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ABSTRACT 

Lunasin is a bioactive peptide originally isolated from soybean and has demonstrated chemopreventive and anti-cancer 
properties against skin, colon and breast cancers. The objective of the study was to evaluate the capability of intraperi- 
toneally and orally-administered soybean-derived peptide lunasin to inhibit KM12L4 human colon cancer cell metasta- 
sis in a mouse model. Intraperitoneal (i.p.) injection of lunasin (4 mg/kg bw/day) reduced the number of liver metastasis 
by 50% (P = 0.047) and the liver weight/body weight ratio by 23% (P = 0.039). Oral administration of lunasin reduced 
the number of liver metastasis by 56% (8 mg/kg bw/day, P = 0.293) and 94% (20 mg/kg bw/day, P = 0.247). Immuno- 
histochemical staining of the liver-tissue section showed that lunasin at 20 mg/kg bw dose did not significantly reduce 
the expression of proliferating cell nuclear antigen, increased the expression of proapoptotic Bax by 2.7-fold but also 
increased the expression of the antiapoptotic Bcl-2 by 3.8-fold. Regarding epigenetic markers, H3K18 was not signifi-
cantly affected by either oral dose while H4K8 was dose dependently increased by 2.3-fold (P = 0.001, 8 mg/kg bw) 
and 2.7-fold (P < 0.001, 20 mg/kg bw). On the other hand, i.p. injection of lunasin reduced both histone acetylation 
markers significantly. The difference on the effects can be attributed to the different routes of administration used lead-
ing to digestion of lunasin when given by oral gavage. In conclusion, lunasin reduced colon cancer metastasis in vivo; 
however, more studies are needed to determine the oral dose of lunasin and prevent colon cancer metastasis. 
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1. Introduction 

Colorectal cancer (CRC) ranks third as the most pre- 
valent neoplasm worldwide with approximately 3.2 M 
cases and is the second most prevalent cancer worldwide 
[1]. It encompasses a heterogeneous group of diseases 
with complex genetic and epigenetic alterations making 
molecular classification important in therapy-based deci- 
sion making [2,3]. At early stage diagnosis, a curative 
management is achievable by surgical resection or by ad- 
juvant or neo-adjuvant chemotherapy while late stage IV 
tumor-node-metastasis is a more advanced stage which is 
usually incurable [4]. Colorectal cancer metastasis which 
is characterized by the spread of the tumor to distant sites 
such as liver and lungs accounts for as much as 95% of 
CRC deaths. Metastasis is a very inefficient process cha- 
racterized by dissociation of tumor cells from the pri- 
mary tumor, invasion to the neighboring tissue, intra-  

vasation into the blood or lymphatic system, dissemina- 
tion and extravasation and outgrowth at a secondary site. 
Lifestyle and dietary factors can increase the risk and 
progression of CRC such as smoking, red meat, alcohol 
consumption, increased total dietary calories and reduced 
physical activity. In order to prevent or reduce risk of 
developing CRC, calcium and nonsteroidal anti-inflam- 
matory drugs intake has been suggested [5,6]. In addi- 
tion, gene defects can contribute to over-all inherited 
predisposition to CRC [7]. 

Epidemiological studies have shown the inverse rela- 
tionship between CRC risk and soybean consumption 
[8,9]. This protective effect of soybean against CRC can 
be attributed to biologically active components in soy 
including isoflavones, saponins, protease inhibitors and 
bioactive peptides. Lunasin is a 43-amino acid bioactive 
peptide originally isolated from soybean. It contains uni-  
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que amino acid sequences including the cell adhesion 
motif composed of arginine-glycine-aspartic acid residue 
followed by polyaspartic acid tail composed of 8 aspartic 
acid residues [10]. Studies showed that lunasin acted 
through epigenetic mechanism of action competing with 
different histone acetyltransferases, inhibiting histone 
acetylation and repressing the cell cycle progression 
[11-13]. Metastasis can be affected by different epigene- 
tic mechanisms including DNA methylation, histone mo- 
difications and microRNA alterations and that diet can 
induce these epigenetic changes [14] and study showed 
that lunasin was able to inhibit acetylation of H3 and H4 
histones [15]. We have also showed the capability of 
lunasin to promote apoptosis in different human colon 
cancer cells [16,17]. In addition, intraperitoneal injection 
of lunasin at a dose present in 25 g soy protein was able 
to inhibit CRC metastasis in vivo and potentiated the 
effect of the chemotherapeutic drug oxaliplatin [17]. 
However, the potential of orally administered lunasin on 
preventing the metastasis of CRC in vivo is not yet 
known. The objective of this study was to evaluate the 
capability of orally-administered in comparison to intra- 
peritoneally-injected lunasin to inhibit KM12L4 human 
colon cancer cell metastasis in a mouse model.  

