD23 is expressed
on the B lymphocyte, the follicular dendritic cell and the gut epi-
thelium [2] whereas in the human system, CD23 can be found on
B cells, monocytes, eosinophils, and Langerhans cells. CD23 con-
sists of four domains, including a carboxy-terminal lectin head, a
stalk region, a transmembrane domain, and a short, cytoplasmic
tail. Based on molecular modeling studies, Gould and colleagues
proposed a model whereby CD23 oligomerizes, with two of the lec-
tin heads of the trimer binding to one IgE molecule, resulting in a
high avidity interaction of CD23 with IgE [3]. CD23 contains two
cleavage sites within its stalk domain and is cleaved from the cell
surface by the metalloprotease ADAM10 [4], resulting in soluble
CD23 (sCD23)2 fragments [5,6]. sCD23 consists primarily of the lec-
tin domain, with varying amounts of stalk, and is thus capable of
binding to IgE, albeit with a lower avidity than that of oligomeric
CD23 [6,7].

Since its discovery, CD23 has been proposed to play a role in
regulating IgE levels. The finding that IL-4 increased both the
expression of IgE as well as that of CD23 led to the hypothesis that
CD23 could serve as a natural means to dampen IgE responses. Re-
ll rights reserved.
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cently, CD23’s role as a negative regulator of IgE production in vivo
has been demonstrated through studies utilizing CD23 transgenic
and CD23 knockout mice as well as antibodies targeting CD23.
CD23 deficient mice, on a C57BL/6 background, produce higher
amounts of IgE than littermate controls after stimulation with
Ag–alum [8] while mice overexpressing CD23, regardless of back-
ground strain make significantly less IgE in response to the same
stimuli [9,10]. Injection of mice with a polyclonal rabbit anti-stalk
CD23 results in increased serum IgE levels [11]. We have recently
shown that destabilization of CD23 via injection of a rat anti-stalk
CD23 (19G5) enhanced the cleavage of CD23 from the cell surface
and increased serum IgE levels [12]. Collectively, these data dem-
onstrate that CD23 is an important control factor for IgE produc-
tion in vivo.

129/SvJ mice are frequently used for gene targeting studies due
to the availability of several embryonic stem cell lines that have
been derived from them (reviewed in [13]). Over the past 10 years,
several immunological defects have been uncovered in the 129
strains, thus questioning their usefulness in gene targeting studies
without sufficient backcrossing. Corcoran and Metcalf [14] ob-
served that B cells from 129/Sv and 129/Ola mice were defective
in signaling downstream of the IL-5 receptor, which could be ex-
plained at least in part by reduced expression of the IL-5R alpha
chain. McVicar et al. [15] found that natural killer cells were defec-
tive in their ability to signal through the receptor DAP12. Recently,
Kaminski and Stavnezer [16] showed that 129/Sv spleens had more
marginal zone B cells compared with those from C57BL/6 mice. In
addition, they observed that 129/Sv B cells were defective in their
class switching to IgG3 in vitro. 129/Sv mice have also recently
been reported to have defects in their mast cell signaling down-
stream of the FceRI. Yamashita et al. [17] found that 129/Sv mice
mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/
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had greater expression levels of FceRI and that ligation of the FceRI
resulted in increased mast cell degranulation. They also noted that
the 129/Sv mice had increased anaphylaxis as compared to C57BL/
6 mice.

In this study we demonstrate that CD23 is mutated in 129/SvJ
mice. This mutated CD23 is associated with reduced CD23 surface
levels and increased serum IgE production in the 129/SvJ strain as
compared to the BALB/cJ strain. Overall, the data lend further sup-
port to CD23’s role as a negative regulator of IgE production and
demonstrate that the 129/SvJ strain may be beneficial for the study
of allergic diseases.
2. Materials and methods

2.1. Animals

BALB/c and C57BL/6 mice were purchased from the National Can-
cer Institute (Frederick, MD). BALB/cJ, C57BL/6J, 129/SvJ, 129P1/ReJ,
and NZB mice were purchased from the Jackson Laboratory (Bar Har-
bor, ME). CD23 deficient mice [18] were generated as described and
maintained at VCU. All mice used were between 6 and 16 weeks of
age at the start of the experiment and were housed in an accredited
and pathogen-free animal facility. Female mice were primarily used.
All studies were approved by the VCU IACUC.

2.2. Preparation and purification of monoclonal antibodies

The monoclonal antibodies 19G5, 2H10, B3B4, B1E3, R1E4,
2.4G2, and mouse IgE anti-DNP were prepared from cell culture
supernatants using CL-1000 Adhere CELLine flasks (Integra Biosci-
ences, Switzerland). Cells were grown in complete RPMI (RPMI
1640 supplemented with 10% heat inactivated FBS, 100 U/ml pen-
icillin and streptomycin, 2 mM L-glutamine, 10 mM Hepes, and
5 � 10�5 M 2-mercaptoethanol) supplemented with 2 lg/ml gen-
tamicin. Supernatants harvested from CELLine flasks were centri-
fuged at 2000 RPM for 5 min, filtered through a 0.8 lm filter
(PALL Life Sciences, Ann Arbor, MI), and stored at �20 �C until puri-
fication. Just prior to purification, cell supernatants were further
clarified by centrifugation at 20,000g for 30 min. Antibody purifica-
tion was performed by hydrophobic charge induction chromatog-
raphy using MEP HyperCel sorbent (PALL Life Sciences, East Hills,
NY) [19].

2.3. B cell purification and culture

B cells were purified from spleens by negative selection as pre-
viously described [20]. Briefly, T cells in single cell suspensions
were coated with antibodies and depleted by complement lysis.
The remaining spleen cells were layered over a discontinuous Per-
coll (GE Healthcare) gradient [21]. Resting B cells selected from the
66% to 70% interface were used for in vitro proliferation studies and
Ig analyses. For some experiments (i.e. RNA isolation and Scatchard
analysis), total B cells (50–70% Percoll interface) were used. B cells
were cultured in B cell media consisting of RPMI 1640 supple-
mented with 10% heat inactivated FBS, 100 U/ml penicillin and
streptomycin, 2 mM L-glutamine, 1 mM sodium pyruvate, 10 mM
Hepes, 100 mM non-essential amino acids and 5 � 10�5 M 2-
mercaptoethanol.

