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ABSTRACT 

Activation of the Wnt signaling in some types of cancer and its relation with chemotherapy resistance is a very 
interesting issue that has been emphasized in recent years. Although, it is known that increase in the activity of 
β-catenin is important in blast transformation and drug resistance, the underlying mechanisms are still unclear. In 
this study, changes in the expression levels of 186 genes that are thought to be important in drug resistance and 
Wnt signaling pathways were determined by using qPCR method in doxorubicin-sensitive and –resistant HeLa 
and K562 cell lines. It has been observed that the genes involved in the Wnt signaling pathways are involved in 
more changes in HeLa/Dox cells (36 genes) than in the K562/Dox cells (17 genes). Genes important for the de-
velopment of cancer resistance have been found to be significantly different in expression levels of 18 genes in 
HeLa/Dox cells and 20 genes in K562/Dox cells. In both cell lines, the expression of ABCB1 gene was signifi-
cantly increased to 160 and 103 fold, respectively. However, despite the resistance to same drug in HeLa and 
K562 cell lines, it appears that the expression levels of different oncogenes and genes involved in Wnt signaling 
pathways have been altered. It has been found that although resistance develops to the same drug in both cell 
lines, the expression levels of different genes have changed. If functional analysis of these genes is performed on 
patient population groups, these molecules may become candidates for novel therapeutic target molecules. 
 
Keywords: Wnt signaling pathway, drug resistance, cervical cancer, chronic myelogenous leukemia, gene ex-
pression 
 
 

INTRODUCTION 

Wnt signaling pathway is involved in 
both embryonic and adult stages in an organ-
ism (Nusse and Varmus, 1992; Nusse, 2005). 
Wnt signaling pathways play important roles 
in the adhesion of self-renewing cells in 
adults, the control of transcription of target 
genes and the cell polarity, proliferation, dif-
ferentiation and cell migration in cells in the 
embriyonic period (Willert and Nusse, 1998; 
Miller, 2002; Mikels and Nusse, 2006). In 

particular, the relationship of the Wnt/β-
catenin signaling pathway to cancer has been 
a very interesting issue that has been ad-
dressed in recent years. The role of Wnt pro-
teins in cancer was first demonstrated in the 
breast cancer mouse model (Nusse and Var-
mus, 1982; Nusse et al., 1984). ß-catenin is 
found in the cytoplasm and is transported to 
the nucleus by Wnt signal activation (Ilyas, 
2005). Thus, it activates transcription of a 
large number of genes that regulate cell pro-
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liferation and development. Many of these 
genes are known as oncogenes and are pow-
erful targets in the treatment of cancer. 
Changes in the gene expression levels of 
molecules involved in this signal pathway 
can lead to the emergence of many cancer 
types (Lustig and Behrens, 2003).  

Chemotherapy is widely used in the 
treatment of cancer. However, the failure of 
patients to respond to treatment during 
chemotherapy or the recurrence of cancer af-
ter treatment is a condition that seriously af-
fects the success of chemotherapy (Krishan 
et al., 1997). This is referred to as multidrug 
resistance (Ueda et al., 1987). Several mech-
anisms responsible for drug resistance have 
been identified. These include increase in 
gene expression levels of members of the 
ATP-binding cassette (ABC) transporter 
family members, deoxycytidine kinase-like 
enzyme modifications, inhibition of apopto-
sis and changes in target enzyme of the cyto-
toxic drugs (Marie, 2001).  

The multidrug resistance 1 gene (MDR1) 
encodes an ABC transporter called P-glyco-
protein (P-gp), which is the direct target of 
the Wnt/β-catenin signaling pathway. Over-
expression of P-gp actively pumps out cyto-
toxic drugs from the cell and by reducing 
drug concentration in the cell cause drug re-
sistance. The Frizzled 1 protein (FZD1), an 
important member of the Wnt/β-catenin 
pathway, and P-gp have been shown to in-
crease in the adriamycin resistant MCF-7 
breast cancer cell line. It has been shown that 
when the FZD1 gene expression is silenced 
via siRNA, cytoplasmic and nuclear β-cate-
nin levels fall, as well as the level of P-gp 
decreases and sensitivity to chemotherapeu-
tic agents is regained (Zhang et al., 2012).  

Activation of Wnt signaling is known to 
play a role in the pathogenesis of some solid 
tumors and leukemia types (Lu et al., 2009; 
Prosperi and Goss, 2010; Chen et al., 2010; 
Ge and Wang, 2010). Flahaut et al. and 
Bourguignon et al. have shown that the 
Wnt/β-catenin pathway is important in 
ABCB1 regulation in colorectal cancer, neu-
roblastoma, and breast cancer (Flahaut et al., 

2009; Bourguignon et al., 2009). It is now 
known that the increase in β-catenin activity 
is important for blast transformation and 
drug resistance, but the underlying mecha-
nisms are still largely unknown. 

