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The modifying effects of dietary feeding of bovine lactoferrin (bLF) on tongue carcinogenesis initi-
ated with 4-nitroquinoline 1-oxide (4-NQO) were investigated in male F344 rats. The activities of
phase II detoxifying enzymes, glutathione S-transferase (GST) and quinone reductase (QR),
polyamine content and ornithine decarboxylase (ODC) activity in the tongue were also examined
for mechanistic analysis of possible modifying effects of bLF on carcinogenesis. At 7 weeks of age,
all animals except those treated with bLF alone and untreated rats were given 20 ppm 4-NQO in
drinking water for 8 weeks to induce tongue neoplasms. Starting 7 days before 4-NQO exposure,
experimental groups were fed experimental diets containing bLF (0.2% and 2%) for 10 weeks
(“initiation feeding”). Starting 1 week after the cessation of exposure to 4-NQO, the other experi-
mental groups given 4-NQO and a basal diet were fed the experimental diets for 22 weeks (“post-
initiation feeding”). At week 32, the incidence and multiplicity of tongue neoplasms in the “initia-
tion feeding” groups of 0.2% and 2% bLF and the “post-initiation feeding” group of 0.2% bLF
were lower than those of the 4-NQO alone group, but without statistical significance. However,
“post-initiation feeding” of 2% bLF caused a significant reduction in the incidence (20% vs. 55%,
P====0.02418) and multiplicity (0.25±±±±0.54 vs. 0.70±±±±0.71, P<<<<0.05) of tongue squamous cell carcinoma
(by 64%, P====0.02418). bLF treatment elevated liver and tongue GST activities and liver QR activ-
ity. The “post-initiation feeding” with 2% bLF significantly decreased QR activity, proliferating
cell nulcear antigen-positive index and ODC activity in the tongue. In addition, feeding with bLF
decreased tongue polyamine content. These results suggest that bLF, when given at the 2% dose
level during the post-initiation phase, exerts chemopreventive action against tongue tumorigenesis
through modification of cell proliferation activity and/or the activities of detoxifying enzymes.
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Oral carcinoma progresses from hyperplastic lesions
through dysplasia to invasive carcinoma and the concept
of “field cancerization” with molecular alterations has
been suggested for oral cavity tumorigenesis.1, 2) Such oral
malignancy is a common neoplasm in certain regions,
such as Asia, the Pacific Islands, parts of Europe, and
parts of Brazil.3) The survival of patients with oral carci-
noma remains poor despite recent surgical advances.
About 30–40% of patients with oral carcinoma survive for
5 years.4) The short survival might be mainly due to late
detection. Public awareness of oral carcinoma as com-
pared with other cancers is low and this contributes to
delays in diagnosis.5) Oral carcinoma is estimated to be the
sixth most common cancer in the world, its prevalence
being highest in India.6) An increase in the incidence has

been reported in central and eastern Europe, especially
among younger men.7–9) Thus, it is important to prevent
this malignancy. Tobacco use is a major cause of oral car-
cinoma,10) including tongue carcinoma.11) Tobacco in all
forms, including the tobacco in snuff and betel quid, is
carcinogenic in the upper aerodigestive tract, which
includes the mouth. It is also known that alcohol acts syn-
ergistically with tobacco.12)

Active primary prevention, including chemoprevention
of carcinoma development, is important and many studies
are currently directed at identifying possible chemopreven-
tive agents.13–17) A multifunctional iron-binding glycopro-
tein, lactoferrin (LF), is present in large amounts in
mammalian secretions.18) LF has several important biologi-
cal functions, such as anti-bacterial and immunoprotective
effects.19, 20) Other functions might relate to host primary
defense mechanisms.21–23) Among them, the anti-bacterial
action of LF is considered to be caused through sequestra-
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tion of iron required for microbial growth.24) Recently,
chemopreventive ability of bovine LF (bLF) was demon-
strated in chemically induced carcinogenesis in colon,25–27)

esophagus28) and lung.28) bLF could also inhibit intestinal
polyposis in ApcMin mice.29) Moreover, bLF could inhibit
tumor metastasis.30) More recently bLF was reported to
inhibit hepatitis C virus viremia,31) suggesting that it might
inhibit human liver tumorigenesis. Thus, bLF may have
chemopreventive ability against carcinogenesis in addition
to other important biological properties, such as anti-bac-
terial and immunoprotective effects.

In our laboratories, possible chemopreventive agents
have been found in edible plants, including fruits and veg-
etables, that are active against tongue carcinogenesis.16, 32, 33)

Such chemopreventive agents possess anti-proliferation,
anti-inflammatory and anti-oxidant effects.14, 15) LF or bLF
inhibits cell proliferation by blocking the cell cycle pro-
gression,22) acts as an anti-inflammatory molecule34) and
has an anti-oxidant effect.35) These findings led us to
investigate whether bLF exerts inhibitory effects on
tongue carcinogenesis.

