
The influences of red wine in phenotypes of human cancer cells

Songlin Chen#1,4, Yunfeng Yi#1, Ting Xia#1, Zaifa Hong#2,4, Yanmei Zhang#3,4, Ganggang 
Shi2, Zhimin He2, and Shuping Zhong4,*

1,Department of Cardiothoracic Surgery, Xiamen University Affiliated Southeast Hospital, China

2.Affiliated Cancer Hospital & Institute of Guangzhou Medical University, China

3.Department of Pharmacology, Shantou University Medical College, China

4.Department of Medicine, Keck School of Medicine, University of Southern California, Los 
Angeles, CA, USA

# These authors contributed equally to this work.

Abstract

Alcohol intake increases the risk of cancer development. Approximately 3.6% human cancers 

worldwide derive from chronic alcohol drinking, including oral, liver, breast and other organs. Our 

studies in vivo and in vitro have demonstrated that diluted ethanol increase RNA Pol III gene 

transcription and promotes cell proliferation and transformation, as well as tumor formation. 

However, it is unclear about the effect of red wines on the human cancer cells. In present study, we 

investigated the roles of red wine in human cancer cell growth, colony formation and RNA Pol III 

gene transcription. Low concentration (12.5mM to 25mM) of ethanol enhances cell proliferation 

of breast and esophageal cancer lines, whereas its higher concentration (100mM to 200mM) 

slightly decreases the rates. In contrast, red wines significantly repress cell proliferation of 

different human cancer lines from low dose to high dose. The results reveal that the red wine also 

inhibit colony formation of human breast cancer and esophageal carcinoma cells. The effects of 

repression on different human cancer lines is in a dose-dependent manner. Further analysis 

indicates that ethanol increases RNA Pol III gene transcription, whereas the red wines 

significantly reduce transcription of the genes. Interestingly, the effects of mature wine (brick red) 

on cancer cell phenotypes are much stronger than young wine (intense violet). Together, these new 

findings suggest that red wines may contain some bioactive components, which are able to inhibit 

human cancer cell growth and colony formation.
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1. INTRODUCTION

Emerging evidences have indicated that alcohol consumption is consistently associated with 

increased risk of human cancers (Shi et al, 2017; Yi et al, 2018). Target sites for alcohol-

related carcinogenesis include the breast, esophagus, liver and multiple additional organs 

(Connor J, 2017; Scoccaianti et al, 2013; Allen et al, 2009). Alcohol has been classified as 

carcinogenic to humans by IARC (the International Agency for Research on Cancer) (Shi et 

al, 2017; IARC, 2011; Coglian et al, 2011). The epidemiological studies have shown that the 

relative increase in risk ranges from 5%-10% (up to 1 drink or 10 gram/day) to 40%-50% (3 

or more drinks/day) (Singletary et al, 1995; Watabiki et al, 2000). Nucleolar hypertrophy is a 

consistent cytological feature of cancer cells, where RNA polymerase I and III-dependent 

genes (RNA Pol III genes) are transcribed (White R, 2004). Upregulation of Pol III genes is 

tightly linked to cell proliferation, cell transformation, as well as tumor formation (Johnson 

et al, 2008; Zhong et al, 2009; Zhong et al, 2007; Zhong et al, 2011; Zhang et al, 2013; 

Zhang et al, 2011). Brf1 (TFIIB-related factor 1) is a transcription factor and specifically 

regulates Pol III gene transcription. Our studies in vivo and in vitro have demonstrated that 

diluted ethanol increases Brf1 expression to enhance Pol III gene transcription, resulting in 

alteration of the cellular phenotypes (Zhong et al, 2009, Zhang et al, 2013, Zhong et al, 

2016). This suggests that ethanol-caused upregulation of Brf1 and Pol III genes plays 

important roles in cell proliferation and cancer development. Our recent studies have 

demonstrated that liquor spirits (white wine) have the potential inhibiting human cancer 

growth (Yi et al, 2018). While red wine is more popular alcoholic beverage. However, it is 

unclear whether red wine affect these phenotypes of human cancer cells.