In this study, 186 genes that are related to 
doxorubicin resistance and Wnt signaling 
pathway were selected and gene expression 
profiles were studied in sensitive and doxo-
rubicin resistant HeLa and K562 cell lines. 
The selection of model cell lines for two dif-
ferent types of cancer is to demonstrate pos-
sible similar and/or different effects of the 
same drug in different types of cancer. The 
data obtained from this study aimed to reveal 
new diagnostic, prognostic and therapeutic 
candidate molecules that are important in the 
Wnt signaling pathway for doxorubicin re-
sistance. 
 

MATERIALS AND METHODS 

Cell culture and cytotoxicity analysis 
Doxorubicin resistant variants of original 

HeLa and K562 cell lines were developed in 
our laboratory by applying the drug in dose 
increments. The cells were grown in 25 cm2 
culture dishes in RPMI 1640 medium sup-
plemented with 10 % fetal bovine serum, in-
cubated at 37 °C in a humidified air atmos-
phere with 5 % carbon dioxide incubator. 
Doxorubicin resistant variants were deter-
mined by XTT cytotoxicity analyzes by us-
ing Cell Proliferation Assay Kit (Biological 
Industries, Isreal). IC50 values of both origi-
nal and drug resistant cells were determined.  
 
RNA isolation and cDNA synthesis 

RNA isolation was performed from HeLa 
and K562 cell lines, which are sensitive and 
resistant to doxorubicin using TRI Reagent 
(Sigma, St Louis, MO, USA) according to 
the manufacturer’s instructions. RNA sam-
ples were assessed qualitatively on an Ag-
ilent 2100 Bioanalyzer. RNA samples with 
sufficient concentration (at least 200 ng/µl) 
and free of genomic DNA and protein con-
tamination were used for cDNA synthesis. 
cDNAs were synthesized from total RNA by 
using random primers of Transcriptor High 
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Fidelity cDNA Synthesis Kit (Roche Life 
Sciences) according to manufacturer’s in-
structions. 
 
Quantitative RT-PCR 

PCR-arrays (RealTime ready Custom 
qPCR Assays, Roche Life Sciences) were 
performed on 96-well plates using the quan-
titative RT-PCR method by using Roche 

Light Cycler 480 instrument. It has been at-
tempted to determine the expression levels of 
the genes which have a role in Wnt signaling 
pathways and genes which are thought to be 
important in resistance development. Genes 
on the "Wnt Signal Transduction PCR Ar-
ray" and "Drug Resistance PCR Array" are 
given in Tables 1 and 2, respectively. 
 

 
Table 1: Changes in the gene expression levels of the Wnt signaling pathway 

Gene 
Symbol 

Description Fold 
Changes in 
HeLa/Dox 

Fold 
Changes in 
K562/Dox

AES Amino-Terminal Enhancer Of Split 1,04 1,21 
APC APC, Wnt Signaling Pathway Regulator 1,20 2,04 
AXIN1 Axin 1 -1,70 1,71 
AXIN2 Axin 2 4,26 -2,32 
BCL9 B-Cell CLL/Lymphoma 9 1,07 -1,50 
CSNK1A1 Casein Kinase 1 Alpha 1 -1,49 1,36 
CSNK2A1 Casein Kinase 2 Alpha 1 1,09 -1,13 
CTBP1 C-Terminal Binding Protein 1 -1,63 1,14 
CTNNB1 Catenin Beta 1 -1,92 1,06 
CXXC4 CXXC Finger Protein 4 - -6,06 
DIXDC1 DIX Domain Containing 1 -1,28 -1,03 
DKK1 Dickkopf Wnt Signaling Pathway Inhibitor 1 -4,21 - 
DVL1 Dishevelled Segment Polarity Protein 1 -1,74 1,50 
DVL2 Dishevelled Segment Polarity Protein 2 -1,51 - 
EP300 E1A Binding Protein P300 -1,54 1,95 
FRAT1 FRAT1, Wnt Signaling Pathway Regulator -2,65 -2,17 
FZD1 Frizzled Class Receptor 1 -2,30 7,62 
FZD4 Frizzled Class Receptor 4 -1,23 -1,28 
FZD7 Frizzled Class Receptor 7 -3,90 -1,33 
FZD8 Frizzled Class Receptor 8 -4,47 -1,10 
FZD9 Frizzled Class Receptor 9 -1,34 -2,53 
GSK3A Glycogen Synthase Kinase 3 Alpha -1,27 -1,22 
GSK3B Glycogen Synthase Kinase 3 Beta -2,02 1,14 
LEF1 Lymphoid Enhancer Binding Factor 1 - 1,60 
LRP5 LDL Receptor Related Protein 5 -1,00 -1,07 
LRP6 LDL Receptor Related Protein 6 -1,00 1,22 
NKD1 Naked Cuticle Homolog 1 -4,21 1,50 
RUVBL1 RuvB Like AAA ATPase 1 -1,23 1,60 
SFRP1 Secreted Frizzled Related Protein 1 1,26 4,79 
SFRP4 Secreted Frizzled Related Protein 4 -1,28 - 
SOX17 SRY-Box 17 -5,06 - 
WIF1 Wnt Inhibitory Factor 1 - - 
Wnt1 Wnt Family Member 1 -1,22 -2,53 
Wnt10A Wnt Family Member 10A -3,08 - 
Wnt2 Wnt Family Member 2 -1,93 - 
Wnt3 Wnt Family Member 3 -1,48 1,80 
Wnt3A Wnt Family Member 3A -7,36 - 
Wnt4 Wnt Family Member 4 -1,43 1,63 
Wnt7A Wnt Family Member 17A -7,21 - 
DAAM1 Dishevelled Associated Activator Of Morphogenesis 1 1,20 1,45 
MAPK8 Mitogen-Activated Protein Kinase 8 -1,10 -1,14 
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Gene 
Symbol 

