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3,3�-Diindolylmethane Attenuates Colonic Inflammation and
Tumorigenesis in Mice
Yoon Hee Kim, MS,* Hyuck-Se Kwon, MS,* Dae Hwan Kim, MS,* Eun Kyung Shin, MS,*
Young-Hee Kang, PhD,† Jung Han Yoon Park, PhD,† Hyun-Kyung Shin, PhD,*,† and Jin-Kyung Kim, PhD*

Background: 3,3-Diindolylmethane (DIM) is a major in vivo
product of acid-catalyzed oligomerization of indole-3-carbinol (I3C)
derived from Brassica food plants. Although DIM is known as a
chemopreventive and chemotherapeutic phytochemical, the effects
of DIM on inflammation in vivo are still unknown. In the present
study we investigated the antiinflammatory effects of DIM on ex-
perimental colitis and colitis-associated colorectal carcinogenesis.

Methods: To determine if DIM has an antiinflammatory effect in
vivo, we examined the therapeutic effects of DIM in dextran sodium
sulfate (DSS)-induced experimental colitis and colitis-associated
colon carcinogenesis induced by azoxymethane (AOM)/DSS in
BALB/c mice.

Results: Treatment with DIM significantly attenuated loss of body
weight, shortening of the colon, and severe clinical signs in a colitis
model. This was associated with a remarkable amelioration of the
disruption of the colonic architecture and a significant reduction in
colonic myeloperoxidase activity and production of prostaglandin
E2, nitric oxide, and proinflammatory cytokines. Further, DIM ad-
ministration dramatically decreased the number of colon tumors in
AOM/DSS mice.

Conclusions: These results suggest that DIM-mediated antiinflam-
matory action at colorectal sites may be therapeutic in the setting of
inflammatory bowel disease and colitis-associated colon cancer.

(Inflamm Bowel Dis 2009;15:1164–1173)
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The 2 major forms of inflammatory bowel disease (IBD)—
Crohn’s disease (CD) and ulcerative colitis (UC)—rep-

resent prototypical conditions whose most salient features are
the presence of chronic inflammation involving various parts
of the intestinal tract and an increased risk of cancer, which
is a complication directly related to the duration and activity
of gut inflammation.1–4 IBD is associated with intestinal and
extraintestinal clinical manifestations, including weight loss,
diarrhea accompanied by blood and/or mucus, fever, gastric
dysmotility, and shortening of the colon.2,3 UC is a condition
that primarily affects the superficial layer of the colon mu-
cosa, and histological analyses have shown ulceration of the
mucosa, blunting and loss of crypts, and inflammatory infil-
trates.2 The immune pathogenesis of IBD is associated with
increased inflammatory mediators, including reactive oxygen
species (ROS) such as nitric oxide (NO),5,6 prostaglandins
(PG),7,8 and inflammatory cytokines such as tumor necrosis
alpha (TNF)-�, interleukin (IL)-6, and IL-23.9–11

IBD therapy has improved and expanded as under-
standing of the disease mechanisms has evolved. Pharmaco-
logic agents such as aminosalicylates, azathioprine/6-mercap-
topurine, or steroids are the mainstays of therapy.12–15 Newer
agents, including monoclonal antibodies targeted to specific
proinflammatory cytokines such as TNF-�, have emerged
and provided great clinical benefit. However, unknown long-
term toxicity and immunogenicity may limit their use.16 Al-
though many types of IBD treatments have been proposed
and clinically implemented, additional therapeutic ap-
proaches are needed, as many patients either fail to respond to
the currently available options or show significant side ef-
fects. Alternative medicine is becoming an increasingly at-
tractive approach for the treatment of various inflammatory
disorders among patients who are unresponsive to, or unwill-
ing to take, standard medications. Among these alternative
approaches is the use of food derivatives, which have the
advantage of being relatively nontoxic. However, limited
scientific evidence regarding the effectiveness of these natu-
ral derivatives, in conjunction with a lack of understanding of
their action mechanisms, has prevented their incorporation
into mainstream medical care.

