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6. Research Outcome

Major findings and research outcome
(maximum I page; please make reference to Part C where necessary)

Objective 1.

Objective 1 was achieved by Nanjing side and details were described in the Final Report from
Nanjing side. mRNA expression of LBXI in AIS paraspinal muscles was significantly different
between the concave and the convex sides. A similar pattern of difference between two sides was
noted at both apex and distal regions although the difference between distal concave and convex
sides did not reach statistical significance. Protein expression of LBX7 in AIS paraspinal muscles
was significantly higher in convex side than in concave side. Significantly positive correlation
between mRNA level of LBX1 and myogenic genes such as PAX7, MYOD1 and MYOG was
showed in both AIS and non-AIS biopsies. MYF5, ACTA1 and ACTN2 had significant positive
correlation with LBX1 expression only in AIS groups, but not in non-AIS groups. There was no
significant correlation between Cobb angle and LZBX/ mRNA/protein level in either concave or
convex sides paraspinal muscles in AIS. Risk allele (T) in LBX7 SNP rs11190870 was
significantly associated with AIS. There was no significance between different allele groups (TT,
CT, and CC) in skeletal muscle mass, body fat mass, fat free mass, right and left arm lean mass,
trunk lean mass, right and left leg lean mass, and handgrip strength at both dominant hand and
non-dominant hand in AIS subjects. For SNP rs1322330 that is near LBX1, TT has a significantly
decreased expression of LBX1 than those with CC. Interactions between the allele TT of
rs1322330 and LBX1 were demonstrated in Dual-Luciferase Reporter Assay and Electrophoretic
Mobility Shift Assay (EMSA).

Objective 2.

LBXI-knockdown human skeletal muscle myoblast (HSMM) had significantly lower expression
of myogenic markers including PAX7, MYOG, MYF5, ACTN2 and TNNT3. LBX1 -overexpressed
HSMM had significantly higher proliferating rate than the HSMM. LBXI-overexpressed HSMM
had increased expression of muscle myogenic genes such as MYODI, MYOG, MYF5, MYF6,
ACTAI, TNNT3, and DMD than the control HSMM in cell differentiation. However, there was no
noticeable myotubes formation in the LBXI-overexpressed HSMM or LBX1 knocked down
LBX-overexpressed HSMM, while in control group, myotubes formation was apparently
observed. There was positive staining of MF20 in control HSMM but not in the
LBXI-overexpressed or LBX1 knocked down LBXI-overexpressed HSMM. Myokines, such as
FNDCS5, MSTN, BDNF, FSTL, osteonectin (SPARC) and IL6, had significantly decreased level of
expression and secretion in LBXI-overexpressed HSMM when compared with control HSMM. In
contrast, FABP3 and APLN were up regulated by LBXI overexpression. A further knockdown of
LBXI in LBXI-overexpressed cells restored the affected expression or secretion of FNDCS,
BDNF, APLN, FSTL and IL6. The nuclear and total protein level of B-catenin showed no
significant differences between LBXI-overexpressed HSMM and control group.

In a myoblasts-osteoblasts co-culture system, conditional medium was collected from LBX
gain-of-function cellular model and subjected to treatment of osteoblast cell line hFOB. There
was a lower level of osteogenic marker SPPI in LBXI-overexpressed conditional medium treated
group than control group after two- or four-days osteogenic differentiation. However, the hFOB
showed comparable ALP activities in two treatment groups after 6 days osteogenic
differentiation.Lbx1 expression was knocked down in gastrocnemius in mice model followed by
induction of acute muscle injury. Lbx/ knockdown inhibits myogenic markers mRNA expression
at day 4, 7, 10 and 14 post injury. H&E staining at day 14 post injury showed that Lbx/
knockdown significantly decreased fiber cross-sectional area. Besides, ex vivo mechanical test
indicated that Lbx! knockdown significantly reduced muscle twitch after muscle regeneration.
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Potential for further development of the research and the proposed course of action
(maximum half a page)

1 Missing link between LBXI SNP and LBX1I expression and/or function

There is still lack of experimental evidence showing how the risk allele affect the LBX1 expression
and/or function. One strategy is to compare the expression of LBX1 in muscles collected from
subject groups with different genotypes of rs11190870. In the AIS cohort in this study, the proportion
of rs11190870 genotype TT, CT and CC were 35%, 50%, 15%, respectively. Number of subjects for
genotype CC was not sufficient from statistical point of view. Therefore, further study with a much
larger samples size of muscle biopsies is required to address this issue. Another strategy is to
establish cellular model with TT and CC genotypes respectively at rs11190870 with genome editing
technique, for example CRISPR-Cas9, which will cost less time than accumulating enough sample
size for the strategy mentioned previously. For this purpose, future work is needed to edit the SNP
rs11190870 in HSMM model and evaluate the expression of LBX7 and cell activities including
myogenic differentiation, proliferation, metabolomic profile.

2 Biological function of LBX1

As a transcript factor, the downstream genes that regulated by LBX7 have not been reported before.
Although our in vitro study showed that myogenic genes could be modulated by overexpressing and
knocking down of LBX1, is LBXI binding to their promoter/enhancer regions directly or is LBX]
regulating their upstream genes remained to be unknown. Hence, molecular biological techniques,
such as RNA sequencing or CHIP-seq, are needed to identify the direct downstream targets of LBX1
and to reveal its novel functions besides myogenesis as well.

3 Imbalanced LBX1 expression in AIS paraspinal muscles: Primary or secondary?

Whether the imbalanced expression of LBX1 in AIS concave and convex sides paraspinal muscles is
primary or secondary is an important question to answer in exploring the role of LBX1 in AIS
etiopathogenesis. Since it is not possible to collect muscle biopsies repeatedly from patients to check
LBX1 expression longitudinally due to ethic issue, suitable mice models are needed to address this
question. However. in the literature, animal models mimicking progressive spinal deformity in
scoliosis are limited. Therefore, a novel and reliable animal model for this purpose is warranted.

7. The Layman’s Summary
(describe in layman’s language the nature, significance and value of the research project, in
no more than 200 words)

To the best of my knowledge, this is the first series of studies to demonstrate the link between
AIS predisposing gene, namely LBX1, and various muscle phenotypes at molecular, cellular and
tissue levels in AIS with appropriate control subjects in order to minimize the confounding
effects due to age and spinal deformity. Our study demonstrated abnormal muscle phenotypes in
patients with AIS and highlighted their potential causative effect on AIS etiopathogenesis. The
effects of LBX1 on myogenic differentiation in human myoblasts suggested a possible novel
pathological mechanism underlying the abnormal muscle phenotypes in AIS.
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Part C: Research Output

8. Peer-reviewed journal publication(s) arising directly from this research project
(Please attach a copy of each publication and/or the letter of acceptance if not yet submitted

in the previous progress repori(s).

funding support by quoting the specific grant reference.)

All listed publications must acknowledge RGC'’s
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Z,Lee WYW, Wu |Promoter of LBX1 Is
Z,LiuZ,Sun X, Associated With the
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