Supplementary methods
Patients
All consecutive patients with first-ever acute ischaemic stroke were recruited at the Affiliated Dongguan Hospital, Southern Medical University (Dongguan People’s Hospital) based on the recruitment criteria listed in Supplementary Table 1. The diagnosis of acute ischaemic stroke was based on the World Health Organization (WHO) criteria, defined as "rapidly developing clinical signs of focal (or global) disturbance of cerebral function, lasting more than 24 h or leading to death, with no apparent cause other than a vascular origin." The clinical severity of stroke was assessed at admission using the National Institutes of Health Stroke Scale (NIHSS).
A total of 40 patients were initially enrolled, with 6 patients excluded for the reasons mentioned above, resulting in 34 patients included in the final analysis. The inclusion and exclusion criteria are described in Supplementary Table 1. 
[bookmark: _Hlk195682521]The control group consisted of 22 age- and gender-matched control subjects recruited contemporaneously from the same geographical area. The control group consisted of age- and sex-matched participants recruited during physical check-ups, who had no symptoms of stroke and were selected based on similar exclusion criteria as the patients free of other organ dysfunction or failure. Serum samples from the patients (mean age 64.94 ± 11.86 years) were collected within 417 ± 296.7 min from stroke onset, and those from the controls (mean age 60.00 ± 17.66 years) were also obtained. Ischaemic stroke with large-vessel occlusion was confirmed by CT angiography performed within 6 h after presentation. There were no significant differences between the patients and control groups regarding the presence of diabetes and hypertension. Ethical committee approval was obtained from the Affiliated Dongguan Hospital, Southern Medical University (Dongguan People’s Hospital), and written informed consents were collected from all patients and control subjects. The common variables of the patients and control subjects mentioned above are listed in Supplementary Table 2. Additional variables for patients are listed in Supplementary Table 3.
Anticoagulation and patient eligibility
Patients receiving chronic anticoagulation therapy prior to stroke onset were excluded according to the study protocol and ethics committee requirements. In contrast, patients with newly diagnosed atrial fibrillation during hospitalisation were included, and anticoagulation was initiated at a median of 7 days post-EVT (IQR: 5–12 days) after follow-up neuroimaging had confirmed the absence of haemorrhagic transformation or large infarcts. The precise therapy and timing for each included patient are summarised in Supplementary Table 4.
This approach was consistent with the 2019 AHA/ASA guideline recommendation that, for most patients with acute ischaemic stroke and atrial fibrillation, initiation of oral anticoagulation within 4–14 days is reasonable (Class IIa, Level of Evidence B-NR). Recent evidence suggests that very early initiation (<5 days) may increase the risk of haemorrhagic complications, whereas initiation within 5–14 days appears relatively safe.1,2
Antithrombotic and peri-procedural pharmacological therapies
Among patients undergoing EVT, detailed records of concomitant antithrombotic and supportive pharmacological therapies were collected. In total, 6 patients (17.65%) received intracranial stents and were administered intravenous tirofiban (loading dose: 5 μg/kg; maintenance: 0.1 μg/kg/min for up to 48-72 h). In 3 of these cases, tirofiban was discontinued early due to haemorrhagic complications detected on follow-up CT.
An additional two patients with severe intracranial stenosis and high risk of re-occlusion received tirofiban infusion for 48 h in the absence of post-procedural bleeding. Furthermore, 7 patients were treated with dual antiplatelet therapy (DAPT) consisting of aspirin (100 mg/day) and clopidogrel (75 mg/day), typically initiated after neuroimaging excluded early haemorrhagic transformation. Importantly, all baseline blood samples for serum DKK1/2 measurement were collected prior to the initiation of any antithrombotic or antiplatelet therapy, ensuring that baseline biomarker levels reflected endogenous disease processes without pharmacological influence. Details of peri-procedural therapies are summarised in Supplementary Tables S2–S3.
Clinical Outcome Definitions and Measurement Methods
[bookmark: _Hlk199228847]The primary clinical endpoint was the functional outcome at 90 days post-event, assessed using the modified Rankin Scale (mRS), where a score of 0–2 indicated a favourable outcome and a score of 3–6 indicated a poor outcome. Post-discharge information on secondary prevention medications and rehabilitation was collected where available and is summarised in Supplementary Table S5. Secondary endpoints included intracerebral haemorrhage (ICH), neurological deterioration (ND), malignant cerebral oedema (MCE), midline shift (MLS), and infarction volume.
All patients underwent non-contrast CT immediately after EVT and again at ~24 h to ensure consistent detection of early haemorrhagic transformation. Between 24 h and discharge, follow-up CT was performed only in patients with neurological deterioration (≥1 point increase in NIHSS Ia or ≥2 points in total NIHSS) or when major therapeutic adjustments (e.g. anticoagulation, antiplatelet therapy) were required. During this period, 13 patients underwent additional CT scans, and six cases of symptomatic intracerebral haemorrhage (sICH) were identified: five within 24 h and one at 72 h post-EVT.
ICH was defined as persistent parenchymal hyperdensity not attributable to contrast. If the hyperintensity cannot be distinguished from contrast leakage, a follow-up CT is performed 24 hours later, with persistent hyperintensity recorded as ICH.3 Symptomatic ICH (sICH) was defined as NIHSS worsening ≥4 points within 24 h, while other cases were classified as asymptomatic. ND was defined by a ≥4-point increase in NIHSS score within the first 72 hours following EVT. MCE was defined based on acute infarction involving ≥50% of the middle cerebral artery territory, brain swelling signs (sulcal effacement or lateral ventricle compression), midline shift at the septum pellucidum >5 mm with basal cistern effacement within 7 days post-EVT.4 Final infarction volume was calculated by importing DICOM files into ITK-SNAP (version 3.2, developed by the Penn Image Computing and Science Laboratory [PICSL] and the Scientific Computing and Imaging Institute [SCI]), where the infarction area was segmented, manually marked, and quantified. 

