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Abstract: We investigated the effect of synthesized retinoic acid-poly(ethylene glycol)-thiol gold nanoparticle conju-
gates on cervical carcinoma cells. Cervical cancer is the major cause of deaths for the women of reproductive age 
in the developing countries. Compared to retinoic acid, the nanoparticle conjugates exhibited better activity against 
cervical carcinoma. Selective delivery of gold nanoparticle conjugates to estrogen receptor positive cervical cancer 
cells with 6-fold enhanced drug potency was observed. Transfer of gold nanoparticles was found to be dominated 
by estrogen ligand and receptor. It appeared that retinoic acid nanoparticle conjugates were selectively taken and 
retained by the estrogen receptor alpha present in the plasma membrane. Thus IC50 values for RA-PEG-SH were sig-
nificantly improvedon nanoparticle ligation. Cells on treatment with RA-PEG-SH-AuNPsshowed growth inhibition at 
12 and 24 h after incubation. The IC50 for RA in RA-PEG-SH-AuNPs after 12 and 24 h were 3 and 1 μM, respectively. 
Thus, the use of RA nanoparticle conjugates can be a better strategy for cervical carcinoma treatment.
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Introduction

The second leading cause of cancer deaths in 
women throughout the world is cervical cancer. 
It is estimated that around 500,000 new cases 
of cervical cancer are diagnosed globally every 
year. The HPV3 infected women show multi-
stage process of carcinogenesis that develops 
and progresses into cervical cancer [1]. Initially 
a precursor lesion appears which progress to 
invasive cancer [2]. However, in cervical carci-
nogenesis the premalignant phase usually 
lasts for 5-10 years, making it suitable for che-
mopreventive therapy.

Retinoic acid has been shown to be very effec-
tive against various types of cancers including 
ovarian adenocarcinoma, head and neck can-
cer, breast cancer, human malignant gliomas 
and acute promyelocyticleukemia [3-7]. Addi- 
tionally, cell cycle behaviour is also influenced 
by all-trans retinoic acid [8, 9]. Despite the 
promising activity of retinoic acid in the treat-
ment of cancers, low aqueous solubility is a 
great challenge for its clinical applications [10, 

11]. To overcome the drawback, polymeric 
micelles like glycol chitosan micelles have been 
developed [12]. RA-incorporated GC nanoparti-
cles inhibited the proliferation of HuCC-T1 chol-
angiocarcinoma cells at higher than 20 μg/mL 
of RA concentration [13]. In the present study, 
the retinoic acid nanoparticle conjugates were 
synthesized with an aim to overcome the limita-
tion of solubility and enhance selective intracel-
lular delivery. This technique enhanced the 
potency and selective intracellular delivery of 
RA-targeted gold nanoparticles to ER(+) cervi-
cal cancer cells. The uptake of particles was 
found to be dependent both on receptor as well 
as ligand and lead to a 3.5-fold enhanced drug 
potency compared to the free drug.

In the current study, a PEG-SH-RA derivative 
was synthesized and subsequently subjected  
to gold nanoparticle (AuNP) conjugation (Figure 
1). This technique enhanced the potency and 
selective intracellular delivery of RA-targeted 
gold nanoparticles to ER(+) cervical cancer 
cells.
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Nanoparticles with their multivalent nature of 
surfaces have been shown to be very effective 
for the purpose of diagnosis and treatment [14-
18]. There is an increase in binding affinity in 
proportion to the density of binding sites after 
nanoparticle conjugate are formed. The uptake 
of nanoparticle conjugates greatly enhances 
delivery rates in the cases where intracellular 
drug transport relies on passive diffusion [19, 
20]. It is reported that enhanced permeability 
and retention which are responsible for prefer-
ential accumulation at tumor sites in vivo is 
associated with nano-size of the drug conju-
gates [21, 22]. The properties of nanoparticles 
including biocompatibility [23, 24], stability 
[25], and potential use in phothermal laser 
treatments proved them to be excellent candi-
dates for cancer treatment strategies [21, 
25-29].

