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Introduction

Worldwide esophageal cancer is the eighth most 
common cancer and the sixth most common cause of 
death from cancer (Kamangar et al., 2006). In the United 
States, an estimated 16,940 cases of esophageal cancer will 
be diagnosed in 2017 and 15,690 deaths are expected to 
occur from it (Siegel et al., 2017). Esophageal cancer is 
associated with a dismal prognosis with 5-year survival 
rates of about 18% (Ruol et al., 2009).

Esophageal squamous cell cancer accounts for 90% 
of the total incident cases of esophageal cancer each year 
(Gholipour et al., 2008). Tobacco smoking and alcohol 
consumption have been established as strong risk factors 
for esophageal squamous cell cancer (Freedman et al., 
2007). Furthermore, intake of lamb meat, fried, barbecued, 
or boiled red meat, salted meat, (De et al., 2012) and diets 
low in fruits and vegetables leading to micronutrient 
deficiency may also appear to be risk factors for esophageal 
squamous cell cancer (Glade, 1999). It has been suggested 
based on available evidence that carotenoids exert a 
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protective effect against head and neck cancer (Mayne 
et al., 2001), oral cancer (Garewal, 1993), skin cancer 
(Greenberg et al., 1990), lung cancer (Greenwald, 2003) 
and various other malignancies. A meta analysis suggested 
that a higher intake of carotenoids  (beta-carotene, 
alpha- carotene, lycopene, beta-cryptoxanthin, lutein, and 
zeaxanthin) is associated with lower risk of esophageal 
cancer (Xiao-Xiao et al., 2013). 

In the early 1980s, it was proposed that β carotene 
might reduce the risk of cancer (Peto et al., 1981). Since 
then, several in vitro studies have evaluated the role of 
carotenes in preventing carcinogenesis. Most of the recent 
in vitro studies have focused on the anti-carcinogenic 
mechanism of β-carotene on lung, liver and blood cells 
(Al-Wadei et al., 2009; Sacha et al., 2011; Sampaio 
et al., 2007). Certain animal studies have shown that 
α-carotene possesses higher activity than β-carotene in 
suppressing carcinogenesis in the liver, lung, skin, and 
colon (Murakoshi et al., 1992; Narisawa et al., 1996). 
There are few studies that have focused on the effect of 
carotenes on human esophageal squamous cancer cells but 
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to the best of our knowledge, there has not been any study 
evaluating the effect of carotenoids, a- and b-carotene over 
the normal human esophageal epithelial cells.

The purpose of the present study was to investigate the 
effects of α-carotene, β-carotene alone and in combination 
on cellular proliferation and DNA synthesis of normal 
human esophageal epithelial (HEE) cells and human 
esophageal squamous cancer (HESC) cells in order to 
provide a scientific basis for consideration of prevention 
and treatment of esophageal cancer and its precursor 
lesions.

Materials and Methods

Reagents
α-carotene and β-carotene were purchased from 

Sigma Chemical Co., St. Louis, MO, USA. The carotenes 
were dissolved in ethanol and then diluted to a final 
concentration of 0.1%, a concentration that was nontoxic 
to the cells (Ellis et al., 2009). 

Cell Culture
HEE cell line was developed from esophageal mucosal 

explants obtained as a part of our immediate autopsy 
program (with a postmortem interval of 12 h or less) 
using a modification of the method described previously 
by Resau et al., (1990). Briefly, cells were harvested 
from mucosal explants (1 to 5 mm) by trypsinization for 
24–48 h. Sixty percent of all mucosal explant cultures 
yielded viable epithelial cell cultures. Cells were cultured 
at 37oC in a humidified atmosphere containing 5% 
CO2 and routinely maintained in keratinocyte growth 
medium (KGM) supplemented with murine epidermal 
growth factor (EGF, 10 ng/mL), bovine insulin 5 mg/mL, 
hydrocortisone 0.5 mg/mL, bovine pituitary extract 0.01% 
(vol/vol), and gentamicin and amphotericin mixture 50 
µg/mL each. HEE cells were characterized by cytokeratin 
8 and 19 positivity and vimentin negativity tested by 
immunofluorescence as described by Resau et al., (1990) 
These cells grow as a monolayer of polygonal cells and 
form desmosomal connections. Furthermore, these cells 
co-express keratin and vitamin intermediate filaments and 
exhibit an actin filament pattern characteristic of epithelial 
cells. The cells have a doubling time of approximately 48 
h, require more than one week to reach confluence, and 
can be passaged up to 20–30 times. In the present study, 
all experiments were performed with cells at passage 
number 10–15.

