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Figure S1. Effects of N3 overexpression in OC both in vitro and in vivo.
[bookmark: _Hlk219124281][bookmark: _Hlk219125051]a. Table reporting the average IC50 value of three independent experiments ±SD of SKOV3-LUC selected clones (#) subjected to increasing doses of CBDCA for 72 h and then released in drug-free medium for an additional 24 h, as reported in Fig. 1b. b. Immunoblotting analyses of the expression of S139 phosphorylated histone H2AX (γH2AX), a marker of DNA damage in SKOV3-LUC-CTL vs the indicated FLAG-N3ICD clones (#) treated with increasing doses of CBDCA (IC25 and IC50) as described in a. c. A representative colony formation assay was performed on the same cells described in a. which were treated or not treated with a suboptimal dose of CBDCA for 72 h and then released for another 72 h. d-f. NSG mice (n=4 for each group) bearing the selected clones (#) injected subcutaneously (s.c.) received intraperitoneal injections (i.p.) of CBDCA (20 mg/kg) every two days (treatment scheduling in d). Tumour growth was monitored via optical imaging at the indicated times. e. Representative images (upper panels) and quantitative analysis (lower panels) of luciferase activity at the indicated times. Statistically significant differences in average radiance (expressed as the mean ± SD) are indicated. P-values were calculated via one-way ANOVA followed by Tukey's multiple comparisons test. f. NSG mice (n=4 for each group) were intraperitoneally (i.p.) injected with the selected SKOV3_LUC clones (#). Tumour dissemination was evaluated by optical imaging at indicated times. At the end of the experiment, the abdominal cavities were evaluated, and macroscopic evidence of liver metastases in mice A and B (injected with clone #12) is shown. Immunoblot analysis of liver metastases probed with an anti-Flag antibody to detect FLAG-N3ICD levels.
ns=not significant P>0.05, *P≤0.05, **P≤0.01, ***P≤0.001¸****P≤0.0001.
Anti-β-actin antibody was used as a loading control. ws: week; +: positive control (extract from #12).
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Figure S2. Generation and characterization of CBDCA-resistant HGSOC cells. 
a. Experimental design used in the generation of Caov3 CBDCA-resistant cells (r20T) by pulse method (described in Material and methods section). b. Cisplatin (CDDP) (left panel) and Paclitaxel (middle panel) dose-response curves on parental and r20T cells, as indicated. Cells were subjected to increasing doses of: i) CDDP for 16 h and then released in drug-free medium for an additional 24 h or ii) Paclitaxel for 48 h. The results are expressed as the percentage of viable cells with respect to untreated cells, and the resulting IC50 is expressed in the table (right panel) as the mean value of three independent experiments ±SD. The difference between parental and r20T cells is reported for each drug. Statistical significance was determined by unpaired t-test. c-h. Immunofluorescence analyses on the same cells described in b., upon treatment or not with CBDCA by using a dose corresponding to the IC25 of parental cells indicated in Fig. 1i for 72 h and then released for another 24 h (γH2AX) or 6 h (RAD51). c,d,f,g. Representative images of S139 phosphorylated histone H2AX (γH2AX) (c,d) and RAD51 (f,g). Green fluorescence indicates the endogenous levels of γH2AX (c,d) and RAD51 (f,g). Cell nuclei were stained with DAPI. Scale bar: 20 μm.  e,h. Dot plot representing the mean of γH2AX (e) and RAD51 foci (h)/nucleus ± SD. Results are expressed as fold change with respect to untreated cells. Significant differences were computed