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ABSTRACT
The survival rate of head and neck squamous cell carcinomas (HNSCC) patients 

has not considerably changed over the last two decades. Polyphenols inhibit the 
growth of cancer cells. We determined whether the combination of Resveratrol (RES) 
and Curcumin (CUR) enhanced their in vitro and in vivo antitumor activities on HNSCC 
cell lines compared to the single compounds. We provide evidence that RES potentiated 
the apoptotic effect and reduced the IC50 of CUR on HNSCC cell lines. The model of 
compounds interaction indicated the onset of an additive effect of the two compounds 
compared to the single treatment after decrease of their concentrations. RES+CUR 
compared to CUR increased the PARP-1 cleavage, the Bax/Bcl-2 ratio, the inhibition 
of ERK1 and ERK2 phosphorylation, and the expression of LC3 II simultaneously 
with the formation of autophagic vacuoles. RES and CUR induced cytoplasmic NF-κB 
accumulation. RES+CUR administrations were safe in BALB/c mice and reduced the 
growth of transplanted salivary gland cancer cells (SALTO) more efficiently than CUR. 
Overall, combinations of CUR and RES was more effective in inhibiting in vivo and in 
vitro cancer growth than the treatment with CUR. Additional studies will be needed 
to define the therapeutic potential of these compounds in combination.

INTRODUCTION

The rate of head and neck squamous cell carcinomas 
(HNSCCs) is increasing worldwide, and despite advances 
in treatment, the survival rate of HNSCC patients has not 
considerably changed over the last two decades [1]. The 
development of HNSCC is multistep, progressing from 
precancerous lesions to malignant tumors [2].

Polyphenols constitute one of the most numerous 
and widely distributed groups of natural products in the 
plant kingdom [3]. Polyphenols can be employed to inhibit 
the growth of cancer cells due to their ability to modulate 
the activity of multiple targets involved in carcinogenesis 

through simultaneous direct interaction or modulation of 
gene expression [4, 5].

Curcumin (CUR) and Resveratrol (RES) are non-
flavonoid polyphenols [3, 6]. CUR [l,7-bis-(4-hydroxy-
3-methoxyphenyl)-l,6-heptadiene-3,5-dione], found in 
the spice turmeric, a product of the plant Curcuma longa, 
has been widely employed for centuries in Asia as a food 
additive as well as in cosmetic and herbal medicine. CUR 
is a pleiotropic molecule able to interact with a variety of 
molecular targets and signal transduction pathways and 
has been revealed to have antitumor, anti-inflammatory, 
antioxidant, immunomodulatory and antimicrobial 
activities in both rodents and humans [7-11]. Due to its 
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ability to modulate the activity of multiple targets involved 
in carcinogenesis through direct interaction or modulation 
of gene expression, CUR is considered a “multifunctional 
drug” [7, 9-11]. However, CUR has poor absorption, 
biodistribution, metabolism, and bioavailability, which 
might hinder the in vivo effects of the compound [7]. 
Indeed, in a phase I clinical trial for patients with advanced 
colorectal cancer refractory to standard chemotherapies, 
the oral administration of 3.6 g of curcumin daily produced 
a plasma CUR level in the 10 nmol/L range after 1 hour 
[12]. RES (3,4’,5-trihydroxy-transstilbene), a polyphenol 
compound isolated from grapes, berries, plums, peanuts 
and pines, has several biological properties, including 
antioxidant, anti-inflammatory, anticancer and anti-
aging activities [13-15]. Similar to CUR, RES may have 
partial biological activity due to poor absorption and 
first-pass metabolism [16, 17]. It has been reported that 
RES and CUR inhibit the growth of HNSCC cell lines 
when employed as single drugs [18-25]. Overall, the poor 
bioavailability of CUR and RES will affect the effective 
dose delivered to cancer cells. One way to counteract 
this drawback could be combination treatment with CUR 

plus RES, which can lead to more effective anti-tumoral 
effects than treatment using only one of the compounds. 
We previously demonstrated that RES enhanced CUR-
induced sarcoma cell apoptosis [26].

The aim of this study was to determine whether the 
combination of RES and CUR resulted in an enhancement 
of their in vitro and in vivo antitumor activities on HNSCC 
cell lines compared to the single compounds. In addition, 
we explored the effect of these compounds and their 
interaction with signal transduction pathways involved in 
apoptosis and the growth of cancer cells. 

RESULTS

Inhibition of human HNSCC cell survival by RES 
and CUR alone or in combination

The survival of tongue (CAL-27 and SCC-15) and 
pharynx (FaDu) cancer cells was evaluated by the SRB 
assay after exposure to increasing doses of RES and CUR 

Figure 1: Effect of RES and CUR alone or in combination on HNSCC cell survival. Panel A: Survival of tongue (CAL-27 
and SCC-15) and pharynx (FaDu) cancer cells was assessed by the SRB assay after 48 hours of treatment with DMSO, RES or CUR alone 
or in equimolar combinations of the two compounds (RES+CUR). The results are reported as the mean ± SD values from three experiments 
performed in triplicate. #: p<0.001; §: p<0.01; *: p<0.05 vs cultures treated with DMSO. Panel B: Interaction between RES and CUR on 
the growth of HNSCC. The graph represents the KERN index (R) after treatment. R > 1 represents a synergistic effect, and R < 1 indicates 
that the effect of the combined treatment is less than additive. R=1 indicates that the effect is additive. Panel C: Inhibitory concentration of 
50% with respect to cell growth (IC50) of CAL-27, SCC-15 and FaDu cells after treatment with CUR and RES alone or in combination. #: 
p< 0.001, CUR vs RES and RES+CUR vs RES; §: p<0.01, RES+CUR vs CUR.
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alone or in combination (RES+CUR) or vehicle control 
(DMSO) for 48 hours. The effects of CUR and RES were 
dose-dependent and achieved statistical significance at 
all doses tested compared to vehicle control treatment 
(Figure 1, Panel A). However, CUR was the most 
effective compound in inhibiting cell survival. The effect 
obtained with equimolar combinations of RES+CUR was 
significantly higher than the effect of treatment with RES 
at all concentrations on CAL-27 (p<0.001), SCC-15 and 
FaDu cells (p<0.001 at 50-25-12.5 µM; p<0.01 at 6.25 µM 
for both cell lines) or CUR alone at 12.5-6.25 µM (CAL-
27 and FaDu, p<0.05) or at 6.25 µM (SCC-15) (p<0.05) 
(Figure 1, Panel A). 

The model of interaction between CUR and RES 
when used in combination was determined using the 
method of Kern (Figure 1, Panel B). Interaction between 
RES+CUR at the concentration of 50 µM indicates an R 
index of 0.38, 0.32 and 0.49 after treatment of CAL-27, 

SCC-15 and FADU cells, respectively, which indicates 
a less than additive effect. However, R increases in all 
cell lines when the concentrations of the compounds 
decreased, which indicates the onset of an additive effect 
of the two compounds with respect to the associated single 
treatment after decrease of their concentrations (Figure 1, 
Panel B).

The concentration of compounds that inhibits 50% 
of cell growth (IC50) was also determined. RES+CUR 
significantly reduced the IC50 compared to treatment with 
the single CUR treatment in FADU cells (Figure 1, Panel 
C).

RES potentiates the apoptotic effect of CUR on 
human HNSCC lines 

To determine the effects of the compounds alone or 
in combination on apoptosis and cell cycle distribution 

Figure 2: Effect of RES and CUR alone or in combination on apoptosis. Panel A: Cleavage of PARP-1 in RES-and CUR-
treated HNSCC lines. Western blotting was performed on cells treated with a concentration of 25 µM of the drugs or the DMSO vehicle 
for 24 h. Actin was used as an internal control. The intensities of the bands obtained in two independent experiments were quantified using 
ImageJ software after blot scanning, and the densitometric ratios between the cleaved and the full length PARP-1 are reported. Panel B: 
Assessment of Bax, Bcl-2 and p53 levels with Western blotting in CAL-27 and FaDu cells treated for 48 hours with RES and CUR alone or 
in combination at 25 µM or with DMSO as vehicle. Sub-cellular localization of p53 was analyzed by indirect immunofluorescence. After 
treatment, cells were fixed and incubated with anti-p53 antibody. After two washes with PBS, cells were incubated with the secondary 
Alexa fluor-488-conjugated goat anti-mouse IgG antibody. Nuclei were stained with Hoechst 33342. Original magnification x400. Panel C: 
CAL-27 cells were treated with compounds, and the expression of procaspases (9-8) and caspases (8-3) was analyzed with Western blotting. 
The intensities of the bands obtained in two independent experiments were quantified using ImageJ software after blot scanning, and the 
densitometric ratios between procaspase 9 and actin are reported.
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Table 1: Effects of RES and CUR alone or in combination on the cell cycle of cell lines derived from HNSCCs of the 
tongue (CAL-27, SCC-15) or pharynx (FaDu).