3,3-Diindolylmethane (DIM) is a major dimer formed
in acidic conditions from indole-3-carbinol (I3C), an autoly-
sis product of the abundant glucobrassicin in cruciferous
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vegetables.17 DIM has antiproliferative effects against vari-
ous cancers, including prostate,18 pancreatic,19 and breast
cancer.20 Moreover, a previous study showed that DIM in-
hibits lipopolysaccharide (LPS)-induced production of in-
flammatory mediators in murine macrophages via downregu-
lation of nuclear factor-kappaB (NF-�B) signaling.21 These
previous observations led us to examine the therapeutic ef-
fects of DIM on intestinal inflammation and inflammation-
related colon cancer. In order to investigate the effects of
DIM, a dextran sodium sulfate (DSS)-induced mouse colitis
model and an azoxymethane (AOM)/DSS-induced colon can-
cer model were selected as the subjects for this study. We
showed that DIM administration dramatically attenuated
weight loss, colon shortening, and severe clinical signs in a
colitis model. Further, DIM dramatically suppressed tumor
formation in AOM/DSS BALB/c mice.

MATERIALS AND METHODS

Reagents and Cell Line
All reagents were obtained from Sigma-Aldrich (St.

Louis, MO) unless otherwise indicated. DSS (MW 40,000–
50,000) and DIM were purchased from ICN Biochemicals
(Aurora, OH) and LKT Laboratories (St. Paul, MN), respec-
tively. RPMI 1640 medium, fetal bovine serum (FBS), pen-
icillin, and streptomycin were obtained from Hyclone (Lo-
gan, UT). Griess reagent was obtained from Promega
(Madison, WI). PGE2 enzyme-linked immunosorbent assay
(ELISA) kits were manufactured by R&D systems (Minne-
apolis, MN). Multiplex bead array instruments and cytokine
kits were purchased from Bio-Rad (Hercules, CA). The
RNAeasy mini-kit and SYBR-Green II master mix were
obtained from Qiagen (Hilden, Germany). Superscript re-
agents were purchased from Invitrogen (Carlsbad, CA). The
antibodies (Abs) used in this study were: anti-inhibitor of
NF-�B (I�-B)� rabbit polyclonal, anti-NF-�B p65 rabbit
polyclonal, anti-laminB rabbit polyclonal (Santa Cruz Bio-
technology, Santa Cruz, CA), anti-�-actin rabbit polyclonal
(Cell Signaling Technology, Danvers, MA), anti-inducible
NO synthase (iNOS) rabbit polyclonal (BD Biosciences
PharMingen, San Diego, CA), and cyclooxygenase (COX)-2
goat polyclonal (Santa Cruz Biotechnology). IEC-6 cells
were acquired from the Korea Cell Bank (Seoul, Korea).

Induction of Experimental Colitis
Six-week-old BALB/c mice were purchased from SLC

(Hamamatsu, Japan) and maintained under specific pathogen-
free conditions with free access to food and water during the
course of the experiments at the animal facility of Hallym
University (Chuncheon, Korea).

In order to induce experimental colitis, we gave the
mice 5% DSS dissolved in water that was filter-purified
(Millipore, Bedford, MA), for 7 days. DIM was dissolved in

corn oil. DIM (1, 5, 10, and 20 mg/kg) or the vehicle (corn
oil) was administrated orally for 7 days, commencing at the
same time DSS exposure began. The mice were checked
daily for colitis through monitoring of body weight, gross
rectal bleeding, stool consistency, and survival. The overall
disease severity was assessed by a clinical scoring system
with a scale of 0–4.22 After 10 days of DSS treatment, the
mice were killed by cervical dislocation and their colons were
removed. All animal experiments were approved by the Com-
mittee on Animal Experimentation of Hallym University and
performed in compliance with the university’s Guidelines for
the Care and Use of Laboratory Animals.

