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Abstract A theranostic nanoparticle was synthesized

based on diethylstilbestrol conjugated with phosphate,

copper, and indium (DESCIP) and labelled with 99mTc

which can be used for SPECT imaging of ER-enriched

cancers. In vitro biological activity of 99mTc-DESCIP was

examined in breast adenocarcinoma cells (MCF-7), pro-

static carcinoma cells (PC-3), and pulmonary epithelial

cells (A-549). In vivo lymph node imaging was performed

in normal and receptor blocked female New Zealand rab-

bits. Results demonstrated that 99mTc-DESCIP and DES-

CIP has potential for imaging ER-enriched tumors such as

breast and prostate tumors, and their metastases in the lung,

as well as improving management for their therapies.
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Introduction

Fluorescence-based detection is the most common method

utilized in biosensing because of its high sensitivity, sim-

plicity, and diversity. In the era of nanotechnology, nano-

materials are starting to replace traditional organic dyes as

detection labels because they offer superior optical prop-

erties, such as brighter fluorescence, wider selections of

excitation and emission wavelengths, higher photostability,

etc. Their size- or shape-controllable optical characteristics

also facilitate the selection of diverse probes for higher

assay throughput. Furthermore, the nanostructure can pro-

vide a solid support for sensing assays with multiple probe

molecules attached to each nanostructure, simplifying

assay design and increasing the labelling ratio for higher

sensitivity.

Cell imaging using fluorescence dye can supply detailed

anatomic information of the cancerous cell or tissue.

Consequently, it is used for both clinical and research

purposes. Quantum dot nanoparticles present a promising

alternative. They can be easily prepared using II-VI ele-

ments (such as CdS, CdSe, CdTe, ZnS, ZnSe, CuInP, InP,

etc.) that are dissolved in various organic solvents or in

aqueous media at appropriate conditions. They not only

have a tendency to bioconjugate but also demonstrate flu-

orescence properties. Because of their semiconductor

properties, they have multiple uses in other areas of tech-

nology besides medical imaging.

The major endocrine-related cancers in humans display

gender-specific hormonal responsiveness. In women,

estrogen plays an important role in breast and endometrial

cancer, and in men, androgen plays an important role in

prostate cancer [1–6]. Two types of estrogen receptors have

been classified: ER-a and ER-ß. The treatment strategy

depends on whether the receptors are positive or negative
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[7–10]. For example, estrogen receptor-blocking drugs

such as tamoxifen have been used to treat ERa-positive

tumors [4, 5].

Diethylstilbestrol (DES), a nonsteroidal estrogen, was

first synthesized in 1938 [1]. It was the first synthetic

estrogen to be made and was occasionally prescribed for

the treatment of advanced breast and prostate cancer [2, 3].

A well-known teratogen and carcinogen, DES inhibits the

hypothalamic-pituitary–gonadal axis, consequently block-

ing the testicular synthesis of testosterone, lowering plasma

testosterone, and inducing a chemical castration [2, 3, 6].

Recently, we synthesized a phosphate derivative of

diethylstilbestrol (DESP) and labelled it with 99mTc to

study its imaging potential [11]. DESP is the diphosphate

ester of a synthetic, nonsteroidal form of estrogen (Fosfe-

strol; Diethylstilbestrol diphosphate; Phosphestrol) [12].

The main objective of this work is to determine the

potential of DES conjugated with phosphate-, copper-, and

indium-nanoparticles (DESCIP) and labelled with 99mTc

for targeting and detecting estrogen receptor-enriched

cancer cells. By adding phosphorus-, copper- and indium-

containing nanoparticles to the DES structure, we con-

ferred multimodality imaging capability (single-photon

emission computed tomography and fluorescence). In vitro

cell labeling and in vivo lymph node imaging properties

were determined. Figure 1 shows a schematic representa-

tion of DESCIP distribution in cancer cells.

