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A.  

 

 

B.  

 

 

Figure 33. Myb-silenced mice that develop disease contain GFP+ cells and 
exhibit Myb knockdown. A. Mouse leukemic cells were isolated from mice 
transplanted with shRen or shMyb infected mice. Thymi were dissociated into a 
single cell suspension and GFP expression determined by flow cytometry. One 
representative from each group of tumor 5059 is shown. B. RNA was isolated 
from thymi and c-Myb mRNA levels determined by quantitative real time PCR. 
Copy number was normalized to !-actin using the !!CT method.  
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Figure 34. No GFP-positive cells remained in transplanted animals 120 days 
post-transplant. Mice that failed to develop disease 120 days post-transplant 
were sacrificed. Bone marrow cells were isolated and analyzed by flow 
cytometry. No GFP-positive cells were present in any animals examined. Two 
representative mice from each group are shown.   
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Appendix IV: Microarray following JQ1 
treatment in vivo 
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The data presented in this Appendix go with Chapter IV. A gene expression array 

was attempted using murine T-ALLs treated with JQ1 in vivo. Results were 

inconclusive and so were not included in the main body of this thesis. 
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Results 

JQ1 inhibits c-Myc in vivo 

 To determine the mechanism of action of JQ1 in T-ALL, we designed an in 

vivo microarray. Three independent murine T-ALLs were each transplanted into 

four recipient mice. Upon disease presentation, two mice were treated with 

vehicle or 50mg/kg of JQ1. Two hours post-injection, tumor tissue was harvested 

and total RNA isolated and sent for oligonucleotide profiling (see Methods for 

greater detail). JQ1 treatment significantly (p<0.05) changed the expression of 

524 genes with a fold change cutoff of 1.5; 376 were downregulated upon 

treatment while 148 were induced (not shown). Upon ranking this list (Table 18), 

we found that the E47/HEB-regulated gene Rag1 was the most highly modulated 

(fold change, -5.7, p<0.03) and c-Myc was ranked 13th  (fold change of -3.2, 

p<0.04). We found a relatively small number of genes to be modulated in our 

microarray, especially considering the vast number of genes known to be 

regulated by c-Myc. Known target genes such as Cdk4, Fbl, Apex1, and Tk1 

were not found on the array, despite being reduced by JQ1 in all three cell lines 

tested (Figure 23).  

Technical error introduced by attempting to perform a microarray with 

leukemic tissues might have caused variation in gene expression among the T-

ALLs examined. Normal cells in the tissue could have also affected the results or 

compound availability in vivo may have not been uniform across the animals 
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examined. Indeed, gene expression values differed from one vehicle-treated 

mouse to the next, within a single T-ALL analyzed. Because JQ1 reduces cell 

cycle and inhibits apoptosis (Figure 22C,D), it is likely that genes controlling 

these pathways should be found on an array for JQ1 treatment. If the tissues 

processed from the animals were at different proliferation states at the time of 

harvest, this could increase variability even further.  

Gene expression profiling should be repeated with murine T-ALL cell lines 

where technical variation would be limited. An ideal experiment would take place 

at an early time point during JQ1 treatment when gene expression is changing, 

but when the arrest and apoptosis are not yet apparent. Established cell lines 

would be treated for a time course to determine the optimum balance of these 

factors and then both technical (2-3 repeats of same cell line) and biological (2-3 

cell lines) replicates would be submitted for microarray analysis. Hopefully, this 

would reduce the noise and variability both within and across T-ALL samples 

examined. Further analysis of the effects of significantly changed genes on T-

ALL biology could determine a genetic mechanism of action for JQ1. This 

experiment could also elucidate additional genes critical for T-ALL maintenance 

that have not yet be studied. 
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Table 18. Top 50 repressed and induced genes following JQ1 treatment 