Red wine is a type of wine made from dark-colored (black) grape varieties. In terms of the 

actual color of the wine, red wines are divided into two types: mature wines (brick red) and 

young wines (intense violet). Red wine phenolics contain two major groups: flavonoids and 

non-flavonoids. The main flavonoid compounds presented in red wine include several 

classes, such as flavanols [(epi) catechin], flavonols (e.g., myricetin andquercetin) and 

anthocyanins (e.g., malvidin-3-glucoside), while non-flavonoid compounds presented in red 

wine comprise phenolic acids, phenols and stilbenes. Renaud et al proposed that the 

moderate daily consumption of red wine was as a contributing factor to the observed lower 

incidence of coronary heart disease (Renaud and Lorgeril, 1992). Epidemiological studies 

have indicated a positive association between red wine ingestion and human health. Studies 

from diverse populations have revealed that individuals who usually consume moderate 

amounts of wine experience a 20% to 30% reduction in all-cause mortality, particularly 

cardiovascular mortality (German and Walzem, 2000; Ruf, 2003). However, a recent study 

shows that heavy beer and possible sprits consumption is associated with the risk of 

aggressive prostate cancer, while no dose-dependent relationship was found for red or white 

wine (Papa et al, 2017). Our studies demonstrated that diluted ethanol-feeding mouse 

promoted liver tumor development (Zhong et al, 2011). While a previous study indicated 

that the workers, who tested liquor and sprits to check its quality during the course of 

production, were not found hepatic fibrosis, cirrhosis and HCC in this special crowd, 

compared to those of other beverage consumptions (Wu et al, 2002). Our recent studies have 

demonstrated that liquor spirits are able to repress cell growth and colony formation of 
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human cancer lines (Yi, et al, 2018). These studies imply that wines may play a role in 

inhibiting cancer development. However, it is known that alcohol intake increases the risk of 

human cancers (Petri et al, 2004; Singletary and Gapstur, 2001; Chen et al, 2011; Seitz et al, 

2012; Dermark-Wahenefien, 2013). These contradictory results mentioned above need to 

further be studies. To investigate whether red wine plays a role in cancer cell growth, we 

randomly purchased three commercial red wines, two mature wines and one young wine, 

from a supermarket. We treated the cells of different human cancer lines with the red wines 

to observe changes in cell proliferation, colony formation and RNA Pol III gene 

transcription. The results reveal that all three red wines decrease the rates of cell 

proliferation, compared to diluted ethanol treatment. The red wines also repress colony 

formation of human breast cancer and esophageal carcinoma cells and inhibit Pol III gene 

transcription. The effects of mature wine (brick red) on these cancer cell phenotypes are 

much stronger than young wine (intense violet). These studies suggest that red wine may 

contain some bioactive components, which are able to inhibit Pol III gene activity, cell 

growth and colony formation of human cancer cells.

2. MATERIALS AND METHODS

2.1 Cell lines and reagents

Human breast adenocarcinoma cell line MCF-7 (HTB-22), human colon carcinoma cell line 

RKO (CRL-2577), human colorectal carcinoma cell line HCT-116 (CRL-247), human 

colorectal adenocarcinoma cell line SW-480 (CCL-228) were from ATCC (Manassas, VA, 

USA). Human esophageal squamous carcinoma cell line KYSE-510 (ACC 374) was from 

DSMZ (Braunschweig, Germany). These cell culture media were from Life Technologies 

Inc (San Diego, CA, USA).

MTT reagent (AR1156) were from Boster Biol. Tech. (Pleasanton, CA, USA). IQ TM 

SYBR Green (Cat #:7200033) was from Bio-Rad Laboratories (Hercules, CA, USC). The 

red wines include two mature wines (#1 and #3) and one young wine (#2), which were 

randomly purchased from a supermarket. The three red wines were labeled with #1 to #3, 

which contain actual ethanol concentration at 15% (v/v), 13% (v/v) and 13.5 (v/v), 

respectively. Ethanol (200 proof) was from Sigma-Aldrich (Hayward, CA, USA).

