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Abstract. Breast cancer is the most common and cause of cancer death among Malaysian women. Despite
many therapeutic advances in the treatment of this cancer, overall the incidence rate is still unacceptable.
Mortality that results from the breast cancer is still alarming. There is emerging attention in the use of natural
products as a new chemopreventive agent. Aloe emodin (Ae), a natural active compound present in Aloe
Vera leaves has been reported to have several medicinal properties including antioxidant, antiviral, and
anticancer activities. This paper provides a literature review of Ae with an insight on the experimental design
to be used. This study is using microarray as a tool, and it is a hope that the transcriptional profiles might
give a new understanding on how the Ae compound affect the gene alteration. Protein study also will be
carried out to integrate with molecular findings that might provide basic rational for in vivo study or can be
extended into clinical setting. The outcomes of this study may explore widened possibilities of the medicinal
properties of Ae in other types of cancer.
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1. Introduction

In recent years, breast cancer becomes the commonest cause of cancer related death in Asia [1]. National
Cancer Registry of Malaysia provides an age standardized incidence rate (ASR) for 2004 of about 46.2 per
100,000 women. The rate however differs among three main races whereby the Chinese is the highest,
followed by Indians and Malays [2]. Extensive studies in the last decade using microarray technology have
provided better understanding of human cancer particularly in breast cancer. It has significantly showed a
way to predict prognosis, treatment response and helping in making the clinical decision [3]. Therefore, we
exploit the use of this tool to identify the effect of Ae in breast cancer cell lines. Proteomic study will also be
carried out to further enhance our understanding from the underlying molecular mechanism to the functional
stage of the cell. To date, no studies have been conducted to correlate between the effect of Ae in breast
cancer cells with the variation in gene expression as well as the regulatory protein involved. Preliminary
study [4] revealed that Ae has antiproliferative effect in breast cancer cell line.

2. Literature Review

2.1. Aloe Vera

Aloe is a genus and one of the widely known species is Aloe Vera or also known as Aloe barbadensis
Miller. Ae is the well-known anthraquinone active compound that can be found in some species of Aloe [5].
Literature of different components found in Aloe species and their medicinal properties is shown in Table 1.

Table 1: Literature of different components and medicinal properties of Aloe Vera

Components of Aloe Vera Medicinal properties Author(s)
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High molecular fraction (barbaloin & polysaccharide)

e hypoglycemic effect on type 2 diabetis mellitus [6]
Phytosterols e hypoglycemic effect on type 2 diabetis mellitus [7]
Polysaccharides e immunity & antioxidant [8]
Protein (14 kDa) o antifungal & anti-inflammatory [9]
Phenolic compounds e protective & sealing effect against infection after wounding [10]
Aloesin e antioxidant, anti-inflammatory & anticancer [11],[12]
Barbaloin e anticancer [12]
Glycoprotein e wound healing [13]

Numerous studies also reported on medicinal properties derived from different extracts of Aloe Vera.
The pharmacological elements of this species are studied extensively via in vivo and in vitro as well.
Summary of the literature is shown in Table 2.

Table 2: Literature on medicinal properties extract of Aloe Vera

Type of extract Medicinal properties  Type of study Author(s)
Pulp detoxification agent in vivo [14]
Pulp & liquid fraction antifungal in vitro [15]
Pulp anticancer in vivo [16]
Gel wound healing in vivo [17], [18]
Gel antimicrobial in vitro [19]
Gel anti-inflammatory in vitro, in vivo [20],[21]
Aerial parts hepatoprotective in vivo [22]

2.2. Aloe Emodin
Various studies conducted have revealed that Ae can induce cell death to various cancer cell lines. Table
3 provides the literature on the anticancer properties of Ae from different type of human cancer cell lines.