Description Fold 
Changes in 
HeLa/Dox 

Fold 
Changes in 
K562/Dox 

PRICKLE1 Prickle Planar Cell Polarity Protein 1 6,84 -1,63 
RHOA Ras Homolog Family Member A 1,05 -1,32 
RHOU Ras Homolog Family Member U -3,45 3,83 
VANGL2 VANGL Planar Cell Polarity Protein 2 -1,63 -1,43 
NFATC1 Nuclear Factor Of Activated T-Cells 1 -5,28 -1,14 
Wnt11 Wnt Family Member 11 2,00 -4,38 
Wnt5A Wnt Family Member 5A -1,20 - 
Wnt5B Wnt Family Member 5B 1,38 5,00 
BTRC Beta-Transducin Repeat Containing E3 Ubiquitin Pro-

tein Ligase 
-2,52 1,86 

CCND1 Cyclin D1 1,40 -1,21 
FBXW11 F-Box And WD Repeat Domain Containing 11 -1,31 1,04 
FRZB Frizzled-Related Protein -3,26 -2,92 
NLK Nemo Like Kinase 1,93 -1,39 
CCND2 Cyclin D2 -1,22 1,20 
DAB2 DAB2, Clathrin Adaptor Protein -1,16 -15,35 
FOSL1 FOS Like 1, AP-1 Transcription Factor Subunit -1,24 -1,07 
JUN Jun Proto-Oncogene, AP-1 Transcription Factor Sub-

unit 
-2,50 -1,46 

MMP7 Matrix Metallopeptidase 7 3,48 - 
MYC MYC Proto-Oncogene, BHLH Transcription Factor -1,39 1,32 
PITX2 Paired Like Homeodomain 2 -1,89 0 
PPARD Peroxisome Proliferator Activated Receptor Delta -1,97 -1,23 
WISP1 Wnt1 Inducible Signaling Pathway Protein 1 -2,31 - 
FGF4 Fibroblast Growth Factor 4 -3,41 - 
FOXN1 Forkhead Box N1 -21,70 -2,53 
CASP9 Caspase 9 -2,97 -1,22 
PTEN Phosphatase And Tensin Homolog -1,59 1,38 
RELA RELA Proto-Oncogene, NF-KB Subunit -1,41 -1,19 
SOCS2 Suppressor Of Cytokine Signaling 2 1,00 -1,40 
SOCS3 Suppressor Of Cytokine Signaling 3 -2,43 -3,16 
FADD Fas Associated Via Death Domain 1,25 1,17 
APAF1 Apoptotic Peptidase Activating Factor 1 1,60 -1,87 
STAT1 Signal Transducer And Activator Of Transcription 1 -1,10 -1,39 
STAT5A Signal Transducer And Activator Of Transcription 5A -1,98 -1,47 
CTNNBIP1 Catenin Beta Interacting Protein 1 -1,33 -1,05 
DKK3 Dickkopf Wnt Signaling Pathway Inhibitor 3 2,67 - 
FZD2 Frizzled Class Receptor 2 -1,39 1,02 
FZD3 Frizzled Class Receptor 3 1,03 -1,59 
FZD6 Frizzled Class Receptor 6 -1,79 - 
PORCN Porcupine O-Acyltransferase -1,67 -1,39 
PYGO1 Pygopus Family PHD Finger 1 -2,31 5,65 
TCF7 Transcription Factor 7 -5,60 -1,10 
TCFL1 Vacuolar Protein Sorting 72 Homolog -17,63 -1,12 
Wnt16 Wnt Family Member 16 1,20 - 
Wnt2B Wnt Family Member 2B -5,31 1,37 
Wnt6 Wnt Family Member 6 -1,45 -1,17 
Wnt7B Wnt Family Member 7B 1,33 - 
Wnt8A Wnt Family Member 8A -8,75 - 
Wnt9A Wnt Family Member 9A -2,75 -2,99 
FBXW4 F-Box And WD Repeat Domain Containing 4 -2,35 -1,17 
KREMEN1 Kringle Containing Transmembrane Protein 1 -5,81 1,85 
TLE1 Transducin Like Enhancer Of Split 1 2,00 - 
FZD5 Frizzled Class Receptor 5 -2,12 1,59 
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Table 2: Changes in the expression levels of the genes that are related to drug resistance 