In the present study, we investigated the modifying
(possibly inhibiting) effects of dietary bLF on tongue car-
cinogenesis in rats initiated with 4-nitroquinoline 1-oxide
(4-NQO). The effects of dietary bLF on the cell prolifera-
tion activity of tongue epithelium were also assessed by
measuring proliferating cell nuclear antigen (PCNA)-posi-
tive index, ornithine decarboxylase (ODC) activity and
polyamine level. In addition, the activities of glutathione
S-transferase (GST) and quinone reductase (QR) were

assayed in the liver and tongue, since certain chemopre-
ventive compounds are known to increase activities of
detoxifying enzymes, such as GST and QR.36)

MATERIALS AND METHODS

Animals, diets, and carcinogen  Male F344 rats (Shi-
zuoka Laboratory Animal Center, Shizuoka), 4 weeks old,
were used. All animals were housed in wire cages (3 or 4
rats/cage) with free access to drinking water and basal
diet, CE-2 (CLEA Inc., Tokyo), under controlled condi-
tions of humidity (50±10%), light (12-h light/dark cycle)
and temperature (23±2°C). They were quarantined for 14
days and randomized into experimental and control
groups. Powdered CE-2 diet (345.2 Cal) was used as a
basal diet throughout the study. 4-NQO (CAS, 56-57-5;
98% pure) was obtained from Wako Pure Chemical Ind.
(Osaka). bLF, obtained from bovine milk by the method
described previously,37) was kindly provided by Drs.
Tomita and Shimanura (Morinaga Milk Ind., Zama).
Experimental diets were prepared by mixing bLF at a
concentration of 0.2% or 2%. The 4-NQO solution (20
ppm) was prepared on a weekly basis. The experimental
diets and 4-NQO solution were stored in a cold room until
used. They were freely available during the study.
Experimental procedures  A total of 124 male F344 rats
were divided into 7 groups as shown in Fig. 1. Groups 1
through 5 were given 20 ppm 4-NQO in drinking water
for 8 weeks. Groups 2 and 3 were fed diets containing
bLF at 0.2% and 2%, respectively, starting at 6 weeks of
age until 1 week after the end of the exposure to the car-
cinogen. They were then returned to the basal diet and
maintained on this diet for 22 weeks. Groups 4 and 5 were
fed diets mixed with 0.2% and 2% bLF, respectively, start-
ing 1 week after cessation of 4-NQO treatment and main-
tained on these diets for 22 weeks. Group 6 was given 2%
bLF-containing diet alone. Group 7 served as an untreated
control. The experiment was terminated at 32 weeks after
the start and all animals were killed to assess the inci-
dences of neoplastic and preneoplastic lesions in the
tongue. At the termination of the study, all organs includ-
ing tongue in the rats were carefully inspected for patho-
logical lesions. The tongues from 6 randomly selected rats
from group 1, 4 rats each from groups 2–6 and 3 rats from
group 7 were rapidly removed, rinsed with saline and cut
into halves: one portion was used for histological exami-
nation and PCNA-immunohistochemistry, and the other
(without macroscopic lesions) for assays of ODC activity,
polyamine content, and GST and QR activities. For histo-
logical examination, tissues and gross lesions were fixed
in 10% buffered formalin, embedded in paraffin blocks
and stained with hematoxylin and eosin. Tongue lesions
(hyperplasia, dysplasia and neoplasms) were diagnosed
according to the criteria described by Kramer et al.38)

Fig. 1. Experimental protocol.  4-NQO (20 ppm) in drink-
ing water,  bLF (0.2% or 2%) in diet,  basal diet and tap
water,  killed.
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PCNA immunohistochemistry  PCNA-positive cell
nuclei were counted in the tongue mucosa without tumors
of rats (6 from group 1, 4 each from groups 2–6 and 3
from group 7). Anti-PCNA antibody (Dako, Kyoto) was
used with the avidin-biotin complex method. Tissue sec-
tions were deparaffinized with xylene, hydrated through a
graded ethanol series and incubated with 0.3% hydrogen
peroxide for 30 min to block endogenous peroxide activ-
ity. They were then incubated with 10% normal horse
serum at room temperature for 30 min to block back-
ground staining, and stained with PCNA antibody. The
number of nuclei positively stained for PCNA in the
tongue epithelium was counted and divided by the total
number of nuclei of the tongue epithelium to obtain the
PCNA-positive index (%).
Measurement of ODC activity  Tongue mucosa was
scraped with a stainless steel disposable microtome bladed
knife (S35, Feather Safety Razor Co., Ltd., Osaka), pooled
and homogenized in 1.5 ml of homogenizing buffer (250
mmol sucrose, 50 mmol Tris-HCl, pH 7.4, containing 1
mmol dithiothreitol, 1 mmol EDTA and 0.4 mmol pyri-
doxal 5′-phosphate) using a Polytron. The homogenates
were centrifuged at 15000 rpm for 30 min at 4°C. The
resulting cytosol fraction was used for determination of
ODC activity and protein. ODC activity in tongue mucosa
was determined by a modification of the method described
previously.39)

Assay of polyamines  The tongue mucosa scraped imme-
diately after sample collection was used for the measure-
ment of polyamine contents. Tissue polyamine contents
were determined using the method described by Koide
et al.40)

Measurement of GST and QR activities in the liver and
tongue epithelium  GST and QR activities in liver and
tongue epithelium were also determined. When the ani-
mals were killed, the livers were perfused with saline for

10 min to remove blood, excised immediately and minced.
Aliquots of minced liver and the mucosal scrapings of the
tongue were processed to obtain the cytosolic fraction.41)

The activities of GST with 1-chloro-2,4-dinitrobenzene
(CDNB) and 1,2-dichloro-4-nitrobenzene (DCNB) as sub-
strates and those of QR with NADH and menadione as
substrates were determined.41) All spectroscopic assays
were based on measurement of absorption at 340 nm, and
all samples were measured in triplicate. One unit of
enzyme activity is the amount of enzyme catalyzing the
conversion of 1 mmol of substrate to product per min at
25°C. Cytosolic protein concentrations were determined
by the Bradford method,42) using bovine serum albumin as
the standard.
Statistical analysis  Where applicable, the data were ana-
lyzed using the Fisher’s exact probability test, Student’s t-
test or Welch’s t-test (software “DA Stats”), taking P<0.05
as the level of significance.

