Dear Editor:

We sincerely appreciate the opportunity to revise our manuscript (BMRS-D-22-00037) entitled: “Surface Modifications of Titanium Dental Implants with Strontium Eucommia Ulmoides to Enhance Osseointegration and Suppress Inflammation”. We have carefully considered all the comments and revised the paper accordingly. 

We found the comments from the reviewers really insightful and helpful in making our work more comprehensive and conclusions more persuasive. Herein, we explained how we designed supplementary experiments and revised the manuscript based on reviewer’s comments and suggestions. For your convenience, the revised parts in the manuscript are highlighted in yellow. Hopefully, all these revisions could elucidate the concerns addressed by the reviewers.

According to reviewer's comments on supplementing our study with more experiments, we re-allocated some of the revision work to our current postgraduate students Q.S. and Y.W., including sample preparations and most of the in vitro and in vivo experiments. Another author, X.P., supervised the supplementary experiments during this period together with B.T. who supervised the initial rounds of experiments. Thus, we would like to include all of R.S. (initial first author), Q.S., and Y.W. as first authors due to their equal contribution in the entire process, while X.P. and B.T. both are included as corresponding authors. All authors have agreed to the mentioned changes, with their consent signature and more details addressed in the attached form.

We would like to appreciate the kind help from the editorial office during our revision process, and we hope this revision can be considered qualified for acceptance.

Looking forward to hearing from you soon.

Best regards,
Bin Tang
--------------------------------------------------
Dr. Bin Tang
Department of Biomedical Engineering
Southern University of Science and Technology
Shenzhen 518055, P. R. China
Tel/Fax: +86-755-88018923
E-mail: tangb@sustc.edu.cn


Reply to Reviewer #1:

1. In introduction, the biological effect of EUP-Sr should be described in more detail.
The authors would like to thank you for this comment. We agree that with more detailed elaborations on the biological effect of EUP-Sr, the potential readers would obtain more necessary background knowledge of how EUP-Sr is actively regulating the osteoimmune system. We did further literature research on the biological effects of EUP-Sr and include more details in the introduction part regarding this topic.
In 1. Introduction: “Combined with strontium acting as an osteoblastogenesis initiator, strontium Eucommia Ulmoides polysaccharides (EUP-Sr) were synthesized and investigated in a previous work. The polysaccharide complex demonstrated no cytotoxicity in the cell proliferation test, while significantly inhibited multiple proinflammatory factors in the gene expression of macrophages. It was also proven that EUP-Sr could potentially induce bone regeneration by upregulating osteoblastogenesis gene expression while suppressing osteoclastogenesis.”
In 1. Introduction: “In vivo assays confirmed that the EUP-Sr loaded onto the implant could endure surgical manipulations when the surface was rubbed with the alveolar bone, while the polysaccharide complex can actively and consistently benefit the neighboring microenvironment in the recovery process.”

2. What is chemical structure of EUP, and how do EUP and Sr bind each other?
We appreciate this comment. EUP is a natural polysaccharide extracted from a traditional Chinese herbal medicine, Eucommia Ulmoides Oliv. As a bio-macromolecule, the higher structure of EUP is rather complicated (similar idea as the 3-D folding of different proteins). But researchers have managed to understand the primary structure of many polysaccharides including EUP, which can potentially build a fundamental understanding of their higher structures [1]. As other natural carbohydrate polymers originated from plants (e.g., Astragalus polysaccharides [2], Achyranthes bidentata polysaccharides [3], Lycium barbarum polysaccharides [4], etc.), EUP possess such a complicated molecular structure that current chemical characterizations mainly follow the general protocol and criteria by first analyzing the monosaccharide composition, then investigating how they are interconnected to generate a macromolecule [5,6]. To be specific, gas chromatography revealed that EUP contains 36.6% (mass, so are the followings) glucose, 16.6% fructose, 15.7% fucose, 14.2% mannose, 9.5% galactose, and 7.4% arabinose [5]. Further analyzing the FTIR spectra reveals that apart from the ubiquitous C-H and C=O attachments within/between monosaccharides, β-type glycosidic bonds and hydrogen bonds are also the contributors to the primary structure of EUP in the aspect of monosaccharide interconnection [5,6]. Based on these generally acknowledged information about EUP chemical structure, a previous study sought to modify EUP with strontium attachment for the first time [6]. Identifying the intensity change of the peak at 3424 cm-1 and peak shifting at 1000 cm-1 in the FTIR spectra, it is believed that Sr incorporations are ascribed to hydrogen bonds. The 1H NMR spectra further confirmed their hypotheses, revealing the contributions of hydroxyl groups and glycosidic linkages in creating EUP-strontium linkage.

