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Exploration of genetic factors controlling cancellous bone

microstructure of mouse
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Bones have crucial roles in supporting body as one of the locomotor apparatuses,
maintaining mineral homeostasis and protecting vital organs. Bone tissues are
classified into two types by visual appearance and location, “cancellous (trabecular)
bone” and “cortical bone”. Cancellous bone, also known as sponge bone, is found in
vertebral body and both ends of long bone like tibia and femur. It has larger surface
area but shows weaker strength than cortical bone, It provides structural strength to
bone tissue. Cortical bone forms cortex of most bones. It is stronger and stiffer than
cancellous bone, The outer shell surrounding the cancellous bone at the end of the
joints is also made up of cortical bone,

Bones in adulthood are continuously renewed by old bone resorption by ostevelasts and
new bone formation by osteoblasts. This process is called “bone remodeling”. Bone
remodeling is important for bone homeostasis, and is essential for maintenance of
healthy bones. Disruption of ideal balance in bone remodeling causes abnormal bone
mass such as osteoporosis and osteopetrosis. A series of longitudinal studies of human
populations have showed that bone mineral density (BMD) is correlated with physical
strength of bone, and a most important risk factor for bene fracture.

However, human studies algo indicated that BMD at any time points is well correlated
with peak (highest) bone mass in the early growth phase of bone. Furthermore, these
studies have also revealed that more than half of variation in the early growth phase of
bone, which occurs over a short time period during puberty, is determined
predominantly by genetic factors.

Recent advance in X-vay micro-computed tomography (micro-CT) has enabled
to analyze three-dimensional (8D) structure of the cancellous bones without tissue
destruction. Such studies have indicated that the risk of bone fracture in human elders
increases as BMD decreases, but the biomechanical competence (physical strength) of
bone and risk factor of bone fracture are dependent not only on BMD as the absolute
amount of bone mags, but also on the 8D microstructure of cancellous bone. This fact
suggests that we need to pay more attention to bone microstructure for identifying
genetic risk factors for bone fracture. Recent studies also showed that there is a very
good correlation between the bone microstructural measure obtained from the X-ray
micro"CT and that obtained from conventional histological 2D sections. In particulay,
excellent correlation was found between bone volume fraction (BV/TV), which is the
measure of cancellous bone volume per total volume surrounded by cortical bone, and
the data of the histological 2D sections. Subsequent studies of microstructure of mouse
cancellous bone by X-ray micro-CT have also showed that cancellous bone loss is
observed even in the early growth phase of bone, and occurs continuously until the
later adulthood stage, consistent with facts that cancellous bone is highly sensitive to

change of bone metabolism, and is easily fractured in human elders.
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Forward genetics approaches to explore polygenic factors responsible for bone
homeostasis can be efficiently pursued in animal models, Usage of the animal models
enables to control genome heterogeneity and environmental factors, and improves the
power to identify heritable regulation of bone homeostasis. Variations in genome
éequances and bone phenotypes among different inbred strains of mice are amenable to
genetic analyses of polygenic complex traits of bone phenotypes via the quantitative
trait loci (QTL) analysis. In fact, several studies with inbred mouse strains have
vevealed QTLs that affect microstructure of mouse cancellous bone, However, none of
causative genés for the QTLs has been identified so far,

In this study, I focused on genetic factors responsible for variation in

microstructure of mouse cancellous bone at the earlier growth phase of 6 to 10 weeks of
age, because the early growth phase is critical for bone density and microstructure at
any time in the later adulthood stage. The genes that regulate bone formation during
embryonic development have been intensively studied by reverse genetics approaches
" with knockout mouse strains, and the genes involved in bone homeostasis at the later
adulthood stage have heen extensively studied by genome wide association study for
" human populations. By contrast, there is only limited information for genes acting for
forming bone microstructure at the earlier and growing phase of bone. This is another
" yeason that I focused on the early growth phase of mouse bone. For genstic analyses in
this study, I used two strains, a laboratory inbred strain CH7BL/6J (hereafter
abbreviated B6) and Japanese wild mouse (Mus musculus molossinus)-derived
MSM/Ms. ‘
These two strains are genetically very distant one another, and more than ten million
SNPs have been identified between these two strains, and the SNP data are now fully
available, As a consegquence of its genome divergence from B6 and other laboratory
strains, MSM/Ms appeared to have unique complex traits that are never observed in
standard laboratory strains. Another great advéntage to use the B6 and MSM/Ms
strainsg is that a full set of consomic strains, in which every B8 chromosome is replaced
by counterpart of MSM/Ms, is now established and available for exploring QTLs.

At the beginning of this study, the X-ray micro-CT phenotyping of
microstructure of cancellous bone of tibia at 10 weeks of age showed that MSM/Ms has
far smaller value of bone volume fraction (BV/TV) than that of Bé. This finding
prompted me to pursue systematic phenotype screening of the same trait for the fuil
set of B6-MSM/Ms consomic strains. As a result, I found that among all consomic
strains B6-Chr15MSM carrying MSM/Ms-derive chromosome 15 (Chrlb) shows the
smallest cancellous bone volume fraction, indicating that mouse Chr16 harbors QTLs
affecting bone microstructure, which is likely relevant to bone physical strength. Next,
in order to further dissect genetic factors into sub-regions of Chr1b, I generated nested
sub-consomic strains that harbor sub-divided fragments of MSM/Ms Chrls. Bone
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phenotyping of these strains revealed that at least four chromosomal blocks of Chr1b
genetically control the trait of cancellous bone microstructure. I named these blocks,
Block 1 to 4, each of which contains at least one QTL affecting microstructure of
cancellous bone. None of these four QTLs has been reported by other groups’ previous
studies.

