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Additional Methods: 
Purification of curcumin
Curcumin (Cur) from Curcuma longa (powder, Sigma-Aldrich) was purified by column chromatography on silica gel using a mixture of chloroform and methanol (98:2) as an eluent to remove the small amounts of other curcuminoids present, namely demethoxycurcumin and bisdemethoxycurcumin. The purity of the curcumin fractions was checked by thin layer chromatography, and the fractions containing the desired product were collected and the solvents were evaporated under reduced pressure [1].

Release kinetics of HFn-Cur
To investigate the spontaneous release of Cur from HFn using the dialysis method, a protocol was developed based on the quantification of Cur that remained encapsulated over time. The analysis of Cur content was performed at 2 hours, 4 hours, 6 hours, and 24 hours. For each time point, an independent dialysis bag (Sigma-Aldrich Dialysis tubing cellulose membrane 12-14 kDa) was prepared by placing 430 μL of HFn-Cur in PBS 20 mM, pH 7.2. The bags were immersed in PBS 20 mM, pH 7.2 (100 volumes relative to the sample volume), with gentle agitation, and protected from light. At each time point, the external medium was replaced, the corresponding bag was retrieved, and the sample was collected. The concentrations Cur was determined by quantifying absorbance in an organic solvent at 423nm, using dilutions in acetic acid, and the relative amount of retained curcumin was calculated as a percentage of original concentration. To observe variations in the stability and release of Cur over time at low pH, kinetics were also conducted using the aforementioned protocol but with sodium citrate 20 mM, pH 6.0, as the external medium. 

Determination of Curcumin in Lower Chamber, Upper Chamber and pellet of BBB
Cur determination in LC, UC and pellet samples was performed by UPLC–tandem mass spectrometry (MS/MS), in particular with Waters Acquity UPLC-TQD. The MS/MS conditions were as follows: interface, electrospray in positive ion mode; multiple reaction monitoring acquisition, m/z 369.1→177.0 (CV 32, CE 23) for quantifier of Cur; m/z 369.1→145.0 (CV 32, CE 31) for qualifier of Cur; m/z 375.2→ 180.0 (CV 30, CE 21) for internal standard, Curcumin D6. Chromatographic conditions were as follows: column, Waters Acquity UPLC BEH Shield RP C18 (1.7 μm, 2.1 x100mm) maintained at 40 °C; eluent A, 0.1% formic acid in water; eluent B, acetonitrile; flow rate, 0.45 mL min−1.  A gradient program was employed for chromatographic separation with solvent A and B as follows: 35%B (0-0.5 min), 35-75% B (0.5-3.0 min), 75-99% B (3.0-3.1), 99%B (3.1-5.5min), 99-35%B (5.5-6.0 min), followed by 2 min of re-equilibration time. The retention time of Cur and its internal standard (Curcumin D6) was 2.89 ± 0.02 min. An aliquot (0.5 mL) obtained from LC and UC underwent liquid-liquid extraction with 5 mL of Methyl tert-butyl ether (MTBE), using vortex for 10 minutes; solvent (4mL) was evaporated with nitrogen and then reconstituted with 100 μL of methanol before injection in UPLC (6μL). Pellet samples underwent liquid-liquid extraction with MTBE (0.5mL for 10 minutes using vortex); solvent was evaporated with nitrogen and then reconstituted with 100 μL of methanol before injection in UPLC (6μL). The calibration curve was prepared in medium in the Cur concentration range 1–10 μg/L for LC samples and in the range 10-1500 μg/L for UC samples; for pellet, calibration curve was in MTBE, range 1-10 μg/L. The detection limit (signal-to-noise ratio = 3) was 0.1 μg/L. 

