
The ARRIVE Essential 10
These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers 
cannot assess the reliability of the findings.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Study design 1 For each experiment, provide brief details of study design including:

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

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

Sample size 2 a.	 Specify the exact number of experimental units allocated to each group, and the 
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done.

Inclusion and 
exclusion 
criteria

3 a.	 Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so.

c.	 For each analysis, report the exact value of n in each experimental group.

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

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

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis).

Outcome 
measures

6 a.	 Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size.

Statistical 
methods

7 a.	 Provide details of the statistical methods used for each analysis, including 
software used.

b. Describe any methods used to assess whether the data met the assumptions of 
the statistical approach, and what was done if the assumptions were not met.

Experimental 
animals

8 a.	 Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used.

b. When and how often.

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

d. Why (provide rationale for procedures).

Results 10 For each experiment conducted, including independent replications, report:

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.
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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.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain 
and sex, key methods, principal findings, and study conclusions.

Background 12 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.

Objectives 13 Clearly describe the research question, research objectives and, where 
appropriate, specific hypotheses being tested.

Ethical 
statement

14 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.

Housing and 
husbandry

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

Animal care and 
monitoring

16 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.

Interpretation/
scientific 
implications

17 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.

Generalisability/
translation

18 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).

Protocol 
registration

19 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.

Data access 20 Provide a statement describing if and where study data are available.

Declaration of 
interests

21 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.
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	Study design - 1a: 2.1/92
	Study design - 1b: a single mouse
	Sample size - 2a: 2.1/92,n = 11 per group,TTC n=4,WB n=4,TUNEL/IF n=3
	Sample size - 2b: This study is an exploratory mechanistic investigation, and no a priori power calculation was performed. The sample size was determined based on the following comprehensive considerations:



Reference to literature: It was based on the commonly used sample size range in previously published studies employing similar MCAO/R models and assessing outcomes like neurological scores and infarct volume.



Results from pilot experiments: Preliminary data from earlier pilot experiments in our laboratory indicated that this sample size would be sufficient to detect statistically significant effects of NRG1 treatment on primary outcome measures (e.g., mNSS score, infarct volume).



Animal ethics (3R Principles): In line with the "Reduction" principle, the minimum number of animals required to obtain reliable conclusions was used, while ensuring scientific rigor.
	Inclusion and exclusion criteria - 3a: 2.1/87

• Animal Inclusion Criteria: Mice that successfully underwent MCAO surgery and survived until the predetermined endpoint.

• Animal Exclusion Criteria (Predefined/A Priori): 1) Death during surgery or within 48 hours post-reperfusion; 2) Failure in establishing the MCAO model.

• Data Point Exclusion Criteria (Predefined/A Priori): 1) Invalid data due to technical failures (e.g., damaged Western Blot membrane, CCK-8 reader error); 2) Results from behavioral tests significantly affected by evident external interference (e.g., loud noise).
	Inclusion and exclusion criteria - 3b: A total of 54 experimental mice were initially used, with 33 mice finally included in the study. The reasons for non-inclusion comprised mouse mortality and unsuccessful surgery. No animals were excluded from the sham group. All exclusions were decided and documented prior to data collection.



During data analysis, data were excluded from Western blot experiments for reasons such as failed transfer due to operational issues, inconsistent loading of reference proteins across lanes on the membrane, and structural defects in brain tissue sections.
	Inclusion and exclusion criteria - 3c: • Behavioral analysis: Sham group n=10, Vehicle group n=10, NRG1 group n=10.

• Infarct volume analysis: Sham group n=4, Vehicle group n=4, NRG1 group n=4.

• Western Blot and caspase‑1 analysis: Sham group n=4, Vehicle group n=4, NRG1 group n=4.

• Immunofluorescence and TUNEL staining analysis: Sham group n=3, Vehicle group n=3, NRG1 group n=3.




	Randomisation - 4a: Yes. Prior to performing surgery on each batch of mice, the mice were allocated sequentially in order of increasing body weight to Sham group, Vehicle group, and NRG1 group.
	Randomisation - 4b: Order of Surgery and Treatment: Each day's surgical procedures included mice from all experimental groups (Sham, Vehicle, NRG1). The order in which mice underwent surgery followed a pre-generated random sequence to avoid confounding between "group assignment" and factors such as "surgical date" or "operator fatigue."



Housing Environment: All mice cages were initially placed in random positions within the animal facility and systematically rotated to new positions once per week. This was done to reduce systematic bias from environmental factors such as light, ventilation, and noise.



