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ABSTRACT
BACKGROUND AND OBJECTIVE: Hyperthermia has been reported as a new and adjunctive treatment of cancer in
inhibiting DNA repair, increasing radiation sensitivity of cancer stem cells, increasing the sensitivity of drug-resistant
cancer cells, and inhibiting cancer signaling pathways that cause apoptosis, suppression of cancer stem cell proliferation
and disruption in cellular function. The aim of this study was to investigate the effect of hyperthermia on the gene
expression pattern of drug resistance and cell survival.
METHODS: In this in vitro study, two cell lines of human colorectal adenocarcinoma HT-29 and SW-48 were cultured.
The cells of the hyperthermia and control groups were exposed to 42 or 43 °C and 37 °C for 2 hours, respectively. Then
the effect of hyperthermia on cell survival was investigated by MTT method. The expression pattern of MDR1 and MRP4
genes was also measured using qRT-PCR.
FINDINGS: Hyperthermia reduced cell survival, but this reduction was not significant. Hyperthermia decreased MDR1
gene expression in SW-48 cells (p=0.007). Although MDR1 expression in HT-29 cells was significantly reduced at
42 °C, no significant difference was observed between the hyperthermia and control groups. Hyperthermia also had no
significant effect on MRP4 gene expression in SW-48 and HT-29 cell lines.
CONCLUSION: The results showed that hyperthermia reduces the gene expression related to drug resistance, but has
no significant effect on cell survival.
KEY WORDS: Drug Resistance Genes, Colorectal Cancer, Gene Expression, Hyperthermia, Tumorigenesis.

Please cite this article as follows:
Ghorbani Z, Heidari M, Jafarinia M, Rohani M, Akbari A. The Effect of Hyperthermia on the Gene Expression of MDR1 and MRP4
Drug Efflux in Colorectal Cancer Cells. J Babol Univ Med Sci. 2020; 22: 388-95.

*Corresponding Author: A. Akbari (PhD)

Address: Colorectal Research Center, Hazrate Rasoole Akram Hospital, Niayesh Street, Satarkhan Avenue, Tehran, I.R.Iran
Tel: +98 21 66554790

E-mail: akbari.ab@iums.ac.ir


http://dx.doi.org/10.22088/jbums.22.1.388
https://dor.isc.ac/dor/20.1001.1.15614107.1399.22.1.54.6

[ DOR: 20.1001.1.15614107.1399.22.1.54.6 ]

[ DOI: 10.22088/jbums.22.1.388 ]

VAL Lo I¥Y 0393 /bl Sy pole olSutils alono
bl 5 53 45550 MRPA s MDRY (9)ls (Sl slags ol 2 oo yimle 5]

References

1.Akbari A, Mobini GR, Maghsoudi R, Akhtari J, Faghihloo E, Farahnejad Z. Modulation of transforming growth
factor-p signaling transducers in colon adenocarcinoma cells induced by staphylococcal enterotoxin B. JMmr.
2016;13(1):909-14.

2.Moghadamnia F, Ghoraeian P, Minaeian S, Talebi A, Farsi F, Akbari A. MicroRNA Expression and Correlation with
mRNA Levels of Colorectal Cancer-Related Genes. JJoGC. 2020;51(1):271-9.

3.Emami SS, Akbari A, Zare A-A, Agah S, Masoodi M, Talebi A, et al. MicroRNA expression levels and
histopathological features of colorectal cancer. J Gastrointest Cancer. 2019;50(2):276-84.

4.Agah S, Akbari A, Talebi A, Masoudi M, Sarveazad A, Mirzaei A, et al. Quantification of plasma cell-free circulating
DNA at different stages of colorectal cancer. Mol Med Rep. 2017;35(10):625-32.

5.Salehizadeh S, Hasanzad M, Kadijani AA, Akbari A. The Expression Analysis of Intestinal Cancer Stem Cell Marker
Lgr5 in Colorectal Cancer Patients and the Correlation with Histopathological Markers. JJogc. 2019:1-9.
6.Eslamizadeh S, Heidari M, Agah S, Faghihloo E, Ghazi H, Mirzaei A, et al. The role of MicroRNA signature as
diagnostic biomarkers in different clinical stages of colorectal Cancer. Cell J. 2018;20(2):220.

7.Abedini P, Fattahi A, Agah S, Talebi A, Beygi AH, Amini SM, et al. Expression analysis of circulating plasma long
noncoding RNAs in colorectal cancer: The relevance of IncRNAs ATB and CCATL1 as potential clinical hallmarks. J
Cell Physiol. 2019;234(12):22028-33.

8.Kim J-E, Shin J-Y, Cho M-H. Magnetic nanoparticles: an update of application for drug delivery and possible toxic
effects. Arch Toxicol. 2012;86(5):685-700.

9.Davis ME, Chen Z, Shin DM. Nanoparticle therapeutics: an emerging treatment modality for cancer. Nanoscience
And Technology: A Collection of Reviews from Nature Journals: World Scientific. 2010. p. 239-50.

10.Pankhurst N, Porter M. Cold and dark or warm and light: variations on the theme of environmental control of
reproduction. Fish Physiol Biochem. 2003;28(1-4):385-9.