Materials and methods

Reagents and chemicals

Octa(ethylene glycol) (OEG), retinoic acid, and 
other chemicals were purchased from Sigma 
Chem. Co. Ltd. (St. Louis, MO, USA).

Synthesis of gold nanoparticles and their con-
jugation

We subjected retinoic acid to esterification 
using DCC and DMAP. The retinoic acid ester 
was treated with thioacetate followed by depro-
tection to result conjugate nanoparticle. The 
chloroauric acid after Turkevich reduction was 
used for the synthesis of gold nanoparticles. 
The 100 mL of 1.0 mM aqueous HAuCl4 solu-
tion was refluxed and to it 10 mL of 3.5 mg/mL 
aqueous sodium citrate was added while stir-
ring. Heating was stopped after half an hour 
and stirring was continued for 45 minutes. The 
solution containing crude AuNP was subjected 
to centrifugation at 12, 000 × g. Five milligram 
of RA-PEG-SH suspended in 100 μL of ethanol 
was diluted to 0.5 mM solution by distilled 
water. To the AuNPs, 1:1 mixture of RA-PEG-SH 
and PEG-SH was added and the mixture  
was sonicated overnight. The concentration of 
citrate-capped gold nanosphere was estimated 
by molar extinction coefficient.

Characterization of gold nanoparticle bio-
conjugation

The synthesized gold nanoparticles were char-
acterised by diffraction-contrast transmission 
electron microscopy (TEM, JEOL 100CX II) and 

Figure 1. Synthesis of retinoic acid-poly(ethylene glycol)-thiol gold nanoparticle conjugates.

Figure 2. Formation of the nanoparticle conjugates.
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UV-Vis absorption spectroscopy (Ocean Optics, 
HR4000CGUV-NIR) techniques. Absorption 
was measured at 280 nm to determine the 
number of RA-PEG-SH ligands per nanoparticle. 
The Zeta potential of the gold nanoparticles 
and conjugates was determined by NanoZSZ- 
etasizer particle analyzer (Malvern) equipped 
with a 633 nm laser.

Cell culture and nanoparticle incubation

Erα(-)HeLa DH and Erα(+)HR5-CL11 cervical 
cancer cells or ERα(+) (CaSki) cells were pur-
chased from Sigma-Aldrich. The cells were cul-
tured in DMEM growth media at 37°C in humid-
ified atmosphere containing 5% CO2. The medi-

um was changed by the media containing gold 
nanoparticle conjugates.

Cell viability assay

In MTT assay, ERα(-)HeLa DH and ERα(+)HR5-
CL11 cervical cancer cells grown for 24 h in a 
medium containing gold nanoparticle conju-
gates. The cells were then washed twice with 
sterile Dulbecco’s phosphate-buffered saline 
(DPBS). The activity of mitochondrial dehydro-
genase was then examined using 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT). The activity was determined using statis-
tical analysis t test and SpectraMax Plus 384 
microplate reader.

Figure 3. Dark-field scattering microscopy showing ligand-and receptor-dependent intracellular targeting of cervi-
cal cancer cells by gold nanoparticle conjugates. Representative dark-field scattering images of ERα(+)HR5-CL11 
or ERα(-)HeLa DH human cervical cancer cells incubated for 24 h with 10 μM RA-PEG-SHAuNP and PEG-SH-AuNP 
conjugates.
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Absorption microspectrometry and dark-field 
scattering microscopy

The sterilized cover slips were put in 0.3 μm fil-
tered 0.05 mg/mL collagen (Roche) solution  
for 6 h. The coated surfaces were washed  
with sterile PBS and placed in 12-well plates. 
Incubation of the substrates with nanoparticle 
conjugates was followed by washing with sterile 
DPBS buffer. For fixing of the cells cold 10% 
paraformaldehyde was used. The coverslips 
coated with glycerol were mounted and sealed 
onto glass slides. The inverted objective Olym- 
pus IX70 microscope fitted with a dark-field 
condenser (U-DCW) was used for dark-field 
microscopy. The optical extinction spectra were 
recorded on SEE110 absorption microspectro- 
meter.