HESC mucosa was obtained by pinch biopsy from 
seven male subjects with ESCC (age range: 45–65 
years) undergoing upper endoscopy. The HESC cell line 
was developed from the esophageal mucosa explants 
by a modification of the method described above for 
HEE cells. HESC cells were characterized by standard 
morphological and cytological features of cultured 
malignant cells including high nucleus to cytoplasmic 
ratio, multi-nucleated cells and short doubling time.

Cell Proliferation Assay
HEE and HESC cells were seeded at an initial density 

of 100,000-200,000 cells/well in 24-well plates in KGM 

containing all the supplements and allowed to grow for 
24 h. Cells were then switched to culture medium with or 
without various concentrations of α-carotene, β-carotene 
or a combination of α- and β-carotene, respectively (5–10 
µM). Cultured Epithelial Cells in triplicate wells were 
counted on Day 1 and every 48 h using a hemocytometer 
for up to 15 days for HEE cells and 11 days for HESC cells. 
Fresh culture media with additives were replenished every 
48 h. Differences between mean cell number from each set 
were compared by analysis of variance (ANOVA) test and 
considered statistically significant at the level of P<0.05.

3H Thymidine (3H TdR) Uptake Assay 
3HTdR uptake was performed using a modification 

of the method described previously (Dutta et al., 2012). 
On the day of the experiment, HEE/HESC cells were 
incubated with or without various concentrations of 
α-carotene, β-carotene, or a combination of α- and 
β-carotene, respectively, for 20 h at 37oC in a CO2 
incubator for different periods of time (Days 1, 3, 5, 7, 9, 
11, 15). After 20 h, HEE/HESC cells were incubated with 
2 mm Ci/well of 3H TdR (specific activity 6.7 Ci/mMol) 
for 4 h at 37oC in a CO2 incubator and the reaction was 
terminated with 1 mL of 3:1 methanol: acetic acid mixture. 
Subsequently, HEE/HESC cells were washed three times 
with 80% methanol, solubilized with 0.5 mL of 10% 
HCl, transferred to scintillation vials, and counted in a 
beta counter. 

Ethics issues
Institutional review board of Sinai Hospital of 

Baltimore approved this study.

Results

Effect of α-carotene, β-carotene, and α- plus β-carotene 
on HEE cell proliferation

α-carotene (αC), β-carotene (βC), and α- plus β-carotene 
(αC+βC) significantly inhibited the proliferation of 
HEE cells and significantly increased their doubling 
time. (P<0.05) (Figure 1) The inhibitory effect of 
α- plus β-carotene (αC+βC) on HEE cell proliferation 

Figure 1: Effect of αC vs βC vs αC+ βC on proliferation 
of HEE cells. α-carotene (αC), β- carotene (βC), and 
α- plus β-carotene (αC+βC) significantly inhibited the 
proliferation of HEE cells. (P<0.05) The inhibitory effect 
of α- plus β-carotene (αC+βC) on HEE cell proliferation 
was significantly greater than that of α-carotene alone, 
β-carotene alone, or the cell-vehicle (P<0.001). 
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in DNA synthesis was observed with 5 µM α-carotene, 
β-carotene, or α- plus β-carotene (P<0.05). Furthermore, 
HEE cell DNA synthesis was significantly inhibited 
by α-plus β-carotene even at a concentration of 1 µM 
(P<0.005) (Figure 3). 

