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Abstract

Alcohol has been classified as carcinogenic to humans by the International Agency for Research
on Cancer (IARC). Studies have demonstrated that alcohol intake increases the risk of breast
cancer, and alcohol also stimulates breast cancer cell growth. Deregulation of Pol 111 genes is
tightly associated with tumour development. Transcription factor 11-B (TFIIB)-related factor 1
(Brfl) is a transcription factor that specifically regulates Pol 11 gene transcription. Our /n vivoand
in vitro studies have indicated that alcohol enhances the transcription of Pol I11 genes to cause an
alteration of cellular phenotypes, which is closely related with human breast cancer. Betaine is a
vegetable alkaloid and has antitumour functions. Most reports about betaine show that the
consumption level of betaine is inversely associated with a risk of breast cancer. Although
different mechanisms of betaine against tumour have been investigated, nothing has been reported
on the effect of betaine on the deregulation of Brfl and Pol 111 genes. In this study, we determine
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the role of betaine in breast cancer cell growth and colony formation and explore its mechanism.
Our results indicate that alcohol increases the rates of growth and colony formation of breast
cancer cells, whereas betaine is able to significantly inhibit the effects of alcohol on these cell
phenotypes. Betaine decreases the induction of Brfl expression and Pol 111 gene transcription
caused by ethanol to reduce the rates of cell growth and colony formation. Together, these studies
provide novel insights into the role of betaine in alcohol-caused breast cancer cell growth and
deregulation of Brfl and Pol Il genes. These results suggest that betaine consumption is able to
prevent alcohol-associated human cancer development.
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1 Introduction

Cancer seriously endangers human health and breast cancer causes deadly harm in women’s
lives (1). Alcohol has been classified as carcinogenic to humans by the International Agency
for Research on Cancer (IARC) (2-4). Alcohol consumption is associated with human
cancers in different organs, such as breast, liver, stomach, pancreas, oral cavity, pharynx,
oesophagus, larynx, colon, and ovary (4-9). Our previous study have showed that alcohol
intake is associated with human breast cancer and alcohol stimulates breast cancer cell
growth (4, 6). These studies are consistent with Baglia’s report (10).

Betaine is a vegetable alkaloid (11). Betaine plays many roles in preventing fatty liver,
reducing blood pressure, improving ulcers, activating pancreatic p-cells, and repairing
corneal and tumour tissues (12—-17). Betaine intake can decrease chemical carcinogenesis
(18). Meta-analysis and clinical research have showed that high betaine intake is associated
with lower tumour incidence in breast cancer, colorectal adenoma, oesophageal
adenocarcinoma, oesophageal squamous cell carcinoma, liver cancer, lung cancer,
nasopharyngeal carcinoma, ovarian cancer, prostate cancer, colorectal cancer and so on (19—
23). The role of betaine in breast cancer is interested in many scientists. The consumption
level of betaine is inversely associated with breast cancer risk (24). High intake of betaine
may be a promising strategy to prevent breast cancer development and reduce its mortality
(25). Meanwhile, individual study has reported that high betaine intake does not reduce
breast cancer risk among post-menopausal women (26). Therefore, we tried to verify the
role of betaine in breast cancer and explore its mechanism.

Betaine plays the roles of anti-tumours through different ways. Betaine could form complex
coacervates to reduce angiogenesis (27). It is also a methyl donor and could affect DNA
methylation (24). Betaine has an anti-inflammatory effect (25, 28, 29). Betaine could reverse
diethyl nitrosamine (DEN)-induced changes in oncogene c-myc and the tumour suppressor
P-16 (30). In addition, betaine participates in fat metabolism, antioxidant events, and so on
(30). However, no studies have explored its role in alcohol-induced deregulation of TFIIB-
related factor 1 (Brfl) and RNA polymerase Il1-dependent gene (Pol 111 gene). While
deregulation of Brfl and Pol 111 genes is tightly linked to tumour development.

Chem Biol Interact. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hong et al.

