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Introduction
Colon cancer is the third most common type of cancer in the 
US, and it affects the lives of many, particularly older people.1 
The causes of the disease can be related to genetic factors, 
unhealthy lifestyles and eating habits, and others.2-4 High 
intakes of foods high in fat, salt, sugar, but low in fruits and 
vegetables, are considered significant contributors to the dis-
ease etiology and progression.4,5 If the cancer is diagnosed at an 
early stage, the 5-year survival rate is expected to be high 
(~90%).6 For cancer prevention purposes, there are several 
FDA-approved colon cancer treatment regimens, including 
changes in dietary patterns.

Ginger roots (Zingiber officinale Roscoe) are common in 
Asian cuisine.7,8 It is also becoming popular in Western foods, 
for example, gingerbread (fortification in cookie), ginger tea 
(fortification in beverage), and ginger powder (fortification as 
spice). According to the database published by USDA, 100 g 
fresh ginger roots contain 1.8 g proteins, 17.8 g carbohydrates, 
0.7 g lipids, and various minerals and vitamins. As previously 
reported, ginger roots are rich in phytochemicals, such as gin-
gerols and phenols.7,8 In vitro and in vivo studies also present 

that ginger roots have antioxidant, anti-inflammatory and anti-
cancer properties,7,8 though the mechanisms of action are not 
well elucidated.

Gingerols, such as 6-gingerol, are a biologically active com-
pound found rich in ginger roots. The estimated content of 
6-gingerol is about 1 mg/100 g fresh ginger roots.9 There are 
numbers of publications showing that 6-gingerol inhibits colon 
cancer cell growth, through apoptosis and cell cycle arrest, in 
culture at higher doses (~30-100 μmoL/L).10-13 However, there 
is no data to confirm whether 6-gingerol at such high doses is 
safe to normal colon cells.

In this study, we sought to investigate the protective roles of 
low doses of ginger root juice and its bioactive 6-gingerol com-
pound in colon cancer by specifically reducing colon cancer cell 
growth while keeping normal colon cells safe.

Methods
Cell culture

Colon cancer SW480 cells and CCD-18Co normal colon epi-
thelial cells were purchased from the American Type Culture 
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Collection (CCL-228 and CRL-1459, Manassas, VA, USA). 
SW480 cells were grown in DMEM with 4.5 g/L glucose sup-
plemented with 10% fetal bovine serum (FBS), penicillin, and 
streptomycin, and normal colon CCD-18Co cells were main-
tained in EMEM with 4.5 g/L glucose and glutamine with 
10% FBS. Cells were seeded in either flasks or 96-well plates 
with initial cell density about 35%.

Ginger roots and ginger juice preparation and total 
phenolic content assay

Ginger roots were purchased from a local grocery store and 
maintained in a refrigerator till use. One hundred grams ginger 
roots were homogenized, and the juice was collected through 3 
layers chess cloth filtering, followed by centrifugation and 
0.2 μm filter sterilization. After freeze-drying, ginger root 
powders were completely dissolved in 750 μL DMSO. Finally, 
the solution was reconstituted to 75 mL with cell culture media, 
followed by 0.2 μm filter sterilization. The sterile ginger root 
juice was used for total phenol content measurement and cell 
culture treatments. The phenolic content in the ginger juice 
was measured using the Folin-Ciocalteu assay as previously 
reported, expressed as gallic acid equivalent.14

6-Gingerol

6-gingerol was obtained from Sigma-Aldrich (St. Louis, MO, 
USA. catalog # G1046). It was dissolved in DMSO in a stock 
of 100 mmol/L and was diluted in cell culture media for experi-
mental uses.

Cell treatments and metabolic activity assessment

Cell numbers were examined using Trypan blue stain. Cells 
were treated with ginger juice and/or 6-gingerol at various 
doses for 20, 40, and 80 hours. Cell metabolic activity was ana-
lyzed using a MTT cell proliferation assay kit (Cayman 
Chemical, Ann Arbor, MI, USA, catalog # 10009365), by fol-
lowing the manufacturer’s introduction. Relative metabolic 
activity was normalized to the SW480 control (the “0” group).