Animals 
Animals were housed in 12-hour light and dark cycles in a pathogen free animal facility. All animal studies were performed following the "Principles of laboratory animal care" (NIH publication No. 86-23, revised 1985) and in accordance with the National Institutes of Health guidelines for use and care of live animals, and were approved by the Institutional Animal Care and Use Committee at Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences. 8-week male wild-type C57BL/6 mice were purchased from Vital River Laboratory (Beijing, China). BAT-Gal mice (Stock No. 005317) from Jackson Laboratory (ME, USA) were generated previously.5 Dkk2 knockout (KO) mice on a C57BL/6 background (Strain No. T027494) were purchased from GemPharmatech (Nanjing, China). The mice were housed in a temperature-controlled facility (23°C, 12-h light/dark cycle, 60%–70% humidity) with free access to water and food. Mice were allocated to their experimental groups without randomization according to their genotypes.
In various experimental setups, treatments and sample collections were performed as detailed below. Blood and brain tissue samples were collected at 6, 12, 24, 48, and 72 hours post-tMCAO for the analysis of DKK1-4 levels via Elisa and quantitative PCR (qPCR) analysis. Sham-operated control animals were subjected to the same postoperative care as the tMCAO group, including suturing, pain management, and blood sample collection. To enhance experimental consistency, we expanded the Sham group to include time-matched control groups at the following time points: 0 h, 6 h, 12 h, 24 h, 48 h, and 72 h post-surgery. Additionally, a baseline group without any surgery was included to represent pre-surgery conditions.
For mRNA analysis, each tMCAO group was compared to its corresponding time-matched Sham group, yielding relative change values. For ELISA measurements of DKK levels, Sham groups at each time point were presented as independent controls and compared alongside their respective tMCAO groups to assess absolute changes in protein expression. Statistical comparisons were made between each tMCAO group and its corresponding Sham group at the same time point.
In a separate set of experiment, mice subjected to sham or tMCAO for 24 hours. Blood samples were separated into serum, leukocytes, and platelets for DKK2 quantification, and peripheral organs were harvested to assess DKK2 protein and mRNA levels. TTC staining was performed at 24 hours, and correlation analyses between DKK2 levels and infarct volume were conducted. Additionally, immunofluorescence staining of brain tissue was performed to assess IgG leakage, and the integral optical density (IOD) of IgG was correlated with DKK2 levels.
For adenovirus treatment, eight-week-old male C57BL/6 mice were injected intravenously with adenoviruses (3 × 108 pfu, dissolved PBS) designed to express specific recombinant proteins. At 3 d post-adenovirus injection, tMCAO surgery was performed with 60 minutes of ischaemia followed by reperfusion. Brain tissue samples were collected at 48 h post-tMCAO for subsequent analyses. For the investigation of BBB integrity and peripheral vascular effects, a subset of animals underwent sham surgery following adenoviral injection. After adenovirus administration, peripheral organs, including the liver, heart, spleen, lung, and kidney, were harvested for immunofluorescence analysis to access endothelium integrity, respectively. Additionally, blood samples were collected for the measurement of DKK2 levels in serum, leukocytes, and platelets via ELISA. In order to evaluate the effect of DKK2 on BBB function without stroke induction, some animals received intracerebroventricular (i.c.v.) adenoviral injections of DKK2. These mice were sacrificed 3 days post-injection, and brain sections were analysed for immune marker staining and BBB marker quantification to investigate the local impact of DKK2 expression.
For treatment with DKK2 mAb, Bederson-based neurological score were assessed 30 minutes post-tMCAO surgery. Animals were then evenly distributed into the experimental groups based on their scores to ensure equal representation of scores (4, 3, and 2) in both the control (mouse IgG) and DKK2 mAb treatment groups. Animals scoring 1 were considered unsuccessful models and were excluded from further analysis. Animals received intravenous injections of either mouse DKK2 monoclonal neutralizing antibody (10 mg/kg, Abmax, China) or control mouse IgG protein (cat. #SP031, Solarbio, China) immediately after grouping. In addition to the intravenous injections, i.c.v. injection of DKK2 mAb was conducted to selectively neutralise DKK2 in the brain. This regimen was conducted within 30 minutes post tMCAO or Sham surgery to assess the therapeutic potential of DKK2 inhibition in central nervous system (CNS). In the 7-d consecutive prognostic treatment study, mice received a similar injection of DKK2 mAb at day 1, followed by another injection at day 3 post tMCAO.
For the DKK2 loss-of-function studies. Six-to-eight-week-old male Dkk2 KO mice and their wild-type (WT) littermates were used in the experiments. Mice were subjected to 60 minutes of ischaemia followed by reperfusion. Brain tissue samples were collected at 48 h post-tMCAO for subsequent analyses.
For treatment with a RXRα inhibitor, mice were gavaged orally with Ro 41-5253 (cat. #HY-116248, 50 mg/kg; MCE, China) dissolved in 10% dimethyl sulfoxide (DMSO) and 90% corn oil or vehicle at 30 minutes post-tMCAO. Additionally, RXRα knockdown was achieved by i.c.v. injection of siRNA targeting RXRα (siRxra) or scramble RNA (Scr.) (2 μg/μl, 2.5 μl). 3 days after the injection, tMCAO surgery was performed, and brain tissue was collected 48 hours post-surgery for subsequent analyses, including TTC staining, neurological severity score, and immunofluorescence analysis.
To manipulate Dkk2 expression in vivo, mice were stereotactically injected into the right lateral ventricle with AAVs (described below). Each virus was administered at a titer of 1×10¹³ GC/mL in a total volume of 1 μL, delivered at a rate of 0.1 μL/min using a Hamilton syringe. 21 days after AAV administration, mice were subjected to tMCAO described above. Brain tissue was collected 24 hours post-tMCAO for downstream analyses.

Viral vector construction and preparation
Adenoviral and adeno-associated viral (AAV) vectors were employed as gene delivery tools to manipulate target gene expression. The following inserts were cloned by homologous recombination into the adenovirus strain 5 and expressed with a N-terminal signal peptide sequence for their secretion: mouse IgG2α Fc fragment (Ad Fc), mouse full-length DKK1 with FLAG and 6xHis tag (Ad DKK1), mouse full-length DKK2 with FLAG and 6xHis tag (Ad DKK2). The adenoviruses were manufactured by Asia-Vector Biotechnology, China. 
Three AAV vectors were constructed to modulate Dkk2 expression in neurons: AAV-hSyn-EGFP (Control), AAV-hSyn-EGFP-mDkk2 (DKK2-OE) for overexpression of Dkk2, and AAV-hSyn-EGFP-mDkk2-shRNA (DKK2-KD) for knockdown of endogenous Dkk2. All constructs were under the control of the human synapsin 1 promoter to ensure neuron-specific expression and pRep2Cap-B10 plasmids were used to produce AAV-Cap-B10 virus.6 The AAV were manufactured by PackGene Biotech, China.

Stereotactic injection
For stereotactic injection, mice were anesthetized with 3% inhaled isoflurane mixed with air for 2 minutes and maintained with 1.5% isoflurane, and placed on a stereotactic frame (RWD Life Science, Shenzhen, China), with body temperature maintained at 37°C. A dental drill (RWD Life Science) was used to penetrate the skull at the coordinate of (-0.90, 0.15, -2.40) for targeting the lateral ventricle. A Hamilton syringe was inserted stereotactically into the lateral ventricle. For adenovirus injection, a bolus of 5 μl containing Ad Fc or Ad DKK2 (3 × 106 pfu each) at the speed of 0.5 μl/min; for AAV injection, a bolus of 1 μl containing 1 × 1010 GC/mice at a rate of 0.1 μl/min; for siRNA injection, a bolus of 2.5 μl containing 5 μg/mice at a rate of 0.5 μl/min; for DKK2 mAb or IgG injection, a bolus of 2.5 μl containing 5 μg/mice at a rate of 0.5 μl/min by a 10-μl Hamilton syringe at the speed of 0.5 μl/min with a syringe pump (RWD life science) and the needle was retained for 5 min before being removed slowly. 

