
Abstract. Background: Melanoma is the deadliest variant
of skin cancer and its incidence continues to increase. There
are limited treatment options for advanced and metastatic
cases of melanoma, despite advances in immunotherapy and
chemotherapy. Melanoma is notorious as a radioresistant
tumor. Previous studies found that phytochemicals, such as
resveratrol and those found in green tea and blueberry, can
sensitize various cancer cells, including melanoma, to
radiotherapy. Our previous study also revealed that kiwifruit
extract (KE) has antitumor activity to melanoma cells. This
study was designed to expand upon our previous
investigation and determine KE’s potential as a
radiosensitizer on CRL-11147 melanoma cancer cells and
elucidate the possible mechanisms behind its potential.
Materials and Methods: Proliferation and apoptosis of CRL-
11147 melanoma cells under radiation therapy (RT) plus KE
versus RT alone were investigated using Proliferative cell
nuclear antigen (PCNA) staining, quick cell proliferation
assay, clonogenic assay, and caspase-3 activity assay.
Reverse transcription-polymerase chain reaction (RT-PCR)
and immunohistochemistry (IHC) were then used to
investigate the mechanisms behind the observed results.
Results: The percentage of CRL-11147 colonies, PCNA
staining intensity, and the optic density value of CRL-11147
cells decreased with RT/KE vs. RT alone. Relative caspase-
3 activity was increased with RT/KE vs. RT alone. Increased

expression of the anti-proliferative molecule p27 and pro-
apoptotic molecule TRAILR1 correlated with the anti-tumor
effect seen in the RT/KE group versus the RT alone group.
Conclusion: KE augments radiosensitivity of CRL-11147 by
up-regulating both p27 and TRAILR1 to inhibit proliferation
and increase apoptosis, respectively.

While the incidence rate of all cancers combined has been
declining, the incidence of melanoma continues to rise (1).
Projections estimate that 112,000 new invasive melanomas will
be diagnosed by 2030 at the current rate (1). Although the least
common of all skin cancers, melanoma is the deadliest and
responsible for nearly 75% of deaths (2). Treatment options
include surgery, immunotherapy, radiotherapy (RT), and/or
chemotherapy (2). Despite advances in immunotherapy and
chemotherapy, treatments can be costly and have considerable
side-effects and impact on quality of life (3-5). Because
melanoma is notoriously radioresistant, RT is rarely a primary
treatment in melanoma (6). However, RT plays important role
in metastatic melanoma, where limited therapies are available
(6, 7). Strategies to increase radiosensitivity of melanoma cells
can increase the effectiveness and application of RT in
melanoma treatment.

Kiwifruit has well-known antioxidant properties, such as
reduction in cell viability of human lung and gastric cancer,
increased DNA repair, and reduction of DNA damage caused
by H2O2 (8). Our previous studies showed that phytochemicals,
such as resveratrol, green tea, raspberry, and blueberry extract,
exhibit anti-cancer properties and are potential radiosensitizers
for various cancers, including melanoma (9-12). Our previous
research also showed anti-tumor properties of kiwifruit extract
(KE) on melanoma cells (13). Therefore, we hypothesize that
anti-tumor effects of KE will synergize with RT to sensitize and
amplify destruction of melanoma cells. This study is designed
to explore that hypothesis and investigate the underlying
molecular mechanisms behind the results. 
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Materials and Methods
Tumor cell line. The human melanoma cell line, CRL-11147, was
acquired from the America Type Culture Collection, Manassas, VA,
USA. The cells were preserved in Dulbecco’s Modified Eagle
Medium and supplemented with 10% heat-inactivated fetal bovine
serum and 1% penicillin-streptomycin, all acquired from Invitrogen,
Carlsbad, CA, USA. The cells were then cultured at 37˚C in a
humidified 5% CO2 incubator until 70% confluence prior to being
subjected to experimental protocols. 