RESULTS

General observations  The rats tolerated well the oral
administration of 4-NQO and/or bLF feeding. During the
study, no clinical signs of toxicity were seen in any group.
Histologically, there were no pathological alterations sug-
gesting toxicity of bLF in the liver, kidneys, heart, and
lungs.

The data on mean body, liver, and relative liver weights
(g liver weight/100 g body weight) in all groups at the ter-
mination are given in Table I. The mean body weight of
rats in group 6 (2% bLF alone) was significantly lower
than that of group 7 (untreated) (P<0.05). The mean liver
and relative liver weights  in group 1 (4-NQO alone) were
significantly larger than those of group 7 (P<0.05 and
P<0.01, respectively). The mean liver and relative liver
weights of groups 2 (4-NQO+0.2% bLF) and 3 (4-

Table I. Body, Liver, and Relative Liver Weights of Rats at the End of the Study

Group 
no. Treatment No. of rats 

examined
Body wt.

(g)
Liver wt.

(g)
Relative liver wt.

(g/100 g body wt.)

1 4-NQO alone 20 336±27a) 14.4±2.1b) 4.26±0.45 c)

2 4-NQO+0.2% bLF 20 336±24 12.5±1.4d) 3.70±0.32 e)

3 4-NQO+2% bLF 20 336±18 12.9±1.3 f) 3.82±0.27 e)

4 4-NQO→0.2% bLF 20 332±22 14.0±1.3 4.17±0.21
5 4-NQO→2%bLF 20 326±18 14.1±0.6 4.33±0.15
6 2% bLF 12 315±9b) 14.0±1.2 4.44±0.29g)

7 No treatment 12 336±28 12.9±1.7 3.84±0.31

a) Mean±SD.
b), c), g) Significantly different from group 7 by Student’s t-test or Welch’s t-test ( b)P<0.05, c)P<0.01
and g)P<0.001).
d), e), f) Significantly different from group 1 by Student’s t-test or Welch’s t-test ( d)P<0.002, e)P<0.001 
and f)P<0.02).
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NQO+2% bLF) were significantly lower than those of
group 1 (P<0.002, P<0.001 or P<0.02). The mean relative
liver weight in group 6 was significantly greater than that
of group 7 (P<0.001).
Incidence of tongue neoplasms and preneoplastic
lesions  Tongue tumors developed in the posterior tongue
(dorsal region) of rats in groups 1–5. Histologically, they
were well differentiated squamous cell carcinoma or papil-
loma. Dysplastic and hyperplastic lesions also developed
in the tongues of rats in these groups. No preneoplastic or
neoplastic lesions in any other organs including tongue
were observed in groups 6 and 7.

The incidences of tongue tumors (squamous cell papil-
loma and carcinoma) and preneoplasia (hyperplasia and
dysplasia) in each group are shown in Table II. In group 1
(4-NQO alone), the incidences of tongue squamous cell
carcinoma and papilloma were 55% and 20%, respec-
tively. On the other hand, the incidences of tongue carci-
noma in rats given bLF together with 4-NQO adminis-
tration (groups 2 and 3) or after 4-NQO exposure (groups

4 and 5) were lower than that of group 1. Similarly,
the incidences of tongue papilloma of these groups except
for group 2 were smaller than that of group 1. Statis-
tical analysis revealed a significant reduction (64%) in
the incidence of tongue carcinoma in rats fed the bLF-con-
taining diet (2%) during the post-initiation stage (group 5),
compared with that in group 1 (P=0.02418). The multi-
plicities (number of tumors/rat) of papilloma and carci-
noma in groups 2 through 5 were smaller than those in
group 1 and a statistically significant difference was found
between groups 1 (0.70±0.71) and 5 (0.25±0.54) (P<0.05).

As shown in Tables II and IV, various degrees of hyper-
plasia or dysplasia with or without neoplasms were also
observed in the tongue of rats in groups 1–5. The inci-
dences of tongue squamous hyperplasia and dysplasia of
rats in groups 1–5 were comparable (Table II). Among the
various types of hyperplasia and dysplasia, the incidences
of papillary hyperplasia of rats in groups 3, 4 and 5 were
significantly lower than that of group 1 (P=0.02037,
P<0.02037 and P<0.00053, respectively), as indicated in

Table II. Incidences of Tongue Preneoplasia and Neoplasia of Rats Treated with 4-NQO and/or bLF

Group no. Treatment No. of rats 
examined

Hyperplasia 
(%)

Dysplasia 
(%)

No. of rats with tongue tumors

Total 
(%)

Squamous 
cell 

papilloma 
(%)

Squamous 
cell 

carcinoma 
(%)

1 4-NQO alone 20 20 (100) 18 (90) 11 (55) 4 (20) 11 (55)
2 4-NQO+0.2% bLF 20 20 (100) 15 (75) 8 (40) 5 (25) 7 (35)
3 4-NQO+2% bLF 20 20 (100) 16 (80) 6 (30) 3 (15) 6 (30)
4 4-NQO→0.2% bLF 20 20 (100) 18 (90) 6 (30) 2 (10) 5 (25)
5 4-NQO→2% bLF 20 20 (100) 17 (85) 4a) (20) 3 (15) 4a) (20)
6 2% bLF 12 0 0 0 0 0
7 No treatment 12 0 0 0 0 0

a) Significantly different from group 1 by Fisher’s exact probability test (P=0.02418). 

