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Abstract. Bovine lactoferrin (bLF) is a multifunctional protein 
with anti‑inflammatory, antibacterial, antiviral, anti‑tumour 
and immunoregulatory effects. The present study was 
conducted to evaluate the anti‑inflammatory and anti‑tumour 
effects of liposomal bLF (LbLF) in a 1,2‑dimethylhydrazine 
(DMH)/dextran sulphate sodium (DSS)-induced model of 
carcinogenesis in F344 rats. F344 rats were randomly divided 
into three groups: Control (water), 500 or 1,000 mg/kg/day 
LbLF; additionally, the rats were injected with DMH (20 mg/kg) 
once per week for 8 consecutive weeks, after one week of 
drinking water containing 1% DSS. All rats were sacrificed 
at 25 weeks. The tissues were examined for the presence of 
aberrant crypt foci (ACF) and subjected to histopathological 
analysis. Additionally, human colon cancer cells were utilised 
to investigate the effect of LbLF on proliferation and inflam-
mation. Rats from the 500 and 1,000 mg/kg/day LbLF groups 
harboured significantly fewer colon ACF, adenomas and 
adenocarcinomas than the rats from the control group. Lastly, 
it was demonstrated that LbLF inhibits cell growth and TNF-α 
mRNA expression. These data support the hypothesis that 
LbLF affects colorectal carcinogenesis by suppressing inflam-
mation and cell proliferation in rats.

Introduction

Colorectal cancer (CRC) is one of the most prevalent and 
highly diagnosed types of cancer and is a common cause of 
cancer‑associated mortality worldwide, despite the availability 
of a variety of therapeutic strategies (1,2). Ulcerative colitis 
(UC) is a serious inflammatory bowel disease in humans and 
has been demonstrated to be a high-risk factor for CRC (3,4). 
Thus, the early diagnosis and treatment of UC may delay its 
progression to CRC. Furthermore, lifestyle and diet each serve 
an important role in the aetiology of cancer at the majority of 
sites (5,6). Specifically, high intakes of red meat, fat and carbo-
hydrates have been suggested to increase the risk of CRC (7). 
By contrast, lactoferrin (LF), fruit, vegetable and fibre intake 
may reduce the risk of developing CRC (8). Therefore, altering 
dietary habits and consuming appropriate foods may serve as a 
novel therapeutic strategy for the prevention of human cancer.

LF is an 80 kDa iron‑binding, single‑chain glycoprotein 
that was first purified from human milk (9). It is expressed in 
the secretory granules of neutrophils and in various secretory 
fluids, including milk, tears, nasal fluids, saliva, pancreatic 
fluids and gastrointestinal fluids (10). LF has been reported 
to exert a wide range of physiological functions, including 
anticancer, antimicrobial, anti‑inflammatory and immune 
regulatory activities (11,12). In addition, previous studies have 
observed that bLF induces the suppression of proliferation in 
various types of cancer cells in vitro (13-16). The carcinogen 
1,2‑dimethylhydrazine (DMH) is widely used to induce CRC 
in animal models (17). DMH also induces the formation of 
aberrant cryptic foci, which are involved in the multistep 
pathogenesis of colon cancer (18). Dextran sulphate sodium 
(DSS) is a synthesised sulphated polyglucan that has previ-
ously been used to induce gut inflammation and colitis in 
animal models (19,20).

In the present study, the aim was to comprehensively 
evaluate the effect of liposomal bovine LF (LbLF), which is 
covered in soybean lecithin and exhibits improved stability in 
the stomach and enhanced absorption by the intestinal tract 
than bLF, on DMH-induced colorectal cancer following treat-
ment with DSS in F344 rats.
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Materials and methods

Preparation of LbLF. The test sample, which consisted of 
multi‑lamellar vesicles, was prepared by hydrating dietary 
soy phosphatidylcholine with an aqueous solution containing 
bLF. Briefly, 10.2% (w/w) soy phosphatidylcholine solubilised 
in glycerine and 19.8% (w/w) bLF were mixed at a ratio of 
1.00:1.54, and emulsified (R&D Division, Sunstar Inc., Osaka, 
Japan). The emulsified solution was then liposomalised using 
a high‑pressure homogenizer. The diameter of the liposomes 
was determined using a particle size analyser, and the mean 
diameter was ~70 nm. The control solution (glycerine) was 
prepared in a similar manner.