Outcome Assessment: Behavioral testing (mNSS scoring) and all image-based analyses (TTC, TUNEL, immunofluorescence) were performed by evaluators who were blinded to group assignment (single-blind).
	Blinding - 5: Blinding Implementation Stages and Personnel Clarification:

Blinding was implemented throughout the experiment to the fullest extent feasible. The awareness of group allocation at different stages is detailed as follows:



Allocation Stage:

• Personnel Aware: Hao Chen.

• Description: Hao Chen was responsible for matching mouse IDs with their assigned groups (Sham, Vehicle, NRG1) according to a pre-generated randomization sequence, and for preparing the corresponding coded labels and injection materials (NRG1 or Vehicle) for each mouse. Upon completion of these tasks, Hao Chen did not participate in subsequent surgical procedures, animal care, or data collection.



Experiment Conduct Stage:

• Personnel Aware: Yaozhuo Cai and Dandan Wang.

• Description: Yaozhuo Cai (the surgeon) and Dandan Wang (the drug administrator) were aware of the group assignments while performing the MCAO surgery and tail vein injections, as this knowledge was necessary for the procedures.



Outcome Assessment Stage:

• Personnel Aware: None (The assessor was blinded).

• Description: All primary outcome measures were assessed by researcher Yuzhen Wang, who was blinded to group allocation. This included:



Neurological deficit scoring (mNSS)



Image analysis for cerebral infarct volume following TTC staining



Quantitative analysis of TUNEL and immunofluorescence staining images



All samples were identified solely using the coded labels previously assigned by Hao Chen.



Data Analysis Stage:

• Personnel Aware: Kaiqi Zhu.

• Description: Kaiqi Zhu was responsible for the final statistical analysis. During analysis, groups in the data files were represented by codes (e.g., Group1, Group2, Group3). The decoding key was provided by Hao Chen only after all statistical analyses were completed and graphs were finalized, at which point the codes were replaced with the actual group names.
	Outcome measures - 6a: he following outcome measures were assessed in this study:



Neurological Deficit: Evaluated using the modified Neurological Severity Score (mNSS). This composite score assesses motor, sensory, reflex, and balance functions, with a total score ranging from 0 to 18. A higher score indicates more severe neurological impairment. Assessments were conducted at 24 and 48 hours post-reperfusion.



Cerebral Infarct Volume: After 48 hours of reperfusion, brains were harvested and stained with 2,3,5-triphenyltetrazolium chloride (TTC). Unstained areas were defined as infarct regions. Infarct volume was quantified using ImageJ software and expressed as (infarct volume / volume of the ipsilateral hemisphere) × 100%.



Pyroptosis-related Indicators:

• Caspase-1 Activity: The enzymatic activity of caspase-1 in brain tissue homogenates was detected using a commercial assay kit. It was quantified by measuring the absorbance at 405 nm, which corresponds to the release of p-nitroaniline (pNA) from the substrate Ac-YVAD-pNA catalyzed by caspase-1.

• Proportion of Pyroptotic Cells: DNA fragmentation was labeled by TUNEL staining. TUNEL-positive cells in ipsilateral brain tissue sections or cultured cells were counted under a fluorescence microscope, and the result was expressed as the percentage of positive cells relative to the total cell count.



Cell Viability and Death:

• Cell Viability: Assessed using the Cell Counting Kit-8 (CCK-8) assay. Cell viability percentage was calculated by measuring the absorbance at 450 nm.

• Cell Death: Evaluated by detecting the release of lactate dehydrogenase (LDH) into the culture medium. The absorbance at 490 nm was measured, and the cell death percentage was calculated.



Expression of Molecular Markers:

• Protein Expression Levels: The relative expression levels of the following proteins were quantified using Western Blot analysis: tight junction protein (Occludin), mesenchymal marker (α-SMA), NLRP3 inflammasome (NLRP3), interleukin-1β (IL-1β), phosphorylated and total AKT (p-AKT, AKT), and phosphorylated and total NF-κB p65 (p-p65, p65). GAPDH or β-Tubulin was used as the internal reference.

• Protein Localization and Expression: Immunofluorescence staining was used to observe the fluorescence intensity and distribution of Occludin and α-SMA in tissue sections and cells.