Experimental

Equipment and sources of material

Na99mTcO4 was supplied by the Sifa University of Izmir/

Turkey. DES was purchased from Sigma. All other

chemicals were supplied from Merck Chemical Co.,

(Darmstadt Germany) and Aldrich Chemical Co., (Ger-

many). Breast adenocarcinoma cells (MCF-7), prostate

carcinoma cells (PC-3), and pulmonary epithelial cells (A-

549) were supplied from the American Type Culture Col-

lection (Manassas, VA USA).

The following equipment from Ege University Institute

of Nuclear Sciences were used: Cd (Te) detector equipped

with a thin layer radio chromatography (TLRC); high-

performance liquid chromatography (Shimadzu Corpora-

tion, Somerset, NJ, USA) equipped with a LC-10ATvp

quaternary pump, SIL- 20A HT auto sampler, and 7.0 lm

reversed-phase-C-18 column 250 9 21 mm I.D.

(Macherey–Nagel, Bethlehem, PA, USA); and Perkin

Elmer Optima 2000 DV (to produce Inductively Coupled

Plasma OES (ICP-OES) chromatograms). The Institute of

Technology, Izmir provided X-ray powder diffraction

(XRD) analyses using the Philips X’Pert Pro (Phillips,

Amsterdam, Netherlands), imaging using the Philips XL-

30 FEG Scanning Electron Microscope (SEM) (Phillips,

Amsterdam, Netherlands), and size analyses in liquid

ambience chromatograms using a Zetasizer. Fourier

Transform Infrared Spectra (FTIR) spectra were obtained

from the Celal Bayar University. Nuclear magnetic reso-

nance (NMR) chromatograms were obtained from Ataturk

University.

Synthesis of DESCIP

26.8 mg (0.1 mmol) of DES was dissolved in 4 mL pyridine

using a magnetic stirrer. Then, 24.5 mg (0.2 mmol) of cop-

per(I)acetate, 44.2 mg (0.2 mmol) of indium(III)chloride,

and 100 ll of POCl3 were added drop-wise. The mixture was

stirred for 24 h at room temperature. After the reaction

completed and pyridine evaporated, the product was washed

with 10 mL of dichloromethane and 10 mL of distilled

water. The product was rewashed with 10 mL of dichlor-

omethane and 10 mL of distilled water. It was centrifuged

10 min at 2500 rpm. Then, the upper (aqueous) phase was

separated and the pH was adjusted to 9 using 3 M LiOH

solution. The mixture was re-centrifuged for 10 min at 2500

RPM and the upper (aqueous) phase was eluted using with

Dowex 50 anion exchange column. The eluate was stored at

4 �C.

Fig. 1 Schema for DESCIP distribution in cancerous cells
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Structural analysis of DESCIP

Inductively coupled plasma mass spectrometry (ICP-MS)

ICP analyses were conducted in order to understand the

elemental composition of DESCIP. Standard solutions of

copper, indium, and phosphorous were used to determine

the elemental composition of DESCIP nanoparticles. 100

lL/lg of DESCIP solution was used for the analyses.

Fourier transform infrared spectra (FTIR) and nuclear

magnetic resonance (NMR)

10 mg of lyophilized DESCIP were mixed thoroughly with

100 mg of anhydrous KBr in a mortar while grinding with

the pestle; the pellet was prepared for the acquisition of

FTIR spectra. 1H-NMR and 13C-NMR spectra were

acquired to identify molecular structures (Fig. 2). CDCl3

was used as solvent. Theoretical (ACD/LogP Algorithm)

spectra were used for comparison with experimental NMR

spectra.

Characterization of DESCIP

The mean particle size was determined by dynamic light

scattering and the surface charge of the nanoparticles was

investigated through zeta potential measurements after

dilution in ethanol (Fig. 3). The particle size and mor-

phology of DESCIP were assessed by SEM (Fig. 4).

The nanoparticles were analyzed by XRD, Cu Ka
(k = 1.541 A�) radiation wavelength at 40 kV and 40 mA.

The samples were scanned between 0� and 80 �C.