Transient middle cerebral artery occlusion and neurological function tests
Transient middle cerebral artery occlusion (tMCAO) was performed to induce focal cerebral ischaemia. The procedure was conducted on six-week-old to eight-week-old male C57BL/6 mice. Anesthesia was induced and maintained with isoflurane (3% induction, 1.5% maintenance, RWD, Guangdong, China) delivered in a mixture of oxygen and nitrous oxide. The body temperature of the mice was maintained at 37°C using a feedback-controlled heating pad. Focal cerebral ischaemia was induced by an intraluminal filament-based approach as described previously.7 Briefly, a midline neck incision was made to expose the common carotid artery (CCA), the external carotid artery (ECA), and the internal carotid artery (ICA). The ECA and CCA were temporarily occluded with microvascular clips. A silicon-coated monofilament (RWD, China) was inserted through an arteriotomy in the ECA and advanced into the ICA to occlude the origin of the middle cerebral artery (MCA). The filament was left in place for 60 minutes to allow for occlusion and was then withdrawn to allow reperfusion. Blood flow in the MCA territory was monitored using laser Doppler flowmetry to ensure successful occlusion (defined as a reduction of blood flow by more than 80%) and reperfusion. Mice that did not meet this criterion were excluded from the study. After reperfusion, the ECA was permanently ligated, and the incision was closed.
Neurological score was evaluated at 48 h or seven consecutive days post-MCAO by a blinded observer: 0, no deficit; 1, forelimb flexion deficit on contralateral side; 2, decreased resistance to lateral push and torso turning to the ipsilateral side when held by tail; 3, very significant circling to affected side and reduced capability to bear weight on the affected side; 4, animal rarely moves spontaneously and prefers to lay down or stay at rest. The Grab test was used to assess the hemiparesis and strength of the forelimbs. Both forepaws of the mice were placed on a rope and scored as follows: 0 – mice can grip with both paws and able to move or flee; 1 – mice can grap with both paws but unable to move or flee; 2 – only one paw can grap the rope or 3 – no paws can grap the rope and the mice fall straight down. Ladder walking test was to assess skilled walking and measure both forelimb and hindlimb placing, stepping, and inter-limb coordination.8 Animals were trained to run across a 3-foot horizontal ladder (cat. #Lad-02, Beijing Cinon Tech) with irregularly spaced rungs (2-3 cm opening between rungs, 10 openings were set randomly), as previously described9,10 for 3 consecutive days prior to MCAO, with each training session consisting of three ladder crossings per mouse. Scores were based on the number of foot faults which quantified as 0 or 1, where 1 represented a perfect step and 0 represented a miss. At day 2, or day 1 to day 7 post-surgery, the number of living animals in each group was recorded and survival rate was calculated. 

Novel object recognition (NOR) procedure and Behavioural analysis 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK1][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For all the mice, the behavioral experiment to be completed was a novel object recognition task.11 The experimental apparatus consisted of a non-reflective black, open field (40 cm × 40 cm × 35 cm) with or without a visual cue placed on one of the four walls. All the behavioral tests were run within the first six hours of light cycle onset (8:00 a.m. to 14:00 a.m.) in a dark room illuminated only by a floor lamp in front of the box, which was separated from the room in which the home cage was located. Prior to habituation, mice were handled for 10 min a day for 3 d. On the first day of testing (test area habituation (T 0)), to become familiar with the apparatus and to record the baseline level of locomotor activity, mice were placed in the empty test area and allowed to explore freely for 10 minutes before being returned to their home cage. No objects and visual cue were placed in the box during the habituation trial. Twenty-four hours after habituation, sample trail (T1) was conducted by placing individual mice in the right-front corner of the open field box, in which two identical objects (object A1 and A2; The size of the objects is 5cm width, 9.5cm length and 4 cm height which was the similar size as the mouse) were placed in a symmetric position from the center of the area, each 10 cm from the side walls with visual cue on the one of the walls. Mice were again allowed to explore freely for 10 minutes before being returned to their home cage. Exploration time was recorded when mouse directing the nose within 2 cm of the object while looking at, sniffing, or touching the objects. Any mouse not exploring the objects for 30 s within 10 min period was excluded from experiments. One hour after the end of sample trail (T1), a short-term test trail (T2) was given. Mice were placed back in the rectangular environment. The object A1 was again present, but object A2 was replaced by a novel object (objects B) on the same location. Mice were again allowed to freely explore for 5 min in the presence of one familiar (A1) and one novel (B) object. Only mice having a minimal level of object exploration of 3 s during the short-term trail were included in the study.

Blood sampling and analysis
Serum samples from humans and mice were collected at the specific time points detailed in the Results and Figures, and then stored at -80°C until they were Analysed. The serum concentrations of DKK1, DKK2 in human samples were measured using commercial ELISA kits (cat. #ELH-DKK1, ELH-DKK2, RayBiotech, USA). For mouse samples, peripheral blood was first separated into serum, leukocytes, and platelets using the Mouse Peripheral Blood Leukocyte Separation Kit (Beyotime, cat. #C0029S). The levels of DKK1, DKK2, and DKK3 were determined using Finetest ELISA kits (cat. #EM0067, EM0804, EM6701, Finetest, China), while DKK4 levels were measured with RayBiotech ELISA kits (cat. #ELM-DKK4, RayBiotech, USA).

Quantification of mouse brain infarction volume and oedema
To determine brain infarction volumes, mouse brains were sectioned into five coronal slices, each 2 mm thick, and incubated in a 2% solution of 2,3,5-triphenyltetrazolium chloride (TTC) (Sigma-Aldrich, MO, USA) at 37°C for 20 minutes. The stroke areas were then quantified using ImageJ software (Image J, NIH, MD, USA). To correct for cerebral swelling (edema) and prevent overestimation of the infarction volume, the following formula was used as previously described12: Corrected infarction volume = Contralateral hemisphere volume - (ipsilateral hemisphere volume - infarction volume).
In addition to infarction volume quantification, cerebral edema was calculated using the following formula: Cerebral oedema (%) = [(Ipsilateral hemisphere volume - Contralateral hemisphere volume) / Contralateral hemisphere volume] × 100. 

