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Abstract. The present study reported on an intrinsic prop-
erty of gold nanoparticles (Au-NPs), namely their ability to 
inhibit the proliferation and invasion of thyroid carcinoma 
cells. Au-NPs of various sizes (5-60 nm) were synthesized 
and their uptake into the SW579 human thyroid carcinoma 
cell line was verified using transmission electron microscopy 
(TEM). The viability, apoptosis, cell cycle distribution and 
invasive capacity of SW579 cells were assessed following 
treatment with Au-NPs using a Cell Counting Kit-8 assay, 
flow cytometric analysis and a Transwell as well as a fluo-
rometric invasion assay. TEM demonstrated that all sizes of 
Au-NPs could be taken up by the SW579 cells. The results 
showed that small-sized Au-NPs (5 and 10 nm) significantly 
suppressed the proliferation and invasion of SW579 cells 
and induced apoptosis as well as cell cycle arrest in G0/G1 
phase, while larger-sized gold nanoparticles (20-60 nm) did 
not exert these effects, therefore suggesting that the effects 
of Au-NPs on SW579 cells were highly associated with 
their particle size. The reduction of the invasive capacity 
of SW579 cells following treatment with Au-NPs may be 
attributed to decreases in the expression of matrix metal-
loproteinase-2 and -9, which were observed using western 
blot and reverse-transcription quantitative polymerase chain 
reaction analyses. The present study was the first to demon-
strate that small-sized Au-NPs inhibit the proliferation and 
invasion of thyroid carcinoma cells, which may contribute to 
the advancement of biomedical applications of Au-NPs.

Introduction

In spite of extensive research efforts regarding the biomed-
ical applications of functionalized nanoparticles (NPs), the 
anti‑cancer effects of certain unmodified NPs have remained 

to be studied in detail. At present, Au-NPs are utilized in 
various biomedical applications, including intracellular gene 
regulation, chemotherapy and drug delivery, as well as in 
optical and electronic applications (1-3). Not only can Au-NPs 
be used as scaffolds for the delivery of anti-cancer drugs to 
enhance their potency, but they can also serve as intrinsic 
anti-neoplastic agents (4-6). A previous study demonstrated 
that unmodified Au-NPs inhibited the proliferation of 
cancer cells by abrogating mitogen-activated protein kinase 
signaling (7).

The benefits of nanomaterials in biomedical and indus-
trial applications for human health and the environment 
have been demonstrated by a large number of studies (8,9). 
Detailed studies on the broad applications of Au-NPs are 
available, indicating their size-dependent physicochemical 
and biological properties. Arvizo and Murphy (10) demon-
strated that small Au-NPs (diameter, <2 nm) were able to 
penetrate the cell nucleus, rendering them highly toxic. 
However, Connor et al (11) found that Au-NPs with a diam-
eter of 4, 12 and 18 nm were able to be endocytosed by cells, 
while not showing any inherent toxicity to leukemia cells. 
As these previous studies indicated differential effects of 
Au-NPs depending on their size, further elucidation of their 
properties and determination of a suitable particle size for 
cancer therapy are required.

The anti-metastatic properties of Au-NPs are the focus of 
current research (12). The process of cell invasion and metas-
tasis begins with cell proliferation, followed by dissociation 
of single cells from the primary lesions and their migration 
via the blood or lymph system, finally leading to adhesion to 
a secondary site of the body (13). In spite of marked progress 
in surgery, chemotherapy and radiotherapy, tumor recur-
rence is almost inevitable once metastasis is present (14,15). 
Previous studies have demonstrated that matrix metallopro-
teinase (MMP)2 and MMP9, used as prognostic biomarkers 
for thyroid carcinoma progression, have important roles in 
cancer cell adhesion, invasion and migration (16-18).

Therefore, the present study assessed the effects of 
Au-NPs on the proliferation, invasion and expression of 
MMPs in human thyroid carcinoma, which is a major 
malignant tumor type in China with an increasing incidence 
rate (19). The effects of Au-NPs of various sizes (5, 10, 20, 40, 
50 and 60 nm) on the proliferation and invasion of the SW579 
cell line were assessed in order to provide a foundation for 
the application of Au-NPs in thyroid carcinoma therapy.
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Materials and methods

Synthesis of Au‑NPs. The classic citrate reduction method was 
used to synthesize Au-NPs (20). For each synthesis, 100 ml 
0.01% HAuCl4 solution (Sinopharm Chemical Reagent Co., 
Ltd, Beijing, China) was heated to boil. Aliquots of 1% citrate 
solution (Shanghai XiBao Biological Technology Co., Ltd., 
Shanghai, China) were added, followed by heating to boil 
until the color of the solution turned to red. The solution was 
allowed to cool to room temperature (RT), and the morphology 
of the Au-NPs was observed by transmission electron micros-
copy (TEM; JEM-2100EX, JEOL, Ltd., Tokyo, Japan). The 
nanoparticles were purchased from Southeast University 
Biological and Medical Nanotechnology Research Laboratory 
(Nanjing, China).