Animals and diet. A total of 36 male 5‑week‑old F344 rats 
(weighing 70-90 g) were purchased from Charles River 
Laboratories Japan, Inc. (Yokohama, Japan). The animals 
were cared for in compliance with the principles and 
guidelines of the Ethical Committee for Animal Care of 
the Prefectural University of Hiroshima (Hiroshima, Japan) 
and the Prefectural University of Hiroshima Animal Ethics 
Committee in accordance with the Japanese National Law on 
Animal Care and Use. The Ethical Committee for Animal 
Care of the Prefectural University of Hiroshima (Hiroshima, 
Japan) approved the experiments undertaken. The rats were 
housed in an air‑conditioned room at the Laboratory Animal 
Research Centre of the Prefectural University of Hiroshima, 
Japan. The room provided a 12‑h light/dark cycle, a controlled 
ambient temperature of 23±2˚C and a humidity of 50±10%. 
The rats had free access to drinking water and were fed a 
moderate fat basal diet (Oriental Yeast Co., Ltd., Tokyo, 
Japan).

Experimental protocol. DMH (Tokyo Chemical Industry Co., 
Ltd., Tokyo, Japan) was dissolved in 0.9% NaCl solution, and 
the pH was adjusted to 6.5 using NaHCO3. As indicated in 
Fig. 1, the drinking water of all 36 rats was supplemented 
with 1% DSS for one week (week-1), starting at 5 weeks of 
age. Upon reaching 6 weeks of age (week 0), the rats were 
randomly allocated into three groups of 12 rats each. Each 
group received water (control), 500 or 1,000 mg/kg/day 
LbLF from week 0‑25. All rats were injected with DMH 
(20 mg/kg body weight) once per week for 8 consecutive weeks 
(weeks 0-8). The body weights and LbLF dilution intake of the 
rats were recorded every week to determine the correct dose 
of LbLF. All rats were sacrificed by anaesthesia (45 mg/kg 
body weight of sodium pentobarbital). 25 weeks following the 
commencement of DMH administration to allow for tissue  
examination.

Analysis of aberrant crypt foci (ACF). After the rats were 
sacrificed, the colons were quickly removed, flushed with 
saline solution and opened longitudinally from the cecum to 
the anus. The colons were placed on a paper towel and fixed 
in 10% buffered formalin for 24 h at room temperature. They 
were stained with 0.5% methylene blue for 15‑30 min at room 
temperature and then placed on a glass slide, with the luminal 
side facing up. The stained colons were observed under a light 
microscope at a magnification of x20‑30. The number of ACFs 
was recorded.

Histological analysis. After the ACFs had been recorded, 
the 10% buffered formalin-fixed colons were embedded 
in paraffin, sectioned at a thickness of 4 µm, stained with 
haematoxylin and eosin (H&E) and examined under a light 
microscope (magnification, x100; Olympus Corporation, 
Tokyo, Japan). The counted tumours were classified into two 
types: Adenomas (including mild, moderate or severe dysplasia 
categorisations) and adenocarcinomas (including well, moder-
ately or poorly differentiated tubular adenocarcinoma, signet 
ring cell or mucinous carcinoma categorisations).

Cell lines and cell culture. RKO and RCN‑9 human CRC 
cells, provided by the Japanese Collection of Research 
Bioresources Cell Bank (Ibaraki, Japan), were cultured in 
Dulbecco's modified Eagle's medium (DMEM; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing 10% fetal bovine serum (FBS; Invitrogen; Thermo 
Fisher Scientific, Inc.) and 100 U/ml penicillin‑streptomycin 
at 37˚C in a humidified atmosphere of 5% CO2. For the growth 
assay, 5x103 cells were plated onto 24-well plates (Falcon; 
Corning Incorporated, Corning, NY, USA) and cultured in 
DMEM with 10% FBS at 37˚C in a humidified atmosphere 
of 5% CO2. Subsequently, trypsinized cells were counted at 
0, 1, 2, and 3 days using a Cell Counter (Coulter Z1, Coulter 
Co., Hialeah, FL, USA).

