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Abstract
Breast cancer is the most frequent cancer in women and it is the main reason of cancer-related deaths of women worldwide.
Different types of breast cancer diagnostic examinations are also available, such as mammography, MRI, biopsy, ultrasound
and molecular imaging. Radionuclide-based imaging methods including SPECT and PET are useful in early diagnosis and
treatment of the cancer. The radiolabeling of chemo drugs with nanoparticles should be recommended from the standpoint of
an early diagnosis and effective treatment of breast cancer.
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Background
Incidence of breast cancer, as the most frequent cancer in
women, has globally increased in recent years. Therefore, breast
cancer is the main reason of cancer-related deaths of women
worldwide [1–3]. In 2014, an estimated 232,670 new cases of
invasive breast cancer were expected to be diagnosed in women
in the U.S.; along with 62,570 new cases of non-invasive (in situ)
breast cancer. About 40,000 women in the U.S. were expected to
die from breast cancer during 2014. Family history, gender, age,
genetics, bad lifestyle are risk factors in breast cancer, especially
gender (being a woman) and age (growing older) [1, 4–7].
Conventional treatments available for breast cancer include
surgery, chemotherapy, radiation therapy, hormonal therapy, or
combination therapy [1, 6]. The accurate and early non-invasive
detection of malignant disease is an important factor in the treatment and prognosis of a cancer patient [8]. Different types of breast
cancer diagnostic examinations are also available, such as mammography, breast MRI, biopsy, ultrasound and molecular imaging.
Early detection of the disease is a key to beat breast cancer and
improve the chance of treatment successful at early stages. However, early detection will not prevent breast cancer, but it can help
find when the probability of successful treatment is the greatest [6].
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Significant improvement in diagnosis and therapeutic efficacy
can be achieved only by developing effective approaches based on
a comprehensive understanding of the molecular mechanisms of
tumor metabolism [9]. Many studies show that being aware of
the precise pathway molecular mechanisms in the term of cellular
diagnosis in initial stages of the growth of a tumor could have
a significant impact in successful treatment. Molecular imaging may
provide a non-invasive assessment of biological and biochemical
processes in living subjects [9–11].
Molecular imaging is now extending the applications of imaging in drug discovery and development in the initial stages of clinical
trials and has the potential to considerably accelerate the treatment
and diagnosis process [10–12]. Another important application of the
technique in the area of diagnosis and treatment of cancer is the localization, staging, monitoring the response to treatment, making the
pathologists cancer [9]. Nuclear imaging devices, such as PET and
SPECT scans uses radioactively tagged tracer molecules to create
functional images on the biochemistry or physiology of the subject (e.g.
by chemotherapeuticals) [13, 14]. Nuclear imaging diagnosis modalities play also an important role for conducting research on the biology
of human diseases and developing new treatment approaches.

Chemotherapy for breast cancer
Chemotherapy is the use of anti-cancer drugs as a systemic
treatment to treat cancer [6, 15–17]. Chemotherapy modalities adjuvant therapy and neoadjuvant chemotherapy chemotherapeutics delivered after and before surgery, respectively [6, 15]. Many
types of chemotherapy drugs are used to treat breast cancer that
works in different ways and can be given in different combinations [15, 16]. Some drugs that are used in together includes Cy-
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clophosphamide (Cytoxan), Doxorubicin (Adriamycin) or Epirubicin
(Ellence), 5-fluorouracil (Adrucil), Methotrexate (Rheumatrex),
Paclitaxel (Taxol) or Docetaxel (Taxotere), Herceptin and 2-deoxy-D-glucose (2DG) [1, 17]. A number of previous studies have
shown that combination chemotherapy is the most effective treatment regimens based on just one drug [16–18]. This is because
the different drugs act in slightly different ways, so together they
increase their ability to kill cancer cells and by having a potentially
greater impact induce the less severe side effects [15, 17].
Doxorubicin (DOX), as an anticancer drug anthracycline antibiotic with potent antineoplastic has effective properties against
a wide variety of malignancies, such as non-Hodgkin’s lymphoma,
acute lymphoblastic leukemia and is also considered as the most
effective drug in the treatment of breast cancer [12, 19, 20]. The
planar aromatic chromophore portion of doxorubicin interact with
topoisomerase II by inhabitation of normal function of the enzyme
which hinders relegation of the DNA strands and ultimately induces irreversible DNA breaks [12, 19–21]. Despite of the effectiveness of
chemotherapy by doxorubicin, the therapeutic dose in a single
application causes severe side effects, especially on myocard [19].
The glucose analog, 2DG, is clinically proven an inhibitor of
glycolysis and preferentially accumulate in cancer cells. 2DG
is an anti-cancer drug also for breast cancer which has the ability
to poison the cells in vitro and inhibits the tumor growth in vivo.
This anti cancer also considered as an ideal adjuvant for enhancing
the efficacy of chemotherapy in the treatment of the drug-resistant
cervical cancers [1, 19, 22]. Enhancing the cytotoxicity of cisplatin
and doxorubicin is one of the abilities of 2DG [1, 22].
Many chronic side effects of Doxorubicin has limited the
prescribed dose for a patient [22]. According to the results of
previous studies, the combination of 2DG and doxorubicin have
a significant cell killing capability in breast cancer cells [1, 22].

