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Background: Lycopene, a plant carotenoid, has potent effects against the various types of cancer 
cells. To date, the effect of lycopene in the free and encapsulated forms on the telomerase activity 
in human leukemia cell line K562 have not been investigated. The aim of the present study was 
to prepare a novel lycopene‑loaded nanosphere and compare its anti‑telomearse activity in K562 
cell line with those of free lycopene. Materials and Methods: The lycopene‑loaded nanospheres 
were prepared by nanoprecipitation method. The lycopene entrapment efficacy was measured 
by high‑performance liquid chromatography (HPLC) method. The anti‑proliferation effect of the 
lycopene in the free and encapsulated forms in the different times (0‑72 h) and the different 
doses (0‑100 µg/ml) on K562 cell line was studied using the 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl 
tetrazolium bromide assay. The changes of telomerase activity, following treatment with the 
lycopene in the free and encapsulated forms, were detected using the telomeric repeat amplification 
protocol‑enzyme‑linked immunosorbent assay. Results: The entrapment efficacy of lycopene was 
78.5% ± 2. Treatment of the K562 cell line with lycopene, in particular in encapsulated form, 
resulted in a significant inhibition of the cell growth and increasing of percentage of apoptotic cells. 
It has also been observed that the telomerase activity in the lycopene‑loaded nanospheres‑treated 
cells was significantly inhibited in a dose and time‑dependent manner. Conclusion: Our data suggest 
a novel mechanism in the anti‑cancer activity of the lycopene, in particular in encapsulated form, 
and could be provided a basis for the future development of anti‑telomerase therapies.
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INTRODUCTION

Telomerase is a cellular reverse transcriptase enzyme that 
can add nucleotide repeats to telomeres by using ribonucleic 
acid template.[1,2] Telomerase activity is closely dependent 
on the expression of  subunit human telomerase reverse 
transcriptase  (hTERT) that is widely expressed in many 
different cancers.[3‑8] Many studies have indicated that the 
activation of  telomerase and telomere stabilization is a crucial 
step in tumorigenesis.[3] Recent studies showed that the 
telomerase activity is present in the almost all tumor‑derived 
human cell lines analyzed and in at least 85% of  human tumor 
samples.[4,5] Additionally, many studies have demonstrated that 
the inhibition of  telomerase triggers apoptotic death in various 

cell types.[6,7] In this case, many different synthetic chemical 
agents have been proposed for telomerase inhibition,[8,9] but 
most of  these compounds have also influenced to the normal 
cell system with severe toxic side effects.[10] Extensive studies 
have been carried out in search of  substances that are capable 
of  inhibiting telomerase activity for retarding the growth of  
cancer cells without affecting normal cells.[11‑13] In this field, 
certain plant‑derived compounds have been found to be 
able to inhibit telomerase activity through transcriptional 
repression of  hTERT leading to induction of  cell death in 
several cancerous cell lines.[5,7‑13]

Lycopene  [Figure  1], a water insoluble carotenoids are 
found in some red fruits and vegetables, such as red carrots, 
papayas, and tomatoes.[14] Lycopene has an inhibitory effect 
on different kinds of  cancer cells including colon, breast, 
endometrial, and prostate cancer cells.[15,16] However, the 
insolubility of  the lycopene in the water has restricted its 
use in the biomedical research.[17]
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Some studies showed that the encapsulation of  
plant‑derived materials in the nanoparticles markedly 
alter their pharmacokinetics and compensated their water 
insolubility.[18,19] Nanoparticles as biodegradable and 
biocompatible polymeric submicron carriers have a general 
name to describe nanocapsules, nanospheres, and mixed 
micelles.[20,21] The nanospheres have a polymeric matrix 
and have been developed as drug targeting delivery system, 
using poly lactide, poly lactic acid‑co‑glycolid (PLGA) and 
other polymers.[22] PLGA is synthesized from two different 
monomers, the cyclic dimers (1,4‑dioxane‑2,5‑diones) of  
glycolic acid and lactic acid and used in drug delivery, owing 
to its biodegradability and biocompatibility.