2.2 Cell proliferation and cell death by red wines

Approximately 2 ×103 cells per ml of human cancer cells (MCF-7, KYSE-510, A-549, 

RKO, HCT-116, SW-480) were seeded in six-well plates in triplicate and grew in the media 

containing ethanol or red wines for 6 days. Cells were treated with diluted ethanol or red 

wines (#1, #2 or #3) at corresponding actual ethanol concentration (mM) and cellular 

morphology was analyzed by microscopy using a Nikon Eclipse TE300 and Metamorph 

Program (Cell and Tissue Imaging Core of University of Southern California Research 

Center for Liver Diseases, P30 DK048522). Cells were assayed for viability and counted 

using a Coulter Counter as described previously and hemacytometer (Zhong et al, 2007, 

2009).
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The cells of human breast cancer line (MCF-7) and esophageal carcinoma line (KYSE-510) 

were seeded in six-well plates and grew up to 70% confluence in the culture media without 

any ethanol and the red wines. Then the cells were treated with the diluted ethanol or the red 

wines for 48 hours to determine whether cancer death appears by the treatment of red wines. 

The cell morphology was analyzed and cell numbers were counted as described above.

2.3 Cell Anchorage-independent growth.

MCF-7 cells and KYSE-510 cells (1 × 103 cells/well in 6 well plate) were suspended in 

0.35% (w/v) agar in 10% FBS/DMEM/F12 or RIPM1640 media. Cells were fed fresh 

complete media with diluted ethanol or red wines (#1, #2 or #3) at corresponding actual 

ethanol concentration twice weekly. Colonies were counted 2-3 weeks or longer after plating 

as described previously (Zhang et al, 2013; Zhang et al, 2011; Zhong et al, 2016).

2.4 MTT assay

The procedure of MTT assay was followed the instruction of the MTT Kit (AR1156). 

MCF-7 and KYSE-510 cells were seeded into microplate and treated as mentioned above. 

Remove the medium and replace it with 100 μl of fresh culture medium for each well of a 

microplate. Add 10 μl of the MTT labeling reagent to each well including a negative control 

of 100 μl medium alone.Incubate the microplate at 37°C for 4 hours in the humidified 

chamber (5% CO2). Add 100 μl of formazan solubilization solution to each well and mix 

thoroughly and incubate the microplate at 37 °C for 18 hours in the humidified chamber (5% 

CO2). Measure the absorbance of the samples using Omega microplate reader at 570 nm 

(Cell Biology Core Laboratory of University of Southern California Research Center for 

Liver Diseases, P30 DK048522).

2.5 Real time quality PCR (RT-qPCR)

MCF-7 and KYSE-510 cells grew up to 85% confluence and starved in FBS-free media for 

4 hours. The cells were treated with 25mM ethanol or the three red wines at corresponding 

actual ethanol concentration, respectively. Total RNA was isolated from cultured cells using 

single step extraction method with TRIzol reagent from Life Technologies Inc (San Diego, 

CA, USA). RNA samples were quantified and reverse-transcribed in a 20 μl reaction 

containing 1 x RT (reverse transcription) buffer. After first-strand cDNA synthesis, the 

cDNAs were diluted in DNase-free water and real time qPCR (RT-qPCR) were performed 

with specific primers and PCR reagent kits (Bio-Rad Labs) in the ABI prism 7700 Sequence 

Detection System. Precursor of tRNALeu and 5S rRNA transcripts were measured by RT-

qPCR as described previously (Zhong et la, 2011).

3. RESULTS

3.1 Red wines decrease the rate of cell proliferation

Multiple human cancer cell lines were treated with different amounts of the red wines, 

calculated the usage volumes of the red wines in same ethanol concentration (mM) 

referencing their actual ethanol percentages. Figure 1 shows that MCF-7 cells grew up 

almost full confluence at diluted ethanol-treated group from 12.5 mM to 200mM (Fig, 1A 

up). At low concentration from 12.5mM to 25mM, ethanol increased accumulative MCF-7 
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cells. Then, the numbers of cells were then slightly decreased with enhancing ethanol 

concentration (from 50 mM to 200 mM) (Fig. 1B, Left). In contrast, all three red wines (#1, 

#2 and #3), either mature wines (#1 and #3) or young wine (#2), reduce the rate of MCF-7 

cell growth (Fig. 1A). The repression of the red wines is in a dose-dependent manner (from 

6.25 mM to 100 mM). At the concentration of 25 mM, red wines #1 and #3 completely 

inhibits the cell growth of MCF-7 line, whereas ethanol at same dose increases MCF-7 cell 

growth (Fig. 1A up and B Left). The results indicate that the red wines are indeed able to 

inhibit the cell growth of human breast cancer line, MCF-7.

