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Background

Epigenetic silencing of tumor suppressor genes (TSG) genes could lose their suppressor

functions to inhibit constitutive activation of STAT signalling resulting resistance to tyrosine

kinase inhibitors (TKI). Tyrosine kinase inhibitors (TKI) such as imatinib specifically targets

BCR/ABL protein and induces hematological remission in patients with chronic myeloid

leukemia (CML). However, majority of CML patients treated with imatinib develop

resistance under prolonged therapy. CEP-701 and PKC-412 are also TKI that potentially

inhibit FLT3-ITD in patients with acute myeloid leukemia (AML) in clinical trial. However,

such response is only temporarily. This study aimed to investigate the ability of TKI to inhibit

STAT signaling in resistant leukemic cells before and after treatment with 5-Aza

Materials and Methods

Three resistant cell lines were developed by overexposure of K562 and MV4-11 cells to TKI

(imatinib for K562 and CEP-701 and PKC412 for MV4-11). The treatment was started with

low doses with stepwise increments of TKI for 12 months. The resistance was confirmed by

cytotoxicity and apoptosis assays. The resistant cells then were treated with 5-Azacytidine

(5-Aza). Cytotoxicity of TKI and apoptosis were determined by MTS and Annexin V-FITC,

respectively. Gene expression of DNA methyltransferases (DNMTs), SHP-1, SOCS-1,

SOCS-3, STAT5a, and PRG2 genes was performed by RQ-PCR. DNA methylation status

of re-expressed genes after treatment with 5-AZA was determined using pyrosequencing

analysis. The phosphorylation status of STAT1, STAT2 and STAT3 were examined by

Western blot.

Results

All resistant cells demonstrated higher vitality and significant lower apoptosis

(p<0.001) in response to TKI compared to their parental cells. DNMTs showed a

significant down regulation (p<0.001) in 5-Aza treated cells correlated with re-

expression of SHP-1 and PRG2 genes. Interestingly, PRG2 and SHP-1 genes were

significantly hypomethylated and up-regulated in all 5-Aza treated cells. The re-

expression of SHP-1 and PRG2 was associated with inhibition of activated STAT3

and high sensitivity response to TKI.

Conclusion: This study addressed PRG2 and SHP-1 function as TSG in AML and

CML cells and enhanced their expression is associated with higher sensitivity

response to TKI. The findings support the hypothesis that, hypermethylation of SHP-

1 and PRG2 genes loses their suppressor functions to inhibit STAT3 signalling

resulting resistance in leukemic cells to TKI and re-expression of SHP-1 and PRG2

by 5-Aza could enhance the effects of TKI in the treatment of AML and CML

patients.
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