Micronucleus assay in Mice Bone Marrow
For the assessment of genotoxic activity, three different batches of HFn-CUR and a sample of free curcumin were tested using the micronucleus test in vivo on mammalian bone marrow erythrocytes according to OECD Guideline № 474 [2]. The experiments on CD-1 mice were performed in accordance with the ethical guidelines of Directive 2010/63/EU and OECD TG 474. Mice were housed in standard cages with access to drinking water and feed ad libitum. Temperature (22−23 °C), humidity (36–40 %) and photoperiod (12 h light/12 -h dark) were maintained in an animal room. For the assessment of genotoxic activity 4 groups of female mice (five animals per group) were used. The compounds were administered orally by intragastric gavage twice at intervals of 24 h at a dose level of 1mg/kg for an administration period of one month. As a negative control a group administered only with drinking water was chosen. Bone marrow samples were harvested from mice sacrificed by cervical dislocation at 24 h after the last administration. Suspension of femoral bone marrow cells in fetal bovine serum was dropped on microscope slides (2 slides per animal), dried, fixed and stained using “Leucodif 200” kit (Erba Lachema s.r.o., CZ). All slides were coded and examined microscopically (Nikon Eclipse Ci-L, Japan). The proportion of PCEs among total (PCEs + NCEs) erythrocytes was determined by counting at least 500 total erythrocytes. 4000 PCEs were counted per animal for the assessment of micronucleated PCE incidence.

Micronucleus assay in Human Blood Lymphocytes
Three distinct batches of HFn-CUR and a free Cur sample underwent in vitro micronucleus testing on Human Blood Lymphocytes following OECD Guideline № 487 [2]. Blood from two healthy, non-smoking donors aged 20 and 25 years was utilized. A mixture of whole blood (0.5ml), Ham's F-10 medium (6.5 ml), fetal calf serum (1.5 ml), and phytohemagglutinin (0.3 ml) stimulated cell division. After 41 hours of culture initiation, chemicals were added, with HFn-CUR concentrations at 5 and 10 μg/ml, and free curcumin at 10 μg/ml. Cultures were incubated at 37°C for 72 hours. Cytochalasin-B (6 μg/ml, Sigma) was introduced at 44 hours post-culture initiation. At 72 hours, cells were collected, fixed with methanol/acetic acid (3:1 v/v), stained with Giemsa, and at least 1000 BN cells per slide were scored to calculate micronucleus frequency. The cytokinesis block proliferation index (CBPI) assessed potential cytotoxic effects, calculated by counting at least 2000 cells using the formula CBPI=[M1+2M2+3(M3 + M4)]/N, where M1 to M4 represent cells with one to four nuclei, and N is the total cell count.

Patients’ enrollment for RNA-seq analysis 
Fifteen AD patients and fifteen age- and sex-matched healthy controls (CTR) were recruited after obtaining written informed consent (Table 1). All the subjects were deep-sequenced and included in real-time PCR experiments. The AD patients underwent clinical and neurologic examination at IRCCS Mondino Foundation (Pavia, Italy). An AD diagnosis was made according to the National Institute of Neurological and Communica-tive Disorders and Stroke and the AD and Related Disorders Association (NINCDS-ADRDA) criteria [3]. The control subjects were recruited at the Transfusional Service and Centre of Transplantation Immunology, Foundation San Matteo, IRCCS (Pavia, Italy). The study protocol to obtain PBMCs from the patients and controls was approved by the Ethical Committee of the IRCCS Mondino Foundation (Pavia, Italy). Before being enrolled, the subjects participating in the study signed an informed consent form (Protocol no. 20200042334—version 18 May 2020). All experiments were performed in accordance with the relevant guidelines and regulations.

	
	HC
	AD

	Recruited subjects
	15
	15

	Age (mean ± SD)
	56.1 ± 5.2
	74.4 ± 8.8

	Males %
	43%
	47%

	Females %
	57%
	53%

	MMSE
	29.625 ± 0.74
	18.5 ± 3.88













Supplementary Table S1. Baseline characteristics of the subjects recruited for this study. 
HC = controls; AD = Alzheimer’s Disease; SD = standard deviation.

