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DNA topoisomerase IIα (TOP2α; 170 kDa, TOP2α/170) is an essential enzyme and is responsible 
for generating transient DNA double strand breaks to resolve DNA topological entanglements 
during chromosome disjunction. TOP2α-targeted agents, such as etoposide, are widely used in 
chemotherapy treatment while acquired drug resistance among patients can compromise 
therapeutic efficacy. Our group has demonstrated that intron 19 (I19) retention and processing 
(i.e., intronic polyadenylation [IPA]) is related to a weak I19 5´ splice site and plays a significant 
role in acquired resistance in an etoposide-resistant K562 clonal subline, K/VP.5, by lowering the 
level of TOP2α/170 and dramatically increasing the level of a C-terminal truncated isoform 
Top2α/90 (90 kDa) [1]. In addition, optimizing the I19 5´ splice site decreased I19 IPA, restored 
full-length TOP2α/170 levels and circumvented resistance to etoposide and other TOPα-targeted 
drugs [2]. Given that no TOP2α sequence differences were identified in the human K562 cells 
compared with the etoposide resistant K/VP.5 cell line, we hypothesized that aberrant expression 
of splicing/RNA cleavage factors could result in the increased Top2α I19 IPA observed in K/VP.5 
cells.  

To begin to investigate which trans-factors are involved in I19 IPA, the potential splicing factor 
binding sites need to be identified. Homology searches between the human I19 (1098 base pair 
pairs) with other animal species revealed that the first 200 bp were highly homologous suggesting 
that these sequences may play a critical role in I19 IPA. To test this hypothesis, we generated a 
TOP2α minigene plasmid (Top2α/MG1) containing exon 19, intron 19 and exon 20. This plasmid 
was transfected into K562 and K/VP.5 cells. mRNAs transcribed and processed from the 
Top2α/MG1 construct were analyzed for TOP2α/170 (E19/E20; i.e., I19 spliced out) and 
TOP2α/90 (E19/I19; i.e., I19 IPA) surrogate mRNAs by reverse-transcription/PCR. Importantly, 
the RNA processing of TOP2α/MG1 derived transcripts recapitulating the TOP2α/170 mRNA 
expression levels observed in non-transfected K562 (i.e., high expression) and K/VP.5 cells (i.e., 
low expression) and TOP2α/90 mRNA expression in K562 (i.e., low expression) and K/VP.5 cells 
(i.e., high expression). 

Next, mutagenesis was performed in wild-type (WT) MG1 to make partial deletions in the first 
200 bp of I19 to generate five different fragments (MG1 fragments A,B,C,D,E). In MG1 fragment 
A, the first 7 bp of I19 were deleted. For each of the fragments B-E, consecutive additional ~10 
bp deletions were made. Interestingly, after transfecting the etoposide-resistant cell line K/VP.5 
with these different minigene fragments, we observed a 10-fold decrease of TOP2α/170 splicing 
with MG1 fragment A compared to WT, a 1.5-fold increase with MG1 fragments B and E, and a 
2-fold increase with fragments C and D. These results suggest that some trans-factors bind to 
sequences at the beginning of I19 and have effects in regulating alternative splicing. In addition, 
results suggest that factors binding to the first 7 bp of I19 (fragment A) are potential positive 
factors that can facilitate consecutive splicing while the factors binding to the sequences deleted 
in fragments B-E are potential negative factors that inhibit consecutive splicing and contribute to 
I19 IPA. Future experiments will involve identifying the splicing/RNA cleavage factors responsible 



for I19 IPA using an MS2 (bacteriophage coat protein) tag-trap strategy to pull down all the 
factors binding to MG1 WT and the other five deletion fragments, then utilizing proteomics to 
compare identified RNA-binding proteins.  Support:  NIH R01 CA226906-01A1 
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