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Due to the high incidence of cancer and cancer-related mortality in Korea, there is increased concern
and psychological anxiety about this disease, leading to increasing numbers of cancer studies. Despite
these, the trend of the cancer incidence rate has shown a significant increase. The detection of color-
ectal cancer, which has a high incidence rate, often tends to be delayed, causing a high mortality rate.
Therefore, the prevention of colorectal cancer has become an important emergent issue. The cause of
this cancer has not been confirmed. However, it may be attributable to westernized dietary patterns,
which include consuming a high quantity of red meat. Consumption of dietary fiber promotes the
production of butyrate short-chain fatty acids by enteric bacteria. In the treatment of cancer, anticancer
medications have been shown to lead to the apoptosis of tumor cells, and a strong relationship be-
tween apoptosis mechanisms of tumor cells and cancer treatment has been confirmed. The results of
many studies have confirmed that butyrate can directly promote the apoptosis of colorectal cancer
cells. Therefore, increased consumption of dietary fiber, which promotes the production of butyrate short-
chain fatty acids, can be expected to have an effect on the prevention and treatment of colorectal cancer.
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Basic structure and function

of the large intestine

As shown in Fig. 1, the large intestine is a long tube shap-

ed digestive organ that starts from the terminal end portion

of the small intestine (located at the bottom of right side

of the abdomen) and extends to and across the upper belly,

before downwardly extending to the left abdomen and con-

necting to the anus via the sigmoid colon and rectum. It

is mainly divided into two portions: the colon and rectum.

The portions of the colon can be divided into: appendix, as-

cending colon, transverse colon, descending colon and sig-

moid colon. The rectum is connected to the sigmoid colon

and ends at the rectum of the anus, with a total length of

about 13-15 cm (Fig. 1) [8, 14, 23, 35]. The main functions

of the large intestine are listed as: the absorption of water,

short chain fatty acids and nitrogenous compounds; the

transformation of the liquid contents of ileum to semi-solid

feces by secreting potassium and bicarbonates; the pro-

pulsion of the enteric contents to the terminal side; and the

storage of feces, as well as a role in its secretion. As the

role of each organ – the appendix, ascending colon and

transverse colon - is to create a temporary delay in the proc-

ess, absorption and bacterial fermentations may occur, and

the distal colon mainly takes a role in forming, storing and

secreting the feces. The rectum of the anus is organized as

temporary fecal storage to allow for the secretion of feces

at an appropriate time [8, 23, 35].

Causes of colorectal cancer

Colorectal cancer is defined as the malignant tumor that

develops at the colon and rectum areas. According to the

cancer developing position, cancers that are developed at

the colon and rectum are called colon cancer and the rectal

cancer, respectively. As per the naming of integrated can-

cers, it is often called colorectal cancer. Cancers are fre-

quently developed at the sigmoid colon and rectum [35]. The

risk factors of colorectal cancer are: dietary habits (large con-

sumption of red meat and meat processing products); obe-

sity; alcohol consumption; colorectal cancer in the family;

- Review -



144 생명과학회지 2013, Vol. 23. No. 1

Fig. 1. Structure and cancer developing incidence by the location of large intestine [35].

age greater than 50; formation of adenomatous polyposis;

adenomatous polyp in the family; and past affliction of re-

lated chronic inflammatory enteric diseases [3, 14, 22, 41,

48, 49]. Among them, dietary habits have been known as

the environmental factor that has the largest contributing

effect on the development of colorectal cancer for a long

time. Constipation develops because of the consumption of

dietary fiber deficient diets, and the carcinogenic materials

in feces stays for a prolonged period of time on the intestinal

mucosa, increasing the development of colorectal cancer

[23]. It was confirmed by the fact that the incidence of color-

ectal cancer in Western countries, where consumption of

large amounts of animal fats and meats tend to be high.

However, low instances of colorectal cancer can be observed

in countries located in the African region, where vegetable

and cereals constitute the main diets of people there [48].

In recent years, due to the Westernized diet habits of con-

suming large amounts of animal fats and meats, in addition

to the distribution of the aging population, the development

of colorectal cancer and mortality rate is showing a gradual

increase [11, 35].

