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ABSTRACT

The aim of this study is to investigate the potential of continuous therapeutic
ultrasound as an alternative therapy to treat breast cancer disease. The study starts with
the optimization of the cell seeding numbers, followed by exposure the cells with the
ultrasound with two different doses, then MTT assay was used to investigate the cells
viability/toxicity. The doses of therapeutic ultrasound were applied on breast cancer cell
lines (MCF-7) and normal cell lines (Chinese Hamster Ovary). In this treatment, cells
were exposed to the therapeutic ultrasound for three days interval. Based on the MTT
assay, it was revealed that exposure of therapeutic ultrasound shows an inhibition effect
to MCF-7 cells and less harm on CHO cells. However, when comparing both doses, it
shows that dose 2 (3MHz, 0.2W/cm?, 10 minutes, continues cycle, distance from the
bottom to the plate is 0.5 cm) have a better effect than dose 1 (3MHz, 0.1W/cm?, 10
minutes, continues cycle, distance from the bottom to the plate is 0.5 cm). These results
indicated that continuous therapeutic ultrasound has an effect in inhibiting the breast

cancer cells growth and has less harm effect on normal cell.
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ABSTRAK

Tujuan kajian ini ialah untuk mengkaji potensi terapeutik ultrasound berterusan
sebagai terapi alternatif untuk mengubati penyakit kanser payudara. Kajian ini
dimulakan dengan pengoptimuman nombor pengkulturan sel diikuti oleh pendedahan sel
melalui ultrasound dengan dua dos yang berbeza. Selepas itu, MTT assay telah
digunakan untuk mengkaji kesan toksik ke atas sel. Dos-dos ultrasound terapeutik telah
digunakan pada sel kanser payudara (MCF-7) dan sel normal, (Chinese Hamster Ovary
(CHO)). Dalam kajian ini, sel-sel telah didedahkan kepada ultrasound terapeutik selama
tiga hari. Berdasarkan kepada MTT assay ia telah menunjukkan bahawa pendedahan
ultrasound terapeutik menunjukkan kesan perencatan kepada sel-sel MCF-7 dan kurang
perencatan kepada se-sel CHO. Tetapi, apabila dibandingkan kedua-dua dos ini, ia
menunjukkan bahawa dos kedu (3 MHz, 0.2W/cm?, 10 minit, kitaran yang berterusan,
jarak dari bahagian bawah plat adalah 0.5 cm) mempunyai kesan yang lebih baik
berbanding dengan dos 1 (3MHz, 0.1W/cm?, 10 minit, Kitaran yang berterusan jarak dari
bahagian bawah plat adalah 0.5 cm). Keputusan menunjukkan bahawa ultrasound
terapeutik berterusan mempunyai kesan dalam merencatkan pertumbuhan sel-sel kanser

payudara dan kurang perencatan pada sel-sel normal.
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CHAPTER 1

INTRODUCTION

1.1  Background of the study

Every year, people are dying from various diseases such as; cardiovascular
disease, cancer, diabetes and chronic lung diseases and more than 10 million people are
diagnosed with cancer every year with the rate might increase up to 50% by 2020
(Luxford et al., 2009). Cancer is an abnormal cell (malignant cells) in the body which
happen due to the uncontrolled growth (Giuliano et al., 2011). It was reported that every
year over 1.15 million women in the world are being diagnosed with breast cancer and
502,000 die from the disease (Montazeri et al., 2008). In Iran, the incidence of the breast
cancer disease in young age is rising, with advanced stage of the disease (about 10

years) compare with their western counterparts (Montazeri et al., 2008).

Breast cancer is one of the most common disease in females (Montazeri et al.,
2008; Wu et al., 2003) with a life-time risk, 1 out of 8 women diagnosed with breast
cancer (Montazeri et al., 2008). There are two major types of breast cancer; ductal
carcinoma and lobular cancer. Ductal carcinoma commence in the tubes which milk
move from the breast to the nipple, in addition, most breast cancers are occurred based

on this type. Lobular cancer, commence in lobules that it is part of breast which produce



milk (Giuliano et al., 2011; Warner, 2011). However, breast cancer proceed in two
extensive class; non-invasive and invasive, and breast cancer can commence hardly in
other location of the breast. Invasive conduct with cancer spreading from milk duct or
lobule to other tissue in the breast. In contrary, non-invasive means it has not yet

invaded other breast tissue (Parkin et al., 2005).