Gene Symbol Gene Description P  FC 
Rag1 recombination activating gene 1   0.0341 -5.7260 
Ccr4 chemokine (C-C motif) receptor 4   0.0159 -5.7188 
Slc16a5 solute carrier family 16, member 5   0.0049 -4.3560 
Tmem229b transmembrane protein 229B   0.0091 -4.0645 
Naip3 NLR family, apoptosis inhibitory protein 3   0.0205 -3.5799 
Arpp21 cyclic AMP-regulated phosphoprotein, 21   0.0423 -3.4594 
Sla src-like adaptor   0.0146 -3.4116 
Il1rl2 interleukin 1 receptor-like 2   0.0066 -3.3810 
Arsi arylsulfatase i 0.0027 -3.3637 
Tcrg-V3|Tcrg-
V2 T-cell receptor gamma, V3 | T-cell receptor gamma, V2   0.0155 -3.3450 
Lpar4 lysophosphatidic acid receptor 4   0.0263 -3.1848 
Myc myelocytomatosis oncogene   0.0437 -3.1729 
Il12rb2 interleukin 12 receptor, beta 2   0.0033 -3.1584 
Trat1 T cell receptor associated transmembrane adaptor 1   0.0051 -3.1435 
Il5ra interleukin 5 receptor, alpha   0.0004 -3.0937 
Tnfrsf8 tumor necrosis factor receptor superfamily, member 8   0.0052 -3.0010 
Tnfsf10 tumor necrosis factor (ligand) superfamily, member 10   0.0007 -2.9721 
Cd226 CD226 antigen   0.0174 -2.9180 
Gpr174 G protein-coupled receptor 174   0.0229 -2.9110 
Cd27 CD27 antigen 0.0091 -2.8525 
Gm239 predicted gene 239   0.0017 -2.7914 
Gm885 predicted gene 885   0.0006 -2.7681 
Narg2 NMDA receptor-regulated gene 2   0.0473 -2.7680 
Rpp38 ribonuclease P/MRP 38 subunit (human)   0.0087 -2.7397 
Ubash3a ubiquitin associated and SH3 domain containing, A   0.0455 -2.7359 
Mir363 microRNA 363   0.0377 -2.7308 
Tmem173 transmembrane protein 173   0.0053 -2.7060 
Ikzf2 IKAROS family zinc finger 2   0.0121 -2.6943 
Zfp72 zinc finger protein 72   0.0075 -2.6593 
Ifi202b interferon activated gene 202B   0.0068 -2.6467 
Prssl1|Fstl3 protease, serine-like 1 | follistatin-like 3   0.0014 -2.6351 
Prkcq protein kinase C, theta   0.0241 -2.5738 
Ifi203 interferon activated gene 203   0.0441 -2.5049 
Art2b ADP-ribosyltransferase 2b   0.0086 -2.4902 
Cd28 CD28 antigen 0.0002 -2.4796 
Rasgrp1 RAS guanyl releasing protein 1   0.0387 -2.4744 
Mcoln3 mucolipin 3 0.0437 -2.4548 

Ms4a6b 
membrane-spanning 4-domains, subfamily A, member 
6B   0.0127 -2.4358 

Prr11 proline rich 11   0.0486 -2.4039 
Gm10673 predicted gene 10673   0.0194 -2.4036 
Cd2 CD2 antigen 0.0342 -2.4021 
Ccdc125 coiled-coil domain containing 125   0.0142 -2.3834 
Slfn8 schlafen 8 0.0466 -2.3777 
Rtp4 receptor transporter protein 4   0.0118 -2.3632 
Slc40a1 solute carrier family 40, member 1   0.0484 1.9810 
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Chchd7 coiled-coil-helix-coiled-coil-helix domain containing 7   0.0066 1.9876 
Lyn Yamaguchi sarcoma viral (v-yes-1) oncogene homolog   0.0152 1.9888 
Dag1 dystroglycan 1   0.0249 1.9935 
Ifrd1 interferon-related developmental regulator 1   0.0025 2.0117 
Larp1b La ribonucleoprotein domain family, member 1B   0.0065 2.0211 
Chka choline kinase alpha   0.0105 2.0244 
Zfand2a zinc finger, AN1-type domain 2A   0.0045 2.0245 
Csf1r colony stimulating factor 1 receptor   0.0076 2.0752 

Ppp1r13b 
protein phosphatase 1, regulatory (inhibitor) subunit 
13B   0.0288 2.0811 

