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The ARRIVE Essential 10

ARIVE The ARRIVE guidelines 2.0: author checklist

These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers
cannot assess the reliability of the findings.

Section/line
Item Recommendation number, or reason
for not reporting
o q g q . . . . The following groups are compared.
Study design 1 For each experiment, provide brief details of study design including: e 9
3.Cartilage gel,

a. The groups being compared, including control groups. If no control group has e
been used, the rationale should be stated. The aroups ave compared wih the aroud

chrl\‘i v?rtjge:nment was performed by using

b. The experimental unit (e.g. a single animal, litter, or cage of animals). e e

. . . . 30 numbers of animals were used.
Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the Cartiage gel - 10 animals
total number in each experiment. Also indicate the total number of animals used. ECM-10 animals
b. Explain how the sample size was decided. Provide details of any a priori sample ;'CEFZSEFZ?&Zﬁifcﬁeﬁﬁ,?a‘?."eéfybm o
. . . ublished.
size calculation, if done. '
1. Choi UY, Joshi HP, Payne S, Kim KT,

- . . . . . . . . 30 healthy SD rats were used for the
Inclusion and 3 a. Describe any criteria used for including and excluding animals (or experimental ZE"SLL”:EE‘S;WZesemranim;sam
exclusion units) during the experiment, and data points during the analysis. Specify if these | adatapons.
criteria criteria were established a priori. If no criteria were set, state this explicitly. 10 number of animals in

q q q q q h i tal

b. For each experimental group, report any animals, experimental units or data points | e veed o o 0P
not included in the analysis and explain why. If there were no exclusions, state SO. |, wumber ofanimais in each experiment

grou

c. For each analysis, report the exact value of nin each experimental group. 3?&";2;}”’

Randomisation 4 a. State whether randomisation was used to allocate experimental units to control Randomonization was
and treatment groups. If done, provide the method used to generate the performed tol allocate
randomisation sequence. experimental units.

b. Describe the strategy used to minimise potential confounders such as the order In the experiment,
of treatments and measurements, or animal/cage location. If confounders were confounders were
not controlled, state this explicitly. not controlled.

- ] . . . The allocation, conduct of
Blinding 5 Describe who was aware of the group allocation at the different stages of the experiment, data analysis,
experiment (during the allocation, the conduct of the experiment, the outcome was performed by the person
assessment, and the data analysis). gf;ewgzgf‘ involved in the
. The following outcome measures were
Outcome 6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, i?ﬁ:éﬁ:ﬂ.‘:.a.:odyn.a,wm.ey‘es‘
measures or behavioural Changes)' :Zi.m';lclogma\ analysis: H&E and safranin O

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the Ja%?lssé‘fm;é’f'iriﬁféﬂéé";i?ﬁQf'@’SIS’iﬁQJQS
outcome measure that was used to determine the sample size. g“e»"'"a'QE::Jnfi;é’:n!”i’?hi""s‘“e-'e"

- - . . . . . . . or the statistical analysis of the data,
Statistical 7  a. Provide details of the statistical methods used for each analysis, including St (o501 Crpioag
methods software used. (s imagej i gouly)vas used o the

b. Describe any methods used to assess whether the data met the assumptions Of | e sivarance oA was vosd to
the statistical approach, and what was done if the assumptions were not met. 33?;;.!2%:%’5{55‘:‘;"; ,i'é'é’l'u:e‘?{i)m(?s?‘ié?e‘"

Experimental 8 a. Provide species-appropriate details of the animals used, including species, strain Eg;%pﬁésgag“e")aw'ey
animals and substrain, sex, age or developmental stage, and, if relevant, weight. Weight-220-240grams

b. Provide further relevant information on the provenance of animals, health/immune §E§$$2‘3%2’2€§§52§Y”“" oy

. g . . e rats used in the experiments were not
status, genetic modification status, genotype, and any previous procedures. genetcall modifed

£ q a . . . rior to surgery, the peritoneal site was
Experimental 9  For each experimental group, including controls, describe the procedures in enough | s 7o kool an s were

. . . . deeply anesthetized with a general
procedures detail to allow others to replicate them, including: anesthesia mixture of Zoleti® (50 mglkg,
After the surgery, per 10 animals in 3 groups

a. What was done, how it was done and what was used. fespecivily were iecied mmeciatdy:

b. When and how often. Injection of treatment materials were

performed immediately after surgery.

c. Where (including detail of any acclimatisation periods).