To date, little is known about the molecular mechanism 
involved in the anti‑cancer effect of  lycopene on K562 cells,[23] 
and there is no report regarding the inhibitory effect of  
lycopene in the free and loaded forms on telomerase activity 
in this cell line. The aim of  present study was therefore, to 
investigate the molecular mechanism involved in induction of  
apoptosis by lycopene in the free form and loaded in PLGA 
nanospheres in human leukemic cell line K562 with special 
emphasis on their role in inhibiting telomerase activity.

MATERIALS AND METHODS

Materials
Fetal bovine serum (FBS), Roswell Park Memorial Institute 
medium 1640 (RPMI)‑1640, penicillin, streptomycin, and 
trypan blue were purchased from Gibco BRL (Gaithersburg, 
MD, USA). Lycopene (purity ≥ 90%), Hoechst 33342, PLGA, 
mineral oil, sorbitan monostearate, and tetrahydrofuran 
were obtained from Sigma  (St. Louis, MO, USA). 
Annexin V‑propidium iodide  (PI) apoptosis Detection 
Kit and TeloTAGGG telomerase polymerase chain 
reaction (PCR)‑enzyme‑linked immunosorbent assay (ELISA) 
Plus kit were purchased from Roche  (Applied Science, 
Germany). Methanol, methyl‑tert‑butyl ether and ammonium 
acetate were purchased from Merck (Darmstadt, Germany).

Preparation of lycopene‑loaded nanospheres
The lycopene‑loaded nanospheres were prepared by 
nanoprecipitation method, as described previously.[22] 

Briefly, the nanospheres suspension was prepared by 
dissolving the PLGA (l g), lycopene (1 g), and the sorbitan 
monostearate (0.766 g) in acetone (270 ml). This organic 
phase was added with moderate magnetic stirring into 
an aqueous solution (530 ml) containing the polysorbate 
80 (0.766 g). Empty nanoparticles were prepared in a similar 
manner omitting the lycopene.

Characterization of nanospheres
The content of  lycoene in nanospheres was determined 
by high‑performance liquid chromatography  (HPLC) 
as previously described.[24] Briefly, 20  mg of  prepared 
nanospheres were dissolved in 0.5 ml of  dimethyl 
sulfoxide (DMSO) and mixed with 0.98 ml of  methanol: 
Water (50:50 vol./vol.) solution. Then, the 50 µl of  mixture 
was injected into the HPLC column. In the HPLC analysis, a 
C30 column (3 μm, 150 × 4.6 mm, YMC, Wilmington, NC, 
USA) was used. The mobile phase for the determination of  
the lycopene was methanol/methyl‑tert‑butyl ether/water 
(83:15:2, v/v/v, with 1.5% ammonium acetate in the water; 
solvent A and methanol/methyl‑tert‑butyl ether/water 
(8:90:2, v/v/v, with 1% ammonium acetate in the water; 
solvent B at a flow rate of  1.2  ml/min and then the 
percentage of  lycoene loading was then calculated as:

Amount of  lycoene in nanospheres  ×  total volume 
tested  ×  100/total sample volume  ×  initial amount of  
nanospheres.

The particle size, zeta‑potential, and polydispersity index 
of  the lycopene‑loaded nanospheres were evaluated 
using Malvern Zetasizer apparatus (Malvern Instrument, 
Worcestershire, UK), as reported previously.[22] Briefly, 
the particle size and zeta‑potential of  nanospheres were 
measured at angles of  90° and 120° at 25°C, respectively. 
These experiments were done in triplicate.

Cell culture
Human chronic myelogenic leukemia cell line K562 was 
purchased from Pasteur Institute of  Iran (Tehran, Iran). 
The cells were maintained in RPMI‑1640 medium 
supplemented with 10% heat inactivated FBS along with 
penicillin  (100 units/ml) and streptomycin  (100 µg/ml) 
and were grown at 37°C in a humidified atmosphere of  
5% CO2. Lycopene was dissolved in the tetrahydrofuran 
to obtain a 100 mg/ml stock solution.[25] All subsequent 
dilutions were made in the RPMI medium.