11.Hegyi G, Szigeti GP, Szasz A. Hyperthermia versus oncothermia: cellular effects in complementary cancer therapy.
Evid Based Complement Alternat Med. 2013;2013.

12.Lutgens L, van der Zee J, Pijls-Johannesma M, De Haas-Kock DF, Buijsen J, van Mastrigt GA, et al. Combined use
of hyperthermia and radiation therapy for treating locally advanced cervix carcinoma. Cochrane Database Syst Rev.
2010(3).

13.Mallory M, Gogineni E, Jones GC, Greer L, Simone Il CB. Therapeutic hyperthermia: The old, the new, and the
upcoming. Crit Rev Oncol Hematol. 2016;97:56-64.

14.Armaghany T, Wilson JD, Chu Q, Mills G. Genetic alterations in colorectal cancer. GCR. 2012;5(1):19.

15.Petti M, Samanich J, Pan Q, Huang CK, Reinmund J, Farooqi S, et al. Molecular characterization of an interstitial
deletion of 1p31. 3 in a patient with obesity and psychiatric illness and a review of the literature. AJIMG Part A.
2011;155(4):825-32.

16.Housman G, Byler S, Heerboth S, Lapinska K, Longacre M, Snyder N, et al. Drug resistance in cancer: an overview.
Cancers. 2014;6(3):1769-92.

17.Wen J, Luo J, Huang W, Tang J, Zhou H, Zhang W. The pharmacological and physiological role of multidrug-resistant
protein 4. J Pharmacol Exp Ther. 2015;354(3):358-75.

18.Ahlin G, Hilgendorf C, Szigyarto CA-K, Uhlen M, Karlsson JE, Artursson P. Endogenous gene and protein expression
of drug transporting proteins in cell lines routinely used in drug discovery programs. Drug Metab Dispos. 2009.

19.Hu T, Li Z, Gao C-Y, Cho CH. Mechanisms of drug resistance in colon cancer and its therapeutic strategies. JWjog.
2016;22(30):6876.


http://dx.doi.org/10.22088/jbums.22.1.388
https://dor.isc.ac/dor/20.1001.1.15614107.1399.22.1.54.6

[ DOR: 20.1001.1.15614107.1399.22.1.54.6 ]

[ DOI: 10.22088/jbums.22.1.388 ]

J Babol Univ Med Sci; 22; 2020

The Effect of Hyperthermia on the Gene Expression of MDR1 and MRP4...; Z. Ghorbani, et al

20.To KK, Poon DC, Wei Y, Wang F, Lin G, Fu L. Pelitinib (EKB-569) targets the up-regulation of ABCB1 and ABCG2
induced by hyperthermia to eradicate lung cancer. Br. J. Pharmacol. 2015;172(16):4089-106.

21.Norris MD, Smith J, Tanabe K, Tobin P, Flemming C, Scheffer GL, et al. Expression of multidrug transporter
MRP4/ABCC4 is a marker of poor prognosis in neuroblastoma and confers resistance to irinotecan in vitro. Mol Cancer
Ther. 2005;4(4):547-53.

22.Zhang G, Wang Z, Qian F, Zhao C, Sun C. Silencing of the ABCC4 gene by RNA interference reverses multidrug
resistance in human gastric cancer. Oncol Rep. 2015;33(3):1147-54.

23.Stein U, Jurchott K, Walther W, Bergmann S, Schlag PM, Royer H-D. Hyperthermia-induced nuclear translocation
of transcription factor YB-1 leads to enhanced expression of multidrug resistance-related ABC transporters. JJoBC.
2001;276(30):28562-9.

24.Cao D, Qin S, Mu Y, Zhong M. The role of MRP1 in the multidrug resistance of colorectal cancer. JOI.
2017;13(4):2471-6.

25.Asili M, Chen P, Demirci U, Topsakal E, editors. Microwave mild-hyperthermia for the chemo-thermotherapy of the
breast. 2015 USNC-URSI Radio Science Meeting (Joint with AP-S Symposium); 2015: IEEE.

26.Zhou J, Wang X, Du L, Zhao L, Lei F, OuYang W, et al. Effect of hyperthermia on the apoptosis and proliferation of
CaSki cells. Mol Med Rep. 2011;4(1):187-91.

27.0ei AL, Vriend LE, Crezee J, Franken NA, Krawczyk PM. Effects of hyperthermia on DNA repair pathways: one
treatment to inhibit them all. JRO. 2015;10(1):165.

28.Kreso A, Dick JE. Evolution of the cancer stem cell model. JCsc. 2014;14(3):275-91.

29.Lin F-C, Hsu C-H, Lin Y-YJljon. Nano-therapeutic cancer immunotherapy using hyperthermia-induced heat shock
proteins: insights from mathematical modeling. Int.J.Nanomed. 2018;13:3529.

30.Kievit FM, Wang FY, Fang C, Mok H, Wang K, Silber JR, et al. Doxorubicin loaded iron oxide nanoparticles
overcome multidrug resistance in cancer in vitro. J Control Release. 2011;152(1):76-83.


http://dx.doi.org/10.22088/jbums.22.1.388
https://dor.isc.ac/dor/20.1001.1.15614107.1399.22.1.54.6
http://www.tcpdf.org