Page 3

The products of Pol Il genes are non-coding RNAS, such as 5S rRNAs and tRNAs. The
roles of these non-coding RNAs are primarily involved in the biosynthesis of proteins.
Deregulation of Pol I11 genes (5S rRNA and tRNAS) is closely related to cell transformation
and tumourigenesis (15, 31-33). Brfl is a specific transcription factor of Pol Il genes. Our
studies have demonstrated that alcohol increases Brfl expression and Pol 111 gene
transcription /in vivoand in vitro (34-36). Upregulation of Pol 111 genes is tightly linked to
cell proliferation, cell transformation and tumour development (34, 37).

Our previous studies /n vivo and in vitro have demonstrated that alcohol treatment enhances
the transcription of Pol 111 genes to promote an alteration of cellular phenotypes (35, 37, 38).
This suggests that upregulation of Pol 111 genes caused by alcohol plays an important role in
cancer development. Alcohol can be used as an agent to determine changes in these cellular
phenotypes. Deregulation of Pol I11 genes is closely related to breast cancer (8, 35). Our
studies demonstrate that estrogen receptor alpha (ERa) mediates Pol 111 gene transcription
through Brfl, suggesting that ERa may play a critical role in alcohol-induced deregulation
of Pol 111 genes in ER* breast cancer development (35). Alcohol induces deregulation of
Brfl and Pol 111 genes in liver and breast cells, which share the common JNK1 signalling
pathway to promote cell transformation. Through this common mechanism, alcohol-induced
deregulation of Brfl and Pol Il genes brings about greater phenotypic changes (6). The
interaction of Brfl with ERa and Brf1 itself can be therapeutic targets for this disease (8).
We have found that Tamoxifen inhibits tumour growth through its effect of repression on
Brfl expression and Pol 111 gene transcription (39). In addition, there are also reports that
have claimed ErbB2/p38 and MCP-1 mediate alcohol-induced breast tumour growth (40—
41).

In the present study, our results indicate that alcohol increases the rates of growth and colony
formation of breast cancer cells. Betaine significantly inhibits the effect of alcohol on cell
phenotypes. Betaine decreases the induction of Brfl and Pol 111 genes caused by alcohol,
resulting in the reduction of cell growth and colony formation. These studies provide a novel
theoretical basis on the antitumor activity of betaine. This implies that betaine is able to
serve as a prevention approach of alcohol-associated breast cancer.

2 Materials and Methods

2.1. Cell Lines and Reagents

The human breast adenocarcinoma cell line MCF-7 (HTB-22) was from ATCC. The cell
growth media and TRIzol reagents were from Life Technologies Inc. Absolute ethanol (200
proof) and betaine were from Sigma-Aldrich Co. The 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) Cell Proliferation and Cytotoxicity Assay Kit was from
Boster Biological Technology. Rabbit anti-Brfl antibody (Catalog #: A301-228A) was from
BETHYL Laboratory. Mouse monoclonal antibody of actin (Catalog #: sc-58673) was from
Santa Cruz Biotechnology. Anti-rabbit IgG-HRP and anti-mouse gG-HRP were from Cell
Signalling. Chemiluminscence reagents were from Santa Cruz Biotechnology. PCR reagent
kits were from Bio-Rad Biotech.
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2.2. Cell Proliferation

MCEF-7 cells were seeded in six-well plates in triplicate. The cells were treated with ethanol
and betaine as indicated in figures. The confluences of the cells on the 6™ day were
approximately 85%-90%. The cell morphology was analysed by microscopy using a Nikon
Eclipse TE300 and Metamorphic 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 with a globulimeter and Coulter counter.

2.3. MTT assay

MCEF-7 cells were cultured in 96-well plates. The ethanol and betaine were added as
indicated in the figures, and OD values were detected using Omega 96 Well Plates Reader
followed the protocol of MTT Cell Proliferation and Cytotoxicity Assay Kit: Remove the
medium and place it with 100 pl of fresh culture medium. Add 10 pl of the MTT labelling
reagent into each well, including a negative control of 100 ul medium alone. Incubate the
microplate at 37°C for 4 hours in the humidified chamber (5% CO,). Add 100 pl of
Formazan solubilization solution into each well and mix thoroughly and incubate the
microplate at 37 °C for 18 hours in the humidified chamber (5% CO,). Measure the
absorbance of the samples using Omega microplate reader at 570 nm. OD Value= (OD ggmple
-0D negative)/ 6.

