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ABSTRACT 
Introduction: Breast cancer stem cells (BCSCs) are identified as side populations in 

breast cancer cells owing stem cell properties and tumorigenic characteristics. Previous 
studies revealed that breast cancer chemotherapy led to BCSC enrichment which 
contributed to therapy resistance. Our recent in vivo study using Next Generation 
Sequencing has demonstrated that PCNA - the proliferative gene - and BIRC5 – the anti-
apoptosis gene – were under-expressed in human breast tumors after neoadjuvant 
chemotherapy. This study aimed to verify the role of PCNA and BIRC5 expression in 
doxorubicin-treated human BCSCs in vitro and its association with cell viability. Method: 
Human BCSCs (ALDH+) were treated with 0.25 uM of doxorubicin for 2, 4, 6, 8, 10, 12, 14 
days respectively. Cell viability was measured using trypan blue exclusion assay and the 
expressions of PCNA and BIRC4 mRNA were determined using qRT-PCR. Results: This 
study demonstrated that the viability of ALDH+ BCSCs decreased after 2 days and 
increased again after 8 days of doxorubicin treatment, indicating the decrease of doxorubicin 
sensitivity. Interestingly, PCNA and BIRC5 genes were modulated in line with the 
modulation of cell viability during doxorubicin treatment of human BCSCs. Conclusion: In 
conclusion, we suggest that the PCNA and BIRC5 expressions play an important role on the 
BCSCs viability which associated with the sensitivity of doxorubicin treatment. 
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Breast cancer is the most death-causing cancer 
among women all over the world due to therapy 
resistance and disease recurrence. Nowadays, 
neoadjuvant therapy is established for larger 
primary and locally advanced breast cancer as a 
preoperative approach. The advantages of 
neoadjuvant therapy is to downstaging the tumor, 
reducing the extent surgery and also evaluating 
the efficacy of the drugs that will be 
administered.(1) Yet, classic breast cancer 
therapy has not considered the presence of  side 
populations, known as breast cancer stem cells 
(BCSCs), that are characterized by self-renewal, 
differentiation, and tumorigenic capabilities, 
similar to normal stem cells.(2) 

Current treatments for breast cancer 
frequently fail to eradicate tumor since they are 
inable to effectively target BCSC populations. 
BCSCs have been proved to exhibit significant 
resistance to conventional chemotherapy. 
Furthermore, breast cancer chemotherapy may 

lead to BCSC enrichment which contributed to 
therapy resistance. It has been demonstrated that 
BCSC markers (CD44+/CD24-) were expressed 
abundantly after neoadjuvant chemotherapy of 
primary breast cancer patients.(3) Some previous 
studies have also reported that BCSCs are 
responsible for therapy resistance, recurrence and 
metastasis in breast cancer.(4),(5),(6) The 
presence of BCSC populations has been correlated 
with poor prognosis in breast cancer patients.(7) 

 
Very recently, we have applied Next 

Generation Sequencing to assess the alteration of 
p53-pathway gene expressions in breast cancer 
cells from patients underwent neoadjuvant 
chemotherapy. We found that seven gene 
expressions in p53-pathway were significantly 
down-regulated after neoadjuvant chemotherapy 
of breast cancer patients, namely ATM, BID, 
BIRC5, CASP8, CASP9, CDK1 and PCNA.(8) 
Proliferating cell nuclear antigen (PCNA) is 
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known as a molecular marker for cell 
proliferation, thereby it has an important role in 
replication. The function of PCNA is 
indispensable for the maintenance of genomic 
integrity and propagation in actively growing 
cells.(9) BIRC5 or survivin is a member of the 
inhibitor of apoptosis (IAP) protein family that 
suppresses caspase-9 activity leading to apoptosis 
inhibition. This protein is highly expressed in 
most cancers and is associated with a poor clinical 
outcome. (10) Our previous study has 
demonstrated that BIRC5 was highly expressed 
in BCSCs after oxidative stress induction and led 
to high cell survival.(11)  

 
The present study aimed to verify the role of 

PCNA and BIRC5 expressions on the sensitivity 
of human BCSC against chemotherapy. We 
analysed the decrease of BCSC sensitivity against 
doxorubicin by determining cell viability in 
association with PCNA and BIRC5 expressions in 
human BCSCs (ALDH+) after repeated exposure 
to doxorubicin treatment. The result of this study 
is consistent to our previous next generation 
sequencing analysis, suggesting that PCNA and 
BIRC5 could be used as markers for determining 
chemotherapy sensitivity, particularly in BCSCs.      

