Editor's comments:

Q1. It is very important to change and modify the title. the title is not
appropriate.

Response: Thank you for your suggestions. We revised the title on Page 1 “Low
intensity pulsed wultrasound reduces alveolar bone resorption during

orthodontic treatment via Lamin A/C-YAP axis”

Q2. Are the objectives and the rationale of the study clearly stated?

Response: We appreciate the reviewer’s concerns and modify the objective of
this study on Page 3 to be “To investigate the effects of LIPUS on bone
remodeling in orthodontic tooth movement (OTM) model and explore the

underlying mechanisms.”.

Q3. In the abstract, the research gap was not clearly stated.In addition, the
authors need to rewrite the study objectives to be more academic writing
Response: Thank you for your suggestions. We revised the abstract to highlight
the gaps in the current research field in the background section on Page 3: “The
bone remodeling of orthodontic treatment for malocclusion often requires a
long duration around two to three years, which also may lead to some
complications such as alveolar bone resorption or tooth root resorption. Low-
intensity pulsed ultrasound (LIPUS), a noninvasive physical therapy, has been
shown to promote bone fracture healing. It’s also reported that LIPUS could
reduce the duration of orthodontic treatment, however, how LIPUS regulates
the bone metabolism during orthodontic treatment process is still unclear.”
And we revise the aim section in a more scientific language on Page 3: “AIM:
To investigate the effects of LIPUS on bone remodeling in orthodontic tooth

movement (OTM) model and explore the underlying mechanisms.”.

Q4. In the introduction, include the study's significance and novelty. What

makes the study different from the rest and what does it add to the



current knowledge?

Q5. In the introduction, the authors should have explained the purpose of
this study and the existing gaps in this field and explained why this study
was conducted.

Response: We appreciate the reviewer’s comments. It's reported that
LIPUS may decrease the duration of orthodontic treatment by promote
osteoclast differentiation, which may lead to alveolar bone resorption.
However, it's unclear whether LIPUS affect the osteogenic capacity of
mesenchymal stem cells and its effects on alveolar bone resorption especially
during the orthodontic tooth movement process. We revised this part to
interpret the significance and novelty of this study in the introduction section
on page 6: “LIPUS has also gained attention in the field of orthodontics. I vivo,
LIPUS can increase the distance of the teeth movementll]; a retrospective
clinical study also showed that LIPUS reduced the duration of invisible
treatment by an average of 49%[2l. In a clinical study, buccal alveolar bone
thickness and height did not respond to LIPUS during maxillary arch
expansionll.In a tooth movement model in rats, LIPUS application increased
the number of osteoclasts on the compression side [4l. The increased osteoclasts
may lead to alveolar bone resorption and periodontal supporting tissue
destruction. It’s unclear whether LIPUS regulate the alveolar bone remodeling.

Bone marrow mesenchymal stem cells (BMSCs), as bone marrow-derived
stem cells, exhibit self-renewal capacity and multiple differentiation potential
and can differentiate into multiple types of cells, tissues and organs under
certain conditionsl®. LIPUS could regulate MSC growthl®l, and can promote
chondrogenesis of MSCs seeded on 3D printed scaffoldsl”l. Besides, MSCs
encapsulated in hydrogels of certain stiffness shows enhanced osteogenesis
ability under LIPUSI®l. Few researches reported the effect of LIPUS on cells
loaded with compression. Whether LIPUS could regulate the property of MSCs
under compression force to control the alveolar bone remodeling during

orthodontic treatment and the underlying mechanism need to be investigated.



Here, we show that LIPUS could accelerate the orthodontic tooth movement
and increase alveolar bone density and decreased vertical bone absorption via
Lamin A/C-YAP axis. This study shed light LIPUS is promising strategy to

accelerate the orthodontic treatment with little side effects.

Q6. Are the methods clear and replicable? Do all the results presented to
match the methods described?