CAL-27

SUB-G1 G0/G1 S G2/M
Mean±SD1 p Mean±SD p Mean±SD p Mean±SD p

DMSO 1.2±0.4 54.9±4.4 15.8±1.3 27.9±3.1
RES 6.25 0.9±0.6 39.7±10.4 21.3±3.9 38.0±7.0
RES 12.5 1.4±0.9 25.3±11.2 23.8±5.4 49.4±7.6
RES 25 2.7±1 15.3±5 28.0±3.2 53.9±3.8
CUR 6.25 0.9±0.4 47.6±6.5 17.3±2.2 34.1±4.3
CUR 12.5 1.6±1.1 50.2±3.7 14.5±1,1 33.4±4.9
CUR 25 15.3±1.6 20.7±6.1 23.9±8 39.8±10.5
RES+CUR 
6.25 1.5±1.0 33.2±8.2 23.3±3.7 41.9±4.8

RES+CUR 
12.5 1.5±0.1 28.6±11.8 <0.052 25.4±5.1 42.2±13.6

RES+CUR 25 28.1±8.3 <0.0013 36.9±5.3 <0.053 16.6±5.1 18.3±8.9 <0.013

SCC-15

SUB-G1 G0/G1 S G2/M
Mean±SD p Mean±SD p Mean±SD p Mean±SD p

DMSO 2.5±0.9 44.5±9.7 22.3±1.7 31.0±8.6
RES 6.25 1.9±0.7 43.9±9.4 23.6±2.4 31.8±8.3
RES 12.5 3.5±1 25.7±9.9 25.0±2.4 46.7±11.3
RES 25 5.7±0.4 17.2±5.5 32.5±3.6 45.5±8.6
CUR 6.25 2.1±0.6 51.1±7.3 19.5±2.4 28.3±6.2
CUR 12.5 16.4.±8.1 26.3±6.8 24.8±9.2 33.5±9.8
CUR 25 30.0±7.6 26.2±1.6 29.9±7.7 19.5±6.8
RES+CUR 
6.25 2.6±0.5 36.1±6.3 <0.051 25.2±1.3 37.5±6.7

RES+CUR 
12.5 11.4±2.6 30.0±3.5 29.2±4.4 30.9±7.1

RES+CUR 25 58.2±8.7 <0.0013 23.7±3.2 12.7±4.0 <0.0013 7.0±2.5

FaDu

SUB-G1 G0/G1 S G2/M
Mean±SD p Mean±SD p Mean±SD p Mean±SD p

DMSO 2.5±0.6 50.4±3.7 16.3±2.7 30.8±1.0
RES 6.25 1.3±0.3 23.6±5.6 26.9±3.2 48.2±4
RES 12.5 1.9±0.5 15.2±5.1 28.5±4 54.3±7.7
RES 25 4.8±1.4 7.1±0.4 19.9±4.6 68.2±3
CUR 6.25 1.2±0.6 35.3±7.4 22.3±3.7 41.1±4.5
CUR 12.5 2.5.±1.3 30.2±6.9 19.1±2.3 48.2±7.9
CUR 25 9±2.7 25.2±2 16.6±3.1 49.1±5.9
RES+CUR 
6.25 1.6±0.4 16.5±4.9 <0.011 28.5±1 53.3±5.9

RES+CUR 
12.5 3.2±1.4 10.9±4.4 <0.012 23.4±2.8 62.5±7.8

RES+CUR 25 24.9±6.1 < 0.0013 40.4±4.2 <0.013 14.2±1 20.6±5.4 < 0.0013

1Percentage of cells in the sub-G1, G0/G1, S  and  G2/M phase were calculated using Cell Quest software. The data are 
representative of three experiments. RES and CUR were used in the range 6.25-25 μM. Statistical significance of the effects 
obtained with combined treatment was calculated vs. those obtained with the more potent single compound (1RES+CUR 6.25 
μM vs CUR 6.25 μM; 2RES+CUR 12.5 μM vs CUR 12.5 μM; 3RES+CUR 25 μM vs CUR and vs RES 25 μM).  
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of HNSCC cells, a FACS analysis of DNA content was 
performed. The effects of the compounds were compared 
to each other and to DMSO (Table 1). RES resulted in a 
dose-dependent decrease in the percentage of G0/G1 cells 
(CAL-27: p<0.001 at 25 and 12.5 µM; SCC15: p<0.001 at 
25 µM and p<0.01 at 12.5 µM; FaDu: p<0.001 at 25-6.25 
µM) and an increased percentage of S phase cells (CAL-
27 and SCC15: p<0.05 at 25 µM; FaDu: p<0.01 at 12.5 
and 6.25 µM). RES did not change the apoptotic sub-G1 
population. Conversely, CUR resulted in a marked, dose 
dependent increase of the percentage cells in the sub-G1 
phase (CAL-27: p<0.001 at 25 µM; SCC15: p<0.001 at 25 
and 12.5 µM; FaDu: p<0.05 at 25 µM) and in a decrease in 
the number of G0/G1 cells (CAL-27: p<0.001 at 25 µM; 
SCC15: p<0.01 at 25 and 12.5 µM; FaDu: p<0.001 at 25 
and 12.5 µM and p<0.01 at 6.25 µM). As for the effects of 
the combined treatment, RES+CUR induced a significant, 
dose-dependent increase in the percentage of apoptotic, 
sub-G1 cells in all cell lines compared to either compound 
alone at a higher dose (Table 1). From the comparison of 
the apoptotic rates obtained with the RES+CUR treatment 
and the data obtained with CUR alone, it emerged that in 
CAL-27 cells, the combined treatment allowed a reduction 
of the dose of CUR required to achieve an apoptotic rate 
of 28% by 1.8 times. Similarly, the dose of CUR required 
to achieve an apoptotic rate of 58% and 25% could be 
reduced by 1.94 and 2.77 times through the combination 
of CUR and RES in SCC-15 and FaDu cells, respectively.

To corroborate that the effect of compounds on 
the increase of cells in sub-G1 was due to the induction 
of apoptosis, the cleavage of poly (ADP-ribose) 
polymerase-1 (PARP-1) was analyzed by Western blotting 
in CAL-27 and FaDu cell lines treated with 25 µM RES, 
CUR, RES+CUR or DMSO for 24 hours (Figure 2, Panel 
A). CUR treatment resulted in considerable PARP-1 
proteolytic cleavage (CAL-27: p<0.01 vs control or RES; 
FaDu: p<0.001 vs control and p<0.01 vs RES) (Figure 
2, Panel A). Moreover, RES+CUR treatment increased 
PARP-1 proteolytic cleavage compared to CUR treatment 
in both cell lines (CAL-27: p<0.05; FaDu: p<0.01).

To further analyze the activation of apoptosis, 
treated CAL-27 and FaDu cells were analyzed for the 
expression of Bax and Bcl-2 with Western blotting. CUR 
treatment increased the Bax/Bcl-2 ratio in cell lines 
compared to DMSO treatment (p<0.01) (Figure 2, Panel 
B). It is of note that the decreased ratio is mainly due to 
Bcl-2 down-regulation. RES+CUR treatment was more 
effective in increasing the Bax/Bcl-2 ratio than the CUR 
treatment (CAL-27: p<0.01; FaDu: p<0.05) (Figure 2, 
Panel B). 

Next, p53 expression was analyzed. Two p53 
products were detected in both DMSO- and RES-treated 
cells. The presence of a truncated p53 protein in FaDu 
cells was previously reported [27]. Although RES did not 
affect p53 expression, CUR and RES+CUR reduced the 
expression of the higher molecular weight p53 protein 

compared to DMSO (CAL-27: p<0.05; FaDu: p<0.001). 
The lower molecular p53 protein was not detected after 
CUR and RES+CUR treatments (Figure 2, Panel B). In 
addition, nuclear p53 expression was down-regulated in 
CUR- and RES+CUR-treated cells compared to DMSO-
treated cells (Figure 2, Panel B). 

The expression of procaspases (9-8) and caspases 
(8-3) was analyzed with Western blotting in CAL-27 cells 
to determine which apoptotic pathway was activated after 
treatments. CUR reduced the level of procaspase 9 and 
8 compared to DMSO (p<0.001), thus indicating their 
activation [28] (Figure 2, Panel C). In addition, procaspase 
8 and 3 were cleaved after CUR treatment. RES did not 
activate caspases. RES+CUR activated caspases similarly 
to CUR (Figure 2, Panel C).

Effect of RES and CUR alone or in combination 
on pro-survival signaling proteins

The effect of the compounds on ERK 
phosphorylation (p-ERK) in unstimulated CAL-27 and 
FaDu cells was then investigated. RES and CUR reduced 
p-ERK1 and p-ERK2 levels in CAL-27 cells (p-ERK1: 
p<0.001; p-ERK2: p<0.01). When administered alone, 
neither RES nor CUR had notable effects on p-ERK levels 
in FaDu cells. However, RES potentiated the inhibition of 
p-ERK1 by CUR in both cell lines (p<0.01). In addition, 
RES+CUR further reduced p-ERK2 compared to RES or 
CUR in both cell lines (p<0.05) (Figure 3, panel A). 

NF-κB is implicated in the survival and invasiveness 
of HNSCC cells, and different chemotherapeutic 
compounds inhibit NF-κB activation [29-31]. The 
activation of NK-κB leads to its translocation from the 
cytoplasm to the nucleus. To determine whether RES, 
CUR and RES+CUR treatments were able to interfere with 
NK-κB nuclear translocation, CAL-27 and FADU cells 
were treated with compounds alone or in combination at 
a concentration of 25 µM for 24 hours. NF-κB was found 
to be mainly localized in the nuclei in DMSO-treated 
cells (Figure 3, Panel B). Conversely, RES and CUR 
alone or in combination induced NF-κB accumulation 
in the cytoplasm in both cell lines (Figure 3, Panel B). 
In addition, Western blotting analysis demonstrated the 
appearance of an extra, lower molecular weight product 
of NF-κB in CUR- and RES+CUR-treated cells but not 
in DMSO and RES-treated cells. This smaller molecular 
protein may represent an NF-κB degradation product 
(Figure 3, Panel B). The effect of the compounds on 
AKT phosphorylation in unstimulated CAL-27 and FaDu 
cells was then investigated (Figure 3, Panel C). RES 
alone significantly potentiated AKT phosphorylation in 
CAL-27 and FaDu cell lines compared to DMSO treated 
cells (p<0.05). Conversely, CUR decreased the level 
of phosphorylated AKT (pAKT) both in CAL-27 and 
FaDu cells (p<0.01 and p<0.05 respectively). However, 
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treatment with RES+CUR increased the level of pAKT in 
FaDu cells compared to DMSO (p<0.05). 