Cell culture. The SW579 human thyroid carcinoma cell 
line (Shanghai Institutes for Biological Sciences, Chinese 
Academy of Sciences, Shanghai, China), were cultured in 
RPMI-1640 medium containing 10% (v/v) fetal bovine serum 
(FBS), 100 U/ml penicillin and 100 µg/ml streptomycin (all 
from Gibco (Thermo Fisher Scientific, Waltham, MA, USA) 
at 37˚C in a humidified atmosphere containing 5% CO2. Cells 
were harvested using trypsin-EDTA (Gibco) at the logarithmic 
growth phase, followed by centrifugation at 300 x g for 5 min 
and re-suspension in RPMI-1640 containing 10% FBS. In the 
experiments, cells were treated either with or without 50 µg/ml 
Au-NP solution for 24 h prior to subsequent analyses.

TEM studies. The uptake of Au-NPs by the cells was observed 
using TEM. Prior to incubation with the Au-NPs, the SW579 
cells were seeded into 100-mm dishes (Corning Inc., Corning, 
NY, USA) at 1x106 cells per dish and incubated for 24 h. After 
subsequent incubation with Au‑NPs for 24 h, the cells were fixed 
in 3.7% (v/v) paraformaldehyde (Beijing Dingguochangsheng 
Biotech Co., Ltd., Beijing, China) for 20 min at RT. The cells 
were then prepared for TEM analysis as follows: Cells were 
fixed in 1% (w/v) osmium tetroxide (Shanghai WeiHuan 
Biotech Co., Ltd., Shanghai, China) for 2 h, dehydrated in a 
graded series of 30, 50, 70, 80 and 90% ethanol, and treated 
three times with 100% ethanol for 15 min each. The samples 
were then embedded in a mixture of resin (Shanghai Absin 
Bioscience Inc., Shanghai, China) in propylene oxide (Shanghai 
WeiHuan Biotech Co., Ltd.) polymerized at 80˚C. Ultrathin 
sections (75 nm) were produced using a diamond knife and the 
samples were analyzed by TEM (JEM-2100EX; JEOL, Ltd.).

Cell Counting Kit (CCK)‑8 assay. SW579 cells, seeded in 
96-well plates (2,000 cells/well), were allowed to attach 
overnight and then left untreated or treated with Au-NPs (5, 
10, 20, 40, 50 or 60 nm) for 24 h. Subsequently, assay reagent 
(cat. no. KGA317; Cell Counting Kit-8; Kaiji, Nanjing, China) 
was added to each well followed by an incubation for 1, 2, 3 
and 4 h. Absorbance values at 450 nm were recorded using 
a microplate reader (iMark Microplate Absorbance Reader; 
Bio-Rad Laboratories, Inc., Hercules, CA, USA), the results 
from each of the four time points were averaged, and the 
cell viability was calculated as a percentage of the untreated 
control. Each experiment was performed in triplicate wells 
and the experiment was repeated three times.

Apoptosis detection by Annexin V‑propidium iodide (PI) 
staining. SW579 cells, seeded onto a six-well culture plate at 
a density of 1x105 cells per well, were and allowed to attach 
overnight in a 37˚C incubator. After treatment with or without 
Au-NPs (5, 10, 20, 40, 50 or 60 nm) for 24 h, apoptosis and 
necrosis were analyzed using the Annexin V-PI apoptosis 
detection kit (cat. no. 556547; BD Biosciences, Franklin Lakes, 
NJ, USA) following the manufacturer's instructions. The 
samples were analyzed using a BD FACS CantoII instrument 
(BD Biosciences).