Gene  
Symbol 

Description Fold 
Changes in 
Hela-Dox  

Fold 
Changes in 
K562-Dox  

ABCB1 ATP Binding Cassette Subfamily B Member 1 162,02 103,60 
ABCC1 ATP Binding Cassette Subfamily C Member 1 -2,55 -305,50 
ABCC2 ATP Binding Cassette Subfamily C Member 2 -2,83 0 
ABCC3 ATP Binding Cassette Subfamily C Member 3 -1,28 0 
ABCC5 ATP Binding Cassette Subfamily C Member 5 -1,13 1,06 
ABCG2 ATP Binding Cassette Subfamily G Member 2 8,96 -1,27 
BAX BCL2 Associated X, Apoptosis Regulator 3,36 -2,00 
BCL2 BCL2, Apoptosis Regulator 1,33 -1,18 
BCL2L1 BCL2 Like 1 -1,09 1,03 
MVP Major Vault Protein -1,06 -1,75 
RB1 RB Transcriptional Corepressor 1 -1,09 -1,36 
TOP1 Topoisomerase (DNA) I 1,02 -1,01 
TOP2A Topoisomerase (DNA) II Alpha 1,52 -2,30 
TOP2B Topoisomerase (DNA) II Beta 2,58 1,72 
TP53 Tumor Protein P53 1,19 -1,67 
ARNT Aryl Hydrocarbon Receptor Nuclear Translocator 1,42 1,01 
BLMH Bleomycin Hydrolase -2,22 -2,48 
CLPTM1L CLPTM1 Like -1,04 -1,16 
CYP1A1 Cytochrome P450 Family 1 Subfamily A Member 1 1,70 -1,09 
CYP1A2 Cytochrome P450 Family 1 Subfamily A Member 2 0 0 
CYP2B6 Cytochrome P450 Family 2 Subfamily B Member 6 0 0 
CYP2C8 Cytochrome P450 Family 2 Subfamily C Member 8 0 0 
CYP2C9 Cytochrome P450 Family 2 Subfamily C Member 9 0 0 
CYP2C19 Cytochrome P450 Family 2 Subfamily C Member 

19 
0 0 

CYP2D6 Cytochrome P450 Family 2 Subfamily D Member 6 1,31 1,10 
CYP2E1 Cytochrome P450 Family 2 Subfamily E Member 1 -7,78 -1,22 
CYP3A4 Cytochrome P450 Family 3 Subfamily A Member 4 0 0 
CYP3A5 Cytochrome P450 Family 3 Subfamily A Member 5 1,89 3,32 
DHFR Dihydrofolate Reductase -1,41 0 
EPHX1 Epoxide Hydrolase 1 0 0 
GSK3A Glycogen Synthase Kinase 3 Alpha 1,94 -1,30 
GSTP1 Glutathione S-Transferase Pi 1 1,09 1,52 
NAT2 N-Acetyltransferase 2 0 0 
SULT1E1 Sulfotransferase Family 1E Member 1 -1,23 -1,04 
TPMT Thiopurine S-Methyltransferase 1,44 -1,61 
UGCG UDP-Glucose Ceramide Glucosyltransferase 1,80 1,17 
APC APC, Wnt Signaling Pathway Regulator 1,14 1,55 
ATM ATM Serine/Threonine Kinase 1,16 -1,51 
BRCA1 BRCA1, DNA Repair Associated -1,48 -1,04 
BRCA2 BRCA2, DNA Repair Associated -1,05 1,64 
ERCC3 ERCC Excision Repair 3, TFIIH Core Complex 

Helicase Subunit 
-1,92 1,06 

MSH2 MutS Homolog 2 1,18 2,21 
XPA XPA, DNA Damage Recognition And Repair Factor -1,43 -1,03 
XPC XPC Complex Subunit, DNA Damage Recognition 

And Repair Factor 
1,03 -1,01 

CCND1 Cyclin D1 2,30 -1,33 
CCNE1 Cyclin E1 1,33 -1,16 
SOD1 Superoxide Dismutase 1 2,03 1,42 
CDK2 Cyclin Dependent Kinase 2 1,16 -1,31 
CDK4 Cyclin Dependent Kinase 4 -1,06 -1,18 
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Gene  
Symbol 