Table III. Multiplicity of Tongue Tumors in Rats Treated with 4-NQO and/or bLF

Group no. Treatment
(no. of rats examined)

No. of rats 
with tongue 

tumors

Multiplicity (no. of tumors/rat) of tongue tumors

Total Squamous cell 
papilloma

Squamous cell 
carcinoma

1 4-NQO alone (20) 11 1.05±1.20a) 0.35±0.79 0.70±0.71
2 4-NQO+0.2% bLF (20) 8 0.65±0.91 0.25±0.43 0.40±0.58
3 4-NQO+2% bLF (20) 6 0.55±0.92 0.20±0.51 0.35±0.57
4 4-NQO→0.2% bLF (20) 6 0.45±0.74 0.10±0.30 0.35±0.65
5 4-NQO→2% bLF (20) 4 0.40±0.80 0.15±0.36 0.25±0.54b)

6 2% bLF (12) 0 0 0 0
7 No treatment (12) 0 0 0 0

a) Mean±SD.
b) Significantly different from group 1 by Student’s t-test (P<0.05).
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Table IV. The frequencies of moderate and severe dyspla-
sias in group 5 were also significantly smaller than that in
group 1 (P=0.01123 and P=0.04792).
PCNA-labeling index  The results of measurement of the
PCNA-labeling index in the tongue epithelium are shown
in Table V. The PCNA-labeling index in group 1 was sig-
nificantly greater than that in group 7 (P<0.005). The val-
ues  in groups 2–4 were smaller than that in group 1, but
without statistical significance. The PCNA index in group
5 was significantly smaller than that of group 1 (P<0.02).
The value in group 6 was slightly higher than that of
group 7.
Polyamines in tongue epithelium  The data on tongue
polyamine levels are presented in Table VI. Exposure to 4-
NQO significantly elevated the total polyamine levels (the
sum of diamine, spermidine and spermine) in tongue epi-
thelium (P<0.02). This elevation was caused by the signif-
icant increase in spermidine and spermine contents
(P<0.005 and P<0.05, respectively). bLF feeding (groups
2–5) reduced the total polyamine amounts in tongue epi-
thelium, as compared with group 1. Total tissue polyamine

levels in groups 3, 4 and 5 were significantly lower than in
group 1 (P<0.01, P<0.05 and P<0.005, respectively). The
amounts of spermidine in these groups were significantly

Table IV. Incidence of Various Types of Preneoplasia in the Tongue

Group 
no. Treatment No. of rats 

examined
Hyperplasia (%) Dysplasia (%)

Total Simple Papillary Total Mild Moderate Severe

1 4-NQO alone 20 20 (100) 20 (100) 17 (85) 18 (90) 18 (90) 12 (60) 10 (50)
2 4-NQO+0.2% bLF 20 20 (100) 20 (100) 17 (85) 15 (75) 15 (75) 12 (60) 8 (40) 
3 4-NQO+2% bLF 20 20 (100) 20 (100) 10a) (50) 16 (80) 15 (75) 6 (30) 7 (35)
4 4-NQO→0.2% bLF 20 20 (100) 20 (100) 10a) (50) 18 (90) 18 (90) 8 (40) 6 (30)
5 4-NQO→2% bLF 20 20 (100) 20 (100) 6b) (30) 17 (85) 17 (85) 4 c) (20) 4 d) (20)
6 2% bLF 12 0 0 0 0 0 0 0
7 No treatment 12 0 0 0 0 0 0 0

a), b), c), d) Significantly different from group 1 by Fisher’s exact probability test ( a)P=0.02037, b)P=0.00053, c)P=0.01123 and
d)P=0.04792).

Table V. PCNA-labeling Index in the Tongue Epithelium

Group 
no. Treatment No. of rats 

examined
PCNA-positive nuclei

(%)

1 4-NQO alone 6 28±5a, b)

2 4-NQO+0.2% bLF 4 21±6
3 4-NQO+2% bLF 4 20±7
4 4-NQO→0.2% bLF 4 20±11
5 4-NQO→2% bLF 4 16±7c)

6 2% bLF 4 18±5
7 No treatment 3 14±3

a) Mean±SD (pmol 14CO2/h/mg protein).
b) Significantly different from group 7 by Student’s t-test
(P<0.005).
c) Significantly different from group 1 by Student’s t-test
(P<0.02).

Table VI. Polyamine Levels in the Tongue Epithelium

Group 
no. Treatment No. of rats 

examined
Polyamine content (mmol/mg protein)

Diamine Spermidine Spermine Total

1 4-NQO alone 6 0.08±0.11a, b) 1.73±0.27 c) 1.90±0.27d) 3.71±0.38 e)

2 4-NQO+0.2% bLF 4 0 1.40±0.40 1.64±0.20 3.04±0.57
3 4-NQO+2% bLF 4 0.02±0.04 1.25±0.16 f) 1.78±0.25 2.78±0.44g)

4 4-NQO→0.2% bLF 4 0.13±0.21 1.20±0.27 f) 1.78±0.24 3.11±0.41h)

5 4-NQO→2% bLF 4 0.09±0.07 1.02±0.07 i) 1.65±0.30 2.76±0.36 j)