Effect of α-carotene, β-carotene, and α- plus β-carotene 
on HESC cell proliferation

HESC cells were treated with different concentrations 
(1, 5, 10, 15 µM) of α-carotene (αC), β carotene (βC), or 
α- plus β-carotene (αC+βC), respectively, for different 
periods of time (Days 1, 3, 5, 7, 9, 11) and cell numbers 
were determined at each time point. α-carotene alone, β 
carotene alone, or α- plus β-carotene significantly inhibited 
the proliferation of HESC cells (P<0.005; Figure 4) 
resulting in significant prolongation of doubling times.

Effect of α-carotene, β-carotene, and α- plus β-carotene 

was significantly greater than that of α-carotene 
alone, β-carotene alone, or the cell vehicle (P<0.001). 
Furthermore, α- plus β-carotene significantly inhibited 
cell proliferation at a lower concentration (5 µM) than 
either carotenoid alone (10 µM) (P = 0.016). 

In addition, we treated HEE cells with two different 
concentrations of α- plus β-carotene and measured cell 
proliferation at different time points. The inhibitory 
effect of 10 µM α-carotene plus β carotene on HEE 
cell proliferation was significantly greater than 5 µM 
α-carotene plus β carotene, especially at Day 13 and Day 
15 (P=0.001) (Figure 2).

Effects of α-carotene, β-carotene, and α- plus β-carotene 
on DNA synthesis in HEE cells

HEE cells were treated with different concentrations 
of α-carotene, β-carotene, or α- plus β-carotene for 20 
hours and DNA synthesis was measured by uptake of 
tritiated thymidine (3H TdR). A significant reduction 

Figure 2. Effect of αC+βC on Proliferation of HEE 
Cells at Different Concentrations and at Different Time 
Points. The inhibitory effect of 10 μM α-carotene plus 
β-carotene on HEE cell proliferation was significantly 
greater than 5 μM α-carotene plus β-carotene, especially 
at Day 13 and Day 15 (P=0.001)  

Figure 3. 3HTdR Uptake in HEE Cells with αC+βC/ αC/ 
βC. HEE cells were treated with different concentrations 
of α-carotene (αC), β-carotene (βC), or α- plus 
β-carotene (αC+βC) and DNA synthesis was measured 
by uptake of tritiated thymidine (3H TdR). A significant 
reduction in DNA synthesis was observed with 5 μM 
α-carotene, β-carotene, or α- plus β- carotene (P<0.05). 
Furthermore, HEE cell DNA synthesis was significantly 
inhibited by α-plus β-carotene even at a concentration of 
1 μM (P<0.005)

Figure 4. Effect of αC / βC / αC+βC on Proliferation of 
HESC Cells HESC Cells were Treated with Different 
Concentrations (1, 5, 10, 15 μM) of α-carotene (αC), 
β-carotene (βC), or α- plus β-carotene (αC+βC), 
respectively, for different periods of time (Days 1, 3, 
5, 7, 9, 11) and cell numbers were determined at each 
time point. α-carotene alone, β-carotene alone, or α- plus 
β- carotene significantly inhibited the proliferation of 
HESC cells (P<0.005). 

Figure 5. 3HTdR Uptake in HESC Cells with αC+βC/ 
αC/ βC HESC Cells were Treated with Different 
Concentrations (1, 5, 10, 15, 20 μM) of α-carotene, 
β-carotene, or α- plus β-carotene for 20 hours and DNA 
synthesis was measured by uptake of tritiated thymidine 
(3H TdR). A significant decrease in HESC cell DNA 
synthesis was observed with a low concentration of 
5μM α-carotene (P = 0.024) and 10μM β-carotene 
(P = 0.007). Furthermore, the combination of α- and 
β-carotenes significantly inhibited DNA synthesis even 
at a concentration of 1 μM (p = 0.013). 
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on DNA synthesis in HESC cells
HESC cells were treated with different concentrations 

(1, 5, 10, 15, 20 µM) of α-carotene, β-carotene, or α- plus 
β-carotene for 20 hours and DNA synthesis was measured 
by uptake of tritiated thymidine (3H TdR). A significant 
decrease in HESC cell DNA synthesis was observed with a 
low concentration of 5µM α-carotene (P = 0.024) and 10µM 
β-carotene (P = 0.007). Furthermore, the combination of 
α- and β-carotenes significantly inhibited DNA synthesis 
even at a concentration of 1 µM (P = 0.013) (Figure 5). 