 
MATERIALS AND METHODS 

Cell culture 
Human BCSCs (ALDH+) were grown in 

serum free DMEM F12 medium with 1% 
penicillin/streptomycin and 1% amphotericin B 
and incubated in 5% CO2 at 37˚C. 

 
Cytotoxic Assay 

MTS assay was performed to determine 
cytotoxicity of human BCSCs. About 1x103 human 
BCSCs (ALDH+) were plated triplicate in each 
well of 96-well plate and grown in non-serum 
DMEM/F12 medium supplemented with 1% 
penicillin/streptomycin and 1% amphotericin at 
370C and 5% CO2. After 24-incubation, cells were 
treated with various concentrations of 
doxorubicin (0.1, 0.5, 1, 5, 10 and 20 µM) for 24 
hours. As controls, cells were grown without 
doxorubicin under standard conditions for 24 
hours. Afterwards, medium was replaced with 
100 µl fresh DMEM/F12 medium containing 20 µl 
MTS/PMS (20:1) and incubated for 1 hour. After 
the brown colour has appeared, the absorbance 
was read at 490 nm using microplate reader 
(Varioskan®, Thermo Fisher Scientific USA). The 
absorbances of doxorubicin-treated cells were 
normalized to that of control cells to calculate the 
percentage of cell viability.  
 

Doxorubicin treatment 
Approximately 1x105 cells were plated each 

well in12 well-plate and incubated overnight. 
Afterwards, medium was replaced with fresh 
DMEM/F12 medium containing doxorubicin of 
0.25 µM for 2, 4, 6, 8, 10, 12, and 14 days 
respectively. As controls, cells were grown in 
DMEM/F12 without doxorubicin for 2, 4, 6, 8, 10, 
12, and 14 days respectively. After incubation, 
cells were harvested and counted using trypan 
blue exclusion assay and automated cell counter 
(Luna®, Logos Biosystems Korea). The number of 
viable doxorubicin-treated cells was normalized to 
that of the respective control cells to calculate the 
percentage of cell viability. Total RNA and 
isolated from the cells using Tripure® isolation 
reagent kit (Roche) according to the 
manufacturer’s instructions. 

 
Quantitative RT-PCR 

The concentration of total RNA was measured 
using spektrofluorometer (Varioskan, Thermo 
Fisher Scientific USA). One-step quantitative RT-
PCR was carried out using ECO48® real time 
qPCR system (PCRmax UK). The RT PCR was 
performed in 20 µL volume with 100 ng total 
RNA. The primer sequence for quantitative RT-
PCR are listed in table 1. PCR cycles are 45�C 
incubation for 5 minutes initially, followed by a 3-
minute incubation at 95�C, then 40 cycles of 
95�C for 5 seconds, 55�C for 30 seconds, 72�C for 
30 seconds, and  melting curve incubation. 

Relative expression was relatively calculated 
using Livak formula(12) with 18S rRNA gene as a 
reference gene and normalized to its respective 
control. 

 
RESULTS 

Cytotoxic Assay  
Cytotoxicity of doxorubicin treatment on 

human BCSCs (ALDH+) was determined using 
MTS assay. The 50% cytotoxicity concentration 
(CC50) was calculated using cytotoxicity curve 
generated by logarithmic regression equation (y= 
-9.572ln(x) + 62.291). As shown in Figure 1, CC50 
value of doxorubicin on human BCSCs was 3.63 
µM. Based on this data, we used doxorubicin 
concentration lower than CC50 for all 
experiments. 

 
Cell Viability 

Percentage of cell viability was determined by 
comparing the number of viable doxorubicin-
treated cells with that of control cells. Figure 2 
demonstrates that BCSC viability after 2-day 
doxorubicin treatment decreased (66%), however 
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started to increase on day 8 (81%) until reached 
92% viability on day 14. 