To examine IgE, IgG1, and IgM production, resting B cells were
cultured in 96-well plates (Corning Life Sciences, Lowell, MA) at
varying concentrations (50,000–250 cells/well) in 200 ll B cell
media containing 10,000 U/ml recombinant mouse IL-4 (kindly
provided by William Paul), 5 ng/ml mouse IL-5 (eBioscience, San
Diego, CA), 25 ng/ml mouse CD40LT, and 100 ng/ml M15 (anti-leu-
cine zipper). Both CD40LT and M15 [22] were generous gifts from
Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
j.cellimm.2008.08.003
Amgen, Seattle, WA. For IL-4 dose response studies, 5000 cells per
well were stimulated as above with IL-5, CD40LT, and M15 in the
presence of increasing concentrations of IL-4. Supernatants were
harvested after 8 days of culture and analyzed by ELISA.

For proliferation studies, purified resting B cells were cultured
as above and were pulsed with 1 lCi per well 3H-thymidine (MP
Biomedicals, Irvine, CA) during the last 8 h of a 72 h incubation.
Plates were harvested using a Filtermate 196 harvester onto a Uni-
filter 96-well plate. Thirty microliters of Microscint-20 scintillation
fluid was added to each well and plates were counted using a Top
Count Scintillation Microplate Reader. Harvester, scintillation fluid,
and counter were all from Perkin-Elmer (Boston, MA). Alterna-
tively, purified B cells were labeled with carboxyfluorescein succ-
inimidyl ester (CFSE) as described [23]. Labeled cells were
cultured as above and on indicated days, the amount of CFSE label-
ing remaining was determined by FACS analysis.

For stimulation of B cells for RNA isolation, flow cytometry, and
Scatchard analyses, purified total B cells were incubated in 24-well
plates (Greiner Bio-One North America, Monroe, NC) containing
1 ml of B cell media supplemented with 10,000 U/ml recombinant
mouse IL-4, 25 ng/ml mouse CD40LT, and 100 ng/ml M15. Cells
were harvested at either 24 or 48 h depending on the assay.

2.4. RNA isolation and analysis

Total RNA was isolated from unstimulated total B cells or IL-4
and CD40LT activated total B cells using Trizol reagent as recom-
mended by the manufacturer (Invitrogen). For quantitative PCR
analysis (qPCR), the use of the TaqMan� One Step PCR Master
Mix Reagent Kit was employed. All the samples were tested in trip-
licate under the conditions recommended by the fabricant. The cy-
cling conditions were as follows 48 �C/30 min, 95 �C/10 min, 40
cycles of 95 �C/15 s, and 60 �C/1 min. The cycle threshold was
determined to provide the optimal standard curve values. The
experiments were performed in the ABI Prism� 7900 Sequence
Detection System (Applied Biosystems, Foster City, Ca). The probes
and primers were designed using the Primer Express� 2.0 version.
The probes were labeled in the 50 end with FAM (6-carboxyfluores-
ceine) and in the 30 end with TAMRA (6-carboxytetramethylrhod-
amine). Ribosomal RNA (18 S rRNA) from the Pre-developed
TaqMan�Assay Reagents was used as endogenous control. The
reactions and the synthesis of the probes and primers were per-
formed in the VCU Nucleic Acid Research Facilities.

For RT-PCR analysis, reactions were performed using the EPI-
CENTRE MasterAmp High Fidelity RT-PCR Kit (EPICENTRE, Madi-
son, WI) according to the manufacturer’s protocol. Briefly, total
RNA (1000 ng/reaction) was mixed with mouse CD23 specific
primers (12.5 pmoles/reaction) and sterile nuclease-free water in
a reaction mix containing 1� MasterAmp RT-PCR PreMix, 40 Units
MMLV-RT (Moloney Murine Leukemia Virus Reverse Transcrip-
tase) Plus, and 1 Unit MasterAmp TAQurate DNA Polymerase Mix
to a final volume of 50 ll. The forward (CTGCCATGGAAGAAAATG)
and reverse (TGAGCAGAAGTTTGTCAGG) primers were designed to
amplify the entire coding sequence of CD23. Reactions were also
set up using primers specific for mouse actin [24] as an internal
control. The following cycle was used: 65 �C for 5 min, 37 �C for
30 min, 95 �C for 1 min, 95 �C for 30 s, 45 �C for 30 s, 70 �C for
1 min 10 s, 72 �C for 7 min.

2.5. Cloning and sequence analysis

Purified total B cells isolated from the spleens of 129/SvJ, 129P1/
ReJ, and NZB mice were stimulated for 48 h at 1 � 106 cells per well
in 1 ml B cell media containing IL-4, CD40LT, and M15. RNA was iso-
lated and RT-PCR was carried out as described above using murine
CD23 sense and murine CD23 antisense primers. The 1.1 Kb PCR
mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/
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product was inserted into pCR2.1 (Invitrogen) and positive colonies
were identified by EcoRI digest. Sequencing was performed by the
VCU Nucleic Acids Core Facility using the ABI 3100 capillary sequen-
cer. Sequencing of both strands, using the T7 and M13R primers was
done on 4 separate clones from 129/SvJ, 129P1/ReJ, and 3 clones of
NZB and the sequences were compared. The sequences shown were
identical for the 129 and NZB CD23 containing clones. Balb CD23 se-
quence is Accession #NP_038545. Sequence analysis was performed
using Vector NTI software (Invitrogen) using the ContigExpress and
alignment programs.

2.6. FACS analysis

1 � 106 cells per tube were incubated with 10 lg 2.4G2 in
200 ll FACS buffer (1� PBS, 1% FBS) for 15 min at 4 �C to block
the FccR and then stained with FITC-B3B4 (anti-lectin CD23) and
APC-B220 (anti-CD45R) for 1 h at 4 �C in the dark. Alternatively,
cells were incubated with biotinylated rabbit anti-LZ-CD23 or bio-
tinylated 2H10 (anti-lectin CD23) for 30 min, washed, resuspended
in 200 ll FACS buffer, and then stained with goat-anti-biotin-FITC
and APC-B220 for 1 h. To test IgE binding to B cells, splenocytes
were incubated with 20 lg mouse IgE-anti-DNP for 30 min,
washed, resuspended in 200 ll FACS buffer, and then stained with
FITC-anti-mouse IgE and APC-B220 for 1 h. After staining, cells
were washed once with 1� PBS and resuspended in 1 ml of FACS
buffer. Flow cytometric analysis was performed using the FC500
combined with CXP software (Beckman Coulter, Fullerton, CA).