Description Fold 
Changes in 
Hela-Dox  

Fold 
Changes in 
K562-Dox  

CDKN1A Cyclin Dependent Kinase Inhibitor 1A 3,47 1,22 
CDKN1B Cyclin Dependent Kinase Inhibitor 1B 1,85 1,02 
CDKN2A Cyclin Dependent Kinase Inhibitor 2A 1,41 0 
CDKN2D Cyclin Dependent Kinase Inhibitor 2D 1,28 -1,77 
EGFR Epidermal Growth Factor Receptor 1,23 1,22 
ERBB2 Erb-B2 Receptor Tyrosine Kinase 2 -1,41 -2,77 
ERBB3 Erb-B2 Receptor Tyrosine Kinase 3 -1,74 -1,91 
ERBB4 Erb-B2 Receptor Tyrosine Kinase 4 1,89 0 
FGF2 Fibroblast Growth Factor 2 2,01 1,75 
IGF1R Insulin Like Growth Factor 1 Receptor -1,05 -3,20 
IGF2R Insulin Like Growth Factor 2 Receptor 1,18 3,00 
MET MET Proto-Oncogene, Receptor Tyrosine Kinase -1,57 -2,33 
AR Androgen Receptor 0 1,14 
ESR1 Estrogen Receptor 1 1,89 0 
ESR2 Estrogen Receptor 2 0 0 
PPARA Peroxisome Proliferator Activated Receptor Alpha -1,02 1,18 
PPARD Peroxisome Proliferator Activated Receptor Delta -1,28 -2,77 
PPARG Peroxisome Proliferator Activated Receptor Gamma -2,70 0 
RARA Retinoic Acid Receptor Alpha 1,27 -1,18 
RARB Retinoic Acid Receptor Beta 1,89 -18,63 
RARG Retinoic Acid Receptor Gamma -1,33 -1,47 
RXRA Retinoid X Receptor Alpha -1,03 1,01 
RXRB Retinoid X Receptor Beta 1,27 -1,43 
AHR Aryl Hydrocarbon Receptor 1,35 0 
AP1S1 Adaptor Related Protein Complex 1 Sigma 1 

Subunit 
4,34 2,15 

ELK1 ELK1, ETS Transcription Factor -1,63 2,12 
FOS Fos Proto-Oncogene, AP-1 Transcription Factor 

Subunit 
4,04 1,82 

HIF1A Hypoxia Inducible Factor 1 Alpha Subunit 1,67 -14,77 
MYC MYC Proto-Oncogene, BHLH Transcription Factor 1,07 2,23 
NFKB1 Nuclear Factor Kappa B Subunit 1 -2,17 3,56 
NFKB2 Nuclear Factor Kappa B Subunit 2 -2,04 -1,64 
NFKBIB NFKB Inhibitor Beta -1,55 1,39 
NFKBIE NFKB Inhibitor Epsilon 1,47 -2,17 
RELB RELB Proto-Oncogene, NF-KB Subunit -1,36 1,23 
TNFRSF11A TNF Receptor Superfamily Member 11a -3,87 1,48 
BAD BCL2 Associated Agonist Of Cell Death 1,49 -1,27 
BAK1 BCL2 Antagonist/Killer 1 1,39 -1,54 
BID BH3 Interacting Domain Death Agonist 1,89 0 
CASP10 Caspase 10 -1,81 -1,41 
CASP3 Caspase 3 1,23 1,74 
CASP6 Caspase 6 1,53 -1,16 
CASP8 Caspase 8 -1,26 1,16 
FAS Fas Cell Surface Death Receptor 1,09 16,39 
FASLG Fas Ligand 1,03 -1,04 
 
 
Statistical analysis 

RT-PCR analyzes were performed in 
dublicates using a total of 16 PCR arrays 
from both the "Wnt Signal Transduction 
PCR array" and the "Drug Resistance PCR 

array" from all original and doxorubicin re-
sistant cell lines. Relative amount changes 
were determined by calculating the Ct values 
(2-ΔΔCt) obtained for each gene. According 
to this method; from a Ct value relative to a 
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control gene (beta-actin) in a gene-resistant 
drug line; the value of ΔΔCt [ΔΔCt = ΔCt 
resistant-ΔCt original] was obtained by sub-
tracting the Ct value relative to the control 
gene in the same cell line. The fold change in 
the amount of gene was obtained by substi-
tuting ΔΔCt in the 2-ΔΔCt. The results ob-
tained with the two replicates were evaluated 
with the SPSS 16.0 program and the differ-
ences less than the p-value of 0.05 and those 
with more or less 2 folds changes in gene 
expression levels were considered as "statis-
tically significant". 