6 2% bLF 4 0.11±0.15 1.22±0.25 1.43±0.43 2.76±0.62
7 No treatment 3 0.36±0.08 0.85±0.38 1.41±0.21 2.61±0.66

a) Mean±SD.
b), c), d), e) Significantly different from group 7 by Student’s t-test ( b)P<0.01, c)P<0.005, d)P<0.05 and
e)P<0.02).
f), g), h), i), j) Significantly different from group 1 by Student’s t-test or Welch’s t-test ( f)P<0.02, g)P<0.01,
h)P<0.05, i)P<0.001 and j)P<0.005).
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lower than that in group 1 (P<0.02, P<0.02 and P<0.001,
respectively).
ODC activity in the tongue  The data on tongue ODC
activity are listed in Table VII. 4-NQO exposure signifi-
cantly increased tongue ODC activity (P<0.005). The

mean tongue ODC activities in groups 2–5 were lower
than that of group 1 and the difference between groups 1
and 6 was statistically significant (P<0.05).
GST and QR activities in the liver and tongue  The
results of GST and QR assays in the liver and tongue are
summarized in Tables VIII and IX, respectively. As shown
in Table VIII, the liver GST-DCNB in group 1 was signif-
icantly higher than that in group 7 (P<0.05). The liver
GST-CDNB activities in groups 2 and 3 were significantly
higher than that of group 1 (P<0.02 and P<0.001, respec-
tively). The liver QR activities of groups 3, 4, and 5 were
significantly increased when compared with group 1
(P<0.05, P<0.001 and P<0.001, respectively). The liver
QR activity in group 1 was significantly smaller than that
in group 7 (P<0.001). The liver QR activity in group 6
was significantly higher than that of group 7 (P<0.005). In
the tongue epithelium, 4-NQO reduced GST and QR
activities and the decrease in GST-CDNB activity was
greater than that in QR activity (Table IX). bLF feeding
significantly increased the tongue GST-DCNB activities in
groups 2, 3 and 5, compared with that of group 1 (P<0.05,

Table VII. ODC Activity in the Tongue Epithelium

Group 
no. Treatment No. of rats 

examined ODC activity

1 4-NQO alone 6 37.3±15.8a, b)

2 4-NQO+0.2% bLF 4 25.8±9.8
3 4-NQO+2% bLF 4 21.7±6.4
4 4-NQO→0.2% bLF 4 19.1±8.6
5 4-NQO→2% bLF 4 15.4±7.4c)

6 2% bLF 4 4.5±3.4
7 No treatment 3 3.6±1.8

a) Mean±SD (pmol 14CO2/h/mg protein).
b) Significantly different from group 7 by Welch’s t-test (P<0.005).
c) Significantly different from group 1 by Student’s t-test (P<0.05).

Table VIII. GST and QR Activities in the Liver

Group 
no. Treatment No. of rats 

examined GST-CDNB GST-DCNB QR

1 4-NQO alone 6 511±37a) 16±2b) 43±9 c)

2 4-NQO+0.2% bLF 4 610±68d) 19±2 49±1
3 4-NQO+2% bLF 4 683±55 e) 16±4 64±16 f)

4 4-NQO→0.2% bLF 4 587±90 16±3 85±10 e)

5 4-NQO→2% bLF 4 599±54 14±1 100±10 e)

6 2% bLF 4 595±41 16±3 185±20g)

7 No treatment 3 544±14 13±1 115±15

a) Mean±SD (mU/mg protein).
b), c), g) Significantly different from group 7 by Student’s t-test ( b)P<0.05, c)P<0.001
and g)P<0.005).
d), e), f) Significantly different from group 1 by Student’s t-test ( d)P<0.02, e)P<0.001 and
f)P<0.05).

Table IX. GST and QR Activities in the Tongue Epithelium

Group no. Treatment No. of rats 
examined GST-CDNB GST-DCNB QR

1 4-NQO alone 6 46.1±9.2a) 0.9±0.3 210±57
2 4-NQO+0.2% bLF 4 52.6±8.6 1.5±0.4b) 214±17
3 4-NQO+2% bLF 4 54.8±5.5 1.6±0.2 c) 159±17
4 4-NQO→0.2% bLF 4 48.0±5.3 1.4±0.5 251±22
5 4-NQO→2% bLF 4 48.6±4.9 1.5±0.1d) 149±12b)

6 2% bLF 4 54.5±6.0 1.4±0.5 214±13
7 No treatment 3 54.3±3.3 1.0±0.5 218±14

a) Mean±SD (mU/mg protein).
b), c), d) Significantly different from group 1 by Student’s t-test or Welch’s t-test
( b)P<0.05, c)P<0.005 and d)P<0.01).
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P<0.005 and P<0.01, respectively). On the other hand,
bLF at a high dose decreased tongue QR activity and the
decrease in group 5 was statistically significant (P<0.05).

DISCUSSION

Our results indicate that dietary administration of 2%
bLF during the post-initiation phase significantly lowered
the incidence and multiplicity of the tongue squamous cell
carcinoma induced by 4-NQO. Although bLF feeding at
two dose levels (0.2% and 2%) during the initiation phase
and at a low dose level (0.2%) during the post-initiation
phase decreased the incidence and multiplicity of tongue
carcinoma, the reduction was not statistically significant.
Similar results were reported using the multi-organ car-
cinogenesis model,28) in which dietary bLF at the doses of
0.2% and 0.02% significantly inhibited the multiplicities
of esophageal and lung tumors, but did not significantly
affect the incidences of these tumors and those in other
organs, such as liver, kidney and thyroid. These results
suggest that the inhibitory effect of bLF on carcinogenesis
was relatively weak in tongue, esophagus and lung.

In the present study, feeding with bLF-containing diet at
the two dose levels (0.2% and 2%) did not cause any
delay in body weight gain. Also, there were no significant
pathological alterations in the major organs in rats fed the
bLF-containing diets during the study. These findings indi-
cate no toxicity of bLF, as reported in previous studies.25–28)

This is important for the possible application of this cancer
chemopreventive compound in human clinical trials,
because such trials require long-term oral administration
of tested compounds.