Measurement of Cytokines, NO, and PGE2
Colon tissues corresponding to the mid-colon were

washed with RPMI 1640 medium containing 2% FBS and
penicillin and streptomycin before being cut into smaller
pieces. Then �0.5 cm of tissue was placed in 0.5 mL of 0.1%
FBS containing RPMI 1640 medium, distributed into 48-well
tissue culture plates, and incubated for 24 hours at 37°C in
5% CO2. The IL-1�, TNF-�, IL-6, and interferon gamma
(IFN)-� concentrations in the cell-free culture supernatants of
the colon tissues were measured in triplicate using a Bio-Rad
Multiplex bead array instrument and cytokine kits according
to the manufacturer’s protocol. The cytokine concentration
was adapted to the protein content of the colon tissue used in
the culture.

The amount of nitrite and PGE2 was measured using
the Griess reagent system (Promega) and an ELISA kit (R&D
systems) according to the manufacturer’s instructions, re-
spectively.

Determination of Myeloperoxidase (MPO) Activity
in the Colon

The mouse colons were rinsed with cold phosphate-
buffered saline (PBS), blotted dry, and immediately frozen in
liquid nitrogen. They were then stored at –80°C until being
assayed for MPO activity using the o-dianisidine method.23

To perform the assay, the tissue samples were thawed and
weighed, then suspended (10% wt/vol) in 50 mM potassium
phosphate buffer (pH 6.0) containing 0.5% hexadecyltrim-
ethylammonium bromide, and homogenized. A sample of the
homogenate (1 mL) was sonicated for 30 seconds and cen-
trifuged at 200g for 10 minutes at 4°C. The reaction was
started by mixing and incubating the supernatant (100 �L) at
20°C for 10 minutes with a solution composed of 2,810 �L of
50 mM potassium phosphate, 30 �L of 20 mg/mL o-dianisi-
dine dihydrochloride, and 30 �L of 20 mM hydrogen perox-
ide. After 10 minutes the reaction was terminated by the
addition of 30 �L of 2% sodium azide. The change in
absorbance was read at 460 nm using a SpectraMax M2
Microplate Reader (Molecular Devices, Sunnyvale, CA).
MPO activity was expressed as the amount of enzyme nec-
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essary to produce a change in absorbance of 1.0 unit per
minute per g of tissue (wet weight).

Quantitative Real-time Reverse-transcriptase
Polymerase Chain Reaction (RT-PCR)

The total RNA from the colon homogenates was iso-
lated with an RNAeasy mini kit. After RNA preparation, the
cDNA was transcribed using a single reverse transcriptase
synthesis step with Superscript reagents. Quantitative PCR
was performed with the incorporation of SYBR green into the
double-stranded PCR products. The primers used in quanti-
tative PCR were as follows: iNOS, forward 5�-CAG CTG
GGC TGT ACA AAC CTT-3� and reverse 5�-CAT TGG
AAG TGA AGC GTT TCG-3; COX-2, forward 5�-CAT
CCC AGG CCG ACT AAA TG-3� and reverse 5�-TTT CAG
AGC ATT GGC CAT AGA A-3�; TNF-�, forward 5�-TAC
CTT GTC TAC TCC CAG GTT CTC T-3� and reverse
5�-GTG TGG GTG AGG AGC ACG TA-3�; IL-6, forward
5�-CTT CCT ACC CCA ATT TCC AAT G-3� and reverse
5�-ATT GGA TGG TCT TGG TCC TTA GC-3�; IFN-�,
forward 5�-ATC TGG AGG AAC TGG CAA AA and reverse
5�-TGA GCT CAT TGA ATG CTT GG-3�; IL-10, forward
5�-GGT TGC CAA GCC TTA TCG GA-3� and reverse
5�-ACC TGC TCC ACT GCC TTG CT-3�; �-actin, forward
5�-AGA GGG AAA TCG TGC GTG AC-3� and reverse
5�-CAA TAG TGA TGA CCT GGC CGT-3�. The specificity
of the reaction was tested via product separation by gel
electrophoresis, or by melting curve analysis when SYBR
green was incorporated. The mean relative expressions of the
cytokine genes were calculated, and differences were deter-
mined using the 2-�C(t) method.23