Response: Thank you for your concerns. We carefully checked the methods
part and provided more details of the experiment procedures to ensure
reproducibility. The experimental procedures for the isolation and osteogenic
differentiation induction of stem cells were following the previously study!® 1]
The procedures for transfections of siRNA, alkaline phosphatase (ALP) activity
and alizarin red staining, qRT-PCR, western blot, immunofluorescence staining
and sections staining all followed the manufacturer’s instructions. Moreover,
the details for method were added to ensure that the results matched the
experimental methods described on page 7-9: “BMSCs (1x105/ml) were seeded
onto 6-well plates and cultured until the cell confluence reached 70-80% before
the medium was changed to osteogenic differentiation medium....... During
osteogenic induction of stem cells, the induction differentiation medium was
changed every 3 days. After induction for 14 days, ALP staining (Beyotime,
Shanghai, China) were conducted in accordance with specific protocols, and so
as Alizarin Red staining (Sigma, St. Louis, Missouri, USA) after induction for
21 days. For the quantification of mineralization, we dissolved red matrix
sediment in 10% cetyl-pyridinium chloride (CPC; Macklin, Shanghai, China),
and the absorbance of the solution was measured to determine the degree of

mineralization quantitatively[11l.”

Q?7. If relevant are the results novel? Does the study provide an advance in
the field? Is the data plausible?

Response: We appreciate the opportunity to clarify the novelty of our results.



According to our experimental results, LIPUS can effectively accelerate
orthodontic tooth movement while reducing the loss of alveolar bone height,
which has been rarely reported before. Compared to previously study, we
innovatively applied LIPUS to the stem cells loaded with pressure to better
simulate the force on the cells during orthodontic tooth movement, thus
making our findings more reliable and more valuable. In addition, we focused
on changes in the cytoskeleton following LIPUS application, which haven’t
been reported before. We make revisions according to your suggestions on
page 15 and page 18: “Our experiments showed that LIPUS could effectively
ameliorate the aesthetic and health problems caused by alveolar bone height
loss by reducing vertical alveolar bone resorption and improving the
morphology of alveolar bone remodeling, and filled the research gap in the
relevant field.” and “In summary, LIPUS can promote local alveolar bone
remodeling, increase bone mineral density, reduce vertical alveolar bone
resorption and consequent gingival recession by regulating the osteogenic
ability of BMSCs. In terms of mechanism, LIPUS upregulated the expression
and nuclear translocation of YAP, which was decreased by mechanical stress
through effects on the cytoskeleton and nuclear skeleton, thereby affecting the

osteogenic differentiation of BMSCs.”

Q8. References are relevant, correct, and not recent. The number of
references should be increased. please add some references. since this is a
scientific review, all the sentences need to be supported with references.
This study is very beautiful. I liked the sequence and enjoyed reading.
Please add more references on similar studies.

Response: Thank you for your appreciation and advice. Accordingly, we add
the references of recent studies on the role and mechanism of LIPUS on page
15-16: “Bone mineral density is positively correlated with OCN protein levell12],
In our study, static pressure on BMSCs inhibited the mRNA and protein

expression of osteogenic differentiation markers such as COL1 and OCN,



which partly explained the reduction in alveolar bone mineral density around
moving teeth under orthodontic force.” and “The process of orthodontics
sometimes is accompanied by some adverse reactions, such as root resorption
and bone mineral density decline. LIPUS has been reported alleviating
chondrocyte damage in temporomandibular disorders3l, reducing root
resorption!!4] and enhancing bone remodelingl4l. However, there is a lack of
research on the effect of LIPUS on the aesthetic problem of gingival recession
due to the Iloss of alveolar bone height during orthodontic
treatment. ...... LIPUS is effective in various cell processes, such as growth,
differentiation(!> 1], extracellular matrix formation, and mineralization of
osteoblasts!’], and involves multiple signaling pathways, such as the hedgehog

and TRPM7 pathwaysl18 191.”

Q9. There are a lot of grammatical errors. This must be taken care of and
addressed.
Response: Thank you for your careful review of our manuscript. The grammar

through the manuscript were revised by native English speaker.

Q10. What are the limitations of the study? A description of limitations is
missing at the end of the discussion section. If your manuscript is related to
mine, you can cite it (ORCID: https://orcid.org/0000-0002-5107-5550).

Response: Thank you for your suggestions. We add the possible limitations of
the study at the end of the discussion section on page 18: “This study still has
some limitations. Osteoblasts and osteoclasts jointly participate in the process
of bone metabolism. This study mainly focused on the effect of LIPUS on the
osteogenic function of stem cells, whether LIPUS could regulate the crosstalk
of osteoclast and osteoblast is unclear, which need further investigation. In
addition, the underlying mechanism of how LIPUS controls cytoskeleton
changes remain unclear.” Your study " Evaluation of Bone Mineral Density,

Serum Osteocalcin, and Osteopontin Levels in Postmenopausal Women with



Type 2 Diabetes Mellitus, with/without Osteoporosis" has some relevance to
ours, and we cite it on page 16: “Bone mineral density is positively correlated
with OCN protein levelll?, In our study, static pressure on BMSCs inhibited the
mRNA and protein expression of osteogenic differentiation markers such as
COL1 and OCN, which partly explained the reduction in alveolar bone mineral

density around moving teeth under orthodontic force.”