	Outcome measures - 6b: This study is an exploratory mechanistic investigation aimed at elucidating the protective effects of NRG1, rather than conducting confirmatory efficacy testing. Consequently, no single primary outcome measure was pre-specified for sample size calculation. The sample size (n=11 per group) was determined based on the common sample sizes used in previous similar MCAO/R studies, preliminary results from our laboratory's pilot experiments, and the 3R principles (specifically Reduction) of animal ethics. In the data analysis, all aforementioned outcome measures were considered equally important as endpoints for the mechanistic investigation.
	Statistical methods - 7a: All statistical analyses were performed using GraphPad Prism software (version 8.0.2). The specific analytical methods were as follows:

1. Comparisons between two groups (e.g., Sham group vs. Vehicle group at a specific time point): Unpaired, two-tailed Student's t-tests were used.



2. Comparisons among multiple groups (e.g., comparisons between different treatment groups): One-way analysis of variance (ANOVA) was used. If the overall test was significant (*p* < 0.05), Tukey's post hoc test was further employed for pairwise comparisons between groups.



3. Data presentation: All quantitative data are presented as the mean ± standard deviation.



4. Significance level: Statistical significance was defined as *p* < 0.05.
	Statistical methods - 7b: Prior to performing parametric tests (t-tests, ANOVA), the following assumption tests were conducted on the data:



Normality Test: The Shapiro-Wilk test was used. If the data conformed to a normal distribution (*p* > 0.05), the parametric methods described above were employed.



Homogeneity of Variances Test: The Brown-Forsythe test (before ANOVA) or the F-test (before t-tests) was used. If variances were homogeneous (*p* > 0.05), standard tests were applied. If variances were heterogeneous, appropriate corrections were used:

• For t-tests, the Welch's correction was applied.

• For one-way ANOVA, Welch's ANOVA was used, followed by the Games-Howell post hoc test for multiple comparisons.



When data severely deviated from a normal distribution (e.g., Shapiro-Wilk test *p* < 0.01), non-parametric tests were used regardless of sample size:

• For comparisons between two groups: Mann-Whitney U test.

• For comparisons among multiple groups: Kruskal-Wallis test, followed by Dunn's post hoc test for multiple comparisons.



Application Record: In the analyses for this study, most continuous variable data (e.g., infarct volume percentage, relative protein expression levels) were confirmed to meet the assumptions of normality and homogeneity of variances upon testing. Therefore, the results from parametric tests are primarily reported. Any transformations applied to the raw data (e.g., logarithmic transformation) or the final use of non-parametric test methods have been explicitly noted in the corresponding figure legends or results text.
	Experimental animals - 8a: 2.1/87
	Experimental animals - 8b: 2.1/88
	Experimental procedures - 9a: 2.2;2.3;2.4;2.8;2.9;2.10
	Experimental procedures - 9b: 2.1;2.2 Modeling and Drug Administration: The duration of MCAO-induced ischemia was 1 hour. NRG1 or Vehicle was administered via tail vein injection once at 1 hour after the onset of ischemia (i.e., at the beginning of reperfusion) and again at 24 hours post-reperfusion.



2.3 Assessment Time Points: mNSS scoring was performed at 24 and 48 hours after reperfusion. Animals were euthanized and brain tissues were collected for subsequent analysis at 48 hours post-reperfusion.
	Experimental procedures - 9c: 1. 2.1 Acclimatization: All mice were group-housed in an SPF-grade animal room (Experimental Animal Center of Lishui University) and acclimated under standard conditions (temperature 25±1°C, humidity 65±5%, 12/12-hour light/dark cycle) for at least 7 days before the start of experiments.



2. Surgical Location: MCAO surgery was performed in an operating room within the animal facility.



3. Behavioral Testing and Sample Processing: Behavioral testing was conducted in a quiet behavioral laboratory. Tissue processing, molecular biology experiments, and image analysis were all completed in corresponding standardized laboratories.
	Experimental procedures - 9d: Use of the MCAO/R model: This is the most classic and widely accepted model for studying focal cerebral ischemia-reperfusion injury, as it effectively simulates the process of blood flow restoration and related pathological changes following human ischemic stroke.



Selection of NRG1 intervention time points: Administration at the onset of reperfusion aims to mimic the scenario of immediate neuroprotection after clinical thrombolysis or thrombectomy; a second dose at 24 hours post-reperfusion aims to assess its sustained protective effects.



Evaluation at the 48-hour endpoint: This time point allows for sufficient infarct formation and full activation of inflammatory and cell death pathways, making it a common time point for assessing the efficacy of acute-phase interventions.