Determination of BBB integrity
[bookmark: OLE_LINK5]Rhodamine conjugated dextran was used to visualize the BBB leakage of mice following tMCAO as previously described13. Briefly, 3 kDa-Rhodamine-dextran (cat. #D3308, 3 mg/ml, 3 μl/g, Thermo Fisher Scientific, USA) was administered via the caudal vein. After a 2-h of circulation, the mice were anesthetized and subjected to cardiac perfusion with 40 ml of ice-cold PBS for 5 minutes. Subsequently, the brain tissue was collected, processed into frozen sections, and prepared for immunofluorescence staining.
For Evans blue perfusion, 100 µl of 2% Evans blue (cat. # E2129, Sigma-Aldrich, USA) was injected intravenously at 4 h prior to transcardial perfusion with 50 ml of ice-cold PBS to remove intravascular dye. The brains were divided into ipsilateral ischaemic hemispheres and contralateral nonischaemic hemispheres, then homogenized in 1 ml of 50% trichloroacetic acid and centrifuged at 10,000 rpm for 20 minutes. The supernatant was diluted fourfold with ethanol. Evans blue concentrations were measured using a fluorescent reader (620 nm excitation, 680 nm emission) and expressed as ng per mg of brain tissue.
For in vitro BBB permeability measurement, an in vitro BBB model was constructed using 6.5 mm Transwell inserts with 0.4 mm pores (Corning, cat. #3470) to replicate endothelial barrier conditions. Primary mouse brain endothelial cells were seeded onto the upper surface of the Transwell membrane at a density of 1 × 104 cells per insert in DMEM containing 10% fetal bovine serum (FBS), 100 units/mL penicillin, and 100 μg/mL streptomycin. Identical medium was also added to the lower chamber. Cells were cultured for 4–6 days to form a confluent monolayer, and the development of the barrier was confirmed by measuring transendothelial electrical resistance (TEER). TEER values were monitored over time and were considered stable when an increase of more than 25 Ω·cm² compared to initial measurements was observed. TEER was measured using an Electrical Resistance System (ERS-2, Millipore, cat. #MERS00002) to track changes in barrier integrity.
To investigate the impact of DKK2 on the integrity of primary mouse brain endothelial cell monolayers with and without oxygen-glucose deprivation/reperfusion (OGD/R) treatment, cells were exposed to glucose-free, low-oxygen DMEM medium for 6 h (OGD phase), followed by a 6-hour reoxygenation period (R phase) in standard culture conditions. After the reoxygenation period, TEER values were measured to assess monolayer integrity. Following this, 70kDa FITC-labeled dextran (Sigma-Aldrich, cat. #46945) and 10kDa Rhodamine-labeled dextran (Thermo Fisher Scientific, #D1824) were added to the apical side of the inserts. To evaluate permeability, medium from the basolateral chamber were collected at multiple time points (5, 10, 30, and 60 minutes), and fluorescence intensity was measured at the corresponding wavelengths for FITC (485/520 nm) and Rhodamine (550/590 nm) using a microplate reader.

Hemoglobin content assay
Intracerebral hemorrhage was assessed by determining the hemoglobin levels in brain tissue using a Colourimetric assay kit (cat. #K219–200, BioVision Inc, USA). Mice were euthanized under deep anesthesia and transcardially perfused with 25 ml of ice-cold phosphate-buffered saline (PBS). The ischaemic hemisphere brain tissue was homogenized in distilled water using a FastPrep-24 5G homogenizer (MP Biomedicals, USA) for 1 minute, followed by centrifugation at 13,400 g for 15 minutes. The supernatant was then mixed with the hemoglobin detector, and the absorbance was read at 575 nm using a spectrophotometer. Hemoglobin concentration was calculated from a standard curve generated using known concentrations of hemoglobin.

Cell culture
Primary mouse brain endothelial cells and bEnd.3 cells
[bookmark: _Hlk46069036]Brain tissue from 8 weeks old adult C57BL/6 mice were minced and disaggregated as described previously.13 After spinning down, cell pellets were resuspended in EGM-2 MV medium ((Clontech, CA, USA) with 10% FBS (cat. # FS201-02, TransGen Biotech, Beijing, China) and 4 μg/ml puromycin (to kill all the other cell types but except brain ECs) and plated into fibronectin-precoated plates (10 μg/ml for 30 min at 37°C). 2-3 days later, medium was discarded, and cells were washed with PBS twice and medium was replaced with EGM-2 MV/10% FBS. The purity of isolated brain ECs was confirmed by CD31 and Claudin-5 immunofluorescence staining (>95% purity) and minimal contamination of pericytes (PDGFRα positive). The mouse brain microvascular endothelial cell line bEnd.3 cell (ATCC, cat. #CRL-2299) were cultured following the standard condition in DMEM medium with 10% FBS.
Primary mouse embryo cortical neurons
Cortical neurons were cultured from E19 embryo brains of C57Bl/6 mice as previously described.14 In brief, after digested by 2 mg/ml papain (cat. #LS003127, Worthington Biochemical, USA) at 37°C for 30 minutes, the dissociated cells were suspended in Neurbasal Plus (cat. #A3582901, Thermo Fisher Scientific, USA) culture medium containing 1% Glutamax (cat. #35050061, Thermo Fisher Scientific, USA) and 2% B27 supplement (cat. #17504044, Thermo Fisher Scientific, USA). These cells were plated onto 6-well plates at a cell density of 5 x 105/well for qPCR, Western blotting or TOP-Flash analyses and at 5 x 104/well for immunostaining. Cultures were maintained at 37°C in a 5% CO2 atmosphere in a humidified incubator and medium was replaced every 48 hours. The authentication of cortical neurons was confirmed by NeuN and MAP-2 immunofluorescence staining. During oxygen and glucose deprivation, cultures were moved into a Hypoxia Incubator Chamber contained 0.5% O2 with Neurobasal-A Medium without D-glucose and sodium pyruvate (Thermo Fisher Scientific, USA) for 5 hours and then returned to normoxia condition with regular medium mentioned above. LG100268 (cat. #HY-15340, 5 nM, MCE, Shanghai, China) or Ro 41-5253 (cat. #HY-116248, 1 μM. MCE, Shanghai, China) were added into the cultures thorough the OGD and normoxia condition. At 24 h after the beginning of OGD, cells were harvested and subjected to TUNEL staining (cat. # FA201-02, 50 rxns, TransGen Biotech, Beijing, China, or cat. # E-CK-A322, 100 rxns, elabscience, Wuhan, China) or RNA extraction (cat. #RC112-01, 50rxns, Vazyme Biotech, Nanjing, China) for further analysis. As for Wnt3a treatment, recombinant human Wnt3a protein (cat. #5036-WN, R&D Systems, Minneapolis, MN, USA) was dissolved in PBS at 10 μg/ml as stock solution and diluted before administration.