Induction of autophagy in HNSCC cells after 
treatment with RES, CUR, or RES + CUR

To determine the effect of the treatments in 
inducing autophagy in HNSCC cells, the expression 
pattern of the autophagosomal marker microtubule-
associated protein 1 light chain 3 (LC3) was analyzed with 
Western blotting (Figure 4, Panel A). During autophagy, 
ProLC3 is processed to its LC3 I cytosolic form, which 
is subsequently modified to a membrane-bound form 
(LC3 II) that localizes to pre-autophagosomes and 
autophagosomes, making this protein an autophagosomal 
marker [32]. LC3 I and LC3 II expression increased 
after 30 hours of CUR or RES+CUR treatments at the 
concentration of 12.5 µM compared to DMSO (Figure 
4, Panel A). RES induced a slight increase of LC3 II 

compared to DMSO. LC3 II expression was then analyzed 
after 3, 6, 12 and 24 hours of treatment. LC3 II was 
more highly expressed in cells treated with RES+CUR 
compared to those treated with CUR after 12 and 24 hours 
of treatment (p<0.05 and p<0.01, respectively). RES-
treated cells showed a high expression of LC3 II only after 
48 hours of treatment (Figure 4, panel A).

Induction of autophagy was confirmed using 
transmission electron microscopy [33]. Cells were treated 
with different compounds at the concentration of 12.5 
µM for 24 hours. No difference was found between RES- 
or DMSO-treated cells (Figure 4, Panel B). Conversely, 
CUR-treated cells showed the presence of cytoplasmatic 
autophagic vacuoles surrounded by double membrane and 
containing organelles such as mitochondria. Apoptotic 
cells were also revealed after CUR treatment. Notably, the 
morphological features of apoptosis and autophagy were 
simultaneously observed in the same cells. RES+CUR-
treated cells were similar to CUR-treated cells. In 
addition, combined treatment more actively stimulated the 

Figure 3: Effect of RES and CUR alone or in combination on pro-survival signaling proteins. Panel A: ERK1/ERK2 
phosphorylation status in treated HNSCC lines. Western blotting was performed on cells treated with RES and CUR alone or in combination 
at 25 µM or cells treated with the DMSO vehicle for 48 h. The levels of phosphorylated ERK1/ERK2 were compared with those of the 
total ERK proteins, and the ratios are reported. Panel B: Inhibition of nuclear translocation of NF-κB after treatment with RES, CUR, or 
RES+CUR in HNSCC cells. After treatment, the cells were fixed and incubated with anti-NF-κB antibody. After two washes with PBS, 
the cells were incubated with the secondary Alexa fluor-488-conjugated goat anti-mouse IgG antibody. Nuclei were stained with Hoechst. 
Western blotting was performed on cells treated with RES and CUR alone or in combination at 25 µM or with the DMSO vehicle for 48 
h. Representative experiments are shown. Panel C: AKT phosphorylation status in treated HNSCC lines. Western blotting was performed 
on cells treated with RES and CUR alone or in combination at 25 µM or cells treated with the DMSO vehicle for 48 h. The level of 
phosphorylated AKT (pAKT) was compared with that of total AKT, and the ratios are reported. Actin was used as control of loading.
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CAL-27 SCC-15 FaDu SALTO
Mean±SD1 p Mean±SD p Mean±SD p Mean±SD p

DMSO 3398±174 4366±61 3159±19 3358±58
RES 6.25 3328±88 4174±32 3062±5 3473±115
RES 12.5 3338±136 4178±122 3150±49 3524±111
RES 25 3667±233 4333±13 3248±11 3723±28 <0.051

RES 50 3409±42 4227±33 3303±44 3783±10 <0.051

CUR 6.25 3354±174 3996±50 3311±86 3416±254
CUR 12.5 3387±249 4092±48 3360±157 3705±179 <0.051

CUR 25 4497±214 <0.0011 5761±151 <0.0011 3496±134 <0.011 4222±27 <0.0011

CUR 50 4933±24 <0.0011 5953±352 <0.0011 3540±5 <0.011 4286±13 <0.0011

RES+CUR 6.25 3387±55 3971±47 3263±25 3431±119
RES+CUR 12.5 3329±106 4224±10 3136±45 3460±115
RES+CUR 25 4440±195 <0.0011 5864±361 <0.0011 3325±36 4351±34 <0.0011

RES+CUR 50 4905±77 <0.0011 5837±304 <0.0011 3869±93 <0.0011,2 4539±37 <0.0011

The results are reported as the mean of the fluorescence intensity ± SD values from three experiments performed in triplicate. 
RES and CUR were used in the range 6.25-50 μM. Statistical significance of the effects obtained with treatment alone or in 
combination was calculated vs. those obtained with DMSO and the more potent single compound (1RES and CUR alone or 
in combination vs DMSO; 2RES+CUR vs CUR).  

Table 2: Effects of RES and CUR alone or in combination on the intracellular ROS production in human HNSCC cells 
and SALTO mouse salivary gland cancer cells

Figure 4: Analysis of autophagy in HNSCC treated cells. Panel A: Expression and densitometric quantization of LC3 II HNSCC 
cells after treatment with RES, CUR, or RES+CUR using Western blotting (*p<0.05, **p<0.01). Panel B: Ultrastructural analysis of 
autophagy in HNSCC cells by transmission electron microscopy. a. DMSO-treated cells; b. RES-treated cells; c-e. CUR-treated cells; 
f-i. RES+CUR-treated cells. d. Higher magnification of the square in c; g. Higher magnification of the bigger square in f; h. Higher 
magnification of the smaller square in f. Arrows indicate double membrane vacuoles.
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formation of double membranes surrounding vast portions 
of cytoplasm. This phenomenon was most evident in cells 
that already showed the morphological characteristic of 
apoptosis (Figure 4, Panel B).

CUR induces Reactive Oxygen Species (ROS) 
production in human HNSCC cells and SALTO 
mouse salivary gland cancer cells

To determine the effect of the compounds alone 
or in combination on intracellular ROS production in 
human HNSCC and SALTO cells, the DCF-DA assay 
was performed. The effects of the compounds were 
compared to each other and to DMSO and the results were 
expressed as the fluorescence intensity (Table 2). CUR 

Figure 5: Effect of RES and CUR alone or in combination on proliferation, cell cycle and apoptosis of SALTO cells. 
Panel A: Survival of SALTO cancer cells was assessed using the SRB assay after 48 hours of treatment with DMSO, RES or CUR alone 
or in equimolar combinations of the two compounds (RES+CUR). The results reported are the mean ± SD values from three experiments 
performed in triplicate. #: p< 0.001 vs. cultures treated with DMSO. Panel B: Interaction between RES and CUR on the growth of SALTO 
tumor cells. The graph represents the KERN index (R) after treatment. R > 1 represents a synergistic effect, and R < 1 indicates that the 
effect of the combined treatment is less than additive. R=1 indicates that the effect is additive. Panel C: Effects of RES and CUR alone or in 
combination on SALTO cell cycle. Percentage of cells in the sub-G1, G0/G1, and G2/M phases were calculated using Cell Quest software. 
The data are representative of the three experiments. RES and CUR were used in the range 6.25-25 μM. Statistical significance of the effects 
obtained with combined treatment was calculated vs those obtained with the more potent single compound (# p<0.001 RES+CUR 25 μM 
vs CUR 25 μM; § p<0.001 RES+CUR 25 μM vs RES 25 μM; * p<0.01 RES+CUR 25 μM vs CUR 25 μM). Panel D: Expression of Bax 
and Bcl-2 levels, cleavage of PARP-1 and expression of proteolytic caspase 3 peptides were assayed with Western blotting in SALTO cells 
treated for 48 hours with RES and CUR alone or in combination at 25 μM or with DMSO as vehicle control. The intensities of the bands 
obtained in two independent experiments were quantified using ImageJ software after blot scanning, and the densitometric ratios between 
the Bax and Bcl-2 are reported.
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induced a significant dose-dependent ROS production at 
the concentration of 25 and 50 μM compared to DMSO 
in all HNSCC cells (p<0.001 for CAL-27 and SCC-15; 
p<0.01 for FaDu). Conversely, RES did not affect the 
levels of intracellular ROS in HNSCC cells. RES+CUR 
was able to significant increase ROS production compared 
to CUR only in FaDu cells at 50 μM (p<0.001). RES 
and CUR alone or in combination induced a significant 
dose-dependent ROS production compared to DMSO in 
SALTO cells (Table 2). 

RES potentiates the apoptotic effect of CUR on 
SALTO mouse salivary gland cancer cells

Survival of SALTO cancer cells was evaluated 
by the SRB assay after exposure to compounds for 48 
hours. The effects of CUR and RES were dose-dependent. 
RES gained statistical significance at 50 μM compared 
to the vehicle control treatment (p<0.001). Conversely, 
CUR treatment was effective at 50-12.5 μM (p<0.001). 
In addition, the effect obtained on SALTO cells with 
equimolar combinations of RES+CUR was significant 
compared to treatment with either RES or CUR alone at 
concentrations of 50-6.25 µM (p<0.001) and 12.5-6.25 
µM (p<0.01), respectively (Figure 5, Panel A). 

The interaction between RES+CUR at the 
concentration of 50 µM produced an R index of 0.88, 
which indicates that at that concentration, the effect of the 
association of the two compounds was less than additive. 
Although R was 1.1, 1.35 and 1.24 at the concentrations 
of 25, 12.5 and 6.25 µM, respectively, this value was not 
significantly different compared to R=1, which confirms 
the additive effect of the compounds (Figure 5, Panel B). 

The IC50 values of CUR or RES+CUR were 29.05 
and 15.52, respectively. Thus, the combination treatment 
of RES + CUR significantly reduces IC50 compared to 
treatment with CUR alone (p<0.01).