2.7. Scatchard analysis

Mouse IgE was labeled with [125I]-NaI (Perkin-Elmer) using the
Chloramine T method as previously described [25]. Purified total B
cells from 129/SvJ or BALB/c mice were stimulated in 24-well
plates for 48 h at a concentration of 1 � 106 cells per ml in 1 ml B
cell media containing IL-4, CD40LT, and M15. Cells were harvested
and counted. 1 � 106 cells were added to tubes containing Binding
Assay Buffer [BAB (Hank’s Balanced Salt Solution, 2% FBS, 10 mM
Hepes, 1 mM CaCl2)] and 10 lg 2.4G2 and were allowed to equili-
brate to 37 �C in a water bath. 125I-labeled IgE (0.5 or 5.0 lg) was
added to the cells in the presence of increasing concentrations of
cold IgE (1.0–400 lg/ml) to a final volume of 300 ll BAB per tube.
The cells were incubated with the hot and cold IgE for 1 h at 37 �C.
Duplicate aliquots were removed and layered over phthalate oil as
previously described [26]. Free and cell-bound 125I-IgE was sepa-
rated by centrifugation over the phthalate oil mixture. Cell pellet
radioactivity was read using the LKB Clinigamma 1272 gamma
counter (Perkin-Elmer). Non-specific binding was determined by
adding 125I-IgE to purified CD23 deficient B cells and this value
was subtracted to obtain specific binding. Scatchard plots of the
data allowed binding affinities to be determined by linear regres-
sion analysis. The number of binding sites per cell was calculated
by extrapolating to the x-axis and all lines had correlation coeffi-
cients of 0.75 or better.

2.8. Immunizations and bleeds

BALB/cJ and 129/SvJ mice were pre-bled by tail vein nick and in-
jected s.c. on day 0 with 100 lg KLH-DNP and 4 mg alum in 200 ll
PBS. Control groups received alum only. Mice were bled on day 9,
boosted on day 15, and bled on day 20. Serum was analyzed for Ig
levels by ELISA.

2.9. Nippostrongylus brasiliensis isolation and culture

Nb was kindly provided by Dr. Joseph Urban, Jr. (USDA, Belts-
ville, MD) and was maintained by passage through BALB/c mice.
Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
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Nb was isolated from fecal cultures using the Baermann Technique
as previously described [27]. BALB/cJ or 129/SvJ mice were pre-
bled and injected s.c. on day 0 with 650 L3 larvae in 100 ll NaCl.
Mice were bled on days 9, 15, 23, and 43 and serum was assayed
for IgE levels by ELISA. To examine parasite clearance, BALB/c,
C57BL/6, or 129/SvJ mice were injected with 650 L3 larvae. Three
mice per strain were sacrificed on days 5–9. Small intestines were
removed and examined for L5 Nb as described [27]. Briefly, longi-
tudinal slices in the intestines were made using dissecting scissors.
The sliced intestines were placed over an 8 � 8 cm square of cheese
cloth (Prym-Dritz Corporation, Spartanburg, SC) and dipped into a
50 ml tube containing PBS such that the intestines were sub-
merged but the corners of the cheese cloth were trapped beneath
the tube cap. The tubes were incubated in a 37 �C water bath for
2 h to allow complete migration of the worms out of the intestines
and into the PBS. The worms collected at the bottom of the tube
were counted by dividing them among the wells of a 48-well plate
(Greiner Bio-One).

2.10. ELISAs

IgE levels in mouse serum were determined by coating Immu-
lon ELISA plates with 10 lg/ml of the rat anti-mouse IgE mAb
B1E3. Standard curves were generated with mouse IgE anti-DNP.
IgE levels were detected by incubation with the biotinylated rat
anti-mouse IgE mAb R1E4 followed by streptavidin-AP. Plates were
developed using pNPP substrate tablets and read at a dual wave-
length of 405–650 nm. Plates were read with a Spectromax 250
ELISA plate reader (Molecular Devices, Sunnyvale, CA). A four
parameter analysis was performed on standard curves using
Molecular Devices software and correlation coefficients were >.98
or better. Only dilution values that fell in the linear portion of
the curve were used for analysis and experimental values at multi-
ple dilutions were averaged.

IgG1 and IgM levels were determined similarly by coating
plates with 5 lg/ml unlabeled goat anti-mouse IgG1 or goat anti-
mouse IgM and detecting with goat-anti-mouse IgG1-AP or goat-
anti-mouse IgM-AP, respectively. Standard curves were generated
with mouse IgG1 or mouse IgM.

For detection of KLH-DNP-specific IgE, plates were coated with
10 lg/ml B1E3. Standard curves were generated as above with the
total IgE ELISA. KLH-DNP-specific IgE was detected using biotinyl-
ated KLH-DNP followed by Strep-AP. For detection of KLH-DNP-
specific IgG1, plates were coated with 10 lg/ml KLH-DNP for sam-
ple wells and 5 lg/ml unlabeled goat anti-mouse IgG1 for standard
wells. KLH-DNP-specific IgG1 was detected using goat-anti-
mouse-IgG1-AP as above.

To detect sCD23 levels, plates were coated with 20 lg/ml of the
rabbit polyclonal mouse anti-LZ-CD23. Serum samples and stan-
dards (EC-CD23) were detected using biotinylated rabbit poly-
clonal mouse anti-CD23 followed by goat anti-biotin-HRP.

2.11. Statistics

Where shown, P values were determined using unpaired Stu-
dent’s t test.
3. Results

3.1. CD23 surface expression is reduced on 129/SvJ B cells

To measure B cell CD23 levels, splenocytes from BALB/c or 129/
SvJ mice were stained using B3B4, a mAb recognizing the lectin do-
main of CD23, and analyzed by flow cytometry. Less CD23 was ob-
served on B cells from 129/SvJ mice as compared to those from
mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/
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BALB/c mice (MFI of 4.2 vs 6.8) (Fig. 1A). A polyclonal anti-CD23
was used to confirm the reduced levels observed in the 129/SvJ
mouse. Although expression was slightly enhanced using the poly-
clonal Ab, CD23 levels on the 129/SvJ B cells remained lower than
those on the BALB/c B cells (data not shown). To determine if 129/
SvJ CD23 levels could be upregulated, we isolated B cells from the
spleens of 129/SvJ or BALB/c mice, stimulated them for 48 h with
IL-4 and CD40LT, and analyzed surface expression by flow cytom-
etry using B3B4. Although 129/SvJ CD23 expression was increased
after stimulation, levels were still lower than those observed on
stimulated BALB/c B cells (MFI of 74 vs 276) (Fig. 1B). The MFI
changes show that the fold increase in CD23 is higher in Balb/c
(17.8 vs 41.3-fold) going from CD23+ naïve B to stimulated CD23+

B cells.