Selection of indicators such as mNSS, TTC, WB, and TUNEL: This aims to comprehensively evaluate the protective effects of NRG1 against cerebral I/R injury and its underlying mechanisms from multiple perspectives—including behavior, histomorphology, molecular pathways, and modes of cell death—with a specific focus on NLRP3 inflammasome activation and EndMT.
	Results - 10a: 3.1;3.2;3.4;3.5
	Results - 10b: This study is an exploratory mechanistic investigation that primarily focuses on the biological significance and statistical significance of NRG1 treatment, rather than being pre-specified to require reporting of effect sizes. Therefore, effect sizes with their confidence intervals were not routinely provided in the Results section.
	Abstract - 11: abstract/14-40;2.1/87
	Background - 12a: introduction/43-84
	Background - 12b: 1. Animal species (C57BL/6J mice): This inbred strain has a well-defined genetic background and excellent uniformity, making it one of the most commonly used strains in neuroscience research. Its response to cerebral ischemic injury is highly reproducible and comparable, providing a reliable in vivo platform for studying the mechanisms of cerebral I/R injury.



2. In vivo model (MCAO/R): This model is the "gold standard" for simulating I/R injury associated with vascular recanalization (e.g., thrombolysis, thrombectomy) following human ischemic stroke. It replicates the core pathological features of human stroke, including focal cerebral infarction, neurological deficits, blood-brain barrier disruption, and neuroinflammation. Therefore, findings from this model in our study have direct clinical relevance.



3. In vitro model (hCMEC/D3 cells, OGD/R): The use of an immortalized human cerebral microvascular endothelial cell line avoids species differences and allows for a more direct reflection of the responses of human cerebrovascular endothelial cells to ischemia/reperfusion stress. The OGD/R model simulates the core pathophysiological environment of I/R (oxygen-glucose deprivation and restoration) at the cellular level. By combining in vivo and in vitro models, the mechanism of action of NRG1 can be elucidated at multiple levels and from various perspectives—from the whole organism to the cellular and molecular levels—significantly enhancing the persuasiveness of the study's conclusions and its translational potential for human disease.
	Objectives - 13: Research Question:Can Neuregulin-1 (NRG1) attenuate cerebral ischemia-reperfusion (I/R) injury-induced endothelial-mesenchymal transition (EndMT) by inhibiting NLRP3 inflammasome activation? If so, is this effect dependent on the AKT/NF-κB signaling pathway?Research Objectives:1. To assess the effects of NRG1 intervention on neurological deficits, cerebral infarct volume, and endothelial cell survival/death following cerebral I/R injury, both in vivo (using the MCAO/R mouse model) and in vitro (using OGD/R-treated endothelial cells).2. To investigate whether NRG1 suppresses NLRP3 inflammasome activation after cerebral I/R injury, as measured by caspase-1 activity, expression levels of NLRP3 and IL-1β, and the extent of pyroptosis.3. To elucidate whether NRG1 exerts the above inhibitory effect by modulating the AKT/NF-κB signaling pathway, assessed by measuring levels of phosphorylated AKT (p-AKT) and phosphorylated NF-κB p65 (p-p65).4. To verify whether NRG1 can mitigate the progression of EndMT induced by cerebral I/R injury, by examining the expression and localization of the endothelial marker Occludin and the mesenchymal marker α-SMA.5. To further confirm the pivotal role of the NLRP3 inflammasome in NRG1-mediated regulation of EndMT in vitro, using the specific NLRP3 inflammasome inhibitor MCC950 and activator Nigericin.Hypothesis to be Tested:We hypothesize that in cerebral I/R injury, NRG1 activates AKT and inhibits the phosphorylation and nuclear translocation of its downstream target NF-κB. This, in turn, suppresses the assembly and activation of the NLRP3 inflammasome, reduces the maturation and release of inflammatory cytokines such as IL-1β, and ultimately attenuates or blocks EndMT in cerebrovascular endothelial cells, thereby exerting neurovascular protective effects.
	Ethical statement - 14: 2.1/96-98
	Housing and husbandry - 15: 1. Housing Facility: All mice were housed in the SPF (Specific Pathogen Free)-grade barrier environment animal rooms at the Experimental Animal Center of Lishui University.2. Environmental Parameters: The ambient temperature was maintained at 25 ± 1°C, with a relative humidity of 65 ± 5%. A 12-hour light/12-hour dark cycle was employed (light period typically from 7:00 AM to 7:00 PM).3. Caging and Bedding: Mice were group-housed, with 3-5 animals per cage. A standard individually ventilated caging (IVC) system was used. The cages were provided with sterile wood chip bedding, which was changed regularly to maintain cleanliness and dryness.4. Diet and Water: Animals had ad libitum access to irradiated standard rodent maintenance feed and autoclaved drinking water.5. Acclimatization Period: Upon arrival, animals were acclimated under the aforementioned standard conditions for at least 7 days before being used in experiments, to alleviate transport stress and stabilize their physiological state.
	Animal care and monitoring - 16a: 1. Anesthesia and Analgesia: All surgical procedures were performed under deep anesthesia (intraperitoneal injection of avertin).



