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Abstract

Cancer remains as a major threat, despite of several pandemic outbreaks. The risk of every alternative disease
or disorder increases with the initial incidence of cancer. Cancer treatment has radically changed a lot from
conventional therapies like surgery and radiotherapy to targeted therapies like thermal ablation and gene therapy.
The extension of applicative nanotechnology has become promising therapy in Cancer Diagnosis and treatment.
The use of gold nanoparticles towards cancer therapy is discussed in this article.
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Cancer

Cancer is an increasing threat in the present days
and a serious issue. The most prominent cancers include
pancreatic, lung, liver, breast, ovarian, brain, Skin and
prostate cancers. Drinking alcohol, smoking, obesity
and prolonged exposure to sun rays are the major risk
factors for cancer growth [1]. Chemotherapy, surgical
removal of tumor, radiation therapy, synthetic lethality,
immunotherapy, targeted therapies, angiogenesis inhibitors
and hormonal therapy are available treatment strategies of
cancer. Chemotherapy is widely used treatment for most
of the cancers. However, the current therapies have its
own drawbacks. The current challenges of cancer therapy
include failure of detection at earlier stages, insufficient
drug reaching the site of tumor, non-specific systemic
distribution of drug, scanty delivery of drug, multi drug
resistance and inability to monitor therapeutic responses.
The use of combinational therapy is steadily increasing to
treat cancers. Though several anticancer drugs are highly
potent in killing cancer cells they fail to reach target site
in appropriate concentrations. This warrants the search
for new strategies for cancer therapy which is partly
contributed by nanotechnology [2].

Nanooncology

Nano Oncology is a blooming cutting-edge
Nanotechnology with applications in cancer diagnosis,
detection and therapy [3, 4]. Due to cancer heterogeneity
and development of drug resistance any particular targeted
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therapy may not be effective for every population of
patients. Smarter understanding and healthy collaboration
between cancer biology and nanotechnology is essential
to meet the challenges of deadly cancer. Nanoparticles
exploit the feature of hyper vascularity and poor lymphatic
drainage of solid tumor to target them. Advanced cancers
and metastatic diseases, that are resistant to conventional
therapies can be profited with the use of active nanoparticle
that are efficiently cleared by lungs, liver and MPS after
their action [5]. Polymeric micelles, liposomes and
albumin NPs have been approved for cancer treatment
and other nanotechnology-enabled therapeutic modalities
like radiation therapy, gene or RNA interference (RNA1)
therapy, immunotherapy and chemotherapy are under
clinical investigation.

The efficacy of nanoparticles delivery is drastically
improved by coupling with surface ligands or antibodies
that localizes to tissue expressing the associated receptors
or antigens [6]. Various cancer lines up regulate surface
antigens, including fetoprotein, growth factor receptors,
such as ErbB2, human carcinoembryonic antigen, and
human chorionic gonadotropin antigen, which provide
targets for antibody mediated targeting andreceptor
interactions. Cancer cells intake the drugs released from
nanocarriers. Folate Receptors (FRs) and Transferrin
Receptors (TfRs) are overexpressed in bladder, ovarian,
colon, lung, kidney and endometrial cancer, hence
the vitamin folic acid (folate) and transferrin (Tf) are
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ordinarily used ligands for drug delivery. The chances of
interaction and internalization of drug into the cancer cells
is greatly increased with the use of nanocarriers. Further
the size and surface properties of nanoparticles determine
the effectiveness of targeting [7].

Gold Nanoparticles or AuNPs in Cancer

The use of Gold in medicine is been long existingand
theprotracted use of nanoparticles in cancer nanotechnology
is steadily increasing. Theranostic Nanoparticles with
Individualized medicine are in high demand, out of which
AuNPs are very attractive. Though gold is very expensive,
the synthesis of gold nanoparticles or AuNPs of varied
sizes 4-400nm and varied shapes (ribbons, wires, plate,
cubic, sphere and rods) is relatively cheaper using safe and
reliable methods. The non-toxic and biocompatible nature
of AuNPs makes them well persuasive towards cancer
therapylmaging, drug delivery, detection of pathogen in
food and clinical specimen and photothermal therapy are
few biomedical applications [8].