Immunoblotting and cell apoptosis and cycle arrest

After treatments, cells were harvested and whole cell lysates 
were collected in RIPA lysis buffer solutions (catalog # 89901, 
Thermo Fisher, Waltham, MA, USA), with 1% protease and 
phosphatase inhibitors. Protein concentration was measured 
using the Pierce BCA protein assay kit (catalog # 23225, 
Thermo Fisher, Waltham, MA, USA). Cell apoptosis and/or 
cycle arrest were determined by immunoblotting using anti-
bodies against key proteins in cell cycles.15 Immunoblotting 
images were quantified using ImageJ software. Antibodies used 
were purchased from Cell Signaling Technology (with catalog 
#, Danvers, MA, USA), beta-actin (4970), cleaved caspase-3 

(9961), p21 Waf1/Cip1 (12D1) (2947), phospho-Histone H3 
(Ser10) (3377), cyclin A2 (BF683) (4656), cyclin B1 (D5C10) 
(12231), phospho-Wee1 (Ser642) (4910), Cyclin Dependent 
Kinase 1 (CDK1) (77055), phospho-Tyr 15 CDK1 (4539), and 
Myt1 (4282). Specificity of antibodies were validated by the 
vender.

Statistical analysis

Data were analyzed by 2-way ANOVA with a Tukey post-hoc 
test and statistical significance was set at P < .05. Experiments 
were repeated 4 times. Values were expressed as means ± 
standard deviation.

Results
Ginger juice inhibited cell growth

In the ginger juice prepared in this study, there were 0.8 ± 0.1 mg 
garlic acid equivalent/mL total phenolics. Time course (20, 40, 
or 80 hours) and dosage curve (1, 10, 25, 50, or 100 μL/mL) 
experiments showed that ginger juice significantly inhibited 
the growth of both cell types at a higher dose (data not shown). 
The results in Figure 1A indicated that for the 40 hour treat-
ment, ginger juice at 25 μL/mL specifically inhibited SW480 
cancer cells but not normal colon cell CCD-18Co. Yet, at 
higher doses, for example, 50 and 100 μL/mL, ginger juice 
inhibited growth of both cell types. Immunoblotting results in 
Figure 1B showed that cleaved caspase-3 levels were not altered 

Figure 1.  Ginger juice selectively inhibited SW480 cell growth at 25 µL/

mL Colon cancer SW480 and normal colon epithelial CCD-18Co cells 

were treated with ginger juice for 40 hours. Cell metabolic activity was 

measured by MTT assay, data was normalized to the group of SW480 “0” 

(A). Whole cell lysates were subject to immunoblotting to detect 

caspase-3 activation as shown in cleaved caspase-3 (B). Representative 

immunoblotting images are shown. Data are from 4 independent 

replicates. Values with different letters are statistically different.
N = 4. P < .05.
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by the treatments, regardless of doses of ginger juice. It sug-
gested no caspase-3 activation by ginger juice.

6-Gingerol specif ically inhibited colon cancer 
SW480 cell growth

Nest, we selected 6-gingerol, one of the major phenols in the 
ginger juice, to treat cells. The results in Figure 2A revealed that 
40 hours 6-gingerol treatment significantly inhibited SW480 
cell growth starting at 0.5 µmol/L (P < .01). More than 1 µmol/L 
6-gingerol did not give more power to inhibit SW480 cell 
growth. The results also showed that CCD-18Co cell growth 
were not changed after 6-gingerol treatments (P > .1). 
Immunoblotting results further revealed that 6-gingerol at 1 and 
2.5 µmol/L cleaved caspase-3 levels were consistent among 
groups, suggesting there were no caspase-3 dependent cell apop-
tosis (Figure 2B).

6-gingerol selectively lowered p21 waf1/cip1 
protein levels in colon cancer SW480 cells

Further, we examined p21 and histone H3 phosphorylation. 
Figure 3A and 3B (quantified data of immunoblotting) appar-
ently indicated that 6-gingerol treatment selectively and sig-
nificantly decreased p21 protein levels in SW480 cells only. 
Histone H3 phosphorylation on Ser10 was not altered by 
6-gingerol in either cell type.

6-gingerol altered levels of key proteins in the G2/M 
cell cycle checkpoint in colon cancer SW480 cells

Finally, we determined some key proteins in cell cycle check-
points (Figure 4A representative images and B quantitative 
results). As expected, levels of key proteins in cell cycle check-
points were extensively lower in normal colon epithelial cell 
CCD-18Co, compared to SW480, which were not much 
altered by 6-gingerol (Figure 4A left panels). And in SW40 
cells, cyclins A2 and B1 protein levels were not changed by 
6-gingerol. However, Wee1 phosphorylation on Ser642 was 
inhibited, but Myt1 protein levels were elevated by 6-gingerol. 
Further, overall CDK1 protein levels were also significantly 
decreased in 6-gingerol-treated SW480 cells, though the ratio 
of phospho-Tyr15-CDK1/CDK1 was consistent.