Fluorescence spectra of DESCIP

1 mg/mL of DESCIP was prepared in ethanol. The fluo-

rescence spectra were acquired at 250 nm excitation and

450 nm emission wavelengths.

99mTc labeling of DESCIP

Stock solutions of DESCIP (1.19 mg/0.2 mL distilled

water) and SnCl2 (1 mg/1 mL distilled water) were pre-

pared. Then, 50 lL of DESCIP and 100 lL of SnCl2 were

mixed in a tube at a pH of 7. 1 mCi (37 MBq) of 99mTcO4

was added to the mixture and the resulting product was

incubated for 20 min at room temperature. Rf value and

radiolabeling yield of 99mTc labeled DESCIP (99mTc-

DESCIP) were determined by TLRC.

Quality control studies of 99mTc-DESCIP

Thin layer radio chromatography (TLRC)

The same procedure as in our previous reports was applied

to obtain TLRC chromatograms (mobile phase: acid citrate

dextrose and physiological serum (0.90% NaCl)). TLRC

chromatograms were acquired using a Bioscan AR-2000

Fig. 2 FTIR spectra of DESCIP nanoparticles
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Scanner. Rf values of each component were determined.

Table 1 presents Rf values of 99mTcO4
-, Reduced 99mTc

and 99mTc-DESCIP.

Stability testing

To perform stability tests of the radiolabeling, 50 lg/50 lL

aliquots of 99mTc-DESCIP were incubated in physiological

serum at 37 �C in a humidified 5% CO2 incubator. Then,

they were analyzed using RTLC at several time intervals to

determine if there is any impurity up to 4 h during the

observation period.

Lipophilicity studies

Lipophilicities were determined similar to our previous

reports [13, 14]. Briefly, 100 lL aliquots of 99mTc-DESCIP

were put into a test tube together with 300 lL of n-octanol

and 300 lL of PBS volumes. Subsequently, the mixture

was vortexed for 1 min at room temperature and cen-

trifuged at 2500 rpm for 30 min. Then, the radioactivities

of the top and bottom phases were counted. The partition

coefficient (LogP) was determined by dividing the counts

in the n-octanol layer with the counts in the aqueous layer.

Fig. 3 Hydrodynamic size

distribution of the DESCIP

nanoparticles

Fig. 4 SEM images of DESCIP

nanoparticles: a 200nm,

b 500nm, c 1lm, and d 2lm)

Table 1 Rf values of 99mTcO4
-, Reduced 99mTc and 99mTc-DESCIP

TLRC solvent 99mTcO4- Red.99mTc 99mTc-DES-P/Cu/In

Mobile phase 1* 0.91 0.034 0.92

Mobile phase 1* 0.941 0.054 0.047

*Mobile phase 1: Acid Citrate Dextrose (ACD); Mobile phase 2:

Physiological serum (0.90% NaCl)
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In vitro Bioaffinities of 99mTC-DESCIP

In vitro bioaffinities of 99mTc-DESCIP were examined in

breast adenocarcinoma (MCF-7), prostate carcinoma (PC-

3), and pulmonary epithelial (A-549) cell lines. Cells were

cultured in in DMEM, 10% FBS (Fetal Bovine Serum),

1%PSS, (100 units/ml penicillin and 100 lg/ml strepto-

mycin), 1%L-Glutamine, 2% NaHCO3, 1%sodium pyru-

vate, 1% non-essential amino acid mixture in cell culture

flasks. After cells have proliferated enough to cover 80% of

the flasks, they were separated from the surface using

0.25% (w/v) trypsin–EDTA solution and distributed into

24-well plates (500 ll for each well). Time-dependent

incorporation ratios were then examined in ER positive (?)

and ER negative (-) cells.

Cell incorporation study with receptor unblocked ER

negative (-) cells

10 lg (4 MBq/lg) of 99mTc-DESCIP was added to 5 mL

of culture medium and the resulting solution was admin-

istered upon the cells in the 24-well plates. At 30, 60, and

120 min following administration, the radioactivity in the

cells were counted with Cd(Te) semi-conductor detector

(A0). Then, they were washed by RIPA buffer for three

times and the counts were read for second (A1) time

(Table 2) (Fig. 7).