Current status of colorectal cancer incidence

In 2011, the Ministry of Health & Welfare and the Central

Cancer Registry published the cancer incidence rate, cancer

survival rate, cancer prevalence rate for 2009. The calcu-

lations were made by carrying out the national cancer regis-

tration projects. During 2009 alone, a total of 192,561 people

were newly diagnosed with cancer (Male 99,224, Female

93,337), showing a 6.7% increase when compared to the

180,456 in 2008, and a 90.6% increase when compared to

the 101,032 in 1999. The commonly observed cancer types

in males can be listed in the following order: gastric cancer,

colorectal cancer, lung cancer, liver cancer, and prostate

cancer. The incidence rate of colorectal cancer was listed as

the second-most commonly occurring cancer type in males,

recording 15,068 cases. As for females, cancer incidences

were commonly observed in the following order: prostate

cancer, breast cancer, colorectal cancer, gastric cancer, and

lung cancer. Colorectal cancer incidence was the third-most

commonly occurring cancer case in females, recording 9,918

cancer incidence cases. When the cancer incidence rates were

observed according to age, the highest cancer incidence rate

was observed for people in their 60s, taking up 29.7% of

the total. That was followed by the incidence rate of 24.9%

recorded for the people in their 70s, and the incidence rate

of 22.7% recorded for the people in their 50s (Table 1) [35].

In 2010, a total of 72,046 people died from cancer, occupying

28.21% of total deaths. Also in the same year, the most com-

mon cause of cancer death was lung cancer with 15,623

deaths, occupying 21.7% of total cancer deaths. This was fol-

lowed by liver cancer (15.6%), gastric cancer (13.9%), color-

ectal cancer (10.7%), and pancreatic cancer (6.0%), as shown

in Fig. 2 [11,35].

In addition, the American Association for Cancer

Research (AACR) statistically estimated new cancer in-

cidence cases in the US for 2012. It was conducted by carry-

ing out an investigation for cancer incidence rates at the

National Cancer Institute (NCI), Centers for Disease Control



Table 1. Major cancer developing status by sex in 2009 [35] (Unit: people/100 thousand people)

Order

Male Female

Cancer
type

Cancer
incidets

Proportion
(%)

Crude
incidence

rate

Standardized
incidence

rate*

Cancer
type

Cancer
incidets

Proportion
(%)

Crude
incidence

rate

Standardized
incidence

rate*

All cancers 99,224 100.0 398.9 334.8 All cancers 93,337 100.0 376.7 285.9

1
Gastric

cancer
19,953 20.1 80.2 66.2

Thyroid

cancer
26,815 28.7 108.2 93.5

2
Colorectal

cancer
15,068 15.2 60.6 50.2

Breast

cancer
13,399 14.4 54.1 43.8

3
Lung

cancer
14,026 14.1 56.4 47.5

Colorectal

cancer
9,918 10.6 40.0 26.9

4
Liver

cancer
11,913 12.0 47.9 38.9

Gastric

cancer
9,774 10.5 39.4 27.3

5
Prostate

cancer
7,351 7.4 29.6 24.9

Lung

cancer
5,659 6.1 22.8 14.3

6
Thyroid

cancer
5,162 5.2 20.8 18.2

Liver

cancer
4,023 4.3 16.2 10.7

7
Bladder

cancer
2,550 2.6 10.3 8.7

Cervical

cancer
3,733 4.0 15.1 12.0

8
Pancreas

cancer
2,433 2.5 9.8 8.2

Gallbadder
and other

biliary tract
cancer

2,403 2.6 9.7 5.8

9

Gallbadder
and other

biliary tract
cancer

2,379 2.4 9.6 8.0
Pancreas

cancer
1,994 2.1 8.0 4.9

10
Kidney

cancer
2,327 2.3 9.4 7.8

Ovarian

cancer
1,783 1.9 7.2 5.7

*
Age standardized incidence rate: As the standard population, the population size registered at the 2000’s resident registry was

used.

