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ITEM RECOMMENDATION ng;g’gph
Title 1 Provide as accurate and concise a description of the content of the article GM-CSE-load
as possible. ed chitosan
Abstract 2 Provide an accurate summary of the background, research objectives, Background:
including details of the species or strain of animal used, key methods, The

principal findings and conclusions of the study.

annliratinn nf

INTRODUCTION
Background 3 a. Include sufficient scientific background (including relevant references to .

- o Vaccine
previous work) to understand the motivation and context for the study, di ‘
and explain the experimental approach and rationale. ﬁa{gz::n

b. Explain how and why the animal species and model being used can extensively
address the scientific objectives and, where appropriate, the study’'s studied in
relevance to human biology. .
Objectives 4 Clearly describe the primary and any secondary objectives of the study, or Here. we

specific hypotheses being tested.

hava

METHODS
Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (€.9. | A} animal
Animal [Scientific Procedures] Act 1986), and national or institutional experiments
guidelines for the care and use of animals, that cover the research. ool £
Study design 6 For each experiment, give brief details of the study design including: To confirm
a. The number of experimental and control groups. the safety of
b. Any steps taken to minimise the effects of subjective bias when adjuvants, 50
allocating animals to treatment (e.g. randomisation procedure) and when | Ml of CH-HG,
assessing results (e.g. if done, describe who was blinded and when). Complete
c. The experimental unit (e.g. a single animal, group or cage of animals). Z;TS:;;
A time-line diagram or flow chart can be useful to illustrate how complex (CFA), or
study designs were carried out. Ineamnlate
Experimental 7 For each experiment and each experimental group, including controls, 50 pl of
procedures provide precise details of all procedures carried out. For example: CH-HG
a. How (e.g. drug formulation and dose, site and route of administration, Complete
anaesthesia and analgesia used [including monitoring], surgical Freund’s
procedure, method of euthanasia). Provide details of any specialist adjuvant
equipment used, including supplier(s). (CFA), or
b. When (e.g. time of day). Incomplete
c. Where (e.g. home cage, laboratory, water maze). F;‘?““d'f A
. . . . adjuvan
d. Why (e.g. rationale for choice of specific anaesthetic, route of WeJre injec(:ted)
administration, drug dose used). A
Experimental 8 a. Provide details of the animals used, including species, strain, sex, Splenocytes
animals developmental stage (e.g. mean or median age plus age range) and were
weight (e.g. mean or median weight plus weight range). harvested
b. Provide further relevant information such as the source of animals, from the
international strain nomenclature, genetic modification status (e.g. immunized

knock-out or transgenic), genotype, health/immune status, drug or test
naive, previous procedures, etc.

mice (five per
aroun) for 2
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Housing and

Provide details of:

Animals were

b. Describe any modifications to the experimental protocols made to
reduce adverse events.

husbandry a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or | housed with
housing; bedding material; number of cage companions; tank shape and | aninverse 12
material etc. for fish). hr day-night
b. Husbandry conditions (e.g. breeding programme, light/dark cycle, cycleina
temperature, quality of water etc for fish, type of food, access to food temperature
and water, environmental enrichment). 22 oC and
e 0
c. Welfare-related assessments and interventions that were carried out h”":'d'ltlydss L
prior to, during, or after the experiment. controfle
Sample size 10 a. Specify the total number of animals used in each experiment, and the Fifty
number of animals in each experimental group. microliters of
b. Explain how the number of animals was arrived at. Provide details of any CH-HG, CFA,
sample size calculation used. and IFA
c. Indicate the number of independent replications of each experiment, if containing
relevant. OVA
Allocating 11 a. Give full details of how animals were allocated to experimental groups, We randomly
animals to including randomisation or matching if done. selected
experimental b. Describe the order in which the animals in the different experimental experimental
groups groups were treated and assessed. mice when
Experimental 12 Clearly define the primary and secondary experimental outcomes assessed
. These data
outcomes (e.g. cell death, molecular markers, behavioural changes). Aererctemto
Statistical 13 a. Provide details of the statistical methods used for each analysis. Differences in
methods b. Specify the unit of analysis for each dataset (e.g. single animal, group of | continuous
animals, single neuron). variables
c. Describe any methods used to assess whether the data met the were
assumptions of the statistical approach. analvzed bv
Baseline data 14 For each experimental group, report relevant characteristics and health We also
status of animals (e.g. weight, microbiological status, and drug or test naive) | . ecked the
prior to treatment or testing. (This information can often be tabulated). hody wainhte
Numbers 15 a. Report the number of animals in each group included in each analysis. 5 mice per
analysed Report absolute numbers (e.g. 10/20, not 50%?). each
b. If any animals or data were not included in the analysis, explain why. experimental
Outcomes and 16 Report the results for each analysis carried out, with a measure of precision | 1h¢ external
estimation (e.g. standard error or confidence interval). morphologies
Adverse events 17 a. Give details of all important adverse events in each experimental group.