Gene expression experiments. RKO and RCN‑9 cells were 
seeded into 60-mm culture dishes (5x105 cells/well) and 
cultured in DMEM supplemented with 10% FBS as afore-
mentioned. The cells were then cultured in fresh DMEM 
supplemented with 10% FBS with or without lipopolysac-
charide (A.a‑LPS; 100 ng/ml), LPS from Aggregatibactor 
Actinomycetemcomitance (ATCC29522 strain; A.a.‑LPS) 
was provided by Professor Tatsuji Nishihara of the Kyusyu 
Dental College (Kyusyu, Japan). The cultured cells were 
harvested 0, 2, 4 and 6 h after LPS stimulation. The expres-
sion level of TNFα mRNA was determined. Furthermore, 
following a 4‑h treatment with LbLF (1, 10 or 100 µg/ml) or 
a control treatment (no LbLF) at 37˚C in a humidified atmo-
sphere of 5% CO2, the culture plates were briefly washed 

Figure 1. Carcinogenesis experimental protocol. The control group rats 
received subcutaneous injections of 20 mg/kg body weight DMH once per 
week for 8 weeks (from 0 week to 8 week), following the administration of 
1% DSS in the drinking water for one week (from -1 week to 0 week), and 
additionally received 500 or 1,000 mg/kg/day LbLF in the drinking water, 
respectively, starting at week 0 to 25. All rats were sacrificed after 25 weeks. 
DMH, 1,2‑dimethylhydrazine; DSS, dextran sulphate sodium; LbLF, lipo-
somal bovine lactoferrin.
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twice with PBS and the cells were incubated with A.a.‑LPS 
(100 ng/ml) with or without a 2‑h pre‑treatment. The cultured 
cells were collected and expression level of TNFα mRNA 
was evaluated.

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
The total RNA from the harvested fully confluent cells was 
isolated using an RNeasy Mini kit (Qiagen GmbH, Hilden, 
Germany). An ultramicro spectrophotometer (ND‑2000: 
NanoDrop 2000; Thermo Scientific, Inc., ) was used to detect 
the concentration of RNA. The cDNA was synthesized from 
1 µg of total RNA was produced using a transcriptase PCR 
kit (ReverTra Dash; Toyobo Biochemicals, Osaka, Japan) 

according to the manufacturer's protocol. The following 
primers were used: Human tumour necrosis factor α (TNFα): 
5'‑GCC CAT GTT GTA GCA AAC C‑3', forward and 5'‑CCA 
AAG TAG ACC TGC CCA GA‑3', reverse (product size, 
239 bp); human GAPDH: 5'‑TCC ACC ACC CTG TTG CTG 
TA‑3', forward and 5'‑ACC ACA GTC CAT GCC ATC AC‑3', 
reverse. Aliquots of total cDNA (0.05 µg) were amplified with 
1.25 U rTaq‑DNA Polymerase (Qiagen GmbH) in a thermal 
cycler (MyCyler; Bio‑Rad Laboratories, Inc., Hercules, CA). 
The PCR protocol for all primers consisted of 30 cycles of 
the following: An initial 30 sec of denaturation at 94˚C, 
annealing for 30 sec at 60˚C and extension for 1 min at 72˚C. 
The amplification reaction products were resolved on 1.2% 
agarose/Tris‑acetate‑EDTA gels (Nacalai Tesque, Inc., Kyoto, 
Japan). The final PCR products were separated by electro-
phoresis on 1.2% agarose gels at 100 mV for 20‑40 min and 
visualised using ethidium bromide.

Statistical analysis. The Statcel software package 
(KaleidaGraph version 4.1, Reading, PA, USA), was used for 
statistical analysis. The data in the current study are presented 
as means ± standard error. The significance differences 
between control group and LbLF group in the in vivo and 
in vitro experiments were evaluated using unpaired Student's 
t‑tests. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Body weight. Fig. 2 presents the body weight of rats from the 
three groups measured during the experiment. Upon reaching 
6 weeks of age (defined as week 0), the rats were randomly 
allocated into 3 groups of 12 rats. Each group received water 
(control), 500 or 1,000 mg/kg/day LbLF from week 0‑25. The 
body weights of the rats were recorded every week. Groups 
of rats were compared for body weight from week 0‑25. Body 
weight was not observed to significantly differ between any of 
the groups of rats at any point of the experiment.