To observe the regeneration capacity of
g q injectable cartilage gel.
d. Why (prowde rationale for procedures). %g;;&:;gcf?&elgg:zg;r'lg;lr??gu|ed
Results 10 For each experiment conducted, including independent replications, report: Craphpad P (veroon 801 GrapiPad

a. Summary/descriptive statistics for each experimental group, with a measure of
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.

Software), was used and ImageJ software
(https://imagej.nih.gov/ij) was used for the
quantification of data. Data are presented as
mean +atandard arrar of the mean (SFMY
The effect size with a
confidence interval is not

applicable
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The Recommended Set

These items complement the Essential 10 and add important context to the study. Reporting the items in both sets
represents best practice.

Recommendation

Section/line
number, or reason
for not reporting

Provide an accurate summary of the research objectives, animal species, strain
and sex, key methods, principal findings, and study conclusions.

Obijective: This study aimed to restore the inter

a. Include sufficient scientific background to understand the rationale and
context for the study, and explain the experimental approach.

b. Explain how the animal species and model used address the scientific
objectives and, where appropriate, the relevance to human biology.

Lower back pain is a major problem caused
by intervertebral disc degeneration, resulting
in a significant burden on individuals and
society. A common surgical procedure is

The injectable engineered cartilage gel has
higher therapeutic potential than its cellular or
ECM component alone, and support further
translation to large animal models and human
subjects. In the future, simple intradiscal

iniartinne nf iniactahla aninaarad rartilana

Clearly describe the research question, research objectives and, where
appropriate, specific hypotheses being tested.

The primary question was to be wether injectat

Provide the name of the ethical review committee or equivalent that has approved
the use of animals in this study, and any relevant licence or protocol numbers (if
applicable). If ethical approval was not sought or granted, provide a justification.

The animal experiments were performed
according to the direction approved by the
Institutional Animal Care and Use Committee
(IACUC) of CHA Bundang Medical Center
(IACUC 200141).

Provide details of housing and husbandry conditions, including any environmental
enrichment.

Animals were acclimatized for a week at a light

a. Describe any interventions or steps taken in the experimental protocols to
reduce pain, suffering and distress.

b. Report any expected or unexpected adverse events.

c. Describe the humane endpoints established for the study, the signs that were
monitored and the frequency of monitoring. If the study did not have humane
endpoints, state this.

1. Animals were handled with care and gently.
2. Rats were deeply anesthetized with a
general anesthesia during surgery.
3.Throughout the surgical procedure, the

rats’ body temperature was maintained at
279 with tha air nf 2 tharmnctatiralls

No any expected and unexpected adverse
events were observed in the experiments.

An appropriate dose of analgesic
(Ketoprofen, SCD Pharm. Co. Ltd., Seoul,
Korea) and antibiotic (Cefazolin, CKD
Pharmaceuticals, Seoul, Korea) for 3 days
after surgery was provided to protect the
Amimmale frmm infantinme and nain

a. Interpret the results, taking into account the study objectives and hypotheses,
current theory and other relevant studies in the literature.

b. Comment on the study limitations including potential sources of bias,
limitations of the animal model, and imprecision associated with the results.

Implantation of the cartilage gel promoted
degenerative disc repair compared to
hFCPCs or hFCPC-derived ECM by
increasing the cellularity and matrix integrity,
promoting reconstruction of the nucleus
il rmtnrinm dinn i

We focused only on NP preservation by the
intradiscal injection of cartilage gel, but not on
the AF. Although this provides temporary
symptomatic relief, the AF defect remains
untreated, which may cause reherniation and
Furthor danenarafinn of the VD

Comment on whether, and how, the findings of this study are likely to generalise
to other species or experimental conditions, including any relevance to human
biology (where appropriate).

This study demonstrated the high potential of
cartilage gel implantation as an innovative
treatment for IVD herniation, as it not only
prevented IVD tissue degeneration but also
reduced pain. Furthermore, in the future,
simple intradiscal injections of injectable
engineered cartilage gel may be an effective
treatment option without any scaffolds or

Provide a statement indicating whether a protocol (including the research
question, key design features, and analysis plan) was prepared before the study,
and if and where this protocol was registered.

The animal experiments were performed
according to the direction approved by the
Institutional Animal Care and Use Committee
(IACUC) of CHA Bundang Medical Center.

Provide a statement describing if and where study data are available.

Al datasets used and/or analyzed during the ct

a. Declare any potential conflicts of interest, including financial and non-financial.
If none exist, this should be stated.

b. List all funding sources (including grant identifier) and the role of the funder(s)
in the design, analysis and reporting of the study.