2. Materials and Methods 

2.1. Materials 

Human colon cancer cells KM12L4 were obtained from 
Dr. Lee M. Ellis (MD Anderson Cancer Center, Uni- 
versity of Texas).The metastatic KM12L4 cell line was 
established by injecting the parental cell line KM12C 
into the spleen of nude mice as previously reported [18]. 
Eagle’s Minimum Essential Medium and 0.25% (w/v) 
Trypsin- 0.53 mM EDTA were purchased from Ameri- 
can Type Culture Collection (Manassas, VA). Primary 
antibodies for PCNA, Bax, Bcl-2 and nucleolin were 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA) while primary antibodies for p300, HDAC2, H3K18 
and H4K8 were purchased from Abcam (Cambridge, 
MA). Immunohistochemical staining kit was purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA). Luna- 
sin (>95% purity) was isolated and purified from defatted 
soybean flour as previously reported [19].  

2.2. In Vivo Model of Colorectal Cancer  
Metastasis 

The protocol was approved by the Institute of Animal 
Care and Use Committee at the University of Illinois at 
Urbana-Champaign. Six to 8 weeks old mice were pur- 
chased from Harlan Laboratories and acclimated for one 
week and 1,000,000 KM12L4 colon cancer cells sus-  

pended in 50 µL Hank’s balanced salt solution were in- 
jected directly to the spleen of anesthetized mouse. In 
Spring 2011, mice were divided into 2 groups 4 days 
after cancer cell injection as follows: 1) control admini- 
stered with PBS intraperitoneally as vehicle for 28 days 
(n = 10); and 2) lunasin treated group at 4 mg/kg bw ad- 
ministered by intraperitoneal injection for 28 days (n = 9). 
In Summer 2012, mice were randomized into 3 groups 4 
days after cancer cell injection as follows: 1) control ad- 
ministered with 100 μL PBS by gavage as vehicle for 28 
days after randomization (n = 6); 2) lunasin treated group 
was gavaged with lunasin at 8 mg/kg bw daily suspended 
in 100 μL PBS for 28 days after randomization (n = 5); 
and 3) another set of mice were injected with 1,000,000 
KM12L4 colon cancer cells suspended in 50 µL Hank’s 
balanced salt solution after the completion of the first set 
and were given lunasin by oral gavage at 20 mg/kg bw 
daily for 28 days (n = 3). The experimental design for 
this study is shown in Figure 1. All groups received a 
standard AIN-93G powdered diet devoid of soy protein 
(Harlan Laboratories, Madison WI) along with the treat- 
ment. Mice were sacrificed by carbon dioxide asphyxia 
one day after 28 days of treatment. Total body weight 
and liver weight were determined during necropsy. The 
number of metastatic nodules on the liver was quantified. 
Liver tumor was fixed in 10% formalin buffered solution 
for 24 h prior to tissue processing and paraffin embed- 
ding for immunohistochemical analyses. Blood was col- 
lected by cardiac puncture immediately after asphyxia. 

2.3. Hematoxylin and Eosin Staining of  
Paraffin-Embedded Sections of Liver 

Liver CRC tumors were stained with hematoxylin and 
eosin (H and E) by standard method. Stained slides were 
visualized using Nanozoomer Digital Pathology (Olym- 
pus Hamamatsu, Bridgewater, NJ).  