 
RESULTS 

XTT cytotoxicity analysis 
The degree of doxorubicin resistance in 

HeLa and K562 cells was determined by 
measuring the IC50 values at 72 h by XTT 
assay. In the original HeLa cell line, doxoru-
bicin killed 50 % of the cells at a dose of 
2,664 μM (IC50 = 2,664 μM) whereas in 
doxorubicin-resistant HeLa cells this value 
was found to be 5,470 μM (IC50 = 5,470 μM) 
(Figure 1). These results show that the doxo-
rubicin-resistant HeLa cell line is about 2 
times more resistant than the original HeLa 
line. On the other hand, in the original K562 
cell line, the dose of doxorubicin killing 
50 % of the cells was 0.031 μM (IC50 = 
0.031 μM), while in doxorubicin-resistant 
K562 cells this value was found to be 0.996 
μM (IC50 = 0.996 μM). These results show 
that doxorubicin-resistant K562 cell line is 
approximately 32 times more resistant than 
the original K562 line (Figure 2). 

 

Figure 1: Antiproliferative effect of doxorubicin 
on original and doxorubicin resistant HeLa cell 
lines 

 
Figure 2: Antiproliferative effect of doxorubicin 
on original and doxorubicin resistant K562 cell 
lines 
 
 
Wnt signaling pathway PCR array 

Table 1 summarizes the alterations in ex-
pression levels of the genes in Wnt signaling 
pathway in doxorubicin resistant HeLa and 
K562 cell lines. According to these results; 
among 93 genes the expression levels of 36 
genes in HeLa/Dox and 17 genes in K562/ 
Dox were observed to change with respect to 
original cell lines. Doxorubicin-resistant 
K562 cells did not show a significant change 
in expression of CTNNB1 gene encoding be-
ta-catenin; as well as an increase of about 8-
folds in the gene encoding FZD1 from Wnt 
receptors and a 15-folds decrease in the 
DAB2 gene and a 3-folds decrease in the 
SOCS3 gene were determined, which are 
known as  tumor suppressor genes. Further-
more, it has been determined that there is a 
significant decrease in expression of the AX-
IN2 gene found in the beta-catenin degrada-
tion complex and in the expression of the 
CXXC4 gene which codes for a Wnt antago-
nist. When we examined HeLa/Dox cells, it 
was generally found that there was a de-
crease in the expression of Wnt receptor 
genes.  
 
Drug resistance PCR array 

Table 2 summarizes the alterations in ex-
pression levels of genes that are related to 
drug resistance in doxorubicin resistant 
HeLa and K562 cell lines. The expression of 
the ABCB1 gene encoding MDR1 protein in 
both cell lines was significantly increased to 
160 and 103 folds, respectively. On the other 
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hand, the decrease in expression of the 
ABCC1 gene encoding the MRP1 gene in 
both cell lines suggests that the doxorubicin 
resistance can be due to the increase in the 
MDR1 gene rather than MRP1. According to 
the results, it is seen that the different onco-
gene expressions have changed in doxorubi-
cin resistant HeLa and K562 cell lines in 
spite of the resistance gained to the same 
drug. An increase in Fos gene expression 
was observed in HeLa/Dox, whereas Myc 
gene overexpression was detected in 
K562/Dox cell line. In addition, genes cod-
ing for proteins involved in cell cycle, apop-

tosis, and drug metabolism (CDKN1A, 
CCND1, BAX, FAS), growth factors and its 
receptors (FGF2, IGF1R, IGF2R, MET), dif-
ferent transcription factors (HIF1A, NFKB1, 
NFKB2, RANK), CYP2E1, CYP3A5) were 
found to be significantly different between 
doxorubicin-resistant HeLa and K562 cell 
lines. 

Volcano plots of Figure 3 and Figure 4 
display differentially expressed genes that 
are related to drug resistant and Wnt signal-
ing pathway between doxorubicin resistant 
HeLa and K562 cell lines respectively. 

 
Figure 3: Volcano plots displaying differential expressed genes related to drug resistance between 
HeLa/Dox vs K562/Dox cell lines  

 

 
Figure 4: Volcano plots displaying differential expressed genes in Wnt signaling pathway between 
HeLa/Dox vs K562/Dox cell lines 
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Figure 5: The intersection graph for commonly up- or down-regulated genes between doxorubicin re-
sistant Hela and K562 cell lines A) Wnt signaling pathway, B) Drug resistance related genes 
 
 

The intersection graph (Figure 5A) 
shows that there are five common downregu-
lated genes in Wnt signaling pathway be-
tween doxorubicin resistant HeLa and K562 
cell lines. On the other hand there are two 
commonly upregulated and two commonly 
downregulated genes that are related to drug 
resistance between doxorubicin resistant 
HeLa and K562 cell lines (Figure 5B). 
 