Nanoparticles for therapy breast cancer
Nanoparticles (NPs) were well defined in character and size
with the dimensions from 1 nm to 100 nm that can be prepared
using different targeting agents in the design of tumor-targeting
carriers, resulting in the enhanced diagnosis and/or therapy of
cancer [23–25]. Different nanoparticle types contain Iron Oxide,
Gold, Silver, Carbon Nanotubes, Quantum Dots, polymer- or
liposome-based [23].
One of the greatest challenges is defining the ideal targeting
agent or agents to selectively and effectively transport nanoparticle
structures in cancerous tissue [26, 27]. Generated smart agents with
drug delivery and molecular targeting capabilities, developed by
loading nanoparticles using antibodies is also accounted a therapeutic approach for breast cancer therapy [26, 27]. Doxorubicin
has been framed with a liposome delivery system into nanoparticle,
it was shown that the compound preserves the efficacy of the drug
and reduces cardiac toxic effects [28]. Encapsulated dextran–doxorubicin conjugate using chitosan nanoparticles as a carrier have
been used in tumor targeted delivery. After 4 weekly injections,
intravenously, in mice, the tumor volume of those treated with
the encapsulated conjugate being only 60% of treated with the
conjugate alone [29].
Conjugates of 2DG and poly (ethylene glycol)-co-poly (trimethylene carbonate) nanoparticles (DGlueNP) of ~71 nm diameter
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have been developed as a potential dual-targeted drug delivery
system in glioma treatment. In vivo fluorescent image indicated that
DGlueNP had high specificity and efficiency in intracranial tumor accumulation. After intravenous administration at a dose of 100 mg/kg
blank DGlueNP per day for a week, acute toxicity to hematological system, liver, kidney, heart, lung and spleen in mice, in initial
safety tests, was not shown. In comparison with nonglucosylated
nanoparticles (NP), a significantly higher amount of DGlueNP
was internalized by RG-2 glioma cells through caveolae-mediated
and clathrin-mediated endocytosis [30].
2-DG conjugated meso-2,3-dimercaptosuccinic acid coated g-Fe2O3 nanoparticles were incubated with Hela cells for
4, 8 and 12 hours, the 2-DG-conjugated nanoparticle showed
a significant uptake in cells compared to the non-targeted
counterparts [31].

