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Supplementary Materials

METHODS
[bookmark: _Toc385786961]Particle size analysis
Particle size was determined by dynamic light scattering (DLS) of a dilute aqueous suspension at 25°C on a Brookhaven ZetaPALS instrument with a 660 nm laser scattered at 90°. DLS data were analyzed using the cumulants method.  

AZD2811 load
AZD2811 was determined by HPLC analysis using C18 reverse phase column (Waters CSH C18) and a mobile phase gradient of 15 to 85% acetonitrile with 0.08% TFA. The eluent absorbance was monitored at 240 nm. The AZD2811 load was calculated from the ratio of AZD2811 to the gravimetric dry weight of the sample. 

[bookmark: _Toc385786965]In vitro release kinetics
AZD2811 release kinetics were determined in vitro under physiological sink conditions. Nanoparticles were suspended in 10% polysorbate 20 in phosphate buffered saline (PBS) and incubated with mild agitation in a 37°C water bath. Periodically, an aliquot of the suspension was removed and ultracentrifuged at 264,000 g for 30 minutes. Samples of the supernatant and the suspension prior to ultracentrifugation were analyzed by HPLC, and the percent release was calculated by comparing the released AZD2811 concentration in the supernatant with the total concentration in the uncentrifuged sample.

Cell culture
[bookmark: _GoBack]Human colorectal adenocarcinoma SW620 cells (obtained from the European Collection of Cell Cultures, ECACC) were cultured using non-vented flasks (Corning) in Leibovitz L15 medium (Invitrogen), supplemented with 10% v/v fetal calf serum (Invitrogen) and 1% v/v L-glutamine (Invitrogen) in a humidified incubator with 5% CO2 at 37°C. Cells were detached using 0.05% trypsin (Invitrogen), washed in PBS, and re-suspended in 50% serum-free medium and 50% Matrigel (Becton Dickinson). Human lymphoma OCI-LY19 cells (obtained from the German Collection of Microorganisms and Cell Cultures, DSMZ) and human B cell lymphoma TMD8 cells (provided by S. Tohda, Tokyo Medical and Dental University) were cultured in RPMI (Invitrogen) and MEM 10% (Invitrogen), respectively, supplemented with 10% v/v fetal calf serum (Invitrogen) and 1% v/v L-glutamine (Invitrogen) and cultured in a humidified incubator with 5% CO2 at 37°C. OCI-LY19 cells were re-suspended for implant in 50% serum-free media/50% Matrigel (Becton Dickinson). TMD8 cells were re-suspended in PBS.

Matrix-assisted laser desorption ionization mass spectrometry (MALDI-MS) analysis
Glass slides with 12-µm– thick tumor sections were transferred from -80°C to a desiccator and dried for approximately 30 min prior to matrix coating. An optical image of the slide was acquired using a flatbed scanner (Epson Perfection V500). The tissue was coated with α-cyano-4-hydroxycinnamic acid (CHCA; 5 mg/ml, 50% acetonitrile, 0.2% TFA) using the TM-Sprayer Tissue MALDI Sample Preparation System (HTX Technologies, LCC) under the following conditions: flow rate 70 µl/min, nitrogen pressure 6 psi, spray nozzle temperature 95°C, for 6 passes. The MALDI- MSI experiments were carried out in positive mode on either MALDI Q-Tof (Synapt, Waters) in sensitivity mode or MALDI-TOF/TOF MS (UltraFlextreme, Bruker Daltonics) in reflectron mode typically over a mass range of m/z 120 to 1200. Both systems use Nd:YAG laser. Data were collected at a spatial resolutions of 25 µm (UltraFlextreme) and 100 µm (Synapt). Data processing was performed using FlexImaging 4.0 (Bruker Daltonic) or HDI (Waters).

Liquid extraction surface analysis (LESA)–MS/MS 
LESA MSI was performed using LESA-MS/MS was performed on a Triversa Nanomate chip based electrospray ionization system (Advion) coupled to a QTRAP 5500 (AB Sciex) mass spectrometer, which was operated in positive ion MRM mode. The LESA sampling method consisted of aspiration of a 0.9-µl volume of acetonitrile/water/formic acid 60/40/0.1 v/v/v (Sigma Aldrich). LESA extraction solution (0.5 µl) was then dispensed at a height of 0.4 mm above the tissue with a 1-s post-dispense delay time; a liquid micro junction between the pipette tip and the sample was maintained throughout the procedure. In order to limit extraction solution residue on tissue surface, a volume greater than previously dispensed (1.1 µl) was re-aspirated into the pipette tip prior to infusion via the nanomate chip for MS/MS analysis. Relative abundance was determined between samples by comparison of MRM transition intensity at m/z 508.1>130.1 and 415.1 >130.1 for the AZD1152 and its metabolite. LESA-MS/MS data was processed using a purpose built software package capable of extracting relative abundance values from Analyst 6.1 (ABSciex). LESA-MS/MS images were created using in-house developed software capable of color grading ion intensities acquired from each individual LESA spot in a heat map configuration.