Treatment with kiwifruit extract and radiation therapy. Seventy
percent confluent CRL-11147 cells were treated with 50 μg/ml kiwifruit
extract (Maple Lifesciences™, Kan Phytochemicals Private Limited,
India) or 50 μg/ml medium alone for seventy-two h, followed by
radiotherapy (RT) at 4 Gy. All RT was performed at 320 Kv, 12.5 mA,
and 50 cm focus-to surface distance at 280 cGy/min dose rate with an
aluminum filter using the XRAD 320 Biological Irradiator. RT dosage
and KE concentration are based on our previous pilot experiments (9,
14-16). CRL-11147 cells in 75 cm2 culture flasks were irradiated at
room temperature (9, 14). After completion of RT, CRL-11147 cells
were cultured for an additional forty-eight h prior to harvest. 

Clonogenic survival assay. Clonogenic survival assay was performed
as detailed in our previous experiments (9, 10, 17-19). The number of
colonies was expressed as a percentage of total colonies vs. controls.

Immunohistochemistry (IHC). IHC staining for PCNA, TRAILR1,
P27, Cyclin E, and CDK4 were completed as in our previously

published experiments (10, 20, 21). MetaMorph version 6.3r6
(Molecular Devices Analytical Technologies, Sunnyvale, CA, USA)
was used to quantify PCNA+ cells by random selection of 3-5 high
power fields and manually counting. MetaMorph image analysis
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Figure 1. RT/KE’s synergistic effect in inhibiting growth of CRL-11147
cells. Results, determined by using clonogenic assay and by using a
proliferation kit, are expressed as the mean colony or optical density
(OD) + scanning electron microscopy in each group and represent two
independent experiments. The asterisk (*) denotes a significant
difference (p<0.05) in the percentage of (A) colonies in each group and
(B) OD in each group.

Figure 2. RT/KE’s effect on the expression of pro- and anti-proliferative
molecules investigated using reverse transcription-polymerase chain
reaction. The experimental procedures were performed in triplicate and
mRNA extraction was performed as described in the Materials and
Methods section. Two independent experiments are represented by the
results and displayed as the mean ratio of pro- and anti-proliferative
molecule densitometric Units/GAPDH + scanning electron microscopy
(×100). The asterisk (*) symbol denotes significant difference (p<0.05)
in mRNA expression of CRL-11147 cells treated with RT/KE or RT only. 



software was also used to obtain average staining intensity for
proteins in the CRL-11147 cell-encompassed area. The results of are
expressed as the average integrated staining intensity of 3 slides
±SEM as compared to control cells.

Determination of proliferation using the Quick Cell Proliferation
Assay Kit. Quick Cell Proliferation Assay Kit (BioVision, Milpitas,
CA, USA) was used to examine cell proliferation. Increased
activity of mitochondrial dehydrogenases reflected increased
proliferation of viable cells. The increased activity resulted in
increased detection of formazan dye by spectrophotometry.
Protocol details can be found in our previously published studies
(9, 17, 18).

RT-PCR. CRL-11147 cells were washed and homogenized in TRIzol
(Invitrogen, Waltham, MA, USA). RNA was extracted and reverse
transcribed with 1 μg of added RNA. Primer sequences and reverse
transcription procedures were performed as outlined in our previous
studies (20, 21). 

Measurement of caspase-3 activity. CRL-11147 apoptosis was
measured using caspase-3 activity. This was done using a caspase-
3/CPP32 colorimetric assay kit (BioVision). Detailed process is
described in our previous publications (9, 17).

Statistical analysis. Each experiment was repeated at least 3 times.
An unpaired two-tailed student’s t-test was used in statistical
analysis. p-Values <0.05 were considered significant. 

Results

Effect of RT/KE on inhibition of melanoma cell proliferation.
Forty-eight h after RT, clonogenic survival assay was used to
evaluate CRL-11147 cell survival. When the RT/KE treated
CRL-11147 cells were compared to the controls treated with
RT only, the percentage of colonies were significantly lower
(Figure 1A, p<0.05). These results were supported by OD
values obtained using a Quick Cell Proliferation Assay Kit to
assess cell proliferation (Figure 1B). The results strongly
indicate that RT/KE displays synergism in inhibiting CRL-
11147 proliferation. 