2.4. Immunohistochemical Analysis 

Paraffin-embedded liver tumor tissue was cut at 5 µm 
thickness and transfer to a slide prior to immunohisto- 
chemical (IHC) analyses. IHC for proliferating cell nu- 
clear antigen (PCNA), Bax, Bcl-2, p300, histone deace- 
tylase 2 (HDAC2), acetylated histone H3 at lysine 18 
(H3K18) and acetylated histone H4 at lysine 8 (H4K8) 
was performed following manufacturer’s protocol (Santa 
Cruz Biotechnology, CA). Stained slides were visualized 
using Nanozoomer Digital Pathology (Olympus Hama- 
matsu, Bridgewater, NJ). Intensity of staining was quan- 
tified using Teton machine (MediaCybernetics, Inc., 
Bethesda MD) equipped with Axio Vision analysis soft- 

are (Carl Zeiss, Jena, Germany). w 
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1 × 106 KM12L4 cells 
athymic nude mice 
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ended 

Euthanized 

LUNASIN, 4 mg/kg bw, i.p., once daily, n = 9 

   PBS, i.p., once daily, n = 10  

D-4                 D0                                                     D28     D29 

Spleen Injection,  
1 × 106 KM12L4 cells 
athymic nude mice 
 

  Randomization 

Treatment  
ended 

Euthanized 

 LUNASIN, 8 mg/kg bw, gavage, once daily, n = 5 

   PBS, gavage, once daily, n = 6  

D-4                       D0                                          D28              D29

  LUNASIN, 20 mg/kg bw, gavage, once daily, n = 3 

(a) 

(b) 

 

Figure 1. Schematic diagram for CRC model of liver metastasis and the potential of lunasin to inhibit the metastasis process. 
(a) In Spring 2011, 19 anesthetized mice were implanted with 1 × 106 KM12L4 human colon cancer cells into the spleen. After 
4 days, mice were randomized into two groups: PBS (n = 10) and lunasin at 4 mg/kg per day by intraperitoneal injection (n = 
9). The treatment lasted for 28 days and 1 day after, mice were sacrificed by CO2 asphyxia. Number of metastatic nodules in 
the liver, liver weight and body weight were measured during necropsy. (b) In Summer 2012, 14 anesthetized mice were im- 
planted with 1 × 106 KM12L4 human colon cancer cells into the spleen. After 4 days, mice were randomized into three groups: 
PBS (n = 6), lunasin at 8 mg/kg per day by oral gavage (n = 5) and lunasin at 20 mg/kg per day by oral gavage (n = 3). The 
treatment lasted for 28 days and 1 day after, mice were sacrificed by CO2 asphyxia. Number of metastatic nodules in the liver, 
liver weight and body weight were measured during necropsy. 
 
2.5. Analysis of Histones in Blood by  

Western Blot 
and incubated at −20˚C overnight. After centrifugation 
for 5 min at 12,000 × g at 4˚C, the pellet was air-dried 
and resuspended in 50 µL water. The protein concen- 
tration was determined by Protein DC Assay (Bio-Rad, 
Hercules, CA) and suspended in equal volume of reduc- 
ing Laemmli buffer. Equal amount of proteins was 
loaded in 4% - 20% Tris-HCl ready gels (Biorad Labora- 
tories, Hercules, CA, USA) for protein separation. The 
separated proteins were transferred to PVDF membrane 
and blocked with 5% nonfat dry milk in 0.1% Tris- 
buffered saline Tween 20 (TBST) for 1 h at 4˚C. After 
blocking, the membrane was washed with 0.1% TBST (5 
times, 5 min each) and incubated with H3K18, H4K8 and 
nucleolin primary antibodies at 4˚C overnight. The mem-  

Red blood cells were lysed using cell lysis solution (3× 
volume of red blood cells) and incubated for 10 min at 
room temperature. The sample was centrifuged at 2000 × 
g for 10 min. The pellet was washed with cell lysis buffer 
three times after which the pellet was washed with 10 
mM Tris-HCl pH 7.4 with 13 mM EDTA. After centri- 
fugation the pellet was resuspended in 100 µL ice-cold 
water and sulfuric acid was added to a final concentration 
of 0.4 N. After one hour incubation in ice, the mixture 
was centrifuged for 5 min at 12,000 × g at 4˚C. The 
supernatant was transferred to 1 - mL ice cold acetone  
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brane was washed again and incubated with IgG horsera- 
dish peroxidase conjugate secondary antibody for 2 - 3 h 
at room temperature. After incubation and repeated 
washings, the expression of H3K18, H4K8 and nucleolin 
was visualized using chemiluminescent reagent (GE 
Healthcare, Buckinghamshire, UK). Analyses were done 
for three independent replicates. 

2.6. Statistical Analyses 

A PROC GLM and non-parametric Mann-Whitney test 
was used to test for statistical differences between groups. 
Significant differences were reported at P values < 0.05. 