via one-way ANOVA. i. A representative colony formation assay of the same cells described in b. which were treated or not treated with a suboptimal dose of CBDCA for 72 h and then released for another 72 h. l. Volcano plots showing differentially expressed (DE) proteins (q < 0.05, S0=0.1): Caov3 model with 4343 proteins detected in at least 3 replicates in one group, n=5 biological replicates for each group. The negative log10 P values plotted against the differences between the geometric means of the abundances are reported. Dots represent individual proteins. Red and blue dots: up- and downregulated proteins. Gray dots: non significantly differentially abundant proteins. m. Enrichment analysis comparing DE proteins in r20T vs Caov3 parental with known mechanisms involved in PT-resistance (EMT, Metabolism, Drug Turnover, Apoptosis, and Inflammation) by Huang and colleagues(1), highlighting significant enrichment in EMT, Metabolism and Drug Turnover (DE proteins are indicated in the coloured boxes). Results are presented as −log₁₀-transformed P values after Benjamini–Hochberg (BH) correction for multiple testing, together with odds ratios. Point size indicates the number of differentially expressed genes associated with each mechanism. Statistical significance was assessed using Fisher’s exact test, with a threshold of BH < 0.05.
[bookmark: _Hlk219189498]ns=not significant P>0.05, *P≤0.05, **P≤0.01, ***P≤0.001¸****P≤0.0001.
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Figure S3. Full resolution of IHC staining. 
Full resolution of the HGSOC representative images of IHC staining reported in Figure 2c (scale bar = 200μM; original magnification, 20X).
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Figure S4. Effects of Pin1 suppression in vitro and in vivo.
a. Immunoblotting analyses of N3 expression in Caov3+pLKO-TetO-shCTL vs -shPin1 (left panel) and Kuramochi+pLKO-TetO-shCTL vs -shPin1 (right panel) cells upon shPin1 induction (DOXY, 48h). b. Immunoblotting analyses of N3 protein stability Caov3 (left panel) and Kuramochi (right panel) cells treated with a suboptimal dose of CBDCA (6 h) and transfected with control (siCTL) or Pin1-specific siRNA (siPin1). The cells were analysed after time-course treatment with cycloheximide (CHX) for 0-2-4-6 h (upper panels). Densitometric analyses of β-actin-normalized N3 protein levels are shown as the mean value of four (Caov3) or three (Kuramochi) independent experiments ±SD (right panels). The results are expressed as percentages with respect to time 0. The difference between siCTL and siPin1 is reported. Statistical significance was computed for each time point via an unpaired t test. c-f. NSG mice (n=4 for group) bearing Kuramochi+pLKO-TetO-shPin1 cells subcutaneously (s.c.) or intraperitoneally (i.p.) injected received doxycycline treatment in the drinking water every 72 h (mice B and b) or not (mice A and a) (treatment scheduling in c). Tumour growth was monitored via optical imaging at the indicated times. d. Representative images of luciferase activity at the indicated times. At the end point, the posterior flank masses (e) and abdominal cavities (f) were evaluated e. Representative images of explanted tumour masses (upper panels) subjected to immunoblot analysis of Pin1 expression (lower panel). f. Representative macroscopic evidence of intraperitoneal tumour masses (upper panels) subjected to H&E and Pin1 immunohistochemical staining (lower panels). Scale bar = 100μm - Original magnification, 20X.
ns=not significant P>0.05, *P≤0.05, **P≤0.01, ***P≤0.001¸****P≤0.0001.
In a, b, e, Anti-β-actin antibody was used as a loading control.





