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ITEM RECOMMENDATION Section/
Paragraph
Title 1 Provide as accurate and concise a description of the content of the article |dentification
as possible. of
Abstract 2 Provide an accurate summary of the background, research objectives, CD4+

including details of the species or strain of animal used, key methods,
principal findings and conclusions of the study.

T-helper cells

that nradiira

INTRODUCTION

Background 3 a. Include sufficient scientific background (including relevant references to Retinoic acid
previous work) to understand the motivation and context for the study, ‘ lat
and explain the experimental approach and rationale. Zcifpﬁ;:e a

b. Explain how and why the animal species and model being used can receptor yt

address the scientific objectives and, where appropriate, the study’'s (RORy) is an
relevance to human biology. L

Objectives 4 Clearly describe the primary and any secondary objectives of the study, or

specific hypotheses being tested.

To develop a

hinhh; nAtant

METHODS
Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (e.9. | c57p1/6
Animal [Scientific Procedures] Act 1986), and national or institutional mice were
guidelines for the care and use of animals, that cover the research. oo
Study design 6 For each experiment, give brief details of the study design including: Three
a. The number of experimental and control groups. 12-week-old
b. Any steps taken to minimise the effects of subjective bias when C57BL/6
allocating animals to treatment (e.g. randomisation procedure) and when | mice was
assessing results (e.g. if done, describe who was blinded and when). used for T
c. The experimental unit (e.g. a single animal, group or cage of animals). cell isolation.
A time-line diagram or flow chart can be useful to illustrate how complex
study designs were carried out.
Experimental 7 For each experiment and each experimental group, including controls, Three
procedures provide precise details of all procedures carried out. For example: 19-week-old
a. How (e.g. drug formulation and dose, site and route of administration, C57BL/6
anaesthesia and analgesia used [including monitoring], surgical micewas
procedure, method of euthanasia). Provide details of any specialist sacrificed by
equipment used, including supplier(s). €02, and
b. When (e.g. time of day). CD4+CD25-
c. Where (e.g. home cage, laboratory, water maze). T ‘ie't'sdwfere
. . - . solated from
d. Why (e.g. rationale for choice of specific anaesthetic, route of ! .
e . spleens using
administration, drug dose used). MAA~G
Experimental 8 a. Provide details of the animals used, including species, strain, sex, Three
animals developmental stage (e.g. mean or median age plus age range) and 12-week-old
weight (e.g. mean or median weight plus weight range). C57BL/6
b. Provide further relevant information such as the source of animals, male mice
international strain nomenclature, genetic modification status (e.g. used.

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

Housing and Mice were
husbandry a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or | maintained in
housing; bedding material; number of cage companions; tank shape and | a specific
material etc. for fish). pathogen-free
b. Husbandry conditions (e.g. breeding programme, light/dark cycle, ?"Vironme"t
temperature, quality of water etc for fish, type of food, access to food 'nlaCCOTdance
and water, environmental enrichment). YV'th_ _
c. Welfare-related assessments and interventions that were carried out 'nStt't”t'clmal
prior to, during, or after the experiment. protocol.
Sample size 10 a. Specify the total number of animals used in each experiment, and the 1 mouse
number of animals in each experimental group. .
used in each
b. Explain how the number of animals was arrived at. Provide details of any experiment
sample size calculation used. and 3
c. Indicate the number of independent replications of each experiment, if independnt
relevant. replications
Allocating 11 a. Give full details of how animals were allocated to experimental groups, one animal
animals to including randomisation or matching if done. for each
experimental b. Describe the order in which the animals in the different experimental experiment,
groups groups were treated and assessed. no need to
Experimental 12 Clearly define the primary and secondary experimental outcomes assessed Collected
outcomes (e.g. cell death, molecular markers, behavioural changes). At 90
Statistical 13 a. Provide details of the statistical methods used for each analysis. t-test for
methods b. Specify the unit of analysis for each dataset (e.g. single animal, group of dataset

RESULTS

animals, single neuron).

c. Describe any methods used to assess whether the data met the
assumptions of the statistical approach.

Baseline data 14 For each experimental group, report relevant characteristics and health all animal
status of animals (e.g. weight, microbiological status, and drug or test naive) purchased
prior to treatment or testing. (This information can often be tabulated). froam camnany

Numbers 15 a. Report the number of animals in each group included in each analysis. 11

analysed Report absolute numbers (e.g. 10/20, not 50%?).

b. If any animals or data were not included in the analysis, explain why.