2.4. Cell colony formation

MCEF-7 cells were suspended in 3 ml 0.25% (w/v) agar containing 10% FBS overlaid on and
transferred to top of 3 ml 0.35% (w/v) agar in 6 well plates. The cells were treated with
specified concentrations of ethanol and betaine at 15t and 4™ day as indicated in the figures.
Cells were fed with fresh complete media twice weekly. Colonies were stained with 0.005%
(w/v) crystal violet, and then the colonies were counted under microscope and photographed
at 8t day.

2.5. Western blot

MCEF-7 cells were incubated with betaine for 2 hours and then treated with ethanol for 1
hour after starvation for 4 hours when the cell confluence was approximately 85-90%. Cells
were collected with lysis buffer and sonicated. The suspensions were centrifuged to save the
supernatants. Protein concentrations were determined by the Bradford method using Fluostar
Omega spectrometer (Cell Biology Core Laboratory of University of Southern California
Research Canter for Liver Diseases, P30DK DK48522). Lysates were subjected to sodium
dodecyl sulfate—polyacrylamide gel electrophoresis. Proteins were transferred from the
sodium dodecyl sulfate—polyacrylamide electrophoresis gel to Hybond-P membrane, and
immunoblot analysis was performed with specific antibodies of Brfl or actin as indicated in
figure 5. Bound primary antibody was visualized using horseradish peroxidase-conjugated
secondary antibody and enhancing chemiluminescence reagents.

2.6. RNA Isolation and RT-gPCR

MCEF-7 cells were treated with ethanol and betaine as described above and Total RNA was
isolated from the cells using single step extraction method with TRIzol reagent. RNA
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samples were quantified and reverse-transcribed in 20 pl reaction volume containing 1 x
reverse transcription buffer. After first-strand cDNA synthesis, the cDNAs were diluted in
DNase-free water, and real time gPCRs (RT-gPCRs) were performed with specific primers
(Brfl: F: 5°-CCT CGG GCC TCT GCG GAG CAG-3’, R: 5’-TCA TCA ATG GTC AAC
TGA CTG GTG G-3’, Pre-tRNA: F: 5’-GTC AGG ATG GCC GAG TGG TCT AAG-3’, R:
5’-CCA CGC CTC CAT ACG GAG AAC CAG AAG ACC C-3’, 5S rRNA: F: 5’-GGC CAT
ACC ACC CTG AAC GC-3’, R:5’-CAG CAC CCG GTA TTC CCA GG-3’) and PCR
reagent was from Bio-Rad Company. Brf1l-mRNA, Pre-tRNA and 5S rRNA transcripts were
measured by RT-gPCR in the ABI prism 7700 Sequence Detection System..

2.7. Statistical analysis

The data are expressed as the mean + standard error of the mean for given samples and
evaluated by Student’s t test or a one-way analysis of variance (ANOVA) using Statistical
Package for Social Science (SPSS) 16 statistical software (SPSS Inc., Chicago, IL, USA).
Each assay was repeated in triplicate. The level of significance was set at P<0.05.

3 Results

3.1 Betaine reduces the rate of MCF-7 cell growth

3.1.1 Betaine inhibition of cell growth is in a dose-dependent manner—
Alcohol has been classified as carcinogenic to humans by IARC (2—4, 42); it induces the
growth of tumour cells. Our previous studies have shown that the accumulation of the breast
cancer cells of MCF-7 line was increased by ethanol at 25 mM and 50 mM (35). In this
experiment, 50 mM ethanol is chosen to induce the growth of MCF-7 cells. The results
indicate that ethanol obviously augments the growth of MCF-7 cells. The cells treated with
ethanol alone or without ethanol were more confluent than the groups treated with betaine
plus ethanol (Fig. 1). One of the main functions of betaine is antitumor activity. Different
does of betaine were optimized for MCF-7 cell growth. The result indicates that betaine
could reduce the induction of MCF-7 cell growth by ethanol. Compared with the ethanol
group, the confluence and number of the MCF-7 cells were decreased with increasing doses
of betaine (Fig. 1, Fig. 2B). The inhibiting role of betaine in MCF-7 cell growth was in a
dose-dependent manner (Fig. 1).