The effects of the compounds alone or in 
combination on apoptosis and the cell cycle distribution 
of SALTO cells were also determined (Figure 5, Panel 
C). RES resulted in a dose-dependent increase in the 
percentage of G0/G1 cells (p<0.05 vs DMSO at 25 µM) 
and in an increased percentage of G2/M phase cells 
(p<0.01 vs DMSO at 25 µM). RES did not change the 
apoptotic sub-G1 population. Conversely, CUR resulted 
in a dose dependent increase of the percentage cells in 
the sub-G1 phase (p<0.01 vs DMSO at 25 µM) and a 
decrease in the number of G0/G1 cells (p<0.01 vs DMSO 
at 25 µM). As for the effects of combined treatments, 
RES+CUR induced a dose-dependent increase in the 
percentage of apoptotic, sub-G1 cells and a dose-
dependent decrease in the percentage of G0/G1 and G2/M 
cells compared to either compound administered alone at 
the higher dose (Figure 5, Panel C). From the comparison 
of the apoptotic rates obtained with the RES+CUR and 

those obtained with CUR alone, it emerged that the 
combined treatment allowed a reduction in the dose of 
CUR required to achieve an apoptotic rate of 49.5% by 
1.8 times.

RES and CUR increased the Bax/Bcl-2 ratio in 
SALTO cells compared to DMSO (p<0.01) (Figure 
5, Panel D). CUR but not RES induced PARP-1 and 
procaspase-3 proteolytic cleavage. However, RES+CUR 
increased procaspase-3 cleavage compared to CUR 
(Figure 5, Panel D).

Delay of tumor growth in vivo by treatment with 
RES and CUR alone or in combination 

To evaluate whether the administration of RES 
and CUR alone or in combination was able to inhibit 
the growth of transplanted SALTO cells, groups of 
BALB/c mice were treated with RES and CUR alone or 
in combination prior to or simultaneously with tumor cell 
implantation [34]. Corn oil, used as vehicle, and water 
were used as negative controls.

Four weeks following the challenge, CUR and 
RES+CUR each induced a more efficient tumor mean 
volume decrease than RES when treatment was started 
before the tumor challenge (90 mm3 and 80 mm3 vs 1148 
mm3, respectively) (p<0.0001). All water-, corn oil- and 
RES-treated mice were sacrificed for exceeding tumor 
volume endpoints six weeks after the challenge (Figure 
6, Panel A). Conversely, all CUR- and RES+CUR-treated 
mice remained alive at this time. However, eight weeks 
after the tumor challenge, the RES+CUR treatment 
reduced the tumor mean volume more efficiently than 
the CUR treatment (366 mm3 vs 1828 mm3) (p=0.0092). 
Intriguingly, treatment with RES+CUR resulted in a 
complete regression of tumor growth in 2 out of 6 mice. 
These mice remained tumor-free until the 30th week. 
Conversely, only one mouse remained alive until the 30th 

week in the CUR-treated mice group. When treatment 
started simultaneously with the tumor challenge, CUR 
and RES+CUR reduced the mean tumor volume more 
efficiently than RES (691 mm3 and 440 mm3 vs 1311 mm3, 
respectively) (p<0.05) four weeks following the challenge. 
All water-, corn oil- and RES-treated mice were sacrificed 
for exceeding tumor volume endpoints within 5 weeks, 
and the CUR- and RES+CUR-treated mice were sacrificed 
by the 9th week (Figure 6, Panel B). Of note, RES+CUR 
reduced the mean tumor volume more efficiently than 
CUR alone (2092 mm3 vs 3203 mm3) (p=0.046) after 
seven weeks. 

RES prolonged median survival time compared 
to water (6 vs 4 weeks) (p=0.009) and corn oil (6 vs 5 
weeks) (p=0.041), but CUR prolonged median survival 
time compared to RES when treatment started before the 
tumor challenge. However, it is important to note that, 
although the RES+CUR treatment prolonged median 
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survival time when compared to CUR treatment (11 vs 
9 weeks), the delay was not significant. When treatment 
with compounds started with the tumor challenge, the 
median survival time of RES+CUR-treated mice versus 
the survival of water-, corn oil- or RES-treated mice was 
8 vs 4 weeks (p=0.008), 8 vs 4.5 weeks (p=0.0084) and 8 
vs 5 weeks (p=0.01), respectively.

Overall, the risk of developing tumors in water- and 
corn oil-treated mice was 15.29 and 9.74 times greater 
than in the RES-treated mice, 33.69 and 23.08 times 
greater than in the CUR-treated mice and 41.31 and 27.58 
times greater than in the RES+CUR-treated mice when 
the treatments started before the tumor challenge (Table 
3). Moreover, the risk of developing tumors in the RES-
treated mice was 20.84 and 26.22 time greater than in 
the CUR- and RES+CUR treated mice, respectively. No 
difference in the risk of tumor development was found 
between the CUR- and RES+CUR-treated mice. When 
treatments started with the tumor challenge, the risk of 
developing tumors in the water-treated mice was 16.44 
times greater than in the RES-treated mice and 33.12 times 
greater than in the CUR- and RES+CUR-treated mice 
(Table 3). The risk in the corn oil-treated mice was 19.60 
times greater than in the CUR- and RES+CUR-treated 
mice (Table 3). Finally, the risk of developing tumors in 
the RES-treated mice was 19.95 times greater than in the 
CUR- and RES+CUR treated mice groups. No difference 

was found between the CUR- and RES+CUR-treated mice 
(Table 3). 

Our results suggest that RES and CUR alone are 
able to significantly delay tumor growth and prolong 
median survival in comparison to water and corn oil 
and that CUR is more potent than RES. However, RES 
potentiates the effects of CUR in reducing tumor volume. 
In addition, our results indicate that treatment with RES 
and CUR is more potent when administered before a 
tumor challenge. 

Hematological and clinical chemistry parameters 
in mice treated with RES and CUR alone or in 
combination

To determine whether oral administration of RES 
and CUR had side effects on BALB/c mice, hematological 
and clinical chemistry parameters were analyzed after 
treatment (Supplementary Tables 1-5). Clinical analysis 
was evaluated only in mice in which the treatment was 
started two weeks before the SALTO tumor challenge, and 
the analysis was performed before the treatment and after 
4 and 8 weeks after the tumor challenge [34]. The values 
of individual mice appeared highly heterogeneous within 
each group. Post-treatment measurements performed 
4 weeks after the tumor challenge revealed alterations 

Table 3: Comparison of mice survival by log-rank (Mantel-Cox) test

Variable Contrast Hazard ratio 95% hazard ratio confidence 
limitis p value Median survival 

(weeks) 
lower upper

Treatment 
started 
before tumor 
challenge

CORN OIL vs WATER 8.67 0.83 91.10 NS 5 vs 4
RES vs WATER 15.29 1.97 118.4 0.009 6 vs 4
CUR vs WATER 33.69 3.79 299.2 0.0016 9 vs 4
RES+CUR vs WATER 41.31 4.72 361.4 0.0008 11 vs 4
RES vs CORN OIL 9.74 1.09 86.46 0.041 6 vs 5
CUR vs CORN OIL 23.08 2.81 189.3 0.0035 9 vs 5
RES+CUR vs CORN OIL 27.58 3.44 220.8 0.0018 11 vs 5
CUR vs RES 20.84 2.78 156.2 0.0031 9 vs 6
RES+CUR vs RES 26.22 3.5 196.6 0.0015 11 vs 6
RES+CUR vs CUR 5.55 0.73 41.99 NS 11 vs 9

Treatment 
started 
after tumor 
challenge 

CORN OIL vs WATER 10.31 0.52 205.9 NS 4.5 vs 4
RES vs WATER 16.44 1.13 239.3 0.04 5 vs 4
CUR vs WATER 33.12 2.48 442.7 0.008 7.5 vs 4
RES+CUR vs WATER 33.12 2.48 442.7 0.008 8 vs 4
RES vs CORN OIL 2.54 0.17 37.01 NS 5 vs 4.5
CUR vs CORN OIL 19.60 2.14 179.3 0.0084 7.5 vs 4.5
RES+CUR vs CORN OIL 19.60 2.14 179.3 0.0084 8 vs 4.5
CUR vs RES 19.95 2.04 194.8 0.01 7.5 vs 5
RES+CUR vs RES 19.95 2.04 194.8 0.01 8 vs 5
RES+CUR vs CUR 10.31 0.51 205.9 NS 8 vs 7.5

NS= not significant
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in some clinical parameters in each group of mice. 
Nonetheless, these alterations were less pronounced in the 
CUR- and RES+CUR-treated groups than in the water-, 
corn oil-, or RES-treated groups. The water-, corn oil-, 
and RES-treated groups displayed a marked decrease in 
the percentage of lymphocytes (p<0.01) and a marked 
increase in the percentage of granulocytes (p<0.01). In 
addition, a marked increase in the total number of white 
blood cells (p<0.05) as well as the level of LDH (p<0.01) 
was also observed in these three groups. Indeed, at this 
stage, the CUR- and RES+CUR-treated groups displayed a 
slight decrease in the percentage of lymphocytes (p<0.05) 
and a slight increase in the percentage of granulocytes 
(p<0.05). In addition, an increase in the level of LDH was 
also observed in both the CUR- and RES+CUR-treated 
groups (p<0.05). 

It is important to note that 8 weeks after the tumor 
challenge, the CUR-treated mice displayed a marked 
decrease in the percentage of lymphocytes (p<0.01) and 
a marked increase in the percentage of granulocytes 
(p<0.01). Conversely, the percentages of lymphocytes and 
granulocytes in the RES+CUR-treated mice fell within the 
reference values. Collectively, these results demonstrated 
that RES and CUR alone or in combination did not affect 

hematological and clinical chemistry parameters and that 
the alterations observed in the water- and corn oil-treated 
mice and the CUR-treated mice are likely associated with 
tumor growth. 