Table 3: Literature on various mechanism of anticancer properties of AE

Type of cancer Type human cell line  Various mechanism of anticancer properties of AE

Cervical KB e induces in vitro Go/M arrest and activates alkaline phosphatase. [23]
HeLa e involves G,/M arrest and induce differentiation [24]
Lung H460 e photosensitized AE-induced anoikis associated with protein expression of a-actinin &  [25]
mitogen-activated protein (MAP) kinase members.
H460 e induces apoptosis through involvement of modulation of cAMP-dependent protein  [26]
kinase, protein kinase C, Bcl-2, caspase-3 and p38 protein expression.
CH27 & H460 o induces apoptosis through involvement of protein kinase C [27]
Gastric/ Stomach AGS & NCI-N87 e releases apoptosis-inducing factor & cytochrome C from mitochondria, activates — [28]
caspase-3 that lead to nuclear shrinkage & apoptosis.
MGC-803 & SGC- e involves in suppression of c-myc expression [29]
7901
MGC-803 e induces growth inhibitory effect with an increase in S phase and alkaline phosphatase ~ [30]
activity repression
Nasopharynx NPC-TW 039 & NPC- e induces G»/M phase arrest by increase cyclin Bl level bound to Cdc2 [31]
TW 076
Liver Hep G2 & Hep 3B e has antiproliferative activity through p53-dependent and p21-dependent apoptotic  [32]
pathway
Hep G2 e affects multiple proteins associated with oxidative stress, cell cycle arrest, [33]
antimetastasis, and hepatitis C virus replication
Brain SVG & U-373MG o modulates PKC isozymes, inhibits proliferation & induces apoptosis [34]
Blood- leukemia HL-60 e induces in vitro Go/M arrest of cell cycle [35]
Bladder T24 ¢ induces apoptosis through the p53 dependent apoptotic pathway [36]
Tongue SCC-4 o induces cell death through S-phase arrest and apoptosis [37]

3. Research Framework

It was previously found that Ae has significantly showed antiproliferative activity in human breast
cancer cell line, MCF-7. Therefore, this study aimed to screen the genes and proteins that may play a role in
Ae-suppressed proliferation of breast cancer cells. Further understanding and identifying the role of these
genes and proteins will enable us to understand the regulation of its metabolic activity. This study
hypothesized that Ae regulates the genes and proteins in the suppression of breast cancer cells proliferation.
The following figure 1 represents the research framework and the explanation of each of the phases.
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Fig. 1: Research Framework.

3.1. Phasel

Breast cancer cell line (MCF-7) and normal breast cell line (MCF-10A) will be cultured in complete
DMEM and DMEM/HAM’s F-12 medias (FLOWLAB, Sydney, Australia), respectively as monolayer to
approximately 80% of confluence in 5% CO,, at 37°C. All cells will be purchased from American Type Cell
Collection (USA). Cells will be treated with aloe emodin at ICsy value for 48 hours. Total RNA from cells
(MCF-7-and MCF-10A) will be isolated with the RNeasy Mini Kit (Qiagen, Stanford, CA). All samples will
be processed following the manufacturer’s directions. For protein extraction, the same group of samples will
be harvested and disrupted following the standard protocol of protein isolation.

3.2. Phasell

The extracted mRNA will be converted to biotin-labeled complementary RNA using The MessageAmp
aRNA kit (Ambion Inc, USA). It then will be hybridized to HG-U133A Affymetrix oligonucleotide
microarrays (Santa Clara, CA). The arrays will be washed and scanned according to standard Affyrmetrix
protocol (www.affymetrix.com). From the microarray results, about 20 genes will be chosen for further
validation. A real time RT-PCR will be carried out to justify the microarray analysis. For protein study, the
first-dimensional isoelectic focusing (IEF) will be performed followed by second-dimensional SDS-
polyacrylamide gel electrophoresis (SDS-PAGE). After electrophoresis, in-gel proteolytic digestion will be
carried out following mass analysis using the MALDI-Tof MS. Spots of the MALDI ProteinChip array with
hydrophobic surface will be pretreated with 2uL of 50% acetonitrile containing 0.5% of trifluoroacetic acid
(TFA). Protein will be identified by searching in publicly available NCBI database
(www.proteomicmetrics.com) using the peptide mass fingerprint generated by trypsin digestion.

3.3. Phase III
Microarray data will be analyzed using GeneSpring GX software. Protein identification will be
determined using mass spectrometry and database searching.