3. Results 

Figure 2 compares the effect of lunasin on the metastasis 
of KM12L4 colon cancer cells from the spleen to the 
liver of mouse. Intraperitoneal administration of lunasin 
resulted in the reduction of CRC liver metastasis by 50% 
compared to PBS group [P = 0.047, Figure 2(a)] while 
the liver weight/body weight ratio was reduced by 23% 
[P = 0.039, Figure 2(b)]. Oral administration of lunasin 
resulted in the reduction of the number of metastatic 
nodules in the liver of the mouse 28 days after treatment. 
PBS-treated group had 18 ± 9 (average ± SEM, 100%) 
liver metastatic nodules, the number of metastatic nod- 
ules was reduced 56% (8 ± 2, P = 0.293) and 94% (1 ± 0, 
P = 0.247) in groups treated with 8 mg lunasin/kg bw/day 
and 20 mg lunasin/kg bw/day, respectively [Figure 2(c)]. 
Oral gavage of lunasin also resulted in a not statistically 
significant reduction of liver weight-body weight ratio 
from 0.11 (100%, PBS-group) to 0.05 (42% reduction, 8 
mg/kg bw/day-group) and 0.06 (41% reduction, 20 mg/ 
kg bw/day-group) as shown in Figure 2(d). Representa- 
tive liver pictures from mice in each group are shown as 
an inset in Figures 2(a) and (c) showing less number of 
tumor metastatic nodules in mice treated with lunasin 
compared to PBS-treated group. 

Hematoxylin and eosin staining [Figure 3(a)] of paraf- 
fin-embedded liver tissues showed the development of 
tumor mass in PBS-group as well as mice treated with 8 
mg lunasin/kg bw/day. On the other hand, development 
of tumor mass in mice treated with 20 mg lunasin/kg 
bw/day was not evident rather a hepatic hyperplasia was 
observed. Expression of proliferating cell nuclear antigen 
[PCNA, Figure 3(b)] was reduced 11.3% and 37.2% by 
8 mg/kg bw/day (P = 0.245) and 20 mg/kg bw/day (P = 
0.122), respectively, short of statistical difference with 
the PBS group.  

Evaluation of apoptotic markers showed that pro- 
apoptotic Bax was increased by 1.3-fold in liver-tissue 
tumor of mice treated with 8 mg/kg bw/day lunasin 
though the P-value was not significant (P = 0.065). Anti-  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 2. Mode of administration affected the ability of the 
bioactive peptide lunasin to inhibit the metastasis of KM12L4 
human colon cancer cells from the spleen to liver of nude 
mice. Intraperitoneal injection of lunasin (4 mg/kg bw, n = 9) 
significantly reduced the mean number of liver metastasis 
(a) and the mean liver weight/body weight ratio (b) when 
compared to PBS group (n =10) (Reference 17). Oral ad- 
ministration of lunasin at 8 mg/kg bw (n = 5) and 20 mg/kg 
body weight (n = 3) did not significantly reduce the number 
of liver metastasis (c) and liver weight/body weight ratio (d) 
when compared to PBS group (n = 6).  
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      PBS             Lunasin              Lunasin 
                   (8 mg/kg, gavage)    (20 mg/kg, gavage)

300 µm  
(a) 

      PBS               Lunasin              Lunasin  
                     (8 mg/kg, gavage)   (20 mg/kg, gavage)

300 µm  

 
(b) 

Figure 3. (a) Hematoxylin and eosin staining showed that 
lunasin modified the liver-tumor tissue derived from KM12L4 
cells morphology. At 20 mg/kg bw given by oral gavage (n = 
3) modified the liver morphology of mice showing hepatic 
hyperplasia while sections from PBS (n = 6) and lunasin (8 
mg/kg bw, n = 5) showed tumor morphology. (b) Lunasin 
did not significantly reduce the expression of PCNA in the 
liver-tumor tissue compared to PBS (P = 0.245 for 8 mg/kg 
bw dose) and on non-tumor liver tissue (P = 0.122 for 20 
mg/kg bw dose). The expression of PCNA was evaluated in 
non-tumor liver tissue of mice (20 mg/kg bw) due to ab- 
sence of tumor metastasis. Based on the peroxidase staining 
assay the color produced was brown. All tissue samples 
from mice were analyzed and 5 independent fields were 
randomly selected per slide and compared to PBS (as de-
termined by Mann-Whitney analysis). 
 
apoptotic Bcl-2 was also reduced by lunasin treatment (8 
mg/kg bw/day) by 1.3-fold in a non-significant manner 
(P = 0.368). Analysis of these markers in liver-tissue 
(non-tumorous) of mice treated with 20 mg/kg bw/day 
showed that Bax was significantly increased by 2.7-fold 
(P = 0.001) with a concomitant increase in Bcl-2 by 3.8- 
fold (P < 0.001) [Figures 4(a) and (b)]. 