DISCUSSION

Therapeutic methods based on drug mixtures focus 
on enhancing clinical responses while lowering side 
effects and the incidence of drug resistance. The benefit 
of combining multiple components arises from the fact 
that each agent can have a single target or mechanism 
of action or that different agents may share the same 
target or mechanism of action against cancer cells [4, 
5, 9, 10]. Thus, the combination treatment could either 
enhance the number of targets and/or the mechanisms 
of action or increase the effects on the same target, 
therefore decreasing the drug concentrations required 
for efficacy. Polyphenols can be used to inhibit the 
growth of cancer cells due to their ability to affect the 
activity of multiple targets involved in carcinogenesis. 
Epidemiological studies have shown the association 
between the consumption of fruits and vegetables and 
the prevention of human diseases, including cancer [5, 

Figure 6: Delay of in vivo tumor growth by treatment with RES and CUR alone or in combination. Groups of BALB/c 
mice were treated with RES and CUR alone or in combination prior to (Panel A) or simultaneously with (Panel B) SALTO tumor cell 
implantation. Differences in the tumor volumes and the mean survival time among the treated mice are reported.
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6, 35-38]. However, it must be considered that the poor 
bioavailability of polyphenols will influence the effective 
dose delivered to tumor cells. The aim of this study was to 
determine whether the combination of RES+CUR resulted 
in an enhancement of their in vitro and in vivo antitumor 
activities on HNSCC cell lines compared to each of the 
compounds in isolation. 

In this study, we provide evidence that CUR 
inhibits the proliferation and induces apoptosis of 
HNSCC cell lines and that the combination of RES 
and CUR potentiates the apoptotic effect of CUR. The 
apoptotic rates obtained with the RES+CUR allowed 
a reduction in the dose of CUR required to achieve the 
same apoptotic rate in HNSCC cell lines by 1.8 to 2.77 
times. The model of interaction between CUR and RES 
when used in combination in HNSCC lines indicated the 
onset of an additive effect of the two compounds with 
respect to the associated single treatment after decrease of 
their concentrations. RES+CUR compared to CUR alone 
increased PARP-1 proteolytic cleavage and the Bax/Bcl-
2 ratio mainly by decreasing Bcl-2 protein expression in 
HNSCC cell lines. The treatment with CUR and RES + 
CUR also induced the activation of the initiator caspases 
8 and 9 and the effector caspase 3, which activated both 
the intrinsic and extrinsic apoptotic pathways. CUR is able 
to trigger apoptosis through both the extrinsic apoptotic 
pathway by mimicking the binding with the TNF receptor 
and the intrinsic apoptotic pathway [20, 39, 40]. However, 
the CUR and RES+CUR treatments decreased the p53 
expression in HNSCC cell lines. Several studies have 
shown that CUR induces apoptosis by increasing the 
expression of p53 [41-43]. On the other hand, other studies 
have shown that CUR can induce apoptosis without 
altering the levels of p53 [40] or even through down-
regulating p53 expression [44-46]. Thus, the effect of CUR 
may be cell-type specific. The decrease of p53 expression 
in HNSCC cell lines after CUR treatment might not be 
sufficient to alter the activation of the intrinsic pathway 
and/or the extrinsic pathway might enhance a weak 
activation of the intrinsic pathway. In addition, activation 
of apoptosis might be due to transcriptionally-independent 
activities of p53 [47].

HNSCC cell lines overexpress EGFR and ErbB2 
receptors, which activate ERK1 and ERK2 [48-50]. It was 
demonstrated that CUR is able to inhibit EGFR and ErbB2 
phosphorylation in breast and colon cancer cell lines and 
that the combined treatment of RES+CUR increases these 
effects in colon carcinoma cell lines [51]. When activated, 
ERK1 and ERK2 are capable of mediating a number of 
proliferative signals and the transcription of anti-apoptotic 
genes such as Bcl-2 [52]. Here, we observed that RES 
potentiated the inhibition of p-ERK1 and p-ERK2 by 
CUR in HNSCC cell lines. This inhibition could also be 
responsible for the inhibition of cell proliferation induced 
by treatment with CUR and RES+CUR. In addition, the 
decreased Bcl-2 expression in HNSCC cell lines after 

treatment might also be due to the inhibition of p-ERK1 
and p-ERK2. 

The NF-κB pathway is often aberrantly activated 
during the development and progression of HNSCC [31]. 
Liposome-encapsulated CUR was shown to suppress 
growth of HNSCC in vivo and in xenografts through the 
inhibition of NF-κB pathway. Here, we observed that 
RES and CUR alone or in combination induced NF-κB 
accumulation in the cytoplasm in both cell lines and that 
CUR induced the appearance of an extra, lower molecular 
weight form of cytoplasmic NF-κB, which might represent 
a degradation product and thus indicate CUR-stimulated 
degradation of NF-κB. Caspase-mediated proteolysis of 
NF-κB has been previously reported [53, 54]. Thus, CUR 
could induce inactivation of NF-κB also through the 
activation of caspases. In addition, when active, ERK1 
and ERK2 can stimulate nuclear translocation of the 
transcription factor NF-κB [55]. Accordingly, inhibition 
of p-ERK1 and p-ERK2 by RES and CUR might be 
responsible for inhibiting NF-κB nuclear translocation. 
Moreover, activation of NF-κB induces the expression of 
Bcl-2 family genes [56]. Thus, NF-κB inhibition could 
make the initiation of the apoptotic process through Bcl-
2 down-regulation possible. The key role of the Bcl-2 
decrease after RES+CUR treatment is also emphasized by 
its significance in the initiation of autophagy. Indeed, we 
observed that RES+CUR increases the expression of LC3 
II an autophagosomal marker compared to CUR alone. 
Bcl-2 is able of sequestering Beclin 1, which promotes 
the formation of the autophagosome and coordinates 
autophagy [57]. The binding of Bcl-2 with Beclin 1 
is proteolyzed by the activation of caspase 3. Thus, the 
decreased expression of Bcl-2 and the activation of caspase 
3 after treatment with RES+CUR might be responsible for 
the release of Beclin 1 in the cytoplasm and activation of 
autophagy. It has been demonstrated that CUR is able to 
simultaneously induce apoptosis and autophagy in human 
squamous cell carcinoma cells [21]. Indeed, we observed 
that the combined treatment more actively stimulated the 
formation of double membranes surrounding vast portions 
of cytoplasm. This phenomenon was most evident in cells 
that already showed the morphological characteristic of 
apoptosis. Although a sustained activation of ERK1 and 
ERK2 is required for the activation and maintenance of 
autophagy, our results show that RES+CUR inhibit the 
phosphorylation of ERK1 and ERK2 simultaneously with 
the formation of autophagic vacuoles [52]. On the other 
hand, autophagy might result from the ability of CUR to 
inhibit the signaling mediated by Akt/mTOR/p70S6K and 
induction of reactive oxygen species (ROS) production 
as already demonstrated in different tumors [21, 58]. We 
observed that CUR rapidly induced the production of ROS 
in HNSCC cells and inhibited AKT phosphorylation. ROS 
in turn can activate apoptosis and potentiate autophagy 
[59]. 

Finally, taking into account that a limited number 
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of animals studies are available on the anti-cancer effects 
of polyphenols, we evaluated the in vivo effects of single 
and combined RES and CUR treatment in hampering 
the growth of transplanted Neu-overexpressing BALB-
neuT salivary gland cancer cells (SALTO) in BALB/c 
mice. Initially, we demonstrated that RES potentiates 
the apoptotic effect of CUR on SALTO cells and that 
the compounds have an additive effect in inhibiting cell 
growth. Then, we performed an in vivo study. RES and 
CUR alone or in combination were administered prior 
to or simultaneously with the SALTO tumor challenge. 
Regardless of the start time of compound administration, 
we observed that the RES+CUR treatment reduced the 
mean tumor volume more efficiently than CUR alone. 
However, although the RES+CUR treatment prolonged 
the median survival time when compared to the CUR 
treatment, the delay was not statistically significant when 
the compounds were given prior to or simultaneously 
with tumor challenge. Thus, RES potentiated the in vivo 
anti-tumor effect of CUR in agreement with our in vitro 
observations. In addition, the administration of CUR 
and RES were safe in BALB/c mice. Indeed, RES and 
CUR alone or in combination did not significantly affect 
hematological or clinical chemistry parameters. 

Salivary gland carcinomas are head and neck tumors 
that require typical surgical and adjuvant therapy [60]. 
Although, conservative surgery with nerve monitoring 
is the state-of-the-art and adjuvant radio(chemo)therapy 
increases local tumor control, the overall survival is not 
automatically enhanced [60]. Thus, the development 
of novel therapies can supplement the pharmaceutical 
armamentarium presently used for salivary gland 
carcinomas treatment. We previously demonstrated that 
intratumoral delivery of recombinant vaccinia virus 
encoding for ErbB2/Neu could inhibit the growth of 
salivary gland carcinoma cells in mice [34]. Now, we 
report that the combination of two nutraceuticals are able 
to reduce the growth of salivary gland tumors without side 
effects in mice.

Taken together, our results indicate that the 
treatment of HNSCC cells with combinations of CUR and 
RES can be more effective in inhibiting in vivo and in vitro 
cancer cell growth than the treatment with CUR alone. 
Still, additional studies performed both in vitro and in vivo 
will be needed to fully define the therapeutic potential of 
these compounds.