Cell cycle analysis by flow cytometry. Cell cycle analysis was 
conducted using the Cell Cycle Assay kit (cat. no. A411-01; 
Vazyme, Nanjing, China). The cells were harvested using 
0.25% trypsin containing 1 mM EDTA (Gibco) and fixed 
for 12 h in 70% ethanol at 4˚C. The fixed cells were then 
centrifuged at 1,200 x g for 15 min to remove the ethanol, 
washed twice with 3 ml phosphate-buffered saline (PBS), 
re-suspended in 1 ml PI staining solution (20 µg/ml PI and 
0.2 mg/ml RNase A in PBS) and incubated for 15 min at RT. 
The samples were subsequently analyzed using a BD FACS 
CantoII instrument (BD Biosciences). Twenty thousand events 
were collected from each sample. The percentages of cells in 
the G0/G1, S, and G2/M phases of the cell cycle were deter-
mined using ModFit LT v 3.3 software (BD Biosciences).

Invasion assay. Cell culture inserts (8.0-µm pore size; 
Millicell Cell Culture Insert; Millipore, Billerica, MA, USA) 
were pre-coated with 50 µg/ml Matrigel (BD Biosciences) on 
the upper surface. Cells were treated either with or without 
50 µg/ml Au-NP solution for 24 h, and the harvested cells 
(2.5x105) were then seeded into the upper compartment in 
200 µl RPMI-1640 containing 0.2% bovine serum albumin 
(Shanghai WeiHuan Biotech Co., Ltd.). The lower compart-
ment was filled with 750 µl RPMI‑1640 containing 5% FBS. 
The invasion assay was performed for 24 h in a 37˚C incubator.

The culture medium in the upper and lower compartments 
of the chamber was then replaced with 4% formaldehyde 
to fix the cells. After incubation for 15 min, the chambers 
were washed with PBS and stained with 0.1% crystal violet 
(Sinopharm Chemical Reagent Co., Ltd.) for 10 min. After 
washing the chambers five times with deionized H2O, the cells 
at the top of the Matrigel membrane were removed using cotton 
buds. Images of the cells remaining on the lower side, which 
were those that had transgressed through the membrane, were 
captured using a microscope (DM2500; Leica Microsystems, 
Wetzlar, Germany).

In addition, cells invaded through the membrane 
were quantified using the QCM™ 24-well Cell Invasion 
Fluorometric Assay (cat. no. ECM554; Millipore). This assay 
provides an efficient system for quantitative detection of cell 
invasion through a basement membrane model. SW579 cells, 
either in the absence (control) or in the presence of Au-NPs (5, 
10, 20, 40, 50 or 60 nm), were cultured in complete medium 
for 24 h. Subsequently, cells were harvested, re-suspended in 
serum-free medium and seeded (2.5x105 cells/250 µl) into a 
plate chamber. RPMI-1640 containing 10% FBS was used as 
chemoattractant added to the lower chamber. After incubation 
for 24 h, cells remaining on the top of the membrane were 
removed and the inserts were placed in a fresh well. Cell 
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detachment solution was added, followed by incubation at 37˚C 
for 30 min. After removing the inserts from the wells, lysis 
buffer/dye solution was added to the detached cells for 15 min 
at RT. Finally, the relative fluorescence of the stained lysates 
was assessed using a fluorescence plate reader (Synergy HT, 
Bio-Tek, Winooski, VT, USA) at 480/520 nm.

Reverse‑transcription quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Total RNA was isolated from SW579 cells 
in each group using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific). Reverse transcription into cDNA (cat. no. R122-01; 
HiScript Q RT SuperMix for qPCR; Vazyme) was performed 
using 1 µg total RNA with oligo dT primer, and PCR was 
performed using SYBR Green Mix (cat. no. Q111-02/03; AceO 
qPCR SYBR Green Master Mix; Vazyme) and ABI7300 
Real-Time PCR System; Applied Biosystems; Thermo Fisher 
Scientific). The primer sequences were as follows: GAPDH 
forward, GGA GCC AAA CGG GTC ATC ATCTC and reverse, 
GAG GGG CCA TCC ACA GTC TTCT; MMP2 forward, TGA 

TCT TGA CCA GAA TAC CAT CGA and reverse, GGC TTG 
CGA GGG AAG AAGTT; MMP9 forward, GGC TAC GTG 
ACC TAT GAC ATCCT and reverse, TCC TCC CTT TCC TCC 
AGA ACA (Invitrogen; Thermo Fisher Scientific). PCR was 
performed at 95˚C for 5 min, followed by 95˚C for 30 sec 
at 60˚C for 30 sec and 1 min at 70˚C for 35 cycles. Melting 
curve analysis was performed to determine the specificity of 
the PCR products. The comparative Ct method (21) was used 
to evaluate the relative abundance of mRNA and target gene 
expression was normalized to that of GAPDH. Three indepen-
dent experiments were performed.