Cell proliferation assay
Cell proliferation was assessed using the 3‑(4,5‑ 
dimethylthiazol‑2-y l ) -2 ,5‑diphenyl  tetrazol ium 
bromide  (MTT) assay as described previously.[26] Briefly, 
5 × 103 cells were incubated in 96 well plates in the presence 
of  different concentration of  lycopene in the free and 

Figure 1: Lycopene chemical structure
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encapsulated forms (0, 10, 25, 50, 75 and 100 µg/ml) for 
24, 48, and 72 h in a final volume of  200 µl. At the end 
of  the treatment, 20 µl of  MTT (5 mg/ml in phosphate 
buffered solution [PBS]) was added to each well and then 
incubated for an additional 2 h at 37°C. The purple‑blue 
MTT formazan precipitate was dissolved in 200 µl of  
DMSO and the activity of  the mitochondria that reflects 
cellular growth and viability was evaluated by measuring 
the optical density at 570 nm on microtiter plate reader. 
Three replicates of  each concentration of  lycopene in the 
free and encapsulated forms were performed.

Nuclear staining with Hoechst 33342
The K562  cells were incubated with the lycopene in 
the free and encapsulated forms  (0, 10, 25, 50, 75, 
and 100 µg/ml) for 24, 48  h and were washed with 
PBS buffer. After fixation in freshly prepared ice‑cold 
paraformaldehyde  (0.1%) for 10  min, the cells were 
stained with Hoechst 33342 (50 µg/ml) for 1 min in the 
dark and its morphologic changes were observed under 
the fluorescent microscope. Subsequently, the percentage 
of  apoptotic cells was determined after counting for at 
least 100 cells per treatment groups. This experiment was 
repeated in triplicate.

Flow cytometric analysis
The K562 cells were treated with varying concentrations of  
the lycopene in the free and encapsulated forms (0, 10, 25, 
50, 75, and 100 µg/ml) in the complete medium for 24 and 
48 h. At the end of  each treatment, the cells were collected 
and quantitative apoptotic death assay was performed 
by Annexin V and PI staining following manufacturer’s 
protocol and apoptotic cells were analyzed immediately 
by flow cytometry.

Telomerase activity assay
The cells were first treated with different concentrations of  
the lycopene in the free and encapsulated forms for 48 h. In 
order to investigation of  the effect of  different incubation 
time on telomerase activity, concentrations of  the lycopene 
in the free and encapsulated forms at 100 µg/ml dose was 
selected for different time (0‑72 h) incubation. At the end 
of  each treatment, the cells were harvested and washed 
twice with washing buffer and lysed in the lysis buffer. 
The protein concentration was assay using Bardford 
method.[27] The telomerase activity was determined using 
the TeloTAGGG telomerase PCR‑ELISA plus Detection 
Kit according to the manufacturer’s protocol  (Roche 
Applied Science, Germany). Briefly, the cell extracts were 
incubated in presence of  biotin‑labeled primers for 30 min 
and the telomeric repeats were built by cell‑extracted 
telomerase. Subsequently, the elongated products as well as 
especial internal standard were amplified by PCR and then, 
the PCR products were denatured and split in two aliquots 

and each separately hybridized to a digoxigenin‑labeled 
detection specific probes and was then allowed to bind to 
a streptavidin coated 96‑well plate and the biotin‑labeled 
PCR products were detected using peroxidase‑conjugated 
antibody. Finally, the absorbance of  developed blue color 
was measured at 450  nm by STAT‑FAX  3200 ELISA 
reader (Awareness Technology, Inc., USA). The telomerase 
activity was measured in triplicate. As the negative control, 
each extract was heated at 95°C for 10 min prior to the PCR 
step. Relative telomerase activity (RTA) of  each sample was 
calculated according to the instruction of  TeloTAGGG 
Telomerase PCR‑ELISA PLUS kit.

Statistical analysis
Data were presented as percentage of  control. The results 
were represented as means  ±  standard deviation  (SD). 
The analysis of  variance was performed on data for all 
comparisons and the differences with P < 0.05 were 
considered statistically significant.

