
Mutagenesis and analysis of mice by system-specific 
screens has been used to understand the genes that contribute 
to a wide range of biological processes and diseases [1]; the 
use of this approach by multiple laboratories has yielded a 
rich array of mouse models for biomedical research [2,3]. 
Structural and functional screens have been used to iden-
tify mutants that impact the eye [2,4-8]. Among these, the 
Translational Vision Research Models (TVRM) program at 
the Jackson Laboratory develops new mouse models of eye 
disease by exposing wild-type (WT) C57BL/6J male mice 
to the mutagen N-ethyl-N-nitrosourea (ENU) and screening 
the eyes of offspring generated through a three-generation 
mating strategy by indirect ophthalmoscopy and/or electro-
retinography [6].

In this report, we describe the generation and initial char-
acterization of a new autosomal recessive model (tvrm111B) 

caused by a mutation in the low-density lipoprotein receptor-
related protein 5 (Lrp5) gene. Affected tvrm111B mice were 
identified via an electroretinogram (ERG) screen. The 
abnormal ERG phenotype was used to map the tvrm111B 
trait to chromosome 19, and further genetic analysis revealed 
that the phenotype is caused by a single-nucleotide insertion 
that affects the three terminal PPPSPxS motifs of the protein.

Our studies focused on two aspects of the Lrp5tvrm111B 
phenotype, namely retinal vasculature and bone density. 
These factors were chosen based on the recognized role of 
LRP5 in canonical Wnt signaling and the phenotypes associ-
ated with mutations in LRP5/Lrp5 in humans and mice. In 
humans, inactivating mutations in LRP5 cause osteoporosis 
pseudoglioma (OPPG) [9,10]. OPPG is an autosomal recessive 
disorder in which affected patients develop severe juvenile-
onset osteoporosis and congenital blindness [9,10]. Other 
reports have linked LRP5 mutations to familial exudative 
vitreoretinopathy (FEVR), a retinal condition character-
ized by abnormal development of the deep retinal capillary 
beds [11,12], or to high bone mineral density (BMD) [13,14]. 
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Purpose: Familial exudative vitreoretinopathy (FEVR) is caused by mutations in the genes encoding low-density lipo-
protein receptor-related protein (LRP5) or its interacting partners, namely frizzled class receptor 4 (FZD4) and norrin 
cystine knot growth factor (NDP). Mouse models for Lrp5, Fzd4, and Ndp have proven to be important for understanding 
the retinal pathophysiology underlying FEVR and systemic abnormalities related to defective Wnt signaling. Here, we 
report a new mouse mutant, tvrm111B, which was identified by electroretinogram (ERG) screening of mice generated in 
the Jackson Laboratory Translational Vision Research Models (TVRM) mutagenesis program.
Methods: ERGs were used to examine outer retinal physiology. The retinal vasculature was examined by in vivo retinal 
imaging, as well as by histology and immunohistochemistry. The tvrm111B locus was identified by genetic mapping of 
mice generated in a cross to DBA/2J, and subsequent sequencing analysis. Gene expression was examined by real-time 
PCR of retinal RNA. Bone mineral density (BMD) was examined by peripheral dual-energy X-ray absorptiometry.
Results: The tvrm111B allele is inherited as an autosomal recessive trait. Genetic mapping of the decreased ERG b-wave 
phenotype of tvrm111B mice localized the mutation to a region on chromosome 19 that included Lrp5. Sequencing of 
Lrp5 identified the insertion of a cytosine (c.4724_4725insC), which is predicted to cause a frameshift that disrupts the 
last three of five conserved PPPSPxS motifs in the cytoplasmic domain of LRP5, culminating in a premature termina-
tion. In addition to a reduced ERG b-wave, Lrp5tvrm111B homozygotes have low BMD and abnormal features of the retinal 
vasculature that have been reported previously in Lrp5 mutant mice, including persistent hyaloid vessels, leakage on 
fluorescein angiography, and an absence of the deep retinal capillary bed.
Conclusions: The phenotype of the Lrp5tvrm111B mutant includes abnormalities of the retinal vasculature and of BMD. This 
model may be a useful resource to further our understanding of the biological role of LRP5 and to evaluate experimental 
therapies for FEVR or other conditions associated with LRP5 dysfunction.
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Abnormal retinal vascular development has been described 
in two mutant mouse lines that carry inactivating mutations 
in Lrp5 due to ENU mutagenesis or gene targeting [5,15]. 
In addition, Kato et al. [16] noted that Lrp5−/− mice have 
low bone mass and incomplete regression of the embryonic 
hyaloid vasculature. As described here, each of these abnor-
malities is recapitulated in Lrp5tvrm111B, which will be available 
through The Jackson Laboratory either as mating pairs, if 
available, or reconstituted from cryopreserved sperm and will 
provide value for the study of these systems and others that 
involve LRP5 signaling.