Cell incorporation study with receptor blocked ER positive

(±) cells

In order to determine receptor saturation, 1.2 mg 99mTc-

DESCIP was dissolved in 20 ll ethanol, and then it was put

into 5 ml culture medium and incubated with the cells for

2 h. Following that, the study continued similar to that for

ER (-) cells (Table 3) (Fig. 7).

Fluorescence imaging studies of DESCIP

In order to obtain fluorescence images, cells (MCF-7, PC-3

and A-549) were cultured and prepared on chamber slide

plates. Then, 200 ll of DESCIP was applied to cells and

fluorescence imaging was obtained using the fluorescence

microscope at 20X and 40X magnification over 4 h

(Fig. 8).

For comparison, DESP labelled with FITC (fluorescein

isothiocyanate) (FITC), a common fluorescence dye, was

also prepared. For FITC labeling, 1 mg of DESP solution

was prepared in 1 mL of 0.1 M sodium carbonate buffer

(pH 9). Then, 1 mg of FITC was dissolved in 1 mL of

anhydrous DMSO. 50 lL of the FITC solution was added

to the DESP solution very slowly in 5 lL aliquots and

continuously stirred. The obtained solution was incubated

for 8 h at 4 �C in the dark. 50 mM of NH4Cl was added to

the solution and it was incubated for 2 more hours at 4 �C.

Finally, unbound FITC was separated from the conjugate

by gel filtration using Sephadex G-25 column. MCF-7, PC-

3 and A-549 cells cultured on chamber slides were washed

with PBS and the medium with FITC-labeled DESP was

added to the cells. After a 4 h incubation time, cells were

washed with PBS(9 2) and imaging was acquired using

fluorescence microscopy with a green filter (520 nm)

(Fig. 9).

All fluorescence imaging studies were performed in dark

conditions.

Cytotoxicities

The MTT assay procedure was applied similar to our

previous reports [14, 15]. The cells (MCF-7, PC-3, and

A-549) were sustained in minimal essential medium and

were prepared from confluent monolayer cultures and

plated at a density of 8 9 10E3 cells in a 96-well plate.

The incubation conditions were 48 h at 37 �C. Stock

solutions of DESCIP and DES (1, 2, 3, 4 ng/mL) were

prepared by dissolving them in PBS. Appropriate dilutions

of the samples were prepared in growth medium and added

to the cells. The resulting mixture was incubated for 24, 48,

and 72 h. After each incubation period, viable cells were

determined using MTT.

The absorbance was measured on a Varioscan micro-

plate reader (Thermo, USA) at 520 nm. The intensity of

color is directly proportional to the percentage of viable

cells. Tests were carried out in quadruplicate and each

experiment was repeated six times.

Table 2 Incorporation ratios

(%) for receptor unblocked

[ER(-)] cells

Incubation period (min) DESCIP 99mTc

MCF-7 PC-3 A-549 MCF-7 PC-3 A-549

30 5.2 ± 2.4 2.4 ± 1.2 2 ± 0.7 0.1 ± 0.1 0.2 ± 0.1 0.2 ± 0

60 8.1 ± 1.8 3.3 ± 1.1 1.9 ± 0.6 0 ± 0 0.1 ± 0.1 0.2 ± 0

120 19.8 ± 4.5 8.7 ± 3.5 4.2 ± 1.3 0.2 ± 0.1 0 ± 0 0.1 ± 0.1
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Sentinel lymph node imaging studies in rabbits

Static imaging and dynamic imaging were performed using

a gamma camera (Diacan Instruments) in Celal Bayar

University, School of Medicine, Department of Nuclear

Medicine. All procedures were approved by the Animal

Ethics Committee at Ege University. Eight normal and

eight receptor blocked female New Zealand white rabbits

(weight 2.5–3.0 kg) were used in the study. A cocktail

3 mL of Ketamine (50 mg/kg)/xylazine (10 mg/kg) anes-

thetic was injected intramuscularly in the brachial muscle.