RESULTS

Characterization study
The results showed that the percentage of  lycopene 
entrapment efficacy was 78.5% ± 2. Table 1 shows mean 
particle size, zeta‑potential, and polydispersity index of  
empty and lycopene‑loaded nanospheres. Size homogeneity 
of  empty and loaded nanospheres suggested that lycopene 
was entrapped into nanoparticle core, according to previous 
studies.[28,29] In this work, the results from vesicle size 
distribution showed a monomodal pattern. Furthermore, 
zeta‑potential and polydispersity index of  the lycopene‑loaded 
nanospheres revealed that nanoparticles have appropriate 
stability in aqueous dispersion, as reported previously.[30]

Proliferation study
The effect of  the lycopene in the free and encapsulated 
forms on the cell growth was examined in the 
K562  cells by MTT assay. The results showed that 
the cell proliferation was inhibited in the K562  cells 
in a dose‑  and time‑dependent manner  [Figure  2]. In 
all conditions, the lycopene‑loaded nanospheres were 
more effective than those of  free lycopene on K562 cell 
growth. As shown in Figure 2, the extent of  inhibition 

Table 1: The particle size, zeta-potential, and 
polydispersity index of the empty and lycopene-
loaded nanospheres
Formulations Mean 

particle 
size (nm)

Zeta-
potential 

(mV)

Polydispersity 
index

Empty nanospheres 92±3 −30.5±1 0.23±0.04
Lycopene-loaded 
nanospheres

98±1 −26.1±3 0.25±0.01
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increased significantly at 24 h with 10 µg/ml of  lycopene 
in the free and encapsulated forms which is continued 
to increase up to 48  h and 72  h with its maximum 
concentration (100 µg/ml).

Hoechst 33342 staining study
The staining of  the lycopene‑treated cells after 24 and 48 h 
under a fluorescence microscope showed characteristic 
apoptotic features such as chromatin condensation and 
nuclear fragmentation. For each experiment, 100  cells 
were scored at random under a fluorescence microscope 
and classified into apoptotic and non‑apoptotic cells based 
on above characteristics. In particular, in the presence 
of  lycopene‑loaded nanospheres the percentage of  the 
apoptotic cells was increased in a dose‑ and time‑dependent 
manner [Figure 3].

Flow cytometric study
As shown in the representative Fluorescence Activated 
Cell Sorting (FACS) analysis scatter‑grams, control cells 
showed a large viable cell population, in contrast to the 
treated cells with lycopene, in particular in the loaded 
form, at 10, 25, 50, 75, and 100 µg/ml doses for 48 h 
resulted in a strong shift from live cells to the early and 
late apoptotic cells with a little change in the necrotic cell 
population [Figure 4].

Telomerase activity
The RTA of  K562 cells, compared to untreated cells, was 
significantly suppressed after treatment with lycopene, in 
particular in the encapsulated form [Figures 5 and 6]. As 
compared to control group, results revealed that the RTA 
of  K562 cells treated with 100 µg/ml lycopene in the free 
and loaded forms at 48 h was reduced to 23.5% ± 1.5 and 

Figure 3: The K562 cells were incubated for 48 h without lycopene or 
with lycopene in the free and encapsulated forms (100 µg/ml) (a) and 
nuclear morphological changes observed under the fluorescent 
microscope after staining with hoechst 33342. As compared to control 
cells  (b) fragmented or condensed nuclei indicative of apoptosis 
could be observed in the lycopene‑treated as arrows indicated. The 
rate of apoptotic K562 cells after treatment with the lycopene in the 
free  (c) and encapsulated  (d) forms are presented in the Figure 3. 
Data represent as mean ± standard deviation from three independent 
experiments (*P < 0.05 and **P < 0.001)

dcb

a

Figure  2: Dose‑  and time‑dependent inhibition of K562 cell growth by the lycopene in the free  (a) and encapsulated  (b) forms. The cells 
were incubated with increasing concentration of lycopene in the free and encapsulated forms and then the cell survival was determined by 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium bromide assay. Data were expressed as mean ± standard deviation from three independent 
experiments (*P < 0.05 and **P < 0.001)

