
Introduction

Diet is an important contributor to the development of
colon cancer [46] and diet can either promote or prevent
cancer formation and progression. It is widely accepted
that consumption of a diet high in plant-based foods is

associated with a decreased risk of many types of cancer.
Berries contain promising bioactive compounds that
may inhibit the cells becoming malignant [11, 18] since
many of the phenolic compounds such as anthocyanins
[22, 26, 40, 48, 50], proanthocyanidins [13, 40], phenolic
acids [48] and ellagitannins [1] are found to have che-
mopreventive effects in colon cancer cells in vitro. We
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j Abstract Background Berries
are a good natural source of
phenolic compounds and many
berries or their compounds have
been shown to be chemopreven-
tive. White currant is an interest-
ing berry, as it contains low levels
of dominant berry phenolics such
as ellagic acid, anthocyanins and
other flavonoids. Aims of the
study To study if white currant is
chemopreventive in an experi-
mental model for intestinal
tumorigenesis and further study
the effects on b-catenin and NF-jB
signaling pathways. Methods
Multiple intestinal neoplasia (Min)
mice were fed an AIN-93G based
control diet or a diet containing
10% freeze dried white currant
(Ribes x pallidum) for 10 weeks.
Cell signaling parameters were
analysed from intestinal adenomas
and surrounding mucosa by
Western blotting and immunohis-
tochemistry. Results The white
currant diet reduced the number
of adenomas from 81 (min–max
47–114) to 51 (36–84) in the total
small intestine of Min mice

(P < 0.02). Most of the adenomas
develop in the distal part of the
small intestine, and in this area
white currant reduced the number
from 49 to 29.5 (P < 0.01) and also
the size of the adenomas from
0.88 mm to 0.70 mm (P < 0.02).
In the colon white currant in-
creased the number of adenomas
(0.3 ± 0.6 vs. 0.8 ± 0.6, mean ±
SD, P < 0.05), but did not affect

the size. White currant reduced
nuclear b-catenin and NF-jB
protein levels in the adenomas
(P < 0.05 and P < 0.02, respec-
tively). They were correlated with
the size of adenomas (P < 0.01).
Conclusions This study shows
that white currant is effective in
preventing cancer initiation and
progression in the Min mouse.
Whether the positive effects are
due to its special phenolic com-
position needs to be studied in
more detail.

j Key words white currant –
colon cancer – Min mouse –
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have earlier shown in vivo that berries rich in these
compounds; bilberry, lingonberry, and cloudberry [21,
27, 35] are anticarcinogenic in multiple intestinal
neoplasia (Min/+) mice [14]. Also other studies confirm
the chemoprevention of berries in vivo; black raspberry
(Rubus occidentalis), anthocyanin-rich extracts of
bilberry (Vaccinum myrtillus), chokeberry (Aronia
melanocarpa), and grape (Vitis vinifera) as well as an
anthocyanin mixture from bilberry have inhibited
cancer formation in animal models [10, 17, 29].

The chemoprevention studies so far have mainly
concentrated on the phenolics of the berries. In this
study, we used a colorless berry—white currant (Ribes x
pallidum)—that contains only very low levels of domi-
nant berry phenolics such as ellagic acid, anthocyanins
and other flavonoids [21, 34, 35]. Instead, it contains
some proanthocyanidins, as well as hydroxybenzoic acid
and hydroxycinnamic acid derivatives such as caffeic
acid and ferulic acid.

We investigated how white currant affects adenoma
formation and cell signaling in Min mice, a widely used
model of colon cancer that due to a heterozygous
mutation in the adenomatous polyposis coli (Apc) gene
develops dozens of intestinal tumors [33, 41]. Also the
effect of the white currant diet on two important signaling
pathways in cancer biology, the Wnt and nuclear factor
-jB (NF-jB) pathways, was analyzed. Both Wnt and
NF-jB pathways are currently being studied as cancer
drug targets [12, 25, 30]. For example, a wide variety of
anti-inflammatory drugs seem to elucidate their che-
mopreventive effects by inhibition of these two pathways
[5, 28, 47, 49]. As reviewed by Gillmore and Herscovitch,
there are over 700 known inhibitors of NF-jB, many of
which are known cancer drugs, but they also include a
large variety of different natural compounds [15].