 
Relative mRNA expression of PCNA and 
BIRC5 after doxorubicin treatment 

To analyze the role of PCNA and BIRC5 on 
the sensitivity of BCSCs against doxorubicin, we 
examined the relative expression of PCNA and 
BIRC5 mRNA following 2-, 6-, 10-, and 14-day 
doxorubicin treatment. Compared to each 
respective controls, PCNA mRNA expression was 
significantly decreased after 2-day treatment 
(0.787-times; p=0.040), but slightly increased on 
day 10 (1.337-times; p=0.236) and day 14 day of 
treatment (1.437-times; p= 0.169) (Fig. 3). PCNA 
relative expressions in BCSCs treated with 
doxorubicin for 10 and 14 day  was significantly 

higher compared to that with 2-day treatment 
(p=0.016 and p=0.011 respectively, One-way 
ANOVA test). Relative expression of BIRC5 
mRNA in human BCSCs treated with doxorubicin 
was also modulated in a similar manner to PCNA 
expression. It was decreased after 2-day 
treatment of doxorubicin (0.846; p=0.089), but 
started to increase on day 10 (1.257; p= 0.140) and 
day 14 of treatment (1.530; p=0.094) compared to 
each respective controls (Fig. 4). Although there 
were no significant differences compared to 
controls, the increase of BIRC5 relative 
expression  in BCSCs after 10- and 14-day 
doxorubicin treatment was significantly higher 
compared to 2-day treatment (p=0.027 and 
p=0.001, One-way ANOVA test).

 
Table and Figures 

 
Table 1. Primer sequence of PCNA, Survivin and 18S rRNA 
No. Gene Primer Sequence  Poduct 
1. PCNA F: 5’- CTT CCC TTA CGC AAG TCT CAG -3’ 

R: 5’- TTG AGT GCC TCC AAC ACC TT -3’ 
189 bp 

2. Survivin F: 5’- AGG ACC ACC GCA TCT CTA CA -3’ 
R: 5’- GTT CCT CTA TGG GGT CGT CA -3’ 

186 bp 

3. 18S rRNA F: 5’- AAA CGG CTA CCA CAT CCA AG -3’ 
R: 5’- CCT CCA ATG GAT CCT CGT TA -3’ 

155 bp 

 
Figure 1. Cytotoxic assay of doxorubicin-treated BCSCs. MTS assay was performed to determined 
cytotoxicity of human BCSCs. About 1x103 human BCSCs (ALDH+) were plated triplicate in each well of 
96-well plate and grown in non-serum DMEM/F12 medium supplemented with 1% penicillin/streptomycin 
and 1% amphotericin at 370C and 5% CO2. After 24-incubation, cells were treated with various 
concentrations of doxorubicin (0.1, 0.5, 1, 5, 10 and 20 µM) for 24 hours. As controls, cells were grown without 
doxorubicin under standard conditions for 24   
 
 

y = -9,572ln(x) + 62,291
R² = 0,956
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Figure 2. Viability of doxorubicin-treated BCSCs. Approximately 1x105 cells were plated in each well 
of 12 well-plate and incubated overnight. Afterwards, medium was replaced with fresh DMEM/F12 
medium containing doxorubicin of 0.25 µM for 2, 4, 6, 8, 10, 12, and 14 days respectively. As controls, cells 
were grown in DMEM/F12 without doxorubicin for 2, 4, 6, 8, 10, 12, and 14 days respectively. After 
incubation, cells were harvested and counted using trypan blue exclusion assay and automated cell counter 
(Luna). The number of viable doxorubicin-treated cells was normalized to that of the respective control 
cells to calculate the percentage of cell viability. Significant differences are considered at *p<0.05 (One-
way ANOVA test) compared to cell viability after 2-day doxorubicin treatment. Significant differences 
compared to each respective controls are considered at ##p<0.01 and #p<0.05 (Student’s t-test). 