3.2. No significant difference in CD23 mRNA expression in 129/SvJ
versus BALB/c B cells

To determine if 129/SvJ CD23 was regulated at the transcrip-
tional level, we analyzed CD23 message levels in unstimulated
Fig. 1. CD23 surface expression is reduced on 129/SvJ B cells. (A) B cells isolated
from the spleens of BALB/c ( ) or 129/SvJ (-- --) mice were stained with B220-
APC (B cell marker) in combination with B3B4-FITC (monoclonal anti-CD23). B3B4-
FITC histograms are shown gated on the APC+ population. (B) B cells isolated as
above were stimulated with IL-4 and CD40LT for 48 h. B cells were then stained
with B220-APC and B3B4-FITC. B3B4-FITC histograms are shown gated on the APC+
population. Controls for Balb/c and 129/SvJ in A and B were stained with B220-APC
but left unstained for B3B4-FITC and are shown as dark or gray dotted lines,
respectively.

Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
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and IL-4 and CD40LT activated B cells initially by RT-PCR (data
not shown), with a confirmation using real time PCR (qPCR).
CD23 message levels in both 129/SvJ and BALB/c B cells were sim-
ilar before stimulation. After activation with IL-4 and CD40LT,
CD23 mRNA levels in B cells from both strains were increased to
a similar extent (Fig. 2) with no significant difference noted be-
tween strains.

3.3. 129/SvJ serum sCD23 levels are reduced

The reduced cell surface CD23 levels observed in the 129/SvJ B
cells could be the result of decreased translation, decreased trans-
port to the cell surface, or increased shedding of CD23 from the cell
membrane. To address the possibility that the reduced CD23
expression seen in the 129/SvJ B cells was due to increased shed-
ding of 129/SvJ CD23 from the cell surface, we injected 129/SvJ
and C57BL/6 mice with the anti-CD23 stalk monoclonal 19G5 to in-
duce shedding or PBS as a vehicle control. Three days later, mice
were bled and sCD23 was measured by ELISA. Whereas the serum
sCD23 levels in the PBS injected C57BL/6 and 129/SvJ mice mea-
sured 7.9 ± 3.2 and 5.9 ± 0.3 ng/ml, respectively, the sCD23 levels
in the 19G5-injected C57BL/6 and 129/SvJ mice increased to
1127 ± 56.7 and 627 ± 52.5 ng/ml, respectively. Although the
anti-CD23 injection enhanced sCD23 levels in both strains, the
average levels of sCD23 in the 19G5-injected 129/SvJ mice were
significantly lower than those in the 19G5-injected C57BL/6 mice
(P < .05). Since cell surface levels were reduced, this change could
be expected.

3.4. 129/SvJ CD23 is mutated

The reduced levels of CD23 surface expression in the 129/SvJ
mice led us to examine the 129/SvJ CD23 sequence. B cells iso-
lated from the spleens of 129/SvJ mice were stimulated for 48 h
with IL-4 and CD40LT. RNA was isolated and CD23 cDNA was
amplified by RT-PCR. Sequence comparison to BALB/c is shown
in Fig. 3A. Compared to BALB/c, the CD23 sequence in 129/SvJ
contained 5 mutations; three in the stalk region (A82T, V87A,
and K131E) and two within the lectin domain (S258L and
D301N) (Fig. 3A). A diagram indicating the location of these
mutations within the CD23 protein is shown in Fig. 3B. The exam-
Fig. 2. CD23 message levels are normal in 129/SvJ B cells. B cells isolated from the
spleens of BALB/c or 129/SvJ mice were either left untreated or were stimulated
with IL-4 and CD40LT for 48 h. RNA was isolated either immediately (untreated
cells) or after the stimulation period, and qPCR was performed using murine CD23
specific primers as described. 18s was amplified as an internal control.

mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/



Fig. 3. 129/SvJ, 129P1/ReJ, and NZB CD23 is mutated. (A) CD23 amino acid sequence analysis comparing CD23 from BALB/c, 129/SvJ, 129P1/ReJ, and NZB inbred strains. Five
mutations, three in the stalk and two in the lectin domain were observed in the 129/SvJ, 129P1/ReJ, and NZB CD23 as compared to the BALB/c CD23. 129P1/ReJ is a 129
substrain that is related to the 129/SvJ. The NZB strain is unrelated to the 129 strains, but was recently shown to have 4 of the 5 mutations (outlined in red boxes) reported
here [28]. (B) A schematic diagram of the CD23 protein showing the location of the 5 mutations. See discussion text for details of the mutations and how they may affect the
structure of CD23.
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ination of published sequences of CD23 from other strains re-
vealed that 4 out of the 5 a.a. mutations in the 129/SvJ strain
were identical to those recently reported in the NZB mouse while
the CD23 sequences in the BALB/c, C57BL/6, and DBA strains were
100% conserved at the amino acid level [28]. To determine if the
CD23 mutations were unique to the 129/SvJ and NZB strains or if
they were shared by other 129 strains, we sequenced CD23 from
the 129P1/ReJ. Additionally, we sequenced CD23 from the NZB
mouse to determine if the 5th mutation that we observed in
the 129/SvJ strain (the one not previously reported by Lewis
et al.) was also present. The CD23 sequences in both the 129P1/
ReJ and the NZB mice were identical to that found in the 129/
SvJ strain (Fig. 3A). Based on the genealogy of the 129 strains
[29], it is likely that all the 129 substrains will have these 5 muta-
tions within their CD23 gene.
Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
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3.5. 129/SvJ B cells have a reduced number of IgE binding sites but a
similar affinity for IgE

Reduced CD23 levels in 129/SvJ mice should correspond to few-
er IgE binding sites. Because we predicted that the 129/SvJ CD23
mutations would impair the ability of CD23 to associate into tri-
mers, we hypothesized that 129/SvJ CD23 may bind IgE with a low-
er affinity than BALB/c CD23. Saturation binding assays using
labeled mouse IgE confirmed that there were fewer IgE binding
sites on the 129/SvJ B cells than on the BALB/c B cells (Table 1).
In general, the 129 B cell preparations had a slightly higher level
of CD23 negative cells. As a result, the difference in CD23 levels
per positive B cell is less than indicated in Table 1. However, Scat-
chard analysis revealed that the affinity constants of BALB/c CD23
and 129/SvJ CD23 for IgE were similar (Table 1).
mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/