Effect of RT/KE on expression of pro-proliferative and anti-
proliferative molecules. To explore the mechanisms behind
this result, mRNA expression of major pro- and anti-
proliferative molecules in the RT/KE and RT group were
determined with RT-PCR (Figure 2). mRNA expression in
both groups were mostly comparable except for anti-
proliferative molecule p27 and pro-proliferative molecule
cyclin E, which were both increased significantly (p<0.05).
This finding was further investigated and confirmed at the
protein level via p27 IHC staining (Figure 3). The staining
intensity was stronger in the RT/KE group vs. RT group.
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Figure 3. Effect of RT/KE on p27 expression evaluated by immunohisto -
chemistry. The results are shown in the graph as the average integrated
staining intensity of 3 slides + scanning electronic microscopy for
RT/KE vs. RT. Significant difference (p<0.05) is denoted by the asterisk
(*). All results are representative of two independent experiments.
Original magnification ×400. 

Figure 4. Caspase-3 activity was determined as described in the
Materials and Methods section. Assays were performed in triplicate and
results are displayed as the mean caspase-3 activity compared to
controls + scanning electron microscopy. The asterisk (*) symbol
denotes significant difference (p<0.05) in the relative caspase-3 activity
in CRL-11147 cells treated with RT/KE versus RT only. Images
displayed represent two independent experiments.



Surprisingly, the cyclin E mRNA expression levels were
significantly increased in the RT/KE group vs. RT group.
Cyclin E is an important molecule required to advance the
cell cycle. Increase of cyclin E would increase cell
proliferation; thus, favoring tumorigenesis. This would
suggest that cyclin E did not play a major role in the
growth inhibition effect displayed by RT/KE on CRL-
11147 cells. Altogether, the up-regulation of p27
corresponded with RT/KE’s inhibitory effect on CRL-11147
cell survival. 

RT/KE promotes apoptosis of CRL-11147 cells. To further
elucidate the mechanisms behind RT/KE’s anti-tumor effect
on CRL-11147, a caspase-3 activity kit was used to
investigate the possibility of increased apoptosis induced by
RT/KE. Relative caspase-3 activity was increased in the
RT/KE group vs. RT group, which reflected increased
apoptosis induced by RT/KE in CRL-11147 cells (Figure 4).
This supported apoptosis as another mechanism behind
RT/KE’s inhibitory effect on CRL-11147 survival. 

Effect of RT/KE on pro-apoptotic molecule TRAILR1 in
CRL-11147 cells. To further investigate how RT/KE induced
apoptosis in CRL-11147 cells, RT-PCR was used to
determine mRNA expression of major pro- and anti-
apoptotic molecules. mRNA expression of these molecules
was similar in both RT/KE and RT only groups, except
TRAILR1, which was increased significantly in the RT/KE
group vs. RT only group (Figure 5, p<0.05). IHC staining
confirmed this at the protein level (Figure 6). TRAILR1 is a
pro-apoptotic molecule, and its increased expression
correlates with increased apoptosis seen in RT/KE treated
CRL-11147 cells. 

Discussion

Surgical removal is the first-line treatment for early-stage
melanoma and usually results in an excellent prognosis.
Because melanoma is known as a radioresistant tumor,
radiotherapy (RT) is rarely used as a primary treatment.
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Figure 5. RT/KE’s effect on the expression of pro- and anti-apoptotic molecules investigated using reverse transcription-polymerase chain reaction.
The experimental procedures were performed in triplicate and mRNA extraction was performed as described in the Materials and Methods section.
Two independent experiments are represented by the results and displayed as the mean ratio of pro- and anti-apoptotic molecule densitometric
Units/GAPDH + scanning electron microscopy (×100). The asterisk (*) symbol denotes significant difference (p<0.05) in mRNA expression of CRL-
11147 cells treated with RT/KE or RT only. 



Melanoma metastasizes to the brain in more than 50% of
patients with advanced melanoma, making it the cancer with
the highest rate of brain metastasis (22). Localized and/or
whole-brain RT plays a significant role in the treatment of
melanoma metastasis to the brain (6, 22). However, RT has
a high risk of damaging healthy tissue leading to side-effects
ranging from localized skin irritation to cutaneous scarring
with tissue retraction and loss of skin appendages (23).
Furthermore, it has been reported that while patients achieve
better tumor control with RT, they have a high risk of
developing neurocognitive decline (24, 25). Several studies
have looked at possible radiosensitizers for treatment of
melanoma with brain metastasis, but so far, none have
demonstrated a survival benefit (26). KE may play a role in
RT by increasing melanoma’s susceptibility to radiation. This
would decrease the dosages of radiation required for tumor
control and attenuate the side effects. 