2. Body Temperature Maintenance: A thermostatic heating pad was used to maintain the animal's body temperature during surgery and the postoperative recovery period to prevent stress and complications caused by hypothermia.



3. Postoperative Care: After surgery, animals were placed singly in a recovery cage with clean bedding that was warm and quiet until they were fully conscious. Moistened soft diet and gel-based water supplements were provided to ensure easy access to nutrition and hydration.



4. Experimental Design: A well-established MCAO/R model was employed, with strict control of the ischemic duration (1 hour), aiming to produce observable pathological changes while minimizing irreversible severe damage.
	Animal care and monitoring - 16b: Throughout the entire study, no unexpected serious adverse events occurred, such as uncontrollable status epilepticus, intracranial massive hemorrhage, or severe infection. While a small number of mice died prior to the predetermined observational endpoint due to stroke-related complications (presumed to be cerebral edema or severe neurological deterioration), this is an established risk associated with this type of stroke model.
	Animal care and monitoring - 16c: This study established clear humane endpoints. The monitoring plan was as follows:



Monitoring Indicators: The following signs were closely observed and recorded:

1. Signs of Distress: Extreme lethargy, hunched posture, piloerection (ruffled fur), tremors, labored breathing.

2. Neurological Deterioration: Complete loss of voluntary movement, inability to eat or drink.

3. Weight Loss: Weight loss exceeding 20% within 24 hours post-surgery.

4. Wound Issues: Infection, dehiscence (splitting open), or persistent bleeding at the surgical incision site.



Monitoring Frequency:

1. Critical Postoperative Period (within 24 hours): Animals were checked every 6 hours.

2. From Postoperative Day 2 to the Endpoint (48 hours): Animals were checked every 12 hours.



Humane Endpoint Criteria: Euthanasia (via cervical dislocation) was to be performed immediately if an animal met any of the following criteria:

1. Exhibited multiple signs from the "Signs of Distress" list with no indication of improvement.

2. Experienced rapid weight loss exceeding 20% and was unable to eat independently.

3. Developed severe, uncontrollable complications (e.g., convulsions).
	Interpretation scientific implicationsm - 17a: 4/261-334
	Interpretation scientific implications - 17b: 4/326-329

1. Potential Bias: Although partial blinding was implemented (blinding of the assessors), the surgeon and the drug administrator were aware of the group allocations. This could introduce unconscious performance bias regarding the precision of the surgical procedure or details of drug injection. Future studies could employ full blinding, for example, by having a third-party prepare coded drug syringes.



2. Limitations of the Animal Model:

1) Species Differences: Differences in cerebrovascular anatomy, collateral circulation, and inflammatory responses between mice and humans may affect the direct translatability of the findings to the clinic.

2) Model Specificity: The MCAO/R model primarily simulates recanalization after thromboembolic large vessel occlusion and does not encompass the pathological features of all stroke subtypes (e.g., small vessel disease).

3) Acute Phase Observation: This study only observed acute phase changes within 48 hours post-reperfusion and did not evaluate the long-term effects of NRG1 on functional recovery and chronic sequelae (e.g., neurogenesis, fibrosis).



3. Depth of Mechanistic Investigation: We primarily used pharmacological tools (MCC950, Nigericin) to link NLRP3 with EndMT. Future studies could utilize endothelial cell-specific NLRP3 knockout mouse or cellular models to provide more direct genetic evidence. Furthermore, the precise molecular dialogue by which NRG1 regulates the interaction between AKT and NF-κB (e.g., whether other intermediary proteins are involved) warrants further elucidation.



4. Imprecision of the Results:

1) Sample Size: As an exploratory study, the sample size was relatively small (n=10 per group for behavioral tests, n=3-4 for biochemical/morphological analyses). This may reduce statistical power, increase the risk of Type II errors, and result in less stable estimates of effect sizes.