3.1.2 Time curve—The time curve experiment was performed to observe the role of
betaine in MCF-7 cell growth at different times (Fig. 2A). The above results indicate that
betaine-repressed growth of MCF-7 cells by ethanol acts in a dose-dependent manner (Fig. 1
and Fig. 2B). At concentrations of 10 mM betaine or above, the numbers of the cells were
significantly decreased (Fig. 1 and Fig. 2B). The morphology of MCF-7 cells was abnormal
and cell viability is poor at 40mM of betaine, which was approaching to maximal inhibition
(Fig. 1 and Fig. 2B). Therefore, to further optimize the time curve, we chose 40 mM betaine
to pre-treat the cells. The results reveal that MCF-7 cells grew slowly in the first three days
and then grew rapidly from the fourth to sixth day. The role of betaine in inhibiting MCF-7
cell growth induced by ethanol was not obvious in the first three days. However, the effect of
betaine on repressing cancer cell growth became more and more clear from the fourth day
(Fig 2A). This is consistent with MCF-7 cell growth conditions of the dose curve (Fig. 2B).
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Together, these results (Fig 1 and Fig 2) show that betaine is able to decrease the rate of
breast cancer cell growth.

To further confirm the role of betaine in cell growth, we performed MTT assays to detect the
growth curve of MCF-7 cells. As the basal space per well in 96-well plates is limited, the
numbers of MCF-7 cells and the amounts of ethanol and betaine were reduced in proportion.
The results show that the inhibition role of betaine in cell growth was elevated with
increasing its dose (Fig 3A). The effect of betaine-inhibited cell growth becomes stronger
and stronger with increasing time (Fig 3B). These results by MTT assay are consistent with
the dose curve and time curve results shown above (Fig. 2A and 2B). This once again shows
the inhibitory effect of betaine on the induction of MCF-7 cell growth by ethanol.

3.2 Betaine decreases the induction of MCF-7 cell colony formation by ethanol

Our previous data showed that ethanol treatment promotes the transformation of normal
cells and increases colony formation of cancer cells (34, 43). Therefore, we further
determined the effect of betaine on colony formation of the MCF-7 cells. We seeded MCF-7
cells in soft agar and treated the cells with the PBS, betaine, ethanol, and (ethanol + betaine),
respectively. The results show that the numbers of colony formation was increased the
ethanol group, but reduced in the (ethanol + betaine) group (Fig 4A). This indicates that
ethanol can indeed elevate the rate of colony formation of MCF-7 cells, while betaine is able
to reduce ethanol’s effect on the rate (Fig 4B).

3.3 Betaine inhibits Brfl expression and Pol Il gene transcription

3.3.1 Betaine inhibits the Brfl expression of MCF-7 cells—Deregulation of Pol
I11 genes is closely related to cell transformation and tumorigenesis (35-37). Brfl is a
transcription factor which specifically regulates Pol 111 gene transcription. Enhancement of
Brfl can upregulate the transcription of Pol I11 genes to promote the occurrence and
development of cancer. In contrast, reducing Brfl expression inhibits the transcription of Pol
I11 genes, repressing cell transformation and tumour growth (35, 43-45). Alcohol is a
carcinogen which upregulates Pol I11 gene transcription(35, 38). Thus, we speculate that
betaine may reduce the ethanol-induced Brfl expression of MCF-7 cells to downregulate the
activity of Pol 111 genes and the cell growth. The result indicates that the levels of Brfl
protein (Fig 5A) and Brf1 mRNA (Fig 5B) of MCF-7 cells are enhanced by alcohol, while
betaine is able to reduce the induction of Brfl expression in MCF-7 cells treated by ethanol.