Outcomes and 16 Report the results for each analysis carried out, with a measure of precision | gandarg

estimation (e.g. standard error or confidence interval). derived(SD)

Adverse events 17 a. Give details of all important adverse events in each experimental group. we didn't
b. Describe any modifications to the experimental protocols made to found it.

DISCUSSION

reduce adverse events.

Interpretation/ 18 a. Interpret the results, taking into account the study objectives and The essential
scientific hypotheses, current theory and other relevant studies in the literature. role of RORyt
implications b. Comment on the study limitations including any potential sources of bias, | as a master
any limitations of the animal model, and the imprecision associated with | regulator in
the results®. Th17 cell
c. Describe any implications of your experimental methods or findings for differentiation
the replacement, refinement or reduction (the 3Rs) of the use of animals | and IL-17
in research. production
Generalisability/ 19 Comment on whether, and how, the findings of this study are likely to RORVt is
translation translate to other species or systems, including any relevance to human highly
b|O|Ogy' homanlanv in
Funding 20 List all funding sources (including grant number) and the role of the Funds
funder(s) in the study. stinnorted hv
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	Text2: CD4+ T-helper cells that produce interleukin-17 (Th17 cells) are characterized as pathological T-helper cells in autoimmune diseases. Differentiation of human and mouse Th17 cells requires a key transcription regulator, retinoic acid receptor-related orphan receptor γt (RORγt), which is a potential therapeutic target for autoimmune diseases. To develop a therapeutic agent for Th17-mediated autoimmune diseases, we have established a high-throughput screening (HTS) assay for candidate screening, in which the luciferase activity in RORγt-LBD positive and negative Jurkat cells were analyzed to evaluate induction of RORγt activity by compounds. This technique was applied to screen a commercially-available drug-like chemical compound library (Enamine) which contains 20155 compounds. The screening identified 17 compounds that can inhibit RORγt function in the HTS screen system. Of these, three tetraazacyclic compounds can potently inhibit RORγt activity, and suppress Th17 differentiation and IL-17 production. These three candidate compounds could significantly attenuate the expression of the Il17a by 65%- 90%, and inhibit IL-17A secretion by 47%, 63%, and 74%, respectively. These compounds also exhibited a potent anti-RORγt activity, with EC50 values of 0.25 μM ,0.67 μM and 2.6 μM, respectively. Our data demonstrated the feasibility of targeting the RORγt to inhibit Th17 cell differentiation and function with these tetraazacyclic compounds, and the potential to improve the structure of these compounds for autoimmune diseases therapeutics.
	Text3: Retinoic acid receptor-related orphan receptor γt (RORγt) is an orphan nuclear receptor that displays a canonical domain structure with both highly conserved DNA-binding and ligand-binding domains [1]. The RORγt has been demonstrated to be essential for the expression of Interleukin 17(IL-17 also known as IL-17A) and for the development of Th17 cells [2]. Th17 cells are a subset of CD4+ T cells that have been well known as the major source of IL-17 production [3]. IL-17 is a pro-inflammatory cytokine that is involved in inflammation, tissue damage, and bone loss. Previous research has implicated IL-17 and Th17 cells in several human autoimmune diseases such as rheumatoid arthritis (RA) , multiple sclerosis (MS) , and inflammatory bowel disease (IBD) [4-6]. 
     In 2006, Ivanov et al. [7] showed that retinoic acid-related orphan nuclear receptor γt (RORγt) regulates IL-17 production and dictates Th17 differentiation in mouse. RORγt-deficient T cells are not able to differentiate into Th17 cells [7]. In addition, genetic ablation of RORγt protected from EAE autoimmune disease with impaired Th17 differentiation [8]. Others have reported that human Th17 cells also express RORγt that share an 88% sequence homology with the mouse form [9]. Thus, RORγt is thought to be a potential drug target for controlling the Th17-mediated autoimmune diseases [10]. 
RORγt is composed of multiple functional domains known to be important for transcriptional regulation [11]. The N-terminal domain is a highly conserved DNA-binding domain (DBD) and linked via a hinge region with C-terminal ligand-binding domain (LBD) that contains the ligand-dependent transactivation function. The LBD of RORγt can interact with co-activator or co-repressor complexes after binding of the ligand to regulate target gene transcription [12].
Studies have shown that ligands regulate transactivation function by modulating the conformation of LBD [12]]. Agonist ligands initiate the LBD activation function by steadying a defined conformation characterized by a hydrophobic coactivator binding surface [13]. Antagonist ligands interfere with the development of an active LBD conformation and inhibit coactivator recruitment [14], [15]. Previous research has found that exogenous small molecules such as digoxin and ursolic acidto can act as antagonist ligands for RORγt [14,16]. However, the utility of these specific compounds as candidates for further development is limited, as digoxin displays undesirable side effects, and ursolic acid acts on other nuclear receptors [17]-[18]. 
To develop a highly potent therapeutic agent with low toxicity for autoimmune diseases, we established a high-throughput based reporter assay system for screening chemical compounds that can inhibit RORγt-LBD activity. In this study, we identified three tetraazacyclic compounds as novel potent inhibitors that can antagonize RORγt activity and suppress Th17 cell differentiation and IL-17 production.

