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ARTICLE INFO ABSTRACT
Keywords: Early-stage detection is a vital factor in the later treatment and prognosis of cancer. Enhancing the
Bioimaging sensitivity and specificity of the cancer detection pathological and experimental approaches can

Targeted-imaging

Cell membrane glycoprotein
Membrane receptor
Circulating tumor cells (CTCs)

affect the morbidity and mortality of this disease. A folic acid (FA)-functionalized silica quantum
dots (SiQDs)/KCC-NH,@SiO- nanomaterials were synthesized and characterized as a bioimaging
agent of the MCF 7 cancer cells. These nanoparticles showed biocompatible nature with speci-
ficity towards folate receptor (FR)-overexpressed MCF 7 cancer cells. Viability findings suggested
that the SiQDs/KCC-NH,@SiO,/FA nanomaterials have nontoxic nature towards the cells in the
concentration of 200 pg/mL. Fluorescence microscopy images were utilized to estimate the cell
internalization of the nanoparticles and further verified by the flow cytometry technique. The
differentiation ability of the nanoparticles was also approved by incubation with FR-negative HEK
293 normal cells. The SiQDs/KCC-NH,@SiO2/FA nanoparticle exhibited high stability, bright and
high quantum yield fluorescence emission, proposing as a high-quality material for in vivo bio-
imaging of FR-overexpressed circulating tumoral cancer cells (CTCs).

1. Introduction

Cancer is one of the most severe worldwide health problems which is dangerous for human beings. According to the American
Cancer Society reports, there exist 19.3 million new cases of cancer and approximately 10 million deaths in 2020. The prevalence of
this disease is increasing fast, we may face 28.4 million cases in 2040 which is 47% more than in 2020 [1,2]. Tumor metastasis is one of
the critical processes in cancer disease. During tumor metastasis step, a new tumor forms very similarly morphology to the primary
tumor cells. About 90% of deaths happen because of the migration of tumor cells which separate from tumor tissue and release into the
bloodstream and lymph nodes. These cells are called circulating tumor cells (CTCs) which are considered an important biomarker for
the diagnosis and management of cancer [3]. However, only a low concentration of tumor cells is presented in the blood, therefore high
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sensitive detection of tumor cells is very challenging [4]. Numerous methods and techniques have been used for cancer diagnosis using
biomarkers and bioimaging. However, imaging of solid tumors is still the main technique in clinical and preclinical applications [5-8].

Macroscopic and molecular imaging techniques such as magnetic resonance imaging (MRI), computed tomography (CT), single-
photon emission computed tomography (SPECT), ultrasound (US), etc. are currently applied in the bioimaging of solid tumors that
provide various beneficial features. However, some of these techniques possess some pitfalls such as high cost, inconvenient pro-
cedures, false positive/negative and qualitative results, etc. which prevent their applications for fast imaging purposes.
Nanotechnology-based imaging methods are new-fashioned methods that have attracted interest in medical affairs and were studied
on large scales in research institutions. Fluorescence bioimaging approaches offer high sensitivity and simple imaging approaches
without the need for very skilled persons [9]. New bioimaging methods are applied novel advanced materials modified with molecules
to enhance the specificity of the bioimaging method. A way to provide specific bioimaging is employing of receptors that are over-
expressed on the surface of the cancer cells rather than normal cells [10-12].

Recent studies showed that targeted detection and imaging of cancer cells are very useful for the on-time discrimination of
cancerous tissues [13]. Targeted detection means that the detection platform can only attach to the target analyte with high selectivity.
Folic acid (FA) as a water-soluble vitamin is very important agent for health and its reduced levels may lead some serious health
problems [14,15]. FA can be employed as one of important ligands for labeling cancer cells due to their selective binding to the folate
receptor (FR). Compared to other ligands, FA has noticeable stability and low molecular weight, and also it can be easily attached to
other particles. FR is a glycoprotein with a high affinity to FA and has three different forms: a, , and y. The a and §§ forms of FR can be
attached to the cell membrane by glycosylphosphatidylinositol anchors (GPI), on the other hand, the y form can be found in he-
matopoietic cells [16-18]. Different nanomaterials such as gold nanoparticles, silver nanoparticles, silica nanoparticles, quantum dots,
etc. have been conjugated to FA molecules to be used as smart cell-specific materials [19-24]. Among the numerous nanoparticles,
silica nanoparticles have been widely used because of their special properties such as large surface area, noticeable thermal con-
ductivity, and biocompatibility. These unique features make silica nanoparticles effective platforms for different agents of anticancer.
To increase the targeting ability, the surface of nanoparticles is mostly modified with different ligands like nucleic acids, peptides, and
small molecules. This modification usually leads to form a strong bond between the modified nanoparticles and cancer cells [25,26].
Amine-functionalized fibrous silica (KCC-NHy) is a favorable nanomaterial for modification and functionalization due to the presence
of various active sites [27].