Early detection of breast cancer is critical for reducing any fatal consequences.
While screening according to breast self-examine associated with various factors in
society (age, education, information about breast cancer) and this could control breast
cancer incidence (Parkin et al., 2005; Montazeri et al., 2008). Symptoms of cancer
growth may be comprised with changing the shape or size of the breast or nipple, nipple
discharge, in addition, symptoms in advance breast cancer may be reveal; breast pain,
bone pain, swelling of in the armpit (Montazeri et al., 2008; Hanan et al ., 2009).

Screening Mammography, clinical breast examination (CBE) and breast self-
examination (BSE) has been suggested as an effective method for early detection
(Montazeri et al., 2008). In addition, screening based on mammogram is an expensive
method and it is ineffective for female younger than of 50 years (Montazeri et al., 2008).
A clinical breast examination (CBE) is a simple and inexpensive method to breast
detection with variable interpersonal interpretation (Jatoi, 2003). For this exam, special
consideration will be given to abnormalities in shape or size of the breast, changes in the
skin of the breasts including rashes and redness of nipples for any discharge and area
under both arms. Then, the examiners concentrate on the location of any lumps of
softness, and whether such lumps are attached to the skin or to the deeper tissues.
Nevertheless, it has been shown that the clinical breast exam could detect around 60% of
breast cancer detected by mammogram and some breast cancers cannot detect by
mammography (Montazeri et al., 2008; Weiss, 2003). Breast self-examination (BSE) is
a regular examined by women when they looked and felt both breasts by herself for
possible lumps (Lam et al., 2008). It is an important way of finding breast cancer at the



early stage, when it is more likely to be treated successfully. BSE has conducted with the
potential of breast cancer detection with less facilities rather than mammography
(Montazeri et al., 2008).

One of the advance breast cancer treatments is surgery; this method involves
removes cancerous tissue which includes lumpectomy and mastectomy. Lumpectomy
removes the cancerous tumor; anyhow, include normal breast tissue removed around a
cancerous tissue. In contrary, mastectomy removes all or part of the breast. Further
advice involves the removal lymph from underarm (axillary) for achieve more
information on stage of disease (Parkin et al., 2005). For radiation therapy technique
based on using the X-rays, gamma rays and other radiation sources to Kill the cancerous
cell tissues and shrink the tumors. Radiation therapy may include external beam
radiation (it comes from a machine outside the body), also called external radiation
therapy and internal radiation (it comes from radioactive material placed in the body
near the cancer cells). The side effects of radiation therapy are occurred because high
doses of radiation used to kill the cancerous cells can also damage healthy cells in the
treatment area (McGahan et al., 2000). The side effects may be cause extra affect,
meanwhile, patients also receive chemotherapy, during or after radiotherapy. It shows
different effect on each person, such as fatigue, vomiting and skin changes that may
include dryness, and, itching. Many of these side effect features disappear within two
months after radiation therapy is completed. Furthermore, late side effects may first
occur six or more months after radiation therapy completely finished (McGahan et al.,
2000). Patients who exposed to radiation may comprise with late side effect, namely,
infertility, joint problems and mouth problems. Other cancer treatment is chemotherapy
which related to medication with drugs to treat the cancer. As a result for the side effect
of chemotherapy, patients lose their hair, loss of appetite, nausea, vomiting, diarrhea, or
mouth sores. In additional, hormone therapy is a cancer treatment which removes
hormones or blocks their action and stops cancer cells from growing and the side effect
of this treatment is like the other (Chlebowski et al., 2010).



Recently, a new approach for treating cancer was discovered as another way to
minimize overall disadvantage of using treatment of surgery, chemotherapy,
radiotherapy and hormone therapy (Yu et al., 2004; Bohm et al., 2000). Prospective of
ultrasound for cancer treatment was published in 1933 which conducted with Ehrlich’s
carcinoma (Haar, 1999; Haar 2007).

Therapeutic ultrasound is refers to the mechanical wave that usually used in a
treatment that specifically for tissue repair (Speed, 2001). It is also, has a different
approach when compared to the ultrasound imaging that widely use for the pregnancies
(Haar, 2007). Therapeutic ultrasound frequency has a range 0.75-3 MHz, however most
ultrasound machines set at a frequency of 1 or 3 MHz (Speed 2001). In this study, the
approach is to inhibit the growth of cancer cells rather than for the tissue repair. To
achieve this goal, low frequency of therapeutic ultrasound is used to treat on the breast
cancer cells. This is because, low frequency of ultrasound waves have greater depth of
penetration but are less focused. Furthermore, high penetration of ultrasound waves is
seen in tissue rich in fat (such as breast tissue). This feature can make the therapeutic
ultrasound is an alternative treatment for breast cancer (Speed 2001; Al-Bataineh et al.,
2011).