TOPflash Assay
The double-luciferase reporter assay was used to measure the activation of Wnt/β-catenin signalling. bEnd.3 cells were infected with the lentiviral vectors of TCF/LEF Reporter and CMV-Renilla (QIAGEN, Germany) for 48 hours. The CMV-Renilla vector expressing Renilla luciferase was used as an internal reference for transfection efficiency and cell number normalization. After an additional 24 hours, cells were lysed into Passive Lysis Buffer and luminescence was measured using a Dual Luciferase Reporter Assay System (cat. #E1910, Promega, USA) on a Luminescence plate reader (Promega, USA).

Construction of the luciferase reporters and luciferase assay 
To examine the regulation of the DKK2 promoter, the promoter sequence of the mouse Dkk2 gene was cloned into a luciferase reporter plasmid (chr3:131789800-131794001, 1854 bp). This reporter plasmid was co-transfected with either Rxra overexpression plasmid (Promega, USA) or Rxra-specific siRNA (sense- CCACACCCACAUUGGGCUUTT, antisense- AAGCCCAAUGUGGGUGUGGTT, sense- GCCCAUCCCUCAGGAAAUATT, antisense- UAUUUCCUGAGGGAUGGGCTT, Genepharma, China) into HT22 cells. Transfections were performed using Lipofectamine 3000 (Thermo Fisher Scientific, USA) according to the manufacturer's instructions. For the co-transfection, HT22 cells were plated at a density of 1 × 105 cells per well in a 24-well plate. The DKK2 promoter-luciferase plasmid (500 ng), Rxra overexpression plasmid (500 ng) or Rxra siRNA (50 nM), and Renilla luciferase control plasmid (50 ng) were mixed with Lipofectamine 3000 in Opti-MEM (Gibco, USA) and incubated for 20 minutes at room temperature before being added to the cells. After 48 h, cells were lysed in Passive Lysis Buffer, and luciferase activity was measured using the Dual Luciferase Reporter Assay System on a Luminescence plate reader as mentioned above. Luminescence readings were normalized to Renilla luciferase activity to account for transfection efficiency and cell number.

Immunofluorescence analysis
[bookmark: OLE_LINK3][bookmark: OLE_LINK17][bookmark: _Hlk177992379][bookmark: OLE_LINK18]Frozen sections with 10 or 12 μm in thickness were allowed to dry on Superfrost Plus slides (Thermo Fisher Scientific, USA) at room temperature before being rehydrated in 1 × PBS. Tissues were blocked in 5% Normal Goat Serum in PBS + 1% BSA + 0.5% Triton X-100 for 30 minutes at room temperature. Samples were incubated at 4°C with the following primary antibodies in PBS/1% BSA/0.3% Triton X-100: hamster anti-mouse CD31 (1:600, cat. #MAB1398Z Merck Millipore), rabbit anti-Claudin-5 (1:100, cat. #34-1600, Thermo Fisher Scientific), rabbit anti-Occludin (1:100, cat. #40-4700, Thermo Fisher Scientific), rabbit anti-ZO-1 (1:500, cat. #21773-1-AP, Proteintech), rabbit anti-Laminin (1:100, cat. #L9393, Sigma-Aldrich), rabbit anti (active) β-Catenin (1:100, cat. #8814S, Cell Signalling Technology), rabbit anti-Lef1 (1:100, cat. #2230S, Cell Signalling Technology), rabbit anti-Caveolin-1 (1:1000, cat. #3267S, Cell Signalling Technology), rabbit anti-Mfsd2a (1:1000, a homemade rabbit polyclonal antibody that has been validated in brain tissues from endothelial b-catenin knockout mice and in HEK 293T cells overexpressing mouse Mfsd2a in our previous study15), chicken anti-Albumin (1:200, cat. #ab106582, Abcam), mouse anti-MAP2 (1:100, #EPR19691, Abcam), rabbit anti-NeuN (1:500, cat. #94403, Cell Signalling Technology), mouse anti-PSD-95 (1:100, cat. # MA1-045, Thermo Fisher Scientific), rabbit anti-GFAP (1:100, cat. #12389S, Cell Signalling Technology), mouse anti-GFAP (1:100, cat. #ab10062, Abcam), chicken anti-β-galactosidase (1:500, cat. #ab9361, Abcam), rabbit anti-DKK1 (1:200, cat. #21112-1-AP, Proteintech), rabbit anti-DKK2 (1:200, cat. #21051-1-AP, Proteintech), rabbit anti-RXRα (1:500, cat. #A19105, ABclonal). Excess antibody was removed by rinsing in PBS/0.1% Triton X-100 for 10 minutes 4 times. Samples were then incubated at room temperature for 1 h with the following secondary fluorescently labeled antibodies: FITC or Cy3 goat anti-hamster IgG, FITC or Cy3 goat anti-rat IgG, FITC or Cy3 goat anti-rabbit IgG, FITC or Cy3 strepavidin (Jackson ImmunoResearch, USA) diluted 1:400 in PBS/1% BSA/0.3% Triton X-100 for 1 hr at room temperature. Excess antibody was removed by rinsing in PBS/0.1% Triton X-100 for 10 min 4 times. Slides were mounted in Anti-fade Reagent with DAPI (cat. #8961S, Cell Signalling Technology, MA, USA) and imaged with an OLYMPUS CKX53 inverted fluorescence microscope to obtain the images. Immunofluorescence signal area, sample numbers or integral optical density (IOD) was quantified by Image-Pro Plus and normalized by vessel area (CD31 signal area) or numbers of DAPI.
Fluorescence In Situ Hybridisation (FISH)
Fluorescence in situ hybridisation (FISH) was performed to detect Dkk2 mRNA expression in the brain following transient middle cerebral artery occlusion (tMCAO). Mice were sacrificed at 24 hours post-ischaemia, and brains were rapidly harvested, fixed in Servicebio Tissue Fixative (cat. #G1113, Servicebio, China), and subsequently processed for cryosectioning. Coronal brain sections (12–14 μm thick) were prepared using a cryostat and mounted onto poly-L-lysine-coated slides. FISH was carried out using a fluorescently labelled probe specific to mouse Dkk2 mRNA, following the manufacturer’s protocol. The probe was labelled with a red fluorophore (Cy3), and hybridisation was performed under stringent conditions to ensure signal specificity. Following hybridisation and post-hybridisation washes, the sections were subjected to immunofluorescence staining using an anti-NeuN antibody, followed by incubation with a species-appropriate secondary antibody conjugated to a green fluorophore Alexa Fluor 488. Cell nuclei were counterstained with DAPI. Images were acquired using a confocal fluorescence microscope under consistent exposure settings. Co-localisation of Dkk2 mRNA signals with NeuN-positive neurons was analysed in the ischaemic penumbra, defined based on anatomical landmarks. Representative regions were selected for image capture and quantification. For each mouse, 6 non-overlapping fields from the ipsilateral hemisphere were analysed. Immunofluorescence IOD was quantified by Image-Pro Plus and normalized by numbers of DAPI.