3.3.2 Betaine represses Pol lll gene transcription—We have demonstrated that
enhancement of Pol 111 gene transcription promotes cell proliferation and cell transformation
(34, 37). Diluted alcohol at 25 — 50 mM increased Pol 111 gene transcription in cell culture
models (35, 38). Thus, we hypothesize that betaine may reduce the rates of MCF-7 cell
growth and colony formation through inhibiting Pol 111 gene transcription. The results show
that alcohol increases the transcription levels of pre-tRNALY (Fig 6A) and 5S rRNA (Fig
6B), but betaine decreases the levels of Pol 111 genes caused by alcohol (Fig. 6).
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4 Discussion

Alcohol is a very common beverage in life. However, it is known as a carcinogen (2-4).
Alcohol intake is associated with many human cancers, including breast cancer. Betaine is
widely consumed in many kinds of food. Betaine appears as an anti-carcinogen that can
prevent the occurrence of the tumour or slow down the progress of the tumour (18-23).
There is still some controversy about betaine’s effect on tumours, especially in breast cancer
(26, 46-48). In general, betaine consumption is negatively corelated with the occurrence and
progression of breast cancer (48)46), but some scholars believe that betaine is not
significantly correlated with the occurrence and progression of tumours, including in
prostate cancer and breast cancer (26, 46—48). In the present study, we detected the effect of
betaine on alterations of cellular phenotypes and Pol 111 genes. Our results confirm that
alcohol can increase the rates of growth and colony formation of breast cancer cells, while
betaine is able to inhibit these effects of alcohol. There is no obvious change in osmolarity at
this condition of 40mM betaine. The breast cancer MCF-7 cells grow to almost full
confluence under the induction of ethanol, whereas betaine represses cell growth and colony
formation of the MCF-7 line caused by ethanol. The inhibiting roles of betaine in MCF-7
cell growth are in a dose-dependent and time-dependent manners (Fig. 1). This is because
betaine represses Brfl expression and Pol Il gene transcription, which is strong evidence
supporting the opinion that betaine is negatively correlated with breast cancer (Fig 7).

Based on the results above, betaine displays the effects of repression on cell proliferation
and colony formation on MCF-7 cells. There are many explanations about betaine’s
biological function: reducing angiogenesis, altering DNA methylation, anti-inflammatory
effects, reversing oncogenic ¢-myc transcription, antioxidant effects and so on (24, 25, 27—
30). However, nothing is reported about the roles of betaine in the transcription of Brfl and
Pol 111 genes. The products of the RNA Pol 111 gene are non-coding RNAs, such as 5S rRNA
and tRNA. The functions of these non-coding RNAs are primarily involved in the
biosynthesis of proteins. The deregulation of Pol I11 genes (5S rRNA and tRNA) is closely
related to cell transformation and tumorigenesis (15, 31-33). Alcohol can induce the
deregulation of Pol Il gene transcription. Upregulation of Pol I11 genes is tightly linked to
cell proliferation, cell transformation and tumour development (34, 37). In this study, we
found that betaine inhibits the upregulation of Pol 111 gene transcription caused by alcohol. It
indicates that betaine inhibit the breast cancer cell growth and colony formation through the
downregulation of Brfl and Pol 111 genes.

Brfl is a specific transcription factor of Pol 111 genes (tRNAs and 5S rRNA); it positively
modulates Pol Il gene transcription to promote the occurrence of cancer. Studies have
demonstrated that reducing Brfl expression decreases Pol 111 gene transcription and limits
cell transformation and tumour growth (35, 43-45). Therefore, exploring the role of these
genes in the occurrence of breast cancer and the mechanism of their imbalance will provide
a basis for the development of new therapeutic strategies. In the present study, we found that
betaine can reverse the induction of Pol Il gene transcription in alcohol-treated MCF-7
cells. We further detected the influence of betaine on Brfl expression. The result showed
that betaine could reduce the increase in Brfl expression, at both the protein and mMRNA
levels, caused by alcohol. These studies demonstrate that betaine decreases the rates of
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growth and colony formation induced by alcohol in MCF-7 cells through the repression of
Brfl expression and Pol 11l gene transcription.