[image: ]












Figure S5. Peptides mimicking the amino acid sequences of N3ICD were identified as Pin1 substrates.
a. Illustration of the ANK (ankyrin), RE/AC (repression/activation)(2), and TAD (transcriptional activation domain) regions of N3ICD showing the seven putative Pin1 consensus motifs (in bold). b. Sequence alignment of the four identified Pin1 consensus motifs on the N3ICD protein across different species. In a and b, numbering refers to UniProtKB entry Q61982. c. List and sequences of the peptides used in this study. The table also reports the theoretical and experimental molecular weights (MWs) as monoisotopic masses. All peptides are C-terminally amidated (-NH2) and biotinylated at the N-terminus using 6-aminohexanoic acid (ε-Ahx) as a linker. Phosphoserine is reported as S*, the norleucine residue is reported as NLeu, and the linker 6-aminohexanoic acid is reported as ε-Ahx. d. BLI binding experiments: Curve fits were performed via a 1:1 interaction model (left panels), and KD values were determined from steady-state binding levels over the range of analyte concentrations (right panels).
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Figure S6. LC‒MS analysis after pull-down experiments between P1 and Pin1.
a-d. Each panel shows the MS spectra of the peptides purified to 0.1 µg, used as a reference (a-d, left panels), and of the unknown samples obtained from the pull-down experiments (a-d, right panels). The extracted base peaks for P1 fall within the m/z range of 581.66--581.86 (z =2, a) and 1162.41--1162.61 (z =1, panel b). The tR values of the extracted base peaks agreed with those of the reference, and MS analysis revealed that the predicted masses at m/z were as follows: 581.76 [M+2H]2+, 593.16 [M+H+Na]2+ (c) and 1162.51 [M+H]+ (d).
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Figure S7. LC‒MS analysis after pull-down experiments between P2 and Pin1.
a-d. Each panel shows the MS spectra of the peptides purified to 0.1 µg, used as a reference (a-d, left panels), and of the unknown samples obtained from the pull-down experiments (a-d, right panels). The extracted base peaks for P2 fall within the m/z range of 618.19--619.39 (z =2, panel a) and 1235.47--1235.67 (z =1, panel b). The tR values of the extracted base peaks agreed with those of the reference, and MS analysis revealed that the predicted masses at m/z were 618.29 [M+2H]2+ (c) and 1135.57 [M +H]+ (d).
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Figure S8. LC‒MS analysis after pull-down experiments between P3 and Pin1.
a-d. Each panel shows the MS spectra of the peptides purified to 0.1 µg, used as a reference (a-d, left panels), and of the unknown samples obtained from the pull-down experiments (a-d, right panels). The extracted base peaks for P3 fall within the m/z range of 572.65--572.85 (z =2, panel a) and 1144.38--1148.58 (z =1, panel b). For P3, no significant peak was observed in the extracted base peaks, and the expected masses were not found in the MS spectra (c, d).
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Figure S9. LC‒MS analysis after pull-down experiments between P4 and Pin1.
a-d. Each panel shows the MS spectra of the peptides purified to 0.1 µg, used as a reference (a-d, left panels), and of the unknown samples obtained from the pull-down experiments (a-d, right panels). The extracted base peaks for P4 fall within the m/z range of 601.67--601.87 (z =2, panel a) and 1202.53--1202.63 (z =1, panel b). For P4, no significant peak was observed in the extracted base peaks, and the expected masses were not found in the MS spectra (c, d).
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Figure S10. Peptide RMSD and dCOM analyses.
a,b. Time course of the peptide root mean square deviation (RMSD) throughout independent MD simulations. c. Bidimensional plots computed via multiple MD simulations of (i): C-α of phospho-Ser6 and C-α of Tyr23 vs. peptide-RMSD; (ii) C-α of phospho-Ser6 and C-α of Tyr23 vs. center of mass (dCOM) of peptides and the WW domain binding region; (iii) C-α of phospho-Ser6 and C-α of Tyr23 vs. the C-zeta of Arg17 and C-α of phospho-Ser6. The upper and lower insets represent the C-zeta of Arg17–C-α of phospho-Ser6 and the C-α of phospho-Ser6–C-α of the Tyr23 distance, respectively. d. The binding stability of Pin1–peptide complexes was assessed via the “peptide RMSD” metric, which was calculated as the root mean square deviation of the peptide Cα atoms relative to their predicted docking-predicted binding mode after superposition with the Pin1 WW domain. The probability distributions of peptide RMSD were analysed to evaluate binding stability across simulations.
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Figure S11. PCA analyses.
a. Principal component analysis of peptide–Pin1 complexes reveals distinct dynamic behaviours.
Essential dynamics were evaluated by performing principal component analysis (PCA) on the peptide backbone conformations pooled from five independent simulations for each complex. The principal components PC1, PC2, and PC3 accounted for 36%, 23%, and 16% of the total variance, respectively. The P1 and P2 peptides exhibited limited similarity in their dynamic behaviour, whereas P3 occupied extreme regions of the essential subspace, indicating distinct motions. P1 explored concerted movements toward key binding regions of the Pin1 WW domain (loop I, β1–β3), enhancing stable interactions. In contrast, P2 and P3 showed motions directed toward the solvent, with only minor contributions toward loop I (notably PC3 for P2 and PC2 for P3), which is consistent with partial stabilization via pSer6–Arg17 interactions. These data suggest that sequence-specific differences in peptide dynamics underlie the reduced binding stability observed for P2 and P3. b. Porcupine plots depicting the simulated motion of peptides in the top three PCA modes, shown as arrows originating from the backbone atoms of the peptides. The orientation of the arrow indicates the direction of motion of the atoms to which they are attached, and their length indicates the amplitude of this motion. The figure was created by using the NMWiz plugin in VMD.
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Figure S12. Peptide P1m characterization.
a. BLI binding experiments: Curve fitting was performed via a 1:1 interaction model (left panel), and the KD values were determined from steady-state binding levels over the range of analyte concentrations (right panel). b-e. LC‒MS after pull-down experiments between P1m and Pin1. Each panel shows the MS spectra of the peptides purified to 0.1 µg, used as a reference (b-e, left panels), and of the unknown samples obtained from the pull-down experiments (b-e, right panels). The extracted base peaks for P1m fall within the m/z range: 512.17--512.37 (z=2, b) and 1023.43--1023, 63 (z=1, c). For P1m, no significant peak was observed in the extracted base peaks, and the expected masses were not found in the MS spectra (c, d). f. Co-IP analyses of exogenous HAPin1 and FLAGN3ICD proteins in HEK293T Pin1KO cells in the presence of increasing doses of P1m and P1.