RNA-Sequencing
Total RNA from primary rat neurons were extracted using Trizol (Life Technologies, USA) according to the manufacturer’s protocol. RNA quality was assessed on an Agilent 2100 BioAnalyser (Agilent Technologies, USA) and checked using RNase free agarose gel electrophoresis. After total RNA was extracted, eukaryotic mRNA was enriched by Oligo(dT) beads, while prokaryotic mRNA was enriched by removing rRNA by Ribo-ZeroTM Magnetic Kit (Epicentre, USA). Then the enriched mRNA was fragmented into short fragments using fragmentation buffer and reverse transcribed into cDNA with random primers. Second-strand cDNA were synthesized by DNA polymerase I, RNase H, dNTP and buffer. Then the cDNA fragments were purified with QiaQuick PCR extraction kit (Qiagen, Germany), end repaired, poly(A) added, agated to Illumina sequencing adapters. The ligation products were size selected by agarose gel electrophoresis, PCR amplified and sequenced using Illumina hiseq 4000 by Gene Denovo Biotechnology Co, China.

Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted using the Direct-zol RNA MiniPrep (Zymo Research, CA). RNA was reverse transcribed using Hiscript II Q RT supermix (+gDNA wiper) for qRT-PCR according to the manufacturer's instructions (Vazyme, China). qRT-PCR was carried out on a TransStart Tip Green qPCR SuperMix (, TransGen Biotech, China). RNA expression was calculated using the comparative Ct method normalized to β-actin. Data were expressed relative to a calibrator using the 2−(ΔΔCt) ± s formula. The primer sequences for all the genes were from the Harvard PrimerBank and are available upon request.

Western blotting
[bookmark: OLE_LINK2]Protein lysate samples were boiled at 95°C, separated on 6%–12% polyacrylamide gels, and then electrophoretically transferred onto PVDF membranes. Membranes were blocked with 5% non-fat milk and 0.05% Tween 20 in tris-buffered saline for 1 hour. The membranes were washed and incubated overnight at 4°C with the following primary antibodies: rabbit-anti (active) β-Catenin (1:100, cat. #8814, Cell Signalling Technology), mouse anti-β-actin (1:1000, #66009-1-Ig, Proteintech), rabbit anti-RXRα (1:500, cat. #A19105, ABclonal).
Membranes were then incubated for 1 hour at room temperature with the following HRP-linked secondary antibodies: Anti-rabbit IgG (1:5000, Cat. #7074, Cell Signalling Technology), Anti-mouse IgG (1:5000, Cat. #7076, Cell Signalling Technology). After washing, immunoreactive bands were visualized using enhanced chemiluminescence (ECL) detection. For Western blot analysis, each group represents 6 independent biological replicates. While most experiments choose 1 band per group from 6 samples to represent, the represent of active β-catenin in bEND.3 cells involved 2 bands derived from 6 samples processed across two membranes. The resulting bands were captured and analysed using ImageJ 1.52 software (National Institutes of Health, USA) for densitometric analysis. The intensity of the target protein bands was normalized to the intensity of GAPDH. The normalized values were used for subsequent quantitative comparisons.

