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Genetic research is one of the most 
important areas in bone and mineral 
research. At this year’s ASBMR meeting, 
mouse genetic studies demonstrated the 
importance of Wnt signaling pathways in 
bone metabolism. Genome-wide association 
studies (GWAS), a newly-established and 
powerful approach in human genetics, have 
identified novel genes underlying 
osteoporosis. Complementary to GWAS, 
functional genomics has become an efficient 
tool to screen important bone-related genes 
at the expression level. Epigenetic and 
epigenomics studies have also sprouted in 
bone research to reveal new genetic 
mechanisms for the regulation of gene 
expression. 

 
Mouse Genetics and Human Genetic 
Epidemiology 
 
Recently, both canonical and non-canonical 
Wnt signaling pathways have been found to 
be very important for osteoblastogenesis, 
osteoclastogenesis and chondrogeneis (1-3). 
Mouse genetic study of important genes in 
Wnt signaling pathways was one of the 
major topics at this year’s meeting. First, 
there were studies focusing on deleting or 
overexpressing genes or antagonists for 
Wnt signaling pathways, in order to observe 
bone phenotypes. For example, mice 
lacking the Wnt receptor Fzd9 displayed 
osteopenia resulting from decreased 
function of osteoblasts (4). Deletion of the 
Wnt signaling antagonist sFRP4 increased 
bone formation by increasing osteoblast 
differentiation and activity (5). Transgenic 

mice overexpressing the Wnt antagonist 
Kremen 2 in osteoblasts resulted in severely 
reduced bone formation and increased bone 
resorption (6), while deletion of Kremen 1 
and Kremen 2 resulted in increased bone 
formation and bone mass (7). Second, 
studies revealed novel interactions between 
Wnt signaling and other signaling pathways, 
such as the calcium-sensing receptor (8), 
PTH and PTH receptor (9;10), and androgen 
receptor signaling pathways (11), and the 
impact of these interactions on bone 
metabolism. Third, two mouse studies 
demonstrated the importance of Wnt 
signaling for bone metabolism in two other 
cell types: osteocytes (12) and T cells (13). 
 
Although the mouse is a good genetic model 
to investigate relevant genes for complex 
diseases, there are of course genetic 
differences between mice and humans. 
Therefore, it is still necessary to verify and 
identify causal genes directly from human 
samples. Genetic epidemiology is one of the 
most efficient ways to verify those genes 
identified from mouse studies and to identify 
novel genes for human complex diseases. 
Previously, genome-wide linkage and 
candidate gene association studies were the 
two major approaches for screening disease 
regions or genes in specific human 
populations. However, there are major 
limitations to both methods. Linkage studies 
can only locate genomic regions rather than 
specific genes. Meanwhile, candidate gene 
association studies can only test potential 
known candidate genes, which means that 
previous knowledge or hypotheses of the 
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relationship between the genes and the 
disease is required. However, GWAS is a 
promising new technology that can identify 
novel disease-related genes without any 
previous knowledge of the gene-disease 
relationship.  
 
Since 2006, GWAS have been applied to 
genetic studies on various diseases due to 
the completion of the HapMap Project and 
the availability of high density single 
nucleotide polymorphism (SNP) arrays 
covering the human genome. At the 2007 
ASBMR meeting, GWAS on bone 
phenotypes were initially reported. At this 
year’s meeting, more GWAS were 
presented and, in particular, there was a 
concurrent oral session for genetic 
epidemiology focused on GWAS. Two 
groups performed GWAS and identified both 
novel and known genes underlying human 
osteoporosis using dense 500K SNP arrays 
(14-17). Using 1,000 unrelated 
homogeneous Caucasian samples, two 
novel genes, ADAMTS18 and TGFBR3, 
were identified for BMD variations (14) and 
one novel gene, RTP3, for bone strength 
(15). In addition, three new genes, 
ALDH7A1, UBR3, and PHACTR3, were also 
found for osteoporotic fractures in 700 
elderly Chinese Han subjects (16). Using 
2073 women and 1554 men from 
Framingham family samples, six known and 
novel genes, BMP10, PTPRD, MYC, 
SLC16A4, IL6, and PRKG1, underlying BMD 
and bone geometry were identified (17).  
 
DNA copy number variation (CNV) is 
another rich and important source of genetic 
diversity for human diseases. At this year’s 
meeting, the first genome-wide CNV study 
on osteoporosis found a novel gene, 
UGT2B17, underlying various bone 
phenotypes in 700 elderly Chinese Han 
subjects (18). There were few overlapping 
genes between different GWAS for 
osteoporosis. To solve this problem, two 
issues need to be further emphasized. First, 
the study population should be 
homogeneous to avoid population 
stratifications and admixture (particularly 
those from different regions used in the 
same analyses), which may render false 
positive and false negative results. Second, 

replication of identified genes in different 
populations is important to further reduce 
the possibility of false positive results. 
Besides GWAS, a candidate gene 
association study on BMD in 1243 Hong 
Kong Chinese subjects found a significant 
association of SOST, an inhibitor of Wnt 
signaling, with BMD (19), which further 
supports the importance of Wnt signaling in 
humans. 
 