METHODS

Mice and mapping: All procedures used in animal experi-
ments were approved by the Institutional Animal Care & 
Use Committees of the institutions involved. Homozygous 
tvrm111B mice were identified by the TVRM mutagenesis 
program [6], in which male C57BL/6J mice were adminis-
tered ENU in weekly injections of 80 mg/kg for 3 weeks 
[17]. In this program [18], ENU-treated males were mated 
to WT females to create generation (G) 1 offspring. Male 
G1 offspring were mated to WT females to generate G2 
offspring, which were then mated back to their G1 fathers to 
generate G3 offspring; the G3 offspring were then examined 
by ERG [19] to identify mice with abnormal outer retinal 
function.

To map the tvrm111B locus, affected C57BL/6J mice 
were crossed to WT DBA/2J mice to generate filial (F) 1 

mice that were heterozygous at the tvrm111B locus and 
carried a C57BL/6J and a DBA/2J allele at each locus. These 
F1 mice were then intercrossed to generate F2 mapping 
mice. F2 mice were examined by ERG, after which DNA 
was prepared from tail biopsies using proteinase K diges-
tion and isopropyl alcohol extraction. DNA samples from 
10 affected and 10 unaffected F2 offspring were pooled and 
subjected to a genome-wide scan in which 48 simple sequence 
length polymorphic markers that distinguish C57BL/6J and 
DBA/2J strains were used [20]. Once tvrm111B was localized 
to chromosome 19 and the linkage was confirmed, a total 
of 195 samples from tvrm111B F2 progeny were genotyped 
for markers D19Mit68 and D19Mit109 and single-nucleotide 
polymorphisms rs30822407 and rs30990604 to refine the 
map position.

Whole-exome sequencing: Genomic DNA (1 µg) was 
fragmented using a E220 Focused-ultrasonicator (Covaris, 
Woburn, MA) E220 to a range of sizes centered on 300 bp. 
The precapture paired-end library was constructed using the 
NEBNext DNA Library Prep Master Mix set for Illumina 
(New England BioLabs, Ipswich, MA) including a bead-based 
size selection to select for inserts with an average size of 300 
bp followed by 18 cycles of PCR. The precapture library 
was hybridized to the Roche (Madison, WI) NimbleGen 
SeqCap EZ Mouse Exome Design (Ref #9999042611) capture 
probe set according to the manufacturer’s instructions. The 
sequencing library was quantified by quantitative PCR 
(qPCR), pooled with three similar libraries, and sequenced 

Table 1. Primers used in qrT-PCr analysis of Lrp5Tvrm111b reTina. 

Gene Primers
Lrp5 Lrp5-rtF2 AAGGGTGCTGTGTACTGGAC 

Lrp5-rtR2 AGAAGAGAACCTTACGGGACG
Plvap Plvap-rtF1 GCTGGTACTACCTGCGCTATT 

Plvap-rtR1 CCTGTGAGGCAGATAGTCCA
Wnt7b Wnt7b-rtF1 GGTGTGGCAGTGTACCTGCAA 

Wnt7b-rtR1 GTGAAGACCTCGGTGCGCT
Gja1 Gja1-rtF1 ACAGCGGTTGAGTCAGCTTG 

Gja1-rtR1 GAGAGATGGGGAAGGACTTGT
slc38a5 slc38a5-rtF1 CAACCTCAGCAACGCTATCAT 

slc38a5-rtR1 CAGGTCCAAATGCCCTCTG
Cldn5 Cldn5-rtF1 GCAAGGTGTATGAATCTGTGCT 

Cldn5-rtR1 GTCAAGGTAACAAAGAGTGCCA
Wnt5a Wnt5a-rtF1 CAACTGGCAGGACTTTCTCAA 

Wnt5a-rtR1 CATCTCCGATGCCGGAACT
Wnt10b Wnt10b-rtF1 GAAGGGTAGTGGTGAGCAAGA 

Wnt10b-rtF1 GAAGGGTAGTGGTGAGCAAGA CC
Mfsd2 Mfsd2-rtF1 AGAAGCAGCAACTGTCCATTT 

Mfsd2-rtR1 CTCGGCCCACAAAAAGGATAAT
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on a single lane of an Illumina (San Diego, CA) HiSeq 2000 
using a 2×100-base (paired-end) sequencing protocol.