[bookmark: _Hlk168058326]PBMCs Isolation, Treatment, and RNA Extraction
Peripheral blood mononuclear cells were prepared by layering peripheral blood on Ficoll-Histopaque (density = 1.077) and centrifugation at 950×g for 30 min. After isolation on a Ficoll-Histopaque layer (Sigma, Italy), the cell viability was assayed by a trypan blue exclusion test. Viable cells were used for in vitro Cur studies. PBMCs isolated from AD patients and healthy controls (5 × 106 cells with viability ≥ 80%) were cultured for 24 h in basal conditions (nt) and 24 h with HFn-CUR (10 μM). 
The experiment comprised 4 different conditions:
- PBMCs isolated from AD patients, not treated (ntAD);
- PBMCs isolated from AD patients, treated with HFn-CUR (HFnCurAD);
- PBMCs isolated from controls, not treated (ntHC);
- PBMCs isolated from controls treated with HFn-CUR (HFnCurHC).
After treatment, the cell viability was assayed by a trypan blue exclusion test and confirmed using a flowcytometric analysis with Zombie dye (Thermo Fisher, Waltham, USA). The total RNA was isolated using Trizol reagent (Life Science Technologies, Waltham, MA, USA), according to the manufacturer’s instructions. Quantification and quality control of the RNAs was done using a Nanodrop ND-100 Spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA) and a 2100 Bioanalyzer (Agilent RNA 6000 Nano Kit, Waldbronn, Germany). RNAs with a 260/280 ratio of ≥1.5 and an RNA integrity number of ≥8 were selected for deep sequencing.

Husbandry (5xFAD Mice) 
Male 5xFAD (#034840-JAX) mice [4] and female B6SJLF1/J mice were obtained from The Jackson laboratory (ME, USA). Mice were bred together to obtain experimental mice for the HFn-Cur treatment. Female progeny were used, as male transgenic mice show a delayed phenotype compared with females [4]. Following weaning, mice were housed in groups with access to ad lib food (V1534-300, ssniff Spezialdiäten GmbH) and water (reverse osmosis-treated, and UV sterilised) and lights were set to 7am on 7pm off. Authorisation to perform experiments was provided by the Estonian Animal Welfare authorisation committee, licence number 140, according to the EU Directive 2010/63/EU. Our preclinical trial adheres to ARRIVE guidelines [5,6].

Genotyping
Mice were genotyped for the PSEN transgene, wildtype (WT) APP gene and also the phosphodiesterase-6b retinal degeneration-1 (Pde6brd1) allele by PCR [7] using tail samples obtained from neonates between the ages of P3 and P10. Mice that were homozygous for the rd1 mutation were not used. 

Behavioural testing
For all behavioural testing, mice were acclimatised to the testing room for 20-30mins. For video-based automated analysis of behaviour, human hair spray was applied to the back of mice that had albino, beige or gray fur, as we have previously published [7]. 

Open field
Spontaneous activity in a novel environment, over a period of 1 hour, was analysed using Noldus Phenotyper cages equipped with Ethovision XT V11 (Noldus, Wageningen, Netherlands) [7]. Mice were tested at 2 months of age, prior to initiating treatment, and at 4 months of age, at the end of treatment. Videos for 1 x WT mouse at 2m and 2 x HFn-Cur TG at 4m were not available for analysis.