PBS Lunasin 
(8 mg/kg, gavage) 

Lunasin 
(20 mg/kg, gavage)

300 µm  

 
(a) 

PBS Lunasin  
(8 mg/kg, gavage) 

Lunasin  
(20 mg/kg, gavage)

 

 
(b) 

Figure 4. Effect of lunasin on the expression of apoptotic 
markers on liver tissue of mice injected with KM12L4 hu- 
man colon cancer cells in the spleen. Lunasin at 8 mg/kg bw 
given by oral gavage did not significantly affect the expres- 
sions of apoptotic proteins Bax (a), P = 0.065) and Bcl-2 (b), 
P = 0.368) in liver-tissue section of mice. At 20 mg/kg bw, 
both markers were increased in nontumor liver tissue. 
Based on the peroxidase staining assay the color produced 
was brown. All tissue samples from mice were analyzed and 
5 independent fields were randomly selected per slide. 
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Earlier studies on the biological activity of lunasin fo- 
cused on its capability to alter histone acetylation/deace- 
tylation process. The expression of H3K18 and acety- 

lated H4K8 is shown in Figures 5 and 6. Expressions of 
H3K18 and H4K8 were reduced significantly by intrap- 
eritoneal injection of lunasin at 4 mg/kg bw/day when  

 

 PBS Lunasin, 4 mg/kg ip

   
 (a) 

 PBS Lunasin, 4 mg/kg ip 

   
(b) 

 
PBS 

Lunasin, 
8 mg/kg, gavage 

Lunasin, 
20 mg/kg, gavage 

   
(c) 

 
PBS 

Lunasin, 
8 mg/kg, gavage 

Lunasin, 
20 mg/kg, gavage 

   
(d) 

Figure 5. Intraperitoneal injection of lunasin at 4 mg/kg bw for 28 days modified the expression of epigenetic markers in 
liver-tissue section of nude mice injected with KM12L4 human colon cancer cells in the spleen. Lunasin (4 mg/kg bw, i.p. 
injection) reduced the expression of (A) H3K18 (P = 0.002), (B) H4K8 (P < 0.0001). Lunasin given by oral gavage did not sig- 
nificantly affect the expressions of H3K18 (C, P > 0.05) but significantly increased the expression of H4K8 (D, P = 0.001 for 8 
mg/kg bw and P = 0.001 for 20 mg/kg bw) in liver-tissue section of mice. Based on the peroxidase staining assay the color 
produced was brown. All tissue samples from mice were analyzed and 5 independent fields were randomly selected per slide. 
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H3K18 (17 kDa) 
 
 
nucleolin (110 kDa)

    PBS   Lunasin     Lunasin  
        (8 mg/kg, gavage) (20 mg/kg, gavage) 

   
(a) 

 

H4K8 (12 kDa) 
 
 
nucleolin (110 kDa)

    PBS   Lunasin     Lunasin  
        (8 mg/kg, gavage) (20 mg/kg, gavage) 

   
(b) 

Figure 6. Lunasin at 20 mg/kg bw significantly increase the expression of H3K18 (a) but not H4K8 (b) in red blood cells of 
mice harvested by acid extraction and acetone precipitation. Histones were extracted from red blood cells of three mice per 
group (n = 3). 
 