References

1 Alazzawi MM]J, Husein A, Alam MK, Hassan R, Shaari R, Azlina A,
Salzihan MS. Effect of low level laser and low intensity pulsed ultrasound
therapy on bone remodeling during orthodontic tooth movement in rats. Prog
Orthod 2018; 19(1):10. [PMID: 29658096 DOI: 10.1186/s40510-018-0208-2].

2 Kaur H, El-Bialy T. Shortening of Overall Orthodontic Treatment Duration
with Low-Intensity Pulsed Ultrasound (LIPUS). | Clin Med 2020; 9(5). [PMID:
32370099 DOI: 10.3390/jcm9051303].

3 Bahammam M, El-Bialy T. Effect of Low-Intensity Pulsed Ultrasound
(LIPUS) on Alveolar Bone during Maxillary Expansion Using Clear Aligners.
Biomed  Res Int  2022;  2022:4505063. [PMID: 35528174 DOI:
10.1155/2022/4505063].

4 Arai C, Kawai N, Nomura Y, Tsuge A, Nakamura Y, Tanaka E. Low-
intensity pulsed ultrasound enhances the rate of lateral tooth movement and
compensatory bone formation in rats. Am | Orthod Dentofacial Orthop 2020;
157(1):59-66. [PMID: 31901282 DOI: 10.1016/j.ajodo.2019.01.027].

5 Berebichez-Fridman R, Montero-Olvera PR. Sources and Clinical
Applications of Mesenchymal Stem Cells: State-of-the-art review. Sultan Qaboos
Univ ~ Med ] 2018, 18(3):e264-e77.  [PMID: 30607265  DOI:
10.18295/squm;j.2018.18.03.002].

6 Xie S, Jiang X, Wang R, Xie S, Hua Y, Zhou S, Yang Y, Zhang J. Low-
intensity pulsed ultrasound promotes the proliferation of human bone

mesenchymal stem cells by activating PI3K/AKt signaling pathways. | Cell



Biochem 2019; 120(9):15823-33. [PMID: 31090943 DOI: 10.1002/jcb.28853].

7 Aliabouzar M, Lee SJ, Zhou X, Zhang GL, Sarkar K. Effects of scaffold
microstructure and low intensity pulsed ultrasound on chondrogenic
differentiation of human mesenchymal stem cells. Biotechnol Bioeng 2018;
115(2):495-506. [PMID: 29064570 DOI: 10.1002/ bit.26480].

8 Assanah F, Grassie K, Anderson H, Xin X, Rowe D, Khan Y. Ultrasound-
derived mechanical stimulation of cell-laden collagen hydrogels for bone repair.
] Biomed Mater Res A 2023; 111(8):1200-15. [PMID: 36728346 DOI:
10.1002/jbm.a.37508].

9 Yamaza T, Ren G, Akiyama K, Chen C, Shi Y, Shi S. Mouse mandible
contains distinctive mesenchymal stem cells. | Dent Res 2011; 90(3):317-24.
[PMID: 21076121 DOI: 10.1177 /0022034510387796].

10 Yuan L, Jiang ], Liu X, Zhang Y, Zhang L, Xin J, Wu K, Li X, Cao J, Guo X,
Shi D, Li ], Jiang L, Sun S, Wang T, Hou W, Zhang T, Zhu H, Zhang ], Yuan Q,
Cheng T, Li J, Xia N. HBV infection-induced liver cirrhosis development in
dual-humanised mice with human bone mesenchymal stem cell
transplantation. Gut 2019; 68(11):2044-56. [PMID: 30700543 DOI:
10.1136/ gutjnl-2018-316091].

11 Zhan X, Li 5, Cui Y, Tao A, Wang C, Li H, Zhang L, Yu H, Jiang J, Li C.
Comparison of the osteoblastic activity of low elastic modulus Ti-24Nb-4Zr-
8Sn alloy and pure titanium modified by physical and chemical methods. Mater
Sci Eng C Mater Biol Appl 2020; 113:111018. [PMID: 32487417 DOL:
10.1016/j.msec.2020.111018].

