
Supplementary Materials and Methods 
 
Immunohistochemistry. Sections 4-5 microns thick prepared from formalin-fixed paraffin 

embedded tissues were dewaxed using Bond Dewax solution (Leica) and subjected to antigen 

retrieval using citrate antigen retrieval buffer, then primary antibody was applied. 

Immunoperoxidase staining was developed using the Leica Refine Detection kit followed by 

counterstaining with hematoxylin. Staining intensity was graded from I (no staining) to IV (strong 

staining), and GR staining of marrow stromal cells was used as an internal control to exclude 

false negative staining results. Photographs were taken on a Nikon Eclipse 80i microscope with 

a Nikon Digital Sight camera using NIS-Elements F2.30 software at a resolution of 2560 × 1920. 

Using Adobe Photoshop CS2, images were re-sized and set at a resolution of 300 

pixels/inch. All images presented were obtained under identical optical conditions. 
 
Targeted deep sequencing of Nr3c1. Leveraging ~400 ng of remaining libraries prepared for 

exome sequencing as described in the Materials and methods section, we pooled and captured 

by hybridization with baits specific to the coding exons of mouse Nr3c1. Capture pools were 

sequenced as described in the Materials and methods section to an average coverage of 

10,000-fold with 100% of the targeted sequences having greater than 100-fold coverage. 

Development of this targeted deep sequencing assay was based on the analogous Mouse 

IMPACT (Integrated Mutation Profiling of Actionable Cancer Targets) (1). This assay captures 

all protein-coding exons and select introns of 578 cancer-associated genes mapped to the 

mouse genome, which are sequenced to an average of 637-fold coverage and cross-validated 

using exome sequencing of the same samples. 
 
Exome and targeted sequencing analysis. All sequence data including read alignment; 

quality and performance metrics; post-processing, somatic mutation and DNA copy number 

alteration detection; and variant annotation were performed as previously described (2-4) using 

the mm10 build of the mouse genome. Briefly, reads were aligned with BWA (5), and processed 

using Picard tools and the Genome Analysis Toolkit (GATK) pipeline (6) followed by base 

quality recalibration and multiple sequence realignment. Somatic point mutations and indels 

were detected with MuTect (7) and Pindel (8) algorithms, respectively. Candidate mutations 

were manually reviewed using IGV (9). DNA copy number analysis was performed with ADTex 

(10) and loss of heterozygosity analysis was performed from germline heterozygous and 

homozygous SNPs called at a depth of 20x or greater in the treatment-naïve and resistant 

specimens with UnifiedGenotyper in GATK. 



Sanger sequencing validation of Nr3c1 mutations. Genomic DNA was extracted from bone 

marrow of recipient mice as described in the Materials and methods section, then subjected to 

PCR using Taq DNA Polymerase (New England BioLabs) with the primers listed in Table S6. 

Amplified DNA was purified using ExoSAP-IT PCR Product Cleanup Reagent (Thermo Fisher 

Scientific) and submitted for Sanger sequencing. Chromatograms were visualized using 4Peaks 

software. Peak signal strength for primary and minor peaks on chromatogram sequence traces 

were determined with the ThermoFisher Sanger Variant Analysis Tool. Peak ratios were 

calculated for the T-ALL 78A Nr3c1 L282fs indel, averaged across the frameshifted region, and 

their allele fraction distribution was plotted using the box and whisker method (10-90th 

percentile). 
 
RNA-seq analysis. Raw reads were assessed and processed to discard low quality reads, trim 

adaptor sequences, and eliminate poor quality bases with FastQC and Trimmomatic (11). 

Reads were aligned with Bowtie2 (12) mapping to the mm10 build of the mouse genome. 

Transcript quantification was performed with RNA-Seq Expectation Maximization (RSEM) (13). 