To define the minimal inhibitory concentration of 
α- and β-carotenes, we studied the inhibitory effect of 
1 uM α- plus β-carotene on the proliferation of HEE 
cells and HESC cells. HEE and HESC cells were plated 
at a density of xxx cells per well and treated with α- plus 
β-carotene at 24 hours post-plating. Cell counts were 
determined at Days 1, 3, 5, 7, 9, and 11. Interestingly, The 
α- and β-carotene combination inhibited the proliferation 
of HESC cells more than that of HEE cells (P = 0.009; 
Figure 6). 

Comparison of DNA Synthesis Inhibition in HEE and 
HESC Cells Treated with α- Plus β-carotene 

HEE and HESC cells were treated with different 
concentrations of the α- plus β-carotene and DNA 
synthesis was measured. A greater suppression of DNA 
synthesis was observed in HEE cells compared to HESC 
cells, and this effect was statistically significant at a 
concentration of 10 µM (P = 0.003; Figure 7).

Discussion

Our study demonstrates a strong inhibitory effect 
of α- and β-carotene on cellular proliferation and DNA 
synthesis of normal human esophageal epithelial cells 
(HEE cells) and human esophageal squamous cell cancer 
cells (HESC cells) in in-vitro monolayer culture. This 
system allows us to elucidate the role of various therapeutic 
agents in prevention and treatment of esophageal cancer. 

Most of the studies in the past have evaluated an effect of 
the carotenoids over isolated cultured human esophageal 
squamous cell cancer line (HESC). However in our study, 
we examined the effect of carotenoids on the proliferation 
of normal human esophageal epithelial cells (HEE cells). 
To date this is the first report of successful culture of 
HEE cells from human mucosal transplants. Inhibition 
of cellular proliferation in HEE cells may serve as a 
model for various intervention therapies for prevention 
of transformation of normal esophageal mucosal cells to 
pre-malignant or malignant cells.

It is noteworthy that there was greater magnitude of 
inhibition of DNA synthesis in HEE cells than HESC cells. 
There was significant reduction in DNA synthesis with 
α-carotene (5uM) as well as b-carotene (5uM) in HEE 
cells. This may have a likely clinical significance in that 
carotenoids may be effective when applied early in the 
course of the disease i.e. Barret’s esophagus. In fact we 
have previously demonstrated in our study that β-carotene 
therapy reduced the mean length of Barret’s segment and 
also caused restoration of histological and molecular 
changes in esophageal mucosa of patients with Barret’s 
esophagus (Dutta et al., 2012). Thus, by targeting the HEE 
cells, carotenes may serve as an important preventive 
modality for esophageal cancer. 

A few animal studies have shown that α-carotene 
possesses higher activity than β-carotene in suppressing 
carcinogenesis in lung, liver, skin and colon cells 
(Murakoshi et al., 1992; Narisawa et al., 1996). Although, 
there have been studies done on the role of β-carotene over 
human esophageal squamous cancer cells, but to the best 
of our knowledge, there has not been any study evaluating 
the role of α-carotene over human esophageal squamous 
cell cancer lines in-vitro. Our data suggests that the 
minimum concentration required for significant inhibition 
of DNA synthesis was lower for α- carotene compared 
to β- carotene (5uM vs 10uM) in human esophageal 
squamous cancer cells (HESC cells). However, the 
minimum concentration required for inhibition of DNA 

Figure 6. Comparison of Proliferation of HEE Cells and 
HESC Cells by αC+βC at 1uM. To define the minimal 
inhibitory concentration of α- and β-carotenes, we 
studied the inhibitory effect of 1uM α- plus β-carotene 
on the proliferation of HEE cells and HESC cells. 
Cell counts were determined at Days 1, 3, 5, 7, 9, and 
11. Interestingly, The α- and β-carotene combination 
inhibited the proliferation of HESC cells more than that 
of HEE cells (P = 0.009). 