In the current study, the FA-functionalized silica quantum dots (SiQDs)/KCC-NH,@SiO2/FA nanomaterials were employed as cell
targeting materials for bioimaging MCF 7 tumoral cells. The cell uptake of the nanomaterials was evaluated through different tech-
niques where the fluorescence microscopy and flow cytometry techniques were applied for qualitative and quantitative internalization
of the nanoparticles, respectively. HEK 293, as a folate receptor negative cell, was regarded as the control group to assay the specificity
of the SiQDs/KCC-1-NH,@SiO2/FA nanoparticles. The reported bioimaging method was effectively utilized for the recognition of FA-
positive MCF 7 cells and also would be applied as a promising platform for reliable differentiation of other FA-overexpressed cancer
cells from low-expressed normal ones.

2. Experimental section
2.1. Materials

FA was purchased from Mehr Darou pharmaceutical company (Iran). (3-Aminopropyl)triethoxysilane (APTES, 99%), polyvinyl
chloride (PVP), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC, 98.0%), N-hydroxysuccinimide (NHS, 98.0%), rhodamine B,
tetraethyl orthosilicate (TEOS, 98%), and 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) were provided from
Sigma-Aldrich Co. (USA). Cyclohexane, sodium hydroxide (NaOH), hydrochloric acid (HCI), cetyltrimethylammonium bromide
(CTAB), sodium ascorbate (SA), toluene, hexanol, ammonia solution, and dimethylsulfoxide (DMSO) were obtained from Merck
(Germany). Also, phosphate buffer solution (PBS, 98.0%) and trisaminomethane hydrochloride (Tris-HCI) were purchased from
Sigma-Aldrich Company (Germany). Roswell Park Memorial Institute (RPMI) 1640, fetal bovine serum (FBS), and trypsin-EDTA (25%)
were obtained from Gibco Co. (UK). All cell lines were provided from the National Cell Bank of Iran (NCBI) in Tehran (Iran).

2.2. Apparatus

Physicochemical features of FA-functionalized SiQDs/KCC-1-NH,@SiO2 nanocomposite were checked using different instrumental
sets. Fourier transform infrared (FTIR, Bruker model instrument (Billerica, Massachusetts, US)) was used to identify functional groups.
Fluorescence spectra were recorded using a JASCO FP 750 spectrofluorometer (Tokyo, Japan). The cellular uptake of FA-
functionalized SiQDs/KCC-1-NH@SiO, nanocomposite was recorded by a fluorescent microscopy (Olympus BX64, Olympus,
Japan) with U-MWU2 fluorescence filter (excitation filter BP 330e385, dichromatic mirror DM 400, emission filter LP 420). However,
the size and surface state of the of FA-functionalized SiQDs/KCC-1-NH,@SiO, were characterized by transmission electron microscopy
(TEM), Carl Zeiss LEO 906 electron microscope operated at 100 kV (Oberkochen, Germany), and field emission scanning electron
microscopy (FESEM, FEG-SEM MIRA3 TESCAN (Brno, Czech Republic), respectively. Energy dispersive X-ray (EDX) of the FA-
functionalized SiQDs/KCC-1-NH,@SiO, were analyzed by a FEG-SEM MIRA3 TESCAN (Brno, Czech Republic). Hydrated size and
surface charge of the produced materials were measured using a Malvern particle size analyzer (Malvern, UK). Flow cytometry an-
alyses were done by Cell Quest Pro software (BD Biosciences, San Jose, CA, USA). MTT assay test plate was read using a microplate
reader Awareness Technology (Florida, USA).
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2.3. Synthesis