	Text5: To develop a highly potent therapeutic agent with low toxicity for autoimmune diseases, we established a high-throughput based reporter assay system for screening chemical compounds that can inhibit RORγt-LBD activity. In this study, we identified three tetraazacyclic compounds as novel potent inhibitors that can antagonize RORγt activity and suppress Th17 cell differentiation and IL-17 production.
	Text6: C57BL/6 mice were purchased from the Laboratory Animal Center of Sun Yat-Sen University (Guangzhou, China), 8–12-week-old mice were used. All mice were maintained in a specific pathogen-free environment in accordance with institutional protocol. All procedures were reviewed and approved by the Laboratory Animal Welfare and Ethics Committee of the Zhongshan School of Medicine, Sun Yat-Sen University．
	Text7: Three 12-week-old C57BL/6 mice was used for T cell isolation. 
	Text8: Three 12-week-old C57BL/6 micewas sacrificed by CO2, and CD4+CD25- T cells were isolated from spleens using MACS magnetic cell column with a CD4+ T cell isolation kit (Miltenyi, Biotec) according to the manufacturer’s protocol. Spleen cells (3x106) were stimulated (in 6-well plates) with 5 μg/ml plate-bound anti-CD3e antibody (eBioscience, USA) and 2 μg/ml soluble anti-CD28 Ab (eBioscience, USA) for 24 hours[22]. Then the activated cells were collected, resuspended and seeded into 96-well round-bottom plates (2x104) for Th17 differentiation in the presence of 5 ng/ml recombinant human TGF-β , 30 ng/ml recombinant mouse IL-6 (R&D systems) and DMSO as control or hit compounds with a final concentration of 5 μM. The cells were cultured for 2 days. Later, fresh medium was added (100ul/well) containing recombinant human TGF-β, recombinant mouse IL-6 (R&D systems) and the hit compounds as previously introduced for culturing another 2 days. After 5 days of culture, splenocyte total RNA was extracted with TRIzol (Invitrogen, USA).  After 5 days of culture, the concentration of IL-17A in the supernatant was determined by an ELISA kit according to the manufacturer’s protocol (CUSABIO Systems, China).