3. In introduction or discussion, authors should describe or speculate the interaction between EUP-Sr and PDA in terms of chemical interaction.
The authors appreciate this helpful comment because by adding a description or speculation of the mechanism to attach EUP-Sr to PDA layer, the general flow and logic connections between certain subsections can be further improved. We have added a speculative statement in the introduction part, while the verification of our anticipation, as the original manuscript was organized, is shown in 3.1.2 based on the ATR-FTIR results. 
In 1. Introduction: “It was proven that PDA-modified surfaces can be further coated with a secondary drug/chemical by creating non-covalent linkages including hydrogen bonds, π stacking, and van der Waals interaction. Thus, it can be speculated that the ubiquitous existence, as well as the hydrogen-bond-availability of glycosidic linkages in various types of polysaccharide complexes, enables the introduction of a secondary polysaccharide coating onto the PDA layer.”

4. Fig.1 may be not needed in this manuscript.
The initial consideration of the authors to include this figure is to provide a direct and illustrative workflow of Ti-EUP-Sr synthesis as an easy reference for potential readers. But according to your comment, we have moved this picture to the supplementary material (Supplementary Materials S1). 

5. In Fig. 6 and 7, what kind of control was used? Was it well plate, uncoated Ti, or PDA-Ti? It might be ideal that both uncoated Ti and PDA-Ti are used as controls.
The authors apologize for our ambiguity in explaining our control group. In Fig. 5 and 6 in the revised manuscript (former Fig. 6 and 7. Indexes were changed according to your comment #4), the control groups used untreated Ti representing traditional titanium dental implants. Corresponding explanations are now included in subsections 3.2.1 and 3.2.2, which could hopefully eliminate any possible confusions.
Your suggestion regarding using both uncoated Ti and Ti-PDA as control groups for our in vitro study is totally understandable because it will provide more comprehensive and convincing controls towards different chemicals that we used. However, the authors would like to respectfully argue that using both Ti and Ti-PDA as controls may not be necessary because:
(1) The main focus of the cell proliferation assay and qPCR test is to compare the biocompatibility, cytotoxicity, and active biological functions of our overall product (i.e. Ti-EUP-Sr) with current dental implants (i.e. untreated Ti). Therefore, we believe by using untreated Ti, our hypotheses can be validated that Ti-EUP-Sr demonstrates no cytotoxicity while potentially provides better effects in suppressing inflammation and promoting tissue repair (osseointegration and angiogenesis) than traditional Ti dental implants after implantation surgery.
(2) The biological influence of PDA surface modification has been investigated thoroughly after its first report in 2007 [7]. It has been previously proved that PDA coating is either mildly toxic or non-toxic to cells [8–10], favorable for cell attachment [11], while Ti-PDA is likely to inhibit the expression of osteoblastic gene expression [10]. Thus, we may intuitively assume that, to apply PDA treatment in the field of bone tissue engineering, the “secondary drug” loaded on PDA layer (in our study, EUP-Sr) should possess satisfying ability in inducing osteointegration and regeneration to counter this inhibition for bone regeneration. This is achieved not only by the promising effects of EUP-Sr, but also another intriguing property of PDA coating that has also been studied: its ability in promoting drug uptake [8,12], which can potentially further enhance the biological effects of the “secondary drug”. 
Therefore, guided by our main focus in this study, based on previous studies for PDA toxicity and biological effects, and the fact that many studies using PDA as a coating layer no longer include substrate-PDA as one of the control groups [12,13], the authors would like to respectfully keep our control group settings as it is (untreated Ti).

