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Supplementary Methods

Preparation of metaphase spreads
For each Pole proofreading domain-mutant mouse embryonic stem cell line, cells were treated with colcemid (0.21µg/ml for 2.5 hours; #15210040, Thermo Fisher Scientific) to arrest cells in metaphase. After treatment, cells were washed with PBS, detached with 0.05% trypsin-EDTA (Thermo Fisher Scientific), collected and centrifuged at 1000 rpm for 5 minutes. The pellet was resuspended in hypotonic solution (0.2% sodiumcitrate and 0.2% KCL). After centrifugation, the hypotonic solution was removed. Cells were resuspended carefully in fixative solution (4:1, methanol:acetic acid) and centrifuged again. This fixation was performed three times before the cells were spread onto glass slides. Slides were mounted with DAPI-containing mounting medium (#H-1200, Vectashield). At least fifty metaphases were examined for each cell line. Chromosome numbers were equal for all cell lines used in subsequent experiments. 

Fluorescence in situ hybridization
Bacterial artificial chromosomes (BAC) were ordered from the BACPAC Resource Center (Chori, USA): RP24-154A19 containing the Pole gene (5qF), and RP24-388K6 more proximal of the CRISPR/Cas9 target sequences (5qA3). DNA from the BAC clones was isolated using the Nucleobond Xtra Midi kit (MN740410.10, Macherey Nagel). To use the BAC clones as FISH probes, BAC clones were labeled with either biotin-16-dUTP (#11093070910, Roche) or digoxigenin-11-dUTP (#11093088910, Roche) using a nick translation kit (Roche and Enzo Life Sciences) as described in ref 1. Prior to precipitation, Yeast tRNA (#15401011, Invitrogen; ratio yeast tRNA:BAC is 5:1), fish sperm DNA (#1146740001, Roche; ratio fish sperm:BAC is 5:1) and Cot-I (#18440016, Invitrogen; ratio Cot-I:BAC is 10:1) was added to the probes. Probes were then diluted in hybridization mix (50% formamide, 10% dextran sulphate, 2x SSCP; 0.3M NaCl, 0.03M sodium citrate, 0.04M sodium phosphate).

Metaphase spreads were treated with RNase (10µg per slide, diluted in 2xSSC; 0.3M NaCl, 0.03M sodium citrate, pH7) for 10 minutes at 37°C, washed three times in 2xSSC, incubated with 0.005% pepsin/0.02M HCl (#10108057001, Roche) at 37°C for 5 minutes, and washed twice in PBS. Slides were then fixed in 1% formaldehyde/PBS, washed twice in PBS and dehydrated in a graded ethanol series. Ten µl of the probe mix (100ng per probe) was added to each slide, after which slides were placed at 80°C for 75 seconds for denaturation. Hybridization was performed overnight at 37°C in a moist chamber. Slides were washed in stringent wash buffer (K5799, Dako) for 5 minutes at 60°C, twice for 3 minutes in wash buffer, and 3 times 5 minutes in Dig-buffer (0.1M Tris, 0.15M NaCl, pH7.5) with 0.05% Tween20 (TNT) at room temperature. For detection, slides were incubated with Cy3-labeled streptavidin (1:500, Sigma Aldrich) and FITC-labeled mouse anti-digoxigenin antibody (1:250, Sigma Aldrich) for 10 minutes at 37°C. After dehydration, slides were mounted with mounting medium containing DAPI (Vectashield). A minimum of twenty metaphases was examined for each cell line. All cell lines contained two copies of the Pole allele (eFigure 1 in the Supplement). 

Assessment of mutator phenotypes at the Hypoxanthine Phosphorybosyl Transferase (Hprt) gene
Spontaneous mutagenesis at the Hprt gene was determined as described previously.2 In brief, cells were cultured in medium containing HAT supplement (#21060-017, Gibco) for two consecutive passages to eliminate preexisting Hprt-deficient cells. Subsequently, cells were cultured in HT-supplemented medium (#41065-012, Gibco) for one passage, followed by two passages in medium without HAT- or HT-supplement, during which spontaneous Hprt mutations can accumulate. Afterwards, cells were continuously grown in medium with 40 µM 6-thioguanine to select for Hprt deficient cells. After approximately ten days, colonies were fixed, stained with methylene blue and counted. These counts were corrected for cloning efficiencies.