The tongue is known to metabolize 4-NQO.43) Defense
against carcinogenic events is provided by phase II
enzymes such as GST and QR.36) These enzymes are of
importance because they can conjugate electrophiles and
protect the host from the carcinogenic effects of chemical
carcinogens. Unlike other chemical carcinogens, 4-NQO
requires metabolic activation, not by cytochrome P450
enzymes, but by a phase II enzyme QR (DT-diaphorase)
to exert its carcinogenic activity.44, 45) In the present study,
dietary bLF at 2% during the post-initiation phase signifi-
cantly decreased QR activity in the tongue. Feeding of
bLF significantly elevated the activity of GST in the liver
(by “initiation feeding”) and tongue (by “initiation feed-
ing” and “post-initiation feeding”), and increased QR
activity in the liver (by “initiation feeding” and “post-initi-
ation feeding”). Similar results have been obtained in our
previous studies showing that an organoselenium com-
pound, 1,4-phenylenebis(methylene)selenocyanate,41) a cit-
rus coumarin derivative, auraptene33) and a flavonoid,

morin,46) inhibit 4-NQO-induced rat tongue tumorigene-
sis. These enzymatic alterations caused by bLF feeding
may contribute to its chemopreventive activity, although
other mechanisms, including immunomodulation,25, 26, 28, 29)

by which bLF might inhibit tumor formation should also
be considered.

Cell proliferation plays an important role in multistage
carcinogenesis and involves multiple genetic changes.47, 48)

Polyamines and polyamine synthetic enzyme activities
have been associated with cell proliferation. A decrease in
the numbers of PCNA-positive cells reflects a decrease in
S phase cells and thus a reduced proliferative activity. Our
previous study demonstrated that an ornithine decarbox-
ylase inhibitor, α-difluoromethylornithine, effectively sup-
pressed 4-NQO-induced tongue carcinogenesis in rats.49)

Therefore, lowering the polyamine levels and ODC activ-
ity in the target organ might suppress the high proliferative
activity of cells initiated with a carcinogen and inhibit car-
cinogenesis. Also, most of the possible chemopreventive
agents against carcinogen-induced oral carcinogenesis sup-
press cell proliferation activity.14) In the current study, bLF
administration during either the initiation or post-initiation
phase significantly lowered polyamine levels in the target
organ and bLF feeding at the 2% dose level during the
post-initiation stage significantly decreased PCNA-label-
ing index and ODC activity. Thus, one of the mechanisms
by which bLF exerts chemopreventive ability might be
related to suppression of cell proliferation in the target tis-
sue, especially when bLF is given during the post-initia-
tion phase.

In conclusion, our results suggest that dietary bLF feed-
ing exerts a chemopreventive effect on 4-NQO-induced rat
tongue carcinogenesis, when fed during the post-initiation
phase. This protective effect of bLF may be related to acti-
vation of phase II enzymes (GST and QR) and/or the con-
trol of carcinogen-induced hyper-cell proliferation.

ACKNOWLEDGMENTS

This research was supported by a Grant-in-Aid for the 2nd
Term Comprehensive 10-Year Strategy for Cancer Control from
the Ministry of Health and Welfare, Japan, a Grant-in-Aid from
the Ministry of Health and Welfare of Japan, Grants-in-Aid for
Scientific Research (no. 10671782 and no. 11138255) from the
Ministry of Education, Science, Sports and Culture of Japan, a
grant (HS-52260) for Comprehensive Research Project on Health
Sciences Focusing on Drug Innovation from the Japan Health
Sciences Foundation, and grants (C99-1 and P99-1) from
Kanazawa Medical University.

(Received August 24, 1999/Revised October 14, 1999/Accepted
October 19, 1999)



Jpn. J. Cancer Res. 91, January 2000

32

REFERENCES

1) Califano, J., van der Riet, P., Westra, W., Nowroz, H.,
Clayman, G., Piantadosi, S., Corio, R., Lee, D., Greenberg,
B., Koch, W. and Sidransky, D.  Genetic progression model
for head and neck cancer: implications for field canceriza-
tion.  Cancer Res., 56, 2488–2492 (1996).

2) Partridge, M., Emilion, G., Pateromichelakis, S., Phillips, E.
and Langdon, J.  Field cancerisation of the oral cavity: com-
parison of the spectrum of molecular alterations in cases
presenting with both dysplastic and malignant lesions.  Oral
Oncol., 33, 332–337 (1997).

3) Parkin, D. M., Pisani, P. and Ferlay, J.  Estimates of the
worldwide incidence of eighteen major cancers in 1985.
Int. J. Cancer, 54, 594–606 (1993).

4) Swango, P. A.  Cancers of the oral cavity and pharynx in
the United States: an epidemiologic overview.  J. Public
Health Dent., 56, 309–318 (1996).

5) Bhatti, N., Downer, M. C. and Bulman, J. S.  Public knowl-
edge and attitudes on oral cancer: a pilot investigation.  J.
Inst. Health Educ., 32, 112–117 (1995).

6) Boyle, P., Macfarlane, G. J., Zheng, T., Maisonneuve, P.,
Evstifeeva, T. and Scully, C.  Recent advances in epidemi-
ology of head and neck cancer.  Curr. Opin. Oncol., 4, 471–
477 (1992).

7) Hindle, I., Downer, M. C. and Speight, P. M.  The epidemi-
ology of oral cancer.  Br. J. Oral Maxillofac. Surg., 34,
471–476 (1996).

8) Macfarlane, G. J., Boyle, P., Evstifeeva, T. V., Robertson,
C. and Scully, C.  Rising trends of oral cancer mortality
among males worldwide: the return of an old public health
problem.  Cancer Causes Control, 5, 259–265 (1994).

9) Boyle, P., Macfarlane, G. J., Maisonneuve, P., Zheng, T.,
Scully, C. and Tedesco, B.  Epidemiology of mouth cancer
in 1989: a review.  J. R. Soc. Med., 83, 724–730 (1990).