2) Influence of Endogenous NRG1: We observed upregulation of endogenous NRG1 expression in the model group. However, the study did not use NRG1-neutralizing antibodies or receptor antagonists to exclude its influence. Therefore, it is not possible to fully distinguish the contribution of exogenously administered NRG1 from that of compensatory endogenous NRG1 responses.



5. Interactions Between Cell Types: The study focused on endothelial cells. However, cerebral I/R injury is a complex process involving interactions among multiple cell types, including neurons, microglia/macrophages, and astrocytes. Whether NRG1 indirectly affects endothelial function by regulating NLRP3 inflammasome activity in other cells (e.g., microglia) remains unclear.
	Generalisability/translation - 18: The findings of this study hold positive prospects for extrapolation across species and translational applications. Their generalizability and clinical relevance are based on the following points:



1. Direct Relevance to Human Biology:

1) Direct Link from Cellular Models: Key mechanistic investigations in this study utilized immortalized human cerebral microvascular endothelial cells (hCMEC/D3). Therefore, the core discovery that NRG1 inhibits EndMT via the AKT/NF-κB-NLRP3 axis originates directly from human cells, significantly mitigating concerns regarding species differences and providing strong cellular evidence for translating the research findings to humans.

2) Conserved Signaling Pathways: This study focused on the AKT, NF-κB, NLRP3 inflammasome, and EndMT processes, which are highly conserved core signaling pathways and pathological mechanisms in mammals. They also play crucial roles in human cardiovascular/cerebrovascular diseases, fibrotic diseases, and inflammatory disorders, increasing the likelihood that the mechanistic findings can be extrapolated across species.



2. Generality to Other Experimental Conditions:

1) Different I/R Injury Models: This study employed both in vivo MCAO/R (focal cerebral ischemia) and in vitro OGD/R models. The protective effects of NRG1 were consistently validated across these two different model levels, suggesting that its effects may not depend on a specific modeling technique and may have a degree of generality, potentially applicable to I/R injury research in other organs (e.g., heart, kidney).

2) Inflammation-Driven Pathological Processes: Since NLRP3 inflammasome activation and EndMT are common features of various chronic inflammatory and fibrotic diseases (e.g., atherosclerosis, pulmonary fibrosis, diabetic vascular complications), the NRG1 regulatory axis revealed in this study may offer new therapeutic insights for these conditions, although its specific efficacy needs to be verified in corresponding disease models.



3. Potential and Challenges for Clinical Translation:

1) Translational Potential: The study simulated the clinical time window for reperfusion therapy (administration immediately upon reperfusion), demonstrating the potential of NRG1 as an acute-phase intervention. It provides a novel candidate target for mitigating secondary injury following stroke recanalization.

2) Limitations of Extrapolation: It is important to note that the research was primarily conducted during the acute phase (within 48 hours). Long-term functional recovery, tissue repair, and adaptive plasticity processes after stroke may involve different mechanisms. Furthermore, human stroke patients exhibit high heterogeneity (age, comorbidities, genetic background), factors not represented in the homogeneous young mouse model, which may affect the generalizability of the efficacy in human populations.



Conclusion: In summary, the NRG1-AKT/NF-κB-NLRP3-EndMT axis revealed in this study, based on findings from human cells and targeting evolutionarily conserved pathways, is highly likely to be generalizable to other species and relevant human pathological conditions, particularly in diseases involving acute inflammation and endothelial dysfunction. However, its precise therapeutic benefits and scope of application require further confirmation through models that more closely approximate the complexity of human disease (e.g., aged animals, animal models with comorbidities) as well as future preclinical and clinical studies.
	Protocol registration - 19: This study is an exploratory basic science investigation. Prior to the study's commencement, we developed a detailed internal experimental protocol based on the research objectives and preliminary pilot results. This protocol clearly defined the research question, animal model establishment methods, drug administration regimen, primary observation indicators, and analysis strategy. However, this experimental protocol was not prospectively registered on a public clinical trial or animal study protocol registry platform (such as PROSPERO, Open Science Framework, etc.). This is common practice for most exploratory mechanistic studies in this field. The design, conduct, and reporting of this study adhere to the ARRIVE 2.0 guidelines, and all methodological details and statistical analysis plans are fully described in the "Materials and Methods" section of this manuscript.
	Data access - 20: Data Availability Statement:The data supporting the findings of this study are available within this article and its online supplementary material. The raw data generated during the study (including detailed experimental records, image files, and analysis datasets) are available from the corresponding author upon reasonable request.
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