Tissue processing for neuropathological analysis of amyloid
Mice were euthanised by cervical dislocation and decapitation. Brains were dissected out and divided into hemispheres. One half of each hemisphere was snap frozen in liquid nitrogen and the other placed in fresh 4% paraformaldehyde for post-fixing. Samples for post-fixing were incubated at 4°C, with rocking, for 48-72hrs. Samples were then placed in 30% sucrose for a further 48-72hrs and then briefly washed with 0.01M PBS, excess liquid dried off and then they were snap frozen in liquid nitrogen. Samples were stored at minus 80°C. Serial sagittal cryosections (40µm) were taken and placed in cryoprotectant and stored at minus 20°C until processing. All pathological analyses were conducted blinded to treatment groups.
Amyloid plaques were analysed with MAOB-2 antibody, Thioflavin S and Congo red. For MOAB2 staining, two free-floating sections per mouse, at approximately 2mm lateral to bregma, were washed in PBS (0.01M, 3 × 5 min). For antigen retrieval, sections were incubated in antigen-retrieval buffer (Tris/EDTA pH 9) at 100°C for 6 min [8]. Sections were allowed to cool for 30 mins and were then permeabilised in PBS/X (0.01M + 0.05% TX, 20 min). Following blocking for 1 hr in PBSX containing 5% goat serum albumin, mouse antigens were blocked in an excess (30 μg/ml) of unconjugated goat-anti-mouse Fab (Jackson ImmunoResearch, 115-007-003, 1 hr). Sections were incubated in primary antibody (Clone 6C3, MOAB-2 Cayman Chemicals 11610; 1:1000) diluted in block (PBSX containing 5% goat serum albumin) overnight. Sections were then washed 3 times and incubated in secondary antibody (goat anti-mouse, Jackson ImmunoResearch, 115-587-003; 1:200) in block, for 2 hours. 
Hoechst (1µg/ml) was used for nuclear staining. After washing, sections were mounted on gelatin-coated slides with aqueous medium. Control sections without primary antibody showed no specific staining. Images were taken using an LSM780 confocal (x20). Images were batch-processed using ImageJ auto-threshold macros. See Supplementary Table 2 for group size calculations for this outcome measure.
For Thioflavin S, three sections per mouse were stained (approx. 3mm lateral to bregma). After washing in 0.01M TB for 3x5 minutes, sections were mounted onto gelatin-coated glass slides and dried overnight. Sections were rehydrated in distilled water and incubated with Thioflavin-S (1% w/v, 30 min). Slides were then dehydrated in an ethanol series, followed by three separate washes in a xylene alternative and then mounted in Eukitt. Images were acquired using a LSM780 confocal (x20).
For Congo red staining, three sections per mouse (approx. 2.2mm lateral to bregma) were stained as previously published [9]. Sections from 1 x control-treated TG mouse were not analysed due to damage. Briefly, after washing in 0.01M TB for 3x5 minutes, sections were mounted onto gelatin-coated glass slides and dried overnight. Sections were then washed in deionized water for 30 seconds, and placed in saturated NaCl for 20 minutes. Afterwards, slides were then incubated with congo red for 30 minutes (0.2% congo red in saturated NaCl). Finally, slides were dehydrated (8 dips in 95% ethanol, 3 x 5 minutes in xylene) and coverslipped. Images were taken at x20 and quantified by a blinded observer for number of plaques in subiculum and frontal cortex. 

Statistical analysis
Where possible, individual data points from each mouse, together with group means±sem are displayed. Data were analysed and graphed using GraphPad Prism V 10.0.2. 
For comparisons of data obtained from animal studies, two-way or mixed-effects ANOVAs were performed to compare data varying by two factors followed by Šídák's or Tukey’s multiple comparisons tests. Effect sizes were calculated using G*Power (V3.1.9.4). For all comparisons, a critical value of 0.05 was used. As required by ARRIVE guidelines [5], we have previously calculated appropriate group sizes and determined endpoint measurements with sufficient power to detect treatment effects in this line of mice at these ages: these data were used to design our preclinical trial of HFn-Cur and ensure appropriate outcome measurements [7]. For sample sizes required to detect treatment effects based upon MOAB2 staining, see supp Table 1. Our primary outcome measures were neuropathology.
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Figure S1: Characterization of the BBB system in vitro. (a) TEER values measured 6, 8, 10 and 12 days after co-culture of RBMEC and RCA on transwell membranes. (b) FD40 flux from the upper to the lower side of the BBB system, compared to that across the empty insert, measured at 1, 2 and 3 hours of incubation. (c) Analysis of FD40 permeability through the BBB system or empty inserts. The permeability coefficient was calculated according to the following equation: (basolateral concentration * basolateral volume)/(incubation time * membrane area * initial concentration in the apical side).
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Figure S2: Fig. S2. GO Pathway analysis. In panel (A), differentially expressed (DE) mRNAs between NT HC vs HFnCUR HC shown by Heatmap, while in panel (B) Volcano Plot has been reported. Molecular Function and Biological process analysis of deregulated genes for NT HC vs HFnCUR HC (C, D).