	Text9: Three  12-week-old C57BL/6 male mice used.  
	Text10: Mice were maintained in a specific pathogen-free environment in accordance with institutional protocol. 
	Text11: 1 mouse  used in each experiment and 3 independnt replications  had been performed. 
	Text12: one animal for each experiment, no need to allocated. 
	Text13: Collected about 20 million cells and allocated into 96-well plate, then culture with medium added with hit compounds. 
	Text14: t-test for dataset 
	Text15: all animal purchased from company with qualification certificate. We preformed experiments in a couple of weeks and no other test have been conducted during the study. 
	Text16: 1/1
	Text17: standard derived(SD)
	Text18: we didn't found it. 
	Text19: The essential role of RORγt as a master regulator in Th17 cell differentiation and IL-17 production has been described previously. RORγt is thought to be a promising, novel drug target for the clinical treatment of many autoimmune disorders [15],[24]. Another IL-17 family member, IL-17F, is also abundantly expressed in Th17 cells and has a high sequence homology and functional similarity with IL-17A [15]. Increased level of IL-17F has also been detected in autoimmune cases, suggesting that IL-17F may play a similar role to that of IL-17A [4,25,26]. Recently, several reports have shown that digoxin, ursolic acid, and SR1001 can inhibit RORγt  activity which in turn can reduce IL-17A secretion and Th17 cell differentiation. Unfortunately, digoxin has severe side effects in clinical therapy, ursolic acid lacks specificity due to interaction with other nuclear receptors [17]-[18], and SR1001 exhibited a relatively weak activity in Th17 cell differentiation study [27]. In this study, a set of lead compounds with tetraazacyclic moiety were identified to inhibit RORγt transcription activity, Th17 cell differentiation, and IL-17A secretion. 
RORγt is involved in many physiological processes and widely expressed in thymus, brain, liver, muscle, pancreas, and other organs [28-30]. In addition to its T-cell related functions, RORγt is also involved in the regulation of phase I and phase II enzyme expression in liver, lipid and glucose metabolism, regulation of clock and circadian rhythm, and lymph node development [13]. Multiple functions of RORγt made it challenging to target its activity for therapy, as exhibited in the use of digoxin, which presents many side effects because of the multi-functionality of this pathway. Designing a T-cell specific drug will be a solution to this problem. In this study, we found that compounds 11 and 14 exhibited suppression of RORγt activity in T-cell derived cell-Jurkats and not in 293T cells, exhibiting potency that is cell type-specific. This variation in activity between two cell lines will provide the possibility to develop T cell specific drugs from these candidate compounds. 
Recent studies have showed that the regulation of IL-17A and IL-17F expression by RORγt involves the CNS2 regulatory region at the il17-il17f locus [25,31]. This indicates that IL-17A and IL-17F are direct targets of RORγt transcriptional regulation by binding to CNS2 region [31]. Our study also found that these screened candidates all exhibited significant inhibition on IL-17 expression at 5μM in the mice upon Th17 cell differentiation. Although compound 7, like SR1001,  showed a relatively weak inhibition with ~50% suppression activity on IL-17A production, compounds 11 and compound 14 exhibited more potent inhibitory effect, with the reduction in IL-17A production close to 80% both in mRNA expression and protein secretion. However, compound 14 displayed no significant inhibition on IL-17F expression. The results suggested that these compounds have different inhibitory activities against IL-17A and IL-17F expression. 
In addition, the three candidates, especially compound 11, displayed a high therapeutic efficacy with EC50 values at very low concentrations (nanomolar) in our Gal4-reporter system. Compounds 11 and 14 also displayed limited cytotoxicities in wild-type Jurkat cells, with CC50 values significantly greater than 5μM as determined by MTT assays. These results indicate that compounds 11 and 14 could be potent candidates with high T-cell specificity and limited cytotoxicity in Th17-mediated autoimmune diseases. 
   Structural analysis demonstrated that compounds 7, 11, and 14 share a highly similar scaffold. The three candidates are tetraazacyclic compounds, characterized by a tetrazolium benzene group and an aromatic heterocyclic group connected by a single sulfur bridge. However, these compounds demonstrated different effects on Th17 cell differentiation and RORγt activity. Our data showed that compound 7 could inhibit RORγt activity in 293T cells but the other two compounds cannot, compounds 7 and 11 dramatically inhibited IL-17F mRNA expression, but compound 14 had less effect on IL-17F expression in mouse T cells, although all compounds can inhibit IL-17A and RORγt expression well. These differences amongst three compounds indicate some structure-based effects which can inform future drug development. An analysis of SAR (structure-activity relationships) among these compounds is needed for optimization of these compounds for clinical use. 
b. in this study, we used mouse spleenocytes as in vitro model to observed the effect of found compound on Th17 cell differentiation. There are two kind of limitations: cell culture in vitro which will differ from in vivo environment. second mouse is differ from human. We still need to care about the different species. 
c. we use in vitro model rather than in vivo model to reduce the amount of mice from at least 6 to 3 mice. 
	Text20: RORγt is highly homology in human and mouse. The result for HTS and mouse Th17 in vitro differentiation is high consistent, which indicate the possibility of translated the result from mouse to human. 
	Text21: Funds supported by the Natural Science Foundation of China (81370751for BY and 31170831 for HZ), and the Guangdong Recruitment Program of Creative Research Group (No.2009010058 for HZ).
	Text1: Identification of tetraazacyclic compounds as novel potent inhibitors antagonizing RORγt activity and suppressing Th17 cell differentiation