2.3.1. Synthesis of amine functionalized silicon dots (SiQDs)

SiQDs were synthesized by a hydrothermal method previously reported by our group [28]. Firstly, SA (250 mg) was dissolved in
about 50 mL of deionized water and then nitrogen aerated for around 30 min to remove dissolved oxygen and named solution I. Then,
about 5 mL of solution I was mixed with 4 mL of APTES, and then the solution was agitated at room temperature for at least 0.5 h
(solution II). Next, solution II was transferred into an autoclave and then remained at 175 °C for 20 h. To enhance the stability of the
produced QDs, PVP (300 mg) was added to the final mixture. After centrifuging, the final mixture was transferred to dialysis bags (1
kDa) to remove byproducts and unconsumed materials.

2.3.2. Preparation of KCC-1 and its amine-functionalized form

KCC-1 dendritic porous composite was produced using a method reported by Bayal et al. [29]. Firstly, CTAB (2 g) was dissolved in
20 mL of deionized water, and then urea (1.2 g) was added to the mixtures and agitated for at least 3 h at 25 °C (flask 1). TEOS (4 g),
cyclohexane (60 mL) and hexanol (3 mL) solvents were mixed and gradually added to flask 1 and sonicated for at least 45 min. The
production of KCC-1 nanocomposite is started by refluxing the mixture at 120 °C and 80 °C for 4 h and 24 h, respectively. After cooling
the mixture to room temperature and centrifuging (10000 rpm, 10 min), the KCC-1 white sediment was collected and washed with
water and ethanol several times. Finally, the KCC-1 composite was dried at 60 °C (24 h) and calcined (at 600 °C, 5 h) to eliminate the
CTAB template. As a mechanism of the KCC-1 synthesis, urea was used to hydrolyze the TEOS to produce negatively charged (SiO4)~*
silicate. CTAB molecules induce the silicate to form a self-assembled linear structure where the CTAB molecules help to gather the
silicates alongside each other [30].

KCC-1-NH; nanocomposite was produced using APTES molecule. Briefly, KCC-1 (40 mg) was added to the dried toluene (2.5 mL)
and sonicated to obtain a well-dispersed mixture. Then, APTES (100 pL) was added to the mixture and refluxed at 80 °C for at least 24
h. Finally, the mixture was centrifuged (10000 rpm) and washed with toluene three times and dried to remove toluene molecules
(80 °C, 24 h) [31].
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Scheme 1. Synthesis steps of SiQDs/KCC-1-NH;@SiO2/FA nanoparticle (Step A: synthesis of KCC-1, Step B: synthesis of KCC-1-NH;, Step C:
synthesis of KCC-1-NH,-SiQDs, Step D: synthesis of KCC-1-NH»-SiQDs@SiOs, Step E: activation of FA molecules, and Step F: synthesis of SiQDs/KCC-
1-NH,@SiO4/FA).
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2.3.3. Production of SiQDs/KCC-1-NHz @SiO2 composite

Water-dispersible SiQDs (2 mL) were mixed with KCC-NH; (5 mL, 5 mg/mL) and stirred for about 3 h at room temperature. The pH
of the mixture solution was adjusted to pH 7.8 using NaOH and HCl solutions. In this pH, SiQDs can be homogeneously anchored on the
surface of dendrimers of KCC-1-NHj. After adding about 4 mL water and 2 mL of ammonia solution to the SiQDs/KCC-NH;, solution and
stirring for about 5 min, approximately 0.5 mL of TEOS was further added, and then the mixture was agitated for 1.5 h. The addition of
TEOS provides a thin silica shell on the out layer of SiQDs/KCC-NH, yielding SiQDs/KCC-NH@SiO,. This shell acts as an effective
antifouling layer and enhances the stability of the nanocomposite. The produced SiQDs/KCC-NH,@SiO, nanocomposite were isolated
by centrifugation (10000 rpm) and washed with distilled water several times. The produced nanocomposite is stable for at least one
month in a refrigerator.