This study shows that RT/KE was synergistic in inhibiting
CRL-11147 survival via up-regulating anti-proliferative
molecule p27 and pro-apoptotic molecule TRAILR1. p27,
also known as Kip1, is a well-known tumor suppressor
protein that regulates cell-cycle progression from G1 to S-
phase via inhibition of cyclin E or cyclin dependent kinase
(cdk) 2 complexes (27). p27 is active in the nucleus where
it can suppress cdk. Once stimuli for mitosis occurs, some
of the p27 is translocated to the cytoplasm allowing the cell-
cycle to progress (28). Decreased nuclear p27 and increased

cytoplasmic p27 expression has been associated with
melanoma progression from primary to dysplastic to
subsequent metastasis (29, 30). Thus, the likely mechanism
behind RT/KE’s ability to decrease melanoma cell
proliferation is the increased expression of p27 and its
subsequent halting of the cell-cycle in the G1 phase. 

Tumor necrosis factor-related apoptosis-inducing ligand
receptor (TRAILR) also called death receptor 4, mediates
apoptosis through the extrinsic apoptosis pathway once
bound by TRAIL. The bound TRAILR initiates a cascade of
signals and recruitment of various molecules, including the
caspase-8 and -10 (31). Caspases-8 and -10 then cleave
caspase-3 causing its activation. Caspase-3, also known as
the executioner caspase, is the common link between the
intrinsic and extrinsic apoptotic pathways and is ultimately
responsible for cell death induction (31). Thus, the increased
apoptosis of RT/KE treated melanoma cells is likely
mediated through the extrinsic apoptosis pathway secondary
to the increased expression of TRAILR1. Prior studies from
our lab showed that KE and IL-32 up-regulated TRAILR1
expression, while IL-9 up-regulated TRAIL expression in
melanoma cells (13, 32, 33). There is increased interest in
targeting the TRAIL/TRAILR1 pathway for chemotherapy
because it is effective in causing cancer cells apoptosis,
while sparing healthy cells. Unfortunately, more studies are
needed before clinical application as a chemotherapy agent
(34-36). With the increased expression of TRAILR1 shown
by RT/KE, a combination of chemotherapy and radiotherapy
with radiosensitizers such as KE may open the doors to
targeted chemotherapy of the TRAIL/TRAILR1 pathway. 

One unexpected finding in our study was the increase of
cyclin E. Similar unexplained variations in proliferative and
apoptotic molecules were noted in our previous studies (9,
10, 14, 17, 18). Cyclin E drives the cell cycle forward from
G1 to S phase. The increase in Cyclin E seen in our study
may be a cell adaptation to increase proliferation when faced
with increased apoptosis. Another possible explanation may
be suppression of pro-proliferative properties of cyclin E by
increased p27 and TRAILR1. It is well documented that the
cell cycle depends on a complex interaction of pro-/anti-
proliferative and apoptotic molecules (37). Undiscovered
interactions between these molecules may be responsible for
our results. Future research into the relationship between
cyclin E and apoptosis may eventually reveal the reason
behind our result. 

In conclusion, KE acts as a radiosensitizer in melanoma
cells by increasing the expression of anti-proliferative
molecule p27 and pro-apoptotic molecule TRAILR1 in vitro.
These data show potential for KE to augment RT of
melanoma and possibly expand its current limited role in
melanoma treatment. Future clinical studies are needed to
determine the role of RT/KE in the treatment of melanoma
and other malignancies. 
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Figure 6. Effect of RT/KE on TRAILR1 expression evaluated by
immunohistochemistry. The results are shown in the graph as the
average integrated staining intensity of 3 slides + scanning electron
microscopy for RT/KE vs. RT. Significant difference (p<0.05) is denoted
by the asterisk (*). All results are representative of two independent
experiments. Original magnification ×400.
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