We didn't
have adverse
events during

DISCUSSION
Interpretation/ 18 a. Interpret the results, taking into account the study objectives and we have
scientific hypotheses, current theory and other relevant studies in the literature. developed a
implications b. Comment on the study limitations including any potential sources of bias, | novel
any limitations of the animal model, and the imprecision associated with | adjuvant
the results®. system that
c. Describe any implications of your experimental methods or findings for yields high
the replacement, refinement or reduction (the 3Rs) of the use of animals | immune
in research. responses
Generalisability/ 19 Comment on whether, and how, the findings of this study are likely to This local
translation translate to other species or systems, including any relevance to human depot system
b|0|09y mav ha
Funding 20 List all funding sources (including grant number) and the role of the This work
funder(s) in the study. was
References:

1. Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG (2010) Improving Bioscience Research Reporting: The ARRIVE Guidelines
for Reporting Animal Research. PLoS Biol 8(6): €1000412. doi:10.1371/journal.pbio.1000412
2. Schulz KF, Altman DG, Moher D, the CONSORT Group (2010) CONSORT 2010 Statement: updated guidelines for reporting parallel
group randomised trials. BMJ 340:c332.



	Text2: Background: The application of vaccine adjuvants has been vigorously studied for a diverse range of diseases in order to improve immune responses and reduce toxicity. However, most adjuvants have limited uses in clinical practice due to their toxicity. 
Methods: Therefore, to reduce health risks associated with the use of such adjuvants, we developed an advanced non-toxic adjuvant utilizing biodegradable chitosan hydrogel (CH-HG) containing ovalbumin (OVA) and granulocyte-macrophage colony-stimulating factor (GM-CSF) as a local antigen delivery system. 
Results: After subcutaneous injection into mice, OVA/GM-CSF-loaded CH-HG demonstrated improved safety and enhanced OVA-specific antibody production compared to oil-based adjuvants such as Complete Freund’s adjuvant (CFA) or Incomplete Freund’s adjuvant (IFA). Moreover, CH-HG system-mediated immune responses was characterized by increased number of OVA-specific CD4+ and CD8+ INF-γ+ T cells, leading to enhanced humoral and cellular immunity.
Conclusions: In this study, the improved safety and enhanced immune response characteristics of our novel adjuvant system suggest the possibility of the extended use of adjuvants in clinical practice with reduced apprehension about toxic side effects.
	Text3: Vaccine adjuvants have been extensively studied in order to enhance their safety and improve the immune responses elicited by the accompanying antigen for immunotherapy. However, conventional adjuvants evoke serious side effects due their toxicity. This has limited their use in clinical trials in recent years and poses as a serious hurdle to effective adjuvant-based immunotherapy, resulting in side effects such as boil and pyrexia occurring in clinical trials. Mineral oil-based media, Complete Freund’s adjuvant (CFA) and Incomplete Freund’s adjuvant (IFA), are available as commercialized products and are potent adjuvants commonly used in animal research, as they can augment both humoral and cellular immune responses to a wide range of antigens. However, they are toxic to human subjects, and their use in animals are now also discouraged or banned by many institutional animal ethics committees due to their noxious side effects. These limitations enforce the need for novel and improved adjuvant systems to replace the existing ones.
Here, we have developed an improved chitosan hydrogel (CH-HG) system as a vaccine adjuvant to enhance induced immune responses and reduce toxicity. Chitosan is particularly attractive for clinical and biological applications due to its low toxicity, low immunogenicity, biocompatibility, and biodegradability. In addition, CH-HG displays a liquid-solid phase transition depending on temperature, allowing CH-HG to simply be injected at the diseased site without a requirement for surgical procedure. Therefore, CH-HG may lead to enhanced safety and immune responses at disease sites. Moreover, CH-HG can be gradually degraded by enzymes in the body after the antigen has been completely released.

These studies motivated us to ask whether GM-CSF function could be improved in prolonged immune responses at a local adjuvant site. Here, we present a novel immunization strategy using CH-HG-loaded GM-CSF/OVA as an adjuvant system to increase immunogenicity in both humoral and cellular immune responses in a mouse model as a proof-of-concept, and in order to approach a clinically relevant study of GM-CSF in CH-HG as an enhanced adjuvant for vaccination that evokes an improved immune response, while exhibiting lower toxicity compared to existing adjuvants.  

Conventional adjuvants evoke serious side effects due their toxicity. This has limited their use in clinical trials in recent years and poses as a serious hurdle to effective adjuvant-based immunotherapy, resulting in side effects such as boil and pyrexia occurring in clinical trials. Therefore, we need animal study to demonstrate safety and immune responses from hydrogel system.
	Text5: Here, we have developed an improved chitosan hydrogel (CH-HG) system as a vaccine adjuvant to enhance induced immune responses and reduce toxicity.
	Text6: All animal experiments conformed to the under a protocol approved by the Korea University Institutional Animal Care and Use Committee (Reference Number: ????). All procedures were performed in accordance with recommendations for the proper animal care and use.
	Text7: To confirm the safety of adjuvants, 50 μl of CH-HG, Complete Freund’s adjuvant (CFA), or Incomplete Freund’s adjuvant (IFA) were injected subcutaneously into mice (n=5). The external morphologies of the adjuvants were monitored in the mice, and the hydrogel volume was measured using calipers for 14 days. After 14 days from initial administration, we measured body weights to evaluate the toxicity of each adjuvant. 