compared to PBS-treated group as depicted in Figure 5(a) 
(P = 0.002) and Figure 5(b) (P < 0.0001), respectively. 
This is concurrent with the reduced expression of the 
enzyme p300 and unaffected expression of HDAC2 in 
liver-tissue tumor section of mice treated with lunasin 
given intraperitoneally when compared to PBS group 
(data not shown). On the other hand, expression of 
H3K18 was not significantly affected by orally-adminis- 
tered lunasin treatment in the liver-tissue tumor of mice 
[Figure 5(c)] while the expression of H4K8 was signifi- 
cantly increased by oral lunasin administration by 2.3- 
fold (8 mg/kg bw/day, P = 0.001) and by 2.7-fold (20 
mg/kg bw/day, P = 0.001) [Figure 5(d)]. Analysis of 
these markers on the blood of mice by acid extraction 
and acetone precipitation showed that protein expression 
of both markers was increased in lunasin-treated groups 
as compared to PBS group; however the increase was not 
statistically significant (P > 0.05) except for H3K18 in 20 
mg/kg bw/day (3.3-fold, P = 0.017) as shown in Figures 
6(a) and (b).  

4. Discussion 

The most frequent site of metastasis for CRC is the liver. 
There are few therapeutic options to treat metastatic CRC  

making the 5-year survival rate only 10% [20] hence the 
need for compounds that can prevent or delay the onset 
of CRC metastasis. Previous studies have shown the 
capability of lunasin to prevent the process of carcino- 
genesis in different in vivo models of cancer including 
skin cancer [21], breast cancer [22,23] and colon [17]. 
Our previous study showed that intraperitoneal injection 
of lunasin at a dose found in 25 g of soybean was able to 
inhibit CRC liver metastasis in vivo and potentiated the 
effect of oxaliplatin [17]. In this study, we compared the 
efficacy of orally-administered lunasin to our previous 
intraperitoneal study in preventing the outgrowth of CRC 
metastasis from the spleen to the liver of mouse. Our 
results showed that oral gavage of lunasin was able to 
reduce the number of liver metastasis in mice however 
the trend was not significant. This is in contrast to what 
we observed on the ability of intraperitoneally admini- 
stered lunasin to inhibit CRC metastasis. The represen- 
tative liver pictures from each group also demonstrated 
that livers from mice treated with lunasin presented 
lesser number of tumor nodules [as inserts in Figures 2(a) 
and (c)], this is then supported by the ratio of liver 
weight to body weight [Figures 2(b) and (d)]. H and E 
staining demonstrated the architecture of the liver tissue  
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that developed hepatic tumor nodules in the PBS group 
as well as mice that received 8 mg lunasin/kg bw/day 
(oral gavage). While mice that received 20 mg lunasin/kg 
bw/day (oral gavage) did not show characteristics of liver 
tumor instead a hepatic hyperplasia was observed. This 
result suggests that oral ingestion of lunasin at 20 mg/kg 
bw/day can be helpful in preventing the formation of 
liver metastasis from CRC.  

Orally administered lunasin was not able to statistic- 
cally reduce the expression of PCNA, a protein important 
in the proliferation of cancer cells. This observation is in 
contrast from our previous study showing the capability 
of intraperitoneally-administered lunasin to reduce PCNA 
expression by 32% [17]. Reduction in PCNA expression 
has been closely linked with reduced aggressiveness and 
growth of tumor as its expression is elevated during the S 
phase of the cell cycle to promote cell cycle progression 
[24]. Moreover, tumor cells, regardless of their origins, 
express higher levels of PCNA [25,26] and PCNA gene 
deregulation and post-translational modifications are 
hallmarks of malignant cells [27]. Our results show that 
oral administration of lunasin cannot modify the expres- 
sion of PCNA in liver-tumor tissue in vivo thereby sug- 
gesting that it cannot reduce the proliferation of liver- 
tumor metastasis. This is supported by the lack of statis- 
tical difference in the expression of apoptotic markers in 
liver-tumor tissue of mice treated with 8 mg/kg bw/day 
lunasin when compared to PBS. This effect was also ob- 
served in our previous study showing that intraperito- 
neally-administered lunasin was not able to significantly 
affect the expressions of Bax and Bcl-2 [17]. On the 
other hand, these markers were both increased in the 
nontumorous liver tissue of mice treated with 20 mg 
lunasin/kg bw. The increased expressions of these apop- 
totic markers with opposing apoptotic effects can be ex- 
plained by the measurement of these markers in normal 
liver tissue instead from liver-tumor tissue. This observa-
tion has shown before in liver tissue of patients suffering 
from hepatocellular carcinoma that the normal liver tis-
sue counterpart has an elevated expression of Bax and 
Bcl-2 when compared to carcinoma tissues [28]. 