Total number of colonic ACFs. The inhibitory influence of 
LbLF on the growth and development of DMH-induced total 
number of colonic ACF in rats is presented in Fig. 3 and Table I. 
ACF expression in the colons of rats treated with DMH‑DSS 
was analysed using 0.5% methylene blue stain (Fig. 3A). 
Rats treated with DMH exhibited a 100% incidence of ACF. 
Furthermore, the mean number of ACF was significantly lower 

Figure 2. Change of body weights in the control and LbLF group rats. LbLF, 
liposomal bovine lactoferrin.

Figure 3. ACF expression in the colons of rats treated with DMH‑DSS. 
(A) Representative images of ACF expression in the colons of rats treated 
with DMH‑DSS and stained with 0.5% methylene blue: a) ACF expression in 
the colon from a rat in the control group, b) ACF expression in the colon of 
a rat in the 500 mg/kg/day LbLF group, c) ACF expression in the colon of a 
rat in the 1,000 mg/kg/day LbLF group. Arrows indicate ACFs in the colon. 
(B) Number of ACFs in the colons of rats treated with DMH‑DSS. **P<0.01, 
compared with the control group. ACF, aberrant crypt foci; DMH‑DSS, 
1,2‑dimethylhydrazine and dextran sulphate sodium; LbLF, liposomal 
bovine lactoferrin. 

Table I. Number of macroscopically evident ACFs.

LbLF dose,   ACF (n, 
mg/kg/day Rats, n mean ± standard deviation)

0 (control) 12 352.9±94.3
500 12 236.6±57.5a

1,000 12 215.1±54.2a

aP<0.01 vs. control group. ACF, aberrant crypt foci; LbLF, liposomal 
bovine lactoferrin.
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in the 500 and 1,000 mg/kg/day LbLF groups, as compared 
with in the control group (Fig. 3B; Table I; P<0.01). Arrows 
indicate the ACFs in the colon (Fig. 3A).

Colon tumours. The colon tissue sections obtained from 
the rats were subjected to histopathological investigation, 
and the colon epithelial lesions were classified as adenomas 
or adenocarcinomas (Fig. 4). Table II indicates that rats 
from the 500 and 1,000 mg/kg/day LbLF groups harboured 
significantly fewer colon adenomas than rats from the control 
group (500 mg/kg/day, P<0.05; 1,000 mg/kg/day, P<0.01). 
The mean ± standard deviation (SD) of adenomas identified 
in the control, 500 and 1,000 mg/kg/day LbLF groups were 
33.70±12.91, 23.60±7.86 and 17.10±5.81, respectively. Table II 
also demonstrates that rats from the 500 and 1,000 mg/kg/day 
LbLF groups harboured significantly fewer colon adenomas 

with moderate atypia than rats from the control group 
(500 mg/kg/day, P<0.05; 1,000 mg/kg/day, P<0.01). 
Furthermore, rats from the 1,000 mg/kg/day LbLF group 
harboured significantly fewer colon adenomas with mild or 
severe atypia than rats from the control group (mild, P<0.01; 
severe, P<0.05; Table II).

Table III indicates that the 500 and 1,000 mg/kg/day 
LbLF groups harboured significantly fewer colon adenocarci-
nomas than rats from the control group (P<0.05 and P<0.01, 
respectively). In addition, the mean ± SD for adenocarcinomas 
identified in the control, 500 and 1,000 mg/kg/day LbLF groups 
were 1.25±0.62, 0.67±0.65 and 0.50±0.67, respectively. Table III 
also reveals that rats from the 1,000 mg/kg/day LbLF group 
harboured significantly fewer differentiated carcinomas (well 
and moderate adenocarcinoma; P<0.05), but not undifferenti-
ated carcinomas (poorly, mucinous, signet ring cell carcinoma), 

Figure 4. Macroscopic and histological features of the DMH‑treated rat colons. (A) Gross features of macroscopic tumours in the colon: a) Tumour in the colon 
of a rat in the control group, b) tumour in the colon of a rat in the 500 mg/kg/day LbLF group, c) tumour in the colon of a rat in the 1,000 mg/kg/day LbLF 
group. (B) DMH‑induced colorectal tumours in rats with haematoxylin and eosin staining: a) Adenoma with mild atypia, b) adenoma with moderate atypia, 
c) adenoma with severe atypia, d) well‑differentiated tubular adenocarcinomas, e) signet ring cell carcinomas, f) Mucinous adenocarcinomas. Haematoxylin 
and eosin staining (magnification, x200). DMH, 1,2‑dimethylhydrazine; LbLF, liposomal bovine lactoferrin.