The authors declare no
potential conflict of interest.

This study was supported by Korea Health
Technology Research and Development
Project, Ministry for Health and Welfare
Affairs (HR16C0002, HH21C0027 and
HI17C2191). I.H., B.H.C designed the study
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	Study design - 1a: The following groups are compared.

1.Healthy, 

2. Injury only,

3.Cartilage gel, 

4.hFCPCs,

5.ECM

The groups are compared with the group Injury only. In behavior test , three groups (cartilage gel, hFCPCs and ECM) are compared.
	Study design - 1b: The experiment was performed by using following :

 Number of animals : 30

Number of cages:15 
	Sample size - 2a: 30 numbers of animals were used.

Cartilage gel - 10 animals 

hFCPCs- 10 animals

ECM-10 animals
	Sample size - 2b: The sample size was decides on the basis of given references which were already published.



1. Choi UY, Joshi HP, Payne S, Kim KT, Kyung JW, Choi H, Cooke MJ, Kwon SY, Roh EJ, Sohn S, Shoichet MS, Han I. An Injectable Hyaluronan-Methylcellulose (HAMC) 

Hydrogel Combined with Wharton's Jelly-Derived Mesenchymal Stromal Cells (WJ-MSCs) Promotes Degenerative Disc Repair. Int J Mol Sci. 2020 Oct 7;21(19):7391. doi: 10.3390/ijms21197391. PMID: 33036383; PMCID: PMC7582266.



2. Takeoka Y, Yurube T, Morimoto K, Kunii S, Kanda Y, Tsujimoto R, Kawakami Y, Fukase N, Takemori T, Omae K, Kakiuchi Y, Miyazaki S, Kakutani K, Takada T, Nishida K, Fukushima M, Kuroda R. Reduced nucleotomy-induced intervertebral disc disruption through spontaneous spheroid formation by the Low Adhesive Scaffold Collagen (LASCol). Biomaterials. 2020 Mar;235:119781. doi: 10.1016/j.biomaterials.2020.119781. Epub 2020 Jan 11. PMID: 31981764.
	Inclusion and exclusion criteria - 3a: 30 healthy SD rats were used for the experiments.

No crietria sets were set for animals and adata points.
	Inclusion and exclusion criteria - 3b: 10 number of  animals in each experimental group were used.
	Inclusion and exclusion criteria - 3c: 10 number of animals  in each experimental group

n=10(Von Frey)

n=4 (Immunoflurosence)

n=3 (RT-PCR)

n= 6 (Histo;ogy)

n=7 (MRI)

n=6 (Immunohistochemistry)


	Randomisation - 4a: Randomonization was performed to allocate experimental units.
	Randomisation - 4b: In the experiment, confounders were not controlled.
	Blinding - 5:  The allocation, conduct of experiment, data analysis, was performed by the person who was not involved in the experiment.
	Outcome measures - 6a: The following outcome measures were asssessed.

1. Mechanical allodynia-Von frey test

2.MRI

3.Histological analysis: H&E and safranin O

4. Immunohistochemistry: Aggrecan and type II collagen

5.Immunoflurosence :

 pain-CGRP, Inflammation-MMP-13, IL1beta, TNF-alpha,disc NP marker - Brachyury, Tie2 , cell proliferation-Human nuclei antibody, 

6.RTPCR: iNOS, TNF-alpha


	Outcome measures - 6b:  The sample size (n) was considered on the basis of reference papers that were already published.

The p-values < 0.05 were considered statistically significant in the experiments.
	Statistical methods - 7a: For the statistical analysis of the data, GraphPad Prism (version 5.01, GraphPad Software), was used and ImageJ software (https://imagej.nih.gov/ij/) was used for the quantification of data. 

One-way analysis of variance (ANOVA) was used to assess the effects of multiple treatments in in vivo experiments, and p-values < 0.05 were considered statistically significant.
	Statistical methods - 7b: For the stastistical approach, One-way analysis of variance (ANOVA) was used to assess the effects of multiple treatments in in vivo experiments, and p-values < 0.05 were considered statistically significant.
	Experimental animals - 8a: Rat type- Sprague-Dawley 

Age-8 weeks

Weight-220-240grams
	Experimental animals - 8b: All animals were healthy with no any disorders were observed.