1.2 Problem Statement

Cancer is a disease where the cells have an abnormal growth. For its treatment,
the growth of cells should be inhibiting, remove the malignant tumor, suppress the gene
that code for the cancer and others. Ultrasound treatment may be able to inhibit cancer
cell growth as an alternative treatment. Thus, a study carried out on the sufficient



intensities and frequencies of ultrasound which has more effect on inhibitor breast

cancer cell growth without or less affecting on other cells.

1.3 Objective of study

The overall objectives of the study are:

1) To optimize cell seeding density for normal cell line (CHO) and breast cancer
cell line (MCF-7).

2) To investigate the effect of two doses of therapeutic ultrasound on MCF-7

(cancer cell) and CHO (normal).

3) To analyze which dose has a better effect on MCF-7 with no/less harm on CHO

cells.

1.4 Scope of the study

This study was conducted to identify which dose has a better effect to inhibit
breast cancer cells growth and at the same time has less harm to the normal cells. Cells
that have been treated with the therapeutic ultrasound will then be analyzed by using the

MTT assay to check if there is any toxicity or inhibition effect.



1.5  Significance of the study

Since breast cancer is one of the leading health threats for human throughout the
world, the therapeutic ultrasound treatment is expected to be an alternative remedy to

help in fighting the breast cancer diseases.



REFERENCES

Al-Bataineh, O., Jenne, J., Huber, P. Clinical and Future Applications of High Intensity
Focused Ultrasound in Cancer. (2011). Cancer Treatment Reviews.38 (5), 346-53.

Bohm, T., Hilger, 1., Miller, W., Reichenbach, JR., Fleck, M. and Kaiser, WA. Saline-
Enhanced Radiofrequency Ablation of Breast Tissue: An in Vitro Feasibility Study.
(2000). Invest Radiol. 35 (3), 149-57.

Busse, JW., Bhandari, M. Therapeutic Ultrasound and Fracture Healing: A survey of
Beliefs and Practices. (2004). Arch Phys Med Rehabil. 85 (10), 1653-6.

Butza, P., Tauscer, B. Emerging Technologies: Chemical Aspects. (2002). Food
Research international. 35 (2-3), 279-284.

Caballero, J.M., Borrate, P., Paraira, M., Marti, L. and Ristol, J. Extracorporeal High-
Intensity Focused Ultrasound: Therapeutic Alternative for Renal Tumors. (2010). Actas
Urologicas Espafiolas (English Edition). 34(5), 403-411.

Cambier, D., D’Herde, K., Witvrouw, E., Beck, M., Soenens, S. and Vanderstraeten, G.
Therapeutic Ultrasound: Temperature Increase at Different Depths by Different Modes
in A Human Cadaver. (2001). J Rehab Med. 33, 212-215.

Chemat, F., Huma, Z., Kamran Khan, M. Application of Ultrasound in Food
Technology: Processing, Preservation and Extraction. (2011). Ultrasonics
Sonochemistry. 18, 813-835.

Chlebowski, RT., Anderson, GL., Gass, M., Lane, DS., Aragaki, AK., Kuller, LH.,
Manson, JE., Stefanick, ML., Ockene, J., Sarto, GE., Johnson, KC., Wactawski-Wende,



55

J., Ravdin, PM., Schenken, R., Hendrix, SL., Rajkovic, A., Rohan, TE .,Yasmeen, S.,
Prentice, RL. and WHI, L. Estrogen Plus Progestin and Breast Cancer Incidence and
Mortality in Postmenopausal Women. (2010). JAMA. 304 (15), 1684-92.

Duvshani-Eshet, M., Benny, O., Morgenstern, A., et al. Therapeutic Ultrasound
Facilitates Antiangiogenic Gene Delivery and Inhibits Prostate Tumor Growth. (2007).
Molecular Cancer Therapeutic. 6 : 2371-2382.

Eifel, P., Axelson, J.A., Costa, J., Crowley, J., Curran, W.J., Deshler, A., Fulton, S.,
Hendricks, C.B., Kemeny, M., Kornblith, A.B., Louis, T.A., Markman, M., Mayer, R.,
Roter, D. National Institutes of Health Consensus Development Conference Statement:
adjuvant therapy for breast cancer. (2001). 93 (13), 979-989.

Giuliano, AE., Hunt, KK., Ballman, KV., Beitsch, PD., Whitworth, PW., Blumencranz,
PW., Leitch, AM., Saha, S., McCall, LM. and Morrow, M. Axillary dissection vs no
axillary dissection in women with invasive breast cancer and sentinel node metastasis: a
randomized clinical trial. (2011). JAMA. 305 (6), 569-75.