4. Conclusion

This paper provides extensive literature on Ae as anticancer agent besides giving an insight of the
research framework to be carried out. There are two ways in assessing the gene expression profile either by
measuring the final product which is protein or its intermediate, the mRNA. DNA or oligonucleotides
microarrays have been used widely for the analysis of transcription study; however expression in mRNA is
not necessarily reflected to the changes at protein level. Monitoring on the mRNA level is not sufficient to
provide significant information on the various modifications occurred during post-translational stage, which
is crucial for protein functions. Therefore, this study was designed to tackle the challenge whereby gene and
protein profiling will be carried out concurrently. The findings of the expected results from this experiment
may provide indications of the differential expression of gene and protein that may reveal underlying
mechanism of Ae in breast cancer cell lines thus suggesting the Ae as a promising candidate for natural
chemoprevention agent in breast cancer treatment.

5. Acknowledgements

43



This research is funded by Exploratory Research Grant Scheme (ERGS), (Project Code:
ERGS/1/2011/SKK/UITM/02/15) and Fundamental Research Grant Scheme (FRGS), (Project Code: 600-
RMI/ST/FRGS 5/3/Fst(73/2010) grants from the Ministry of Higher Education (MOHE), Malaysia.

6. References

[1] G. Agarwal, P. V. Pradeep, V Aggarwal, C. H. Yip, P. S. Cheung. Spectrum of breast cancer in Asian women.
World Journal of Surgery. 2007, 31(5):1031-40.

[2] G.C.C.Lim, Y. Halimah (Eds). Second Report of the National Cancer Registry. Cancer Incidence in Malaysia
2003. National Cancer Registry. Kuala Lumpur, 2004.

[3] Z.K. Stadler. S. E. Come. Review of gene-expression profiling and its clinical use in breast cancer. Critical
Reviews in Oncology Hematology. 2009, 69:1-11.

[4] M. M. Daud, M. J. Ibrahim, G. R. A. Froemming, N. A. H. Hasani. The anti proliferative effect of Aloin and Aloe
emodin on MCF-7 and MDA-MB-231 breast cancer cells. The Breast. 2011, 20:S2.

[5] R.Mandriolia, L. Mercolinia, A. Ferrantia, S. Fanalib, M. A. Raggia. Determination of aloe emodin in aloe vera
extracts and commercial formulation by HPLC with tandem UV absorption and fluorescence detection. Food
Chemistry. 2011, 126 (1): 387-393.

[6] [6] A. Yagi, S. Hegazy, A. Kabbash, E. A.-E. Wahab. Possible hypoglycemic effect of Aloe vera L. high
molecular weight fractions on type 2 diabetic patients. Saudi Pharmaceutical Journal. 2009, 17 (3): 209-215.

[7] M. Tanaka, E. Misawa, Y. Ito, N. Habara, K. Nomaguchi, M. Yamada, T. Toida, H. Hayasawa, M. Takase, M.
Inagaki and R. Higuchi. Identification of Five Phytosterols from Aloe Vera Gel as Anti-diabetic Compounds.
Biological and Pharmaceutical Bulletin. 2006, 29 (7 ): 1418 - 1422.

[8] Z.Yu, C.Jin, M. Xin, H. JianMin. Effect of Aloe vera polysaccharides on immunity and antioxidant activities in
oral ulcer animal models. Carbohydrate Polymers. 2009, 75 (2): 307-311.

[9] S. Das, B. Mishra, K. Gill, M. S. Ashraf, A. K. Singh, M. Sinha, S. Sharma, I. Xess, K. Dalal, T. P. Singh, S. Dey.
Isolation and characterization of novel protein with anti-fungal and anti-inflammatory properties from Aloe vera
leaf gel. International Journal of Biological Macromolecules. 2011, 48 (1): 38-43.

[10] A.E.-Carrasco, M. L.-Serrano, J. M. Zapata, B. Sabater, M. Martin. Oxidation of phenolic compounds from Aloe
barbadensis by peroxidase activity: Possible involvement in defence reactions. Plant Physiology and Biochemistr.
2001, 39 (6): 521-527.