Chromosome 19 enrichment and exome sequencing: The 
precapture library was generated as above and was hybrid-
ized to a 1M Agilent Technologies (Santa Clara, CA) Sure-
Select DNA Capture Array using published hybridization 
and posthybridization methods [21]. The array was printed 
with 390,033 (×2) 60-bp probes covering the NCBI build 37 
coordinates from chromosome 19 (chr19) bases 3000001 to 
6207730 (CM001012.1). The sequencing library was quanti-
fied by qPCR and sequenced on an Illumina MiSeq using a 
2×100-base (paired-end) sequencing protocol. The resulting 
sequences were analyzed manually using the Integrative 
Genomics Viewer (Broad Institute, Cambridge, MA) to iden-
tify the cytosine insertion in Lrp5 (c.4724_4725insC).

Sequencing: To confirm the identified mutation, we ampli-
fied and sequenced the Lrp5 genomic DNA within the region 
containing the mutation in both the segregating mapping 
and the maintenance colonies. PCR products were purified 
using QIAquick PCR purification according to the manu-
facturer’s recommendations (QIAGEN, Germantown, MD) 
and sequenced using BigDye Terminator Cycle Sequencing 
Chemistry and separated by capillary electrophoresis on 
Applied Biosystems 3730xl DNA Analyzer.

RNA isolation and quantitative real-time PCR: RNA was 
isolated from whole-eyes enucleated from P8 animals using 
an RNeasy Mini kit (QIAGEN). Tissues were homogenized 
in TRIzol (Thermofisher Scientific, Waltham, MA) and phase 
separated. An on-column DNase I treatment was performed 
and RNA was eluted using nuclease-free water. Quantita-
tive real-time reverse transcription PCR (qRT-PCR) was 

performed with the iTaq Universal SYBR Green SuperMix 
(Bio-Rad, Hercules, CA) and gene-specific primers [22] 
using the CFX96 Real-Time PCR Detection System (Bio-
Rad). Transcripts were analyzed by the comparative CT 
method using Actb as a normalizing gene. Error bars repre-
sent the additive propagation of error [23]. The primers used 
to amplify the target genes examined are listed in Table 1.

Electroretinography: After overnight dark adaptation, mice 
were anesthetized with ketamine (80 mg/kg) and xylazine 
(16 mg/kg) and their pupils were dilated with 1% tropicamide 
and 2.5% phenylephrine HCl eye drops. ERGs were recorded 
with a stainless-steel wire contacting the anesthetized (1% 
proparacaine HCl) corneal surface. This active electrode 
was referenced to a needle electrode placed in the cheek; a 
second needle electrode placed in the tail served as ground. 
Responses were differentially amplified (0.03–1,000 Hz) and 
stored using an LKC (Gaithersburg, MD) UTAS E-3000 signal 
averaging system. For examination of F2 progeny, a single 
stimulus condition was used (1.4 log cd s/m2 flash presented 
in darkness). To characterize the tvrm111B phenotype, ERGs 
were recorded under dark-adapted stimulus conditions using 
flash stimuli that ranged from −3.6 to 1.2 log cd s/m2 and 
under light-adapted conditions using flash stimuli that ranged 
from −0.8 to 1.9 log cd s/m2 and were superimposed on a 
steady 20 cd/m2 rod-desensitizing background field [24].

In vivo retinal imaging: Animal preparation, imaging, and 
recovery were performed as previously described [25,26]. 
Fluorescein angiography (FA-SLO) was performed using 
a Heidelberg Engineering (Franklin, MA) model HRA2 
confocal scanning laser ophthalmoscope. Sodium fluores-
cein (Alcon Fluorescite, Fort Worth, TX) was administered 