We also determined the effects of the red wines on human esophageal carcinoma cell line, 

KYSE-510. The results reveal that the accumulation of the KYSE-510 cells is increased by 

ethanol at 12.5 mM to 25 mM, the high peak is at 12.5 mM ethanol. Whereas higher 

concentration (up to 200 mM) of ethanol does not further increase the numbers of the 

KYSE-510 cells (Fig. 2A Up and 2B Left). However, the three red wines dramatically 

reduce the rate of KYSE-510 cell growth from 6.25 mM to 100 mM (Fig. 2). This cell line 

to the mature wines (#1 and #3) is much more sensitive than those to the young wine (#2) 

(Fig. 2).

To confirm the effects of red wines on human cancer cells of breast and esophagus, we 

further performed MTT assay to determine changes in the cell proliferation. The results 

indicate that mature wine (#1) dramatically decreased both cell growth of human breast (Fig. 

3 Left) and esophageal (Fig. 3 Right) cancers. Both red wines (#2 and #3) also markedly 

reduced the rates of cell growth of the two human cancer cell lines. As mentioned above, 

these studies indicate that the repression of cancer cell growth by mature wines (#1 and #3) 

is much stronger than young wine (#2).

To explore the inhibition effects of the red wines on other human cancer lines, we utilized 

more human cancer cell lines. We treated human lung carcinoma line (A-549) and human 

colon cancer lines (HCT-116, SW-480 and RKO) with the red wines. The results indicate 

that no matter which red wines, all of them significantly decrease the cell growth rates of 

human lung carcinoma and colon cancer lines (Fig. 4 and Fig. 5). Moreover, the efficiency 

of repressing cell growth on A549 (Fig.4A) and RKO (Fig. 5A) cells by the red wines are 

much more significant than those on HCT-116 (Fig.4B) and SW-480 (Fig.5B) cells. 

Furthermore, we also tested the influence of the red wines in tumor stem cells of mouse liver 

(TSCML). The results indicate that the three red wines also markedly decrease the rate of 

cell growth of TSCML (Fig. 6). Together, the studies mentioned above have demonstrated 

that the red wines display the strong inhibition effects on cell growth of different cancer 

lines. However, the inhibition role of mature wine (#1 and #3) is much stronger than those of 

young wine (#2). As we can see, the roles of repressing cancer cell growth by the red wines 

are in a dose-dependent manner.

3.2 The cancer cell death was caused by the treatment of the red wines

Above studies have demonstrated that the red wines indeed decrease the cell growth rates of 

human cancer lines. Next, we explore whether the red wines are able to kill the grown-up 

human cancer cells. The MCF-7 cells and KYSE-510 cells grew to 70% confluence and then 

were treated with the three red wines for 48 hours, respectively, to determine accumulative 
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cells. Figure 7 indicates that higher concentration (100 mM) of mature wines (#1 and #3) 

completely caused the MCF-7 cell death (Fig. 7A), while the mature wines at same dose also 

dramatically abate KYSE-510 cells (Fig. 7B). However, the young wine (2#) has less 

inhibition role in the same concentration of ethanol to the cancer lines (Fig. 7A and7B). 

These results show that the effect of the red wines on human breast cancer cells (MCF-7 

line) is much stronger than those of human esophageal carcinoma cells (KYSE-510 line). 

But, the capacity of the red wines killing cancer cells is less than their inhibition role in 

cancer cell growth.