10) Wynder, E. L., Bross, J. J. and Feldman, R. M.  A study of
the etiologic factors in cancer of the mouth.  Cancer, 10,
1300–1323 (1957).

11) Zheng, T., Holford, T., Chen, Y., Jiang, P., Zhang, B. and
Boyle, P.  Risk of tongue cancer associated with tobacco
smoking and alcohol consumption: a case-control study.
Oral Oncol., 33, 82–85 (1997).

12) Wight, A. J. and Ogden, G. R.  Possible mechanisms by
which alcohol may influence the development of oral can-
cer—a review.  Oral Oncol., 34, 441–447 (1998).

13) Kelloff, G. J., Boone, C. W., Crowell, J. A., Steele, V. E.,
Lubet, R. and Sigman, C. C.  Chemopreventive drug devel-
opment: perspectives and progress.  Cancer Epidemiol.
Biomarkers Prev., 3, 85–98 (1994).

14) Tanaka, T.  Chemoprevention of oral carcinogenesis.  Eur.
J. Cancer, 31B, 3–15 (1995).

15) Tanaka, T.  Effect of diet on human carcinogenesis.  Crit.
Rev. Oncol. Hematol., 25, 73–95 (1997).

16) Tanaka, T.  Chemoprevention of human cancer: biology and
therapy.  Crit. Rev. Oncol. Hematol., 25, 139–174 (1997).

17) Steinmetz, K. A. and Potter, J. D.  Vegetables, fruit, and

cancer. II. Mechanisms.  Cancer Causes Control, 2, 427–
442 (1991).

18) Levay, P. F. and Viljoen, M.  Lactoferrin: a general review.
Haematologica, 80, 252–267 (1995).

19) Lonnerdal, B. and Iyer, S.  Lactoferrin: molecular structure
and biological function.  Annu. Rev. Nutr., 15, 93–110
(1995).

20) Brock, J.  Lactoferrin: a multifunctional immunoregulatory
protein?  Immunol. Today, 16, 417–419 (1995).

21) Zimecki, M., Kapp, J., Machnicki, M., Zagulski, T.,
Wlaszczyk, A., Kubler, A., Mazurier, J. and Spik, G.
Lactoferrin : its role in maturation and function of cells of
the immune system and protection against shock in mice.
Adv. Exp. Med. Biol., 443, 331–336 (1998).

22) Damiens, E., Mazurier, J., Yazidi, I. E., Masson, M.,
Duthille, I., Spik, G. and Boilly-Marer, Y.  Effects of
human lactoferrin on NK cell cytotoxicity against haemato-
poietic and epithelial tumour cells.  Biochim. Biophys. Acta,
1402, 277–287 (1998).

23) Debbabi, H., Dubarry, M., Rautureau, M. and Tome, D.
Bovine lactoferrin induces both mucosal and systemic
immune response in mice.  J. Dairy Res., 65, 283–293
(1998).

24) Brock, J. H.  Lactoferrin in human milk: its role in iron
absorption and protection against enteric infection in the
newborn infant.  Arch. Dis. Child., 55, 417–421 (1980).

25) Sekine, K., Watanabe, E., Nakamura, J., Takasuka, N.,
Kim, D. J., Asamoto, M., Krutovskikh, V., Baba-Toriyama,
H., Ota, T., Moore, M. A., Masuda, M., Sugimoto, H.,
Nishino, H., Kakizoe, T. and Tsuda, H.  Inhibition of
azoxymethane-initiated colon tumor by bovine lactoferrin
administration in F344 rats.  Jpn. J. Cancer Res., 88, 523–
526 (1997).

26) Sekine, K., Ushida, Y., Kuhara, T., Iigo, M., Baba-
Toriyama, H., Moore, M. A., Murakoshi, M., Satomi, Y.,
Nishino, H., Kakizoe, T. and Tsuda, H.  Inhibition of initia-
tion and early stage development of aberrant crypt foci and
enhanced natural killer activity in male rats administered
bovine lactoferrin concomitantly with azoxymethane.  Can-
cer Lett., 121, 211–216 (1997).

27) Tsuda, H., Sekine, K., Nakamura, J., Ushida, Y., Kuhara,
T., Takasuka, N., Kim, D. J., Asamoto, M., Baba-Toriyama,
H., Moore, M. A., Nishino, H. and Kakizoe, T.  Inhibition
of azoxymethane initiated colon tumor and aberrant crypt
foci development by bovine lactoferrin administration in
F344 rats.  Adv. Exp. Med. Biol., 443, 273–284 (1998).

28) Ushida, Y., Sekine, K., Kuhara, T., Takasuka, N., Iigo, M.,
Maeda, M. and Tsuda, H.  Possible chemopreventive effects
of bovine lactoferrin on esophagus and lung carcinogenesis
in the rat.  Jpn. J. Cancer Res., 90, 262–267 (1999).

29) Ushida, Y., Sekine, K., Kuhara, T., Takasuka, N., Iigo, M.
and Tsuda, H.  Inhibitory effects of bovine lactoferrin on
intestinal polyposis in the ApcMin mouse.  Cancer Lett., 134,
141–145 (1998).

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8653682&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1764568&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9415332&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8514451&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9089526&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1498155&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8909746&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8061175&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2250273&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9231164&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9930353&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8118391&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9134312&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9177939&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1764568&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7672721&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8527233&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7546203&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9781377&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9606986&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9627847&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7002055&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9263527&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9570361&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9781370&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10359039&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10025873&dopt=Abstract


Inhibition of Tongue Carcinogenesis by Bovine Lactoferrin

33

30) Yoo, Y. C., Watanabe, S., Watanabe, R., Hata, K.,
Shimazaki, K. and Azuma, I.  Bovine lactoferrin and lacto-
ferricin, a peptide derived from bovine lactoferrin, inhibit
tumor metastasis in mice.  Jpn. J. Cancer Res., 88, 184–190
(1997).