Results

Formation of the RA-PEG-SH-AuNPs conjugate

The absorbance for RA and its conjugates was 
measured at 280 nm. Comparison of the absor-
bance before conjugation to nanoparticles and 
after removal indicated that 15000 RA-PEG-SH 
ligands are bound to each nanoparticle. Binding 
of 15000 ligands accounts for around 51% of 
the theoretical surface coverage for a 25 nm 
diameter Au(111) surface. A significant change 
was observed in the zeta potential from -38.4 

to -5.79 mV on RA-PEG-SH functionalization. 
The findings clearly suggested the formation of 
RA-PEG-SH-AuNPs conjugate (Figure 2).

Nanoparticle uptake by the cervical carcinoma 
cells

ERα(-)HeLa DH and ERα(+)HR5-CL11 cervical 
cancer cells were incubated with 10 μM 
RA-PEG-SH-AuNPs and PEG-SH-AuNPs for a 
period of 24 h. The intracellular uptake of 
nanoparticles was analysed by dark-field scat-
tering microscopy. On examination, we observ- 
ed a higher level of intracellular and perinuclear 
RA-PEG-SH-AuNPs localization in ERα(+)HR5-
CL11cervical cancer. In Erα(-)HeLa DH cells 
RA-PEG-SH-AuNPs localization was found to 
absent (Figure 3).

Neither Erα(+)HR5-CL11 nor Erα(-)HeLa DH 
was observed to show uptake of AuNPs labell- 
ed only with PEG-SH. We also found that the 
uptake of RA-PEG-SH-AuNPs by Erα(+)HR5-
CL11 cells was dependent on the time. Incuba- 
tion of the cells with RA-PEG-SH-AuNPs for 6 h 
showed labelling only in the marginal cell sur-
face. The labelling was visible in the perinuclear 
and cytoplasmic locations after 24 h. For deter-
mination of the relation between expression of 
ER and gold particle targeting incubation of the 
ERα(+) human carcinoma cells (CaSki) was per-
formed in the presence of 10 μM RA-PEGSH-

Figure 4. Time-dependent dose-response curves 
for cell viability of ERα(+)HR5-CL11 cervical can-
cer cells incubated with equivalent concentra-
tions of (A) RA-PEG-SH as a free drug and (B) as 
a gold nanoparticle conjugate. (C) Time-depen-
dent IC50 values show 6-times enhanced potency 
from the nanoparticle conjugate compared to 
free drug.
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AuNPs and PEG-SH-AuNPs for 24 h. CaSki cells 
were found to selectively uptake RA-PEGSH- 
AuNPs.

Effect of RA-PEG-SH-AuNPs on AuNP surface 
plasmon extinction

Incubation of the ERα(+) and ERα(-) cervical 
cells with RA-PEG-SH-AuNPs resulted in the 
AuNP surface plasmon extinction exclusively 
from perinuclear regions of ERα(+) cells. How- 
ever, no such effect was observed in the cells 
incubated with PEG-SH-AuNPs.

Effect of RA-PEG-SH-AuNPs on cervical cell 
viability

The ERα(+)HR5-CL11 cervical cancer cells 
were incubated with similar doses of RA-PEG-

SH (free drug) and the nanoparticle conjugate. 
We observed a time time-dependent dose-
response curves (Figure 4A, 4B). Comparison 
of the IC50 values for free drug and its AuNP 
conjugate showed 6-fold enhanced potency for 
RA-PEGSH-AuNPs (Figure 3C). Thus IC50 values 
for RA-PEG-SH were markedly improved on 
nanoparticle ligation. Cells on treatment with 
RA-PEG-SH-AuNPs showed growth inhibition at 
12 and 24 h after incubation. The IC50 for RA  
in RA-PEG-SH-AuNPs after 12 and 24 h were 3 
and 1 μM, respectively.