Immunohistochemical Study
The colonic tissues were fixed in 4% buffered parafor-

maldehyde, dehydrated through graded concentrations of eth-
anol, embedded in paraffin, and sectioned. The 5 �m-thick
sections were mounted on slides, cleared, and hydrated; all
were treated with a buffered blocking solution (3% BSA) for
15 minutes. The sections were then coincubated with primary
antibodies to NF-�B-p65 at a dilution of 1:25 at room tem-
perature for 1 hour. The sections were washed with PBS and
then coincubated with a secondary antibody of peroxidase-
conjugated antirabbit IgG (1:500 in PBS, v/v) at room tem-
perature for 1 hour. Thereafter, the sections were washed as
before with 0.05 M Tris-HCl, pH 7.66, then coincubated with
3,3-diaminobenzidine solution in the dark at room tempera-
ture for 10 minutes. Finally, the sections were washed with
Tris-HCl and stained with hematoxylin according to standard
protocols.

NF-�B Activity
IEC-6 cells were placed in a 24-well cell culture plate

at a density of 1 � 105 cells in 0.5 mL of culture medium and

incubated for 12 hours. The cells were then exposed to
various concentrations of DIM and 10 ng/mL of recombinant
rat TNF-� (R&D systems) for 6 hours. In addition, colonic
tissues were obtained 10 days after DSS treatment, and nu-
clear protein was isolated according to the manufacturer’s
protocol (TransAM Nuclear extraction kit, Active Motif,
Carlsbad, CA). The transcription NF-�B assay was then
carried out using TransAM (Active Motif) according to the
manufacturer’s instructions. In order to observe I�-B� deg-
radation and nuclear translocation of NF-�B-p65, IEC-6 cells
were incubated with various concentrations of DIM for 1
hour followed by adding 10 ng/mL of recombinant rat
TNF-�. After 30 minutes, whole cell, cytoplasmic, and nu-
clear lysates were obtained and electrophoresed on 10%
sodium dodecyl sulfate (SDS) polyacrylamide gels for the
detection of I�-B� and NF-�B-p65, as described previous-
ly.24

Induction of Colon Cancer
To induce colon cancer, mice were injected intraperi-

toneally with 12.5 mg/kg body weight of AOM dissolved in
physiological saline. Five days later, 2% DSS was given in
the drinking water over 5 days, followed by 16 days of
regular water. This cycle was repeated twice, for a total of 3
cycles. Mice were given DIM 0, 1, 5, 10, and 20 mg/kg of
body weight 3 times a week via gastric intubation starting 1
week after the cessation of DSS administration. Body weight
was measured every week, and animals were sacrificed at 56
days. The colons were removed, rinsed in ice-cold PBS, slit
open longitudinally, and fixed flat between wet filter papers
for 48 hours in 10% neutral buffered formalin prior to 30-
second staining with 0.2% methylene blue dissolved in the
same formalin solution.

Statistical Analysis
The data are depicted as means � SEM from at least 3

independent experiments. The values were evaluated by
1-way analysis of variance (ANOVA) with Bonferroni mul-
tiple comparison post tests using GraphPad Prism 4.0 soft-
ware (GraphPad Software, San Diego, CA). Differences with
P-values � 0.05 were considered statistically significant.

RESULTS

DIM Administration Caused a Reduction in Weight
Loss, Clinical Signs, and Shortening of Colon Length
in a DSS-induced Colitis Model

We first noted symptomatic parameters such as body
weight loss, clinical scoring, and shortening of colon length
caused by colitis 10 days after the start of the 5% DSS oral
challenge. As shown in Figure 1A, the body weights of
DSS-exposed mice were drastically decreased at day 10.
However, treatment with 10 or 20 mg/kg DIM reduced
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weight loss in mice with colitis. The clinical score, another
common feature of the DSS-induced model of colitis, also
decreased significantly following DIM administration (5, 10,
and 20 mg/kg) compared to the DSS-exposed mice (Fig. 1B).
In addition, we found that colon length in the DSS-adminis-
tered mice was significantly shorter than that in DIM-treated
mice (Fig. 1C,D) at day 10 following DSS administration.