Figure 7. Comparison between 3HTdR Uptake in HEE 
and HESC Cells by αC+βC. HEE and HESC Cells were 
Treated with Different Concentrations of the α- plus 
β-carotene and DNA Synthesis was Measured. A greater 
suppression of DNA synthesis was observed in HEE cells 
compared to HESC cells, and this effect was statistically 
significant at a concentration of 10 μM (p = 0.003). 
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synthesis in HEE cells was similar for both α- and 
β-carotenes. Considering the significant inhibition of 
cellular proliferation of human esophageal cancer cells 
by a-carotene at a lower concentration, additional studies 
are needed to elucidate the role of α-carotenoids as 
prophylactic as well as therapeutic agents in esophageal 
carcinogenesis in human trials and animal studies. 

Interestingly, we also noted the synergistic effect 
of carotenoids, α- and β-carotene together on cell 
proliferation and DNA synthesis in HESC cells. Our 
data suggests that HEE and HESC cell DNA synthesis 
was significantly inhibited even at a concentration of 
1uM. Shao-Kang (2012) showed the synergistic effect 
of β-carotene and 1,25 – dihydroxyvitamin D3 on human 
esophageal squamous cancer EC9706 cells whereas Zhang 
(2016) used b-carotene and 5-Fluorouracil in the same 
cell line to demonstrate synergism. Our study is different 
because it is for the first time that the effect of α- carotene 
has been studied in combination with β-carotene over HEE 
and HESC cells. In the study by Wang et al, the minimum 
concentration of β-carotene required for significant 
inhibition of cell proliferation of EC9706 cells was 40uM 
whereas in our study the minimum concentration of 
β-carotene required was 10uM for significant reduction 
in cell proliferation. At higher doses, β-carotene has been 
reported to cause decreased mitochondrial function in 
human K562 erythroleukemic and 28SV4 retinal pigment 
epithelial cells by an unidentified mechanism but clinical 
trials evaluating the toxic effects of β-carotenes in humans 
are lacking (Hurst et al., 2005). The synergism is beneficial 
because it would enable a lower dose of β-carotene to be 
used for protection against esophageal malignancy.

The molecular mechanism of carotenoids in isolated 
human cell culture has been studied in some details. These 
studies have shown that carotenoids exert their protective 
effect through following mechanisms: 1) causing cell 
cycle arrest in G1/G0 phase by down-regulating the levels 
of Cyclin D1 (Malumbres et al., 2009); 2) induction of 
apoptosis by down-regulating the levels of Survivin 
(Kato et al., 2001; Zhu et al., 2016); 3) enhanced cellular 
gap junction communication (Bertram et al., 2004) and 
4) anti-angiogenic effect through modulation of various 
cytokines (decreased levels of IL-6, IL-1b, TNF-a, and 
GM-CSF and increased level of IL-2 and TIMP-1) 
(Guruvayoorappan et al., 2007). We did not study the 
mechanism of cellular inhibition and induction of DNA 
damage by carotenoids in our cell cycle. Additional studies 
are needed to illustrate the mechanism of DNA damage 
by carotenoids.

In conclusion, our study demonstrated that the 
α-carotene and β-carotene alone or in combination inhibit 
the proliferation and DNA synthesis of both HEE and 
HESC cells. Furthermore, a-carotene is more effective 
than β-carotene in HESC cell inhibition. Additional animal 
and well-designed human studies are needed to examine 
the beneficial effect of carotenoids in inhibiting the 
process of neoplastic transformation and carcinogenesis 
in esophageal and upper aero digestive tract cancer. 
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