2.3.4. Synthesis FA-NHS

To attach the FA molecules to amine groups of the SiQDs/KCC-NH»@SiO2 nanocomposite, it is necessary that the carboxyl groups
of FA molecules be activated using EDC/NHS reaction. 3 mg of FA molecules, 3 mg of EDC and 5 mg of NHS were mixed in phosphate
buffer pH 7.0 and stirred at room temperature for about 12 h. Finally, the produced FA-NHS molecules were stored at —4 °C.

2.3.5. Preparation of FA-functionalized SiQDs/KCC-1-NH>@SiO2 composite

5 mL of SiQDs/KCC-1-NH,@SiO, was added to about 2 mL of FA-NHS and stirred at room temperature for about 12 h. Finally, FA-
functionalized SiQDs/KCC-1-NH,@SiO; nanoparticles were dialyzed (3 kDa) against deionized water. The as-prepared materials are
stable at 2-8 °C for at least 30 days. All synthesis steps are summarized in Scheme 1.

2.4. Biological tests

2.4.1. Cell culture

MCF 7 and HEK 293 cell lines were thawed and seeded in the RPMI 1640 medium (10% of FBS and 1% penicillin/streptomycin)
supplemented flasks and incubated for days to grow the cells. After appropriate days, the RPMI media was removed, and the cells were
washed with PBS (pH 7.4). Next, trypsin solution was added to the flask to separate the cells after incubation for about 5 min. Then, the
cells were transported to a 15-mL conical tube and centrifuged to sediment the cells. Finally, fresh RPMI media was added to the cells
and dispersed.

2.4.2. Cell viability

The toxicity effect of FA-functionalized SiQDs/KCC-1-NH@SiO2 composite towards MCF 7 cell lines was checked by MTT assay.
To do this assay, around 10* MCF 7 cells were seeded into the wells of a 96-well plate and then incubated for at least for 24 h. After that,
different concentrations of FA-functionalized SiQDs/KCC-1-NH,@SiOy composite (50-200 pg/mL) were added to the wells and
incubated for 6-24 h. Then, about 20 pL of MTT reagent (3 mg/mL) was added and incubated for about 4 h. Next, the wells’ liquids
were replaced by 200 pL. DMSO and incubated for another 30 min. Finally, the absorbance intensity of each well was measured at 570
nm, and cell viability was calculated as the ratio of the absorbances of samples to the control ones.

2.4.3. Cell uptake study

To check the cell uptake of FA-functionalized SiQDs/KCC-1-NH,@SiO» composite, the cell lines were incubated with the nano-
composite at various concentrations and times of incubation. About 5 x 10° of the cells were seeded to the wells of a 6-texture plate.
After the attachment of the cells to the bottom of the plate, the wells were treated with FA-functionalized SiQDs/KCC-1-NH@SiO,
nanocomposite. Next, the slides were washed with PBS buffer (pH 7.4). The quantitative and qualitative assessments of FA-
functionalized SiQDs/KCC-1-NH,@SiO; nanoparticle uptake were implemented using flow cytometry and fluorescence microscopy,
respectively, using a standard approach.
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Scheme 2. Schematic FA/FR integration between SiQDs/KCC-1-NH,@SiO»/FA and FR-positive cancer cells.
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3. Results and discussion
3.1. Structural and morphological properties of SiQDs/KCC-1-NH,@SiO2/FA nanocomposite