3.3 The red wines repress colony formation of human cancer cells

Our previous studies have indicated that inhibiting Pol III gene transcription is able to 

repress cell transformation (Zhong et al, 2011; Zhang et al, 2013; Zhang et al, 2011; Zhong 

et al, 2016). Early studies have demonstrated that ethanol promotes cell transformation of 

normal breast and liver cells and increases the rate of colony formation (Zhong et al, 2011; 

Zhang et al, 2013; Zhang et al, 2011; Zhong et al, 2016). Therefore, we further determine 

whether the red wines affect the colony formation of human cancer cells. The human breast 

cancer cells, MCF-7 line and human esophageal carcinoma cells, KYSE-510 line were 

seeded in soft agar and treated with the three red wines, respectively. The results indicate 

that the red wines markedly decrease the rates of colony formation of the human breast 

cancer cells (Fig.8A), and they also inhibit the anchorage-independent growth of human 

esophageal carcinoma cells, KYSE-510 line (Fig.8B). However, the efficiency repressing 

colony formation on breast cancer cells is more significant than those on esophageal 

carcinoma cells.

3.4 Transcription of RNA Pol III genes was inhibited by the red wines

Our studies have demonstrated that ethanol increased RNA Pol III-dependent transcription 

in vitro and in vivo by using cell culture model and animal model (Zhong et al, 2011; Zhang 

et al, 2013; Zhang et al, 2011). To investigate whether red wines affect Pol III gene 

transcription. MCF-7 (Fig. 9A) and KYSE-510 (Fig. 9B) cells were treated red wines, the 

amounts of precursor tRNALeu (Fig. 9A, Left) and 5S rRNA (Fig. 9B Right) transcript were 

measured by RT-qPCR. As we can see, diluted ethanol treatment resulted in augment of pre-

tRNALeu (Fig. 9A Left) and 5S rRNA (Fig. 9B Right) transcription at the condition of 

25mM ethanol for 60min. In contrast, at the same concentration of actual ethanol, red wines 

dramatically inhibit pre-tRNALeu (Fig. 9A Left) and 5S rRNA (Fig. 9B Right) transcription, 

either MCF-7 cells or KYSE-510 cells. These results reveal that induction of Pol III genes 

by diluted ethanol is able to be inhibited by bioactive components in red wines.

4. DISCUSSION

In present study, we determined the effects of red wines on cell growth, colony formation 

and Pol III gene transcription of different human cancer lines. The results indicate that 

diluted ethanol promotes cell proliferation at low concentration (12.5 mM and 25 mM). In 

contrast, red wines at same ethanol concentration dramatically decrease the rates of cell 

growth. The inhibition of cell growth by red wines is in a dose-dependent manner. Further 

analysis reveals that the mature wines (#1 and #3) are able to cause death of human breast 
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cancer cells, as well as esophageal carcinoma cells. The results of soft agar assay indicate 

that the red wines markedly repress colony formation of MCF-7 and KYSE-510 cells. The 

red wines also dramatically inhibit RNA Pol III gene transcription, compared to diluted 

ethanol. The effects of the mature wines (#1 and #3) on cell growth, colony formation and 

Pol III gene transcription of human cancer cells are much stronger than young wine (#2). It 

is the first report on the effects of red wines to inhibit cell growth of different human cancer 

lines. These studies demonstrate that intaking suitable amounts of red wines may play a role 

in preventing cancer development.

Studies from our and other laboratories have demonstrated that increase in RNA Pol III gene 

transcription boosts cell proliferation and promotes cell transformation and tumor 

development (Johnson et al, 2008; Zhong and Johnson, 2009; Zhong et al, 2007). While 

inhibition of Pol III gene transcription decreases the rates of cell proliferation and colony 

formation (Zhong et al, 2009; Zhong et al, 2011; Zhang et al, 2013; Zhang et al, 2011). 