By understanding how diet or a specific dietary
constituent affects these signaling pathways it is possi-
ble to get valuable information on how colon cancer can
be prevented by dietary means. The aim of this study
was therefore to see if the results obtained earlier with
the berries rich in anthocyanins or other flavonoids
could be reproduced by a berry that practically lacks
these compounds [21, 34, 35]. In addition, the mecha-
nism whereby white currant affects cancer formation
was studied by measuring b-catenin, the main protein
of the Wnt-pathway, and NF-jB levels from the ade-
nomas and surrounding mucosa in Min mice intestine
after white currant feeding.

Materials and methods

j Animals

The Laboratory Animal Ethics Committee of the
University of Helsinki, Finland, approved the study

protocol. Min/+ mice were originally obtained from
The Jackson Laboratory (Bar Harbor, ME) and male
and female C57BL/6J Min/+ mice were bred and
treated at the Experimental Animal Unit of the Uni-
versity of Helsinki. At the age of five weeks the ani-
mals were randomly divided in to two groups and the
diet of the pups was changed from a standard rodent
laboratory chow (Altromin, Ringsted, Denmark) to
the experimental diets: control (n = 11, 5 male and 6
female) and white currant (n = 12, 6 male and 6 fe-
male ). During the 10-weeks feeding period the mice
had free access to food and water.

j Diets

The control diet was a high-fat AIN-93G based diet
[39], providing 41% of energy from fat, 39% from
carbohydrates and 19% from protein (Table 1). The
white currant diet contained 10% (w/w) freeze-dried
white currant (Ribes x pallidum) (Marja Carelia, Ki-
ihtelysvaara, Finland) and provided similar amounts
of fat, carbohydrates and protein as the control diet
on an energy basis. This means that when eating the
same amount of energy, the diets provided similar
amounts of fat, carbohydrate, protein, as well as other
components of the diets, except for the ones provided
by white currant. In addition to non-nutrients from
the white currant, it also provided some fiber (19 g/kg
diet), which was absent from the fiber-free control
diet. The level of white currant calculated as fresh
berries was 475 g/kg diet. The fat content of the diets
was adjusted to a Western type diet, containing sat-
urated, monounsaturated and polyunsaturated fatty
acids in the ratio 3:2:1.

j Tumor count and sample preparation

After the feeding period, the mice were killed by CO2

inhalation and the small intestine, cecum, and colon
were removed, opened along the longitudinal axis,

Table 1 Composition of experimental diets

Ingredient (g/kg) Control White currant

Casein 236.2 217
Dextrose 479.0 414.3
Butter 148.9 141.7
Sunflower-seed oil 13.3 10.4
Rapeseed oil 62.2 59.2
Mineral mix (AIN93G) 41.6 39.6
Vitamin mix (AIN93GM) 11.8 11.2
L-cystine 3.6 3.4
Choline chloride 3.6 3.4
Tertiary butylhydroxyquinone 0.014 0.013
Freeze-dried white currant – 100

116 European Journal of Nutrition (2008) Vol. 47, Number 3
� Steinkopff Verlag 2008



and rinsed with ice-cold saline. The small intestine
was divided into five equal sections. The two distal
parts of the small intestine are referred to as the distal
small intestine and the two parts in the middle as the
middle small intestine and the most proximal part as
the duodenum. Two observers blinded to the dietary
treatment measured the diameter of all adenomas in
each section using a dissecting microscope under 67·
magnification. Adenomas were excised and pooled
together depending on the section. The normal
appearing mucosa was gently scraped off with two
microscope slides. During the procedure the samples
were kept on ice. The area of the adenomas was
calculated based on the diameter and number of
adenomas. The smallest detectable adenomas had
diameter of 0.3 mm. In unclear situations, the possi-
ble adenomas smaller than that were removed
but they were not included in the adenoma sample.
All samples were frozen in liquid N2 and stored at
)70�C.