Cited2 Cbp/p300-interacting transactivator 2   0.0039 2.0962 
Arid5a AT rich interactive domain 5A (MRF1-like)   0.0367 2.1071 
Jund Jun proto-oncogene related gene d   0.0389 2.1471 
Hist1h2bg histone cluster 1, H2bg   0.0367 2.1539 
Sgk1 serum/glucocorticoid regulated kinase 1   0.0240 2.1610 
Mfge8 milk fat globule-EGF factor 8 protein   0.0495 2.1719 
6430548M08Rik RIKEN cDNA 6430548M08 gene   0.0024 2.1733 

Serpina1e 
serine (or cysteine) peptidase inhibitor, clade A, 
member 1E   0.0470 2.1760 

B230325K18Rik RIKEN cDNA B230325K18 gene   0.0193 2.1850 
Dnajb9 DnaJ (Hsp40) homolog, subfamily B, member 9   0.0484 2.2274 
Gcg glucagon 0.0123 2.2588 
Ero1lb ERO1-like beta (S. cerevisiae)   0.0123 2.2663 
Arrdc3 arrestin domain containing 3   0.0424 2.2860 
Mylip myosin regulatory light chain interacting protein   0.0221 2.2905 
Rnf146 ring finger protein 146   0.0304 2.3479 
Sesn2 sestrin 2 0.0269 2.3558 

Serpina1b 
serine (or cysteine) preptidase inhibitor, clade A, 
member 1B    0.0158 2.3571 

Baiap2 
brain-specific angiogenesis inhibitor 1-associated 
protein 2   0.0190 2.4263 

Hist1h3d histone cluster 1, H3d   0.0381 2.4478 
Cnnm4 cyclin M4 0.0278 2.5110 
Tiparp TCDD-inducible poly(ADP-ribose) polymerase   0.0218 2.5171 
Cirbp cold inducible RNA binding protein   0.0488 2.5373 
Rgs2 regulator of G-protein signaling 2   0.0136 2.5410 
Habp4 hyaluronic acid binding protein 4   0.0033 2.5806 
Ins2 insulin II 0.0217 2.6836 
Txnip thioredoxin interacting protein   0.0081 2.7543 
Hexim1 hexamethylene bis-acetamide inducible 1   0.0042 2.7566 
Iapp islet amyloid polypeptide   0.0114 2.9620 
Lyve1 lymphatic vessel endothelial hyaluronan receptor 1   0.0411 3.0694 
Gadd45b growth arrest and DNA-damage-inducible 45 beta   0.0253 3.0923 
Ins1 insulin I 0.0330 3.2085 
Larp1b La ribonucleoprotein domain family, member 1B   0.0075 3.3594 
Chac1 ChaC, cation transport regulator-like 1 (E. coli)   0.0237 3.6694 
Hist2h3c2 histone cluster 2, H3c2   0.0258 4.3948 
Cd74 CD74 antigen 0.0344 4.6995 
Hist1h2bc histone cluster 1, H2bc   0.0198 5.2753 
Hist1h1c histone cluster 1, H1c   0.0037 6.8435 
P, p-value; FC, fold change  
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Methods 
 

Gene expression array 

 Three independent murine T-ALLs were each transplanted into four 

recipient mice. Upon disease presentation, two mice were treated with vehicle or 

50mg/kg of JQ1. Two hours post-injection, tumor tissue was harvested and total 

RNA isolated, followed by cleanup using the RNeasy kit (Qiagen). Quality of 

mRNA was assessed using a nanochip on the Agilent Bioanalyzer 2100 (Agilent 

Technologies) and samples were processed for oligonucleotide microarray 

profiling. Affymetrix Mouse Exon 1.0 ST arrays were processed and analyzed 

using GeneSpring GX12.1 software (Agilent Technologies). Data was normalized 

using the Robust Multi-Array Analysis (RMA) summarization algorithm with data 

transformation set to the median of each sample. Probe sets were filtered on 

expression and P values for differential expression were determined, with p<0.05 

being considered statistically significant, and a cutoff of 1.5-fold being used for 

further analysis. 
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List of primers 
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List of antibodies 
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