MATERIAL AND METHODS

Reagents

DMSO, transresveratrol (RES), curcumin from 
Curcuma Longa (CUR), Sulforhodamine B (SRB), 
staurosporine and Hoechst 33342 were purchased from 

Sigma-Aldrich (Milan, Italy). Rabbit polyclonal anti-
Bax and mouse monoclonal anti-Bcl-2 antibodies were 
obtained from BD Pharmingen (BD Biosciences, San 
Jose, CA, USA). Antibodies against PARP-1, ERK1/2 (C-
14), phospho-ERK (E-4), NF-κB and p53 (DO-1) were 
obtained from Santa Cruz Biotechnology (CA, USA). 
Rabbit polyclonal anti-actin was purchased from Sigma-
Aldrich (Milan, Italy). The anti-activated caspase 3, anti-
caspase 9, anti-caspase 8, anti-AKT and anti-phospho-
AKT antibodies were purchased from Cell Signaling 
Technology (MA, USA). Antibody against LC3 was 
obtained from Novus Biologicals (Littleton, CO, USA). 
Goat anti-mouse IgG Alexa fluor-488-conjugated antibody 
was purchased from Life Technologies™ Molecular 
Probes (Oregon, USA). The goat anti-mouse or -rabbit 
IgG peroxidase conjugated secondary antibodies were 
obtained from Sigma-Aldrich (Milan, Italy).

Cell lines and treatments

Cell lines derived from HNSCCs of the tongue 
(CAL-27, SCC-15) or pharynx (FaDu) were maintained 
in RPMI containing 10% fetal bovine serum, 100 U/ml 
penicillin, and 100 μg/ml streptomycin. For treatments, 
cells were incubated for the indicated times in the 
presence of RES and CUR alone or a combination of 
the two compounds (dose range 6-50 μM) or vehicle 
control (DMSO ≤0.1%). Neu-overexpressing salivary 
gland cancer cells (H-2d) (SALTO) were kindly provided 
by Prof. F. Cavallo (University of Torino) and Prof. PL. 
Lollini (University of Bologna) and maintained in DMEM 
containing 20% fetal bovine serum (FBS). SALTO cells 
were established from salivary carcinoma arising in 
BALB-neuT transgenic male mice hemizygous for the 
p53172R-H transgene driven by the whey acidic protein 
promoter [61].

Sulforhodamine B (SRB) assay

Cells were seeded at 4 x 103 cells/well in 96-well 
plates and incubated at 37° C to allow cell attachment. 
After 24 hours, the medium was changed and the cells 
were treated with RES and CUR alone or in combination 
or with DMSO and incubated for 48 hours. Cells were then 
fixed with cold trichloroacetic acid (final concentration 
10%) for 1 hour at 4° C. The assay was then performed 
as previously described [48]. The percentage survival 
of the cultures treated with the compounds or DMSO 
was calculated by normalization of their O.D. values to 
those of the untreated control cultures [48]. The three 
experiments were performed in triplicate.
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FACS analysis

Asynchronized log-phase growing cells (60% 
confluent, approximately 2.5 x 105 cells/well in 6-well 
plates) were treated with RES and CUR alone or in 
combination or with DMSO in a complete culture medium. 
After 48 hours, adherent cells and suspended cells were 
harvested, centrifuged at 1,500 rpm for 10 min and 
washed twice with cold phosphate buffered saline (PBS). 
The assay was then performed as previously described 
[62]. Cells were analyzed with flow cytometry using a 
FACSCalibur cytometer running CellQuest software.

Western Blotting

In total, 1 x 106 cells were seeded in 100 mm tissue 
culture dishes 24 hours prior to the addition of 25 μM of 
each compound alone or in combination or the vehicle 
control. After 24 and 48 hours of treatment, the cells were 
harvested, washed twice with cold PBS and lysed in RIPA 
buffer as previously described [63]. For immunoblot 
analysis, 50-80 μg of cell lysates were resolved in 
10% SDS-PAGE and then transferred to nitrocellulose 
membranes. Equal loading and transfer of proteins was 
verified by Ponceau red staining of the membranes and by 
analyzing actin expression. The assay was then performed 
as previously described [63]. Total cell lysates were 
analyzed for NF-κB expression.

Fluorescent measurement of Reactive Oxygen 
Species (ROS) 

Dichlorofluorescin diacetate (DCF-DA) was used 
to detect ROS production in cells. Briefly, 2.5 × 105 
cells were seeded into 6-well plates and incubated at 
37° C to allow cell attachment before treatment. After 
two washing with PBS, cells were incubated with 10 
μM 2’,7’-Dichlorofluorescin diacetate (Sigma-Aldrich, 
Milan, Italy) in PBS at 37 °C and 5% CO2 in the dark for 
30 minutes [64]. After two washing, cells were treated 
with RES and CUR, alone or in combination, in serum-
free medium and incubated at 37 °C and 5% CO2 in the 
dark for different times (15 min-4 hours). Then, adherent 
cells and suspended cells were harvested, centrifuged at 
1,250 rpm for 10 min and seeded in 96-well plate (100 μl 
per well). Fluorescence intensity was measured after 15 
and 30 minutes, 1, and 4 hours using a spectrophotometric 
plate reader at an excitation wavelength of 495 nm and 
an emission wavelength of 535 nm. Since the highest 
level of fluorescence was detected at 30 minutes, and then 
decreased back to the level of the control after one hour of 
stimulation (data not shown) this experimental time was 
chosen for subsequent experiments.

Immunofluorescence

HNSCC cells were seeded (2.5x104 cells/well) in 
8 chambers with permanox (Lab-Tek, IL) in 300 µl of 
culture medium, grown for 24 h, and treated with RES 
and CUR alone or in combination or with DMSO in 
a complete culture medium. After 48 hours, the culture 
medium was removed, and after two washes with PBS, 
the cells were fixed with 4% paraformaldehyde at room 
temperature for 15 min and permeabilized with methanol 
for 10 min at -20° C [49]. The cells were then incubated 
at room temperature with primary antibodies for 1 h and, 
after two more washes, with goat anti-mouse IgG Alexa 
fluor-488-conjugated secondary antibody for 45 min. 
Nuclei were counterstained with Hoechst 33342. The 
slides were then mounted with glycerol, observed with 
an Olympus BX51 fluorescence microscope and analyzed 
with the IAS software.

Transmission electron microscopy

Ultrastructural analyses were performed on CAL-27 
cells treated with RES and CUR alone or in combination 
or with DMSO. After treatment, the cells were fixed in 
2.5% glutaraldehyde in PBS pH 7.4, and the samples were 
processed for transmission electron microscopy following 
routine procedures [65].

Treatment of BALB/c mice with RES and CUR 
alone or in combination 

BALB/c mice were subcutaneously injected in the 
right flank with a 0.2 ml suspension containing 1x106 
SALTO cells in phosphate-buffered saline (PBS). Groups 
of BALB/c mice (5 or 6 mice per group) were treated per 
os with RES and CUR alone (2 mg in 100 μl of corn oil) 
or in combination (2 mg of RES in 50 μl of corn oil + 2 
mg of CUR in 50 μl of corn oil) or with corn oil (100 μl) 
or water (100 μl) two weeks prior or simultaneously to the 
SALTO tumor challenge. When treatment started before 
the tumor challenge, the mice received daily treatment 
for two weeks before the tumor challenge and then 3 
times a week following the challenge. When treatment 
started simultaneously to the SALTO tumor challenge, the 
compounds were administered 3 times a week. 

The mice were sacrificed at the first signs of distress. 
Investigation has been conducted in accordance with 
the ethical standards and according to the Declaration 
of Helsinki and according to national and international 
guidelines. All experiments were approved by the 
Institutional Animal Care and Use Committee (IACUC) 
and carried out according to the Italian rules (D.L.vo 
116/92; CE. 609/86). A veterinary surgeon was present 
during the experiments. Animal care, before and after the 
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experiments, was carried out only by trained personnel. 

Analysis of antitumor activity in vivo 

Tumor growth was monitored weekly until tumor-
bearing mice were sacrificed when the tumor exceeded a 
20 mm width. Tumors were measured by a caliper in two 
dimensions, and the volumes were calculated using the 
formula: width2 x length/2 [66].

Measurement of hematological and clinical 
chemistry parameters

All blood samples were collected in animals under 
i.p. anesthesia (20 μl/g.b.w. of 1.2% Avertin-2,2,2-
tribromoethanol, 2.4% 2-methyl-2-butanol; Sigma-
Aldrich, Italy). For determination of hematological 
parameters, 20 µl of whole blood was collected in 
K2EDTA microtainers (Becton, Dickinson and Company, 
USA) and the samples were analyzed using the 
commercially available automated cell counter “Simply 
cell” (BPC BioSed s.r.l., Italy). For cytomorphological 
examination, each sample from peripheral blood smears 
was prepared using the differential staining Diff-Quick 
(Dade SpA, Italy) and analyzed under optical microscopy. 
For determination of clinical chemistry parameters, blood 
samples were collected in SST microtainers (Serum 
Separator Tube; Becton, Dickinson and Company) 
and centrifuged in a microcentrifuge (5415R model; 
Eppendorf s.r.l., Italy) at 13,000 rpm for 7 min to separate 
the serum. Cholesterol (CHOL), triglycerides (TRI), 
glutamic oxaloacetic transaminase (GOT), glutamic 
pyruvic transaminase (GPT), blood urea nitrogen (BUN) 
and lactate dehydrogenase (LDH) were measured using 
the automatic analyzer Keylab (BPC BioSed s.r.l., Rome, 
Italy).

Statistical analysis 

The distribution of the cell survival data and the 
FACS analyses were preliminarily verified using the 
Kolmogorov-Smirnov test, and the data sets were analyzed 
by one-way analysis of variance (ANOVA) followed 
by the Newman-Keuls test. Survival curves and tumor 
volumes were analyzed using the Kaplan–Meier method 
and compared using the log-rank test with calculation 
of the SD according to the method of Greenwood. 
Differences were regarded to be significant when the p 
value was ≤ 0.05.