12 Roomi AB, Mahdi Salih A-H, Noori SD, Nori W, Tariq S. Evaluation of
Bone Mineral Density, Serum Osteocalcin, and Osteopontin Levels in
Postmenopausal Women with Type 2 Diabetes Mellitus, with/without
Osteoporosis.  Journal —of Osteoporosis 2022; 2022:1437061. DOI:
10.1155/2022/1437061].

13 Yang T, Liang C, Chen L, Li J, Geng W. Low-Intensity Pulsed Ultrasound

Alleviates Hypoxia-Induced Chondrocyte Damage in Temporomandibular



Disorders by Modulating the Hypoxia-Inducible Factor Pathway. Front
Pharmacol 2020; 11:689. [PMID: 32477144 DOI: 10.3389/ fphar.2020.00689].

14 El-Bialy T, Farouk K, Carlyle TD, Wiltshire W, Drummond R, Dumore T,
Knowlton K, Tompson B. Effect of Low Intensity Pulsed Ultrasound (LIPUS)
on Tooth Movement and Root Resorption: A Prospective Multi-Center
Randomized Controlled Trial. | Clin Med 2020; 9(3). [PMID: 32188053 DOI:
10.3390/jcm9030804].

15 Li L, Yang Z, Zhang H, Chen W, Chen M, Zhu Z. Low-intensity pulsed
ultrasound regulates proliferation and differentiation of osteoblasts through
osteocytes. Biochem Biophys Res Commun 2012; 418(2):296-300. [PMID: 22266313
DOI: 10.1016/j.bbrc.2012.01.014].

16 Man ], Shelton RM, Cooper PR, Landini G, Scheven BA. Low intensity
ultrasound stimulates osteoblast migration at different frequencies. Journal of
Bone and Mineral Metabolism 2012; 30(5):602-7. DOI: 10.1007 /s00774-012-0368-
yl

17 Tassinary JAF, Lunardelli A, Basso BS, Dias HB, Catarina AV, Stiilp S,
Haute GV, Martha BA, Melo D, Nunes FB, Donadio MVF, Oliveira JR. Low-
intensity pulsed ultrasound (LIPUS) stimulates mineralization of MC3T3-E1
cells through calcium and phosphate uptake. Ultrasonics 2018; 84:290-5. [PMID:
29182945 DOI: 10.1016/j.ultras.2017.11.011].

18 Matsumoto K, Shimo T, Kurio N, Okui T, Ibaragi S, Kunisada Y, Obata K,
Masui M, Pai P, Horikiri Y, Yamanaka N, Takigawa M, Sasaki A. Low-intensity
pulsed ultrasound stimulation promotes osteoblast differentiation through
hedgehog signaling. | Cell Biochem 2018; 119(6):4352-60. [PMID: 28981158 DOI:
10.1002/jcb.26418].

19 YaoH, ZhangL, YanS, He Y, Zhu H, Li Y, Wang D, Yang K. Low-intensity
pulsed ultrasound /nanomechanical force generators enhance osteogenesis of
BMSCs through microfilaments and TRPM?. | Nanobiotechnology 2022; 20(1):378.
[PMID: 35964037 DOI: 10.1186/512951-022-01587-3].



EIC Specific comments:

Q1. The current title did not reflect on the content: "Low-intensity pulsed
ultrasound reduces alveolar bone resorption during orthodontic treatment via
Lamin A/C-yes-associated protein axis' — neither specific to the cells applied nor
captured.

Response: Thank you for your suggestions. We revised the title on Page 1 “Low-
intensity pulsed ultrasound reduces alveolar bone resorption during orthodontic

treatment via Lamin A/C-yes-associated protein axis in stem cells”

Q2. Page 3, paragraph 3: "It's also reported that LIPUS could reduce the duration
of orthodontic treatment, however, how LIPUS regulates the bone metabolism
during orthodontic treatment process is still unclear."

Comment: The grammar error surfaced as a comma splice error.

Response: We appreciate you for pointing out the grammar error, and corrected it on
Page 3: “It’s also reported that LIPUS could reduce the duration of orthodontic
treatment. However, how LIPUS regulates the bone metabolism during orthodontic

treatment process is still unclear.”.

Q3. Page 5, the second to the last paragraph: "It’s unclear whether LIPUS
regulate the alveolar bone remodeling.” [use regultes].
Response: Thanks for your correcting. We corrected it on Page 5: “It’s unclear whether

LIPUS regulates the alveolar bone remodeling.”