[image: ]





















Figure S13. LC‒MS/MS analysis of N3ICD.
a-d. MS/MS spectra of FLAGN3ICD-wt in the absence (sample 1) or in the presence of HAGSK3β, alone (sample 2) or with CHIR99021 (2h) (sample 3). a. MS/MS spectrum of the (2024--2032) unmodified peptide detected in sample 1. b. MS/MS spectrum of the (2024--2032) peptide, phosphorylated at S2029, detected in sample 2. c. MS/MS spectrum of the (2024--2055) peptide phosphorylated on both S2029 and S2033 and detected in sample 2. d. MS/MS spectrum of the (2024--2055) peptide phosphorylated at S2033, which was detected in sample 3. In each spectrum, the inner panel contains the peptide sequence, with the blue and red lines indicating the matched y and b fragment ions, respectively, and the stars mark ions carrying a phosphate group. The yellow highlighted squares indicate ions derived from phosphoric acid neutral loss.
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Figure S14. Responsiveness to proteasomal degradation of FLAGN3ICD-wt non phosphorylable mutants. 
a. Immunoblotting analyses (upper panel) of FLAGN3ICD-wt and non phosphorylable mutants in the presence or absence of the highest dose of HAGSK3β plasmid followed by MG132 (4 h). Densitometric analyses (lower panel) of vinculin-normalized N3 levels as shown as the mean value of three independent experiments ±SD. The results are expressed as percentages with respect to the corresponding control (no HAGSK3β and no MG132). Statistical significance was determined by one-way ANOVA followed by Tukey's multiple comparisons test. 
Anti-vinculin was used as a loading control.
ns=not significant P>0.05, *P≤0.05, **P≤0.01, ***P≤0.001¸****P≤0.0001.
[image: ]
Figure S15. Full resolution of IHC staining.
a. Full resolution of the representative IHC images of the HGSOC biopsies used for the isolation of PMOV#9 and PMOV#14 reported in Fig. 9a (scale bar = 25μM; original magnification, 20X). b-d. Full resolution of the representative IHC images of the pre- and post-NACT patients [#1 (b), #2 (c), #3 (d)] reported in Fig. 9e (scale bar = 100μM; original magnification, 20X).









Supplementary Tables

Table S1. HGSOC patients’ clinical data.
	Name
	Stage
	Protein expression
	Mutational status
	Exposures (at the time of the IHC)

	
	
	WT1
	PAX8
	P53
	BRCA1/2
	

	PMOV#9
	2A
	pos
	pos
	mut
	wt
	none

	PMOV#14
	2A
	pos
	pos
	mut
	wt
	none

	Patient#1
	4A
	pos
	pos
	mut
	wt
	pre- and post-NACT

	Patient#2
	3C
	pos
	pos
	mut
	wt
	pre- and post-NACT

	Patient#3
	3C
	pos
	pos
	mut
	wt
	pre- and post-NACT




Table summarizing the clinical characteristics of the patients analysed: 1. stage; 2. expression of the OC markers WT1 and PAX8; 3. mutational status of the P53 and BRCA proteins; and 4. exposures [at the time of immunohistochemistry (IHC) analyses]. Pos=positive; neg=negative; mut=mutated; wt=wild-type; NACT=neoadjuvant therapy.









Table S2. List of antibodies.
	Target / Clone
	Host
	Supplier
	Catalog No.
	Application(s)
	Dilution
	Validation Information
 (Refs)

	Pin1 (G-8)
	Mouse
	Santa Cruz Biotechnology
	sc-46660
	WB and
IHC
	WB (1:2000)
IHC (1:100)
	(3)

	Vinculin (H-10)
	Mouse
	Santa Cruz Biotechnology
	sc-25336
	WB
	1:6000
	(4)

	GFP (B-2)
	Mouse
	Santa Cruz Biotechnology
	sc-9996
	WB
	1:1000
	(5)

	MPM2
	Mouse
	Millipore
	05-368
	WB
	1:500
	(6)

	HA-Tag (F-7)
	Mouse
	Santa Cruz Biotechnology
	sc-7392
	WB
	1:2000
	(7)
	β-actin (AC-15)
	Mouse
	Sigma-Aldrich
	A5316
	WB
	1:10.000
	(8)
	FLAG M2–HRP (M2)
	Mouse
	Sigma-Aldrich
	A8592
	WB
	1:1000
	(8)
	Notch3
	Rabbit
	Cell Signaling Technology
	2889
	WB
	1:1000
	(8)
	Notch3
	Rabbit
	Abcam
	[bookmark: _Hlk219211540]ab23426
	IHC
	1:50
	(9)

	GSK-3β (3D10)
	Mouse
	Cell Signaling Technology
	9832
	WB
	1:1000
	(10)

	Phospho-Histone H2A.X (Ser139) (20E3)
	Rabbit
	Cell Signaling Technology
	(#9718),
	WB and IF
	WB (1:1000)
IF (1:200)
	(11,12)

	RAD51 [EPR4030(3)]
	Rabbit
	Abcam
	ab133534
	IF
	1:1000
	(13)

	Anti-rabbit HRP
	Goat
	Jackson ImmunoResearch
	JI111-035-003
	WB
	1:10.000
	(14)