 

Figure 3. Relative expression of PCNA mRNA in doxorubicin-treated BCSCs. Human BCSCs 
(ALDH+) were treated with doxorubicin 0.25 µM and incubated for 2, 6, 10, and 14 days respectively. As 
controls, cells were grown without doxorubicin for 2, 6, 10, and 14 days respectively. After incubation, cells 
were harvested for total RNA isolation. Quantitative RT-PCR was performed using 100 ng total RNA to 
determine PCNA mRNA relative expression levels in human BCSCs, as described under Materials and 
Methods. The expression was relatively calculated using Livak formula with 18S rRNA gene as a reference 
gene and normalized to its respective control. All values are means ± SE, n = 6. Significant differences are 
considered at *p<0.05 (One-way ANOVA test) compared to 2-day doxorubicin treatment. Significant 
differences compared to each respective control are considered at #p<0.05 (t test). 
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Figure 4. Relative expression of BIRC5 mRNA in doxorubicin-treated BCSCs. Human BCSCs 
(ALDH+) were treated with doxorubicin 0.25 µM and incubated for 2, 6, 10, and 14 days respectively. As 
controls, cells were grown without doxorubicin for 2, 6, 10, and 14 days respectively. After incubation, cells 
were harvested for total RNA isolation. Quantitative RT-PCR was performed using 100 ng total RNA to 
determine BIRC5 mRNA relative expression levels in human BCSCs, as described under Materials and 
Methods. The expression was relatively calculated using Livak formula with 18S rRNA gene as a reference 
gene and normalized to its respective control. All values are means ± SE, n = 6. Significant differences are 
considered at **p<0.01 and *p<0.05,(One-way ANOVA test) compared to 2-day doxorubicin treatment.

DISCUSSION 
Breast cancer stem cells could be identified 

based on several surface antigen markers such as 
CD44�CD24��or ALDH1+.(13),(14) High 
expression of ALDH1 is correlated with poor 
prognosis. Some studies reported that high 
number of BCSC was shown to be capable of 
tumorigenesis, metastasis, and drug 
resistance.(6),(15) This study was performed to 
analyse the role of PCNA and BIRC5 gene 
expression in response to repeated exposure of 
doxorubicin especially in ALDH1+ breast cancer 
stem cells.  

Result of cell viability percentage shows the 
decreasing of the BCSC viability in the early of 
doxorubicin treatment (until day 6), suggesting 
that BCSCs were still sensitive to doxorubicin 
therapy. However, this study shows that the 
sensitivity of BCSC against doxorubicin began to 
decrease after 8-day doxorubicin treatment and 
reached 92% viability on day 14.  

The present study indicated that the 
expressions of PCNA and BIRC5 were modulated 
in line with the modulation of human BCSC 
viability during doxorubicin treatment for 14 
days. Both genes were expressed lower than 
control on day 2 and 6, but significantly higher on 
day 10 and 14 of doxorubicin treatment. 

Therefore, we confirm that PCNA and BIRC5 
gene expressions involved in the sensitivity of 
BCSC against doxorubicin by regulating the cell 
viability, which is consistent to our previous study 
using next generation sequencing.8  

PCNA is a responsible factor for DNA 
replication and repair and contribute to cell 
proliferation. Cell growth/proliferation is a 
requirement for cancer progression, so PCNA 
plays important role in cancer progression at both 
primary and metastatic sites. PCNA 
phosphorylation is stimulated by epidermal 
growth factor (EGF). When EGF binds the 
receptor (EGFR), it will lead the PCNA  
phosphorylation on tyrosine residue 211 (pY211). 
The phosphorylated-PCNA (pY211-PCNA) was 
found frequently in human breast cancer, and the 
levels of pY211-PCNA were correlated with poor 
overall survival.(16) On the other hand, PCNA 
also acts as an antiapoptotic activity through 
interaction with proteins of the Gadd45 family 
(Gadd45, MyD118, and CR6), which are 
contributed in growth control, apoptosis, and 
DNA repair. PCNA interaction in these protein 
will inhibit their activities.(17) PCNA has also 
been widely used as a tumor marker, and its 
expression is correlated poor prognosis.(18)  

BIRC5 (Survivin) is an inhibitor of apoptosis 
protein and is expressed in a lot of malignancies, 
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including breast cancer.(19) Overexpression of 
BIRC5 gene in cancer may overcome cell cycle 
checkpoints to facilitate aberrant progression of 
transformed cells through mitosis, suggesting the 
involvement of this gene in tumor aggressiveness 
and therapy resistance.(20) Its expression levels 
correlate with more aggressive disease and poor 
clinical outcome. Khan et al reported higher 
expression of BIRC5 as a critical factor for 
radioresistance in head and neck squamous cell 
carcinoma (HNSCC) cell lines.(21) A study 
reported that reducing the mRNA levels of BIRC5 
to approximately 40%, results in a concomitant 
reduction of OCT4 and NANOG mRNA. It 
suggesting that BIRC5 plays a role in 
pluripotency.(22) 