Figure 1. Electroretinogram (ERG) phenotype of Lrp5tvrm111B mice. A: ERGs obtained from strobe flash stimuli presented to the dark-adapted 
eye from representative control (left) and Lrp5tvrm111B (right) littermates. Scale bars indicate 500 µV and 200 ms. B: ERGs obtained from 
strobe flash stimuli superimposed against a steady adapting field from representative control (left) and Lrp5tvrm111B (right) littermates. Values 
to the left of each pair of waveforms indicate flash strength (log cd sec/m2). Scale bars indicate 200 µV and 200 ms.
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(10–20 mg/kg) via an intraperitoneal injection, and FA-SLO 
images of the superficial and deep capillary plexus were 
collected at 1, 2, 3, and 4 min postinjection [27]. Spectral 
domain optical coherence tomography (SDOCT) was 
performed using a Bioptigen (Durham, NC) model SDOIS 
SDOCT system. B-scans of the horizontal and vertical merid-
ians were collected through the optic nerve at 1,000 A-scans/
B-scan × 30 frames. B-scan images with dimensions of 0.4 
mm (depth) × approximately 1.6 mm (width) were exported 
to ImageJ and coregistered and averaged using StackReg/
TurboReg/Plugins [28].

Immunohistochemistry: Enucleated mouse eyes were fixed 
in 4% paraformaldehyde (PFA) for 30 min and washed with 
PBS before removal of the anterior segment and lens. PBS is 
purchased as a 10X powder without calcium and magnesium 

(Midwest Scientific, Valley Park, MO). It is diluted to 1X 
(pH = 7.5) with distilled water and contains KCl (2.6 mM), 
KH2PO4 (1.47 mM), NaCl (137.93 mM) and Na2HPO4 anhy-
drous (8.09 mM). Whole retinas were removed and permea-
bilized with 1% Triton X-100 in PBS for 45 min followed 
by rinsing with PBS. Retinas were incubated with Isolectin 
GS-IB4 (ThermoFisher Scientific, Waltham, MA; 20 µg/
ml) from Griffonia simplicifolia, Alexa Fluor 488 conjugate 
(ThermoFisher Scientific) for 48 h, washed with PBS, and 
mounted in Vectashield before visualization with a Leica SP8 
confocal microscope (Leica Microsystems, Buffalo Grove, 
IL) with a 40×/1.30NA objective. Z-stack images were taken 
through the entire thickness of the whole mount retina and 
analyzed with three-dimensional (3D) modality and depth 

Figure 2. Retinal vascular phenotype of Lrp5tvrm111B mice. A: Fluorescein angiographic images obtained 1, 2, 3, or 4 min following injection 
of sodium fluorescein from a control (top) and a Lrp5tvrm111B (bottom) mouse. Fluorescein leakage is seen in the Lrp5tvrm111B images. B: Optical 
coherence tomography (OCT) cross-sections of the control (top) and Lrp5tvrm111B (bottom) retina. Arrows indicate altered profiles of capillary 
beds in the Lrp5tvrm111B retina. All retinal lamina are present and otherwise normal with exception to (a) the transition between inner plexiform 
layer and inner nuclear layer (black arrows) which denotes the limit of penetration of the retinal vasculature (white arrows) within the mutant, 
and (b) an approximately 10% reduction in overall retinal thickness between mutant and control mice. C: Color-enhanced images of capillary 
beds in the adult control (top) and Lrp5tvrm111B (bottom) retina. Note that the deep capillary bed, coded in blue in the control retina, is not 
present in the Lrp5tvrm111B retina. D: At P8, hyaloid vessel regression is advanced in the control (left) but not in the Lrp5tvrm111B retina (right). 
All images are representative of at least three mice.
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coding to visualize the vascular layers using Leica Applica-
tion Suite software.

Dissection and staining of the hyaloid vessels: P8 pups were 
perfused with 4% PFA and kept at room temperature for 10 
min before enucleation. After fixation and dissection, isolated 
hyaloid vessels were transferred to a slide and allowed to dry 
overnight. Hyaloid vessels were washed with PBS and stained 
with Hoechst 33342 (1:10,000) for 10 min (ThermoFisher), 
mounted in Fluoro-Gel (Electron Microscopy Sciences, 
Hatfield, PA), and imaged using a Zeiss AxioVision micro-
scope (Zeiss, Thornwood, NY) and a 5× objective as previ-
ously described [29].

BMD measures: Areal BMD (aBMD) and body composition 
were assessed using peripheral dual-energy X-ray absorpti-
ometry (PIXImus, GE-Lunar, Madison, WI) as previously 
described [30] in five homozygous Lrp5tvrm111B and five 
C57BL/6J female mice at 5 months of age. We examined 
female mice to avoid any gender difference in BMD, noting 
that the BMD changes associated with LRP5/Lrp5 mutations 
are not reported to differ between males and females. In short, 
the scans assessed whole-body (exclusive of the head) bone 
mineral content (BMC) and bone area. Whole-body aBMD 
is calculated by dividing BMC by bone area. The short-term 
coefficient of variation for repeat measures of total body 
aBMD was 8.3%.