Therefore, repressing the cellular phenotypic changes stand for decrease in Pol III gene 

transcription. Here, our data further support this idea that inhibition of Pol III gene 

transcription (Fig. 9) by the red wines results in repression of cell growth (Fig. 1-7) and 

colony formation (Fig. 8). Our early studies indicated that 25~50 mM ethanol increases Pol 

III gene transcription in liver and breast cancer cells (Zhong et al, 2009; Zhong et al, 2011; 

Zhang et al, 2013; Zhang et al, 2011; Feng et al, 2017; Zhong et al, 2014). Studies have 

demonstrated that ethanol promoted liver tumor development and enhanced aggressiveness 

of breast cancer of mice (Zhong et al, 2011; Xu et al, 2016). Here, the results indicate that 

12.5 mM to 25 mM ethanol also increases the cell proliferation of MCF-7 and KYSE-510 

lines. Emerging studies have shown that alcohol consumption is associated with human 

cancers (Shi and Zhong, 2017). However, the mechanism is still unclear. Diluted ethanol 

(200 proof) has widely been using to explore molecular mechanisms of alcohol-caused 

human health issues, including tumor development. However, persons intake wines, but not 

ethanol. Red wines are made from dark-colored (black) grapes and a class of liquid 

mixtures. Although red wine contains ethanol, but also includes other components, such as 

anthocyanin from fluits which is of protective property against cancer (Xu et al, 2010). 

Therefore, the wine is not equal to ethanol. Yi and their colleagues reported that the liquor 

spirits (white wine) repressed DEN-induced liver tumor formation of mice (Yi et al, 2014). 

Our recent study reveals that the liquor spirits (white wine) indeed inhibit cell growth of 

human cancer lines (Yi et al, 2018). At the present study, our results further demonstrate that 

the red wines more dramatically decrease the rates of cell growth and colony formation than 

liquor spirits (Yi et al, 2018) on multiple human cancer lines. This indicates that the red 

wine indeed plays some extent roles in inhibiting human cancer cell growth. However, more 

studies in vivo by using animals need to be carried out to elucidate the role of red wine in 

preventing cancer development. For further studies in vivo, we can utilize mouse model 

mouse model of liver cancer caused by DEN and then feed the mice with the red wines in 

drinking water to determine whether the red wines are able to repress liver tumor growth; we 

can also feed the mice injected with DEN to observe whether red wines are able to against 

tumor development.

In summary, our studies reveal that the red wines, particularly mature wines (#1 and #3), 

dramatically decrease the rates of human cancer cell growth and colony formation, while 
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diluted ethanol at same concentration boosts cell growth. The red wines also cause death of 

the grew up cancer cells and inhibit Pol III gene transcription. It implies that the red wine 

may contain some bioactive components and function potential to repress cancer 

development. Thus, identifying the bioactive components in red wine and enhancing their 

yielding ratio during producing processes will enhance the quality of red wine, which will 

benefit people with red wine consumption.
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Highlights:

1. Red wines repressed cell proliferation and colony formation of different 

human cancer cells;

2. Red wines inhibit RNA Pol III gene transcription, while ethanol increases the 

activity of Pol III genes;

3. Diluted ethanol enhances these cellular phenotypic changes in human breast 

cancer and esophageal carcinoma lines;

4. The repressing effects on cell growth, colony formation and Pol III genes by 

mature wines are much stronger than ones by young wine;
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Fig. 1. Red wines repressed cell growth of human breast cancer line, MCF-7.
(A): MCF-7 cells were treated with different amounts of ethanol, red wines #1 (mature 

wine), #2 (young wine) or #3 (mature wine) for 6 days. The concentrations of the three red 

wines are equal to ethanol (mM/L) as indicated. The pictures were taken under microscope 

(Nikon, Eclipse, TE300). Original magnification × 100. (B): the viability and total cell 

numbers were counted after plated cells 6 days. The cells were treated serially by ethanol, 

red wine #1, #2 and #3 from left to right as indicated above. The results indicate that ethanol 

at low concentration increases the cell growth, while red wines dramatically decrease the 

rate of cell growth. The bars represent Mean ± SE of at least three independent 

determinations.
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Fig. 2. Repression of cell growth of human esophageal carcinoma KYSE-510 line.
(A), KYSE-510 cells were treated with different amounts of ethanol, red wines #1 (mature 

wine), #2 (young wine) or #3 (mature wine) for 6 days. The concentrations of the three red 

wines are equal to ethanol (mM/L) as indicated. The pictures were taken under microscope 

(Nikon, Eclipse, TE300). Original magnification × 100. (B): the viability and total cell 

numbers were counted after plated cells 6 days. The cells were treated as described in Fig. 