DISCUSSION 

Chemotherapy, as one of the most com-
monly used methods of treating cancer, the 
resistance to chemotherapeutic agents se-
verely limits the success of the therapy. The 
data obtained from in vitro and in vivo stud-
ies reveal some important mechanisms for 
drug resistance. One of the most important 
mechanism has been identified as overex-
pression of ABC-transporter proteins found 
in the cell membrane which involved in the 
extracellular release of the drugs. These 
pump proteins prevent the accumulation of 
anticancer drugs into the cell, thereby pre-
venting the expected toxic effect from occur-
ring. Apart from this, different resistance 
mechanisms have also been identified. These 
include; increased metabolism of the drug, 
increased DNA repair, nonfunctional apop-
tosis mechanisms, and alterations of the ex-
pression or structure of the drug target mole-
cules (Lage, 2008).  

The role of Wnt signal transduction in 
the emergence of many cancer types and its 

relationship with chemotherapy resistance 
has been a subject of interest in recent years. 
There are three types of Wnt signaling path-
ways; Wnt/β-catenin (canonic), non-canonic 
and Wnt/calcium. Especially, the mecha-
nisms between Wnt/β-catenin signal activa-
tion, blast transformation and drug resistance 
are being explored (Huelsken and Behrens, 
2002).  

In this study, attempts were made to 
identify changes in the expression levels of 
186 genes which have important roles in 
drug resistance and Wnt signaling pathways 
in original and doxorubicin resistant HeLa 
and K562 cells. The selection of the model 
cell lines to two different types of cancer is 
to demonstrate possible similar and/or dif-
ferent effects of the same drug in different 
types of cancer. 

Resistant variants of HeLa and K562 cell 
lines were obtained and resistance develop-
ment were determined by XTT cytotoxicity 
analysis. According to the results, the doxo-
rubicin resistance in the HeLa cell line was 
about 2-folds higher than that of the original 
HeLa line; and the doxorubicin-resistant 
K562 cell line developed about 32 times 
more resistance than the original K562 line. 
It is seen that the amount of resistance de-
veloped to the same drug is significantly dif-
ferent in different cancer cell lines.  

The expression of the ABCB1 gene en-
coding MDR1 protein in both cell lines was 
significantly increased to 160 and 103 folds, 
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respectively, in doxorubicin resistant HeLa 
and K562 cell lines. In many studies, it has 
been shown that overexpression of MDR1 in 
cancer cells is responsible for resistance to 
chemotherapy drugs (Haber, 1992). The in-
crease in expression of MDR1 gene is re-
sponsible for doxorubicin resistance in hu-
man hepatocellular carcinoma cell lines 
(Park et al., 1994); the increase in expression 
of MDR1 in human breast cancer has been 
shown to correlate with resistance to taxol 
and doxorubicin (Mechetner et al., 1998). In 
another study conducted with blood samples 
from patients with acute myeloid leukemia, 
it was found that the increase in MDR1 ex-
pression was also responsible for resistance 
to daunorubicin, doxorubicin and etoposide 
(Nørgaard et al., 1998). In addition to 
MDR1, MRP1 is another protein being re-
sponsible for resistance development in can-
cer treatment. Overexpression of MRP1 has 
been shown to be responsible for resistance 
to different anticancer agents used in the 
treatment of breast cancer patients (Zeng et 
al., 2001; Goldhirsch et al., 2003). In another 
study with doxorubicin-resistant prostate 
cancer cell lines 0.03 and PC 0.03, the 
mechanism responsible for resistance devel-
opment was found to be MRP1 rather than 
MDR1 (Zalcberg et al., 2000). According to 
our results, the decrease in the expression of 
the ABCC1 gene encoding the MRP1 in both 
cell lines suggests that the doxorubicin re-
sistance can be due to an increase in the 
MDR1 gene rather than MRP1. 

It is known that oncogen activation is re-
lated to the development of cancer formation 
and drug resistance. For this reason, many 
cancer drugs have been developed to target 
oncoproteins (Hunter, 1984). It has been 
found that epidermal growth factor (EGF), 
platelet derived proliferation factor (PDGF) 
and their receptors are overexpressed (Ronel-
lenfitsch et al., 2010) in glioblastoma tu-
mors; c-met and PDGFR are co-expressed in 
resistance mechanisms against EGFR inhibi-
tors (Stommel et al., 2007). Increased ex-
pression of EGFR which is induced by CGF 
(cancer upregulated gene 2) has been shown 