31) Tanaka, K., Ikeda, M., Nozaki, A., Kato, N., Tsuda, H.,
Saito, S. and Sekihara, H.  Lactoferrin inhibits hepatitis C
virus viremia in patients with chronic hepatitis C: a pilot
study.  Jpn. J. Cancer Res., 90, 367–371 (1999).

32) Tanaka, T., Makita, H., Ohnishi, M., Mori, H., Satoh, K.
and Hara, A.  Chemoprevention of rat oral carcinogenesis
by naturally occurring xanthophylls, astaxanthin and can-
thaxanthin.  Cancer Res., 55, 4059–4064 (1995).

33) Tanaka, T., Kawabata, K., Kakumoto, M., Matsunaga, K.,
Mori, H., Murakami, A., Kuki, W., Takahashi, Y., Yonei,
H., Satoh, K., Hara, A., Maeda, M., Ota, T., Odashima, S.,
Koshimizu, K. and Ohigashi, H.  Chemoprevention of 4-
nitroquinoline 1-oxide-induced oral carcinogenesis by citrus
auraptene in rats.  Carcinogenesis, 19, 425–431 (1998).

34) Britigan, B. E., Serody, J. S. and Cohen, M. S.  The role of
lactoferrin as an anti-inflammatory molecule.  Adv. Exp.
Med. Biol., 357, 143–156 (1994).

35) Paul-Eugene, N., Dugas, B., Kolb, J. P., Damais, C.,
Braquet, P., Paubert-Braquet, M. and Rialland, J. P.  Immu-
nomodulatory and anti-oxidant effects of bovine lactoferrin
in man.  C. R. Acad. Sci. III, 316, 113–119 (1993).

36) Wilkinson, J. I. and Clapper, M. L.  Detoxification enzymes
and chemoprevention.  Proc. Soc. Exp. Biol. Med., 216,
192–200 (1997).

37) Law, B. A. and Reiter, B.  The isolation and bacteriostatic
properties of lactoferrin from bovine milk whey.  J. Dairy
Res., 44, 595–599 (1977).

38) Kramer, I. R., Lucas, R. B., Pindborg, J. J. and Sobin, L. H.
Definition of leukoplakia and related lesions: an aid to stud-
ies on oral precancer.  Oral Surg., 46, 518–539 (1978).

39) Calhoun, K. H., Stanley, D., Stiernberg, C. M. and Ahmed,
A. E.  Vitamins A and E do protect against oral carcinoma.
Arch. Otolaryngol. Head Neck Surg., 115, 484–488 (1989).

40) Koide, T., Sakai, S., Kawada, Y., Hara, A. and Sawada, H.

Detection of polyamines by a new enzymatic differential
assay. 7. Fundamental study on a new enzymatic differen-
tial assay of tissue polyamines.  Acta Urol. Jpn., 36, 1103–
1108 (1990) (in Japanese).

41) Tanaka, T., Makita, H., Kawabata, K., Mori, H. and El-
Bayoumy, K.  1,4-Phenylenebis(methylene)selenocyanate
exerts exceptional chemopreventive activity in rat tongue
carcinogenesis.  Cancer Res., 57, 3644–3648 (1997).

42) Bradford, M. M.  A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding.  Anal. Biochem., 72, 246–
254 (1976).

43) Booth, D. R.  A relationship found between intra-oral site
of 4NQO reductase activity and chemical carcinogenesis.
Cell Tissue Kinet., 23, 331–340 (1990).

44) Sugimura, T., Okabe, K. and Nagao, M.  The metabolism of
4-nitroquinoline-1-oxide, a carcinogen. 3. An enzyme cata-
lyzing the conversion of 4-nitroquinoline-1-oxide to 4-
hydroxyaminoquinoline-1-oxide in rat liver and hepato-
mas.  Cancer Res., 26, 1717–1721 (1966).

45) Tada, M.  Metabolism of 4-nitroquinoline 1-oxide and
related compounds.  Carcinog. Compr. Surv., 6, 25–45
(1981).

46) Kawabata, K., Tanaka, T., Honjo, S., Kakumoto, M., Hara,
A., Makita, H., Tatematsu, N., Ushida, J., Tsuda, H. and
Mori, H.  Chemopreventive effect of dietary flavonoid
morin on chemically induced rat tongue carcinogenesis.
Int. J. Cancer, 83, 381–386 (1999).

47) Cohen, S. M. and Ellwin, L. B.  Cell proliferation and car-
cinogenesis.  Science, 249, 1007–1011 (1990).

48) Moore, M. A. and Tsuda, H.  Chronically elevated prolifer-
ation as a risk factor for neoplasia.  Eur. J. Cancer Prev., 7,
353–385 (1998).

49) Tanaka, T., Kojima, T., Hara, A., Sawada, H. and Mori, H.
Chemoprevention of oral carcinogenesis by D,L-α-difluo-
romethylornithine, an ornithine decarboxylase inhibitor:
dose-dependent reduction in 4-nitroquinoline 1-oxide-
induced tongue neoplasms in rats.  Cancer Res., 53, 772–
776 (1993).

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9119747&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9288763&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10363572&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2264537&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7664280&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9525276&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7762426&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8518967&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9349688&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=338651&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=280847&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2493794&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2264537&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10495431&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2117996&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2204108&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4288552&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9884883&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6786744&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8428357&dopt=Abstract