PCNA and BIRC5 are genes that  involved in 
p53 signalling pathway. The p53-binding sites are 
present in PCNA gene promoter.(23) Induction of 
PCNA transcription is regulated by p53 protein in 
response to DNA damage (radiation or other 
stresses) to stimulate DNA repair. Low and 
moderate levels of p53 positively stimulate 
transcription of PCNA, while high levels of p53 
inhibit PCNA expression.(24)  BIRC5 is a target 
of p53 protein for its action and downregulation. 
P53 protein may induce apoptosis by antagonizing 
the anti-apoptotic activity of BIRC5. The 
promoter of BIRC5 gene has a p53 binding 
element, thereby it may give the possibility of p53 
binding to BIRC5 promoter either alone or in 
combination with other protein to repress BIRC5 
expression.(25) Based on our results, we suggest 
that BCSCs modulated PCNA and BIRC5 gene 
expressions that regulate cell viability via 
proliferation and anti-apoptosis mechanism in 
response to prolonged exposure to doxorubicin .  

In the presen study, we conclude that the 
PCNA and BIRC5 expressions play an important 
role on BCSCs viability which associated with the 
sensitivity of doxorubicin treatment. Hence, 
PCNA and BIRC5 expressions should be 
considered as markers for determining 
chemotherapy response and sensitivity in 
particular to breast cancer stem cells.       

 
 

ACKNOWLEDGEMENTS 
 
This study was supported by Hibah Penelitian 

Unggulan Perguruan Tinggi (PUPT) 2017 from 
Ministry of Research, Technology and Higher 
Education, Republic of Indonesia. We would like 
to thank International Conference on 
Translational Medicine and Health (ICTMHS) 
2017 organized by Faculty of Medicine, 
Universitas Diponegoro for facilitating this 
publication. 

 
REFERENCES 

 
1.  Thompson AM, Moulder-Thompson SL. 

Neoadjuvant treatment of breast cancer. Ann 
Oncol. 2012;23(SUPPL. 10):x231–6.  

2.  Harrison H, Farnie G, Brennan KR, Clarke 
RB. Breast cancer stem cells: something out of 
notching? Cancer Res. 2010;70(22):8973–6.  

3.  Li X, Lewis MT, Huang J, Gutierrez C, 
Osborne CK, Wu MF, et al. Intrinsic resistance 
of tumorigenic breast cancer cells to 
chemotherapy. J Natl Cancer Inst. 
2008;100(9):672–9.  

4.  Vermeulen L, Sprick M, Kemper K, Stassi G, 
Medema J. Cancer stem cells - old concepts, new 
insights. Cell Death Differ. 2008;15(6):947–58.  

5.  Fillmore CM, Kuperwasser C. Human breast 
cancer cell lines contain stem-like cells that self-
renew , give rise to phenotypically diverse 
progeny and survive chemotherapy. Breast 
Cancer Res. 2008;10(2):1–13.  

6.  Chang JC. Cancer stem cells: Role in tumor 
growth, recurrence, metastasis, and treatment 
resistance. Medicine (Baltimore). 2016;95(1):S20-
5.  

7.  Ginestier C, Hur MH, Charafe-Jauffret E, 
Monville F, Dutcher J, Brown M, et al. 
ALDH1 is a marker of normal and malignant 
human mammary stem cells and a predictor of 
poor clinical outcome. Cancer stem cell. 2007 
Nov;1(5):555–67.  

8.  Wanandi SI, Dewi S, Pramana S, Karsono R. 
The alteration of p53-pathway gene expression in 
advanced breast cancer after neoadjuvant chemo- 
and hormone therapy. Ann Oncol. 
2016;27(9):ix38.  

9.  Wang SC. PCNA: A silent housekeeper or a 
potential therapeutic target? Trends Pharmacol 
Sci. Elsevier Ltd; 2014;35(4):178–86.  

10.Jaiswal PK, Goel A, Mittal RD. Survivin: A 
molecular biomarker in cancer. Indian J Med Res. 
2015;141(April):389–97.  