Quality control and normalization for read alignment and transcript quantification were 

performed using Picard tools and Exploratory Data Analysis (EDASeq) R package. Differential 

gene expression analysis was performed with edgeR (14) and gene set enrichment analysis 

(GSEA) was performed using the command-line version of the tool (15). 
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Supplementary Tables 
 

T-ALL Kras Notch1 
median survival (days) clonal 

evolution vehicle DEX DEX/GDC-0941 
5C WT WT 13 26 36 yes 

 4368 WT WT 25.5 26 31 yes 
8633 WT mut 21.5 50 52 yes 

JW-14 WT WT 11 14 26 no 
JW-81 WT mut 20.5 42 58.5 no 

2M mut mut 26.5 108 77 yes 
20M mut mut 17.5 33 50 yes 
73A mut mut 23.5 45 49 no 
73M mut mut 11 26 28 no 
78A mut mut 23.5 30 29 no 

 
Table S1. RIM-induced T-ALLs show variable responses to DEX and DEX/GDC-0941 
independent of Kras mutation status. Summary of survival data and mutation status for the 

10 primary mouse T-ALLs represented in Figure 1b. Clonal evolution was defined as the 

emergence of one or more novel retroviral integrations on a Southern blot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Brigham and Women's Hospital Cases 
Sample 
Number Site Diagnostic 

Specimen 
Relapse 

Specimen 
Degree of Involvement 

(from core biopsy report) 
Aspirate Count 
(percent blasts) 

1 BM X  >90% blasts Not available 
2 BM X  99% blasts Not available 
3 BM X  95% blasts Not available 
4 BM X  90% blasts 95% 
5 BM X  >90% blasts 65% 
6 BM X  >90% blasts 86% 
7 BM X  95% blasts 84% 
8 BM X  90% blasts 80% 
9 BM X  95% blasts 9%, *focally higher 
10 BM X  60-70% blasts 63% 
11 BM X  95% blasts 88% 
12 BM X  >90% blasts 72% 
13 BM X  5-10% blasts 9% 
14 BM X  >90% blasts 79% 
15 BM X  >95% blasts 89% 
16 BM X  80% blasts 89% 
17 BM X  >95% blasts 95% 
18 BM X  40-50% blasts 13% 
19 BM X  90% blasts Not available 
20 BM X  >90% blasts Not available 
21 BM X  70-75% blasts Not available 
22 BM X  95% blasts Not available 
23 BM  X >95% blasts Not available 
24 BM  X 90% blasts 91% 
25 BM  X 40% blasts 40% 
26 BM  X >90% blasts 90% 
27 BM  X 20-30% blasts 23% 
28 BM  X 90% blasts Not available 
29 BM  X >80% blasts 85% 
30 BM  X 70-80% blasts 64% 
31 BM  X 90% blasts 58% 
32 BM  X 80% blasts 53% 
33 BM  X >90% Not available 
34 BM  X 90% blasts Not available 
35 BM  X 50% blasts Not available 
36 BM  X 90% blasts Not available 
37 KI  X Diffuse Not applicable 
38 LN X  Extensive Not applicable 
39 LN X  Not indicated Not applicable 
40 LN  X Diffuse Not applicable 
41 LN  X Diffuse Not applicable 
42 MED X  Diffuse Not applicable 
43 MED X  Diffuse Not applicable 
44 SK X  Diffuse Not applicable 
45 ST X  Diffuse Not applicable 
46 ST  X Diffuse Not applicable 
47 TE  X Sheets Not applicable 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
   

 

 



Boston Children’s Hospital Cases 
Sample 
Number 

Diagnostic 
Specimen 

Relapse 
Specimen 

Aspirate Count 
(percent blasts) 

1 X  Not available 
2 X  Not available 
3 X  Not available 
4 X  Not available 
5 X  66% 
6 X  72% 
7 X  25% 
8 X  52% 
9 X  Not available 
10 X  93% 
11 X  Not available 
12 X  Not available 
13 X  11% 
14 X  Not available 
15 X  >95% 
16 X  18% 
17 X  2% 
18 X  Not available 
19 X  84% 
20 X  95% 
21 X  97% 
22 X  70% 
23 X  >95% 
24 X  90% 
25 X  >95% 
26 X  >95% 
27 X  93% 
28 X  Not available 
29 X  93% 
30 X  >90% 
31 X  75% 
32 X  >95% 
33 X  76% 
34 X  83% 
35 X  82% 
36 X  69% 
37 X  37% 
38 X  58% 
39 X  5% 
40 X  80% 
41 X  >95% 
42 X  >95% 
43  X >90% 
44  X 59% 
45  X 88% 