j Western blotting

Sample preparation and Western blotting has been
described in more detail in our previous study [31].
Briefly, normal appearing mucosa and adenomas in
the distal small intestine were further fractionated to
nuclear, cytosolic, and membranous pools for each
mouse. Proteins were separated on a 10% SDS gel and
transferred to a nitrocellulose membrane and blocked
over night in 3.5% soy-flour (b-catenin) or 5% non-
fat milk in TBS-Tween (0.01%) (p65, cyclin D1, p53,
actin, lamin). Membranes were incubated in primary
antibody for 2 hours, washed and incubated in HRP-
conjugated secondary antibody. Bands were visual-
ized using the Enhanced Chemiluminescent system
(Amersham Pharmacia Biotech, Little Chalfont, UK).
For Western blotting analyses the following primary
antibodies were used: anti-b-catenin (Sc-7199, Santa
Cruz Biotechology, Santa Cruz, CA, USA), anti-p65
(Sc-372, Santa Cruz Biotechology), anti-cyclin D1
(RM-9104, NeoMarkers, Lab Vision, Fremont, CA,
USA) or anti-p53 (RB-9006, NeoMarkers). To all gels,
duplicates of an internal standard were added. The
bands were analyzed using the GS-710 Calibrated
Imaging Densitometer and the Quantity One—pro-
gram (Bio Rad, Hercules, CA, USA). The bands of the
samples were divided with the average of the internal
standard to correct for differences between gels and
runs. Equal loading of samples was ensured by incu-
bating blots with b-actin (A5441, Sigma-Aldrich) or
lamin antibody (Sc-6216, Santa Cruz Biotechology).
Blocking peptides, immunoprecipitation, other com-
mercially available antibodies or normal serum were
used to ensure detecting right bands (data not
shown).

j Immunohistochemistry

Tissue samples were taken from the proximal part of
the ileum from all mice, so that most samples con-
tained the adenoma in addition to the normal
appearing mucosa. Immunostaining with anti-b-cate-
nin (Transduction Laboratories, Lexington, KY, USA)
and anti-cyclin D1 (NeoMarkers) was performed using
PowerVision Homo-mouse IHC Detection Kit (KDM-
7DAB, ImmunoVision Technologies Company, Bris-
bane, CA, USA) or UltraVision Anti-Rabbit Detection
System (TR-015-HD, Lab Vision UK, Suffolk, UK) [6].
Two observers blind to the dietary treatment evaluated
the IHC staining intensities with a scale ranging be-
tween 0 (no staining) and 3 (very strong staining).

j Statistical analyses

The results are expressed as the median (min–max),
as the non-parametrical distribution requires non-
parametrical analysis that compares medians instead
of means. The result of colon adenomas and immu-
nohistological staining intensities of cyclin D1 is
presented as mean ± SD. The data were analyzed
statistically using the nonparametric Mann–Whitney
U-test for independent samples and Spearman anal-
ysis for correlation (SPSS, v. 10.0, Chicago, IL, USA or
StatView, version 5.0.1, SAS Institute Inc., Cary, NC,
USA). Differences were considered significant when
P < 0.05.

Results

j White currant reduces adenoma number
and affects adenoma size in the Min mouse

The animals grew well and the final body weights were
the same in both groups (Fig. 1) indicating that the
groups consumed similar amounts of the diets and
that there were no adverse side-effects of white cur-
rant. Except for smaller body weight, no difference in
adenoma number or size or any analyzed protein
parameter was observed between females and males.
Compared to the control diet, the white currant diet
reduced the number of adenomas from 81 (47–114) to
51 (36–84) in the total small intestine of Min mice
(P < 0.02), but had no significant effect on size
(Table 2). Most of the adenomas develop in the distal
part of the small intestine, and in this area white
currant reduced the number from 49 to 29.5 (P < 0.01)
and also the size of the adenomas from 0.88 mm to
0.70 mm (P < 0.02) (Fig. 2). In addition, in the distal
small intestine significant difference in size distribu-
tion of small adenomas (P < 0.02) was also found
(Table 2). When comparing the area of adenomatous
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tissue in the total and distal small intestine, white
currant reduced it by 35% (P < 0.05) and 65%
(P < 0.01) compared to the control, respectively.
White currant reduced the number of adenomas in the
duodenum from 7 to 3 (P < 0.01), but increased the
size from 1.18 to 1.72 mm (P < 0.02). In the colon,
white currant, on the other hand, increased the num-
ber of adenomas (0.3 ± 0.6 vs. 0.8 ± 0.6, mean ± SD,
P < 0.05), but did not affect the size.