Griffith , A. SPSS for Dummies. Second Edition. (2007). Wiley Publishing Inc.
Gue, Qian., Jiang, L., Hu, B. Cell Apoptosis and Proliferation Inhibition of Pancreatic
Cancer Induced by Sub-Threshold Focused Ultrasound (FUS). (2012). European

Journal of Radiology. 81 (5), 704-707.

Haar, G. Review Therapeutic Ultrasound. (1999). European Journal of Ultrasound. 9
(1), 3-9.

Haar, G. Therapeutic Applications of Ultrasound. (2007). Progress in Biophysics and
Molecular Biology. 93 (1-3), 11-129.


http://www.ncbi.nlm.nih.gov/pubmed?term=Giuliano%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Hunt%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Ballman%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Beitsch%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Whitworth%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Blumencranz%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Blumencranz%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Leitch%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Saha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=McCall%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21304082
http://www.ncbi.nlm.nih.gov/pubmed?term=Morrow%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21304082

56

Hanan, M., Abd El, A.,Ola, A.A. and Hala, K.I. Impact of A Health Education
Intervention Program about Breast Cancer among Women in a Semi-urban Area in
Alexandria. (2009). Egypt. J Egypt Public Health Assoc. 84 (1, 2).

Hrazdira, 1., Skorpikova, J., Dolnikova, M. Ultrasonically induced alterations of cultured
tumor cells. (1998). Eur J Ultrasound. 8(1), 43-49.

Huber, P.E., W.Jenne, J., Rastert, R., et al. A New Noninvasive Approach in Breast
Cancer Therapy Using Magnetic Resonance Imaging-guided Focused Ultrasound
Surgery. (2001). Cancer Research. 61, 8441-8447.

Jatoi, I. Screening Clinical Breast Examination. (2003). Surg Clin North Am. 83 (4),
789-801.

Jayapal, K.P., Wlaschin, K.F., Hu, W.-S., & Miranda G.S. Yap. Recombinant Protein
Therapeutics from CHO Cells — 20 Years and Counting. (1987). 40-47.

Johan, N.S. Exposure of Therapeutic Ultrasound on Breast Cancer Cell Lines in Culture.

(2012). Universiti Technologi Malaysia.

Lam, WW., Chan, CP., Chan, CF., Mak, CC., Chan,CF., Chong,KW., Leung, MH . and
Tang, MH. Factors Affecting the Palpability of Breast Lesion by Self-Examination.
(2008). Singapore Med J. 49 (3), 228-232.

Lejbkowicz, F., Salzberg, S. Distinic Sensitive of Normal and Malignant Cells to
Ultrasound in Vitro. (1997). Environ Health Perspect. 105 (6), 1575-1578.

Lele, P.P. Local hyperthermia by ultrasound for cancer therapy, in: biological effects of
ultrasound. (1985). Churchill livingstone. 135-155.



57

Levenson, A.S., Jordan, V.C., MCF-7: The First Hormone-Responsive Breast cancer
Cell line. (1997). Cancer Research. 57, 3071-3078.

Luxford, K. and Zorbas, H. A National Cancer Control Program: The ‘Down Under’
Experience with Breast Cancer. (2009). Cancer Causes Control. 20: 105-114.

McGahan, JP., Griffey, SF., Schneider, PD., Brock, JM., Jones, CD. and Zhan, S. Radio-
Frequency Electrocautery Ablation of Mammary Tissue in Swine. (2000). Radiology.
217 (2), 471-6.

Min, B.H., Choi, B.H. and Park, S.R. Low Intensity Ultrasound as a Supporter of
Cartilage Regeneration and Its Engineerin. (2007). Biotechnology and Bioprocess

engineering. 12, 22-31.

Mohd Bohari, S.P. Effect of Ultrasound on Production of Extra Cellular Matrix by Cells

in Culture. (2011). Mechanical Engineering School, Birmingham university.

Montazeri, A., Vahdaninia, M., Harirchi, 1., Harirchi, A.M., Sajadian, A., Khaleghi, F.,
Ebrahimi, M., Haghighat, S. and Jarvandi, S. Breast Cancer in Iran: Need for Greater
Women Awareness of Warning Signs and Effective Screening Methods. (2008). Asia
Pacific Family Medicine. 7 (1), 6.

Nonaka, M., Yamamoto, M., Yoshino, S., Umemure, S., Sasaki, K. and Fukushima, T.
Sonodynamic Therapy Consisting of Focused Ultrasound and A Photosensitizen Causes
A Selective Antitumor Effect in A Rat Intracranial Glioma Model. (2009). Anticancer
Research. 29, 943-950.