	Anti-mouse HRP
	Goat
	Jackson ImmunoResearch
	JI115-035-003
	WB
	1:10.000
	(15)

	Anti-rabbit Alexa Fluor 488
	Goat
	Invitrogen - Thermo Fisher Scientific
	A11008
	IF
	1:400
	(16)



Supplementary Methods

Plasmids and antibodies
pcDNA3-FLAGN3ICD(17), pcDNA3-HAGSK-3β (Addgene, Watertown, MA, USA), pcDNA3-HAPin1wt(18), and pcDNA3-HAPin1S67E(18) were used. The plasmid pcDNA3-GFP (Addgene) was used to evaluate the transfection efficiency. Unless otherwise specified, all transfections were performed for 24h.
All the information (catalog numbers, dilutions, and validation information) regarding the antibodies included in this study are provided in the Table S2.

Immunofluorescence and confocal imaging
Immunofluorescence staining was performed as described elsewhere(19). Briefly, cells were fixed in PFA 2% for 20 min at RT, permeabilized with 0.2% Triton X-100 for 20 min at RT and stained with anti-RAD51, anti-Phospho-Histone H2A.X (Ser139) (20E3) and the secondary antibody Alexa Fluor 488-conjugated goat-anti-rabbit as indicated in Table S2. Nuclei were counterstained with Hoechst reagent (cat. #33342, Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA). Single plane confocal images of the cell were acquired using a Zeiss LSM 980 confocal microscope with a 63×/1.35NA oil-immersion objective (Zeiss, Oberkochen, Germany). The foci per nucleus analysis was performed using the Foci Analyzer plugin in the Fiji-ImageJ software. Statistical significance was analyzed using GraphPad Prism 8.0.1. 

Colony assays
SKOV3_luc clones and Caov3, Caov3-r16T and Caov3-r20T cells were seeded at the appropriate density in 6-well plates. After 24 h, the OC cells were treated as indicated in the figure legend. Colonies were visualized as previously described(20). Briefly, colonies were fixed with a mixture of 90% methanol and 10% chloroform at room temperature for 10 min. Then, they were stained with a solution of 0.1% crystal violet (#HT90132; Sigma‒Aldrich, St. Louis, MO, USA) diluted in methanol for 3 min. After staining, the plates were washed with water and left to dry overnight. Finally, the plates were scanned and stored.

Peptide and protein production and characterization
Peptides were synthesized following the Fmoc methodology as previously described in the literature(21). Once the peptide syntheses were completed, the amino acid sequences were functionalized with ε-aminocaproic acid (ε-Ahx), used as a linker, and biotin, following the same protocol used for amino acid couplings(21). The peptides were purified via a Jupiter C18 column (300 Å, 5 µm, 150 × 21.2 mm Ea) operating at a flow rate of 15 mL/min with H2O + 0.1% TFA (solvent A) and CH3CN + 0.1% TFA (solvent B) as solvents. The linear gradient used for the elution was 0−70% solvent B for 15 min. The purity and identity of the peptides were assessed via LC‒MS (UltiMate 3000 HPLC-Q Exactive Plus coupled with Orbitrap mass spectrometers, Thermo Fisher Scientific), which uses an Aeris peptide XB-C18 LC column (100 Å, 3.6 µm, 100 × 2.1 mm) operating at a flow rate of 0.2 mL/min with H2O + 0.1% TFA (solvent A) and CH3CN + 0.1% TFA (solvent B) as solvents. The linear gradient used for elution was 0−70% solvent B for 15 min. The purities of all the peptides were greater than 95%. Recombinant human 6xHis-tagged Pin1 (hereafter, Pin1) was produced following the method described in the literature(22). For Co-IP analyses in the presence of increasing amounts of biotin-labelled peptides, P1m and P1 peptides were used at final concentrations of 5μM and 10μM, respectively.

BLI experiments
An Octet® Red 96® system (ForteBio, Fremont, CA, USA) was used to detect direct interactions between the N-terminally biotin-labelled peptides (P1--P4 and P1m) and the 6xHis-tagged Pin1 protein (hereafter, Pin1) according to standard instructions. The volume of the buffers or samples was 200 µL. The plate speed and temperature were maintained at 600 rpm and 25°C, respectively, throughout the assay. The biosensors were hydrated with 1x kinetic buffer (10 mM phosphate, 150 mM NaCl, 0.05% Tween 20, pH 7.4) for 10 min before the experiments were started. Each biotin-labelled peptide was loaded onto the Octet® high-capacity super streptavidin (SSA) biosensor surface at 2 µM. The association of the Pin1 protein at several concentrations (0–25 µM) with each biosensor-coated peptide was recorded in parallel until equilibrium was reached. The dissociation step was subsequently performed in kinetic buffer. The biosensors were discarded after each measurement. Fitting operations were performed via Octet analysis Studio 12.2.2.26 software, and a 1:1 Langmuir binding model was assumed. The KDs were derived from equilibrium responses via steady-state analysis via Octet analysis Studio 12.2.2.26 software. Similar results were obtained from two independent experiments. The results of the ‘representative’ experiment are presented.