 

Table S2. Primary and relapsed human T-ALLs exhibit comparable leukemic blast 
percentages. For bone marrow core biopsies, histologic estimates of tumor involvement are 

reported as percentage of total bone marrow cells corresponding to leukemic blasts; qualitative 

descriptors of tumor involvement are provided for all other tissues (abstracted from original 

pathology reports). Formal blast counts derived from bone marrow aspirate samples are also 

provided for comparison. Classification as a diagnostic or relapsed specimen is indicated for 

each case. For Brigham and Women’s Hospital cases, the specimen site is noted as follows: 

BM = bone marrow, KI = kidney, LN = lymph node, MED = mediastinum, SK = skin, ST = soft 

tissue, TE = testicle. 
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Table S3. Relapse-specific variants 
and in parental and relapsed T-ALLs 
20M, 78A, 5C and 2M. Summary of the 

variants identified by exome sequencing 

in relapsed T-ALLs shown in Figures 3 

and 4 including information about GO terms related to glucocorticoid signaling and regulation of 

apoptosis, and variant allele frequency (with a threshold of 20%) in each parental and 

corresponding relapsed sample. Chr = chromosome, Ref = reference sequence, Alt = variant 

sequence, VAF = variant allele frequency. 

 
 

Antibody Clone  
Glucocorticoid Receptor D6H2L 
Cleaved Notch1 (Val1744) D3B8 
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PTEN 9552 
Phospho-Akt (Ser473) D9E 
Akt (pan) 40D4 
Phospho-p44/42 MAPK 
(Erk1/2) (Thr202/Tyr204) 

D13.14.4E 
p44/42 MAPK (Erk1/2) 3A7 
Phospho-S6 Ribosomal 
Protein (Ser235/236) 

2F9 
S6 Ribosomal Protein 54D2 
GAPDH D4C6R 
Hsp90 68 

 
Table S4. Primary antibodies used for Western blotting and immunohistochemistry. All 

antibodies listed were purchased from Cell Signaling Technology with the exception of Hsp90, 

which was purchased from BD Biosciences. 

 

 

sgRNAs Sequence  
scramble GGTTCTTGACTACCGTAATT 
GR.guide.1 GGAATTCAGCAGGCCACTAC 
GR.guide.2 TTCTTGTGAGACTCCTGTAG 

HDR Template 
(listed 5’ to 3’) 

TGTTTAAATACCCACAGCTCGAAAAACAAAGAAAA
AAATATAAGGAATTCAGCAGGCCACCACAGGAGT
CTCACAAGAAACCTCTGAAAATCCTGGTAACA 

Primers Sequence 
forward 5’-ACCTCCAAGTCCAACGAGAGAGCC-3’ 
reverse 
se 

5’-ATGCCGTGGCTCATCCTTCATGC-3’ 
sequencing 5’-CCATGTCACTTTATCATAATTG-3’ 

 
Table S5. CRISPR/Cas9 reagents used for Nr3c1 gene editing. Guides were designed to 

target the homologous region within exon 4 in which the Nr3c1 mutation was identified in murine 

T-ALL 20M.D1. The HDR template was designed to incorporate the homologous base change 

identified in murine T-ALL 20M.D1, and was present in one of the two edited alleles of the GR3 

CCRF-CEM cell clone shown in Figure 4. 

 

 

78A Primers Sequence  
forward 5’-ACCTCCAAGTCCAACGAGAGAGCC-3’ 
reverse 
se 

5’-ATGCCGTGGCTCATCCTTCATGC-3 



20M Primers Sequence 
forward 5’-GTACTCACGCCATGAACAGAAATG-3’ 
reverse 
se 

5’-AACAGCAAAATAGAAAAAGCCAGC-3’ 
 
Table S6. Primers used to amplify regions harboring Nr3c1 mutations in murine T-ALLs. 
Primers were designed to amplify the regions within exon 1 of murine T-ALL 78A or exon 4 of 

murine T-ALL 20M in which Nr3c1 mutations were identified by exome sequencing. 
 