[11] A. Yagi, A. Kabash, N. Okamura, H. Haraguchi, S. M. Moustafa, T. I. Khalifa. Antioxidant, Free Radical
Scavenging & Anti-Inflammatory Effects of Aloesin Derivatives in Aloe vera. Planta Med. 2002; 68(11): 957-960.

[12] H.A. El-Shemy, M.A.M. Aboul-Soud, A.A. Nassr-Allah, K.M. Aboul-Enein, A. Kabash and A. Yagi. Antitumor
Properties and Modulation of Antioxidant Enzymes’ Activity by Aloe vera Leaf Active Principles Isolated via
Supercritical Carbon Dioxide Extraction. Current Medicinal Chemistry. 2010, 17: 129-138.

[13] S-W. Choi, B-W. Son, Y-S. Son, Y-I. Park, S-K. Lee, M-H. Chung. The wound-healing effect of a glycoprotein
fraction isolated from aloe vera. British Journal of Dermatology. 2001, 145 (4): 535-545.

[14] R.P.Singh, S.Dhanalakshmi,A.R.Rao. Chemomodulatory action of Aloe vera on the profiles of enzymes associated
with carcinogen metabolism & antioxidant status regulation in mice. Phytomedicine. 2000, 7(3):209-219.

[15] D. Jasso de Rodriguez, D. Hernandez-Castillo, R. Rodriguez-Garcia, J.L. Angulo-Sanchez. Antifungal activity in
vitro of Aloe vera pulp and liquid fraction against plant pathogenic fungi. Industrial Crops and Products. 2005, 21
(1): 81-87.

[16] N. Akev, G. Turkay, A. Can, A. Gurel, F. Yildiz, H. Yardibi, EE. Ekiz, H. Uzun. Effect of Aloe vera leaf pulp
extract on Ehrlich ascites tumours ijjjn mice. Eur J Cancer Prev. 2007, 16(2):151-7.

[17] P. Chithra, G. B. Sajithlal, G. Chandrakasan. Influence of aloe vera on the healing of dermal wounds in diabetic
rats. Journal of Ethnopharmacology. 1998, 59 (3): 195-201.

[18] J. Somboonwong , S. Thanamittramanee , A. Jariyapongskul , S. Patumraj. Therapeutic effects of Aloe vera on
cutaneous microcirculation and wound healing in second degree burn model in rats. Journal of the Medical
Association of Thailand = Chotmaihet Thangphaet. 2000, 83(4): 417-25.

44



[19] F. Habeeb, E.Shakir, F.Bradbury, P.Cameron, M. R. Taravati, A. J. Drummond, A. I. Gray, V. A. Ferro. Screening
methods used to determine the anti-microbial properties of Aloe vera inner gel. Methods. 2007, 42 (4): 315-320.

[20] L. Langmead, R. J. Makins, D. S. Rampton. Anti-inflammatory effects of aloe vera gel in human colorectal
mucosa in vitro. Aliment Pharmacol Ther. 2004, 19(5): 521-527.

[21] M. Y. Park, H. J. Kwon, M. K. Sung. Dietary aloin, aloesin, or aloe-gel exerts anti-inflammatory activity in a rat
colitis model. Life Sci. 2011, 88(11-12): 486-92.

[22] B. K. Chandan, A. K. Saxena, S. Shukla, N. Sharma, D. K. Gupta, K. A. Suri, J. Suri, M. Bhadauria, B. Singh.
Hepatoprotective potential of Aloe barbadensis Mill. against carbon tetrachloride induced hepatotoxicity. Journal
of Ethnopharmacology. 2007, 111 (3): 560-566.

[23] B. Xiao,J. Guo, D. Liu, S. Zhang. Aloe-emodin induces in vitro G2/M arrest and alkaline phosphatase activation
in human oral cancer KB cells. Oral Oncology. 2007, 43(9): 905-910.