RESULTS

The ERG phenotype in homozygous tvrm111B mice is caused 
by a nucleotide insertion in Lrp5: As affected tvrm111B mice 
appear generally normal, we used the ERG phenotype to 
map the tvrm111B locus. Affected mice were crossed to WT 
DBA/2J mice, and the resulting F1 mice were intercrossed. 
Of the 195 F2 progeny that were screened by ERG, 49 (25.1%) 
had an abnormal ERG. The tvrm111B phenotype was mapped 
to chromosome 19 using D19Mit68-rs30822407-rs30990604-
D19Mit109 markers. The phenotype did not recombine with 
markers D19Mit68 and rs30822407, but it did recombine with 
rs30990604, which formed the lower chromosomal boundary 
for the ERG phenotype. The ERG phenotype mapped between 
0 and 6.099 MB on chr19. The critical region included Cabp4 
and Lrp5, both of which were considered strong candidate 
genes due to the ERG phenotype of previously published 
mutants (Cabp4 [31]; Lrp5 [15].

We used gene expression to further evaluate these 
two candidate genes. No expression or coding sequence 
differences of Cabp4 were observed between unaffected 
littermates and affected tvrm111B mice. A mutation in Lrp5 
was identified through SureSelect DNA capture array inves-
tigating region chr19: 3,000,001–6,207,730 (NCBI build 37 
coordinates) followed by MiSeq sequencing. Probes were 
created every 4 bp, excluding regions that were masked due 
to repeats. Approximately 390,000 probes were created in 
this region, and they were duplicated on the array. The causal 

Figure 3. Lrp5tvrm111B mutant mice exhibit reduced bone mass. A: Whole-body areal bone mineral density (aBMD) is reduced in Lrp5tvrm111B 
mutant mice as compared to controls. B: This likely resulted from a decrease in bone mineral content (BMC), not a reduction in bone area 
(not shown). These results remained significant after correction for total tissue mass (not shown). Bars indicate average ± standard error of 
the mean (SEM) of five mice per group.
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variant (Lrp5 c.4724_4725insG) is a single-nucleotide inser-
tion in the final two PPPSPxS motifs at the C-terminal end 
of the Lrp5 gene. This insertion adds an additional cytosine 
to a string of nine successive cytosines in a highly conserved 
guanine–cytosine (GC)-rich region. The single base insertion 
results in the replacement of 39 C-terminal amino acids by a 
new 20-amino-acid polypeptide and a premature stop codon. 
This mutation is identical to an independently derived ENU 
mutation previously described [5]. Going forward, the new 
mutant line will be referred to as Lrp5tvrm111B.

Lrp5tvrm111B mice have an abnormal ERG b-wave: Figure 1 
compares strobe f lash ERGs obtained from control and 
Lrp5tvrm111B homozygous littermates under stimulus conditions 
that allow rod- and cone-mediated function to be measured. 
Under dark-adapted conditions (Figure 1A), both a- and 
b-wave amplitudes are reduced, with a much greater impact 
on the b-wave. Under light-adapted conditions (Figure 1B), 
the overall amplitude of the cone ERG is reduced.

Abnormal retinal blood vessels in Lrp5tvrm111B mice: Together 
with norrin and frizzled 4, LRP5 is required for development 
of the deep layers of the retinal vasculature and for regres-
sion of the embryonic hyaloid vessels [5,9,15,16,23,32-35]. 
We conducted a series of analyses to examine these features 
in Lrp5tvrm111B mice. We first used fluorescein angiography 

to determine whether Lrp5tvrm111B retinal vessels were patent. 
While fluorescein did not leak from control vessels (Figure 
2A, top), leakage, as indicated by the increasing background 
signal within the avascular space, was clearly noted in Lrp5t-

vrm111B mice (Figure 2A, bottom). In addition, a deep vascular 
plexus was not visible in Lrp5tvrm111B mice, although this plexus 
could be easily discerned in the controls (not shown). When 
we used SDOCT to examine the cross-sectional morphology, 
we noted that the retinal vasculature in the Lrp5tvrm111B mice 
appeared to terminate (Figure 2B, white arrows) in the inner 
nuclear layer (Figure 2B, black arrows), which also suggested 
the lack of a deep vascular plexus. To examine this further, 
we stained whole mount retinas with 488-Fluor-conjugated 
isolectin to label the retinal vasculature. As shown in Figure 
2C, the deep retinal layer was poorly developed in Lrp5tvrm111B 
retinas in comparison to controls. When examined at P8, the 
hyaloid vessels persisted in Lrp5tvrm111B retinas beyond what 
was observed in the control retina (Figure 2D); they also 
persisted in adult mutants (data not shown).