Early detection of breast cancer
in molecular stage
Radionuclide-based imaging methods including SPECT and
PET, are useful in early diagnosis and treatment of the cancer
in the initial stages of clinical testing [12, 23]. The technique
can be used in early detection of a wide variety of malignancy,
also breast cancer. Some radioisotope for SPECT imaging
involves [99mTc ]-technetium, [111In]-indium, [67Ga]-gallium, [131I]
iodine. 99mTc is the most commonly used radioisotope because
of its ideal physical properties, such as its short half-life (approximately 6 h) and with g-photon emission of a single energy
at 140 keV. These properties are favorable from the point of view
of both effective imaging and patient safety. In addition, it can
be also easily produced by a generator system (99Mo/99mTc
generator) [14, 23, 24].
Considerable candidates for improved molecular imaging are
NPs because of their unique size and physical properties. These
properties allow bio-interaction and visualization of biological
events enhanced at subcellular levels [24].
Methotrexate (MTX) is an important anticancer agent for the
treatment of a variety of malignant tumors such as breast cancer.
MTX and BN peptide analogs radiolabeled with 99mTc for tracing the
approach. In vitro cell-binding and internalization on breast cancer
and prostate cancer cell lines have shown a high affinity and specificity. In addition, in vivo the radio-conjugate approach displayed
a significant internalization (values ranged between 19–35%) into
the tumor cells. The combination of favorable in vitro and in vivo
properties may render 99mTc-MTX-BN as a potential candidate for
the targeted imaging and eventually for radionuclide therapy (when
labeled with an appropriate radionuclide) [32].
In a study, Diethylenetriaminepentaacetic acid (DTPA) and
deoxyglucose (DG) radiolabeled with 99mTc. Cellular uptake assay in vitro was performed using a human mammary cancer cell
line. Biodistribution was also calculated as percentage of injected
dose per gram of wet tissue in vivo. Tumor-to-non-target tissue
ratios were calculated from the corresponding tissue concentrations. [99mTc]–DTPA–DG imaging was obtained with a dual-head
gamma. The results have shown a rapid blood clearance of the
complex [99mTc]-DTPA-DG with the main route of clearance via
the kidneys and also suggested a potential imaging agent in the
detection of the tumor [8].
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In another study the bovine serum albumin nanoparticles (BSANPs) and pheophorbide-a (PH-A) were labeled
with 99mTc. The biodistribution of99mTc-PH-ABSANPs in healthy
female rats showed high uptake in the breast and uterus.
99m
Tc-PH-A-BSANPs were taken up to human breast adenocarcinoma cell line (MCF-7). In conclusion, 99mTc-PH-A-BSANPs are
suitable for imaging and drug delivery in the field of nanomedicine,
and may be used as site-specific tumor imaging agent [21, 33].
Radiolabel doxorubicin with Technetium-99m as a scintigraphic
marker of high DNA turnover/intercalation in malignant cells. Blood
kinetics was studied in an adult rabbit after intravenous (dorsal ear
vein) injection of the radiopharmaceutical and the biodistribution,
and the excretory route of 99mTc doxorubicin was studied in male
Wistar rats. Ehrlich ascites tumor (EAT) cell line was injected subcutaneously into Balb/c mice. Scintigraphy of tumor-bearing mice
was performed after intravenous injection of 99mTc-doxorubicin into
the tumor-bearing mice. This scintigraphic approach, therefore,
could be a powerful tool for cancer detection at early stage especially in developing countries [21]. The doxorubicin-loaded NPs radiolabeled by 99mTc have an effective drug targeting with a potential
clinical applications such as early detection [34]. Tc-99m sestamibi
has good physical characteristics for scintimammography, and
consequently high diagnostic accuracy. Moreover, this technique
represents real advance in the noninvasive management of patient
with early stage breast cancer [35, 36].

4.

McPherson K, Steel CM, Dixon JM. ABC of breast diseases. Breast
cancer-epidemiology, risk factors, and genetics. BMJ. 2000; 321(7261):
624–628, doi: 10.1136/bmj.321.7261.624, indexed in Pubmed: 10977847.

5.

de la Rochefordiere A, Asselain B, Campana F, et al. Age as prognostic factor
in premenopausal breast carcinoma. Lancet. 1993; 341(8852): 1039–1043,
doi: 10.1016/0140-6736(93)92407-k, indexed in Pubmed: 8096955.

6.

http://www.cancer.org/acs/groups/cid/documents/webcontent/003090-pdf.pdf.

7.

www.cancer.org.

8.

Chen Y, Huang ZW, He L, et al. Synthesis and evaluation of a technetium-99m-labeled diethylenetriaminepentaacetate-deoxyglucose complex
([99mTc]-DTPA-DG) as a potential imaging modality for tumors. Appl Radiat
Isot. 2006; 64(3): 342–347, doi: 10.1016/j.apradiso.2005.08.004, indexed
in Pubmed: 16290170.

9.

Annex I. Recent developments in nuclear medicine for cancer management: from nuclear medicine to molecular imaging. Nucl Technol. 2010; 57.

10.

Willmann JK, van Bruggen N, Dinkelborg LM, et al. Molecular imaging
in drug development. Nat Rev Drug Discov. 2008; 7(7): 591–607, doi:
10.1038/nrd2290, indexed in Pubmed: 18591980.

11.

Rudin M, Weissleder R. Molecular imaging in drug discovery and development. Nat Rev Drug Discov. 2003; 2(2): 123–131, doi: 10.1038/nrd1007,
indexed in Pubmed: 12563303.

12.

Shan L. 99mTc-Labeled doxorubicin. In: Molecular Imaging and Contrast
Agent Database (MICAD). National Center for Biotechnology Information
(US) 2004-2013.

13.

Lindner M, McArthur R, Deadwyler S, et al. Development, Optimization and
Use of Preclinical Behavioral Models to Maximize the Productivity of Drug
Discovery for Alzheimer’s Disease. Animal and Translational Models for CNS
Drug Discovery. 2008: 93–157, doi: 10.1016/b978-0-12-373861-5.00016-3.

Conclusions

14.