Fig. 2. Cancer mortality by cancer type in 2010 (All of male & female) [11].
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Fig. 3. Indicates the most common cancers expected to occur in men and women in 2012. Among men, cancers of the prostate,

lung and bronchus, and colorectum will account for about half of all newly diagnosed cancers; prostate cancer alone will

account for 29% (241,740) of incident cases. The 3 most commonly diagnosed types of cancer among women in 2012 will

be breast, lung and bronchus, and colorectum, accounting for about half of the estimated cancer cases in women. Breast

cancer alone is expected to account for 29% (226,870) of all new cancer cases among women [45].

and Prevention (CDC) and the North American Association

of Central Cancer Registries (NAACCR). The latest editions

- related to cancer incidence rate, cancer mortality rate and

cancer survival rate - are made based on the mortality rate

according to the National Center for Health Statistics

(NCHS). In 2012, total 1,638,910 cancer incidence cases were

observed along with 577,190 deaths. The cancer incidences

in the US in 2012 were found to be different with regards

to sex: the highest incidence rate for males was prostate can-

cer, followed by lung cancer and bronchial cancer, and color-

ectal cancer; the highest incidence rate for females was lung

cancer and bronchial cancer, followed by breast cancer, and

colorectal cancer. Those cancers were commonly observed

and showed high mortality rates, as shown in Fig. 3 [45].

Although the localized tumor portion of colorectal cancer

can be surgically removed to achieve a 90% survival rate

for the next 5 years, 60% of the colorectal cancer patients

may experience the recurrence of the cancer or have their

survival rate reduced. Moreover, it is forecast that the pa-

tients hospitalized by colorectal cancer may double in about

50 years from now [37]. Therefore, colorectal cancer is one

of the cancers that show a high mortality rate in many ad-

vanced countries. Since its occurrence is affected by environ-

mental factors, it was reported that 70% of the cancer is pre-

ventable by making lifestyle and dietary habit changes [44,

47].

Functions of dietary fibers and butyrate

In the epidemiological investigation, it was found that the

consumption amount of animal fats and meat has a relation-

ship with the incidence of colorectal cancer. When consum-
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Fig. 4. Mechanism of action of dietary fibre and undigested carbohydrates in increasing colonic and faecal weight and bulk [4].

ing large amounts of animal fats and meat, the fecal amount

is reduced compared with consuming fibrous foods, like

vegetables or cereals, as it requires a long time to pass

through the large intestine for excretion. In the cases of con-

suming large amount of animal fats, the secretion of bile

acid and cholesterol increases, causing the variation of nor-

mal intestinal flora, present in the large intestine, and the

bacterial types, that chemically modify such secreted sub-

stances, to increase as well. So, it is assumed that the large

consumption of animal fat leads to the formation of large

amounts of carcinogenic materials, and their residual and

contact time within the large intestine is lengthened, leading

to the development of colorectal cancer [23, 26, 28].

Dietary fibers are edible components that are not digested

by digestive enzymes of human body, which is classified

as soluble and insoluble portions. Soluble dietary fibers can

be melted in water; pectin (seaweed; polysaccharides, like

agar, fruit, root vegetables) and gums are soluble dietary

fibers. As for insoluble dietary fibers, chitin (present in the

shell of crustaceans), and cellulose and lignin (present in

corn, beans and fruits) are two examples. For these dietary

fibers, many studies are currently being conducted regard-

ing their enteric cleaning effects, cancer preventive effects,

and serum lipid improving effects [4, 7, 20, 37].

For those of dietary compositions that were not absorbed

in the small intestine, they form short chain fatty acids

(SCFAs), in the forms of butyrate, acetate, propionate and

valerate. SCFAs are structured to have 2-5 carbons, and the

enteric SCFA concentration approximately ranges at about

60% acetate, 20% propionate and 15% butyrate. These are

used as major energy sources for colonic mucosa in monog-

astric animals, and SCFAs provide approximately 5-10% of

the total energy that is used by the colonic mucosa. SCFAs

are used for gastric mucosal growth, and stimulate the ab-

sorption of water and electrolytes, and the enteric mucosal

blood flow increment, which was found to be significant at

the time of the formation of butyrate (Fig. 4) [4, 6, 7, 9, 13,

46]. So, butyrate has various functions, such as an anticancer

effect, anti-inflammatory effect, improvement of intestinal

barrier function and an immune controlling function (Fig.