BMD: Lrp5tvrm111B mice exhibit a significant decrease in whole 
body aBMD (Figure 3A). This results from a decrease in bone 
mineral content (Figure 3B), and not from a change in skel-
etal size (not shown). A trend toward a decrease in lumbar 
spinal BMD in Lrp5tvrm111B mutant mice relative to controls 

Figure 4. Lrp5tvrm111B mutant mice 
exhibit differential gene expression 
at P8. ns: not significant; *: p<0.05; 
**: p<0.01; ***: p<0.001; ****: 
p<0.0001.
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was noted; however, this was not statistically significant 
(control=0.0657 versus Lrp5tvrm111B=0.0594 g/cm2, p=0.18).

Analysis of Wnt-pathway-mediated genes: To understand 
the impact of the Lrp5 mutation on Wnt signaling, we used 
qRT-PCR to examine expression of a series of Wnt-related 
genes [21]. These studies were conducted at P8, when retinal 
vascular development was active. Interestingly, Lrp5 expres-
sion was significantly elevated in Lrp5tvrm111B mutants relative 
to the WT (Figure 4), suggesting that a decrease in activity 
resulted in upregulation of Lrp5 mRNA levels. As shown in 
Figure 4, we also noted that several other genes were signifi-
cantly upregulated (Plvap, Wnt10b) or downregulated (Cldn5, 
Mfsd2, Slc38a5) in the Lrp5tvrm111B retina.

DISCUSSION

In this report, we describe an autosomal recessive mouse 
for Lrp5. The Lrp5tvrm111B was generated in a mutagenesis 
program that utilizes eye-specific outcome measures to iden-
tify potential mutants involving the retina [6]. The Lrp5tvrm111B 
mutant was originally identified based on an abnormal ERG 
b-wave, a feature that was used to map the genetic location. 
The mutation involves the insertion of an additional cytosine 
in a GC-rich region. While we were not able to determine 
whether this additional nucleotide occurs at the start, middle, 
or end of a repeat of nine cytosines, the net result is a mutation 
that is identical to that obtained from an independent ENU 
mutagenesis screen by Xia and coworkers [5], suggesting that 
this region is highly mutable. The observed increase in tran-
script expression of the mutant allele of Lrp5 is probably due 
to regulatory feedback mechanisms that exist under normal 
conditions and have been observed for other mutations, such 
as the homozygous rd5 mutation in tubby (tubrd5) allele [36].

Our studies indicate that the Lrp5tvrm111B model shares 
multiple phenotypic features with previously developed Lrp5 
mutants [5,15,16]. These include defects in vascular develop-
ment, such as the persistence of the hyaloid vasculature into 
adulthood, and incomplete growth of the deep inner retinal 
capillary bed. These changes are shared by mutants for 
Fzd4 and Norrin, which control the vascular developmental 
processes along with LRP5 [33,35]. The incomplete develop-
ment of the inner retinal blood supply is thought to underlie 
the abnormal ERG b-wave observed in Lrp5 mutants, and 
mutants for Fzd4 and Norrin [37].

Another feature of the Lrp5tvrm111B phenotype is low 
BMD. Given the role of Lrp5 in osteoblastogenesis, the reduc-
tion in bone mass in Lrp5−/− mice, associated with a decrease 
in bone formation and a decrease in osteoblast number, is not 
surprising [16]. This phenotype is reminiscent of the pheno-
type of OPPG patients homozygous for inactivating mutations 

of LRP5 [10]. The phenotype of the Lrp5tvrm111B mutant is less 
profound than that of the complete loss of function allele for 
Lrp5, but given the low–bone mass phenotypes observed in 
our mice, it is consistent with the hypothesis that this muta-
tion results in a decrease in Lrp5/β-catenin-Wnt signaling in 
the osteoblast.

The Lrp5tvrm111B was developed in a program devoted 
to the generation of new research mouse models. While the 
focus of the program is the identification of mutants affecting 
the eye, once established, these models are available to the 
research community. The Lrp5tvrm111B mutant will be available 
for researchers interested in studying the role of LRP5 in the 
retinal vasculature, bone development, or other systems.
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