As controls for this assay, a wild-type and a mismatch repair-deficient mouse embryonic stem cell line were used. The mismatch repair-deficient cell line resulted from a knock-out of Msh6 using CRISPR-Cas9 (guide RNA forward 5’-caccgGGAGCCTCCGCTTCCCGCGG-3’, reverse 5’-aaacCCGCGGGAAGCGGAGGCTCC-3’, plasmid Addgene #42230), generated similarly to the Pole-mutant cell lines. Msh6 deficiency of the resultant cell line was verified by Sanger sequencing of a PCR product amplified from the CRISPR/Cas9 targeted locus (forward primer 5’-AAAGCACCTTGTACAGCTTC-3’, reverse primer 5’-GCTTGCCCAATACTCCGAAG-3’), Western Blot for Msh6 (antibody Abcam #14204) and by verifying its resistance to low doses of 6-thioguanine (A4882, Sigma Aldrich; 4hr 40 µM pulse treatment). 

References
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2.	Drost M, Lutzen A, van Hees S, et al. Genetic screens to identify pathogenic gene variants in the common cancer predisposition Lynch syndrome. Proc Natl Acad Sci U S A. 2013;110(23):9403-9408.



Supplementary Table 1. POLE mutations identified in endometrial cancers in the observation arm of the PORTEC-1 trial. 

	POLE proofreading domain mutation
	Frequency (n=16)

	No. (%) with P286R
	7 (44)

	No. (%) with V411L
	5 (31)

	No. (%) with S297F
	3 (19)

	No. (%) with S459F
	1 (6)









Supplementary Table 2. Oligonucleotide guide RNA sequences to introduce Pole proofreading domain mutations through CRISPR-Cas9.

	Pole mutation
	Forward/Reverse
	Sequence 5’-3’

	D275A / E277A
	Forward
	TCTGATCGGTCTCAGCATCA

	
	Reverse
	TGATGCTGAGACCGATCAGA

	P286R
	Forward
	GGAGATCATCATGATCTGAT

	
	Reverse
	ATCAGATCATGATGATCTCC

	S297F
	Forward
	CTCCTATATGATTGATGGCC

	
	Reverse
	GGCCATCAATCATATAGGAG

	V411L
	Forward
	GATTATGACTGCCCACAGGA

	
	Reverse
	TCCTGTGGGCAGTCATAATC






Supplementary Table 3. Oligonucleotide primer sequences to generate a template for homologous recombination for transfection*.