[24] J. -M. Guo, B. -X. Xiao, Q. Liu,S. Zhang, D. -H. Liu and Z.-H. Gong. Anticancer effect of aloe-emodin on
cervical cancer cells involves G 2/M arrest and induction of differentiation. Acta Pharmacologica Sinica. 2007, 28
(12):1991-1995.

[25] H.-Z. Lee, W. -H. Yang, M. -J. Hour, C. -Y. Wu, W. -H. Peng, B. -Y. Bao, P. -H. Han, D. -T. Bau.
Photodynamic activity of aloe-emodin induces resensitization of lung cancer cells to anoikis. European Journal of
Pharmacology. 2010. 648(1-3): 50-58.

[26] F. -T. Yeh, C. -H Wu, H. -Z. Lee. Signaling pathway for aloe-emodin-induced apoptosis in human H460 lung
nonsmall carcinoma cell. International of Journal Cancer. 2003, 106(1):26-33.

[27] H. Z. Lee. Protein kinase C involvement in aloe-emodin- and emodin-induced apoptosis in lung carcinoma cell.
British Journal of Pharmacology. 2001, 134(5):1093-103.

[28] S.-H. Chen, K. -Y. Lin, C. —C. Chang, C. -L. Fang, C. —P. Lin. Aloe-emodin-induced apoptosis in human gastric
carcinoma cells. Food and Chemical Toxicology. 2007, 45(11): 2296-2303.

[29] J. Guo, B. Xiao, Q. Liu, Z. Gong, Y. Le. Suppression of C-myc expression associates with anti-proliferation of
aloe-emodin on gastric cancer cells. Cancer Investigation. 2008, 26(4): 369-374.

[30] J. Guo, B. Xiao, S. Zhang, D. Liu, Y. Liao, Q. Sun. Growth inhibitory effects of gastric cancer cells with an
increase in S phase and alkaline phosphatase activity repression by aloe-emodin. Cancer Biology and Therapy.
2007, 6(1): 85-88.

[31] M. -L. Lin, Y.-C. Lu, J. -G. Chung, Y. -C. Li, S. -G. Wang, S. -H. NG, C. =Y. Wu, H. -L. Su, S. -S. Chen.
Aloe-emodin induces apoptosis of human nasopharyngeal carcinoma cells via caspase-8-mediated activation of the
mitochondrial death pathway. Cancer Letters. 2010, 291(1): 46-58.

[32] P.—-L. Kuo, T. -C. Lin, C. —C. Lin. The antiproliferative activity of aloe-emodin is through p53-dependent and
p21-dependent apoptotic pathway in human hepatoma cell lines. Life Sciences. 2002, 71(16): 1879-1892.

[33] G. D. Lu, H. -M. Shen, C. N. Ong, M. C. M. Chung. Anticancer effects of aloe-emodin on HepG2 cells: Cellular
and proteomic studies. Proteomics - Clinical Applications. 2007, 4: 410-419.

[34] M. A. -Duncan, C. Russell, S. Patel, R. Patel. Aloe—emodin modulates PKC isozymes, inhibits proliferation, and
induces apoptosis in U-373MG glioma cells. International Immunopharmacology. 2004, 4(14): 1775-1784.

[35] H. C. Chen, W. T. Hsich, W. C. Chang, J. G. Chun. Aloe-emodin induced in vitro G2/M arrest of cell cycle in
human promyelocytic leukemia HL-60 cells. Food and Chemical Toxicology. 2004, 42(8):1251-1257.

[36] J. -G. Lin, G. —W. Chen, T —M. Li, S. —-T. Chouh, T. -W. Tan, J. —-G. Chung. Aloe-emodin induces apoptosis in

T24 human bladder cancer cells through the p53 dependent apoptotic pathway. The Journal of Urology. 2006,
175(1): 343-347.

[37] T.-H. Chiu, W. -W. Lai, T. -C. Hsia, J. -S. Yang, T.-Y. Lai, P.—P. Wu, C. -Y. Ma, , J. —=G. Chung. Aloe-emodin
induces cell death through S-phase arrest and caspase-dependent pathways in human tongue squamous cancer
SCC-4 cells. Anticancer Research. 2009, 29(11): 4503-4511.

45