Desorption electrospray ionization (DESI)–MS analysis 
Tissue sections were subjected to negative ion DESI-MS analysis using an Exactive mass spectrometer (Thermo Fisher Scientific Inc) equipped with a home-built automated DESI ion source as described elsewhere (26) The mass resolution used for all measurements was set to 100,000. Methanol/water (95:5 v/v) was used as the electrospray solvent at a flow rate of 1.5 L/min and a spray voltage of -4.5 kV. Nitrogen was used as nebulizing gas at gas pressures as stated below. The height distance between the DESI sprayer and the sample surface was set to 1.5 mm with the distance between the sprayer and the inlet capillary set to 7 mm. The distance between the sample surface and the inlet capillary of the mass spectrometer was <1 mm. The angles from the sample surface to sprayer tip and inlet capillary of the mass spectrometer (sniffer) was were set to 80° and 10°, respectively.
For MS images shown in Fig. 5, data were acquired in the mass range of m/z 400-2500 and at a spatial resolution of 85 m. Instrumental parameters were as follows: capillary voltage -50 V, tube lens voltage -175 V, skimmer voltage -40 V. Nebulizing gas pressure was 7 bar. Data in fig. S34 were recorded over m/z 80-900 and at a spatial resolution of 150 µm. Capillary voltage, tube lens voltage, and skimmer voltage were -50 V, -120 V, and -25 V, respectively. Nebulizing gas pressure was set to 4 bar. For image analysis, individual horizontal line scans were combined into imzML format using the imzML converter V.1.1.4.5 (www.maldi-msi.org).  ImzMLs were subsequently visualized using Msi Reader v0.05 on a Matlab platform (www.mathworks.co.uk/products/matlab) (27). All images were created using raw ion intensities and 0.005-Da bin size.


SUPPLEMENTARY FIGURES
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Figure S1. PharmacodynamicsD of AZD2811 nanoparticles in vivo in SW620 tumor xenograft models.  Percent change in pHH3 was determined by FACS analysis of disaggregated tumors from nude rats treated with 30% sucrose control, 25 mg/kg AZD1152 (25 mg/kg), or AZD2811 (25 mg/kg) nanoparticle (n = 3-5 rats). Dotted boxes highlight the pHH3-positive cells in G2/M phase of the cell cycle.
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Figure S2. Total nucleated cells from bone marrow in nude rats. (A) FACS profiles showing changes in the myeloid and lymphoid bone marrow cell populations after dosing placebo nanoparticle, AZD1152 (25 mg/kg daily for days 1-4; total dose 100 mg/kg), or Accurin E (25 mg/kg dosed on days 1 and 3; total dose 50 mg/kg). Bone marrow samples were taken 5, 9, and 15 days after the first dose (n = 3-5 mice). Two profiles are shown for Accurin E at each time point.
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Figure S3. Mass spectrometry reveals relative abundance of [M+H]+ metabolite. (A) LESA analysis of a metabolite [M+H]+ of AZD1152 (m/z 415.2) at a spatial resolution of 1000 µm. (B) MALDI analysis of [M+H]+ for AZD2811 at m/z 508 at 100-µm resolution. (C) MALDI analysis of [M+H]+ in adjacent tumor sections analyzed at spatial resolution of 25 µm (overlaid to scanned optical image). White dotted line is area analyzed and tumor section edge. Scale bars, 2 mm.
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Figure S4. Process flow diagram for the generation of Accurin nanoparticles.
 



SUPPLEMENTARY TABLES
Table S1. AZD2811 solubility characteristics. ND, not determined.
	Solvent
	Additive
	Additive concentration (wt %)
	AZD2811 solubility (mg/ml)
	Stability (16 h at ambient temperature)
	Precipitation time following ethyl acetate addition (min)