	Mutation-specific primers‡
	

	Pole mutation
	Forward/
Reverse
	Sequence 5’-3’§

	D275A / E277A
	Forward
	CGACCAAACTGCCTCTCAAATTTCCTGATGCTGAGACCGATCAG

	
	Reverse
	GAAATTTGAGAGGCAGTTTGGTCGTGGCGATGGCAAATGCCAAAACCACAGGGTC

	P286R
	Forward
	CAAATTCCGCGATGCTGAGACAGATCAGATCATG

	
	Reverse
	CTGATCTGTCTCAGCATCGCGGAATTTGAGAGG

	S297F
	Forward
	GATTGATGGCCAAGTGAACAGAATCTC

	
	Reverse
	GGCCATCAATCATATAGAAGATCATCATGATCTGATCGGTCTCAGC 

	V411L
	Forward
	GGCTGAAGAGGGACAGTTATCTTCCTGTGGGCAGTCATAATC

	
	Reverse
	GATAACTGTCCCTCTTCAGCCACCTGGAAAAAACACAG

	
Common primers‡

	External oligo exon 9II
	Forward
	TCTGCAAGGTGGCAGTGTAATTAC

	
	Reverse
	GGACCAGCCTCATCTGACTT

	External oligo exon 13II
	Forward
	GGCCTCTAAGAAACGGCTTTGG

	
	Reverse
	CTTCTCGACTCGTTGCAGCAGG

	Joining PCR exon 9
	Forward
	CCAATTGGACAACATAGTGGAC

	
	Reverse
	GTACATGCTGAGGCCATGAATTG

	Joining PCR exon 13
	Forward
	GGCTTTGGGTCATAGGGATTTG

	
	Reverse
	CTAGGATAAGACACCACAGGGC


*Primers were used to generate a template for homologous recombination, to be used with CRISPR-Cas9 in cell transfection, containing Pole proofreading domain mutations as well as silent mutations in the PAM sequences. This template was made using two-stage PCR amplification. 
‡The mutation-specific primers together with the common external oligonucleotides were used to generate overlapping PCR fragments with the different substitutions. Fragments were pooled and amplified with the joining primers in a subsequent PCR.
§Pole proofreading domain mutations are shown in bold and underlined. Silent mutations in the PAM sequence are underlined.
IIExon 9 contains the D275, E277, P286 and S297 amino acids. Exon 13 contains the V411 amino acid.


Supplementary Table 4. Oligonucleotide sequences to identify targeted colonies after transfection.

	Material
	Pole proofreading domain exon
	Forward/
Reverse
	Sequence 5’-3’
	Protocol

	gDNA
	Exon 9 
(D275A/E277A, P286R, S297F)
	Forward
	GTCCCTTGCTAGTGCTGTCC
	(95° 30 s, 65° 30 s, 72° 2 min) 34x

	
	
	Reverse
	TACCTGGGATGCCTACTTGC
	

	gDNA
	Exon 13
	Forward
	CCCCACGTAGTAGGCAGCTC
	(95° 30 s, 63° 30 s, 72° 2 min) 34x

	
	(V411L)
	Reverse
	GAGCCAATGGGCTTACGTGCC
	

	cDNA
	Spanning exons 
	Forward
	GAATCCATGTGGCCCACTGG
	(95° 30 s, 59° 30 s, 72° 1 min) 34x

	
	7-14
	Reverse
	AGTCTGGGGCTGTTCAGTGG
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Supplementary Table 5. Sensitivity to adjuvant treatment strategies conferred by Pole proofreading domain mutations in a cell-based model.
	Treatment



	WT
	Pole D275A/E277A 
	Pole P286R
	Pole S297F
	Pole V411L

	
	
	#2*
	#2*
	#2*
	#3*
	#4*
	#2*

	
	IC50
(mean ± SD)
	IC50
(mean ± SD)
	P
	IC50
(mean ± SD)
	P
	IC50
(mean ± SD)
	P
	IC50
(mean ± SD)
	P
	IC50
(mean ± SD)
	P
	IC50
(mean ± SD)
	P

	Ionizing radiation (Gy)
	2.96 ± 1.28
	2.61 ± 0.41
	0.654
	3.02 ± 1.61
	0.938
	2.30 ± 1.07
	0.446
	1.48 ± 0.07
	0.013
	2.99 ± 0.71
	0.973
	3.05 ± 0.68
	0.920

	5-Fluorouracil (μM)
	0.25 ± 0.04
	0.22 ± 0.03
	0.316
	0.20 ± 0.03
	0.127
	0.26 ± 0.01
	0.596
	0.28 ± 0.04
	0.372
	0.18 ± 0.03
	0.046
	0.25 ± 0.03
	0.945

	Cisplatin (μM)
	0.39 ± 0.17
	0.30 ± 0.11
	0.353
	0.20 ± 0.04
	0.061
	0.27 ± 0.03
	0.290
	0.34 ± 0.13
	0.645
	0.22 ± 0.06
	0.089
	0.29 ± 0.03
	0.308

	Doxorubicin (nM)
	8.92 ± 4.04
	9.47 ± 1.94
	0.786
	7.95 ± 1.97
	0.666
	8.77 ± 2.61
	0.955
	10.3 ± 1.20
	0.585
	6.16 ± 2.03
	0.240
	9.35 ± 3.02
	0.859

	Etoposide (nM)
	27.2 ± 15.7
	26.3 ± 4.65
	0.912
	21.1 ± 6.25
	0.416
	26.4 ± 11.3
	0.906
	29.9 ± 8.92
	0.710
	22.8 ± 5.54
	0.550
	27.3 ± 12.3
	0.999

	Methotrexate (nM)
	60.1 ± 8.48
	94.7 ± 22.2
	0.047
	84.9 ± 28.4
	0.179
	81.8 ± 11.9
	0.015
	75.0 ± 21.2
	0.346
	66.0 ± 27.6
	0.623
	78.5 ± 29.2
	0.174