Fifty microliters of CH-HG, CFA, and IFA containing OVA+GM-CSF were injected subcutaneously into mice (n=5), and the adjuvants were boosted at 7 days using the same injection volume. The IgG, IgG1, and IgG2a levels in serum were measured by ELISA 3 weeks after the first immunization. 
	Text8: 50 μl of CH-HG, Complete Freund’s adjuvant (CFA), or Incomplete Freund’s adjuvant (IFA) were injected subcutaneously into mice.

Fifty microliters of CH-HG, CFA, and IFA containing OVA+GM-CSF were injected subcutaneously into mice, and the adjuvants were boosted at 7 days using the same injection volume. 

To assess OVA specific immune responses, we immunized mice with 50 μl of one of five different solutions; 1) 50 μg of OVA solution, 2) 50 μg of OVA solution with GM-CSF, 3) CH-HG containing 50 μg of OVA, 4) CH-HG containing 50 μg of OVA + 50 ng of GM-CSF, or 5) IFA containing 50 μg of OVA + 50 ng of GM-CSF.
	Text9: Splenocytes were harvested from the immunized mice (five per group) for 2 weeks after the first immunization.  
	Text10: Animals were housed with an inverse 12 hr day-night cycle in a temperature 22 oC and humidity 55% controlled room.

All animals allowed free access to water and a maintenance diet containing 0.75% calcium in a 12 hr cycle.
	Text11: Fifty microliters of CH-HG, CFA, and IFA containing OVA+GM-CSF were injected subcutaneously into mice, and the adjuvants were boosted at 7 days using the same injection volume.
we immunized mice with 50 μl of one of five different solutions; 1) 50 μg of OVA solution, 2) 50 μg of OVA solution with GM-CSF, 3) CH-HG containing 50 μg of OVA, 4) CH-HG containing 50 μg of OVA + 50 ng of GM-CSF, or 5) IFA containing 50 μg of OVA + 50 ng of GM-CSF. 

The experiment was repeated three times.
	Text12: We randomly selected experimental mice when we inject materials into mice.

There is not referring to any individual experiment in this study.
	Text13: These data demonstrate that immunization with CH-HG/OVA+GM-CSF significantly enhances OVA-specific humoral immune response (IgG1), and the CH-HG induced immune response would be strongly dependent on the Th2 type immune response. 
	Text14: Differences in continuous variables were analyzed by Student’s t-test for comparing two groups and ANOVA was performed to compare differences between multiple groups. For values that were not normally distributed, the Mann-Whitney rank sum test was used. The statistical package for the Social Sciences (SPSS, Inc.) was used for all statistical analyses. A p value of < 0.05 was considered statistically significant.

For each test, the experimental unit was an individual animal.

Test for normality was performed by student t-test.
	Text15: We also checked the body weights of mice for 2 weeks after SC injection of CH-HG to evaluate adjuvant toxicity. While CFA and IFA injected groups weighted less, the CH-HG injected group did not weigh significantly different than the control group, suggesting that the CH-HG system displayed enhanced safety at the in injection site.
	Text16: 5 mice per each experimental group included in each analysis.
	Text17: The external morphologies of the adjuvants were monitored in the mice, and the hydrogel volume was measured using calipers for 14 days. After 14 days from initial administration, we measured body weights to evaluate the toxicity of each adjuvant. We also checked the body weights of mice for 2 weeks after SC injection of CH-HG to evaluate adjuvant toxicity.
	Text18: We didn't have adverse events during animal experiment.
	Text19: we have developed a novel adjuvant system that yields high immune responses without negative side effects at the local site of interest due to matrix toxicity. Our data demonstrate that CH-HG based local antigen delivery can invoke antigen specific CD8+ T cell immunity. Such CH-HG based adjuvant strategies may have broad potential as antigen delivery platforms in human disease and represent an opportunity for further development of vaccine based immunotherapeutics. 

We didn't have limitation in this study.

Although the CH-HG mediated adjuvant platform can be useful for diseases associated with the immune system and with the intent to enhance immune response, additional possibilities of optimized loading for effective cytokine or immune modulator using the CH-HG platform may be explored and developed for research purposes.
	Text20: This local depot system may be attractive for many biomedical applications, including administration of anesthetic agents after surgery and treatment of certain skin, breast, or neck cancers. Such an approach may also be useful for adjuvant therapy, or as a local treatment for chronic periodontitis.
	Text21: This work was supported by the National Research Foundation of Korea (NRF) grant funded the Korea government (NRF-2012R1A2A1A03008433) (Y.M.P.), (NRF-2013M3A9D3045881), and (NRF-2012R1A2A2A01007527). This work was supported by Basic Research Laboratory Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future Planning (No.2013R1A4A1069575) (H.D.H.). This work was supported by a grant of the Korea Healthcare technology R&D Project, Ministry of Health and Welfare, Republic of Korea (A062260) (T.W.K.).
	Text1: GM-CSF-loaded chitosan hydrogel as an immunoajuvant enhances antigen-specific immune responses with reduced toxicity.