Pull-down experiments coupled with LC‒MS analyses
Three hundred microlitres of N-terminal His-tagged Pin1 protein at 0.34 mg/mL (5 nmol) in 50 mM Tris-HCl or 150 mM NaCl, pH 8 (Buffer A), was incubated with 20 μL of pure-tube Ni-NTA agarose (Cube Biotech) and rotated for 30 min at RT. Then, the beads were washed three times with Buffer A. Three hundred microlitres of peptide at ~ 0.02 mg/mL, with 5 nmol for each peptide, was then incubated with the resin and rotated for 1 h at RT. After three washing steps as previously described, the elution of molecules from the resin was performed by adding 100 μL of buffer A with 500 mM imidazole and lyophilization. Prior to the LC‒MS analysis, the dried peptides were dissolved in 100 μL of H2O/0.1% TFA. A volume of 3 μL of solution was loaded onto an LC‒MS instrument (UltiMate 3000 HPLC-Q Exactive Plus coupled with an Orbitrap mass spectrometer, Thermo Fisher Scientific) with an Aeris peptide XB-C18 LC column (100 Å, 3.6 µm, 100 × 2.1 mm), operating at a flow rate of 0.2 mL/min with H2O + 0.1% TFA (solvent A) and CH3CN + 0.1% TFA (solvent B) as solvents. The linear gradient used for elution was 0−70% solvent B for 15 min. Two independent experiments were performed for each peptide. Peptides were identified by extraction of the base peak in the m/z range: [M+H]+ ± 0.1 and [M+2H]2+ ± 0.1, calculated for each peptide. On the other hand, Pin1 elution was evaluated by western blotting with an anti-His antibody (data not shown).

Differential proteomics
A bottom-up proteomics workflow was applied to 30 µg of protein whose cysteines were reduced and alkylated with tris(2carboxyethyl) phosphine (TCEP, Sigma‒Aldrich) and iodoacetamide (IAM, Sigma‒Aldrich), respectively. Furthermore, the proteins were precipitated via methanol (VWR chemicals), acetone (Sigma‒Aldrich) and ethanol (Sigma‒Aldrich) (25%, 25% and 50% v/v) solutions at −20°C overnight and centrifuged at 14000 × g for 15 min at 4°C. The protein pellet was suspended in 100 µl of 1 M urea (Sigma‒Aldrich) and 50 mM ammonium bicarbonate (Sigma‒Aldrich), digested with trypsin (Promega, Fitchburg, WI, USA) at a 1:50 ratio of protease to substrate (w/w), and subjected to overnight digestion at 37°C. The next day, formic acid (Sigma‒Aldrich) was added (0.1% final concentration) to block digestion, and 20 µL of the resulting peptide mixture was injected into an Ultimate 3000 UHPLC (Thermo Fisher Scientific) coupled with an Orbitrap Fusion Tribrid mass spectrometer (Thermo Fisher Scientific). Peptides were desalted on a trap column (Acclaim PepMap 100 C18, Thermo Fisher Scientific) and then separated on a 40-cm long silica capillary (MS WIL, ICT 36007508-50-5, Aarle-Rixtel, the Netherlands), packed in-house with a C18, 1.9 µm, 100 A resin (Michrom BioResources, CA, United States). The analytical column was heated at 40 °C in a column oven (Sonation) and attached to a nanospray Flex ion source (Thermo Fisher Scientific). Peptides were separated on the analytical column by running a 180 min gradient of buffer A (95% water, 5% acetonitrile, and 0.1% formic acid) and buffer B (95% acetonitrile, 5% water, and 0.1% formic acid) at a flow rate of 250 nl/min. The chromatographic starting point was 5% buffer B, and after 5 minutes, B was increased to 6%, that after 130 minutes to 32%, that after 25 minutes to 55%, and that after 4 minutes, to 80% B was reached. The mass spectrometer was operated in positive ion mode, and precursor ion scanning was performed in the Orbitrap analyser in the scan range of m/z 350–1550 with 120K resolution. Data-dependent acquisition was performed in top-speed mode (3 s long maximum cycle time): the most intense precursors were selected through a monoisotopic precursor selection (MIPS) filter and with charge >1, quadrupole isolated and fragmented by 30% higher-energy collision dissociation (HCD). Product ion spectra were recorded in an ion trap (ITMS) with a rapid scan rate. Peptide spectra were searched via Proteome Discoverer 2.4 software (Thermo Fisher Scientific) with the Sequest HT search engine against the Homo sapiens database from UniProtKB/Swiss-Prot (SwissProt TaxID=9606_and_subtaxonomies, v2017-10-25). Spectral matches were filtered via the Percolator node, which is based on q values, with a 1% false discovery rate (FDR) via a target-decoy approach. Only master proteins were taken into account, and only specific trypsin cleavages with two miscleavages were admitted. Cysteine carbamydomethylation was set as a static modification, whereas N-acetylation at the protein terminus and methionine oxidation were set as variable modifications. The precursor mass tolerance was set to 15 ppm, while the fragment ion match tolerance was set to 0.6 Da. Quantification was based on the precursor ion intensity of unique and razor peptides via the match between runs option, and normalization to the total peptide amount was applied. with Proteome Discoverer 2.4 software. For differential expression analysis, only proteins whose expression was quantified in at least three out of five replicates in at least one group were retained. Statistical analyses were conducted via Perseus software (version 1.6.15)(23). Intensity values were log2 transformed, and missing values were imputed, replacing them from a normal distribution (width 0.3, downshift 1.8). Volcano plots were extracted from Perseus by applying a t test, and a false discovery rate (FDR) < 0.05 was obtained with 250 randomizations and S0=0.1. Differential protein abundance between experimental conditions (r20T vs Caov3 parental) was analysed via a two-sample t test: threshold values of FDR q < 0.05 (Benjamini–Hochberg method) and S0=0.1 were applied to identify statistically deregulated proteins. 
Enrichment analysis comparing DE proteins in r20T vs Caov3 parental with known mechanisms involved in PT-resistance (EMT, Metabolism, Drug Turnover, Apoptosis, and Inflammation) by Huang and colleagues(1), was assessed using Fisher’s exact test, and considering as significant the P values after Benjamini–Hochberg (BH) correction for multiple testing lower than 0.05.