ba

10.5% ± 1, respectively  [Figure  5]. Similarly, as shown 
in Figure  6, RTA of  K562 treated with lycopene in 
the free and loaded forms as compared to control 
group (100 µg/ml) was reduced to 19% ± 1.35 and 14% 
± 1.1 at 48  h, respectively. Furthermore, there was no 
significant difference between the results obtained at 48 
and 72 h (P > 0.05).
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Figure 4: Lycopene, in particular in encapsulated forms caused strong apoptotic death on the K562 cell line. Representative Fluorescence 
Activated Cell Sorting analysis scatter‑grams of Annexin V/propidium iodide stained 10, 25, 50, 75, and 100 µg/ml lycopene in the free (a) and 
loaded (b) forms treatment showed four different cell populations (*P < 0.05 and **P < 0.01)

a

b

DISCUSSION

Lycopene, a carotenoid pigment and phytochemical, is 

naturally present in many vegetables and fruits such as 
tomatoes and pink grapefruit.[14] Evidence for lycopene’s 
benefit was strongest for anti‑oxidative, anti‑tumor, 
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Figure 5: Dose‑dependent inhibition of relative telomerase activity by 
the lycopene in the free and loaded forms as detected by telomeric 
repeat amplification protocol enzyme‑linked immunosorbent assay after 
48 h (*P < 0.05 and **P < 0.001). This experiment was done in triplicate

Figure 6: Time‑dependent inhibition of relative telomerase activity 
by lycopene in the free and encapsulated forms  (100 µg/ml) as 
detected by telomeric repeat amplification protocol enzyme‑linked 
immunosorbent assay (*P < 0.05 and **P < 0.001). This experiment 
was done in triplicateanti‑inflammatory, and chemo‑preventive effects.[15,16,31] 

It is reported that plant‑derived materials in the free and 
encapsulated forms that could suppress telomerase might 
be potential candidates as chemotherapeutic agents for 
cancer due to the fact that they have no side‑effects.[7‑13]

Telomerase activity occurred in a wide variety of  cancer cells, 
including leukemia, and this phenomenon could enhance 
resistance to apoptosis through multiple mechanisms.[1‑5] 
Telomerase has been proposed as an important marker 
for tumorigenesis and is a potentially highly selective 
target for the development of  anti‑proliferative agents 
and anti‑tumor drugs.[1‑3] The significant observation in 
this study was that the lycopene, in particular in the loaded 
form, inhibited telomerase activity in K562 cells with a dose 
as well as time dependent manner.

Our results showed that anti‑telomerase activity of  
lycopene‑loaded nanospheres in K562  cells was higher 
than those of  free lycopene. Several hypotheses, including 
increased penetration of  plant‑derived materials into cells 
and water suspensibility may explain the mechanism of  
enhanced anti‑cancer activities of  this nanoparticulate 
formulation.[18,19]

The findings of  this study showed a positive correlation 
between telomerase inhibition and induction of  apoptosis. In 
this case, similar correlation between apoptosis and telomerase 
inhibition have been reported in the previous studies with 
other natural plant products such as silymarin,[32] berberin,[6] 
wagonin,[5] tea polyphenol,[7,8] curcumin,[9] gossypol,[10] 
butein,[11] Koran red ginseng extract,[12] and aqueous extract 
from Platy codon grantiflorum[13] in various cancer cell lines. 
Therefore, lycopene and other effective plant‑derived agents 
in free and loaded forms could be considered as the promising 
strategy for developing the anti‑telomerase drugs.

In conclusion, we have shown that the lycopene, in 
particular in the encapsulated form is a good candidate 

for inhibiting telomerase activity in leukemia. This is the 
first report regarding inhibition of  telomerase activity by 
lycopene in the free and loaded forms in the K562. This 
strategy could be useful in supporting a rationale for clinical 
trial in leukemia patients.
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