Table II. Number of colon adenomas per rat.

 Adenomas per rat (mean ± standard deviation)
 ---------------------------------------------------------------------------------------------------------------------------------------------------------
LbLF dose, mg/kg/day Rats, n Total Mild atypia Moderate atypia Severe atypia

0 (control) 12 33.7±12.91 22.9±10.39 9.2±3.54 1.6±1.68
500 12 23.6±7.86a 17.1±5.01 5.5±3.26a 0.9±1.44
1,000 12 17.1±5.81b 13.3±5.10b 3.6±2.23b 0.3±0.45a

aP<0.05, bP<0.01 vs. control. LbLF, liposomal bovine lactoferrin.
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compared with rats from the control group. Thus, LbLF for low 
malignant grade carcinoma inhibition effect is marked.

LbLF inhibits CRC cell growth. The cell growth of 
LbLF‑treated RKO and RCN‑9 cells was examined. Compared 
with the control (no treatment with LbLF), it was observed 
that treatment with ≥10 µg/ml LbLF significantly inhibited the 
growth of RKO and RCN‑9 cells (Fig. 5; P<0.01).

LbLF inhibits TNF‑α mRNA expression in CRC cells. The 
RKO cells were harvested 0, 2, 4 and 6 h following LPS 
stimulation. The expression levels of TNFα mRNA were 
determined. LPS was observed to upregulate the expression of 
TNF-α mRNA in RKO cells after 2 h (Fig. 6A). Subsequently, 
treatment with LbLF (1, 10 or 100 µg/ml) was demonstrated 
to inhibit TNF-α mRNA expression in CRC cells (RKO and 
RCN‑9 cells). Pre‑treatment with a high concentration LbLF 
(10 or 100 µg/ml) blocked the LPS-induced upregulation of 
TNF-α mRNA in RKO and RCN‑9 cells (Fig. 6B).

Discussion

In the present study, LbLF significantly inhibited colon 
cancer development, suggesting that it may be an effective 
chemopreventive agent. LF has anticancer, anti‑inflammatory 
and immune regulatory activities (11,12). UC, one of the two 
major forms of chronic inflammatory bowel disease, was first 
described in the 1800s (21). This disease is characterised by 
inflammation‑induced chronic destruction and regeneration of 
colonic mucosa, and is most common in individuals 25-35 or 
55‑65 years of age (22). Patients with UC exhibit a high risk 
of CRC; specifically, this risk is estimated to be >2‑5 times 
compared with in the general population (3,23,24). DMH treat-
ment induced oxidative stress and the early inflammatory and 
tumour promotion responses in the colons of Wistar rats (25).

DSS is a synthetic sulphated polyglucan that has previ-
ously been used to induce inflammation in the gut (19,20). 
Inflammation serves an important role in tumour initiation 
and promotion (26). TNF‑α is a cytokine released by macro-
phages in response to infection and various other stress 
conditions (27). The results of the present study demonstrate 
that LbLF inhibits the LPS-induced upregulation of TNF-α 
mRNA expression. In our previous study, it was revealed that 
orally administered LbLF significantly inhibits LPS‑induced 
alveolar bone resorption (28). We also previously demonstrated 
the anti‑inflammatory effect of LF (29), and other studies have 
observed that LF may interact with epithelial and immune cells 
in the intestinal mucosa (30,31). Furthermore, the levels of LF 

Figure 6. LbLF inhibits TNF‑α mRNA expression in RKO and RCN‑9 cells. 
(A) LPS‑induced upregulation of TNF‑α mRNA expression in RKO cells 
after 2 h. (B) LbLF inhibited LPS‑induced TNF‑α mRNA expression in 
RKO and RCN‑9 cells after 2 h. LbLF, liposomal bovine lactoferrin; TNF‑α, 
tumour necrosis factor-α; LPS, lipopolysaccharide.