The hair on the medial side of the distal hind limb was

shaved. 99mTc-DESCIP (7.4 Mbq/10.8 mg/0.1 ml per rab-

bit) nanoparticles were injected intradermally into the

distal hind limb. Receptor saturation was supplied as pre-

viously by using DES [11]. 1.2 mg of DES was dissolved

in 20 lL of ethanol then diluted with 15 mL of physio-

logical serum. 10 g of DES was taken and used for receptor

saturation 15 min prior to 99mTc-DESCIP injection.

Dynamic (64 9 64 matrix, 1 zoom) and static

(256 9 256 matrix, 1 zoom) lymphoscintigraphic images

were taken up to 24 h. Fifteen dynamic images (each for

20 s) and 5 min static images (at 5th, 15th, 30th, 60th,

120th min and 24 h) were obtained in the supine position

(Fig. 10).

Statistical analysis

One-way analysis of variance and non-linear regression

was conducted using the GraphPad software (GraphPad

Software, Inc, San Diego, CA). Statistical differences were

considered significant at p\ 0.05.

Results and discussion

Proposed structure of DESCIP

FTIR spectra of DESCIP showed OH stretch at 3434 nm;

C=C stretch at 1641 nm; C–O stretch at 1118 nm; P–O

stretch at 1034 nm; C–H stretch at 909 nm; and C–In

stretch at 553 nm (Fig. 2).
1H-NMR and 13C-NMR spectra of DESCIP verified that

the estrogen ring in the structure is protected; main peaks

were 1 ppm (21 and 23 numbered aliphatic methyl groups);

2–3 ppm (20 and 22 numbered CH2 groups); 5 ppm (OH

protons); and 7 ppm (aromatic ring protons).
13C-NMR spectra presented main peaks of 10–20 ppm

for methyl carbons; 30 ppm for CH2 groups; 120, 150 ppm

for aromatic ring carbons; and 136 ppm for methylene

carbons (supplementary data).

Table 3 Incorporation ratios

(%) for receptor blocked

[ER(?)] cells

Incubation period (min) DES-P/Cu/In 99mTc

MCF-7 PC-3 A-549 MCF-7 PC-3 A-549

30 0.9 ± 0.7 0.5 ± 0.1 0.2 ± 0.1 0.1 ± 0.1 0.2 ± 0.1 0.2 ± 0.1

60 1.4 ± 1.3 0.6 ± 0.2 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1

120 1.6 ± 0.8 1 ± 0.7 0.2 ± 0.1 0 ± 0 0.2 ± 0.1 0.1 ± 0

Fig. 5 X-ray diffraction (XRD)

pattern of DESCIP

nanoparticles
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Elemental ratios were found to be In2Cu5P7 according

to ICP analyses

Lastly, fluorescence spectra showed green fluorescence

(Fig. 6). The excitation wavelength was 250 nm and the

emission wavelength was 450 nm. NMR, FTIR, and ICP

analyses confirmed that the estrogen ring was existent in

the structure and atomic ratios was 5/2/7 for copper,

indium, and phosphorous.

Characterization of DESCIP

X-ray diffraction was used for characterization of nano-

materials. Although there were no data for CuInP

nanoparticles, our results confirmed characteristic diffrac-

tion peaks for Cu, In, and P (Fig. 5). The characterization

of the structures was verified by crystal characteristics of

the face centered cubic structure.

SEM images determined that the size of DESCIP

nanoparticles were about 10–20 nm (Fig. 4) while hydro-

dynamic diameters of DESCIP nanoparticles were about

Fig. 6 Fluorescence spectra of DESCIP nanoparticles

Fig. 7 Incorporation ratios for

ER unblocked [ER(-)] and ER

blocked [ER(?)] cells
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50 nm (Fig. 3). Additionally, DESCIP nanoparticles were

shown to have stable green fluorescence at 450 nm

(350 nm excitation) (Fig. 6).