6. Only RT-PCT results are too limited for demonstration of immuno-regulatory and osteogenic effects. ELISA and mineralization assay are needed at least.
The authors agree that by supplementing our study with ELISA and mineralization assay would provide more persuasive and comprehensive evaluations for our modified titanium implants. Key genes expression related to immune-regulation (IL-10), osteogenesis (OCN), and angiogenesis (VEGF) were evaluated using ELISA. A 14-days mineralization assay is now included in the supplementary materials S2. We appreciate this suggestion and we hope these results can resolve your concerns.
(ELISA Methods) In 2.5.4 Enzyme-linked immunosorbent assay (ELISA): “The ELISA assay kits used in this study (human VEGF ELISA kit, human OCN ELISA kit, and mouse IL-10 ELISA kit) were bought from Beyotime Biotechnology. Assays were conducted according to supplier’s instructions came with each kit. Briefly, after culturing RAW264.7, HUVECs, and HABOBs for 1, 3, or 7 days on EUP-Sr modified Ti samples, cell supernatant was obtained and diluted before adding 100 μL samples from each group to a 96 well plate. Standard curves (2000, 1000, 500, 250, 125, 62.5 pg/mL) were obtained with every assay proceeded. After adding biotinylated antibodies, streptavidin labeling solution, and TMB solution stepwisely according to the product instruction (5 times of washing are required before adding each solutions mentioned), the well plates were incubated in dark for 20 minutes and supplemented with 50μL/well termination solution. A450 values were measured using a microplate reader (iMark, Bio-Rad).”
(ELISA Results) In 3.2.3 ELISA: “To provide a down-stream evaluation of gene expressions of the mentioned cells in response to EUP-Sr loaded titanium implants, ELISA targeting at vascular endothelial growth factor (VEGF), OCN, and IL-10 were conducted using HUVECs, HABOBs, and RAW264.7 cells, respectively. As shown in Fig. 7, the downstream expressions of IL-10 in RAW264.7 cells and VEGF in HUVECs were both immediately upregulated within only 24 hours of culture. After 3 days, the OCN expression in HABOBs and VEGF expression in HUVECs showed a significant increase. These results further confirmed the osteo-immunoregulatory functions of Ti-EUP-Sr, as well as its promising angiogenetic inducement.” 
[image: ]
Fig. 7. ELISA results confirm increased angiogenesis and osteo-immunoregulatory function.

(Mineralization assay methods & results) In Supplementary Materials S2: “Sterilized Ti-EUP-Sr samples and Ti control samples were air dried and placed in a 24 well plate. Simulated body fluid (SBF) was prepared and added to the samples (1 mL/well) to mimic the in vivo electrolytes and osmolarity environment [1]. The well plate was kept on a 100 rpm shaker at 37 oC for 14 days, where the SBF was exchanged every 3 days. The samples were subsequently rinsed by ddH2O and kept at 37 oC for 4 hours until fully dried. The samples were then coated with gold and observed with Hitachi Regulus SEM.
As is shown in Fig. S2, mineralized structure was more obviously and ubiquitously identified on the surface of EUP-Sr modified Ti using SEM (Hitachi Regulus). Combining our in vitro cell experiments evaluating osteogenic gene expression, we believe Ti-EUP-Sr demonstrates better inducement in bone regeneration.” 
[image: ] 
Fig. S2 EUP-Sr loaded titanium implants (B) demonstrate more effective mineralization compared to untreated Ti (A). Scale bar: 10 μm







Reply to Reviewer #2:

1. 3.1.1. Morphology of samples: It is needed to add direct experiments to support the immobilization. Increasing mass is possible with simple adsorption, which must be distinguished from immobilization. SEM observation is recommended by cutting and showing the sample cross-section or scratching the surface with physical force.
The authors are sorry if we failed to elaborate this in the original manuscript. We agree that showing the SEM cross-sectional view by cutting or scratching the sample would provide a more quick-and-direct confirmation of the immobilization. The mentioned figure is now included in the revised manuscript showing the coating on titanium surface by physical cutting. We agree that adsorption and immobilization can both increase the mass indeed, but we have also confirmed that the EUP-Sr is chemically immobilized onto Ti-PDA surface by forming hydrogen bonds between the glycosidic linkage of EUP-Sr and the ring structure of PDA, according to the peak shifting in the FTIR spectra (section 3.1.2). This phenomenon has also been noticed and fully addressed in a previous study [14]. We sincerely appreciate this kind suggestion and hope the revised manuscript can address this necessary question properly.
(SEM method) In 2.4.1 SEM and SEM/EDS: “To directly confirm and visualize the EUP-Sr coating, the sample was cut and the cross-sectional surface was observed with SEM.”
(SEM result) In 3.1.1 Morphology of samples: “Subsequently, we observed the cross-sectional surface of both Ti (Fig. 1E) and Ti-EUP-Sr (Fig. 1F) with 24 h treatment time using SEM, finding a uniform layer of EUP-Sr coating.” 
[image: ]
Fig. 1. SEM images of hydrothermal alkaline treated Ti (A), Ti-PDA (B), Ti-EUP-Sr-12H (C), and Ti-EUP-Sr-24H (D). Cross sectional view of Ti (E) and Ti-EUP-Sr-24H (F). EDS result of strontium content (G). In Fig. 1(G), values shown are mean ± SD. ⁎⁎p<0.01 or ⁎⁎⁎⁎p<0.0001 stands for a significant difference (no Sr signals were detected in the Ti group).