Effect of estrogen nanoparticle uptake by the 
cervical carcinoma cells

Incubation of the ERα(+)CaSki cervical cells 
with various doses of estrogen, an ERR’s 
endogenous ligand 17β-estradiol was followed 
by incubation for 24 h with 5 μM RA-PEGSH-
AuNPs. We observed inhibition of RA-PEG-SH-
AuNP intracellular localization at estrogen  
concentrations as low as 20 nM (Figure 5). 
Decreased cell surface labelling was also 
observed with increasing estrogen concentra-
tion. This suggests that a greater ERα binding 
affinity for 17β-estradiol compared to that of 
RA.

ERα(+) cervical cells were incubated for 24 h 
with 10 μM RA-PEG-SH-AuNPs after blocking 
for 12 h with equimolar concentrations of estro-
gen was performed (Figure 6). The cells treated 
initially with estrogen showed inhibition of cyto-
toxic activity of RA-labelled AuNPs. However,  
in the absence of estrogen the effect of RA- 
labelled AuNPs was maintained. These findings 
correlate ERR binding with both RA-PEG-SH-
AuNP intracellular localization and subsequent 
cell death.

Figure 5. Representative dark-field scattering (red) and bright-field transmission (green) image overlays of RA-PEG-
SH-AuNP competitive binding following 24 h incubation with 17β-estradiol. ERα(+) cervical cancer cells (CaSki) were 
incubated overnight with increasing concentrations of estrogen, followed by 24 h incubation with 5 μM RA-gold 
nanoparticle conjugates.

Figure 6. Suppression of RA-PEG-SH-AuNP activity by 
estrogen competition in ERα(+) cervical cancer cells. 
Growth inhibition of cells incubated for 24 h with 10 
μM RA-PEG-SH-AuNPs when previously untreated 
and treated overnight with 10 μM 17β-estradiol.



Retinoic acid-poly(ethylene glycol)-thiol nanoparticle conjugates in cervical cancer

10506 Int J Clin Exp Med 2015;8(7):10501-10507

Discussion

We observed that retinoic acid-poly(ethylene 
glycol)-thiol gold nanoparticle conjugates selec-
tively targeted estrogen receptor alpha in 
human cervical cancer cells. The efficiency of 
the nanoparticle conjugates was about 6-times 
enhanced compared to free drug. The Optical 
microscopy and spectroscopy showed higher 
degree of perinuclear and cytoplasmic localiza-
tion of the targeted particles. However, we  
did not observe any localization or cytotoxic 
effect from the untargeted nanoparticles. Time- 
dependent dose-response studies showed that 
increased potency results from increased rates 
of drug transport by nanoparticle uptake ver-
sus passive diffusion of the free drug. Receptor-
selective and estrogen-competitive cytotoxicity 
and uptake of the nanoparticle conjugates indi-
cates no additive effects associated with the 
gold particles themselves. The plasma mem-
brane localized ERα may facilitate selective 
endocytotic transport of these therapeutic 
nanoparticle conjugates. The lack of significant 
growth inhibition by the free drug at short  
incubation times, together with an observed 
decrease in the disparity between IC50 values 
of the free drug and the AuNP conjugate over 
time, and obvious ligand-dependent response 
indicate increased rates of RA-PEG-SH trans-
port by the AuNP conjugate.

The ERα expression-dependent nanoparticle 
uptake observed suggests that the cell mem-
brane-associated receptor may facilitate intra-
cellular nanoparticle transport. Indeed, plasma 
membrane localized ERα has been shown both 
as antibody epitopes for the nuclear receptor 
and 17β-estradiol in mammalian cells [30, 31]. 
It is reported that intracellular transport and 
caveolar localization of ERα lies in the plasma 
membrane [32]. The role of plasma membrane 
localized ERα in contributing to receptor-medi-
ated endocytosis of RA-PEG-SH-AuNP conju-
gates was proved. The cell viability was shown 
to increase by 87% following incubation with 10 
μM RA-PEG-SHAuNPs for 6 h at 4°C. This indi-
cated that endocytosis, in addition to ERα bind-
ing and intracellular particle delivery, is required 
for therapeutic response from RA labelled 
AuNP conjugates.

Conclusions

Thus retinoic acid nanoparticle conjugate is  
an effective strategy for the cervical cancer 
therapy.
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