Statistical analysis
All statistical analyses were conducted using Prism 10 (GraphPad Software Inc., USA). Data are presented as means ± SEM. The sample sizes for animal studies were determined based on previous literature documenting similar well-characterised experiments, and no statistical methods were employed to predetermine sample sizes. Statistical significance was evaluated using Student's t-test or one-way ANOVA with Dunnett correction for multiple comparisons. For repeated measures, two-way ANOVA with Bonferroni post hoc test was utilised. Survival analysis was performed using the log-rank (Mantel-Cox) test. A probability value (P) less than 0.05 was considered statistically significant. Pearson's correlation test was employed to assess the relationship between serum levels of DKK1, DKK2, and infarction volume. The correlation between variables of interest was measured using Pearson's correlation coefficient, represented as Pearson's R-value, with +1 indicating perfect correlation, +0.5 to +1 for strong correlation, +0.30 to +0.49 for moderate correlation, above 0 to +0.29 for weak correlation, 0 for no correlation, and below 0 to -1 for negative correlation. P values less than 0.05 were considered indicative of statistically significant differences.16
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[bookmark: _Hlk201608380][bookmark: OLE_LINK6]Supplementary Figure 1: Assessment of DKK1 and DKK2 Expression in Peripheral Blood, Peripheral Organs, and Brain Tissue Post-tMCAO. DKK1–4 protein concentrations in brain homogenates (A) and corresponding mRNA expression in brain tissue (B), as well as DKK1–4 protein concentrations in serum (C), were assessed in baseline (non-operated) and sham-operated mice at 0, 6, 12, 24, 48, and 72 hours post-surgery. Data are presented as mean ± SD (n = 6 mice per group). Statistical analysis was performed using one-way ANOVA followed by Bonferroni post hoc test for each gene/protein separately. (D) Schematic representation of the experimental design. At 24 h post-tMCAO, blood was collected and separated into fractions of serum, leukocytes, and platelets. DKK2 levels in these blood components were measured by ELISA. Peripheral organs, including the liver, heart, spleen, lung, and kidney, were also collected for WB and qPCR analysis to assess DKK2 protein levels and Dkk2 mRNA levels, respectively. (E) ELISA analysis of DKK2 levels in serum, leukocytes, and platelets from Sham and tMCAO groups. Quantification of DKK2 protein levels in each of the blood components (n = 5-6 mice/group). (F-G) Representative WB images showing DKK2 protein expression levels in peripheral organs (liver, heart, spleen, lung, kidney) from Sham and tMCAO groups. Quantification of DKK2 protein expression levels in peripheral organs (heart, liver, spleen, lung, kidney) measured by WB, comparing Sham and tMCAO groups (24h post I/R, n = 6 mice/group). (H) qPCR analysis of Dkk2 mRNA expression in peripheral organs (liver, heart, spleen, lung, kidney) from Sham and tMCAO groups. Quantification of Dkk2 gene transcription levels (n = 6 mice/group). (I) Fluorescence in situ hybridisation (FISH) for Dkk2 mRNA expression in the primary somatosensory cortex (PSC) of Sham and tMCAO mice. Data are presented as mean ± SEM (n = 6 mice/group). Scale bar: 200 µm.
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[bookmark: _Hlk201655121]Supplementary Figure 2: Temporal Dynamics of Canonical Wnt Signalling and Its Modulation by DKK1/2 in Ischaemic Stroke. (A) Transcriptional levels of canonical Wnt signalling target genes (Axin2, Nkd1, Lef1, Apccd1, Spock2, Notum) in the sham or ischaemic mouse brain tissue at different time points (0-72 h) post-tMCAO. The expression levels were measured using qPCR analysis (n = 6 - 8 mice/group). Sample size variation was due to predefined exclusion criteria, such as surgical death, insufficient tissue, or low-quality signal in histological sections. No samples were excluded post hoc based on results. Data are presented as mean ± SEM. Statistical analysis was performed using one-way ANOVA followed by Bonferroni correction. P-values are Bonferroni-adjusted using p-value scaling (family-wise α = 0.05). (B) Representative immunofluorescence staining images of ipsilateral ischaemic penumbra and contralateral non-ischaemic brain regions from adult canonical Wnt signalling reporter transgenic mice (BAT-Gal) following 1-h tMCAO and 2-day reperfusion. Ad Fc or Ad DKK2 was injected at 3 days before the surgery. Scale bars, 200 mm. (C) Quantification of the integral optical density (IOD) of BAT-Gal signal in the mouse brain tissue (n = 6 mice/group). Data are presented as mean ± SEM. Statistical analysis was performed using two-way ANOVA with Bonferroni correction. P-values are Bonferroni-adjusted using p-value scaling (family-wise α = 0.05). (D) Schematic depicting that using DKK1 to block Wnt-FZD-LRP5/6 signalling. (E) Experimental protocol for the stroke model used in F-G: Ad Fc or Ad DKK1 was injected intravenously into adult C57BL/6N mice 3 d before 1-h tMCAO surgery, 3 × 108 pfu each. (F) Representative brain tissue images with TTC staining and quantification of infarction volume at 48 h after tMCAO (n = 8 mice/group). (G) Bederson-based neurological score showing the neurological impact of DKK1 overexpression (n = 8 mice/group).
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Supplementary Figure 3: Systemic Impact of DKK1/2 on Neurovascular and Peripheral Vascular Integrity. (A) Correlation analyses of serum DKK1 protein levels with brain parenchymal leakage of IgG at 24 h post-tMCAO (n = 6 mice/group). Statistical analysis was performed using Spearman’s rank correlation. P-values indicate the significance of monotonic association. (B) Schematic representation of the experimental design. Adenoviruses expressing mouse DKK2 (Ad DKK2) were administered intravenously 3 days prior to Sham surgery, in order to assess whether DKK2 overexpression alone induces neurovascular or peripheral vascular injury. At 2 days post-surgery, IgG extravasation was evaluated in brain and peripheral tissues by immunofluorescence staining. (C) Representative immunofluorescence images of brain sections stained for Lef1 (green) and CD31 (red). Quantification of Lef1-positive endothelial cells as a percentage of total CD31-positive endothelial cells (n = 6 mice/group). Scale bar: 200 mm. (D) Representative immunofluorescence staining of IgG (green) and CD31 (red) in brain and peripheral organs, including liver, heart, spleen, lung, and kidney, following intravenous Ad Fc or Ad DKK2 administration. Scale bar: 200 mm. (E) Quantification of IgG IOD in the brain and peripheral tissues shown in (D), comparing Ad DKK2-injected and Ad Fc-injected mice (n = 6 mice/group).
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Supplementary Figure 4. Impact of DKK2 Overexpression on Blood-Brain Barrier Integrity and Associated Molecular Markers Following Ischaemic Stroke. Adenoviruses expressing mouse DKK2 (Ad DKK2) or mouse IgG Fc fragment (Ad Fc) were administered intravenously three days prior to inducing tMCAO. (A-E) Representative images and quantification of immunofluorescence staining for Albumin, ZO-1, Occludin, Mfsd2a, and Laminin in the mouse brain tissue from the Ad DKK2 group and Ad Fc group. The mice received 1-h tMCAO and 2-day reperfusion. The integral optical density (IOD)of BBB markers were normalized by CD31 positive area (n = 6 mice/group). Scale bars, 200 mm. Data are presented as mean ± SEM. Statistical analysis was performed using two-way ANOVA with Bonferroni correction. P-values are Bonferroni-adjusted using p-value scaling (family-wise α = 0.05).
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Supplementary Figure 5. Impact of DKK2 Overexpression on Blood-Brain Barrier Integrity and Associated Molecular Markers in Mice without Stroke. (A-F) Representative images and quantification of immunofluorescence staining of Albumin, 3 kDa Rhodamine conjugated Dextran, Mfsd2a, ZO-1, Occludin, and Laminin in the brain tissue from mice that did not receive tMCAO surgery but received i.c.v. injection of Ad DKK2 or Ad Fc at 3 days before sacrifice. The integral optical density (IOD)of BBB markers were normalized by CD31 positive area (n = 6 mice/group). Scale bars, 200 mm.