2. Real-time PCR for only a few genes at a time point makes it difficult to conclude anti-inflammation, osteogenic potential, and angiogenesis functions. It is necessary to analyze the gene expression pattern with time series, not just one time. In addition, more molecular work is needed to support the conclusion, anti-inflammation, osteogenic potential, and angiogenesis functions of Sr.
The authors would like to thank you for this comment. We agree that harvesting cells for assays at different time points would make the result more conclusive, and including other in vitro assays such as ELISA and mineralization assay would make our results more comprehensive. As suggested, the RT-qPCR now includes the results after 1 and 3 days (RAW264.7 cells and HUVECs) or after 3 and 7 days (HABOBs). We also performed ELISA assays targeting at essential genes for immuno-regulation (IL-10), osteo-regeneration (OCN), and angiogenesis (VEGF), as well as a mineralization assay (in supplementary materials S2) to better evaluate the Ti-EUP-Sr.
(ELISA Methods) In 2.5.4 Enzyme-linked immunosorbent assay (ELISA): “The ELISA assay kits used in this study (human VEGF ELISA kit, human OCN ELISA kit, and mouse IL-10 ELISA kit) were bought from Beyotime Biotechnology. Assays were conducted according to supplier’s instructions came with each kit. Briefly, after culturing RAW264.7, HUVECs, and HABOBs for 1, 3, or 7 days on EUP-Sr modified Ti samples, cell supernatant was obtained and diluted before adding 100 μL samples from each group to a 96 well plate. Standard curves (2000, 1000, 500, 250, 125, 62.5 pg/mL) were obtained with every assay proceeded. After adding biotinylated antibodies, streptavidin labeling solution, and TMB solution stepwisely according to the product instruction (5 times of washing are required before adding each solutions mentioned), the well plates were incubated in dark for 20 minutes and supplemented with 50μL/well termination solution. A450 values were measured using a microplate reader (iMark, Bio-Rad).”
(ELISA Results) In 3.2.3 ELISA: “To provide a down-stream evaluation of gene expressions of the mentioned cells in response to EUP-Sr loaded titanium implants, ELISA targeting at vascular endothelial growth factor (VEGF), OCN, and IL-10 were conducted using HUVECs, HABOBs, and RAW264.7 cells, respectively. As shown in Fig. 7, the downstream expressions of IL-10 in RAW264.7 cells and VEGF in HUVECs were both immediately upregulated within only 24 hours of culture. After 3 days, the OCN expression in HABOBs and VEGF expression in HUVECs showed a significant increase. These results further confirmed the osteo-immunoregulatory functions of Ti-EUP-Sr, as well as its promising angiogenetic inducement.” 
[image: ]
Fig. 7. ELISA results confirm increased angiogenesis and osteo-immunoregulatory function.

(Mineralization assay methods & results) In Supplementary Materials S2: “Sterilized Ti-EUP-Sr samples and Ti control samples were air dried and placed in a 24 well plate. Simulated body fluid (SBF) was prepared and added to the samples (1 mL/well) to mimic the in vivo electrolytes and osmolarity environment [1]. The well plate was kept on a 100 rpm shaker at 37 oC for 14 days, where the SBF was exchanged every 3 days. The samples were subsequently rinsed by ddH2O and kept at 37 oC for 4 hours until fully dried. The samples were then coated with gold and observed with Hitachi Regulus SEM.
As is shown in Fig. S2, mineralized structure was more obviously and ubiquitously identified on the surface of EUP-Sr modified Ti using SEM (Hitachi Regulus). Combining our in vitro cell experiments evaluating osteogenic gene expression, we believe Ti-EUP-Sr demonstrates better inducement in bone regeneration.” 
[image: ] 
Fig. S2 EUP-Sr loaded titanium implants (B) demonstrate more effective mineralization compared to untreated Ti (A). Scale bar: 10 μm