5) [7, 13]. Being a short chain fatty acid formed by 4 carbons,

butyrate has been well known as a histone deacetylase in-

hibitor (HDACi) [9, 15, 25]. Histone deacetylase (HDAC) is

the enzyme, often over expressed at 50% of overall colorectal

cancer, which controls the acetylation of histone by remov-

ing the acetyl group at the amino end residue of the nucleo-

somal histone. The inhibition of HDAC causes the accumu-

lation of acetylated histone triggered by the histone acetyl-

transferase, which weakens the histone-DNA interactions

and increases the DNA accessibility of transcriptional fac-

tors, causing various protein expression changes that are re-

lated to growth delay, cell cycle, differentiation and cell

death, as shown in Fig. 6 [12, 31, 34]. In general, the butyrate,

known as a histone deacetylase inhibitor, has been reported
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Fig. 5. Diet influences intestinal microflora composi-

tion, which has an important role in the fermen-

tation of dietary fibers, leading to the pro-

duction of short chain fatty acids (SCFAs), such

as butyrate. Butyrate exerts multiple beneficial

effects at intestinal and extraintestinal level, re-

lated at least in part to the epigenetic regulation

of gene expression [7].

Fig. 6. Inhibition of histone deacetylation by trichostatin A and butyrate. A strand of DNA winds around histone proteins. When

histones are acetylated by a protein called histone acetyltransferase (HAT), the strand begins to loosen, which allows gene

expression. After a short time, the histones are commonly deacetylated by HDAC, which causes the gene expression to stop.

Trichostatin A binds to HDAC and inhibits its function. As a result, the histones remain acetylated and gene expression

is activated. Butyrate works in the same way as trichostatin A [34].

to stimulate growth without having toxic effects on normal

cells, and there are results showing that the injection of buty-

rate in the large intestine stimulates not only the growth

of mucosal membrane, but also closely located epithelial

cells of the large intestine, and ileum and jejunum. Contrary

to that, when several types of colorectal cancer cell lines

were treated with butyrate, the DNA synthesis of colorectal

cancer cells were prohibited and stopped the growth at the

G1 phase of the cell cycle. Studies of inhibiting colorectal

cancer are currently being conducted by stimulating the im-

mune system to elevate the anti-inflammatory effects, while

recognizing the circumstances of apoptosis induction,

growth inhibition, angiogenesis inhibition and cancer cells

by butyrate. Therefore, butyrate has been reported to have
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a function on the cell apoptosis induction of colorectal cancer

cells and on the inhibition of the expression of oncogenes.

So, the usefulness of butyrate is expected to help in the pre-

vention of colorectal cancer [2, 15, 21, 32].

Anti-carcinogenic effects of butyrate and

its signaling mechanisms

With the activation of butyrate, apoptosis has the follow-

ing meaning, showing various signal transferring

mechanisms. Since it was first reported by Kerr et al. in 1972,

apoptosis has been known as the physiological death con-

tributing a major role in maintaining the homeostasis of

tissues. Therefore several apoptosis studies are currently ac-

tively conducted on several tissues. Apoptosis or pro-

grammed cell death has been recognized as a normal cellular

physiological phenomenon during tissue homeostasis, nu-

merous diseases, embryo development or tissue

differentiation. Unlike necrosis that is likely related to sud-

den cellular death that is advanced after receiving cellular

damage, apoptosis is not harmful to living organisms, but

beneficial to their life cycles. In addition, it sometimes takes

a role in removing undesired cells such as like tumor cells

within organisms. Also, apoptosis starts from the recogniz-

ing the cellular phase before taking steps to the phase of

being ingested by phagocytes after the forming of apoptosis

bodies. It ends with cellular expansion and fissure, variation

of cellular membrane, nuclear fragmentation, chromatine

condensation and chromosome deletion, and by the corre-

sponding cells being eaten by other cells [17, 36].

Such cell death occurs with the activation of caspase

(cystinyl aspartate-specific protease), which is known as one

type of protein digestive enzyme. Generally, there are two

types of representative mechanisms for the enzyme. Among

the mechanisms, the intrinsic apoptosis pathway is sug-

gested, which is the mechanism of causing apoptosis

through mitochondria. The mechanism is mainly controlled

by the Bcl-2 (leukaemia/lymphoma-2) gene families. As an

important apoptosis controlling factor, they can be differ-

entiated as pro-survival regulators and pro-apoptosis regu-

lators by their functions. They mainly act on mitochondria.