Osborne, C.K., Hobbs, K. and M.Trent, J. Biological Differences among MCF-7 Human
Breast Cancer Cell Lines from Different Laboratories. (1987). Breast Cancer Research
and Treatment. 9, 111-121.



58

Paliwal, S., Mitragotri, S. Threapeutic opportunities in biological responses of
ultrasound. (2008). Ultrasonic. 48, 271-278.

Paliwal, S., Sundaram, J., Mitragotri, S. Induction of Cancer-Specific Cytotoxicity
Towards Human Prostate and Skin Cells Using Quercetin and Ultrasound. (2005).
British Journal of Cancer. 92, 499-502.

Parkin, D.M., Bray, F., Ferlay, J. and Pisani, P. Global Cancer Statistics, 2002. (2005).
CA: A Cancer Journal for Clinicians.55 (2), 74-108.

Perlow, L.S., Holland, J.F. Chemotherapy of breast cancer. (1984). Med.Oncol. & tumor
Pharmacother. 1, 169-192.

Piyasena, P., Mohareb, E., MaKellar, R.C. Inactivation of Microbes Using Ultrasound:
A Review. (2003). International Journal of Food Microbiology. 87, 207-216.

Rayan, J.A. Introduction to Animal Cell Culture. (2011). Life Science.

Robertson, V.J., Baker, K.G. A Review of Therapeutic Ultrasound: Effectiveness
Studies. (2001). Physical Therapy Journal of the American Physical Therapy
Association. 81, 1339-1350.

Ross, R.K., Paganini-Hill, A., Wan, P.C., Pike, M.C. Effect of hormone replacement
therapy on breast cancer risk: estrogen versus estrogen plus progestin. (1999). 92 (4),
328-332.

Schairer, C., Lubin, J., Troisi, R., Sturgeon, S., Brinto, L., Hoover, R. Menopausal
estrogen and estrogen-progestin replacement therapy and breast cancer risk. (2000). The
Journal of the American Medical Association. 283 (4), 485-491.

Speed, C.A. Therapeutic ultrasound in soft tissue lesions. (2001). Oxford Journals. 40
(12), 1331-1336.



59

Twentyman, P.R., Luscombe, M. A Study of Some Variables in A Treatment Dye
(MTT) Based Assay for Cell Growth and Chemosensitivity. (1987). Br.J.cancer. 56,
279-285.

Wang, H., Cheng, H., Wang, F., Wei, D., Wang, X. An Improved 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl Tetrazolium Bromide (MTT) Reduction Assay for
Evaluating The Viability of Escherichia Coli Cells. (2010). Journal of Microbiological
Methods. 82, 330-333.

Warner, E. Clinical Practice. Breast-Cancer Screening. (2011). N Engl J Med. 365 (11),
1025-32.

Watanabe, A., Takatera, T., Sato, T., Takeuchi, S., Nishimura, H. and Kawashima, N.
Study on Suppression Mechanism of Cancer Cells Proliferation by Ultrasound Exposure
for Minimally Invasive Cancer Treatment. (2002). IEEE Ultrasonics Symposium. 1459-
1463.

Weiss, Ns. Breast Cancer Mortality in Relation to Clinical Breast Examination and
Breast Self-Examination. (2003). Breast J. 9 (2), S86-89.

White, R.A., H.A Terry, N., Marvin L, M. and P.Calkins, D. Improved Method for
Computing Potential Doubling Time from Flow Cytometric Data. (1990). Cytometry.
11, 314-317.

Wu, F., Wang, Z.B., Cao, Y.D., Chen, W.Z., Bai, J., Zou, J.Z. and Zhu,H. A randomised
clinical trial of high-intensity focused ultrasound ablation for the treatment of patients
with localised breast cancer. (2003). British Journal of Cancer. 89 (12), 2227-2233.

Wu, F., Wang, Z.B., Cao, Y.D., Xu, Z.L., Zhou, Q., Zhu, H. and Chen, W.Z. Heat
fixation of cancer cells ablated with high-intensity—focused ultrasound in patients with
breast cancer. (2006). The American Journal of Surgery. 192 (2), 179-184.



60

Yang, R., Reilly, CR., Rescorla, FJ., Sanghvi, NT., Fry, FJ., Franklin, TD., Grosfeld, JL.
Effect of high-intensity focused ultrasound in the treatment of experimental
neuroblastoma. (1992). J. Pediar. Surg. 27 (2), 246-250.

Yu, T., Wang, Z., Mason, T.J. A Review of Research into the Uses of Low Level
Ultrasound in Cancer Therapy. (2004). Ultrasonics Sonochemistry. 11, 95-103.