Quality control studies showed that DESCIP nanopar-

ticles were successfully labelled with 99mTc, with a 99%

labeling yield using SnCl2 as a reducing agent, and sta-

bility was established for at least 4 h at room temperature.

Rf values of 99mTcO4
-, reduced 99mTc and 99mTc-DESCIP

are presented in Table 1. Both DESP and DESCIP can be

labeled with 99mTc by direct labeling using SnCl2 as

reducing agent. 99mTc can be attached to DESCIP through

P and O atoms similar mechanism with DESP [11] and

methylenediphosphonate [16] which have been used as

bone imaging agent .

The lipophilicities of 99mTc-DESP and 99mTc-DESCIP

were found to be - 2.0 ± 0.01, and - 1,23 ± 0.20,

respectively.

In vitro incorporation results

According to time-dependent in vitro incorporation results

(Fig. 7, Tables 2, 3), 99mTc-DESCIP or 99mTc-DESP both

showed higher uptake in every cell line than 99mTcO4
- as a

control group (p\ 0.05). The highest incorporation ratio

was observed in the MCF-7 cell line and the lowest in the

A-549 cell line. Estrogen plays an important role not only

in the development of normal mammary glands, but also in

the proliferation and progression of breast cancer. There

are two types of estrogen receptors: ERa and ERb which

was first reported in 1996 [17, 18]. The MCF-7 cell line is

one of the most frequently used cell lines for functional

observation of estrogen response and represents an ERa-

positive breast cancer cell line [19, 20]. On the other hand,

the prostate is known as an androgen target; however, it is

also targeted for estrogen. Recent studies have shown that

estrogens, in combination with androgens, play critical

roles in prostate carcinogenesis [21–23]. Moreover, ERa is

also present in prostate stromal cells of normal, hyper-

plastic, and cancerous prostate tissue [23–26]. There are

a

b

MCF-7(20x) MCF-7(40X)

PC-3(20x) PC-3(40x)
c

A-549(20x) A-549(40x)

Fig. 8 Fluorescence images of DESCIP incorporated a MCF-7 cells

(209 409 enlarged); b PC-3 cells (209, 409 enlarged); c A-549 cells

(209, 409 enlarged)

a

MCF-7 40X   MCF-7 100X

b

A-549 40X  A-549 100X
c

PC-3 40X PC-3 100X

(100x)

(100x)

Fig. 9 Fluorescence images of FITC labeled DESP incorporated cells

a MCF-7 cells (409, 1009 enlarged); b A-549 cells (409, 1009

enlarged); c PC-3 cells (409, 1009 enlarged)
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some reports indicating a possible role of ERa in pro-

moting inflammation, proliferation, and metastasis in

prostate cancer [27, 28] and thus ER receptor targeting can

be considered as a potential target for prostate cancer

prevention therapy [29, 30]. Lastly, although estrogen

receptors are highly expressed in breast cancer tissue, there

are also some reports indicating estrogen receptors (ERa
and ERb) expression in normal lung tissue and small cell

lung cancer tissue [31–33]. Our results show that we

achieved the highest incorporation ratios on ER (?) posi-

tive MCF breast cancer cells, followed by PC-3 prostate

cancer cells, and then A-549 lung cancer cells. Therefore,

we propose that incorporation ratios were consistent with

the relative levels of ER expressions in the cells.

Fluorescence imaging of the cells

Stable fluorescence images were obtained of the DESCIP

incorporated cells (MCF-7, PC-3, and A-549) using green

fluorescence of the DESCIP nanoparticles. Figure 8 shows

fluorescence images of the cells. DESCIP presented sig-

nificant fluorescence intensity on all cell lines (Fig. 8). For

comparison, FITC commercial green fluorescence dye

labeled DESP were also incorporated into cells (Fig. 9).