Molecular imaging tools including SPECT and PET are highly
effective, safe and painless diagnostic imaging modality.The early
detection of malignant diseases is an useful assessment to select
most effective treatment. Molecular imaging is commonly used in
diagnosis and treatment of breast cancer. One of the mostpromising research areas is investigational diagnostic use of nanoparticles and radioactive substances. Nanoparticle imaging with MRI,
optical and nuclear medicine techniques have also been applied
on a research and clinical level. Radiolabeled nanoparticles have
proven to be promising tools in the diagnosis and therapy of malignant processes.
Chemodrugs such as 2DG and Doxorubicin in combination
with NPs when labeled with radiotracer such as 99mTc can improve an efficiency of diagnostic and treatment of breast cancer.
A multifunctional system of this nature could improve the overall
effectiveness of cancer therapeutics.

Müller C, Schibli R. Single photon emission computed tomography tracer.
Recent Results Cancer Res. 2013; 187: 65–105, doi: 10.1007/978-3-64210853-2_2, indexed in Pubmed: 23179878.

15.

http://ww5.komen.org/uploadedFiles/Content_Binaries/Chemotherapy%20
and%20Side%20Effects%20-%20KOMEED082000.pdf.

16.

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd
=&cad=rja&uact=8&ved=0ahUKEwjVwMrr59_RAhWB1iwKHTMmAGoQFggeMAA&url=http%3A%2F%2Fwww.nhs.uk%2Fipgmedia%2FNational%2FBreast%2520Cancer%2520Now%2Fassets%2FBesttreatmentguidelines-treatment-adjuvant(B26pages).pdf&usg=AFQjCNGOFn2n0re-C3IWXgquQW-W3jIgg&bvm=bv.145063293,bs.1,d.bGs.

17.

Chemotherapy for breast cancer. http://www.nhs.uk/ipgmedia/nation-al/breast%20cancer%20care/assets/chemotherapyforbreastcancerbc-c23pages.pdf.

18.

Lapińska G, Kozłowicz-Gudzińska I, Sackiewicz-Słaby A. Equilibrium radionuclide ventriculography in the assessment of cardiotoxicity of chemotherapy and
chemoradiotherapy in patients with breast cancer. Nucl Med Rev Cent East Eur.
2012; 15(1): 26–30, doi: 10.5603/nmr-18727, indexed in Pubmed: 23047570.

19.

Aghaee F, Islamian JP, Baradaran B, et al. Enhancing the Effects of
Low Dose Doxorubicin Treatment by the Radiation in T47D and SKBR3

References
1.

Breast Cancer Cells. J Breast Cancer. 2013; 16(2): 164–170, doi:
10.4048/jbc.2013.16.2.164, indexed in Pubmed: 23843848.

Aghaee F, Pirayesh Islamian J, Baradaran B. Enhanced radiosensitiv-

20.

netium-99m: its optimization, characterization and quality control. Journal

in combination therapy. J Breast Cancer. 2012; 15(2): 141–147, doi:

of Radioanalytical and Nuclear Chemistry. 2012; 293(1): 303–307, doi:
10.1007/s10967-012-1662-9.

10.4048/jbc.2012.15.2.141, indexed in Pubmed: 22807930.
2.

Dias MF, Sousa E, Cabrita S, et al. Chemoprevention of DMBA-Induced

21.

Kumar P, Singh B, Sharma S, et al. Preclinical evaluation of [99m]Tc-labeled

Mammary Tumors in Rats by a Combined Regimen of Alpha-Tocopherol, Se-

doxorubicin as a potential scintigraphic probe for tumor imaging. Cancer

lenium, and Ascorbic Acid. Breast J. 2000; 6(1): 14–19, doi: 10.1046/j.1524-

Biother Radiopharm. 2012; 27(3): 221–225, doi: 10.1089/cbr.2011.1086,
indexed in Pubmed: 22432523.

-4741.2000.98071.x, indexed in Pubmed: 11348329.
3.

Rizvi F, Bokhari T, Roohi S, et al. Direct labeling of doxorubicin with tech-

ity and chemosensitivity of breast cancer cells by 2-deoxy-d-glucose

Parkin DM, Bray F, Ferlay J, et al. Global cancer statistics, 2002. CA Can-

22.

Ahmad I, Mustafa E, Mustafa N, et al. 2DG enhances the susceptibility of

cer J Clin. 2005; 55(2): 74–108, doi: 10.3322/canjclin.55.2.74, indexed in

breast cancer cells to doxorubicin. Open Life Sciences. 2010; 5(6), doi:

Pubmed: 15761078.