Table 1
129/SvJ and BALB/c CD23 bind IgE with a similar affinity but 129/SvJ B cells have a reduced number of IgE binding sitesa

Mouse strain Ka Low affinity Ka High affinity # Of high affinity binding sites # Of low affinity binding sites

BALB/c 3.82 � 106 M�1 3.46 � 107 M�1 144,000 409,000
129/svJ 2.68 � 106 M�1 3.17 � 107 M�1 70,100 218,000

a Purified B cells from BALB/c and 129/SvJ mice were stimulated with IL-4 and CD40LT for 48 h. After harvest, cells were incubated in the presence of increasing
concentrations of cold IgE at 37 �C. After 1 h, cell-bound counts per minute were determined on duplicate aliquots of cells. Linear regression analysis was performed on
Scatchard plots to calculate the affinity constants and number of binding sites. Results shown are the averages of 4 separate experiments. By t test there was no significant
differences (P > 0.1) between the high or low affinity slopes for the 129 and Balb B cells, respectively. However, by t test, there was a significant difference in the number of
high and low affinity binding sites for B cells from the two mouse strains (P < 0.04).
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3.6. 129/SvJ B cells have defective Ig production in vitro

Because 129/SvJ B cells have mutated CD23 and reduced CD23
levels, we hypothesized that they would produce more IgE upon
stimulation with IL-4 and CD40LT. To investigate this hypothesis,
we isolated B cells from the spleens of BALB/c and 129/SvJ mice
and stimulated them in the presence of IL-4, IL-5, and CD40LT.
After 3 and 8 days, we assessed B cell proliferation by measuring
3H-thymidine incorporation and IgM production by ELISA, respec-
tively. 129/SvJ B cells proliferated more rapidly than BALB/c B cells
(Fig. 4A) in response to IL-4, IL-5 and CD40LT. In view of this find-
ing, we examined cell division of CFSE labeled cells at 24 h inter-
vals. Cells were stimulated as in the 3H-thymidine experiment.
While more rapid cell division in 129 B cells was evident at 48 h
(Fig. 4B), by 3 days (72 h), the Balb/c and 129 B cells had similar
numbers of cell divisions (Fig. 4C), thus indicating that the
enhancement of proliferation in the 129 B cells was transient.

In the 8 day cultures, IgM levels in supernatants from 129/SvJ
stimulated B cells were elevated versus those observed in BALB/c
B cell cultures (Fig. 5A). However, IgE levels in the supernatants
of 129/SvJ B cells activated with IL-4, IL-5, and CD40LT were strik-
ingly lower than those in the supernatants of BALB/c and C57BL/6 B
cells (Fig. 5C). In addition, 129/SvJ B cell IgE production, unlike that
of BALB/c and C57BL/6, was much more independent of cell divi-
sion, in that the IgE levels in the 129/SvJ B cell supernatants did
not increase with decreasing cell concentration as those from the
BALB/c and C57BL/6 did. Hasbold et al. previously reported that B
cells must undergo multiple rounds of division before switching
to IgE [30]. In an attempt to overcome the defect in IgE production
observed in the 129/SvJ B cells, we performed an IL-4 dose re-
sponse curve. Although IgE levels in BALB/c supernatants increased
with increasing concentrations of IL-4, even at 3 orders of magni-
tude higher concentrations of IL-4, IgE levels in 129/SvJ B cells
were not significantly changed (Fig. 5D). After stimulation with
IL-4 and CD40LT, mouse B cells class switch from IgM and IgD to
IgG1 before switching to IgE. Similarly to the results we obtained
for IgE, IgG1 levels in the 129/SvJ B cell supernatants were also de-
Fig. 4. Transient increase in 129/SvJ B cell proliferation. B cells purified from the spleens
and stimulated with IL-4, IL-5, and CD40LT. (A) Proliferation was assessed by measuring [
represent 129/SvJ and the circles represent BALB/c. CFSE labeling after 48 (B) or 72 (C) h
solid line.
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creased when compared to those from BALB/c (Fig. 5B). However,
IgG1 levels in the C57BL/6 supernatants were nearly identical to
those seen in the 129/SvJ cultures (Fig. 5B), demonstrating the
influence of background strain on IgG1 levels.

3.7. 129/SvJ mice display hyper IgE in vivo

To determine the effect of the 129/SvJ CD23 mutations on IgE
regulation in vivo, we measured serum IgE levels in BALB/cJ and
129/SvJ mice both before and after immunization with Ag-alum.
On day 0, mice were pre-bled by tail vein nick and then injected
s.c. with KLH-DNP-alum or alum alone (Fig. 6A). Mice were boosted
on day 15. Primary and secondary IgE responses were determined
at days 9 and 20, respectively. As shown in Fig. 6B, baseline IgE lev-
els were substantially higher in 129/SvJ mice than in BALB/cJ mice.
Whereas total IgE levels in BALB/cJ mice were less than 500 ng/ml,
serum IgE concentrations in 129/SvJ mice ranged from 500 ng/ml
to nearly 2 lg/ml. BALB/cJ and 129/SvJ mice injected with KLH-
DNP-alum displayed significantly increased total IgE levels at both
days 9 and 20 when compared to mice receiving alum alone
(Fig. 6C and D). At both days tested, total IgE levels were signifi-
cantly elevated in the KLH-DNP-alum immunized 129/SvJ mice
as compared to the similarly treated BALB/cJ mice. However,
KLH-DNP-specific IgE levels were not statistically different be-
tween the 129/SvJ and BALB/cJ strains, suggesting that the hyper
IgE phenotype observed in the 129/SvJ strain resulted from in-
creased levels of total IgE (Fig. 6E). Next, we examined IgG1 levels
in 129/SvJ serum to determine if they were also elevated. Although
total IgG1 levels in unimmunized 129/SvJ mice were slightly high-
er than those in BALB/cJ mice (Avg of 5 mice 148 ± 59 vs
106 ± 53 lg/ml for Balb vs 129 mice, respectively), the difference
was not significant. After immunization, total IgG1 levels in
BALB/cJ mice were slightly elevated although not statistically dif-
ferent from those in 129/SvJ mice (data not shown). Total IgM lev-
els both before and after immunization were not different between
the two strains (187 ± 36 vs 156 ± 64 lg/ml Balb vs 129 mice,
respectively, post immunization).
of BALB/c and 129/SvJ mice were plated at varying cell concentrations in triplicate
3H]-thymidine incorporation during the last 8 h of a 72 h culture period. The squares
of culture. 129/SvJ is indicated by the dotted line whereas BALB/c is indicated by a

mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/



Fig. 5. Increased IgM and decreased IgE production in B cells from 129/SvJ mice. Purified B cells from BALB/c (d), C57BL/6 (N), and 129/SvJ (j) mice were plated at varying
cell concentrations in triplicate and stimulated with IL-4, IL-5, and CD40LT. Supernatants were harvested on day 9 of culture and (A) IgM or (B) IgG1 or IgE (C) levels were
determined by ELISA. (D) 5000 B cells per well from BALB/c or 129/SvJ mice were cultured with IL-5 and CD40LT in the presence of increasing concentrations of IL-4. At day 9
of culture, IgE concentrations in supernatants were assayed by ELISA.
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3.8. 129/SvJ mice have accelerated clearance of Nippostrongylus
brasiliensis

To determine if 129/SvJ mice display hyper IgE in response to
parasite infection, we injected 129/SvJ and BALB/cJ mice s.c. with
650 L3 Nippostrongylus brasiliensis (Nb). Nb is a helminth that in-
duces a very strong Th2 response, resulting in extremely high IgE
levels (lg/ml). Mice were pre-bled on day 0 before injection with
Nb and then bled on days 15 (peak IgE response) and 43 after infec-
tion. Pre-bleed IgE values were significantly higher in the 129/SvJ
mice than in the BALB/cJ mice (940 ± 185 vs 275 ± 5 lg/ml, n = 7).
Total IgE levels at both days 15 (Fig. 7A) and 43 (data not shown)
were substantially increased in the 129/SvJ mice versus the
BALB/cJ mice. At the peak of the response, IgE levels in the 129/
SvJ serum ranged from 40 to 90 lg/ml whereas values in the
BALB/cJ mice reached approximately 30 lg/ml. The amounts of
IgE shown in Fig. 7A are the values obtained after background sub-
traction of the pre-bleed values. Because of the significant increase
in IgE levels in the Nb-infected 129/SvJ mice versus the Nb-infected
BALB/cJ mice, we wanted to determine if 129/SvJ mice could clear
the infection more rapidly than BALB/cJ mice could. Mice were in-
jected on day 0 with 650 L3. On days 5–9, mice were sacrificed and
the small intestines were removed. L5 Nb were collected and
counted as described in the Materials and Methods. At days 5
and 6, worm burden was reduced in 129/SvJ mice as compared
to BALB/cJ mice (data not shown). By day 7, less than 100 worms
remained in the intestine of the 129/SvJ mice whereas 150–300
worms were still present in the BALB/cJ (Fig. 7B). No worms were
Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
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recovered from the intestines of the 129/SvJ mice on days 8 or 9
(Fig. 7B). BALB/c mice still had substantial worm burden at day 8,
but two of the three mice examined on day 9 had cleared the par-
asites (Fig. 7B). Because we had been maintaining our Nb cultures
by passage through BALB/c mice, we wanted to ensure that the de-
layed clearance of Nb from BALB/c mice was not the effect of an
adaptation of Nb to these hosts. Therefore, we also compared par-
asite clearance in 129/SvJ versus C57BL/6 mice. We measured pre-
bleed levels of IgE in the two strains in order to determine if base-
line IgE levels were also elevated in 129/SvJ mice versus the C57BL/
6 mice. Compared to C57BL/6 mice, 129/SvJ mice had significantly
increased baseline levels of IgE and increased clearance of Nb (data
not shown).

4. Discussion

In this study, we demonstrate that CD23 mutations are found in
mice that have hyper IgE in vivo. 129/SvJ, 129P1/ReJ, and NZB mice
were found to have 5 mutations within their CD23 protein. These
mutations were associated with reduced B cell CD23 surface
expression and consequently, a reduced number of IgE binding
sites per cell. In addition, a larger proportion of splenic B220+ B
cells were CD23 negative in the 129/SvJ strain than in the BALB/c
strain. In agreement with this finding, Kaminski and Stavnezer
[16] recently reported a greater proportion of CD23� CD19+ B cells
in the spleens of 129/Sv mice than in C57BL/6 mice. The authors
found that this was a result of increased numbers of immature
(CD21�CD23�) and marginal zone (CD21highCD23low) B cells in
mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/



Fig. 6. 129/SvJ mice have hyper IgE in vivo. (A) 129/SvJ or BALB/c mice were pre-bled and then injected with KLH-DNP in alum or alum alone. Boosts were performed on day
15. (B) Total IgE levels (assayed by ELISA) in the serum of mice prior to immunization. (C and D) Total IgE levels were determined by ELISA at days (C) 9 and (D) 20 after
injection. The values shown were obtained by subtracting the pre-bleed levels (shown in B) from the IgE concentrations measured at days 9 and 20. (E) KLH-DNP-specific IgE
concentrations at day 20 were determined by ELISA. Each symbol represents an individual mouse. The average IgE production from each strain is indicated by the black bar. P
values were <0.05 as determined by Student’s t test *compares Ag vs Alum within a respective strain (i.e. 129/SvJ Alum vs 129/SvJ Ag). **compares 129/SvJ vs BALB/c with
respect to similar treatment (i.e. 129/SvJ Ag vs BALB/cJ Ag).
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129/Sv spleens. In contrast, Lewis et al. [28] reported that while the
NZB strain (which has the same CD23 mutations) did have slightly
more MZ B cells, the numbers (25% vs 21%) were not significantly
increased over those in the C57BL/6 strain. In disagreement with
our studies (for the 129/SvJ) and those by Lewis and colleagues
(for the NZB), Kaminski and Stavnezer [16] did not find reduced
CD23 surface expression on the CD23+ population. This discrep-
ancy may relate to differences in the staining antibodies. We exam-
ined CD23 staining using B3B4 and 2H10 (anti-lectin mAbs) as well
as rabbit anti-CD23 (polyclonal) while Kaminski and Stavnezer
[16] used 2G8 (anti-lectin mAb). In our hands, the 2G8 has a higher
non-specific binding even in the presence of FccR blocking anti-
bodies. This could mask the difference in CD23 expression in
CD23+ cells between the strains. Another concern is whether the
CD23 mutations present in the 129/SvJ strain alter the antibody
epitopes. Indeed one of the anti-lectin monoclonals (2H10) that
we examined did not recognize 129/SvJ CD23 (data not shown).
Since the differences in CD23 expression observed between the
129/SvJ and BALB/c strains were also seen upon incubation of the
respective B cells with IgE and polyclonal anti-CD23 (data not
Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
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shown), this explanation is unlikely and thus, CD23 expression is
indeed reduced in the 129 strain. The IgE data is important for this
conclusion. Since the affinity for binding IgE is unchanged, the de-
crease in anti-IgE staining of the CD23+ peak cannot be the result of
the mutations causing less IgE binding. Note that a reproducibly
higher number of B220+ cells were CD23� in the naïve state,
although after induction with CD40LT and IL-4, virtually all
B220+ express at least some CD23 (Fig. 1). Since CD23 message lev-
els are not reduced and the amount of sCD23 detected is lower, the
mutant CD23 is most likely being degraded internally.