Q4. Page 4, the last paragraph: “Besides, MSCs encapsulated in hydrogels of
certain specific stiffness shows enhanced osteogenesis ability under LIPUS[14].”
[use show, as MSCs, plural nous is the sentence's subject]

Response: Thanks for your correcting. We corrected it on Page 5: “Besides, MSCs
encapsulated in hydrogels of certain stiffness show enhanced osteogenesis ability under

LIPUS [14].”



QS. Page 6, paragraph 4: “Briefly, we obtained nucleated cells from the jaw bone,”
—indicating that the authors used nucleated cells, not BMSCs, which is specifically
for bone marrow-derived MSCs (Citation 16). The authors should provide the
biomarker profiles for the jaw bone-derived nucleated cells. It contradicted page
5: “human bone marrow mesenchymal stem cells (hBMSCs) were isolated to
detect their osteogenic differentiation.” Citation 16 was for BMSC; however,
citation 15 is not for BMSC “15 Yamaza T, Ren G, Akiyama K, Chen C, Shi Y, Shi
S. Mouse mandible contains distinctive mesenchymal stem cells. J Dent Res 2011;
90: 317-324 [PMID: 21076121 DOI: 10.1177/0022034510387796].” Which cell type
did they use?

Response: Thanks for your suggestions. We provided the experimental details for
isolation and culture of jaw bone derived MSCs and updated reference on page 6:
“BMSCs were isolated and cultured following the previously reported protocol 13,
Briefly, we obtained a small piece of cortical bone located above the tooth crown, which
required removal during the extraction of the donor’s impacted third molars. The bone
was carefully sectioned using a scalpel and subsequently digested using collagenase
type I (2 mg/mL; Worthington Biochem, Lakewood, NJ, United States) and dispase II
(4 mg/mL; Roche Diagnostic, Indianapolis, IN, United States) for an hour at 37 °C.
Single-cell suspensions from the jaw bone were subsequently acquired using 70-um
cell strainers (BD Bioscience, United States).

The expression of stem cell surface markers in BMSC- were characterized by flow

cytometry according to the manufacturer’s protocol (BD Bioscience).”
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Supplementary Figure BMSCs were positive for expression of CD73 and CD105, and

negative for expression of CD45 and CD34.

Q6. Page 7: “Compression force was applied to the BMSCs to mimic stress during



orthodontic movement.” What was the citation? What was the calibration of the
force?

Response: Thank you for your concerns. We have added the reference on Page 7:
“Compression force was applied to the BMSCs to mimic stress during
orthodontic movement [171”, The magnitude and method of applied compressive

force were also referred to the above literature.

Q7. Page 7: “LIPUS treatment” — any citations?

Response: Thanks for your review. We have added the reference on Page 8: “The cells
were stimulated with LIPUS following the following specifications: 1.5 MHz frequency,
0.2 pulse duration ratio, 30 mW/cm2 incident intensity, and 1.0 kHz repetition rate.
Stimulation was applied for 20 min every day in vivo and in vitro until the rats and cells
were harvested, and the control group and force group were treated with pseudo-LIPUS.
In vivo, the rats under anesthesia were placed at a constant location, after which the
transducer was pressed against the side of the cheek closest to the maxillary first molar.

In vitro, we attached the transducer to the bottom of the plate corresponding to the well

[18]>>

Q8. Page 13, last paragraph: “To explore whether the role of LIPUS in regulating
the cytoskeleton in BMSCs” is Not an English expression.

Response: Thank you for your careful review of our manuscript. We have changed this
sentence on Page 13: “To explore the role of LIPUS in regulating the cytoskeleton in
BMSCs, we performed F-actin and Lamin A/C immunofluorescence co-staining in

vitro.”

Q9. Page 9, last paragraph: “In total, 27 rats were randomized to the control, force
or force + LIPUS group.” Male? Female? How did they determine the number of
rats? Statistical power calling? Did they access the stem cell status? If not, there
was a disjoint between the in vitro and in vivo data sets.

Response: Thank you for your suggestions. 6-week-old male SD rats were purchased



from Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China), We
have added emphasis on the gender on Page 9: “In total, 27 male rats were randomized
to the control (n=3), force (day 7 and day 14) (n=6 per group) or force + LIPUS group
(day 7 and day 14) (n=6 per group).” No statistical methods were used to predetermine
sample sizes, our sample sizes are similar to those reported in previous publications

(citation 18).
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