Pancreatic Ductal Adeno Carcinoma (PDAC)

The fourth most threatening malignancies is Pancreatic
ductal adenocarcinoma (PDAC). Tobacco usage inherited
genetic syndromes, overweight, obesity, diabetes,
exposure to chemicals, chronic pancreatitis and liver
cirrhosis are most causes of pancreatic cancer. The thick
stroma at the site of tumor hinders the delivery of drugs
like 5-fluorouracil and gemcitabine to cancer cells and
eventually promotes drug resistance. Surgical resection
also showed a ray of hope for cure [9]. Gold nanoparticles
(AuNPs) were shown to disruptGF-mediated signaling
and reversed EMT leading to inhibition of tumor growth
in pancreatic and ovarian cancer. Further AuNPs could
sensitize PDAC cells to gemcitabine [10].

Liver Cancer

The most common type of liver malignancy is
Hepatocellular carcinoma (HCC), that arise from
hepatocytes. Patients with advanced cirrhosis, fibrosis and
predisposed to hepatitis B are at high risk of developing
HCC. People with later age groups, male humans, alcohol
abuse, obesity, diabetic and family history are various
factors that influence the HCC occurrence. Liver cancer
is diagnosed as nodules in ultrasound investigation,
quadruple phase computed tomography (CT) scan and
Magnetic resonance imaging (MRI). Various therapeutic
approaches like liver resection, transplantation, systemic
and local therapy aids in cure. Trans Arterial Chemo
Embolization (TACE) and Radiofrequency Ablation
(RFA) have become prominent clinical tools of therapy
[11]. GNPs synthesized with Cajanus cajanphytochemical
[3-butoxy-2-hydroxypropyl 2-(2,4-dihydroxyphenyl)
acetate] have the potential to induce apoptosis in liver
cancer (HepG2) cells. The anticancer drug Doxorubicin
is conjugated to GNPs by green synthesis is being used
in targeted drug delivery there by reducing the need for
targeting agents like pullulan [12]. GNPs produced by
thermophilic fungus Humicola spp, were used for drug
delivery to liver (hepatic) cancer. A humanized mouse
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monoclonal antibody conjugated to AuNPs like SM5-
1-conjugated NPs are being used for immunotherapy of
hepatocellular carcinoma (HCC) [13].

Lung Cancer

Lung cancer includes various risk factors like tobacco
usage, exposure to asbestos, radon, arsenic, chromium,
nickel and soot. Surgery, chemotherapy and radiation
are standard treatment options for lung cancer depending
on the stage of malignancy, respectability and overall
performance [14]. Gene therapy via nano approach is
gaining more importance in cancer treatments compared to
the con—ventional therapeutic approaches due to minimized
systematic cytotoxicity. Nano bioconjugate (NBC)
constructed, using a photosensitizer (PS) (AlPcS4Cl),
AuNPs and Abs showed successful conjugation of the
nanocomposite. The PDT effects were enhanced with the
use of NBC, showing significant lung cancer destruction
to the point of eradication [15].

Breast Cancer

Triple-negative breast cancer (TNBC), with absent
or minimal expression of estrogen and progesterone
receptors, and human epidermal growth factor receptor 2
are most common in younger women. Mastectomy was
carried out based upon tumor size (relative to breast size)
Radical mastectomy was used earlier for the treatment of
breast cancer detected at earlier stages where mastectomy
is usually followed by radiotherapy and/or chemotherapy.
Breast conservation therapy (BCT) has come into
existence [16]. The complex of Au noanoprticle-AS1411
aptamer-antagomir 155 was used to decrease mir-155 in
breast cancer cells [17].

Ovarian Cancer

Ovarian cancer is one of the major leading cause of
death in women Ovarian cancer is the most common
among gynecological malignancy. Most of the ovarian
cancers are of epithelial origin. The first-line treatment
for ovarian cancer is cytoreductive surgery. Cisplatin or
Carboplatin are used for the treatment of ovarian cancer
but unfortunately cancer cells have developed resistance
to these drugs [18]. The use of AuNPs targeted to ER
(+) breast cancer cells enhanced potency and selective
intracellular delivery of tamoxifen. AuNPs—Her enhances
the anticancer therapeutic efficacy of Herceptin. Tumor
cells embedded with gold can be visualized with Two-
photon-induced photoluminescence (TPIP) in vivo.
AuFe,O, nanoparticles conjugated with a platinum and
trastuzumab complex showed target-specific delivery of
platinum compounds to HER-2-positive SK-BR-3 cells
[19].