Sequencing analysis indicated that 5 mutations were present in
the 129/SvJ strain. These same mutations were also present in the
NZB and 129P1/ReJ mice (Fig 3). The first 2 mutations (A82T and
V87A) are present at the base of the CD23 stalk in the first heptad
repeat. The insertion of threonine for alanine at position 82 creates
a hydrophilic sidechain which could interrupt CD23’s trimeric
structure. The other substitution of valine for alanine at position
87 is neutral and therefore unlikely to be disruptive to the CD23
structure. In addition, rat CD23 also contains this same substitu-
tion [28]. The third stalk mutation (K131E) replaces lysine with
mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/



Fig. 7. 129/SvJ mice display hyper IgE and increased clearance of Nippostrongylus
brasiliensis after helminth infection. BALB/cJ or 129/SvJ mice were injected with 650
L3 Nippostrongylus brasiliensis. (A) Total IgE levels at day 15 after infection were
determined by ELISA. Values shown are the IgE concentrations remaining after
background subtraction of pre-bleed levels. (B) In a separate experiment, 129/SvJ or
BALB/c mice were injected as above. On days 5–9 after infection, mice were
sacrificed and the intestines were removed. The number of worms recovered on
days 7–9 are shown. Each symbol represents an individual mouse. Worm burden
from three mice per strain are shown at each day. * indicates a P value of <0.05.
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glutamic acid. This is a highly unfavored substitution resulting in
the exchange of a basic a.a. for an acidic a.a. and could thus distort
the CD23 structure. In addition, this is in close proximity to the re-
gion of the CD23 stalk where 19G5 (anti-CD23) binds and thus the
K131E mutation could similarly disrupt the CD23 structure. 19G5
binding to the CD23 stalk interferes with the ability of CD23 to
bind IgE and destabilizes its trimeric structure, resulting in en-
hanced CD23 cleavage and IgE synthesis [12]. The S258L mutation
within the lectin domain is also unfavorable since it results in a
change from a small and polar a.a. to a large and hydrophobic
one. Additionally, this change could interfere with the ability of
CD23 to bind IgE since previous studies have demonstrated the
necessity of this region for IgE binding [31]. The last mutation
(D301N) substitutes an acidic charge for a neutral charge. While
this change would not be as unfavorable as the A82T, K131E, or
S258L mutations, it is located near two disulphide bridges and thus
could be disruptive to their proper formation.

The stalk region has previously been shown to mediate oligo-
merization of CD23, which is important for high affinity binding
to IgE. Despite the presence of 3 mutations within the 129/SvJ
CD23 stalk region (two being unfavored substitutions), there was
no difference in the affinities of 129/SvJ or BALB/c CD23 for IgE.
Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
j.cellimm.2008.08.003
Therefore, the mutations are likely interfering with the stability
of the protein, thus accounting for the reduced surface levels ob-
served. It should be mentioned that Lewis et al. [28] found only
low affinity binding of NZB CD23 to IgE. However, saturation bind-
ing analysis was done by flow cytometry and the accuracy is ques-
tionable given the small changes in MFI observed. The reduced
sCD23 levels observed in the 129/SvJ strain are a result of lower
CD23 surface expression. Although we have not ruled out de-
creased translation efficiency, the more likely explanation for re-
duced CD23 surface expression in the 129/SvJ strain is internal
degradation of CD23 as a result of the instability caused by the
mutations in the stalk.

The CD23 mutations in the 129/SvJ and NZB mice are associated
with a hyper IgE phenotype in vivo. Consistent with our data in the
129/SvJ strain, NZB mice produce significantly more total IgE after
immunization with KLH-alum than NZW mice [28]. In addition,
several randomly sampled unimmunized NZB mice were also
found to have hyper IgE levels. We have demonstrated that both
unimmunized and immunized 129/SvJ mice also display hyper
IgE. Increased serum IgE in the 129 strain was also reported by
Wyczolkowska et al. [32] in the late 70’s although levels were mea-
sured by competitive inhibition assay. Yamashita et al. [17] also re-
ported that the 129 strain had increased baseline levels of IgE
although the authors did not examine total or Ag-specific IgE levels
after immunization (see below). While there was a trend towards
higher IgG1 levels in unimmunized 129/SvJ mice, the difference
was not statistically significant. The finding was similar in the
NZB strain [28]. There was also no difference in IgM levels between
129/SvJ and BALB/cJ mice either before or after immunization.
Therefore, these mice are specifically over-producing IgE. Although
total IgE levels in 129/SvJ mice immunized with KLH-DNP-alum
were significantly higher (even after subtraction of pre-bleed lev-
els) than those in BALB/cJ mice, antigen-specific IgE levels were
similar between the two strains. This suggests that IgE production
in the 129/SvJ strain is being driven more strongly by polyclonal
activation, than by antigen-mediated activation of B cells. A recent
publication by McCoy et al. [33] described natural IgE production
in mice that occurred independently of MHC Class II but required
IL-4 and bystander T cell help. It is possible that the hyper IgE lev-
els in the serum of unimmunized 129/SvJ mice results from in-
creased concentrations of IL-4 or CD40 ligand. In addition, 129/
SvJ mice could have increased levels of polyclonal IgE secreting
plasma cells or plasma cells from these mice could be secreting
more IgE on a per cell basis.

