Supplemental Methods for CDK4/6 inhibition exploits the radiobiology of lutetium-177 therapy to induce replication stress and durable senescence

Cells
Rat pancreatic CA20948 cells were obtained from Dr Julie Nonnekens (Erasmus MC, NL), and maintained in Dulbecco’s Modified Eagle Medium (DMEM), supplemented with 10% foetal bovine serum (FBS), 2 mM L-Glutamine, 100 units/mL penicillin, and 0.1 mg/mL streptomycin with 1mM sodium pyruvate.
22Rv1 (ATCC), LNCaP FGC (ECACC 89110211) and LNCaP p53-/- (were a kind gift from Peter Nelson, Fred Hutchinson Cancer Centre), BON1 (were a kind gift from Simona Glasberg, Hadassah Medical Center), QGP1 (JCRB), BON1sstr2 and QGP1sstr2 (were a kind gift of Carsten Grötzinger, Charité University Medicine Berlin),  H727 (ATCC) cells were grown in Roswell Park Memorial Institute (RPMI) 1640 Medium, supplemented with 10% foetal bovine serum (FBS), 2 mM L-Glutamine, 100 units/mL penicillin, and 0.1 mg/mL streptomycin. 
Immunofluorescence staining
Cells were grown in a 37°C environment containing 5% CO2 or in 8-well culture chambers (Ibidi) at 30,000 cells/well. After exposure of cells to 177Lu-DOTATATE (0.05 - 1.5 MBq/mL, 50 MBq/nmol) for 2 h, they were left to recover in fresh growth medium, washed with PBS and then fixed with  aliquots of freshly defrosted 4% PFA. After washing, the cells were permeabilized using 0.2% triton X-100 in TBS buffer (50 mM Tris-Cl, pH 7.5. 150 mM NaCl) for 10 min at room temperature, and briefly rinsed with TBS. Non-specific binding was blocked with 2% BSA and 10% serum (donkey/goat corresponding to secondary antibody) in TBST (0.1% Tween-20/TBS) for 1 h at room temperature. Primary antibodies diluted in blocking buffer was applied directly on the slide and incubated overnight at 4°C, and then washed with TBST. Secondary antibodies were applied in blocking buffer and incubated at room temperature for an hour, washed with TBST and mounted using VECTASHEILD HardSet containing DAPI (H-1500-10, VECTOR Laboratories). Slides were then imaged using a spinning disk confocal microscope (Andor Dragonfly, Oxford Instruments), or Celigo (Nexcellcom, Revvity). 
Longitudinal γH2AX immunofluorescence counting  
Cells were treated as above and stained using mouse anti-γH2AX antibody (Millipore, Clone JBW-301, 1:800), and  dylight-488 goat anti-mouse (Invitrogen A11034, 1:250). A 40x/1.3 oil-immersion lens was used to generate a series of tiled z-stacks that were then converted to 8 bit maximum intensity projections (MIP) in imageJ 1.51. Nuclei were masked, analysed for integrated DAPI intensity and γH2AX foci were counted within each nuclei using a defined manual intensity threshold using Cellprofiler 3.1.9. At least 250 cells were counted for each condition and timepoint.  
Annexin V staining 
Rat pancreatic CA20948 cells were grown and treated using 177Lu-DOTATATE as above, except before fixation, cells were washed with binding buffer and stained with annexin V-Cy5 according to manufacturer’s instruction (ab14150, Abcam). For each timepoint, the extent of annexin V positive cells, indicating apoptosis, was counted manually across 3 frames containing at least 100 cells each.  
Senescence-associated β-Galactosidase staining 
Freshly fixed in vitro and ex vivo samples were stained after washing , according to the manufacturer’s directions (CellEvent™ Senescence Green Detection Kit, C10851). If γH2AX staining was also required, immunofluorescence staining was also carried out as above, after the fixation step, permeabilized with 0.2% triton X-100 in TBS buffer, using rabbit anti-γH2A.X primary antibody (Abcam ab11174, 1:800) and Alexa Fluor 568 donkey anti-rabbit antibody (Invitrogen A10042, 1:250). The extent of SA-β-Gal positive cells grown in vitro was counted manually across 3 frames containing at least 100 cells each, for each timepoint. 
Western blot and antibodies
Cells were collected and samples were prepared as described previously (Amoroso et al. 2021). The antibodies utilised in this study are summarised in Supplementary Table 1. The secondary anti-rabbit and anti-mouse horseradish peroxidase-conjugated Abs (Cell Signaling) were used at a dilution of 1:3000 in PBS-0.25% Tween (Sigma Aldrich). Proteins were visualised with Western Lightning Ultra (Revvity), according to manufacturer’s specifications. Membranes were imaged with an Odyssey XF Imaging System (LICORbio, Lincoln, US). 
Densitometric analysis of the membranes (from n = 3 independent experiments) were performed utilising Fiji-ImageJ (Public Domain, BSD-2). 