Figure 5. LbLF inhibits the growth of RKO and RCN‑9 cells. A total of 5,000 
cells were plated into 24‑well plates. After 24 h (day 0), the cell number 
was counted, and RKO and RCN‑9 cells were then pre‑incubated with 1, 
10 or 100 µg/ml LbLF. The number of cells were counted on day 1, 2 and 3. 
*P<0.05, **P<0.01, compared with the control group. LbLF, liposomal bovine 
lactoferrin.

Table III. Number of colon adenocarcinomas per rat.

 Adenocarcinomas per rat (n, mean ± standard deviation)
 ------------------------------------------------------------------------------------------------------------------------------------------
LbLF dose, mg/kg/day Rats, n Total Undifferentiateda Differentiatedb

0 (control) 12 15 (1.25±0.62) 6 (0.50±0.52) 9 (0.75±0.75)
500 12 7 (0.67±0.65)c 4 (0.33±0.49) 3 (0.25±0.45)c

1,000 12 6 (0.50±0.67)d 4 (0.33±0.49)c 2 (0.17±0.39)

aIncludes poorly differentiated adenocarcinomas, and mucinous or signet ring cell carcinomas. bIncludes well and moderately differentiated 
adenocarcinomas. cP<0.05, dP<0.01 vs. control. LbLF, liposomal bovine lactoferrin.
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increase markedly during inflammation (32); LF is important 
as it may promote or inhibit the inflammatory response (33). 
Angiogenesis is also associated with inflammatory disease via 
similar mechanisms (34), and LF may inhibit angiogenesis (35). 
The findings of the present study suggest that LbLF has an 
influence against tumour promotion by DMH‑DSS; this may 
be a cause for the observed anti‑carcinogenic effect of LbLF.

LbLF exhibits not only anti‑inflammatory functions, but 
also anticancer functions. The results of the present study 
revealed that rats from the 500 and 1,000 mg/kg/day LbLF 
groups harbour significantly fewer ACF, adenomas and adeno-
carcinomas of the colon, compared with rats from the control 
group. In addition, a number of previous reports indicated that 
bLF is associated with the inhibition of tumour growth and the 
prevention of carcinogenesis in vivo and in vitro (13-16). The 
initial observation that bLF could inhibit tumorigenesis was 
made in 1995; the whey fraction of bovine milk was demon-
strated to inhibit the development of DMH induced colon 
tumours in rats (36). Other studies have indicated that the 
incidence of adenocarcinomas in the large intestine induced 
by azoxymethane in rats was significantly decreased in the 
bLF-fed group, as compared with in the control group (14). 
However, there is currently no reported evidence that bLF can 
inhibit the development of colon cancer in animals.

In a previous human study, a randomised and controlled 
clinical trial was conducted in the National Cancer Center 
Hospital (Tokyo, Japan) in order to determine whether the 
ingestion of bLF had an effect on the growth of colorectal 
polyps in humans; daily ingestion of 3 g bLF suppressed the 
growth of colorectal polyps and increased the levels of serum 
human LF in the trial participants (37). bLF is hypothesised to 
inhibit cancer via its ability to bind iron (38). A previous study 
indicated that the immunostimulation of LF, which activates a T 
helper cell type 1 response, and the release of anticancer killer 
cells may be key factors in the anticancer effect of bLF (25). In 
addition, LF may also prevent cancer by regulating the expres-
sion of certain cell‑cycle proteins (39). The results of the present 
study demonstrated that LbLF inhibits RKO and RCN‑9 cell 
growth. LF may also serve an important role in delaying the 
development of tumours by acting as an inhibitor of angiogen-
esis (35). Although the mechanisms by which LF inhibits cancer 
are not yet fully understood, its anticancer activity is apparent.

In conclusion, the present study described the effects of 
LbLF on colorectal carcinogenesis in rats. Thus, the present 
study intended to explore the preventive and therapeutic value 
of LbLF in CRC. Nevertheless, additional studies are required 
to confirm these findings and explore the potential underlying 
mechanisms by which LF affects cancer.
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