to induce doxorubicin resistance through the 
Stat1-HDAC4 signal in lung cancer cells 
(Kaowinn et al., 2017). In addition to this in-
formation in the literature, in our previous 
studies with prednisone and vincristine re-
sistant multiple myeloma cell lines have 
shown that different drugs cause different 
oncogene expressions on the same cancer 
cell line, and therefore, it is important to 
evaluate these data separately in drug re-
sistance (Mutlu et al., 2012). Similar to the 
literature, the data obtained from this study 
also support the literature, it is seen that the 
different oncogene expressions have changed 
in doxorubicin-resistant HeLa and K562 cell 
lines in spite of the resistance to the same 
drug. Overexpression of Fos and Myc genes 
were observed in HeLa/Dox and K562/Dox 
cell lines respectively. In addition, signifi-
cant differences were determined in gene ex-
pressions that are involved in cell cycle, 
apoptosis and drug metabolism (CDKN1A, 
CCND1, BAX, FAS), growth factors and its 
receptors (FGF2, IGF1R, IGF2R, MET), dif-
ferent transcription factors (HIF1A, NFKB1, 
NFKB2, RANK), CYP2E1, CYP3A5) be-
tween doxorubicin-resistant HeLa and K562 
cell lines.  

There are also significant differences be-
tween the doxorubicin-resistant HeLa and 
K562 cells in the expression of the genes in-
volved in the Wnt signaling pathway. 
Among 93 genes included in this study; ex-
pression levels of 36 genes in HeLa/Dox and 
17 genes in K562/Dox were observed to 
change with respect to drug-sensitive vari-
ants. Activation of Wnt signaling pathways 
begins with the binding of the Wnt protein to 
the FZD and LRP5/6 receptors in the target 
cell membrane. Some of the beta-catenin that 
accumulates in the cytoplasm enters the nu-
cleus, causing transcription of target genes 
(Kikuchi et al., 2007; Brembeck et al., 2006). 
It has been found that due to the increase in 
the amount of beta-catenin, cyclin D1 and c-
myc activation generates which leads to the 
resistance to lenidomide in multiple myelo-
ma (Bjorklund et al., 2011). In this study, 
when we look at doxorubicin-resistant K562 
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chronic myeloid leukemia cells, there was no 
significant change in expression of CTNNB1 
gene encoding beta-catenin; as well as an in-
crease of about 8-folds was observed in the 
gene encoding FZD1 from Wnt receptors. 
On the other hand, 15-folds decrease in the 
DAB2 gene and 3-folds decrease in the 
SOCS3 gene were determined which are en-
coding tumor suppressor proteins. Further-
more, it has been determined that there was a 
significant decrease in expression of the AX-
IN2 gene that is found in the beta-catenin 
degradation complex and in the expression 
of the CXXC4 gene that encodes a Wnt an-
tagonist. In a study by Jamieson et al., there 
is an increase in beta-catenin expression in 
blast crisis-phase or imatinib-resistant CML 
cells (Jamieson et al., 2004). The reason not 
to see a change in beta-catenin expression in 
doxorubicin-resistant K562 cells, can be the 
decrease in the expression of AXIN2 and 
Wnt antagonist molecule genes that cause 
beta-catenin degradation may lead to in-
creased intracellular beta-catenin content and 
thus Wnt signal activation in K562/Dox 
cells. 

It has been reported that FZD7 from Wnt 
receptors is associated with cell proliferation, 
metastasis and drug resistance in squamous 
cell carcinoma (Liu et al., 2017). In HeLa/ 
Dox cells, it was generally found that there 
was a decrease in the expression of Wnt re-
ceptor genes. In addition, the GSK3B gene 
expression was found to be decreased as 2 
folds and the expression of the ABCG2 gene 
from the ABC carrier protein family mem-
bers increased 9-folds in HeLa/Dox cell line. 
This data supports the study which is related 
to colorectal cancer cells in the literature. 
According to Chen et al., due to the increase 
in miR-199a/b expression in cisplatin-
resistant ALDHA1+ colorectal cancer stem 
cells, expression of GSK3B gene decrease 
whereas expression level of ABCG2 gene 
increase which is one of the lower target 
molecules of the Wnt signal pathway and is 
an important protein for drug resistance de-
velopment (Chen et al., 2017). In another 
study, it was also reported that ABCB1 and 

ABCG2 gene expression levels were signifi-
cantly decreased and cells became sensitive 
to chemotherapy after silencing of beta-
catenin gene in drug resistant colon cancer 
cell lines (Chikazawa et al., 2010). Three 
folds decrease was shown in the expression 
level of caspase-9 gene that have a central 
role in apoptosis at HeLa/Dox cell line. This 
result suggests that HeLa cells become re-
sistant to apoptosis by escaping from apopto-
sis. In addition, it is remarkable that the gene 
expression of the negative regulator mole-
cules (DKK1, FBXW4, KREMEN1 and 
TLE1) in the Wnt signaling pathway in 
HeLa/Dox cells were significantly reduced. 

In conclusion; this study provides im-
portant information on the level of gene ex-
pressions in terms of determining the rela-
tionship between doxorubicin resistance and 
changes in the Wnt signaling pathway in 
HeLa and K562 cell lines. However, in order 
to investigate these relations in more detail, 
functional analyzes at the protein level are 
required in the following studies. 
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