B. The results indicate that red wines markedly repress KYSE-510 cell growth. The bars 

represent Mean ± SE of at least three independent determinations.
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Fig. 3. MTT assay of MCF-7 and KYSE-510 cells.
MCF-7 and KYSE-510 cells were seeded into microplate and treated as mentioned above. 

Perform MTT assays following the procedure of MTT kit (AR1156) from Boster Biol. Tech. 

(Pleasanton, CA, USA), Measure the absorbance of the samples using Omega microplate 

reader at 570 nm. Left: MCF- cells; Right: KYSE-510 cells. The results show that red wines 

#1 (mature wine) and #3 (mature wine) markedly inhibit cancer cell proliferation. The bars 

represent Mean ± SE of at least three independent determinations.
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Fig. 4. Red wines decrease the rates of cell growth of lung and colorectal carcinoma lines.
Human lung cancer A-549 cells (A) and colorectal carcinoma HCT-116 (B) cells were 

treated with different amounts of ethanol and red wines as described above. The viability 

and total cell numbers were counted after the cells plated 6 days.
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Fig. 5. Cell growth of colorectal carcinoma lines repressed by the red wines.
Human colorectal carcinoma RKO (A) and SW-480 (B) cells were treated with different 

amounts of ethanol and red wines as described above. The viability and total cell numbers 

were counted after the cells plated 6 days. The bars represent Mean ± SE of at least three 

independent determinations.
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Fig. 6. Red wines repressed cell growth of mouse TSCML line.
(A): TSCML (tumor stem cells of mouse liver) MCF-7 cells were treated with different 

amounts of red wines #1 (mature wine), #2 (young wine) or #3 (mature wine) for 6 days. 

The concentrations of the three red wines are equal to actual ethanol (mM/L) as indicated. 

The pictures were taken under microscope (Nikon, Eclipse, TE300). Original magnification 

× 100. (B): the viability and total cell numbers were counted after plated cells 6 days. The 

cells were treated serially by red wines: #1, #2 and #3 from left to right as indicated. The 

results indicate that red wines dramatically decrease the rate of cell growth of TSCML line.
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Fig. 7. Human breast and esophageal carcinoma cells killed by red wines.
MCF-7 cells (A) and KYSE-510 cells (B) were seeded in six-well plates and grew to 70% 

confluence in media without the red wines and then the cells were treated with different 

amounts of the red wines #1, #2 or #3 in media for 48 hours. The viability and total cell 

numbers were counted after red wine treatment 48 hours. The results indicate that red wines 

are able to kill the grown-up cells of breast cancer and esophageal carcinoma. The bars 

represent Mean ± SE of at least three independent determinations.
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Fig. 8. Inhibition of colony formation of human cancer cells by China spirits.
MCF-7 cells (A) and KYSE-510 cells (B) were poured in triplicate into 6-well plate with 

0.35% agar containing in turn red wines #1 (Left), #2 (Middle) or #3 (Right) in the media 

as indicated. The cells were analyzed for colony formation in soft agar after plated 2-3 

weeks. The mature wines (#1 and #3) and young wine (#2) reduce the rates of colony 

formation of MCF-7 (A) and KYSE-510 (B) cells. The bars represent Mean ± SE of at least 

three independent determinations.
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Fig. 9. The red wines inhibit RNA Pol III-dependent transcription.
MCF-7 (A) and KYSE-510 (B) cells were starved in Free/FBS media for 4 hours. Cells were 

treated with 25mM ethanol and similar amount and three red wines which amounts are equal 

to ethanol (mM/L) as indicated. RNA was isolated from these cells and RT-qPCR was 

performed to measure the amounts of pre-tRNALeu (A and B, Left panel) and 5S rRNA (A 
and B, Right Panel). The fold change was calculated by normalizing to the amount of 

GAPDH mRNA. The bars represent Mean ± SE of at least three independent determinations.
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