	Benzyl alcohol (BA)
	--
	N/A
	17
	Stable
	ND

	Ethyl acetate 
	--
	N/A
	0.1
	Stable
	ND

	Dimethylsulf-oxide (DMSO)
	--
	N/A
	173
	Stable
	ND

	Dimethylform-amide (DMF)
	--
	N/A
	143
	Stable
	ND

	BA
	Water
	7.5
	18
	Stable
	ND

	BA
	Sebacic acid
	2.0
	101
	Stable
	<5 min

	BA
	Adipic acid
	3.0
	135
	Stable
	<5 min

	BA
	Succinic acid
	1.5
	101
	Stable
	<5 min

	BA
	Oxalic acid
	3.0
	100
	Precipitate
	ND

	BA
	Oleic acid
	3.0
	95
	Stable
	≥5 min

	BA
	Oleic acid
	6.0
	121
	Stable
	ND

	BA
	Decanoic acid
	3.0
	100
	Stable
	≥5 min

	BA
	Octanoic acid
	3.0
	108
	Stable
	None

	BA
	Undecylenic acid
	3.0
	100
	Stable
	≥5 min

	BA
	Xinafoic acid
	3.0
	102
	Stable
	None

	BA
	Benzenesulfonic acid
	3.0
	120
	Stable
	<5 min

	BA
	Benzoic acid
	3.0
	136
	Stable
	≥5 min

	BA
	Lactic acid
	3.0
	138
	Stable
	<5 min

	BA
	Isobutyric acid
	3.0
	136
	Stable
	≥5 min

	BA
	Trifluoroacetic acid (TFA)
	1.0
	97
	Stable
	≥5 min

	BA
	TFA
	2.0
	143
	Stable
	Not tested

	BA
	TFA
	3.0
	163
	Stable
	Not tested






Table S2. Characteristics of AZD2811 nanoparticles produced during formulation screening. (A) AZD2811 nanoparticles produced using BA, BA/DMSO, and BA/water organic phase mixtures. (B) AZD2811 nanoparticles containing organic acid ion pairing agents. Accurins A-F are designated. Mean particle diameter is based on the distribution, not multiple determinations. DMSO, dimethylsulfoxide; TFA, trifluoroacetic acid; DOSA, dioctyl sulfosuccinic acid
	

	Formulation/process parameters
	AZD2811 load (%)
	Mean particle diameter (nm)
	In vitro release kinetics

	Organic phase solvent
	API 
(wt % of total solids)
	Organic phase solids conc 
(wt %)
	
	
	Initial (%)
	Time to 50% release (h)

	(A) Organic phase mixtures

	Benzyl alcohol (BA)
	10
	12
	2.3
	160
	15
	2.0

	BA
	20
	6
	2.6
	122
	12
	1.4

	BA
	30
	5
	1.1
	103
	22
	0.6

	BA/DMSO 3.5/1 (w/w)
	30
	5
	3.6
	128
	18
	0.9

	BA/DMSO 3.5/1 (w/w)
	30
	10
	3.0
	178
	40
	0.2

	BA/water 13/1 (w/w)
(Accurin A)
	20
	7
	4.8
	120
	21
	0.7

	BA/water 13/1 (w/w)
	20
	10
	6.0
	134
	17
	0.7

	(B) Ion pairing agents

	Oleic acid
	0.6
	0.7
	6.4
	114
	1.8
	11

	Oleic acid
(Accurin B)
	1.1
	1.0
	7.7
	121
	3.5
	15

	Oleic acid
	1.6
	1.2
	7.2
	115
	2.2
	17

	Xinafoic acid
	0.6
	1.1
	3.3
	131
	2.7
	29

	Xinafoic acid
	0.9
	1.2
	5.0
	132
	1.7
	27

	Xinafoic acid
(Accurin C)
	1.3
	2.0
	6.8
	128
	1.3
	31

	TFA*
	0.2
	0.7
	0.8
	109
	15
	26

	TFA*
(Accurin D)
	0.4
	1.2
	6.2
	128
	1.5
	53

	TFA*
(Accurin E)
	0.6
	1.8
	6.7
	124
	1.3
	63

	DOSA
(Accurin F)
	30
	1.0
	11.3
	103
	0.71
	>72


*During emulsification, trifluoroacetate ions present in the organic phase are displaced by cholate ions recruited from the aqueous phase, which includes excess sodium cholate used as a surfactant to control particle size.  Resulting nanoparticles contained no detectable residual TFA and stoichiometric quantities of cholic acid.






Table S3. LC-MS/MS parameters.

	Mass spectrometer
	Waters Xevo TQS (serial No.-186005453) 
	

	Column 
	Phenomenex Kinetex C18 50 x 2.1, 2.6u
	 

	Solvent A
	95% Water + 0.1% formic acid
	 
	 

	Solvent B
	95% Methanol + 0.1% formic acid
	 
	 

	Gradient
	Time (min)
	% A 
	% B

	 
	0
	95
	5

	 
	0.3
1.9
2.3
2.31
	95
5
5
95
	5
95
95
5

	 
	2.5
	95
	5

	Flow
	0.75 ml/min
	 
	 

	Run time
	2.5 min, use a divert valve for initial 0.3 minutes 





Table S4. Optimizedation parameters for mass spectrometryMS analysies. ESI, electrospray ionization.
	Compound
	Ionization mode
	Polarity
	Parent ion (m/z)?
	Daughter ion
	Cone voltage (V)
	Collison energy	Comment by Author: Units?
	Retention Time (min)

	AZD2811 
	Electrospray ionization (ESI)
	Positive
	509.042
	129.74
	 40
	 16
	0.98

	AZ10024306 (IS)
	ESI
	Positive
	405.588
	173.81
	 80
	 22
	1.35
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