Supplementary Figure 6
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Supplementary Figure 6: Genetic and Pharmacological Inhibition of DKK2 Preserves Neurovascular Integrity and Improves Functional Outcomes Following Ischaemic Stroke. (A) qPCR analysis of Axin2 mRNA expression in HEK 293T cells. Under stimulation with Wnt3a conditioned medium (Wnt3a CM: normal medium = 1:1) for 24 h, Axin2 mRNA expression was upregulated. The addition of DKK2 protein (200 ng/ml) significantly inhibited this upregulation. Subsequently, adding DKK2 neutralizing antibody (DKK2 mAb) at molar ratios of 10:1 or 20:1 neutralized the inhibitory effect of DKK2 protein. Data are presented as mean ± SEM. Statistical analysis was performed using one-way ANOVA followed by Bonferroni correction. P-values are Bonferroni-adjusted using p-value scaling (family-wise α = 0.05). (B) Schematic depicting that the Dkk2 KO mice were generated using CRISPR/Cas9 technology, which deleted the entire DKK2 coding region exon1-exon4 (~ 92 kb) located on the Chr3. Genotyping PCR of wild type (WT) and Dkk2 KO mice. The upper band (500 bp) represents the WT allele, and the lower band (250 bp) represents the KO allele. (C) Immunofluorescence staining showing DKK2 (green) and NeuN (red) expression in brain sections from WT and Dkk2 KO mice. DKK2 signal was absent in the brains of Dkk2 KO mice. Scale bars, 200 mm. (D-E) Representative images of TUNEL (green) and NeuN (red) staining in the ischaemic area from WT and Dkk2 KO mouse brains, with quantification of TUNEL positive and NeuN positive cells (n = 5 mice/group). Scale bars, 200 mm. (F) Representative immunofluorescence staining of brain sections showing IgG, Claudin-5, and Caveolin-1 (green) co-staining with CD31 (red) in WT and Dkk2 KO mice. Scale bar: 100 mm. (G) Quantification of the integral optical density (IOD) of IgG, Claudin-5, and Caveolin-1 signals in the brain sections shown in (F) (n = 5 mice/group). (H) Representative macroscopic images of cerebral haemorrhage in tMCAO mice treated with either control IgG or DKK2 mAb. Quantification of ipsilateral haemoglobin content at 48 h post-tMCAO (n = 8 mice/group). (I) Quantification of brain oedema volume in the ipsilateral hemisphere of tMCAO mice treated with IgG or DKK2 mAb, based on tissue swelling analysis of coronal brain sections (n = 7 mice/group). (J) Representative immunofluorescence images of Ki67 (green) and CD31 (red) staining in brain sections from mice treated with two doses of IgG or DKK2 mAb (10 mg/kg, intravenous injection at day 0 and day 3 post-tMCAO). Brain tissue was collected at day 7. Scale bars, 200 mm. Quantification of Ki67-positive endothelial cells as a percentage of total CD31-positive endothelial cells. (K) Assessment of functional recovery by forelimb grip strength test and horizontal ladder test performed daily for 7 days post-tMCAO (n = 8 mice/group). Data are presented as mean ± SEM. Statistical analysis was performed using one-way ANOVA followed by Bonferroni correction. P-values are Bonferroni-adjusted using p-value scaling (family-wise α = 0.05). (L) Representative TTC staining images and quantification of infarction volume, along with neurological severity score. Mice were subjected to i.c.v. injection of DKK2 mAb or control IgG within 30 minutes post-tMCAO. Brain infarction volume (TTC staining) and neurological severity score were measured at 48 h post-tMCAO (n = 9 mice/group).
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Supplementary Figure 7: Validation of AAV-Neuronal Targeting and In Vitro Investigation of DKK2-Mediated Wnt Signalling and Barrier Dysfunction. (A) Representative immunofluorescence staining images showing EGFP (green, indicating AAV-mediated expression) and NeuN (white, neuronal marker) in the brain parenchyma adjacent to the lateral ventricle, following stereotactic injection of AAV-hSyn-EGFP at three different titers: 0.5 × 10⁹, 1.0 × 10⁹, and 1.0 × 10¹⁰ GC/mouse (i.c.v. injection, 1 μl volume). Co-localisation of EGFP and NeuN signals was used to assess neuronal transduction efficiency. Scale bars, 200 μm. (B) Quantification of cell viability was assessed using the CCK-8 assay. Primary mouse neurons were subjected to Vehicle Control, DKK2, Control + OGD/R (oxygen-glucose deprivation/reperfusion), and DKK2 + OGD/R conditions (n = 6 biological replicates/group). (C) TUNEL (green) and NeuN (red) staining in primary mouse neurons under Vehicle Control, DKK2, Control + OGD/R (oxygen-glucose deprivation/reperfusion), and DKK2 + OGD/R conditions. Scale bar: 100 mm. (D) Quantification of TUNEL and NeuN positive cells per field (normalized by DAPI positive cell numbers, n = 6 biological replicates/group). (E) qPCR analysis of Axin2 and Nkd1 mRNA expression in bEnd.3 cells treated with Wnt3a protein (200 ng/ml), and Wnt3a (100 ng/ml) + DKK2 (200 ng/ml) for 24 h (n = 3 biological replicates/group). (F) Western blotting analysis of active β-catenin levels in bEnd.3 cells. The quantification involved 2 bands derived from 6 samples processed across two membranes. Protein levels were normalized to β-actin (n = 6 biological replicates/group). TOPflash analysis of Wnt/β-catenin signalling activity in bEnd.3 cells. Firefly luciferase activity was normalized to the internal control Renilla luciferase (n = 5-6 biological replicates/group). (G) Schematic of TEER measurement and BBB permeability assay setup. Primary mouse brain endothelial cells were plated on transwell inserts and pretreated with DKK2 (200 ng/ml) for 24 h, followed by 6 h of OGD and 18 h of normal condition culture (reperfusion) with continuous DKK2 treatment. OD, optical density. (H) TEER measurements in primary mouse brain endothelial cells under Vehicle Control, DKK2, OGD/R, and OGD/R + DKK2 conditions (n = 6 biological replicates/group). The baseline levels were recorded prior to DKK2 addition. (I-J) Optical density measurements for 10 kDa Rhodamine-dextran (2 μM) or 70 kDa FITC-dextran (2 μM) signal in the bottom chamber at different time points after OGD/R (n = 6 biological replicates/group). The P values were calculated relative to the control group. (K-L) mRNA expression levels of Axin2 in primary mouse brain endothelial cells cultured in ECM, NCM, or NCCM (n = 6 biological replicates/group). DKK2 mAb or IgG control (200 μg/ml, treated for 24 h) were added to NCCM (n = 6 biological replicates/group). Data are presented as mean ± SEM. Statistical analysis was performed using one-way ANOVA followed by Bonferroni correction. P-values are Bonferroni-adjusted using p-value scaling (family-wise α = 0.05).
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Supplementary Figure 8: Transcriptomic Profiling of Primary Neurons and In Vivo Validation of RXRα-Mediated Regulation of DKK2 in Ischaemic Stroke. (A) Immunofluorescence staining of neuron markers (NeuN, MAP-2, PSD-95), astrocyte marker (GFAP), and DKK2 in primary mouse neurons. Limited GFAP positive cells were observed. Scale bars, 200 mm. (B) qPCR analysis of Axin2 and Nkd1 mRNA expression in primary mouse neurons. The cells were stimulated with OGD/R and Wnt3a protein (200 ng/ml) for 24 h with or without the addition of DKK2 protein (200 ng/ml). (C) The volcano plot shows the distribution of differentially expressed genes in primary mouse neurons under normal and OGD/R conditions. Each point represents a gene, with the x-axis showing log2(fold change) and the y-axis showing -log10(p-value). Genes with significant changes in expression are highlighted, including genes related to neuronal stress responses Rxra, Ntsr2, Ctsz, and Hsd3b7. (D) The co-expression network shows the top genes most correlated with Rxra under OGD conditions. (E-F) Immunofluorescence staining and quantification of DKK2 expression levels in the ischaemic brain tissue from mice receiving vehicle or Ro 41-5253 treatment (20 mg/kg, i.p. within 30 min post-tMCAO) at 48 h post-tMCAO (n = 6 mice/group). Scale bar: 100 mm. (G) Determination of brain infarction volume by TTC staining at 48 h post-tMCAO (n = 8 mice/group). The mice received Vehicle or Ro 41-5253 treatment (20 mg/kg, i.p. within 30 minutes post-tMCAO). (H-I) Immunofluorescence staining of brain sections showing IgG (green), CD31 (red), and DAPI (blue). Scale bar: 200 mm. Quantification of IgG accumulation (IOD) in the brain and comparison between the siRxra and Scramble RNA groups (n = 6 mice/group). 
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