Western blot analysis. SW579 cells (1x106) were placed in 
75 cm2 culture flasks and treated with or without Au‑NPs (5, 
10, 20, 40, 50 and 60 nm). After 24 h, 5-10x106 cells were 
harvested and lysed with ice-cold radioimmunoprecipitation 
assay lysis buffer (Sigma-Aldrich, St. Louis, MO, USA). 
Protein concentration was determined using Bicinchoninic 
Acid Protein Assay kit (cat. no. P0012A; Beyotime Institute 

Figure 1. Characterization of the differently sized Au-NPs. Transmission electron microscopy images of Au-NPs with diameters of (A) 5 nm, (B) 10 nm, 
(C) 20 nm, (D) 40 nm, (E) 50 nm and (F) 60 nm. Scale bars, 20 nm for A and B; 100 nm for C-F. NP, nanoparticle.

Figure 2. Transmission electron microscopy images of Au-NP uptake inside the cells. Images showing the internalization of 25 µg/ml Au-NPs with diameters 
of (A) 5 nm, (B) 10 nm, (C) 20 nm, (D) 40 nm, (E) 50 nm and (F) 60 nm into SW579 cells after treatment for 24 h. Scale bars, 300 nm. NP, nanoparticle.
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of Biotechnology, Shanghai, China). Equal amounts of protein 
(50 µg) were separated by 10% SDS-PAGE and electropho-
retically transferred onto polyvinylidene fluoride membranes 
(Millipore). Membranes were blocked with 5% non-fat dry milk 
for 2 h and incubated overnight at 4˚C with rabbit anti‑MMP9 
antibody (1:1,000; cat. no. ab38898; Abcam, Cambridge, MA, 
USA), rabbit anti-MMP2 antibody (1:1,000; cat. no. 13132; Cell 
Signaling Technology, Inc., Danvers, MA, USA), or mouse 
anti-GAPDH antibody (1:1,0000; cat. no. M20006; Abmart, 
Berkeley Heights, NJ, USA). Blots were washed five times 
with Tris-buffered saline containing 0.1% Tween 20, and were 
then incubated with horseradish peroxidase-conjugated goat 
anti-rabbit (cat. no. H0912; dilution 1:1,000) or goat anti-mouse 

(cat. no. A8592; dilution 1:1,000) secondary antibodies 
(Sigma-Aldrich) and visualized with chemiluminescence 
reagents included in the ECL kit (Bio-Rad Laboratories, Inc.). 
GAPDH was used as the housekeeping gene control and the 
expression levels of the MMP2 and MMP9 were normalized 
to GAPDH. Immunoreactive bands were detected by enhanced 
chemiluminescence and quantified using a ChemiDoc XRS 
molecular imager (Bio-Rad Laboratories, Inc.).

Statistical analysis. GraphPad Prism 5.0 software for 
Windows (GraphPad, Inc., La Jolla, CA, USA) was used for 
all statistical analyses in this study. Values are expressed as 
the mean ± standard deviation. Statistical comparisons were 

Figure 4. Effects of gold nanoparticles on the invasive capacity of SW579 cells. Images of SW579 cells that were (A) untreated or treated with nanoparticles 
sized (B) 5 nm, (C) 10 nm, (D) 20 nm, (E) 40 nm, (F) 50 nm or (G) 60 nm that transgressed through the membrane of a Transwell chamber. Cells were stained 
with crystal violet. (H) Fluorometric quantification of cell invasion using the QCM™ 24‑well Cell Invasion Fluorometric Assay. Values are expressed as the 
mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 vs. control. RFU, relative fluorescence units.

Figure 3. Comparison of the viability, apoptosis and cell cycle distribution of SW579 cells treated with Au-NPs. (A) Cell viability was calculated as the per-
centage of viable cells in the treatment groups compared to that in the untreated control. (B) Apoptotic rate of SW579 cells following treatment with Au-NPs. 
(C) Cell cycle distribution of SW579 cells treated with differently sized Au-NPs and (D) proportion of cells in G0/G1 phase in the treatment groups. Values are 
expressed as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01, ***P<0.001 vs. control. NP, nanoparticle.
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performed using one-way analysis of variance, followed by the 
Dunnett's t-test for comparison with the control group. P<0.05 
was considered to indicate a statistically significant difference.