Fig. 1(a) and (b) show the SEM images of SiQDs/KCC-1-NH,@SiO,/FA nanocomposite. As expected, the general shape of nano-
composite is affected by the KCC-1-NH; nanoparticles with dendrimer-like structures. Fig. 1(c) and (d) are the demonstration of FESEM
images of SiQDs/KCC-1-NH,@SiO2/FA. The produced SiQDs/KCC-1-NH,@SiO2/FA particles are in a spherical structure in which a
thin layer of SiO2 covers SiQDs/KCC-1-NH, with a total size of around 250 nm. SEM size is close to the DLS size of SiQDs/KCC-1-
NH,@SiO2/FA which presents the hydrated diameter of composite (290 nm) (F. 1S). EDX data of the SiQDs/KCC-1-NH,@SiO2/FA
approved the existence of C, N, O, and Si with 44.5, 9.55, 39.7, and 6.2 percentages, respectively (F. 2S and T. 1S). The zeta potential
value of the SiQDs/KCC-1-NH,@SiO2/FA composite is +34.8 mV which is mainly caused by FA molecules presented on the shell
surface of SiQDs/KCC-1-NH,@SiOy/FA. In general, amine-functionalized materials are in cationic forms in neutral and acidic pHs. In
neutral pH, upon adding of SiQDs (with amine functional groups with —12.6 mV) to KCC-1-NH,, the zeta potential of SiQDs/KCC-1-
NH,, is turned into more negative charges; however, after adding of SiO layer and FA molecules, a final zeta potential value of +34.8
mV is obtained (T. 2S) [32,33]. The vibrational stretching of Si-O-R is responsible for the appearance of absorption bands between
1000 and 1200 cm™!. However, the spectra in the 600-800 cm ™! and 1579-3356 cm ™! ranges are related to the stretching and
vibrational modifications of N-H bonds. The absorption spectrum at around 1050 cm ™! denotes to the Si-O-Si asymmetric stretching
vibrations [34]. Si—-OH peak is observed at 960 cm ™' which represents the stretching vibration and asymmetric bending. Furthermore,
the peak at around 1510 cm™! is assigned to the amide II bonds between the carboxyl moiety of FA and the amine group of the
KCC-1-NHoy. F. 3S presents the FTIR spectra of FA, KCC-1-NHy, and SiQDs/KCC-1-NH@SiO2/FA.

75nm 50 nm

Drug Applied Research Center Dru3 Appled Research Center

SEM MAG: 100 kx Det: InBeam MIRA3 TESCAN| SEM MAG: 200 kx Det: InBeam MIRA3 TESCAN
WD: 4.89 mm BI: 7.00 500 nm 'WD: 4.89 mm BI: 7.00 200 nm
View field: 2.08 ym Date(m/dly): 05/01/21 View field: 1.04 ym Date(m/dly): 05/01/21

Fig. 1. TEM (a and b) and FESEM (c and d) images of SiQDs/KCC-1-NH,@SiO»/FA.
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3.2. Spectroscopic properties SiQDs/KCC-1-NH,@SiO,/FA

Fig. 2a reports UV spectra of SiQDs and SiQDs/KCC-1-NHy@SiO2/FA nanocomposite. An absorption at around 280 nm was
observed in SiQDs which could be ascribed to n-n* electron transitions. However, SiQDs/KCC-1-NH;@SiO2/FA spectrum showed two
absorptions at 350 nm and 500 nm which 350 nm is provided by n-n* electron transitions and responsible for the fluorescence emission
of SiQDs/KCC-1-NH,@SiO2/FA nanocomposite [34]. The SiQDs/KCC-1-NHy@SiO2/FA exhibited blue absorption under UV lamp
irradiation. Excitation and emission spectra of the SiQDs/KCC-1-NH;@SiO5/FA are accessible in F-4S.

The fluorescence emission peak of SiQDs was changed from 436 nm to 466 nm after their attachments to the KCC-1-NHy@SiO2/FA
3D-structure (F. 5S). Upon changing of the excitation wavelength from 300 to 400 nm, the luminescence of SiQDs/KCC-1-NH,@SiO5/
FA changed in which the emission intensity was increased up to 360 nm and then decreased to a minimum amount at 400 nm. In
addition, the emission wavelengths of SiQDs/KCC-1-NH2@SiO2/FA nanoparticles have been altered to the longer wavelengths, which
contradicts Kasha’s rule (F. 6S). If the singlet states of the excited level (S1 and S2) have substantial energy gaps, the emission
wavelengths do not follow the general rule [35]. The emission wavelength may also be affected by many excited states and the sluggish
relaxation rate of the medium [36].

3.3. Influence of pH on the fluorescence and absorbance of the SiQDs/KCC-1-NHo@SiO»/FA

The pH of media has an important effect on fluorescent and absorption wavelengths and intensity of SiQDs/KCC-1-NH,@SiOy/FA.
Fig. 2b shows how pH can affect the absorbance intensity and wavelength of the nanocomposite. The absorbance is increased by
increasing pH value up to around pH 7 and then a mild decreasing trend is obtained up to near pH 10.5. However, there is no blue or
red shift in the absorption maxima of the nanocomposite.