	Paclitaxel (nM)
	9.57 ± 2.94
	7.60 ± 1.87
	0.324
	11.1 ± 2.06
	0.385
	6.78 ± 1.13
	0.160
	7.09 ± 1.14
	0.206
	9.20 ± 2.64
	0.859
	11.1 ± 3.72
	0.465

	Cytarabine (µM)
	0.17 ± 0.02
	0.10 ± 0.01
	0.001‡
	0.05 ± 0.01
	<0.001‡
	0.11 ± 0.02
	0.002‡
	0.02 ± 0.01
	<0.001‡
	0.01 ± 0.01
	<0.001‡
	0.09 ± 0.02
	0.001‡

	Fludarabine (µM)
	11.1 ± 3.98
	5.29 ± 2.13
	0.004‡
	3.90 ± 0.81
	0.001‡
	4.76 ± 2.86
	0.005‡
	2.59 ± 0.31
	<0.001‡
	2.29 ± 0.72
	<0.001‡
	5.10 ± 1.53
	0.008‡



[bookmark: OLE_LINK4]*For each Pole proofreading domain mutation (D275A/E277A, P286R, S297F, V411L, respectively) at least two homozygous cell lines were used to determine the treatment sensitivity. In addition to Table 1, this table shows the sensitivity of the other Pole-mutant lines (mean IC50 and standard deviation, SD, in table) compared to the sensitivity of the Pole-wild-type (WT) mouse embryonic stem cell line; the corresponding P-values are shown. 
‡Difference remains significant after Holm-Bonferroni correction for multiple comparisons.



Supplementary Table 6. Sensitivity to nucleoside analogs gemcitabine, cladribine and clofarabine conferred by Pole proofreading domain mutations in a cell-based model. 

	Cell line
	Treatment*

	
	Gemcitabine (nM)
	Cladribine (µM)
	Clofarabine (µM)

	
	IC50 (mean ± SD)
	P (95% CI)
	IC50 (mean ± SD)
	P (95% CI)
	IC50 (mean ± SD)
	P (95% CI)

	WT
	16.7 ± 5.74
	NA
	0.16 ± 0.03
	NA
	0.23 ± 0.08
	NA

	Pole D275A/E277A
	
	
	
	
	
	

	#1
	19.6 ± 6.90
	0.379 (-9.69, 3.92)
	0.19 ± 0.04
	0.049 (-0.06,-0.0002)
	0.23 ± 0.06
	0.936 (-0.12, 0.13)

	#2
	18.5 ± 4.12
	0.594 (-9.03, 5.46)
	0.19 ± 0.05
	0.218 (-0.07, 0.02)
	0.21 ± 0.05
	0.664 (-0.09, 0.14)

	Pole P286R
	
	
	
	
	
	

	#1
	19.2 ± 4.35
	0.465 (-9.81, 4.82)
	0.22 ± 0.07
	0.197 (-0.16, 0.05)
	0.22 ± 0.09
	0.893 (-0.13, 0.15)

	#2
	17.2 ± 0.37
	0.901 (-8.20, 7.32)
	0.21 ± 0.06
	0.046 (-0.09, -0.01)
	0.19 ± 0.04
	0.384 (-0.07, 0.16)

	Pole S297F
	
	
	
	
	
	

	#1
	15.9 ± 0.55
	0.820 (-6.97, 8.57)
	0.19 ± 0.03
	0.112 (-0.07, 0.01)
	0.15 ± 0.05
	0.172 (-0.05, 0.22)

	#2
	15.3 ± 0.94
	0.685 (-6.34, 9.23)
	0.13 ± 0.03
	0.126 (-0.01, 0.06)
	0.12 ± 0.04
	0.067 (-0.01, 0.23)

	#3
	16.5 ± 1.94
	0.962 (-7.71, 8.06)
	0.13 ± 0.01
	0.047 (0.0005, 0.07)
	0.13 ± 0.02
	0.068 (-0.01, 0.22)

	#4
	15.4 ± 0.52
	0.661 (-5.24, 7.90)
	0.13 ± 0.02
	0.082 (-0.004, 0.06)
	0.15 ± 0.05
	0.135 (-0.04, 0.20)