Oral Cancer

Oral cancer is one of the most devastating ruinous
disease occurring worldwide. Various techniques like
micro-satellite analysis, enzyme-linked immunosorbent
assay (ELISA) and high-performance liquid
chromatography (HPLC) are being used to screen for
biomolecules from saliva of suspected patients. Radiation,
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chemotherapy and surgery are commonly used therapies
for oral cancer [20]. The gold nanoparticles were
conjugated to antibodies to enhance the specificity of NPs
to target cells. Oncoprotein specific antibodies coated on
silica-gold Nano shells were used to target oral squamous
cancer cells. Nanoparticles loaded with Doxorubicin and
methotrexate showed higher efficiency on squamous cell
carcinoma of tongue when compared to free doxorubicin
and methotrexate. Gold NPs can enhance 5-fluorouracil
drug efficacy in HSC-3 cells via chemo sensitization [21].
Podoplanin-antibody-conjugated gold NPs can facilitate
the accumulation of the drug and NPs in the tumor site
through active targeting [22].

Acknowledgments

Statement of Transparency and Principals:

* Author declares no conflict of interest

* Study was approved by Research Ethic Committee
of author affiliated Institute .

* Study’s data is available upon a reasonable request.

* All authors have contributed to implementation of
this research.

References

1. Stein CJ, Colditz GA. Modifiable risk factors for cancer.
British Journal of Cancer. 2004 01 26;90(2):299-303. https:/
doi.org/10.1038/sj.bjc.6601509

2. Latha BS. Nano World in Cancer Therapy. Asian Pacific
Journal of Cancer Biology. 2020 Dec 07;5(4):183-188.
https://doi.org/10.31557/apjcb.2020.5.4.183-188

3. Heath JR. Nanotechnologies for biomedical science and
translational medicine. Proceedings of the National
Academy of Sciences of the United States of America.
2015 Nov 24;112(47):14436-14443. https://doi.org/10.1073/
pnas.1515202112

4. Thakor AS, Gambhir SS. Nanooncology: the future of
cancer diagnosis and therapy. CA: a cancer journal for
clinicians. 2013 Dec;63(6):395-418. https://doi.org/10.3322/
caac.21199

5. Schroeder A, Heller DA, Winslow MM, Dahlman JE, Pratt
GW, Langer R, Jacks T, Anderson DG. Treating metastatic
cancer with nanotechnology. Nature Reviews. Cancer. 2011
Dec 23;12(1):39-50. https://doi.org/10.1038/nrc3180

6. Pridgen EM, Alexis F, Kuo TT, Levy-Nissenbaum E, Karnik
R, Blumberg RS, Langer R, Farokhzad OC. Transepithelial
transport of Fc-targeted nanoparticles by the neonatal fc
receptor for oral delivery. Science Translational Medicine.
2013 Nov 27;5(213):213ral67. https://doi.org/10.1126/
scitranslmed.3007049

7. Sultana S, Khan MR, Kumar M, Kumar S, Ali M.
Nanoparticles-mediated drug delivery approaches for
cancer targeting: a review. Journal of Drug Targeting.
2013 02;21(2):107-125. https://doi.org/10.3109/106118
6X.2012.712130

8. Mukherjee P, Bhattacharya R, Patra C, Mukhopadhyay
D. Nanogold in Cancer Therapy and Diagnosis. In
Nanotechnologies for the Life Sciences, C.S.S.R.
Kumar (Ed.). 2007. https://doi.org/https://doi.
0rg/10.1002/9783527610419.nt1s0073

9. Teague A, Lim K, Wang-Gillam A. Advanced pancreatic
adenocarcinoma: a review of current treatment strategies
and developing therapies. Therapeutic Advances in