Moreover, fluorescence emission intensity and wavelength of the SiQDs/KCC-1-NHy@SiO2/FA can be affected by the pH of the
media. Fig. 3 and F. 7S depict that the fluorescence emission peaks wavelength was changed from 445 nm (pH 3.5) to 460 nm (pH
10.5). Also, the emission intensity was increased from pH 2.5 to 8.5.

3.4. Quantum yield (QY) estimation

QY of SiQDs/KCC-1-NH,@SiOy/FA was calculated using tyrosine (Tyr) as the reference substance [37] with a QY of about 14% in
water. To determine relative QY, the concentration of SiQDs/KCC-1-NH,@SiO3/FA and Tyr were regulated to provide absorbance
below 0.1. Then, their fluorescence emissions were measured at the obtained concentrations. Finally, the QY of the

112 SiQDs
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Fig. 2. UV spectra of SiQDs, SiQDs/KCC-1-NH,@SiO»/FA AuNPs (a) and pH influence on the absorbance peak and intensity of the SiQDs/KCC-1-
NH,@SiO5/FA AuNPs (b).
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Fig. 3. Influence of pH on the fluorescence emission of SiQDs/KCC-1-NH,@SiO,/FA (Excitation wavelength: 360 nm).

SiQDs/KCC-1-NH,@SiO2/FA was calculated using the below equation.

AR\ (Fs\ (1)
Ys=QYx(=2) () (2
Qs = QYo (AS> (FR) ('YR
here “S’ and “R” are SiQDs/KCC-1-NHo@SiO2/FA and Tyr, and QYs and QY are quantum yields of nanocomposite and Tyr,
respectively. A, F and 5 describe to the absorbance, fluorescence peak area and refractive index of solvent (=1 for water), respectively.
The QY of SiQDs/KCC-1-NH,@SiO2/FA has been calculated at about 28%, near the reported values (21%) [38]. A comparison between

the QYsis presented in T. 3S. A little increase in QY was observed after the addition of the KCC-1 which is mainly caused by the intrinsic
3D structure of the KCC-1 material, collecting more QDs on a spot on its surface.

3.5. Targeting of cancer cells

3.5.1. Toxicity assay

The cytotoxicity of SiQDs/KCC-1-NH,@SiO2/FA was checked against MCF 7 cancer lines using the MTT assay. The cytotoxicity of
SiQDs/KCC-1-NH,@SiO2/FA was determined at 50, 100, 150, and 200 pg/mL concentrations for 6, 12, 18, and 24 h (F. 8S). Results
revealed that the cell survival rate was eventually high at the first 12 h of incubation with mean viability of about 90% for all con-
centrations of SiQDs/KCC-1-NHo@SiO2/FA. However, the viability values decreased by around 75% after 18 h and 24 h incubation
times. The results proved that the MCF 7 cell survival rate was not affected by SiQDs/KCC-1-NH,@SiO2/FA at the tested concentration,
and these materials could be further investigated for further in vivo tests.

3.5.2. Bioimaging

FA targeting ability of SiQDs/KCC-1-NH,@SiO5/FA was assessed by comparison of the amount of cellular uptake between MCF 7
(as FR-overexpressed cells) [39] and HEK 293 (as low-expressed cells) [40,41]. Fig. 4a demonstrates the fluorescent microscopic
images of MCF 7 cancer cells after incubation with the SiQDs/KCC-1-NH,@SiO2/FA nanocomposite for 2, 3, 4, 12, and 24 h in the
RPMI media. The morphology of the MCF 7 cell is nearly unaffected after even 24 h of treatment with the as-prepared materials. Also,
the aggregate form of SiQDs/KCC-1-NHo@SiO2/FA is presented in bright green. When SiQDs/KCC-1-NH,@SiO2/FA are anchored into
FR-overexpressed MCF 7 cells via the interaction of FA and FR, the location of the host cells can be detected by a fluorescence
microscope.