Phosphorylated peptide analysis by LC‒MS/MS
Gel slices containing FLAGN3ICD that were untreated or treated with HAGSKβ alone or in combination with the CHIR99021 inhibitor were subjected to 45 min of incubation with 10 mM DTT at 56°C, 30 min of incubation with 55 mM iodocetamide at room temperature in the dark, and digestion with 12.5 ng/µL trypsin at 37°C. The peptide mixture was analysed via liquid chromatography‒mass spectrometry (LC‒MS/MS) via an HPLC Ultimate 3000 connected online with an Orbitrap Fusion Tribrid mass spectrometer (Thermo Fisher Scientific).
Peptides were desalted in a trap column (Acclaim PepMap 100 C18, Thermo Fisher Scientific) and then separated on a column self-packed with C18, 5 μm, 100 Å resin (Michrom BioResources, CA, USA) with a 65 min gradient from 6 to 32% buffer B (95% acetonitrile, 0.1% formic acid). A total of 15 min of washing and 10 min of equilibration steps were added to achieve complete 95 min long run. MS data were acquired in the Orbitrap for both full MS and MS/MS at 120K and 30K resolutions, respectively. The HCD collision energy was set at 30% for fragmentation. The acquired data were analysed via Proteome Discoverer 2.4 (Thermo Fisher Scientific) software via the Flag protein-containing database with the following constraints: specific trypsin cleavages, 4 missed cleavages allowed, and 15 ppm and 0.02 Da tolerances for precursor and fragment ions, respectively. Carbamidomethylation is considered a fixed modification, whereas methionine oxidation and serine, threonine or tyrosine phosphorylation are considered dynamic modifications. A maximum delta Cn of 0.05, a peptide match rank equal to 1 and a 95% probability of phosphosite localization were considered. MS/MS spectra were manually inspected.

MALDI ToFToF analysis
Selected bands of FLAGN3ICD, untreated or treated with HAGSKβ alone or in combination with the CHIR99021 inhibitor, were subjected to trypsin proteolysis. After alkylation, the bands were incubated with a solution of 25 mM ammonium bicarbonate containing 100 ng of trypsin (Trypsin Gold, mass spectrometry grade, Promega) and 0.01% Trypsin Enhancer (ProteaseMAX™ Surfactant, Promega) for 1 h at 50°C. The analyses of the tryptic mixtures were carried out on a MALDI ToFToF platform (ultrafleXtreme, Bruker, Bremen, DE) equipped with a Smartbeam-II laser in reflector and positive modes. Interesting m/z values were subjected to tandem mass experiments in LIFT mode to identify and localize phosphorylated aminoacidic residues. All MS/MS spectra were manually examined and automatically analysed via Flex analysis; the identification of threonine and serine residues in the phosphorylated form was carried out via BioTools software against the SwissProt_all organism database, selecting trypsin as the enzyme, up to 1 missed cleavage, 50 ppm and 0.3 Da tolerance for precursor and fragment ions, respectively; carbamidomethylation of cysteines (+57.021 Da) as a fixed modification; and phosphorylation of serine and threonine residues (+79.966 Da) and oxidation of methionine (+15.995 Da) as variable modifications.