Functional Genomics 
 
The functional genomics approach looks at 
genome-wide gene expression at the mRNA 
and protein levels. It has been a very 
efficient way to screen functionally important 
genes and serves as a complement to 
genome-wide linkage and association 
studies at the DNA level. At the 2008 
meeting, two in vivo gene expression 
profiling studies using Affymetrix HG-133A 
human gene expression chips on 40 
Caucasian women in each study found a 
novel EGFR and CALM3 gene network for 
smoking-related osteoporosis in circulating 
B cells (20), and a novel CRAT and CPT2 
gene network for smoking-related 
osteoporosis in circulating monocytes (21). 
These two studies indicate that it is efficient 
to screen functionally important genes for 
bone metabolism on a genome-wide basis 
directly from in vivo human cells.  
 
Interestingly, another study using Affymetrix 
Rat Genome 230 2.0 gene expression 
arrays on RNA from rats’ proximal femora 
also found 21 interesting candidate genes 
related to bone metabolism (22), indicating 
that the functional genomics approach is 
also powerful in searching functional genes 
for bone in mice. Moreover, a comparison 
study of gene expression profiles between 
osteocytes and osteoblasts isolated from 
mice identified 380 differentially expressed 
genes, including six genes involved in Wnt 
signaling (23).  
 
In addition, functional genomics technology 
was applied to in vitro cell cultures. 
Expression profiles of 84 Wnt signaling 
pathway genes revealed important Wnt 
components in the response to cAMP-
stimulated osteoblast maturation (24). 
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Comparison of expression profiles between 
aged and immortalized human 
mesenchymal stem cell cultures also 
discovered ~ 400 differentially expressed 
genes (25). 
 
Epigenetics and Epigenomics 
 
Besides the traditional central dogma 
involving DNA, mRNA and protein in 
molecular genetics, recently gene 
expression has been found to be regulated 
by mechanisms other than changes in the 
underlying DNA sequences, e.g., microRNA 
(miRNA) regulation and DNA methylation. 
The term epigenetics/epigenomics refers to 
those non-DNA-change mechanisms. 
Epigenomics aims to find those changes at 
the genome-wide level. At this year’s 
meeting, epigenetic and epigenomic studies 
were performed in bone research. Recently, 
miRNAs – short non-coding RNAs (~22 
nucleotides) – have been found generally 
expressed in various cell types and to 
regulate gene expression by sequence-
specific base paring in the 3’ untranslated 
regions of the target mRNA, which results in 
mRNA degradation or inhibition of 
translation. The miRNA-regulating 
mechanisms for the expression of genes 
important for bone metabolism await further 
study. 
 
Several studies were conducted to identify 
miRNAs for osteoblast differentiation (26-29). 
An oral presentation reported the 
importance of miR-29, through regulation of 
osteonectin expression, in osteoblast 
differentiation in vitro (26). In another study, 
menin protein was found to modulate 
osteoblast differentiation in vitro via BMP-2 
signaling by regulating miR-26a expression 
(27). Furthermore, two epigenomic studies 
followed by functional epigenetic studies 
found miRNAs important for BMP-2-induced 
osteoblastogenesis (28;30) Both studies 
performed miRNA array analyses to screen 
differentially expressed miRNAs between 
BMP-2-treated and -untreated C2C12 
mesenchymal cells. One study identified, 
among the differentially expressed miRNAs, 
the significance of miR-206 in 
osteoblastogenesis through its regulation of 
the Connnexin43 gene (28), while the other 

study revealed the roles of miR-133 and 
miR-135 in osteoblastogenesis through their 
targeting of Runx2 and Smad5 gene 
expression in BMP-2 osteogenic signaling 
(29).  
 
DNA methylation is another type of 
epigenetic regulation. The methylated DNA 
may result in reduced gene transcription 
either by impeding the binding of 
transcription factors or by being combined 
with chromatin remodeling proteins and 
modified to form compact and silence 
chromatin. DNA methylation has been 
observed as important in carcinogenesis 
and stem cell differentiation. One DNA 
methylation profiling study reported at this 
year’s meeting found that specific CpG loci 
in osteocalcin and osteopontin promoter 
regions in mouse bone marrow stromal cells 
may be involved in the regulation of gene 
expression (31). 
 
Summary 
 
Traditional mouse genetics is a robust 
approach for investigating the functional 
detail of known genes in bone and mineral 
research. However, GWAS and functional 
genomics studies are powerful methods for 
identifying novel genes underlying bone 
metabolism, particularly in humans. As 
newborn areas in genetics, epigenetics and 
epigenomics are providing new knowledge 
for understanding the regulation of bone-
related gene expression. 
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