Initial studies on the biological activity of the peptide 
lunasin showed the capability of lunasin to alter gene 
expression through epigenetic mechanism by altering the 
histone acetylation/deacetylation process. The proposed 
mechanism is that lunasin selectively kills cells that are 
being transformed or newly transformed (by chemical 
carcinogens and/or viral oncogenes) thereby inhibiting 
histone acetylation and acting like a tumor suppressor 
[29]. The expressions of H3K18 and H4K8 in liver-tu- 
mor tissue were significantly reduced by intraperitoneal 
administration of lunasin. On the other hand, lunasin 
given by oral gavage did not affect the expression of  

H3K18 (P > 0.05) while dose-dependently increased the 
expression of H4K8. These differential effects of lunasin 
on histone modifications can be attributed to the route of 
administration used in the study. In intraperitoneally- 
administered lunasin, the whole lunasin molecule circu- 
lates in the blood of mice which resulted in the inhibition 
of the activity of the p300 enzyme leading to downregu- 
lation of acetylation of H3 and H4 histones at lysine 18 
and lysine 8 positions, respectively. On the other hand, 
lunasin when given orally was digested leading to pro- 
duction of peptides that may not have the ability to in- 
hibit p300 enzyme thereby leading to increase of acetyla- 
tion of H4 histone at lysine 8 position. Bioavailability 
study in humans showed that different peptides corre- 
sponding to lunasin sequences were found in plasma of 
young men that were fed with 50 g of soy protein [30]. 
These peptides may have different bioactive properties 
than intact lunasin thereby leading to a different histone 
modification effects. Previous studies on the capability of 
bioactive compounds also showed differential effects on 
histone modifications. For instance, garcinol resulted in a 
strong reduction in acetylation of H3K18 while increas- 
ing the expression of acetylated H4K16 and trimethy- 
lated H4K20 in vitro [31]. Histone modifications are in- 
herited as epigenetic variations and are linked to gene 
activation or silencing. For instance, acetylation of his- 
tone proteins, particularly H3 and H4, is thought to lead 
to a relaxed chromatin structure and, therefore an en- 
hanced rate of transcription [32]. Increase in the acetyla- 
tion of histones can then lead to an increase in transcript- 
tion of tumor metastasis genes that can be epigenetically 
regulated. For instance, E-cadherin, a protein that con- 
trols the epithelial-to-mesenchymal process can be epi- 
genetically controlled through histone acetyl transferase 
enzyme p300 and transcription factor HNF3 [33,34]. 
Reduced expression of E-cadherin is commonly observed 
in cancers with weak cell-cell adhesion and higher inva- 
siveness property [35] and that higher expression of 
E-cadherin was associated with lower occurrence of ex- 
trahepatic metastases after resection of liver metastases 
[36]. Hernandez-Ledesma et al. [15] showed that lunasin 
treatment resulted in the abrogation of H4 acetylation 
promoted by PCAF and the expression of H4K8 was 
reduced by 17% in MDA-MB-231 breast cancer cells. 
The same observation was made in the capability of 
lunasin to prevent acetylation of histones H3 and H4 
promoted by p300 and PCAF enzymes [12,13]. This re- 
duction in histone acetylation was in agreement on what 
we observed in the expressions of H3K18 and H4K8 in 
liver tissue of mice that received lunasin by intraperito- 
neal injection. 

In summary, we compared the potential of intraperito-  
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neally- and orally-administered lunasin to inhibit colon 
cancer liver metastasis in an in vivo model of CRC me- 
tastasis. We found that when given by intraperitoneal 
injection, lunasin was able to inhibit CRC metastasis 
significantly; while lunasin given by oral gavage (8 
mg/kg bw/day) did not show significant difference from 
the control group. The difference in the observed results 
can be explained by the route of administration used in 
the studies. Given the fact that lunasin is bioavailable 
[30], the amount of intact lunasin left after digestion was 
not enough to prevent CRC metastasis from the spleen to 
the liver. On the other hand, when given at 20 mg/kg 
bw/day, liver of mice from this group showed very low 
tumor burden but the number of animals in this group 
was small and not able to attain the power needed to get 
statistically significant results. 

The results of the present study indicate that lunasin 
reduced colon cancer metastasis in vivo. More studies are 
needed to determine the oral dose of pure lunasin and 
prevent colon cancer metastasis. 
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