Pro-apoptosis regulators are related to the leakage of cyto-

chrome c, which causes apoptosis. On the contrary, the

pro-survival regulators protect the leakage to prevent the

occurrence of apoptosis. Namely, it provides an opposing

role depending upon which protein is activated by which

signal. The Bcl-2 family is categorized as in the Table 2 [16,

19, 29, 33]. Bak and Bax commonly exist as monomers and

their functions are inhibited by Bcl-2. With the introduction

of apoptosis signals, conformational change occurs to form

dimers and to make a hole on the outer layer of the mi-

tochondria to excrete its internal contents. At that time, cyto-

chrome c, Apaf-1, Smac/Diablo, and Apoptosis Inducing

Factor (AIF) are secreted and they act on activating

apoptosis. Since the BH3 sub-family only has the BH3 do-

main, they are classified as BH3 only proteins. As the apop-

tosis signal is introduced, it binds with Bcl-2 and Bcl-xL to

inhibit to the activation of the functions of Bax and Bak.

Especially, in the case of Bid, it does not usually show any

functions, but when it is transforms into the partly cut tBid

form by the action caspase-8, it acts on Bcl-xL. Bcl-2 sub-fam-

ilies bind with the BH3 sub-family of Bid/Bim, and Bax and

Bak (present on the mitochondrial outer membrane) without

binding. As the apoptosis signals are introduced, the Bik or

Bad binds with Bcl-2, while the Bid/Bim (that was detached

from Bcl-2) binds with Bak or Bax induces their conforma-

tional change as well as apoptosis, as shown in Fig. 7 [18,

19, 43]. When reviewing the above processes, with the dam-

age on the mitochondrial outer membrane, the membrane

potential is decreased, releasing the mitochondrial proteins

of cytochrome c, AIF, and smac/DIABLO out of the mi-

tochondrial membrane. The cytochrome c that was released

to the cytoplasm forms the apoptosome compound by bind-

ing with Apaf-1 (Apoptotic protease activating factor-1) and

caspase-9, and finally activates the caspase-3 to

Table 2. Types of Bcl-2 gene families [19]

Pro-survival Bcl-2 sub-family

Bcl-2

Bcl-xL

Bcl-w

Mcl-1

A1/Bfl-1

Pro-apoptosis

Bax sub-family

Bax

Bak

Bok/Mtd

BH3 sub-family

Bik/Nbk/Blk

Hrk/DP5

Bim

Noxa

Bad

Puma/Bbc3

Bmf

EGL-1

Bid
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Fig. 7. Functional Mechanism of Bcl-2 gene family [19].

Fig. 8. The intrinsic and extrinsic pathways leading to apoptosis. Apoptosis: the 'extrinsic' and 'intrinsic' pathways to caspase

activation. Two major apoptotic pathways are illustrated: one activated via death receptor activation ('extrinsic') and the

other by stress-inducing stimuli ('intrinsic'). The triggering of cell surface death receptors of the tumor necrosis factor (TNF)

receptor superfamily, including CD95 and TNF-related apoptosis-inducing ligand (TRAIL)-R1/-R2, results in rapid activation

of the initiator caspase-8 after its recruitment to a trimerized receptor-ligand complex (DISC) through the adaptor molecule

Fas-associated death domain protein (FADD). In the intrinsic pathway, stress-induced apoptosis results in the perturbation

of mitochondria and the ensuing release of proteins, such as cytochrome c, from the inter-mitochondrial membrane space.

The release of cytochrome c from the mitochondria is regulated in part by Bcl5-2 family members, with anti-apoptotic (Bcl-2/

Bcl-XL/Mcl1) and pro-apoptotic (Bax, Bak and tBid) members inhibiting or promoting the release, respectively. Once released,

cytochrome c binds to the apoptotic protease-activating factor-1 (Apaf-1), which results in the formation of the Apaf-1–caspase

-9 apoptosome complex and activation of the initiator caspase-9. The activated initiator caspases-8 and -9 then activate the

effector caspases -3, -6 and -7, which are responsible for the cleavage of important cellular substrates. This results in the

classical biochemical and morphological changes associated with the apoptotic phenotype [30].