The SiQDs/KCC-1-NH,@SiO2/FA emitted green emission luminescence after attaching to the surface of the cells. The uptake ef-
ficiency of SiQDs/KCC-1-NH2@SiO2/FA is enhanced upon progressing the time of incubation. Bright green emission was identified in
the cytoplasm and surface membrane of the cells, but not in the nucleus, indicating that the SiQDs/KCC-1-NH;@SiO2/FA remain in the
membrane and progressively diffuse into the cytoplasm of MCF-7 cells. This phenomenon is based on the hypothesis of the availability
of FR on the membrane of the cells. The auto-fluorescence of control groups was not observed in non-stained cells (see Scheme 2).

Cellular internalization of the SiQDs/KCC-1-NH,@SiO5/FA was not favorable after 3 h of incubation; however, the internalization
of the nanoparticles was enhanced by the time of incubation. Besides, the internalization percentages are proportional to the con-
centration of nanoparticles. In fact, the higher concentration of SiQDs/KCC-1-NH,@SiO»/FA means the enhanced number of in-
teractions among FRs of the cell membrane and FA of the nanoparticles.

Fig. 4b shows the result of the incubation of MCF 7 cancer cells with 25, 50, 100, 150, 200 and 400 pg/mL of SiQDs/KCC-1-
NH,@SiO2/FA. Results implied that after adding 50 pg/mL of the nanoparticles, the fluorescence intensity remained constant
(Fig. 4b).

Fluorescence microscopy provides the quantitative results which could be used for visual comparison between control and case
groups. To provide more precise findings, flow cytometry technique is usually employed. In this regard, the internalization ability of
SiQDs/KCC-1-NH,@SiO2/FA with this technique is studied and the obtained results are shown in F. 9S. This figure can obviously
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Fig. 4. Visual internalization of SiQDs/KCC-1-NH,@SiO/FA to FR-positive cells at (a) various times of incubation in the presence of 200 pg/mL of
NPs and (b) concentrations at the incubation time of 12 h (Scale bar: 40 pm, BF: bright field, DAPIL: (4',6-diamidino-2-phenylindole), and FL:
fluorescence).

confirm the high level of uptake of SiQDs/KCC-1-NH,@SiO5/FA with the MCF 7 cells. Total uptake values of the nanoparticles were
4% and 58% for 10 pg/mL and 200 pg/mL after about 6 h of incubation time.

3.5.3. Imaging specificity

The targeting capacity of the SiQDs/KCC-1-NH,@SiO2/FA nanocomposites was studied by fluorescence microscopy with the in-
cubation of HEK 293 cells with the nanoparticles [42]. Bioimaging results implied that the SiQDs/KCC-1-NH,@SiO2/FA failed to
anchor to the HEK 293 cells because of low expression of FRs, showing the targeted manner of the nanocomposite. The high affinity of
SiQDs/KCC-1-NH,@SiO2/FA to FRs of MCF 7 cell membrane is mainly caused by high strength of FA/FRs bond with a dissociation
constant of about 0.1-1 nM, resulting in the targeted attachment and bioimaging of the cells. F. 10S demonstrates the specific manner
of SiQDs/KCC-1-NH,@SiO2/FA towards the breast cancer cells.

4. Conclusion

In the present study, FA-functionalized silica-based materials i.e. SiQDs/KCC-1-NH,@SiO4/FA, was employed for targeting MCF 7
breast cell via FA/FR interactions. The produced nanoparticles are biocompatible materials with high QY, large stokes shift and bright
fluorescence. The cell viability of SiQDs/KCC-1-NHo@SiO2/FA nanocomposite was proved by MTT assay with a biocompatible con-
centration of about 200 mg/L. Obtained results revealed that SiQDs/KCC-1-NH,@SiO,/FA nanoparticles could internalize to the
breast cancer cells through surface receptors with excellent specificity. These results were confirmed by fluorescence microscopy and
flow cytometry as qualitative and quantitative methods, respectively. As a limitation, the KCC-1 dispersions must be sufficiently
agitated and sonicated to be a monodispersed material for bioimaging. In brief, the produced nanomaterial is a very potent material
from biocompatibility, cell targeting ability, and bright fluorescence emission points of view. It is proposed for the fabrication of future
in vivo bioimaging devices.
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