j White currant affects b-catenin signaling
in the adenomas

In the adenomas, white currant reduced the protein
level of nuclear b-catenin (P < 0.05) (Figs. 3, 4), mea-
sured by Western blotting. Due to lack of sample
material the expression of cyclin D1 could not be ana-
lyzed by Western blotting but immunohistochemical
staining intensities showed a reduced trend for cyclin
D1 in the adenomas of white currant fed mice (2.2 ± 0.8
vs. 1.6 ± 0.5, mean ± SD) (Fig. 4). Due to the low
number of samples (n = 5/group) no statistical analy-
sis was performed. The attenuated b-catenin signalling
seems to be one of the reasons for smaller adenoma size
in the white currant group as nuclear b-catenin strongly
correlated with adenoma size (r = 0.594, P < 0.01)
(Fig. 3b). White currant feeding did not affect the levels
of b-catenin, and cyclin D1 in different cell compart-
ments in the normal appearing mucosa.

j NF-jB levels are reduced in the adenomas after
white currant intervention

NF-jB was measured as the p65 (RelA) subunit in
nuclear preparations. Nuclear p65 protein levels in the

adenoma tissue were lower in the white currant group
compared to the control group (P < 0.02), measured
by Western blotting (Fig. 3), but no difference was
found in the mucosa. Similarly with the nuclear
b-catenin, also nuclear p65 in the adenoma correlated
with adenoma size (r = 0.682, P < 0.01). The level of
p53, a target of NF-jB and a key apoptotic protein, was
slightly increased in the mucosa of the white currant
group [0.59 (0.37–2.77) vs. 0.50 (0.25–0.78), P < 0.1].
In the adenoma, no difference in p53 was found.

Discussion

Our results show that white currant both prevented
the formation of new adenomas and reduced the
growth of adenomas in the distal small intestine of
Min mice, where most adenomas develop. In the
duodenum, the adenomas grew larger in the white
currant diet, but since the number of adenomas

Table 2 The number of adenomas in the small intestine and colon in Min
mice fed with control non-fibre and 10% white currant diets for 10 weeks

Control White currant

Number of adenomas
Total small intestine 81 (47, 114) 51 (36, 84)*
Distal small intestine 49 (26, 64) 29.5 (15, 51)**
Middle small intestine 21 (12, 42) 20 (13, 32)
Duodenum 7 (3, 11) 3 (1, 10)**
Colon (Mean ± SD) 0.3 ± 0.6 0.8 ± 0.6***

Diameter of adenomas (mm)
Total small intestine 0.99 (0.71, 1.23) 0.95 (0.79, 1.19)
Distal small intestine 0.88 (0.58, 1.21) 0.70 (0.58, 0.91)*
Middle small intestine 1.21 (0.80, 1.45) 1.24 (0.80, 1.85)
Duodenum 1.18 (0.70, 1.56) 1.72 (0.55, 3.00)*
Colon (Mean ± SD) 3.91 ± 0.12 3.49 ± 0.68

Total area of adenomas (mm3)
Total small intestine 57 (24, 100) 37 (24, 82)***
Distal small intestine 32 (11, 62) 11 (6, 33)**
Middle small intestine 29 (9, 35) 24 (12, 37)
Duodenum 5 (1, 15) 9 (0.5, 16)
Colon (Mean ± SD) 18 ± 7 11 ± 5