Fluorescein isothiocyanate (FITC) (30,60-dihydrox-

yspiro[isobenzofuran-1(3H),90-[9H]xanthen]-3-one) is a

commercial dye molecule for fluorescent labeling. It binds

to biomolecules substituting (-N=C=S group with hydro-

gen. FITC conjugated with DESP for comparison DESCIP

fluorescent within the cells.

Cytotoxicity results

Four different concentrations (1, 2, 3, 4 ng/ml) were tested

at 0 min, 24 h, 48 h, and 72 h of exposure. The 0 min

value was chosen to confirm the viability of the cells. Cell

viability above 80% was detected at 24, 48 and 72 h for all

cell lines (MCF-7, PC-3, and A-549) for DESP and DES-

CIP. The results are given in Tables 4 and 5 for DESP and

DESCIP, respectively.

Previously, Sharp et al. reported that 10–5 M, DES

blocked the formation of microtubules in vitro [34].

Additionally, DES-induced apoptosis in androgen inde-

pendent prostate cancer cell lines has also been reported

independent from estrogen receptors [35, 36]. Finally, both

DES monophosphate and diphosphate were cytotoxic on

different malignant and transformed cell lines [37, 38].

In vivo scintigraphic imaging studies with rabbits

To evaluate the in vivo localization of 99mTc-DESCIP,

scintigraphic images were taken after intradermal injection.

Figure 10 shows static scintigrams of normal and receptor

blocked female rabbits at several time intervals. Significant

lymph node uptake dissimilarities were seen between

normal and receptor blocked rabbits (Fig. 10). The uptake

ratios were increased 3–4 between 1 h and 24 h imaging.

The sentinel lymph node is the first node that serves a

cancer. It is exponentially more likely to contain a metas-

tasis than a downstream, non-sentinel node. If one fails to

identify sentinel lymph nodes that contain metastases, a

physician is likely to incorrectly stage a cancer and inac-

curately inform a patient that they are metastasis free.

Multimodality imaging

There are many advantages to combining radionuclide

imaging and FL imaging modalities into a multimodality

imaging approach. Both PET/FL and SPECT/FL imaging

involve the use of good, clinical contrast agents that lack

toxicity and allow us to image disease at high spatial and

longer temporal resolutions at trace quantities [39, 40]. The

two modalities also complement each other in terms of

spatial resolution at the histological and artificial level.

Fluorescent probes are stable while the lifetime of

radionuclide labeled probes depend on their half-life;

Table 4 Cellular cytotoxicity of DESP in 24, 48 and 72 h for MCF7,

PC3 and A549 cells

24th h

Log kons (ng/mL) MCF7 PC3 A549

0 91.54 ± 2.56 96.45 ± 3.84 95.78 ± 4.32

1 95.23 ± 3.44 92.77 ± 3.39 94.5 ± 4.88

2 96.58 ± 3.78 95.67 ± 4.14 97.21 ± 3.65

3 93.49 ± 2.99 94.64 ± 4.66 93.56 ± 3.98

4 97.33 ± 3.76 93.89 ± 4.28 96.58 ± 2.98

48th h

Log kons (ng/mL) MCF7 PC3 A549

0 92.48 ± 3.42 93.8 ± 2.34 96.44 ± 3.44

1 94.37 ± 2.59 94.43 ± 3.56 93.21 ± 3.78

2 91.4 ± 3.66 97.32 ± 4.21 98.43 ± 3.21

3 95.32 ± 2.78 94.71 ± 3.98 95.88 ± 4.56

4 93.44 ± 4.32 96.19 ± 3.74 96.83 ± 4.33

72th h

Log kons (ng/mL) MCF7 PC3 A549

0 97.34 ± 2.32 94.3 ± 3.45 95.97 ± 4.31

1 96.03 ± 3.21 95.87 ± 2.89 91.68 ± 3.76

2 97.48 ± 2.78 91.45 ± 3.46 97.3 ± 2.91

3 95.39 ± 3.45 98.21 ± 2.78 93.78 ± 3.56

4 98.29 ± 4.57 92 ± 4.12 97.34 ± 2.83
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however, radionuclide labeled probes are superior to FL for

their efficacy in providing non-invasive, high resolution

visualization of cell and tissue structure through deep

tissue. Therefore, multimodality radionuclide/FL probes

are superior to standalone SPECT/PET and FL contrast

agents.