The rats used in the experiments were not genetically modified .
	Experimental procedures - 9a: Prior to surgery, the peritoneal site was sterilized with 70% alcohol, and rats were deeply anesthetized with a general anesthesia mixture of Zoletil® (50 mg/kg, Virbac Laboratories, Carros, France) and Rompun® (10 mg/kg, Bayer, Korea) injected intraperitoneally. Then, the proximal-most part of the tail, along with the pelvic area, was sterilized with 70% alcohol followed by a povidone-iodine solution. A longitudinal incision of 1 cm was made along the tail to expose the lateral portion of the coccygeal disc. Subsequently, a #11 scalpel blade was inserted 1.5 mm into the coccygeal disc (Co4-5, Co5-6), and then, nucleotomy was performed by disc AF incision and NP aspiration with a 22-gauge catheter on a 5-mL syringe [9]. Nucleotomy at Co4-5 was performed to assess the effects of materials in 30 rats. Thereafter, 15-μL intradiscal injections of cartilage gels, hFCPCs, and ECM were injected using a 25-gauge catheter (Figure 1 A). We did not inject anything after nucleotomy in Co5-6 (the injury-only group). Finally, the skin was sutured and disinfected, and an appropriate dose of analgesic (Ketoprofen, SCD Pharm. Co. Ltd., Seoul, Korea) and antibiotic (Cefazolin, CKD Pharmaceuticals, Seoul, Korea) for 3 days after surgery was provided. 
	Experimental procedures - 9b: After the surgery, per 10 animals in 3 groups  (1. cartilage gel, 2. hFCPCs and 3. ECM ) respectively were injected immediately.
	Experimental procedures - 9c: Injection of treatment materials were performed immediately after surgery.
	Experimental procedures - 9d: To observe the regeneration capacity of injectable cartilage gel.

Implantation of the cartilage gel promoted degenerative disc repair compared to hFCPCs or hFCPC-derived ECM by increasing the cellularity and matrix integrity, promoting reconstruction of the nucleus pulposus, restoring disc hydration, and downregulating inflammatory cytokines and pain.
	Results - 10a: For the statistical analysis of the data, GraphPad Prism (version 5.01, GraphPad Software), was used and ImageJ software (https://imagej.nih.gov/ij/) was used for the quantification of data. Data are presented as mean ±standard error of the mean (SEM) and box plot, One-way analysis of variance (ANOVA) was used to assess the effects of multiple treatments in in vivo experiments, and p-values < 0.05 were considered statistically significant.
	Results - 10b: The effect size with a confidence interval is not applicable
	Abstract - 11: Objective: This study aimed to restore the intervertebral disc structure and functions by utilizing injectable engineered cartilage gel.Key methods : We investigated the effectiveness of an engineered cartilage gel utilizing human fetal cartilage-derived progenitor cells (hFCPCs) on intervertebral disc repair in a rat tail nucleotomy model. Eight-week-old female Sprague-Dawley rats were randomized into three groups to undergo intradiscal injection of (1) cartilage gel, (2) hFCPCs, or (3) decellularized extracellular matrix (ECM) (n=10/each group). The treatment materials were injected immediately after nucleotomy of the coccygeal discs. The coccygeal discs were removed 6 weeks after implantation for radiologic and histological analysis. Findings : Implantation of the cartilage gel promoted degenerative disc repair compared to hFCPCs or hFCPC-derived ECM by increasing the cellularity and matrix integrity, promoting reconstruction of the nucleus pulposus, restoring disc hydration, and downregulating inflammatory cytokines and pain. Conclusion:  Our results demonstrate that injectable engineered cartilage gel has higher therapeutic potential than its cellular or ECM component alone, and support further translation to large animal models and human subjects. In the future, simple intradiscal injections of injectable engineered cartilage gel may be an effective treatment option without any scaffolds or growth factors for IVD diseases. 
	Background - 12a: Lower back pain is a major problem caused by intervertebral disc degeneration, resulting in a significant burden on individuals and society. A common surgical procedure is lumbar partial discectomy (excision of the herniated disc causing nerve root compression) results in further disc degeneration, leading to severe lower back pain and disability after discectomy. Thus, the development of disc regenerative therapies for patients who require lumbar partial discectomy is crucial. This study aimed to restore the intervertebral disc structure and functions by utilizing injectable engineered cartilage gel. 