[image: ]
Figure S3: Weights and activity in the open field, and learning in the Morris water maze. HFn-Cur treatment was non-toxic in 5xFAD TG mice, as shown by a normal gain in weight (A), and normal activity levels (B, distance in open field; C, velocity in open field) compared with saline-treated littermates, both WT and TG. Symbols are of group mean ± sem (A) or of individual mice together with group mean ± sem (B, C).  A: 2-way ANOVA effect of genotype F (1, 24) = 1.1, ns; 2-way ANOVA effect of treatment F (1, 19) = 0.07, ns.  B: 2-way ANOVA effect of genotype F (1, 24) = 0.3, ns; 2-way ANOVA effect of treatment F (1, 19) = 0.8, ns.  C: 2-way ANOVA effect of genotype F (1, 24) = 0.05, ns; 2-way ANOVA effect of treatment F (1, 19) = 0.8, ns. D: 2-way ANOVA day x genotype F (3, 72) = 1.7, ns; 2-way ANOVA day x treatment F (3, 57) = 1.9, ns.  E: 2-way ANOVA day x genotype F (5, 113) = 0.6, ns; 2-way ANOVA day x treatment F (5, 89) = 0.8, ns. F: 2-way ANOVA day x genotype F (5, 120) = 0.6, ns; 2-way ANOVA day x treatment F (5, 95) = 0.6, ns.
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Figure S4: Amyloid plaques were examined using (A) MOAB2 immunofluorescence staining using anti-MOAB2, which is a pan-specific monoclonal antibody that detects several species of amyloid beta, (B) Thioflavin S fluorescence and (C) Congo Red brightfield staining. No effect of HFn-Cur was observed. Photomicrographs depict staining using MOAB2-stained (left), Thioflavin-s-stained (middle) and Congo-red-stained sections of subiculum, in sagittal sections from saline-treated TG mice (top row) or HFn-Cur-treated TG mice (bottom row). Dotted lines separate the corpus callosum (cc) from subiculum in MOAB2 images and corpus callosum (cc) and hippocampus (Hf) from subiculum in Congo red images. MOAB2: scalebar = 100µm. Thioflavin S: scalebar = 50µm. Congo red: scalebar = 100µm

Supplementary Table S2 
Group sizes required to detect treatment effects for MAOB2 immunoreactivity in 4m-old 5xFAD female TG mice1.

	Region
	Outcome measure
	Group size required to detect improvement of 30% 

α = 0.05
80% power
Group sizes 1:1
	Group size required to detect improvement of 50% 

α = 0.05
80% power
Group sizes 1:1

	
	
	ClinCalcs10
	G*Power11
	ClinCalcs10
	G*Power11

	Somatosensory cortex
	Percent area (%)
	8
	9
	3
	5

	Subiculum
	Percent area (%)
	6
	7
	2
	4


1 Based upon data from control-treated TG mice of this preclinical trial. 
10 (ClinCalc.com, n.d.)
11 (Faul, n.d.)




Supplementary Table S3
Statistical analysis relative to results presented in Figure 6
	Panel
	Effect
	F values

	A
	WT saline versus TG saline, 2-way ANOVA
Effect of genotype
	
F (1, 22) = 49.4, p<0.0001

	
	TG saline versus TG HFn-Cur, 2-way ANOVA 
Effect of anatomical region
	
F (1, 19) = 14.1, p<0.01

	B
	WT saline versus TG saline, 2-way ANOVA
Effect of genotype
Effect of region 
	
F (1, 23) = 77.7, p<0.0001
F (1, 23) = 50.1, p<0.0001

	
	TG saline versus TG HFn-Cur, 2-way ANOVA
Effect of treatment
	
F (1, 19) = 5.8, p<0.03

	C
	WT saline versus TG saline, 2-way ANOVA
Radius x genotype interaction
	
F (6, 132) = 21.6, p<0.0001

	
	TG saline versus TG HFn-Cur, 2-way ANOVA
Radius x genotype interaction
	
F (6, 110) = 3.2, p<0.01







Supplementary Table S4
File excel composed by 3 sheets. 
1. AD HFn-CUR vs AD NT. Differentially expressed RNAs in PBMCs from AD patients treated with HFn-CUR versus not treated. Gene name, gene biotype and measured log2FC are reported for each transcript. 
2. AD Hfn-CUR vs CTR Hfn_CUR. Differentially expressed RNA in PBMCs from AD patients treated with HFn-CUR versus Healthy controls treated .  Gene name, gene biotype and measured log2FC are reported for each transcript. 
3. AD HFn-CUR vs CTR NT. Differentially expressed RNA in PBMCs from AD patients treated with HFn-CUR versus Healthy controls untreated. Gene name, gene biotype and measured log2FC are reported for each transcript. 
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