Molecular Docking
The docking of N3ICD-derived peptides on Pin1 was performed via the local installation of Rosetta FlexPepDock ab-initio(24). As input structures, we used the crystallographic structure of Pin1 in the compact state (PDB ID: 1F8A). Missing coordinates corresponding to the flexible linker (residues 38–51) were built via the Rosetta next-generation kinematic loop modelling algorithm (NGK)(25) to generate a total of 1500 models. The best-scoring model was chosen for molecular docking. For efficient sampling of the peptide backbone, we generate a library of trimer, pentamer and nonamer backbone fragments, which are extracted from solved protein structures in the Protein Data Bank(26), following the procedure described in (24). The library is constructed on the basis of sequence similarity to the query peptide and the secondary structure predicted for the peptide by PSIPRED(27), resulting in 500 fragments from each category of secondary structure type, i.e., α-helix, extended β-strand and coiled-coil loop (with a total of 1500 fragments for a given query peptide). 
The initial N3ICD peptides were then positioned manually near (~2.5 Å) the WW domain of Pin1 via Chimera(28). Finally, the PDB file was created in agreement with the specifications of the original FlexPepDock protocol(24). The unbound Pin1 peptide structures were “relaxed” and “prepacked”. The lowest-energy initial structures were selected for subsequent docking, resulting in 50000 models for each Pin1-peptide complex.
The standard Rosetta score function(29,30) was used, and the models were assessed according to their FlexPepDock reweighted score (“reweighted_sc”, sum of the total score, interface score and peptide score; where the total score is the overall Rosetta energy score for the complex, the interface score is the energy of pairwise interactions across the peptide–protein interface, and the peptide score is the sum of the Rosetta energy function over the peptide residues). This score was shown to discriminate near-native structures well in previous FlexPepDock modelling studies(31).
The top-scoring 5000 models (10% of the generated binding modes) are clustered via the Rosetta Cluster application, as described in Gray et al.(32), with a cluster radius cut-off of 1.5 Å peptide backbone atom RMSD. From each cluster, a representative model is subsequently selected according to the best reweighted score. The clusters are then ranked according to the energy of their representative models, and the first ranked model is used for MD simulations.

Molecular dynamics simulations
MD simulations were conducted to refine the Pin1-peptide complex structures.
All-atom MD simulations in explicit solvents were carried out in GROMACS version 2022.4 via the CHARMM36 force field and TIP3P water model(33). The simulations were set up via the CHARMM-GUI solution builder(34).
Each system was minimized via steepest descent for 50000 steps and a conjugate gradient for another 50000 steps. After minimization, the system was heated from 0 to 310 K in a 1 ns simulation by applying 1 kcal/(mol Å2) harmonic position restraints to the protein and peptide heavy atoms with a constant number, volume and temperature (NVT) ensemble. The system was then equilibrated using a constant number, pressure and temperature (NPT) ensemble at 1 atm and 310 K for 1 ns with the same restraints as in the NVT run. The system was further equilibrated in five successive steps with an iteratively decreasing force constant for the positional restraints for a total equilibration time of 5 ns and starting from randomly assigned velocities and an integration time step of 2 fs. Temperature coupling at 310 K was achieved via a V-rescale thermostat(35), whereas pressure coupling was achieved via a C-rescale barostat(36).
For production runs, without positional restraints, random velocities based on the Boltzmann distribution were assigned. An integration time step of 4 fs was allowed by the hydrogen mass repartitioning (HMR) scheme during production runs(37), with coordinates output every 10 ps. The LINCS	 algorithm was used to constrain H-bonds.
For each Pin1-peptide complex, 5 replicas of 600 ns each were performed (3 μs of sampling for each complex). Hydrogen bonds were constrained via linear constraints solver (LINCS)(38), and long-range electrostatic interactions were computed via Particle‒Mesh Ewald (PME)(39) with a 1.2 nm cut-off.
Before analysis, MD simulation trajectories were aligned on the Cα atoms of the PPIase domain of Pin1 α-helices via MDAnalysis(40).
Analysis was conducted via the GROMACS built-in analysis tool (gmx rms, gmx rmsf, gmx covar, gmx anaeig), MDAnalysis and MDTraj(41). Clustering in the PCA subspace was performed via the implementation of the density peak algorithm by Laio and Rodriguez(42), as implemented in (43).
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