induce the apoptosis. The other apoptotic pathway is the

extrinsic apoptosis pathway - it is the apoptosis mechanism

by using death receptors. When the TNF-family death re-

ceptors (TNFR1, Fas, DR3, DR4, DR5) are stimulated by the

Fas-L and agonistic antibodies (natural ligand), the adaptor

molecules of the Fas-associated death domain (FADD) in-

duces procaspase-8. After forming the Death Inducing

Signaling Complex (DISC), the initiator caspase-8 is acti-
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Fig. 9. Butyrate induced apoptosis in Caco-2 cells. Caco-2 cells were cultured in 24 multiwell plates to subconfluency and stimulated

with butyrate 20 mM. (A) Kinetic analysis revealed that induction of apoptosis occurred after a lag interval of approximately

16 h after butyrate 20 mM. (B) Confocal microscopy of untreated and butyrate treated Caco-2 cells. The normal ovaloid

homogenous surface is totally altered by membrane blebbing and the formation and segregation of apoptotic bodies in butyrate

treated Caco-2 cells. (C) In butyrate stimulated cells, expression of phosphatidyl serine (PS) occurred on the outer leaflet

of the plasma membrane, an early sign of loss of normal membrane asymmetry. PS expression was visualised by FITC labelled

annexin-V, which binds to PS. No PS expression was observed in control cells [43].

vated, and continuously induces the effector caspase of cas-

pase-3, leading to cellular apoptosis. Therefore, caspase-3

undertakes a crucial role in cellular apoptosis, as shown in

Fig. 8 [1, 5, 10, 27, 30, 38, 39].

Study results on anticancer effects of butyrate

Based on the report of the research team of FM Ruemmele

et al., apoptosis occurs through the mitochondrial pathway

using the colorectal cancer inducing cell line of Caco-2. As

shown in the Fig. 9, the treatment of 20 mM of butyrate

causes the occurrence of time dependent apoptosis, and the

formation of apoptotic bodies can be confirmed by using

a Confocal Laser Scanning Microscope. In addition, when

the cellular phospholipid component of phosphatidyl serine

(PS) receives the death signal, it moves outside of the cells.

At that time, the apoptosis can be observed by using the

phospholipid binding protein dye of Annexin V. As a result,

they confirmed that the butyrate treated cells showed the

occurrence of apoptosis, when compared to the control. They

then investigated whether the apoptosis mechanism acti-

vated, since the mitochondrial protein of cytochrome c

moves into cytoplasm, and found that the cytochrome c

movement from mitochondria into cytoplasm occurred de-

pending on the concentration of butyrate. By using the study

results, it was confirmed that butyrate has a direct effect

on the apoptosis of colorectal cancer cells (Fig. 9) [43].

In the study of Yu Zhang, they treated different concen-

trations (1, 10, 40 mM) of butyrate at the human colorectal

cancer cell line (RKO cell line) for 24 h. The study showed

that butyrate inhibited colorectal cancer cells in a concen-

tration and time dependent manner, and the study team also

confirmed significant apoptosis induction from the butyrate

concentration of 10 mM. The team confirmed that the ex-

pression of the apoptosis induction protein of Bax was in-

creasingly dependent on the concentration, along with the

reduction of the apoptosis inhibiting protein Bcl-2

expression. With expectations that the butyrate may have

an effect on the activity of caspase, the team investigated

the butyrate treatment on caspase-9 and caspase-3 and con-

firmed that butyrate caused caspase-9 and caspase-3 to in-

duce the apoptosis (Fig. 10) [50].

The Marie-Josée Roy research team also reviewed the

colorectal cancer inhibition effects of butyrate. When dif-

ferent concentrations of butyrate (2.5, 5, 10, 20 mM) were

treated for 48 h at the Caco-2 colorectal cancer cell line,

the growth was inhibited by 52.9% compared to 100% of

control, and the apoptosis showed a maximum, 185%

increase. When the Bak (24 kDa), Bax (21 kDa) and Bcl-xL

(30 kDa) were observed using the western blotting meth-

od, the expression of Bcl-xL was found to decrease based

on the concentration, but no difference in the Bak ex-



Fig. 10. Butyrate induces apoptosis of RKO cells. (A) RKO cells were treated with 0, 10, and 40 mM butyrate in serum-free medium

for 24 h. DNA fragmentation was isolated and subjected to 1.4% agarose gel electrophoresis, followed by visualization

of bands and photography. (B) The effect of butyrate on the morphology of the nuclear chromatin in RKO cells. RKO

cells were treated with 0, 10, and 40 mM butyrate in serum-free medium for 24 h and fixed and stained with DAPI. The

morphological changes in nuclear chromatin were then viewed under a fluorescence microscope. The arrow points to the

apoptotic body in apoptotic RKO cells. The results were from one experiment representative of three experiments.