We investigated the effectiveness of an engineered cartilage gel utilizing human fetal cartilage-derived progenitor cells (hFCPCs) on intervertebral disc repair in a rat tail nucleotomy model. Eight-week-old female Sprague-Dawley rats were randomized into three groups to undergo intradiscal injection of (1) cartilage gel, (2) hFCPCs, or (3) decellularized extracellular matrix (ECM) (n=10/each group). The treatment materials were injected immediately after nucleotomy of the coccygeal discs. The coccygeal discs were removed 6 weeks after implantation for radiologic and histological analysis.
	Background - 12b: The injectable engineered cartilage gel has higher therapeutic potential than its cellular or ECM component alone, and support further translation to large animal models and human subjects. In the future, simple intradiscal injections of injectable engineered cartilage gel may be an effective treatment option without any scaffolds or growth factors for IVD diseases.
	Objectives - 13: The primary question was to be wether injectable cartilage gel would regenerate the degenerated IVD by restoring the cell, reducing proinflmatory cytokines, pain in comparision to hFCPCs and ECM. Objective: This study aimed to restore the intervertebral disc structure and functions by utilizing injectable engineered cartilage gel, fetal cartilage-derived progenitor cells (hFCPCs) and ECM on intervertebral disc repair in a rat tail nucleotomy model. Eight-week-old female Sprague-Dawley rats were randomized into three groups to undergo intradiscal injection of (1) cartilage gel, (2) hFCPCs, or (3) decellularized extracellular matrix (ECM) (n=10/each group). The treatment materials were injected immediately after nucleotomy of the coccygeal discs. 
	Ethical statement - 14: The animal experiments were performed according to the direction approved by the Institutional Animal Care and Use Committee (IACUC) of CHA Bundang Medical Center (IACUC 200141).
	Housing and husbandry - 15: Animals were acclimatized for a week at a light/dark cycle of 12/12 hours (temperature: 22 ± 1°C and relative humidity; 50% ± 1%) and free approach to food and water.
	Animal care and monitoring - 16a: 1. Animals were handled with care and gently.

2. Rats were deeply anesthetized with a general anesthesia  during surgery.

3.Throughout the surgical procedure, the rats’ body temperature was maintained at 37°C with the aid of a thermostatically regulated heating pad. 

4. An appropriate dose of analgesic (Ketoprofen, SCD Pharm. Co. Ltd., Seoul, Korea) and antibiotic (Cefazolin, CKD Pharmaceuticals, Seoul, Korea) for 3 days after surgery was provided.
	Animal care and monitoring - 16b: No any expected and unexpected adverse events were observed in the experiments.
	Animal care and monitoring - 16c: An appropriate dose of analgesic (Ketoprofen, SCD Pharm. Co. Ltd., Seoul, Korea) and antibiotic (Cefazolin, CKD Pharmaceuticals, Seoul, Korea) for 3 days after surgery was provided to protect the animals from infections and pain.
	Interpretation scientific implicationsm - 17a: Implantation of the cartilage gel promoted degenerative disc repair compared to hFCPCs or hFCPC-derived ECM by increasing the cellularity and matrix integrity, promoting reconstruction of the nucleus pulposus, restoring disc hydration, and downregulating inflammatory cytokines and pain. 

Our results demonstrate that injectable engineered cartilage gel has higher therapeutic potential than its cellular or ECM component alone, and support further translation to large animal models and human subjects. In the future, simple intradiscal injections of injectable engineered cartilage gel may be an effective treatment option without any scaffolds or growth factors for IVD diseases. 
	Interpretation scientific implications - 17b: We focused only on NP preservation by the intradiscal injection of cartilage gel, but not on the AF. Although this provides temporary symptomatic relief, the AF defect remains untreated, which may cause reherniation and Further degeneration of the IVD. 

Further, the rat disc doesnot resemble to the humans. 
	Generalisability/translation - 18: This study demonstrated the high potential of cartilage gel implantation as an innovative treatment for IVD herniation, as it not only prevented IVD tissue degeneration but also reduced pain. Furthermore, in the future, simple intradiscal injections of injectable engineered cartilage gel may be an effective treatment option without any scaffolds or growth factors for IVD diseases. 
	Protocol registration - 19: The animal experiments were performed according to the direction approved by the Institutional Animal Care and Use Committee (IACUC) of CHA Bundang Medical Center. 
	Data access - 20: All datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
	Declaration of interests - 21a: The authors declare no potential conflict of interest.
	Declaration of interests - 21b: This study was supported by Korea Health Technology Research and Development Project, Ministry for Health and Welfare Affairs (HR16C0002, HH21C0027 and HI17C2191). I.H., B.H.C designed the study