Size distribution of adenomasa

Total small intestine
Small (%) 55 (38, 83) 65 (42, 77)
Large (%) 16 (6, 28) 16 (9, 23)

Distal small intestine
Small (%) 60 (31, 93) 81 (58, 92)*
Large (%) 5 (0, 28) 0 (0, 15)

Middle small intestine
Small (%) 50 (35, 72) 46 (15, 71)
Large (%) 32 (6, 40) 28 (15, 69)

Duodenum
Small (%) 43 (25, 100) 29 (0, 100)
Large (%) 25 (0, 50) 50 (0, 100)***

Values for the small intestine are median with minimum and maximum values
in parentheses Values for the colon are mean ± SD
* Different from control, P £ 0.02; ** P £ 0.01; *** P £ 0.05
a Adenomas were categorized as small (diameter £ 0.9 mm), medium (1.0–
1.5 mm; data not shown) and large (‡1.6 mm) adenomas and proportion of
each size category was calculated as per cent of all adenomas
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Fig. 1 Weight gain of the Min mice that were fed either a control diet or a
diet containing 10% freeze-dried white currant for 10 weeks. (–filled circle–),
Control, male; (–open circle–), control, female; (–filled triangle–), white currant,
male; (–cross symbol–), white currant, female
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decreased, the total area was not different between the
diets. A large amount of different bioactive com-
pounds entered the duodenum after white currant
feeding and may explain the result. The amount of
bioactive compounds was probably much less in the
distal small intestine suggesting that also a lower
amount of white currant could be protective. A dose-

response study is needed to find at what level che-
moprevention can be achieved. In the colon, even
though the number of adenomas was increased by
white currant, the area of adenomatous tissue was not
increased. Only a fraction of mice developed adeno-
mas in the colon, so this result needs to be confirmed
with larger group size.
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significantly decreased protein levels of nuclear
b-catenin and the NF-jB subunit p65 in the
adenomas of Min mice. a Representative Western-
blots for b-catenin and NF-jB. S internal standard,
C control diet, W white currant diet. b Box-plot
showing the level of nuclear b-catenin as relative
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White currant (Ribes x pallidum) is a colorless
berry originating in a mutation in the red currant.
White currant, however, has a phenolic profile that
differs considerably from red currant; the lack of
anthocyanins in white currant is associated with in-
creased levels of phenolic acids [35]. There is how-
ever, only a limited set of compounds that have been
analyzed from white currant [34, 35] and further
investigation on the possible active compounds of this
berry is warranted. So far, most studies on berries
have focused on the specific action of different phe-
nolic compounds. However, some berries or berry
extracts have demonstrated stronger chemopreventive
effects than the purified compounds alone [1]. The
effects seen in this study may therefore rather be a
result of a mixture of compounds acting in synergy
than an effect of a single active substance. In fact, we
have previously shown that cloudberry is chemopre-
ventive in the Min mouse [14], but cloudberry pulp or
seeds alone were ineffective, as was ellagic acid, the

main phenolic compound in cloudberry unable to
affect tumor formation in the Min mouse [38]. Intake
of other nutrients from the freeze-dried white currant
hardly can explain the results, either. The amount of
fiber in the white currant diet was very small when
compared to the earlier studies exploring the effects
of fiber on colon tumorigenesis. Effect of white cur-
rant on the intake of vitamins and minerals was
negligible. For example, the proportions of calcium
and folate from the white currant were only 4 and 3%
from the total intake of these nutrients, respectively.