 
 

Gene Assay Number 
Gapdh Mm99999915_g1 
Nr3c1 Mm00433832_m1 
Bcl2l11 Mm00437796_m1 
Myc Mm00487804_m1 
Fkbp5 Mm00487406_m1 
Tsc22d3 Mm00726417_s1 

 
Table S7. Taqman Gene Expression Assays used for quantitative RT-PCR. Assays 

providing the best coverage were selected, and Taqman Gene Expression Master Mix also 

purchased from Applied Biosystems (product number: 4369016) was used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figures 
 



 
 
Figure S1. KrasWT and KrasG12D T-ALLs respond to DEX and the DEX/GDC-0941 
combination and exhibit sustained resistance upon re-treatment. Kaplan-Meier survival 

analysis shows response to DEX or DEX/GDC-0941 in five KrasWT (p-value<0.0001 for Vehicle 

vs. DEX, p-value=0.0218 for DEX vs. DEX/GDC-0941; Log-rank test) (a) and five KrasG12D (p-

value<0.0001 for Vehicle vs. DEX, p-value=0.5313 for DEX vs. DEX/GDC-0941; Log-rank test) 

(b) T-ALLs. c For each independent T-ALL, bone marrow isolated at relapse was re-

transplanted into a new cohort of recipient mice and re-treated with DEX. Kaplan-Meier survival 

analysis shows response of resistant (R, dotted lines) T-ALLs treated with vehicle (n=3) or DEX 

(n=4) compared to the corresponding parental sensitive (S, solid lines) T-ALLs treated with 

vehicle (n=4) or DEX (n=5). Resistant T-ALLs demonstrated significantly shorter survival after 

DEX treatment versus the corresponding parental leukemias; 20M.D2 (p=0.0046, Log-rank 

test), 8633.D5 (p=0.0039, Log-rank test), 73A.D1 (p=0.0082, Log-rank test), 5C.C3 (0.0029, 

Log-rank test), 5C.D4 (p=0.0221, Log-rank test), 2M.C3 (p=0.0082, Log-rank test), 5C.D5 

(p=0.0029, Log-rank test), 78A.D2 (p=0.0029, Log-rank test). 

 



	
 
Figure S2. Relapsed murine T-ALL cells lack consistent changes in Ras and Notch1 
pathway activation. Western blots were immunoblotted and cropped to assess activation of the 

Ras and Notch1 pathways through analysis of PTEN, pERK/tERK, pAKT/tAKT, pS6/tS6 and 

Notch intracellular domain (NICD) protein expression in bone marrow lysates from a panel of 

parental (P), DEX-treated relapsed (D) and DEX/GDC-0941 combination-treated relapsed (C) 

primary murine T-ALLs. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



 
 
Figure S3. Relapsed T-ALL 78A harbors a pre-existing Nr3c1 indel. a Sanger sequencing 

traces of the parental and four DEX-treated relapsed 78A T-ALLs showing the Nr3c1 indel at 

varying allele frequencies in relapsed samples analyzed from independent recipient mice. b 

Aligned reads from targeted sequencing data for Nr3c1 showing the indel allele frequency in the 

parental sample (78A.P, 1.1%) and in one of the DEX-treated relapsed samples (78A.D1, 62%). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	
 
Figure S4. Relapsed T-ALLs show altered transcriptional responses to in vivo DEX 
treatment. Gene expression analysis using TaqMan assays for each indicated GR-responsive 

gene in parental T-ALLs (P, grey bars), and DEX-treated (D) or DEX/GDC-0941 combination-

treated (C) relapsed T-ALLs with reduced (blue bars) or comparable (red bars) GR protein 

expression as compared to the corresponding parental leukemia after short-term in vivo DEX 

treatment of KrasG12D T-ALLs 2M (a) and 73A (b). Error bars represent standard error of the 

mean for technical triplicates.  

 
 