5. Conclusions

In summary, alcohol augments the rates of growth and colony formation of MCF-7 cells,
while betaine can reduce the effects of alcohol on the cellular phenotypes. Repression of cell
growth and colony formation of the MCF-7 line by betaine is attributed to its function in
reducing the activities of Brf1 and Pol 111 genes (Fig 7). Together, these studies provide
novel insights into betaine in alcohol-caused breast cancer cell growth and deregulation of
Brfl and Pol 111 genes. The study suggest that betaine consumption is able to prevent
alcohol-associated breast cancer development.
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Abbreviation

IARC International Agency for Research on Cancer

TFIIB Transcription factor 1l B

Brfl TFIIB-related factor 1

Pol 11 gene RNA polymerase Il1-dependent gene

MTT 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide

DEN Diethyl-nitrosamine

ERa Estrogen receptor alpha

RT-gPCR Real time gPCR

ErbB2 Receptor tyrosine-protein kinase

P38 p38 mitogen-activated protein kinases

MCP-1 Monocyte chemoattractant protein-1
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Highlight:

1. Betaine decreases the rates of breast cancer cell proliferation and colony
formation caused by alcohol.

2. The inhibiting role of betaine in the alcohol-increased the rates of breast
cancer cell growth was in a dose-dependent manner.

3. Betaine represses Brfl expression and Pol 111 gene transcription, resulting in
the inhibition of the cell growth and colony formation.

Chem Biol Interact. Author manuscript; available in PMC 2021 July 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duoasnuepy Joyiny

Hong et al. Page 13
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Fig 1.

Role of betaine in inhibition of MCF-7 cell growth. 3000 MCF-7 cells were cultured with 3
ml medium per well in 6-well plates. Dose curve: ethanol (50 mM) and different amounts of
betaine were added into the medium at the 0 hour, the 48™ hour and the 96! hour,
respectively. The pictures were taken under a microscope at the 6t day. Original
magnification X 40.
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Fig. 2.

Begtaine represses cell growth of human breast cancer. (A) Time curve, the ethanol (50 mM)
and betaine (40 mM) were added in the medium, and the total cell numbers were counted
from the first day to the sixth day. (B) The cells were treated with or without ethanol and
different doses of betaine. The total cell numbers were counted after 6 days. * P<0.05 vs
control (Ethanol=0, Betaine=0).
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Culture days

The role of betaine in MCF-7 cell growth by MTT assay. Approximately 300 MCF-7 cells
were cultured with 300 pl medium per well in 96-well plates. (A) Dose curve. The ethanol
(50 mM) and different concentrations of betaine were added into the medium at the O hour,
the 48" hour and the 96™ hour, respectively. OD value was detected after treated the cells
for 6 days. (B) Time curve. The concentration of ethanol and betaine were 50 mM and 40
mM, respectively. OD value was detected every day after plating.
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Fig 4.

Cglony formation assay. 1000 MCF-7 cells were planted in the upper agar in 6-well plates.
Ethanol (50 mM) and betaine (40 mM) were added at the 15t and 41, respectively. The result
indicates that betaine is able to reduce the rate of MCF-7 cell colony formation caused by
ethanol. *P < 0.01; **P < 0.01.
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Fig 5.

Bgtaine represses Brfl expression. MCF-7 cells were pre-treated with betaine for 2 hours
and then treated with ethanol for another 1 hour. (A) Immunoblot analysis was performed
using protein lysates derived from these cells to detect the Brfl protein level. Actin was used
as a loading control. A represent immunaoblot (A, Left panel). A densitometric analysis are
revealed and the fold changes in Brfl level were normalized by actin (A, Right panel). (B)
Brfl mRNA level. MCF-7 cells were treated with alcohol (50mM) and betaine as indicated
above, to extract total RNA. mRNA levels of Brfl were measured by RT-PCR. The fold
changes are calculated by normalizing to the amount of GAPDH mRNA. The bars represent
Mean + SE of at least three independent determinations. These results indicate that betaine
reduces the induction of Brfl expression caused by alcohol.
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Betaine mediates Pol Il gene transcription. MCF-7 cells were treated as indicated above.

The amounts of pre-tRNALU (A) and 5S rRNA (B) were measured by RT-gPCR. The fold

changes are calculated by normalizing to the amount of GAPDH mRNA. The bars represent

Mean + SE of at least three independent determinations.
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Fig 7.

chhematic illustration of the role of betaine in Brfl expression and Pol 11l gene transcription.
Alcohol increases Brfl expression to elevate Pol 111 gene transcription and to promote cell
proliferation and transformation, eventually resulting in breast cancer development. In
contrast, betaine inhibits the induction of these genes caused by alcohol to decrease Brfl
expression and Pol 111 gene transcription, leading to repression of breast cancer cell growth
and tumor development.
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