22Rv1 In vivo studies
To evaluate efficacy of the combination of 177Lu-PSMA-I&T and Abemaciclib (Selleckchem), 22Rv1 xenograft tumours were established subcutaneously in male C.B-17/Icr SCID mice (Charles River, UK) in matrigel:PBS (1:1) (Corning Matrigel Matrix, Merck, Germany). After 19 days when tumours reached approx. 100-300 mm3, mice were randomly allocated in 4 treatment groups administered a sub-therapeutic amount of 177Lu-PSMA (40 MBq) in phosphate buffered saline (100 uL) intravenously. From the following day, mice were administered CDK4/6 inhibitor abemaciclib (25 mg/kg) daily by oral gavage, for 10 days. Tumours were measured by calliper every 3 days using callipers until they reached a target volume of 1200 mm3.  
Colony Formation Assay
CA20948 cells were exposed to 177Lu-DOTATATE (0.32 MBq/mL, TRT), or vehicle, for 2h, or exposed to an equitoxic dose (2.5 Gy) of external beam radiation (EBRT), heavily diluted in excess media and incubated on in varying concentrations of one of a panel of drugs in 96 well plates (Greiner Bio-One, 655160). Similarly, LNCaP (WT and p53-/-) were treated with or without 177Lu-PSMA (5 MBq/mL), diluted with and then incubated with varying concentrations of abemaciclib. After 12 days (CA20948), 14 days (LNCaP WT and p53-/-),  cells were stained and fixed with Crystal Violet (0.1 % w/w) in methanol:ethanol (1:4, w/w) to assess clonogenic survival and counted using Gelcount (Oxford Optronix), and IC50 values calculated using Prism (Graphpad 10.1) using a 4-Parameter Logistic (4PL). 
Evaluation of SASP
22Rv1 cells were radiolabelled with 177Lu-PSMA as described above with 22 MBq/mL or sham radiolabelled. Concomitant addition of Abemaciclib (200 nM and 1 µM) or Vehicle (DMSO 0.1%) started 7 days treatment window. Supernatants and cells were collected at 7 days and processed with Proteome Profiler, Human Cytokine Array (Biotechne, R&D System, Abingdon, UK) according to manufacturer’s instructions. Quantitative analysis (in the form of integrated intensity) of MIF (Macrophage migration inhibitory factor) was performed with Fiji-ImageJ (Public Domain, BSD-2).

Statistical Analysis 
All data are shown as mean ± S.D, on at least three replicates. Tests of significance on densitometric analysis of Western blot images were performed by one-way ANOVA test, using GraphPad Prism version 10.2.3 for Windows (GraphPad Software, www.graphpad.com). Significant changes had p-values <0.05 (* <0.05 **<0.01 ***<0.001 ****<0.0001). To determine the effect of time on mice weights during our in vivo study we performed a mixed effect analysis with GraphPad Prism version 10.2.3 for Windows (*** p <0.001). To verify the effects of treatments on mice weights during our in vivo study we performed a two-way ANOVA test with GraphPad Prism version 10.2.3 for Windows (p = n.s., non-significant). 



Supplementary Table 1: antibody details

	
	Western
	Microscopy

	γH2AX
	Novus Bioscience	
	JBW301 - Merck

	PARP1
	Atlas Antibodies	
	

	PARP2
	Atlas Antibodies	
	

	Cleaved PARP1
	46D11 - Cell Signaling Tec.	
	

	Caspase 3
	Cell Signaling Tec.	
	

	LCB3
	Cell Signaling Tec.	
	#2775 - Cell Signalling 

	p21
	12D1 - Cell Signaling Tec.	
	Clone F-5: sc-6246 – Santa Cruz

	p53
	A-1  sc-393031- Santa Cruz Biotech 
	A-1 - sc-393031- Santa Cruz Biotech 

	β-actin
	Abcam
	

	MCM2
	BD Biosciences
	

	MCM3
	Cambridge Bios. Ltd. 
	

	PCNA
	D3H8P-XP Cell Signalling Tec. 
	

	Rb
	BD Biosciences
	

	CDC6
	180.2 - Santa Cruz Biotech
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