Beesetti Swarna Latha, et al: Gold Mines: Towards Cancer Rescue

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Medical Oncology. 2015 03;7(2):68-84. https://doi.
org/10.1177/1758834014564775

Saha S, Xiong X, Chakraborty PK, Shameer K, Arvizo
RR, Kudgus RA, Dwivedi SKD, Hossen MN, Gillies
EM, Robertson JD, Dudley JT, Urrutia RA, Postier RG,
Bhattacharya R, Mukherjee P. Gold Nanoparticle Reprograms
Pancreatic Tumor Microenvironment and Inhibits Tumor
Growth. ACS nano. 2016 Dec 27;10(12):10636-10651.
https://doi.org/10.1021/acsnano.6b02231

Waghray A, Murali AR, Menon KN. Hepatocellular
carcinoma: From diagnosis to treatment. World Journal
of Hepatology. 2015 05 18;7(8):1020-1029. https://doi.
org/10.4254/wjh.v7.i8.1020

Taghizadeh S, Alimardani V, Roudbali PL, Ghasemi Y,
Kaviani E. Gold nanoparticles application in liver cancer.
Photodiagnosis and Photodynamic Therapy. 2019 03;25:389-
400. https://doi.org/10.1016/j.pdpdt.2019.01.027

Ma X, Hui H, Jin Y, Dong D, Liang X, Yang X, Tan K, Dai
Z, Cheng Z, Tian J. Enhanced immunotherapy of SM5-
1 in hepatocellular carcinoma by conjugating with gold
nanoparticles and its in vivo bioluminescence tomographic
evaluation. Biomaterials. 2016 05;87:46-56. https://doi.
org/10.1016/j.biomaterials.2016.02.007

Chen Z, Fillmore CM, Hammerman PS, Kim CF, Wong K.
Non-small-cell lung cancers: a heterogeneous set of diseases.
Nature Reviews. Cancer. 2014 08;14(8):535-546. https://doi.
org/10.1038/nrc3775

Babu A, Templeton AK, Munshi A, Ramesh R. Nanoparticle-
Based Drug Delivery for Therapy of Lung Cancer: Progress
and Challenges. Journal of Nanomaterials. 2013 Nov
25;2013:e863951. https://doi.org/10.1155/2013/863951
Shah R, Rosso K, Nathanson SD. Pathogenesis, prevention,
diagnosis and treatment of breast cancer. World Journal of
Clinical Oncology. 2014 08 10;5(3):283-298. https://doi.
org/10.5306/wjco.v5.i3.283

Ail, XuY, Lou B, Li D, Wang E. Multifunctional AS1411-
functionalized fluorescent gold nanoparticles for targeted
cancer cell imaging and efficient photodynamic therapy.
Talanta. 2014 01;118:54-60. https://doi.org/10.1016/j.
talanta.2013.09.062

Burges A, Schmalfeldt B. “Ovarian Cancer: Diagnosis and
Treatment.”. DeutschesAerzteblatt Online. 2011 September
23;. https://doi.org/10.3238/arztebl.2011.0635

Kafshdooz L, Kafshdooz T, Razban Z, Akbarzadeh A. The
application of gold nanoparticles as a promising therapeutic
approach in breast and ovarian cancer. Artificial Cells,
Nanomedicine, and Biotechnology. 2016 08;44(5):1222-
1227. https://doi.org/10.3109/21691401.2015.1029625
More Y, Anil KD. “Oral Cancer: Review of Current
Management Strategies.”. The National Medical Journal of
India. 2013 June ;26(3 ):152-8.

Alok A, Panat S, Aggarwal A, Upadhyay N, Agarwal N,
Kishore M. Nanotechnology: A boon in oral cancer diagnosis
and therapeutics. SRM Journal of Research in Dental
Sciences. 2013 Oct 09;4. https://doi.org/10.4103/0976-
433X.125591

Zheng W, Zhou Q, Yuan C. Nanoparticles for Oral
Cancer Diagnosis and Therapy. Bioinorganic Chemistry
and Applications. 2021;2021:9977131. https://doi.
org/10.1155/2021/9977131

©38)

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Asian Pacific Journal of Cancer Biology* Vol 8¢ Issue 1 107