ACKNOWLEDGEMENTS

This study was supported by a grant from PRIN 
(R.B.), Ricerca Universitaria “Sapienza” 2012 (L.M.). 

The authors wish to thank Barbara Bulgarini for help 
in manuscript preparation. SALTO cells were kindly 
provided by Prof. Federica Cavallo (University of Turin) 
and Prof. Patrizia Nanni (University of Bologna).

Enrica Di Stefano is recipient of the Sapienza PhD 
program in Biotechnology in Clinical Medicine.

REFERENCES

1. Landis SH, Murray T, Bolden S, Wingo PA. Cancer 
statistics. CA Cancer J Clin. 1999; 49: 8-31. 

2. Braakhuis BJ, Leemans CR, Brakenhoff RH. A genetic 
progression model of oral cancer: current evidence and 
clinical implications. J Oral Pathol Med. 2004; 33: 317-322.

3. Tsao R. Chemistry and biochemistry of dietary polyphenols. 
Nutrients. 2010; 2: 1231-1246.

4. Benvenuto M, Fantini M, Masuelli L, De Smaele E, 
Zazzeroni F, Tresoldi I, Calabrese G, Galvano F, Modesti 
A, Bei R. Inhibition of ErbB receptors, Hedgehog and NF-
kappaB signaling by polyphenols in cancer. Front Biosci 
(Landmark Ed). 2013; 18: 1290-1310.

5. Marzocchella L, Fantini M, Benvenuto M, Masuelli L, 
Tresoldi I, Modesti A, Bei R. Dietary flavonoids: molecular 
mechanisms of action as anti- inflammatory agents. Recent 
Pat Inflamm Allergy Drug Discov. 2011; 5: 200-220.

6. Iriti M, Varoni EM. Chemopreventive potential of 
flavonoids in oral squamous cell carcinoma in human 
studies. Nutrients. 2013; 5: 2564-2576. 

7. Prasad S, Tyagi AK, Aggarwal BB. Recent developments 
in delivery, bioavailability, absorption and metabolism of 
curcumin: the golden pigment from golden spice. Cancer 
Res Treat. 2014; 46: 2-18.

8. Shureiqi I, Baron JA. Curcumin chemoprevention: the long 
road to clinical translation. Cancer Prev Res (Phila). 2011; 
4: 296-298.

9. Kunnumakkara AB, Anand P, Aggarwal BB. Curcumin 
inhibits proliferation, invasion, angiogenesis and metastasis 
of different cancers through interaction with multiple cell 
signaling proteins. Cancer Lett. 2008; 269: 199-225. 

10. Anand P, Sundaram C, Jhurani S, Kunnumakkara AB, 
Aggarwal BB. Curcumin and cancer: an “old-age” disease 
with an “age-old” solution. Cancer Lett. 2008; 267: 133-
164. 

11. Bar-Sela G, Epelbaum R, Schaffer M. Curcumin as an anti-
cancer agent: review of the gap between basic and clinical 
applications. Curr Med Chem. 2010; 17: 190-197. 

12. Sharma RA, Euden SA, Platton SL, Cooke DN, Shafayat 
A, Hewitt HR, Marczylo TH, Morgan B, Hemingway 
D, Plummer SM, Pirmohamed M, Gescher AJ, Steward 
WP. Phase I clinical trial of oral curcumin: biomarkers of 
systemic activity and compliance. Clin Cancer Res. 2004; 
10: 6847-6854.

13. Bishayee A. Cancer prevention and treatment with 
resveratrol: from rodent studies to clinical trials. Cancer 



Oncotarget10760www.impactjournals.com/oncotarget

Prev Res (Phila). 2009; 2: 409-418. 
14. Goswami SK, Das DK. Resveratrol and chemoprevention. 

Cancer Lett. 2009; 284: 1-6. 
15. Kundu JK, Surh YJ. Cancer chemopreventive and 

therapeutic potential of resveratrol: mechanistic 
perspectives. Cancer Lett. 2008; 269: 243-261. 

16. Kapetanovic IM, Muzzio M, Huang Z, Thompson TN, 
McCormick DL. Pharmacokinetics, oral bioavailability, 
and metabolic profile of resveratrol and its dimethylether 
analog, pterostilbene, in rats. Cancer Chemother Pharmacol. 
2011; 68: 593-601. 

17. Walle T, Hsieh F, DeLegge MH, Oatis JE Jr, Walle UK. 
High absorption but very low bioavailability of oral 
resveratrol in humans. Drug Metab Dispos. 2004; 32: 1377-
1382. 

18. Zlotogorski A, Dayan A, Dayan D, Chaushu G, Salo T, 
Vered M. Nutraceuticals as new treatment approaches for 
oral cancer: II. Green tea extracts and resveratrol. Oral 
Oncol. 2013; 49: 502-506. 

19. ElAttar TM, Virji AS. Modulating effect of resveratrol 
and quercetin on oral cancer cell growth and proliferation. 
Anticancer Drugs. 1999; 10: 187-193.

20. Chang PY, Peng SF, Lee CY, Lu CC, Tsai SC, Shieh TM, 
Wu TS, Tu MG, Chen MY, Yang JS. Curcumin-loaded 
nanoparticles induce apoptotic cell death through regulation 
of the function of MDR1 and reactive oxygen species in 
cisplatin-resistant CAR human oral cancer cells. Int J 
Oncol. 2013; 43: 1141-1150.

21. Kim JY, Cho TJ, Woo BH, Choi KU, Lee CH, Ryu MH, 
Park HR. Curcumin-induced autophagy contributes to the 
decreased survival of oral cancer cells. Arch Oral Biol. 
2012; 57: 1018-1125. 

22. Ip SW, Wu SY, Yu CC, Kuo CL, Yu CS, Yang JS, Lin 
ZP, Chiou SM, Chung HK, Ho HC, Chung JG. Induction 
of apoptotic death by curcumin in human tongue 
squamous cell carcinoma SCC-4 cells is mediated through 
endoplasmic reticulum stress and mitochondria-dependent 
pathways. Cell Biochem Funct. 2011; 29: 641-650.

23. Liao S, Xia J, Chen Z, Zhang S, Ahmad A, Miele L, 
Sarkar FH, Wang Z. Inhibitory effect of curcumin on oral 
carcinoma CAL-27 cells via suppression of Notch-1 and 
NF-κB signaling pathways. J Cell Biochem. 2011; 112: 
1055-1065. 

24. Chakravarti N, Kadara H, Yoon DJ, Shay JW, Myers JN, 
Lotan D, Sonenberg N, Lotan R. Differential inhibition 
of protein translation machinery by curcumin in normal, 
immortalized, and malignant oral epithelial cells. Cancer 
Prev Res (Phila). 2010; 3: 331-338. 

25. Chakravarti N, Myers JN, Aggarwal BB. Targeting 
constitutive and interleukin-6-inducible signal transducers 
and activators of transcription 3 pathway in head and 
neck squamous cell carcinoma cells by curcumin 
(diferuloylmethane). Int J Cancer. 2006; 119: 1268-1275.

26. Masuelli L, Marzocchella L, Focaccetti C, Tresoldi I, 

Palumbo C, Izzi V, Benvenuto M, Fantini M, Lista F, 
Tarantino U, Modesti A, Galvano F, Bei R. Resveratrol and 
diallyl disulfide enhance curcumin-induced sarcoma cell 
apoptosis. Front Biosci (Landmark Ed). 2012; 17: 498-508.

27. Eicheler W, Zips D, Dörfler A, Grénman R, Baumann 
M. Splicing mutations in TP53 in human squamous cell 
carcinoma lines influence immunohistochemical detection. 
J Histochem Cytochem. 2002; 50: 197-204.

28. D’Amato V, Rosa R, D’Amato C, Formisano L, Marciano 
R, Nappi L, Raimondo L, Di Mauro C, Servetto A, 
Fusciello C, Veneziani BM, De Placido S, Bianco R. The 
dual PI3K/mTOR inhibitor PKI-587 enhances sensitivity to 
cetuximab in EGFR-resistant human head and neck cancer 
models. Br J Cancer. 2014; 110: 2887-2995. 

29. Caicedo-Granados EE, Wuertz BR, Marker PH, Lee GS, 
Ondrey FG. The effect of indomethacin on paclitaxel 
sensitivity and apoptosis in oral squamous carcinoma cells: 
the role of nuclear factor-κB inhibition. Arch Otolaryngol 
Head Neck Surg. 2011; 137: 799-805.

30. Allen CT, Ricker JL, Chen Z, Van Waes C. Role of 
activated nuclear factor-kappaB in the pathogenesis and 
therapy of squamous cell carcinoma of the head and neck. 
Head Neck. 2007; 29: 959-971. 

31. Vander Broek R, Snow GE, Chen Z, Van Waes C. 
Chemoprevention of head and neck squamous cell 
carcinoma through inhibition of NF-κB signaling. Oral 
Oncol. 2011; S1368-8375: 00714-00718. 

32. Kabeya Y, Mizushima N, Ueno T, Yamamoto A, Kirisako 
T, Noda T, Kominami E, Ohsumi Y, Yoshimori T. LC3, 
a mammalian homologue of yeast Apg8p, is localized in 
autophagosome membranes after processing. EMBO J. 
2000; 19: 5720-5728.

33. Barth S, Glick D, Macleod KF. Autophagy: assays and 
artifacts. J Pathol. 2010; 221: 117-124.

34. Masuelli L, Fantini M, Benvenuto M, Sacchetti P, Giganti 
MG, Tresoldi I, Lido P, Lista F, Cavallo F, Nanni P, Schlom 
J, Modesti A, Bei R. Intratumoral delivery of recombinant 
vaccinia virus encoding for ErbB2/Neu inhibits the growth 
of salivary gland carcinoma cells. J Transl Med. 2014; 
12:122. 