High levels of total IgE are associated with protection during
parasitic infections. We observed that 129/SvJ mice produce signif-
icantly increased levels of total IgE after Nb infection compared to
BALB/cJ mice. In addition, we observed increased clearance of Nb
larvae from the intestine of 129/SvJ mice versus both BALB/c and
C57BL/6 mice. In separate studies, Nakamura-Uchiyama et al.
[34] found that 129/SvJ mice were naturally resistant to the intes-
tinal nematode Strongyloides venezuelensis infection. Because IgE is
not required for clearance of Nb [35], it is more likely that the in-
creased levels of IgE and the increased clearance of Nb from the
gut of 129/SvJ versus BALB/cJ mice are a consequence of increased
levels of Th2 cytokines in 129/SvJ mice. IL-4 and IL-13 are thought
to be critical for clearance of Nb [36] and IL-4 is an important IgE
switch factor for B cells in mice.

In contrast to the in vivo findings, we observed less IgE produc-
tion in 129/SvJ B cells than in BALB/c or C57BL/6 B cells cultured
in vitro with IL-4, IL-5 and CD40LT. The 129/SvJ B cells had a boost
in early proliferation but by 72 h, Balb/B cells had similar cell divi-
sion numbers. We did consistently observe higher production of
IgM than BALB/c B cells. Jongstra-Bilen et al. [37] have also ob-
served increased proliferation and IgM production in vitro in NZB
B cells in response to CD40 stimulation in combination with IL-4
mutated CD23 and hyper IgE, Cell. Immunol. (2008), doi:10.1016/
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or LPS. Corcoran and Metcalf [14] observed significantly reduced
expression of the IL-5Ra chain on 129/Sv and 129/Ola B cells which
led to defective IL-5 signaling in vitro. Culture of the 129/SvJ, BALB/
c, and C57BL/6 B cells in the absence of IL-5 did not decrease the
amounts of IgE in the BALB/c or C57BL/6 B cells to those levels ob-
served in the 129/SvJ B cells suggesting that the IgE defect in the
129/SvJ mice in vitro was not simply a result of decreased IL-5 sig-
naling (data not shown). Addition of increasing concentrations of
IL-4 to the cultures did not restore IgE production suggesting that
the 129/SvJ B cells are less responsive to IL-4 induced IgE switching
in vitro. This is important in that B cells from various mouse strains
all had similar dose response curves for IgE production with
increasing concentrations of IL-4 [38]. Thus, the Th2 or Th1 (or pre-
sumably Th17) relatedness of the strain is thought to be indepen-
dent of B cells. The 129Sv/J and related strains would be the first
where B cell switching itself is altered when compared to control
(C57 or Balb) in the presence of the same activation signals. The
in vivo and in vitro IgE findings with the 129/SvJ mice are similar
to those observed in individuals suffering from Hyper IgE Syn-
drome (HIES). HIES is an extremely rare primary immunodefi-
ciency characterized by high levels of serum IgE and increased
blood eosinophilia. The disease affects multiple organ systems,
including the immune system and the skeletal system, and fre-
quently manifests as recurring staphylococcal infections [39]. In
addition, PBMCs isolated from the blood of patients with HIES re-
spond similarly to B cells isolated from the spleens of 129/SvJ mice
when cultured in vitro. PBMCs from HIES donors produced signifi-
cantly less IgE than PBMCs from either atopic or nonatopic donors
when cultured with recombinant human IL-4 (rhIL-4) in the pres-
ence or the absence of anti-CD40 [40]. The addition of increasing
concentrations of rhIL-4 could not restore IgE production in HIES
donor PBMCs. The authors were able to significantly increase IgE
levels in rhIL-4 stimulated HIES donor PBMCs by adding 10-fold
more anti-CD40 than that added to normal donor PBMCs. However,
the levels of IgE in the supernatants of PBMCs cultured from HIES
patients were still not as high as those in the supernatants of
PBMCs cultured from normal donors. The authors suggested that
most blood B cells from HIES patients have already undergone iso-
type switching in vivo and are thus no longer responsive to IL-4
in vitro but can synthesize more IgE in response to very high con-
centrations of a second signal (anti-CD40). This hypothesis is based
on studies in which IL-4 was found to be critical for IgE production
early in the immune response but played little role after B cells had
committed to switching to IgE [41]. King et al. [42] reported that
the amount of IgE secreted per B cell in patients with HIES was sig-
nificantly reduced but the number of B cells secreting IgE was in-
creased. This finding could explain the results observed with the
129/SvJ mice in which total IgE levels were significantly increased
in vivo and proliferation was increased in vitro.

At this time, we can only correlate the increased IgE levels ob-
served in the 129/SvJ and the NZB mice with the mutations in
CD23. However, the finding that two unrelated strains (129 versus
NZB) of mice contain exactly the same CD23 mutations as well as
hyper IgE levels suggests that the mutations are important with re-
spect to the IgE aberrations found. In addition, F1 mice generated
by crossing NZB to NZW mice exhibited hyper IgE levels that were
significantly higher than those in NZW mice but not different from
those in NZB mice [28], suggesting that the CD23 mutation is dom-
inant and is likely causing the enhancement of IgE. Since there was
no detectable difference in the affinity of CD23 for the IgE ligand,
the CD23 mutations are likely enhancing IgE production through
a loss of cell surface CD23 expression. This supports previous stud-
ies using CD23 knockout and CD23Tg mice in which high levels of
CD23 were found to be inversely associated with IgE production.
Alternatively, since CD23 has other ligands such as CD21 [43]
and CD11b [44] mutations could be influencing affinities towards
Please cite this article in press as: J.W. Ford et al., 129/SvJ mice have
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these alternative ligands. This will need to be addressed in future
studies.

The 129 substrains are frequently used for gene targeting stud-
ies as a result of the availability of embryonic stem cell lines that
have been derived from them. Due to the time and cost of breeding,
founder animals are frequently incompletely backcrossed away
from the 129 background before phenotypic analysis begins. These
studies highlight the importance of proper backcrosses and suggest
that any knockout mouse created and left on a mixed 129 back-
ground will have reduced CD23 and hyper IgE. This can confound
experimental interpretation of data, particularly if the gene of
interest is thought to influence IgE or CD23 levels. Finally, we
would like to propose that the 129/SvJ strain could be beneficial
as a mouse model for human hyper IgE syndrome. No such mouse
model has yet been discovered. Study of genetic defects in the 129/
SvJ mouse could lead to the identification of potential new targets
for therapeutic intervention. Recently, patients with HIES were
found to have mutations in their STAT3 binding domain [45]. In
addition to STAT3, it is likely that these patients will have other de-
fects that contribute to the immunopathology of the HIES. Thus,
the 129/SvJ mouse could be a valuable tool for hyper IgE research.
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