	Pole V411L
	
	
	
	
	
	

	#1
	17.8 ± 3.12
	0.725 (-8.09, 5.83)
	0.21 ± 0.03
	0.015 (-0.08, -0.01)
	0.21 ± 0.06
	0.695 (-0.10, 0.14)

	#2
	17.1 ± 3.88
	0.914 (-7.53, 6.81)
	0.17 ± 0.03
	0.566 (-0.04, 0.02)
	0.19 ± 0.09
	0.547 (-0.11, 0.19)


*Sensitivity to nucleoside analogs gemcitabine, cladribine and clofarabine was determined for all Pole proofreading domain-mutant cell lines and compared to the sensitivity of the Pole-wild-type (WT) mouse embryonic stem cell line; the corresponding P-values are shown. None of the P-values remained statistically significant after Holm-Bonferroni correction for multiple comparisons. 
Abbreviations: SD, standard deviation; CI, confidence interval; NA, not applicable.  





[image: P:\Pathologie\Endometriumproject\POLE - Humane Genetica\Artikel\Figures\eFigure 1 for online only file 05122017.jpg]

Supplementary Figure S1. Fluorescent In Situ Hybridization of Pole on metaphase spreads of Pole-mutant cell line
FISH was performed using a probe containing the Pole gene (5qF; biotin-labeled probe detected with Cy3-labeled streptavidin [red]) and a probe proximal of the CRISPR-Cas9 target sequences on the same chromosome (5qA3; digoxigenin-labeled probed detected with FITC-labeled anti-digenoxigenin [green]) with DAPI nuclear counterstaining. For each mouse embryonic stem cell line, a minimum of twenty metaphases was analyzed:  all cell lines showed normal, comparable intensity of the probes on two chromosome pairs (example of Pole-mutant cell line shown, inset of chromosome pair shown).



[image: P:\Pathologie\Endometriumproject\POLE - Humane Genetica\Artikel\Figures\eFigure 2. Hprt wmf file online only material 05122017 v2.wmf]
Supplementary Figure S2. Spontaneous mutant frequency of Pole-mutant cell lines
The spontaneous mutant frequency of different homozygous Pole proofreading domain-mutant mouse embryonic stem cells at the Hypoxanthine Phosphorybosyl Transferase (Hprt) gene was determined. Wild-type (WT) and Msh6-deficient (Msh6 -/-) mouse embryonic stem cell lines were used as controls. D275A/E277A is a Pole proofreading-deficient cell line due to double D275A and E277A mutations. P286R, S297F and V411L indicate cell lines with the cancer-associated Pole P286R, S297F, or V411L mutations, respectively. For these Pole hotspot mutations, a minimum of two independent cell lines was tested (#1 up to #4). The mean and standard error of the mean based on at least two experiments are shown. 




[bookmark: OLE_LINK6]
[image: P:\Pathologie\Endometriumproject\POLE\POLE - Humane Genetica\Artikel POLE treatment sensitivity\Submitten to CCR\Supplementary Figure S3. Cytarabine and Fludarabine m_+ S297F different legend SEM.png]
Supplementary Figure S3. Sensitivity to nucleoside analogs cytarabine and fludarabine in Pole S297F-mutant and Pole-wild-type cell lines
[bookmark: _GoBack]Non-linear regression of relative survival after treatment with nucleoside analogs cytarabine and fludarabine is shown for Pole S297F-mutant and Pole-wild-type mouse embryonic stem cells. With regard to the Pole S297F-mutant cell lines, one heterozygous Pole S297F-mutant (m/+) and four homozygous Pole S297F-mutant (m/m #1 - #4) cell lines were tested. Sensitivity for the homozygous Pole S297F-mutant cell lines was significantly higher compared to Pole-wild-type (for details on these comparisons see also Table 1 and Supplementary Table 5). A heterozygous Pole S297F mutation resulted in sensitivity lower than the homozygous mutant cell lines, but higher than wild-type, reaching significance for cytarabine (mean IC50 0.14μM vs 0.17μM; P=0.025 for cytarabine; mean IC50 7.58μM vs 11.1μM; P=0.169 for fludarabine). Dots and error bars indicate mean and standard error of the mean, respectively.
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