3. There are many similar studies to improve the osseointegration via surface modification or coating, and there is a high possibility that coating materials like as Sr will be detected around and lost because dental implant is clinically rubbed with the alveolar bone during implantation. Further experiments are needed on this.
We sincerely appreciate this considerate suggestion based on your concern connecting our study with actual clinical situations. We agree that we haven’t realized this aspect before and we are more than happy to clarify this concern with further experiments. Now we include an in vivo study in our revised manuscript. EUP-Sr coated titanium implants (the implant body is a commercially available product in dentistry) were inserted to rabbits using the same technique as human dental implantation surgery (the animal surgery was done by a locally-prestigious dentist), and hopefully the results can attenuate this necessary concern. 
(Surgery procedure) In section 2.6 Animal experiments: “The in vivo experiment of this study was approved and conducted in Southern University of Science and Technology (Approval#: SCXK2022-0170), where New Zealand rabbits (female, 85-115 days, 2-2.5 kg) were purchased from Guangdong Medical Laboratory Animal Center. The animals were restrained and anesthetized using isoflurane with an increasing concentration gradient, followed by hair removal and iodine sterilization at the surgical area (back right tibia). 2% of lidocaine was used at the surgical area to enhance regional anesthesia followed by further iodine sterilization and a ~5 cm longitudinal incision until the upper-middle region of the tibia was exposed. Periosteum and deep muscular tissue were identified and carefully dragged towards the side to expose the tibia surface. Pre-cooled (4 oC) saline was used to rinse the implantation region, and a 0.5 mm round bur was used to create a ~0.5 mm × 0.5 mm locating region on the cortical bone. Commercialized Ti implants or EUP-Sr modified Ti implants were then inserted through the locating region while screwing. The surgical region was then closed and the animal was recovered. After euthanasia, implants were removed from the tibiae after bone extraction followed by SEM/EDS analysis of the implantation region. The tibiae of the other animals were extracted for micro-CT imaging and reconstructed using Imaris software.”
(Results) In section 3.3 In vivo evaluations of Ti-EUP-Sr: “After the implantation surgery, we (1) immediately sacrificed the animal, harvest the surgical region of the tibia, and removed the inserted implants for SEM/EDX tests, and also (2) performed micro-CT on the experimental animal to confirm the osseointegration. Fig. 8A-D shows the key surgical procedures including tibia exposure, implantation, suturing, sample extraction after euthanasia. From a sample image of the micro-CT reconstruction shown as Fig. 8E/F (re-slicing animation of the entire sample can be seen at Supplementary Materials S3_CT_Control and Supplementary Materials S4_CT_Ti-EUP-Sr), the implants also demonstrated satisfying osseointegration after surgery. In Fig. 8G, negligible amount of strontium was detected around the implantation region, indicating that the EUP-Sr coating remained stable even after the mechanical disturbance during the surgical rubbing between the implant surface and tibia.”

[image: ]
F Fig. 8. The key surgical procedures and results for in vivo experiments. Tibia exposure (A), implantation (B), closure and recover (C), and sample extraction post-euthanasia (D). Micro-CT reconstruction demonstrated satisfying osteointegration of the implant (control: E; Ti-EUP-Sr: F), while the SEM/EDS results confirmed the coating stability with negligible strontium detected around the surgical area (G). 

(Discussion) In section 4. Discussion: “Focusing on the in vivo effects of EUP-Sr-loaded titanium implants, we performed implantation surgeries on rabbits and confirmed the stability of the coating. This is considered essential among contemporary research attempting to modify the surfaces of dental or orthopedic implants, because the mechanical rubbing during the surgery might damage and/or remove the coating, making the modification design completely lost. After confirming that the EUP-Sr coating was maintained after the surgery, as well as its satisfying osseointegration effects, we may anticipate that the polysaccharide complex on the titanium surface will be gradually released to affect its surrounding microenvironments.”

Minor comment: 1. Please use a unified word; osteointegration/osseointegration
We appreciate your carefulness in reading and evaluating our manuscript. The revised manuscript is now using only the word “osseointegration”. We sincerely apologize for any confusion caused.
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