Table 5 Cellular cytotoxicity

of DESCIP in 24, 48 and 72 h

for MCF7, PC3 and A549 cells

24th h

Log kons (ng/mL) DES-CIP-MCF7 DES-CIP -PC3 DES-CIP -A549

0 93.22 ± 3.69 96.33 ± 3.21 95.5 ± 4.87

1 95.63 ± 4.21 93.29 ± 3.71 92.72 ± 3.56

2 93.45 ± 4.61 94.69 ± 4.79 95.59 ± 3.93

3 96.32 ± 3.88 92.56 ± 4.32 92.82 ± 2.97

4 94.39 ± 4.76 95.37 ± 4.57 93.98 ± 4.68

48th h

Log kons (ng/mL) DES-CIP -MCF7 DES-CIP -PC3 DES-CIP -A549

0 96.43 ± 3.32 94.51 ± 3.2 93.81 ± 4.11

1 97.32 ± 3.71 96.39 ± 3.88 95.32 ± 4.69

2 93.61 ± 3.99 92.89 ± 4.59 97.38 ± 3.87

3 94.29 ± 4.29 94.88 ± 4.34 94.22 ± 3.18

4 96.39 ± 4.55 95.25 ± 3.52 95.43 ± 4.45

72th h

Log kons (ng/mL) MCF7 PC3 A549

0 94.23 ± 2.54 97.74 ± 3.52 95.36 ± 3.11

1 96.29 ± 5.28 95.42 ± 4.82 96.24 ± 4.21

2 91.8 ± 4.82 98.63 ± 4.26 92.77 ± 2.34

3 93.67 ± 3.72 92.39 ± 3.75 93.33 ± 4.78

4 94.27 ± 3.31 96.59 ± 2.59 97.46 ± 4.32

Time Le� Kid/BG Right Kid/R LN lenf nod(ER unblocked/ER blocked)
1.hrs 2,27 0,47 3,07
2. hrs 1,87 0,56 3,96
24. hrs 5,89 0,54 3,31

a b 

LN 

Kidneys

Fig. 10 Scintigraphic images

of female rabbits: a receptor

unblocked, and b receptor

blocked
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In many cancers, a primary tumor is easily resected and

not a cause for concern. Cancer metastasis, however, can

be lethal. For this reason, it is vitally important to accu-

rately identify the presence of metastasis following diag-

nosis of cancer. Lymph node imaging is important to

determine if metastasis exists or not. Metastasis is easily

observed non-invasively in 18F-FDG-PET scans. Unfor-

tunately, 18F-FDG-PET scans only indicate metabolism

and do not provide biomarker or morphological informa-

tion that an oncologist could use in determining appropriate

drugs for treating a cancer. Because of this, it is vital to

isolate and biopsy the lymph nodes that serve a cancer,

even in patients who receive 18F-FDG-PET scans. This is

especially true in breast, melanoma, and squamous cell

carcinoma of the oral cavity.

The results showed that DESCIP nanoparticles can be

radiolabeled with 99mTc in high yields. It may potentially

be proposed as multifunctional probe both for SPECT and

optical for estrogen receptor targeting.

Conclusion

DESCIP (DES containing nanoparticles) demonstrates both

florescence capability and ER receptor targeting specificity.

Nanostructured florescence property was successfully

conferred, and desirable particle size and zeta potential

values were obtained. DESCIP was also successfully

radiolabeled with 99mTc. Biological behavior and ER tar-

geting capability was determined by in vivo and in vitro

studies. Results indicate that DESCIP may be beneficial for

detecting estrogen-overexpressed tissues in animal models.

DESCIP improves the effects of DES and may be a

novel and important means of increasing theranostic effi-

cacy of cytotoxic chemotherapy and imaging agents.
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