White currant inhibited the nuclear accumulation
of both b-catenin and NF-jB, indicating that the ac-
tion of Wnt- and NF-jB pathways was inhibited. The
Wnt pathway is disturbed early during colon cancer
formation; mutation of the APC gene, which is the
initiating step in cancer formation, causes inability
to degrade cellular b-catenin [9]. The accumulation of
b-catenin in the nucleus leads to the transcription of
b-catenin target genes related to tumor progression
and malignant transformation. The amount of nuclear
b-catenin increases in the course of tumor progres-
sion and it correlates with metastasis and poor
prognosis [16, 20, 42, 44]. The NF-jB pathway is
activated by various extracellular signals, including
cytokines, growth factors, stress related proteins etc.
[37]. Activation of the pathway causes NF-jB to
translocate to the nucleus where it activates several
genes involved in cancer formation and progression
[23, 37]. Previously, it has been reported that doco-
sahexaonic acid together with a synthetic organose-
lenium, NO-donating aspirin, and b-lapachone,
affects both pathways simultaneously [8, 36, 45]. Also
curcumin, the active ingredient of turmeric, can target
both the b-catenin and NF-jB pathways [43]. Anti-
inflammatory drugs exert their effects through both
pathways but little information is available on a
simultaneous inhibition in vivo.

In humans nuclear accumulation of b-catenin
strongly correlates with tumor size and dysplasia [7,
16] and also its target, cyclin D1, is frequently over-
expressed in colon cancers [3]. In this study white
currant was able to decrease the accumulation of
b-catenin and also presumably the level of cyclin D1,
an effect that can also be seen when treating cancer
patients with NSAIDs [6]. A reduction in nuclear
b-catenin indicates that it can be efficiently degraded,
or that activation of the Wnt-pathway has been
attenuated, resulting in reduced transcription of tar-
gets, such as cyclin D1. Our result is supported by an
in vitro study where white currant juice inhibited the
growth of cancer cells [4]. In addition to the favorable
effects on Wnt-pathway, white currant also reduced
nuclear NF-jB protein levels in the adenomas.
The targets of NF-jB include several genes related
to proliferation and anti-apoptosis [37]. We saw,

Fig. 4 Representative immunohistochemical staining of b-catenin and cyclin
D1 in the adenomas of control (a) or white currant -fed mice (b). White currant
caused reduced nuclear staining of b-catenin and cyclin D1 in the adenomas of
Min mice. Magnification 200· in the large picture and 400· in the small
pictures. Positive cells show brown staining
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however no change in the NF-jB target p53 in the
adenomas, but its expression was slightly increased by
white currant in the mucosa. Also several drugs are
able to inhibit nuclear accumulation of NF-jB, and
drug development is underway to target this pathway
[25].

During the last few years, there has been an
increasing interest in the tumor microenvironment as
a factor in cancer formation. It is also widely believed
that inflammation plays an important part in devel-
oping tumors, and the process of tumor formation
has been compared to acute inflammation [19]. The
tumor microenvironment is an important target for
chemoprevention and potential natural compounds
that can target the microenvironment include resve-
ratrol, deguelin, which is a component of the rote-
noids, sulphophrane, which in found in brussel
sprouts, and apigenin, a flavone [2]. It could therefore
be possible that also white currant is able to cause an
improvement in the microenvironment. The NF-jB
pathway has a major role in the response to pro-
inflammatory stimuli [24], and the decrease in NF-jB
levels may indicate that white currant was able to
reduce inflammation, hypoxia etc in the mucosa
surrounding the tumor tissue. Indeed, apoptosis
seemed to have been increased in the mucosa of white
currant fed mice. Recently, the microenvironment was

also suggested to affect the Wnt-pathway and so an
improvement of the tumor microenvironment could
also explain the reduced nuclear b-catenin seen in this
study [14]. However, more studies are needed to test
this hypothesis and further analyze the mechanisms
of chemoprevention by white currant.

As demonstrated in this study, chemoprevention
using natural, non-toxic substances can achieve the
same effect as drugs, both in terms of reduction in
tumor burden, and inactivation of cell signaling.
Attenuation of both b-catenin and NF-jB signaling
makes white currant a promising and intriguing agent
for colon cancer prevention. The concurrent inhibi-
tion of two major pathways in tumourigenesis sug-
gests synergistic and additional effects that could
explain the significant chemoprevention seen in this
study. As colon cancer is a disease that is closely re-
lated to diet it would be of great importance to obtain
a deeper understanding on how cells respond to dif-
ferent dietary regimen.
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