11.Wanandi SI, Syahrani RA, Jusman SWA. The 
impact of rotenone-modulated oxidative stress on 
the survival of human breast cancer stem cells 
(CD24-/CD44+). Ann Oncol. 2017;28(5):3.  

12.Livak KJ, SchLivak, K. J., & Schmittgen, T. 
D. (2001). Analysis of relative gene expression 
data using real-time quantitative PCR and the 2(-
Delta Delta C(T)) Method. Methods (San Diego, 
Calif.), 25(4), 402–8. 
doi:10.1006/meth.2001.1262mittgen TD. Analysis 
of relative gene expression data using real-time 
quantitative PCR and the 2(-Delta Delta C(T)) 
Method. Methods (San Diego, Calif.). 2001. p. 
402–8.  

13.Al-Hajj M, Wicha MS, Benito-Hernandez, 

S. Dewi et al 



90 
 

Adalberto Morrison SJ, Clarke MF. 
Prospective identification of tumorigenic breast 
cancer cells. PNAS. 2003;100(7):3983–3988.  

14.Ginestier C, Hur MH, Charafe-Jauffret E, 
Monville F, Dutcher J, Brown M, et al. 
ALDH1 is a marker of normal and malignant 
human mammary stem cells and a predictor of 
poor clinical outcome. Cell Stem Cell. 2007 
Nov;1(5):555–67.  

15.Tabarestani S, Ghafouri-Fard S. Cancer Stem 
Cells and Response to Therapy. Asian Pasafic J 
Cancer Prev. 2012;13(12):5947–54.  

16.Wang S-C, Nakajima Y, Yu Y-L, Xia W, Chen 
C-T, Yang C-C, et al. Tyrosine phosphorylation 
controls PCNA function through protein stability. 
Nat Cell Biol. 2006;8(12):1359–68.  

17.Azam N, Vairapandi M, Zhang W, Hoffman B, 
Liebermann D a. Interaction of CR6 
(GADD45gamma ) with proliferating cell nuclear 
antigen impedes negative growth control. J Biol 
Chem. 2001;276(4):2766–74.  

18.Wang L-F, Chai C-Y, Kuo W-R, Tai C-F, Lee 
K-W, Ho K-Y. Correlation between proliferating 
cell nuclear antigen and p53 protein expression 
and 5-year survival rate in nasopharyngeal 
carcinoma. Am J Otolaryngol - Head Neck Med 
Surg. 2006;27(2):101–5.  

19.Nassar A, Lawson D, Cotsonis G, Cohen C. 
Survivin and Caspase-3 Expression in Breast 
Cancer : correlation with prognostic parameters, 
proliferation, angiogenesis and outcome. Appl 
Immunohistochem Mol Morphol. 2008;16(2):113–
20.  

20.Sah NK, Khan Z, Khan GJ, Bisen PS. 
Structural, functional and therapeutic biology of 
survivin. Cancer Letters. 2006. p. 164–71.  

21.Khan Z, Khan N, Tiwari RP, Patro IK, 
Prasad GBKS, Bisen PS. Down-regulation of 
survivin by oxaliplatin diminishes 
radioresistance of head and neck squamous 
carcinoma cells. Radiother Oncol. 2010;96(2):267–
73.  

22.Mull AN, Klar A, Navara CS. Differential 
localization and high expression of SURVIVIN 
splice variants in human embryonic stem cells but 
not in differentiated cells implicate a role for 
SURVIVIN in pluripotency. Stem Cell Res. The 
Authors; 2014;12(2):539–49.  

23.Morris GF, Bischoff JR, Mathews MB. 
Transcriptional activation of the human 
proliferating-cell nuclear antigen promoter by 
p53. Proc Natl Acad Sci U S A. 1996;93(2):895–9.  

24.Paunesku T, Mittal S, Protic M, Oryhon J, 
Korolev S V, Joachimiak A, et al. Proliferating 
Cell Nuclear Antigen (PCNA): Ringmaster of The 
Genome. Int J Radiat Biol. 2001;77:1007–1021.  

25.Wang Z, Fukuda S, Pelus LM. Survivin regulates 
the p53 tumor suppressor gene family. Oncogene. 

2004;23(49):8146–53. 

ALDH+ Against Doxorubicin Treatment is Associated with PCNA and BIRC5 Gene Expressions 