Discussion
In this study, the protective roles of ginger juice and its bioac-
tive compound 6-gingerol in cancer were investigated in cell 
cultures of colon cancer cells and normal colon epithelial cells. 
The study revealed that both ginger juice and 6-gingerol were 
beneficial to specifically inhibit colon cancer cell growth. As 
low as 1 µmoL/L 6-gingerol could effectively inhibit SW480 
cancer cell growth by 64%. However, ginger juice could selec-
tively inhibit colon cancer cell growth in a narrow window at 
~25 µL/mL media. Ginger juice at larger doses was harmful 

Figure 2.  6-gingerol specifically inhibited SW480 cell growth Colon 

cancer SW480 and normal colon epithelial CCD-18Co cells were treated 

with various doses of 6-gingerol for 40 hours. Cell metabolic activity was 

measured by MTT assay, data was normalized to the group of SW480 “0” 

(A). Whole cell lysates were subject to immunoblotting to detect 

caspase-3 activation as shown in cleaved caspase-3 (B). Representative 

immunoblotting images are shown. Data are from 4 independent 

replicates. Values with different letters are statistically different.
N = 4. P < .05.

Figure 3.  6-gingerol regulates protein levels in cell cycle arrest and cell 

death Colon cancer SW480 and normal colon epithelial CCD-18Co cells 

were treated with various doses of 6-gingerol for 40 hours. Whole cell 

lysates were subject to immunoblotting. Representative immunoblotting 

images are shown (A). ImageJ was used to quantify immunoblotting 

images (B). Data are from 4 independent replicates. Values with different 

letters are statistically different.
N = 4. P < .05.
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because it inhibited both normal colon epithelial cells and can-
cer cells.

Ginger root as a whole food, is rich in nutrients, phyto-
chemicals, and other bioactive compounds. Published work 
claims that health benefits of ginger are largely attributed to 
phenols, such as gingerols and shogaols.16,17 Among them, 
6-gingerol was the most well studied. The dose of ginger has 
not been optimized in most human studies.7,8 Here, we pre-
pared a ginger juice with total phenolics content at 0.8 ± 0.1 mg 
garlic acid equivalent/mL. The ginger juice selectively inhib-
ited cancer cell growth at a very narrowed dose window. That 
suggested that special caution has been taken when using gin-
ger juice as a whole food. It may suggest there were other com-
pounds can possibly exert a role in cell growth and death.

6-gingerols at low doses were able to achieve the impor-
tant protective effects. In the literature, high doses (at 
~30 µmoL/L or higher) were used in treating cancer cells,7,8 
but there were no normal colon epithelial cells as a negative 
control. Special caution must be taken when we implicate 
those data because such high doses of phenolics might cause 
damage to normal colon cells. Pro-caspase 3 cleavage is an 
essential step for caspase 3 activation shown in a form of 
cleaved caspase-3 by immunoblotting.18 The immunoblotting 
results in this study indicated that there were no increases in 
activation of caspase-3, suggesting that ginger juice and 
6-gingerol did not induce caspase-3-dependent apoptosis in 
both colon cell types.

Cell cycle arrest occurs in multiple checkpoints, under com-
plex mechanisms.19-21 p21 Wafl/Cip1 is one of key regulators that 
plays a dual role in promotion of cancer cell proliferation and 
apoptosis.22 In the current study, p21 protein levels were specifi-
cally lowered in cancer cells after 6-gingerol treatment, suggest-
ing its possible role in slowing down the growth of cancer cells.

Cyclin B and CDK1 complex is another key player in tran-
sition of G2 phase to M phase in the cell cycle.23 Phosphorylation 
on Tyr 14 and Tyr 15 of CDK1 by Wee1 and/or Myt1 causes 
CDK1 inactivation, and thereby leading to G2/M arrest.24,25 
6-gingerol at lower doses also specifically decreased CDK1 
protein levels, with changes in Wee1 and Myt1, though phos-
phorylation status on Tyr15 of CDK1 was not significantly 
altered. Taken together, protein levels changes suggested 6-gin-
gerol-linked colon cancer cell cycle arrest.

Given the heterogeneity of cancer cells in nature,26 there is 
much inconsistent information available in the literature about 
the exact roles of ginger and/or 6-gingerol in cell cycle arrest. 
This study can provide some new data to support the statement 
that there were multiple potential mechanisms of action in 
terms of 6-gingerol inhibition of colon cancer cell growth. 
Newly developed single cell RNA sequencing can be a power-
ful tool to tease out mechanistically at single cell levels, on how 
ginger juice and the bioactive 6-gingerol can kill the cancer 
cells, while leaving normal colon cells unharmed.

Conclusion
Through this experiment, it can be concluded that 6-gingerol 
can specifically inhibit SW480 colon cancer cells without kill-
ing normal colon epithelial CCD-18Co cells, through cell 
cycle arrest. Ginger juice can selectively inhibit colon cancer 
cell growth in a relatively narrow dose window. Single cell tran-
scriptomics can be used for future mechanistic assessment.
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