35. Ding Y, Yao H, Yao Y, Fai LY, Zhang Z. Protection of 
dietary polyphenols against oral cancer. Nutrients. 2013; 5: 
2173-2191. 

36. De Stefani E, Ronco A, Mendilaharsu M, and Deneo-
Pellegrini H. Diet and risk of cancer of the upper 
aerodigestive tract--II. Oral Oncol. 1999; 35: 22-26.

37. Rossi M, Garavello W, Talamini R, Negri E, Bosetti C, 
Dal Maso L, Lagiou P, Tavani A, Polesel J, Barzan L, 
Ramazzotti V, Franceschi S, La Vecchia C. Flavonoids and 
the risk of oral and pharyngeal cancer: a case-control study 
from Italy. Cancer Epidemiol Biomarkers Prev. 2007; 16: 
1621-1625.

38. Cheng AL, Hsu CH, Lin JK, Hsu MM, Ho YF, Shen TS, 
Ko JY, Lin JT, Lin BR, Ming-Shiang W, Yu HS, Jee 



Oncotarget10761www.impactjournals.com/oncotarget

SH, Chen GS et al. Phase I clinical trial of curcumin, a 
chemopreventive agent, in patients with high-risk or pre-
malignant lesions. Anticancer Res. 2001; 21: 2895-2900.

39. Park W, Amin AR, Chen ZG, Shin DM. New perspectives 
of curcumin in cancer prevention. Cancer Prev Res (Phila). 
2013; 6: 387-400.

40. Bush JA, Cheung KJ Jr, Li G. Curcumin induces apoptosis 
in human melanoma cells through a Fas receptor/caspase-8 
pathway independent of p53. Exp Cell Res. 2001; 271: 305-
314.

41. Aggarwal BB, Shishodia S. Molecular targets of dietary 
agents for prevention and therapy of cancer. Biochem 
Pharmacol. 2006; 71: 1397-421. 

42. Jee SH, Shen SC, Tseng CR, Chiu HC, Kuo ML. Curcumin 
induces a p53-dependent apoptosis in human basal cell 
carcinoma cells. J Invest Dermatol. 1998; 111: 656-661.

43. Jiang MC, Yang-Yen HF, Yen JJ, Lin JK. Curcumin 
induces apoptosis in immortalized NIH 3T3 and malignant 
cancer cell lines. Nutr Cancer. 1996; 26: 111-120.

44. Han SS, Chung ST, Robertson DA, Ranjan D, Bondada S. 
Curcumin causes the growth arrest and apoptosis of B cell 
lymphoma by downregulation of egr-1, c-myc, bcl-XL, NF-
kappa B, and p53. Clin Immunol. 1999; 93: 152-161.

45. Moos PJ, Edes K, Mullally JE, Fitzpatrick FA. Curcumin 
impairs tumor suppressor p53 function in colon cancer cells. 
Carcinogenesis. 2004; 25: 1611-1617. 

46. Tsvetkov P, Asher G, Reiss V, Shaul Y, Sachs L, Lotem J. 
Inhibition of NAD(P)H:quinone oxidoreductase 1 activity 
and induction of p53 degradation by the natural phenolic 
compound curcumin. Proc Natl Acad Sci USA. 2005; 102: 
5535-5540. 

47. Cornel A, Sorrentino G, Capaci V, Del Sal G. The 
cytoplasmic side og p53’s oncosuppressive activities. FEBS 
Lett. 2014; 588: 2600-2609.

48. Masuelli L, Marzocchella L, Quaranta A, Palumbo C, 
Pompa G, Izzi V, Canini A, Modesti A, Galvano F, Bei 
R. Apigenin induces apoptosis and impairs head and 
neck carcinomas EGFR/ErbB2 signaling. Front Biosci 
(Landmark Ed). 2011; 16: 1060-1068.

49. Masuelli L, Budillon A, Marzocchella L, Mrozek MA, 
Vitolo D, Di Gennaro E, Losito S, Sale P, Longo F, 
Ionna F, Lista F, Muraro R, Modesti A et al. Caveolin-1 
overexpression is associated with simultaneous abnormal 
expression of the E-cadherin/α-β catenins complex and 
multiple ErbB receptors and with lymph nodes metastasis 
in head and neck squamous cell carcinomas. J Cell Physiol. 
2012; 227: 3344-3353. 

50. Bei R, Pompa G, Vitolo D, Moriconi E, Ciocci L, Quaranta 
M, Frati L, Kraus MH, Muraro R. Co-localization of 
multiple ErbB receptors in stratified epithelium of oral 
squamous cell carcinoma. J Pathol. 2001; 195: 343-348.

51. Majumdar AP, Banerjee S, Nautiyal J, Patel BB, Patel 
V, Du J, Yu Y, Elliott AA, Levi E, Sarkar FH. Curcumin 
synergizes with resveratrol to inhibit colon cancer. Nutr 

Cancer. 2009; 61: 544-553.
52. Cagnol S, Chambard JC. ERK and cell death: mechanisms 

of ERK-induced cell death--apoptosis, autophagy and 
senescence. FEBS J. 2010; 277: 2-21. 

53. Ravi R, Bedi A, Fuchs EJ, Bedi A. CD95 (Fas)-induced 
caspase-mediated proteolysis of NF-kappaB. Cancer Res. 
1998; 58: 882-886. 

54. Kang KH, Lee KH, Kim MY, Choi KH.Caspase-3-
mediated cleavage of the NF-kappa B subunit p65 at the 
NH2 terminus potentiates naphthoquinone analog-induced 
apoptosis. J Biol Chem. 2001; 276: 24638-24644.

55. Berghe WV, Plaisance S, Boone E, De Bosscher K, Schmitz 
ML, Fiers W, Haegeman G. p38 and extracellular signal-
regulated kinase mitogen-activated protein kinase pathways 
are required for nuclear factor-kB p65 transactivation 
mediated by tumor necrosis factor. J Biol Chem. 1998; 273: 
3285-3290.

56. Bui NT, Livolsi A, Peyron JF, Prehn JH. Activation of 
nuclear factor kappaB and Bcl-x survival gene expression 
by nerve growth factor requires tyrosine phosphorylation of 
IkappaBalpha. J Cell Biol. 2001; 152: 753-764. 

57. Kang R, Zeh HJ, Lotze MT, Tang D. The Beclin 1 network 
regulates autophagy and apoptosis. Cell Death Differ. 2011; 
18: 571-580. 

58. Shinojima N, Yokoyama T, Kondo Y, Kondo S. Roles of 
the Akt/mTOR/p70S6K and ERK1/2 signaling pathways 
in curcumin-induced autophagy. Autophagy. 2007; 3: 635-
637.

59. Woo JH, Kim YH, Choi YJ, Kim DG, Lee KS, Bae 
JH, Min DS, Chang JS, Jeong YJ, Lee YH, Park JW, 
Kwon TK. Molecular mechanisms of curcumin-induced 
cytotoxicity: induction of apoptosis through generation of 
reactive oxygen species, down-regulation of Bcl-XL and 
IAP, the release of cytochrome c and inhibition of Akt. 
Carcinogenesis. 2003; 24: 1199-1208.

60. Ettl T, Schwarz-Furlan S, Gosau M, Reichert TE. Salivary 
gland carcinomas. Oral Maxillofac Surg 2012; 16: 267–283.

61. Pannellini T, Spadaro M, Di Carlo E, Ambrosino E, Iezzi 
M, Amici A, Lollini PL, Forni G, Cavallo F, Musiani P. 
Timely DNA vaccine combined with systemic IL-12 
prevents parotid carcinomas before a dominant-negative 
p53 makes their growth independent of HER-2/neu 
expression. J Immunol. 2006; 176: 7695–7703.

62. Masuelli L, Benvenuto M, Fantini M, Marzocchella L, 
Sacchetti P, Di Stefano E, Tresoldi I, Izzi V, Bernardini R, 
Palumbo C, Mattei M, Lista F, Galvano F et al. Curcumin 
induces apoptosis in breast cancer cell lines and delays the 
growth of mammary tumors in neu transgenic mice. J Biol 
Regul Homeost Agents. 2013; 27: 105-119.

63. Masuelli L, Marzocchella L, Focaccetti C, Lista F, Nardi A, 
Scardino A, Mattei M, Turriziani M, Modesti M, Forni G, 
Schlom J, Modesti A, Bei R. Local delivery of recombinant 
vaccinia virus encoding for neu counteracts growth of 
mammary tumors more efficiently than systemic delivery in 



Oncotarget10762www.impactjournals.com/oncotarget

neu transgenic mice. Cancer Immunol Immunother. 2010; 
59: 1247-1258. 

64.  Elmann A, Mordechay S, Erlank H, Telerman A, Rindner 
M, Ofir R. Anti-neuroinflammatory effects of the extract 
of Achillea fragrantissima. BMC Complement Altern Med. 
2011; 11:98. 

65. Masuelli L, Focaccetti C, Cereda V, Lista F, Vitolo D, 
Trono P, Gallo P, Amici A, Monaci P, Mattei M, Modesti 
M, Forni G, Kraus MH, Muraro R, Modesti A, Bei R. Gene-
specific inhibition of breast carcinoma in BALB-neuT 
mice by active immunization with rat Neu or human ErbB 
receptors. Int J Oncol. 2007; 30: 381-392.

66. Bei R, Guptill V, Masuelli L, Kashmiri SV, Muraro R, 
Frati L, Schlom J, Kantor J. The use of a cationic liposome 
formulation (DOTAP) mixed with a recombinant tumor-
associated antigen to induce immune responses and 
protective immunity in mice. J Immunother. 1998; 21: 159-
169.