(magnification, 200×). (C) Apoptotic cells were quantified by counting a minimum of 4 fields of 100 cells/field (magnification,

200×). The results are presented as the mean±SD of three independent experiments. *p<0.05 and **p<0.01 as determined

by Student’s t-test, difference of butyrate 10 and 40 mM treatment vs. the control group [50].

Fig. 11. Effect of butyrate on Caco-2 cell proliferation,

cell death and apoptosis. Caco-2 cells were

cultured in 24-well plates at a density of 5×104

cells/mL. After an 18 h stabilization period in

medium without fetal calf serum, the cells

were treated with various concentrations of

Na-butyrate (2.5-20 mM) for 48 h. (A)

Subconfluent Caco-2 cells were cultured in the

absence (control) or presence of butyrate

(2.5-20 mM) for 48 h. Proliferation was meas-

ured by incorporation of
3
H-thymidine.

Results are expressed as percentage versus

control (100%) and values represent mean±SD

for 10 experiments, each carried out in

triplicate. (B) Cell death was quantified by

flow cytometric assay using propidium iodide

uptake. Results are expressed as percentage of

cell death and values represent mean±SD for

six experiments, each in duplicate. (C) apopto-

sis was quantified using the ApoStrand

Enzyme-linked Immunosorbent Assay

Apoptosis Kit. Results are expressed as per-

centage versus control (100%) and values rep-

resent mean±SD for six experiments, each in

duplicate. *p<0.05 versus control [40].
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A

B

C

Fig. 12. Effect of butyrate on Caco-2 cell apoptosis. Caco-2 cells

were cultured in 24-multi-well plates to subconfluency

and stimulated with butyrate (0.1-100 mM) for up to

72 h. (a) Stimulation with butyrate 0.01-100 mM in-

duced Caco-2 cell apoptosis in a dose-dependent man-

ner as quantified by flow cytometry. *p<0.01. (b)

Immunofluorescence microscopy after staining with the

HOECHST 33342 DNA dye revealed the typical fea-

tures of apoptotic cells, with nuclear shrinkage, con-

densation and fragmentation in butyrate-treated Caco-2

cells. The nuclei of untreated cells have uniformly regu-

lar, oval shape. Original magnification ×800. (c)

Detection of the expression of phosphatidyl serine on

the outer leaflet of the plasma membrane on apoptotic

Caco-2 cells. During early apoptosis, butyrate-treated

Caco-2 cells expressed phosphatidyl serine which binds

FITC-labeled Annexin V, allowing quantification by

flow cytometry. One representative of five similar expe-

riences is shown [42].

pression was observed (Fig. 11) [40].

In the study results of Frank M., the treatment of differ-

ent concentrations of Butyrate (0, 0.01, 0.1, 1, 10 mM) onto

the Caco-2 colorectal cancer cell line resulted in the in-

hibition of cancer cell growth based on the concentration.

In addition, the stimulation with different butyrate concen-

trations (0, 0.01, 0.1, 1, 10, 100 mM) and measurement of

the apoptosis 24 h after the butyrate stimulation resulted

with the effect of 9±3%; the apoptosis inducing effect was

elevated to 18±6% 48 h after the treatment depending on

time and concentration. When the Caco-2 colorectal cancer

cell line was treated with different butyrate concentrations

(0, 0,01, 0.1, 1, 10 mM), no expression change of bcl-2 was

observed although a strong Bak expression was induced 24

h after the treatment. To investigate the apoptosis inducing

mechanism, the study on caspase-3 activation was per-

formed to confirm the cleavage of 17 kDa of caspase-3 de-

pending on concentration. In addition, the apoptosis in-

ducing protein of Bax expression was found to be strongly

induced, depending on the butyrate concentration (Fig. 12,

Fig. 13) [42].

According to the study results of Vicente Medina, the

treatment of 4 mM of sodium butyrate onto the human

colorectal cancer cell line (LIM 1215) induced the cell

apoptosis from 4.1±0.7% to 26.5±5.2% and increased the

DNA fragmentation from 11.5±6.4% to 29.5±9.2%. Also,

they confirmed the increase in caspase-3 activity on the

cytoplasm by cytochrome c while the butyrate induced

cell apoptosis occurs (Fig. 14) [33]. As mentioned above, it

was possible to see that butyrate has a apoptosis inducing

function along with the inhibition effects of carcinogenic

gene expression.