It is of interest to note that the MSM/Ms alleles at the QTLs in the Block 2, 3 and 4
decrease the bone volume fraction (BV/TV) relative to B6 as were expected, but the
MESM/Mzs allele at the QTL in Block 1 rather increases the BV/TV value relative to B6.
Thus, the analysis with the sub-consomie strains revealed marked complexity of
genetic architecture to control cancellous bone microstructure in mouse, and
demonstrated that the analysis with consomic and sub-consomic strains has strong
power to detect each of numerous QTLs, even if its phenotypic effect is modest.
Finally, I paid special attention to one short sub-block, named Sub-bleck 1-1, included
in Block 1, the borders of which are defined by difference in the MSM/Ms-derived
fragments of two sub-consomic strains. I intensively explored candidates of the
causgative gene for the QTL in Sub-block 1-1, because no known gene to be involved in
bone regulation and homeostasis is assigned to this interval. I identified eight genes as
candidates. In particular, four of them, Ankrd33b, Ropnil, Marché and Faml73b, are
good candidates from the aspects of expression pattern difference and amino acid
change between B6 and MSM/Ms. Thus, this étudy provides indispensable clues for
understanding genetic architecture underlying bone regulation and homeostasis of

mouse, and for searching genetic factors responsible for osteoporosis in human.
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Bl bl x5 ERME. M E (cancellous bone) & FH # (cortical bone)
MoRd, BHAE O3 RIEHEIX, BEE (BMD) S LbiBOMECEETCHLLE
ABNTWD, FABR., v U AMBM/MsRHEIC B W T, CBTBL/GIRHE & <, X<
A0 B a—F—bESTT4—EFARIELCIVRECES, HHEO IR
FYA X O 4L T H B Bone volume fraction (BV/TV) (B&EH & £&BOm) 2B, BT,
SREEZRTIEERHL, ZARAEE bol, T T, ZORBMIZ SV TRAK
BBV, BVIVOMEAEKSEIRE 2o 5a64, SbRIBREL 2B ET
BRRIETHZERENE LTHIEZMIMBLE, _

FHEER, CSTBLAJREDORBEVHE R ICMSM/MeRMD L foB@EkEBALL LD
YRy RMORABEMET L, BVTVE/DNE L THEFN, MSM/Msth O 16854
BLiZHdZLbEoELDE, EHLIEARER, DTbLbRR IV Tary I v s Rl
PEBEML, SNPe—2—2R_BZ Lk, 4+ 7 ary Iy s RBERLOMSM/Ms
HkoRAEFEIREREL, ThoRMORABUMITEIT R, TOFR, MSM/MsHH
KOIBFREHRLEOBV/IVERBLEZ HHEMEINFRERL, thbETuy s 1-4
EAGTRE, BIRIBONZ LICMSM/MsEED T n v 7 2 -4 BBBVITVER L ER AT LT
FETAHN, 7oyl LEBVIVEHNESEI FRIEHFST L2 RHE L,

FRZEZ, 207 ny 2 1R UERBREVRAMIE WIS bLIn@BiFdlini, +7
AV Iyl REORAEZHFMICMREI A, H3MbO T 271018 (Fy
7 1-1 &) BBVIVERMMERL L 2RA L. FEER, Zo7ny 2 1-1H
W, BEBEER o FTAREFESERELE, 2hbiEnWdh b ohE Clo-o s
RERTWRY, #iEROBEBETF Tk,

FEE . B> bl LERNAE B W CRT-PCREITV., 2 b0 5 b 7N EM
THHLTWD - LExODEEDE, &HICHTBL/6IRFE. MSMMsRER V=Y S w
VRMERVEMFIC LD, MSM/IMsthi 3RO 7 R v 7 1-1 & b oMKW TH, ZTh
b0 5 538 (Ropnll Marché, Fami73b) OFBBMA L., HH (Ankrd38h) OFBR
BmLTwhwaz Wb LR, £k, insilicoff#fic X V4@ OBIRF (Ankrd3sh,
Ropnil, Cmbl, Faml73h) WIHFIHEBREREZ I LEMREMTLE, B Ankrdssh
KRBT AEBRIIMECEETHILEBLZLALZT XY ) YV NARTEE L, LAY
RLRAAFICE D, COBBBERAIVARKEZOERERTELLbOLELILR
Teo TOZELRMELOMBBRFHRIENBEKERN, ZO0 L2, BVIVEHEL2 5255
FBEM Y L CAnkrd33bBEFRERAET S 2 LILRI Lk,

FRER, B0y ar Iy 7 RBOEREBRIFE2TV. RIRBEVRAB T HE

OWEFE, SOERBEFLETHETSTALWY, BREHERRELIT I LRT
B, LERoT, KBTI, HLtERE0BEEENATEFERL2A—T CHIFLE,
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