10.2478/s11535-010-0060-y.

www.nmr.viamedica.pl

47

Review
Nuclear Medicine Review 2017, Vol. 20, No. 1

23.

drug delivery in glioma treatment. Biomaterials. 2014; 35(1): 518–529, doi:

Ferro-Flores G, Ocampo-García BE, Santos-Cuevas CL, et al. Multifunc-

10.1016/j.biomaterials.2013.09.094, indexed in Pubmed: 24125772.

tional radiolabeled nanoparticles for targeted therapy. Curr Med Chem.
2014; 21(1): 124–138, doi: 10.2174/09298673113209990218, indexed in
24.

31.

oxy-D-glucose functionalized dimercaptosuccinic acid-coated maghemite

Psimadas D, Bouziotis P, Georgoulias P, et al. Radiolabeling approaches

nanoparticles for targeting tumor cells. Pharm Res. 2012; 29(4): 1087–1097,
doi: 10.1007/s11095-011-0653-9, indexed in Pubmed: 22173782.

of nanoparticles with (99m) Tc. Contrast Media Mol Imaging. 2013; 8(4):
333–339, doi: 10.1002/cmmi.1530, indexed in Pubmed: 23613436.
25.

32.

27.

labeled cytotoxic bombesin peptide conjugate for targeting bombesin

chemotherapy and hyperthermia. Biomed Mater. 2014; 9(2): 025012, doi:

receptor-expressing tumors. Nucl Med Biol. 2010; 37(3): 277–288, doi:
10.1016/j.nucmedbio.2009.12.006, indexed in Pubmed: 20346867.

Brannon-Peppas L, Blanchette JO. Nanoparticle and targeted systems for

tion of radiolabeled photosensitizer linked bovine serum albumin nanoparticles as a tumor imaging agent. Int J Pharm. 2012; 422(1-2): 472–478, doi:
10.1016/j.ijpharm.2011.11.013, indexed in Pubmed: 22101288.

Acharya S, Dilnawaz F, Sahoo SK. Targeted epidermal growth factor receptor
34.

tions of Tc-99m-labelled doxorubicin-loaded nanoparticles. Nucl Med Rev

Pubmed: 19631377.

Cent East Eur. 2011; 14(2): 55–62, doi: 10.5603/nmr.2011.00016, indexed
in Pubmed: 22219144.

Yezhelyev MV, Gao X, Xing Y, et al. Emerging use of nanoparticles in diag35.

Grosso M, Imran MB, Volterrani D, et al. Detection of bilateral, multifocal

doi: 10.1016/S1470-2045(06)70793-8, indexed in Pubmed: 16887483.

breast cancer and assessment of tumour response to neoadjuvant chemo-

Mitra S, Gaur U, Ghosh PC, et al. Tumour targeted delivery of encap-

therapy by Tc-99m sestamibi imaging - a case report. Nucl Med Rev Cent

sulated dextran-doxorubicin conjugate using chitosan nanoparticles as

East Eur. 2008; 11(2): 70–72, doi: 10.1097/00003072-199908000-00009,
indexed in Pubmed: 19585458.
36.

-3659(01)00342-x, indexed in Pubmed: 11489513.

48

Polyak A, Palade EA, Balogh L, et al. In vitro and biodistribution examina-

30(29): 5737–5750, doi: 10.1016/j.biomaterials.2009.07.008, indexed in

carrier. J Control Release. 2001; 74(1-3): 317–323, doi: 10.1016/s016830.

Ozgur A, Lambrecht FY, Ocakoglu K, et al. Synthesis and biological evalua-

addr.2004.02.014, indexed in Pubmed: 15350294.

nosis and treatment of breast cancer. Lancet Oncol. 2006; 7(8): 657–667,
29.

33.

cancer therapy. Adv Drug Deliv Rev. 2004; 56(11): 1649–1659, doi: 10.1016/j.

nanoparticle bioconjugates for breast cancer therapy. Biomaterials. 2009;

28.

Okarvi SM, Al Jammaz I. Synthesis and evaluation of a technetium-99m

Liang Z, Li X, Xie Y, et al. ‘Smart’ gold nanoshells for combined cancer
10.1088/1748-6041/9/2/025012, indexed in Pubmed: 24525482.

26.

Xiong F, Zhu Zy, Xiong C, et al. Preparation, characterization of 2-de-

Pubmed: 23992338.

Buscombe JR, Cwikła JB, Thakrar DS, et al. Scintimammography: a re-

Jiang X, Xin H, Ren Q, et al. Nanoparticles of 2-deoxy-d-glucose functional-

view. Nucl Med Rev Cent East Eur. 1999; 2(1): 36–41, indexed in Pubmed:

ized poly (ethylene glycol)-co-poly (trimethylene carbonate) for dual-targeted

14600999.

www.nmr.viamedica.pl