Results

Synthesis and characterization of Au‑NPs. Au-NPs without 
any further modification were used in the present study. To 
explore the size-dependent effects of the nanoparticles, 
Au-NPs of six different sizes (5, 10, 20, 40, 50 or 60 nm) were 
synthesized and characterized by TEM (Fig. 1). The particles 
exhibited a spherical shape and were uniform in size within 
each group.

Internalization of Au‑NPs. To prove that Au-NPs were able to 
enter cells, SW579 cells were cultured in complete medium 
containing Au-NPs (5, 10, 20, 40, 50 or 60 nm) for 24 h and 
visualized using TEM. Fig. 2 shows the internalization and 
distribution of Au-NPs with various sizes in SW579 cells. 

Most of the particles appeared in vesicles or the perinuclear 
region within the cells.

Small‑sized Au‑NPs reduce the proliferation of SW579 cells, 
and induce apoptosis and cell cycle arrest. The CCK-8 
assay showed that only 5- and 10-nm Au-NPs exerted 
obvious inhibitory effects on the viability of SW579 cells and 
promoted apoptosis (Fig. 3A and B). In addition, only 5-nm 
Au‑NPs caused significant cell cycle arrest in G0/G1 phase 
(Fig. 3C and D). By contrast, Au-NPs sized 20-60 nm showed 
no significant effects on the viability, apoptosis and cell cycle 
distribution of SW579 cells.

Small‑sized Au‑NPs reduce the invasive capacity of 
SW579 cells. The invasive capacity of SW579 cells was 
determined using a classic Transwell assay. As shown in 
Fig. 4, cell invasion was significantly suppressed by 5‑ and 
10-nm Au-NPs (P<0.05), while Au-NPs sized 20-60 nm did 
not significantly affect the invasiveness of SW579 cells. These 

Figure 5. Fold changes in mRNA expression in SW579 cells treated with differently sized NPs according to reverse-transcription quantitative polymerase chain 
reaction analysis. (A) MMP2 and (B) MMP9 expression in SW579 cells after 24-h incubation with 5-nm, 10-nm, 20-nm, 40-nm, 50-nm or 60-nm Au-NPs. 
Values are expressed as the mean ± standard deviation of three independent experiments. *P<0.05, ***P<0.001 vs. control. NP, nanparticles.

Figure 6. Western blot analysis of the expression levels of MMP2 and MMP9 in SW579 cells after Au-NP treatment for 24 h. (A) Representative blots showing 
the effect of Au‑NPs treatment on the expression of MMP2 and MMP9 in SW579. (B) MMP2 and (C) MMP9 levels were quantified by determining the band 
densities relative to those of the control group with normalization to GAPDH. Values are expressed as the mean ± standard deviation of three independent 
experiments. ***P<0.001 vs. control. MMP, matrix metalloproteinase; NP, nanoparticle.

  A   B

  A

  B   C
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findings indicated that the effects of Au‑NPs on cell invasion 
may be size-dependent.

Small‑sized Au‑NPs inhibit the expression of MMP2 and 
MMP9 in SW579 cells. To elucidate the underlying mecha-
nisms of the inhibitory effects of Au-NPS on SW579 cells, 
RT-qPCR analysis was performed to evaluate the mRNA 
expression of MMP2 and MMP9 in the presence of Au-NPs. 
The results showed that 5- and 10-nm Au-NPs markedly 
reduced the mRNA expression of MMP2 and MMP9 in 
SW579 cells (Fig. 5), while no significant effects were exerted 
by Au-NPs sized 20-60 nm.

Furthermore, the present study assessed the protein expres-
sion of MMP2 and -9 using western blot analysis. As shown 
in Fig. 6, treatment with 5‑nm Au‑NPs significantly decreased 
the protein expression of MMP2 (P<0.001) and obviously 
decreased the protein expression of MMP9. Furthermore, 
10‑nm Au‑NPs significantly decreased the protein expression 
of MMP2 and MMP9 in SW579 cells (P<0.001), while no 
significant effects were observed for Au‑NPs sized 20-60 nm.

Discussion

Major research efforts in biomedical nanotechnology 
have focused on drug delivery and biosensor applications. 
Although physicochemical and optoelectronic properties 
of inorganic nanoparticles have been studied in detail, their 
biological properties remain to be fully elucidated. Among 
them, Au-NPs have gained interest regarding their utilization 
in biomedical applications due to their low production cost 
and high synthetic accessibility (22-24). However, the basic 
knowledge regarding the interactions between nanomaterials 
and biological systems is required to be broadened prior to the 
clinical use of Au‑NPs. Similar to the findings of several other 
studies (25,26), the present study observed that Au-NPs were 
easily taken up by SW579 cells and localized in vesicles and 
the perinuclear regions. No marked differences were observed 
in cell uptake/localization, which may be due to the small 
sample size of the TEM selection.