Fig. 13. Effect of butyrate on Caco-2 cell bcl-2/bak protein

expression. Western blot analysis revealed that buty-

rate did not change Caco-2 cell bcl-2 expression,

whereas bak was strongly induced by butyrate (0.1 –

100 mM, 24 h) [42].



154 생명과학회지 2013, Vol. 23. No. 1

Fig. 14. Concentration-dependence and kinetics of induction of

apoptosis by butyrate and TSA. Adherent LIM 1215

cells were allowed to attach and grow for 2-3 days in

tissue culture flasks prior to exposure to test reagents.

Jurkat cells (A) or LIM 1215 cells (B) were cultured

alone (△), with 4 mM butyrate (○), or 1 uM TSA (●),

and at the indicated times, apoptosis was quantified

by determining the percentage of cells with morpho-

logical features of apoptosis under phase contrast mi-

croscopy (see the text). The graph shows similar time

courses for butyrate and TSA following a lag phase of

14 h. A. inset, Jurkat cells were cultured for 22 h in

the presence of varying concentrations of butyrate (○)

or TSA (●) and apoptosis was quantified. TSA was

at least three orders of magnitude more effective than

butyrate in inducing apoptosis. Each point represents

a mean of triplicates (different culture flasks); bars, SD

[33].

Conclusions

Globally, the prevention of cancer occurrence and low-

ering cancer mortality should be among the most important

research tasks. The ultimate purpose of the current study

is to reduce the colorectal cancer incidence rate by promot-

ing a preferred dietary habit of consuming fibrous foods and

by having a direct or indirect effect of butyrate that is pro-

duced by gastrointestinal microorganism fermentation. As

the study results indicate, it can be confirmed that butyrate

induced cell apoptosis and inhibited cancer cell propagation

through the specific signaling mechanisms in the human col-

orectal cancer cell line. Other than that, there are many stud-

ies that reviewed the various gene expression levels (mRNA,

protein) based on the butyrate concentration, exposure time,

and by experimental conditions. To elucidate the extensive

and various butyrate mechanisms, many studies are cur-

rently underway. But, for a better understanding of the bene-

ficial effects of butyrate, more in-vivo human studies are

necessary. Through its well-known anticancer effects, gastro-

intestinal mucosal membrane function elevation, effects on

immune controlling functions and its anti-inflammatory

functions, butyrate is not only expected to prevent cancer

occurrence, but also increase the survival rate of cancer

patients.
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초록：대장암에 대한 butyrate의 효과

진지영1․조광근2*․최인순1*

(
1
신라대학교 생물과학과,

2
경남과학기술대학교 동물소재공학과)

현재 우리나라는 높은 암 발생률과 사망률로 인해 암에 대한 관심과 심리적 불안감이 높아지고 있고, 따라서

많은 연구가 진행되고 있는 실정이다. 그럼에도 불구하고 암 발생률 빈도는 현저하게 증가하고 있는 추세이며,

그 중에서도 발병률이 높은 대장암은 발견 또한 늦어 사망률이 높다. 따라서 대장암의 예방이 무엇보다도 시급하

다. 원인은 아주 다양하면서도 정확하게 규명되진 않았지만, 가장 크게 식생활의 서구화로 인한 결과로 여겨진다.

육류 위주의 서구식 식이습관 개선을 위해 식이섬유를 풍부하게 섭취하게 되면 항암제 역할을 하는 단쇄지방산

인 butyrate가 위장관 내에서 장내 미생물에 의해 발생된다. 암의 치료에 있어서 항암제들은 종양세포의 apopto-

sis를 유도한다는 것이 알려졌고, 종양세포의 apoptosis 기전과 암의 치유기전 사이에는 서로 깊은 연관이 있음이

확인되었다. 따라서 butyrate가 직접적으로 대장암 세포의 apoptosis를 일으킴으로써 대장암을 억제하는 효과를

연구결과들을 통해서 확인하였고, 이는 대장암의 예방 및 치료에 직접적으로 영향을 미칠 것을 기대한다.
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