The present study revealed that small Au-NPs with a 
diameter of 5 and 10 nm obviously inhibited the proliferation 
and induced apoptosis and G0/G1 phase cell cycle arrest of 
SW579 cells. By contrast, 20-60 nm-sized Au-NPs exerted 
no marked cytotoxic effects on SW579 cells, which is in line 
with the findings of previous studies. Arvizo et al (27) came to 
the conclusion that surface size, but not surface charge, has a 
significant effect on the biological effects of Au‑NPs. However, 
other studies did not observe any cytotoxic effects of Au-NPs; 
for instance, Connor et al (11) reported that Au-NPs sized 4, 12 
and 18 nm were not acutely toxic to K562 leukemia cells, and 
hypothesized that the previously observed cytotoxicity was an 
effect of the cetyltrimethyl ammonium bromide coating of the 
Au-NPs. Cui et al (28) even observed that Au-NPs promoted 
cell proliferation when accumulated on the cell surface instead 
of within the cells. Furthermore, Patra et al (29) demonstrated 
that Au-NPs did not universally target all cell types, which 
may explain for the controversy among the abovementioned 
studies.

To date, the underlying mechanisms of the anti-prolifer-
ative effects of Au-NPs have remained elusive. Most studies 

indicated that Au-NP-derived cytotoxicity is mainly based on 
the generation of reactive oxygen species (30,31). Furthermore, 
Au-NPs have been indicated to cause cell-morphological 
changes and cytoskeletal defects, leading to cell damage and 
inhibition of proliferation (29). In addition, Au-NPs have been 
demonstrated to interfere with the expression of genes associ-
ated with proliferation (32).

The present study revealed that the Au-NP-induced reduc-
tion of the invasive ability of SW579 cells was accompanied 
by a marked downregulation of MMP2 and MMP9 expression. 
The most important step in tumor metastasis is the invasion of 
tumor cells through the extracellular matrix (ECM). Tumor 
cells initiate invasion by adhering to and migrating along the 
blood or lymph vessel wall. MMPs, which are endopeptidases, 
are able to degrade ECM components, allowing tumor cells 
to access the vasculature and lymphatic systems (33,34). 
MMPs have attracted much attention due to their ability to 
degrade type IV collagen, the basic component of the base-
ment membrane. Increased expression of MMP9 in patients 
with thyroid carcinoma was shown to be correlated with 
a greater risk of advanced cancer (35,36); therefore, drugs 
restraining the expression of MMPs may suppress tumor 
cell migration and invasion. It has been reported that MMP2 
is highly expressed in human thyroid carcinoma (37,38). 
Marecko et al (39) revealed that downregulation of MMP2 
mRNA or protein markedly inhibited human thyroid carci-
noma cell invasion. The present study found that 5- and 10-nm 
Au-NPs effectively suppressed the expression of MMP2 and 
MMP9 in SW579 cells, which partially explained for the 
inhibitory effects of the nanoparticles on tumor cell invasion. 
Since the downregulation of Au-NPs on MMP2 and MMP9 
expression in SW579 cells indicated that small nanoparticles 
may own the ability to suppress the invasion of thyroid carci-
noma cells, further in vivo studies are required to confirm the 
mechanisms.

To the best of our knowledge, the present study was the 
first to evidence the inhibitory effects of Au-NPs on thyroid 
carcinoma cell proliferation, viability and invasion in vitro, 
which contributes to the development of novel therapies 
for thyroid carcinoma utilizing Au-NPs. The present study 
suggested that the anti-cancer efficacy of unmodified Au‑NPs 
largely depended on the particle size.

The present study assessed the inhibitory effects of 
unmodified Au‑NPs of different sizes (5, 10, 20, 40, 50 and 
60 nm) on the proliferation, viability and invasion of thyroid 
carcinoma cells. NP size is an essential factor determining 
their efficacy with regard to the inhibition of cell prolifera-
tion and invasion. Only 5- and 10-nm Au-NPs were able to 
inhibit the proliferation and invasion of SW579 cells, which 
was indicated to be attributed to the downregulation of MMP2 
and MMP9 expression. The present study provided useful 
information on the effects of Au-NPs on cell proliferation and 
invasion, which may contribute to the utilization of Au-NPs in 
thyroid carcinoma therapy.
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