Histological examination of the colonic sections was
used to assess intestinal inflammatory status. Microscopi-
cally, the samples from DSS-induced colitis mice showed
typical inflammatory changes in colonic architecture, such as
ulceration, crypt dilation, and goblet cell depletion, as well as
mixed cell infiltration composed mainly of macrophages,
lymphocytes, plasma cells, and granulocytes (Fig. 1E). Con-

versely, histological analysis of the colons from DIM-treated
mice showed greatly reduced numbers of infiltrating cells and
a lesser degree of mucosal injury and edema (Fig. 1E). In
order to determine the side effects of DIM in the colon, we
administered 20 mg/kg of DIM for 7 days without DSS
exposure. Macroscopic and microscopic features did not
change with DIM treatment (Fig. 1D and data not shown).

DIM Administration Reduced MPO Activity and
Production of Proinflammatory Mediators in Colon
Tissues

Since DIM administration reversed the severe clinical
signs caused by DSS exposure, we next measured the effects
of DIM on the production of inflammatory mediators. MPO is

FIGURE 1. DIM attenuates clinical signs in DSS-induced colitis mice. (A) Changes in the body weights and (B) clinical scores of
DIM-treated mice and control mice administered 5% DSS were monitored every day. Body weight values are expressed as a per-
centage of body weight on day 0. (C) Colons were obtained 10 days after DSS administration and their lengths were measured. (D)
Macroscopic features of colon. Data are the sum of the results of 3 independent experiments and are expressed as means � SEM (n
� 10 per group). Significant differences in the DSS group, *P � 0.05, **P � 0.01, and ***P � 0.001. The number sign (#) represents a
significant difference between the vehicle and DSS treatment groups, P � 0.001. (E) Colons were obtained 10 days after DSS
administration, then sectioned, stained with hematoxylin and eosin, and analyzed histopathologically (original magnification �40).
[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

Inflamm Bowel Dis ● Volume 15, Number 8, August 2009 DIM in Colitis and Tumorigenesis

1167



an enzyme produced mainly by polymorphonuclear leuko-
cytes. It is correlated with the degree of neutrophil infiltration
in tissues. Following 7 days of DSS treatment via drinking
water, MPO activity was markedly increased, to a level �2.5
times higher than that in the control group (Fig. 2A). This
increase in MPO activity was significantly reduced by DIM
administration (10 and 20 mg/kg) at day 10, although the

inhibitory effect was absent at low doses of DIM treatment (1
and 5 mg/kg).

In recent years, NO has been considered an important
inflammatory mediator playing a key role in the pathogen-
esis of IBD.5,6 In addition, the dramatic increase in muco-
sal PG synthesis during inflammation has been shown to
correlate with human IBD activity and experimental coli-

FIGURE 2. DIM suppresses the production of inflammatory mediators in colon. (A) MPO activity, (B) NO production, (C) PGE2
production, and (E) inflammatory cytokine production in colonic tissue from dextran sodium sulfate (DSS)-exposed, DIM-treated
mice. Segments of colon from DSS-exposed, DIM-treated mice and from vehicle-treated mice were prepared on day 10 after DSS
exposure and cultured without any stimulation for 24 hours at 37 °C. Values are means � SEM (n � 5 per group). Significant
differences in the DSS group, *P � 0.05, **P � 0.01, and ***P � 0.001). Significant difference between vehicle and DSS treatment
alone are indicated, #P � 0.01 and ##P � 0.001. (D) Colons in DSS-administered DIM-treated mice (10 mg/kg) and vehicle-treated
control mice were prepared on day 10 after DSS exposure, and immunostaining was performed as described in Materials and
Methods (original magnification �100). [Color figure can be viewed in the online issue, which is available at www.interscience.
wiley.com.]
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tis.7,8 For this reason, we evaluated the effect of DIM on
colonic NO and PGE2 production in DSS-induced experi-
mental colitis. As shown in Figure 2B,C, oral administra-
tion of DIM reversed the increase in NO and PGE2 pro-
duction in a concentration-dependent manner at day 10
after DSS exposure.

Next we examined the effects of DIM on the expression
of iNOS and COX-2 in the colon because iNOS and COX-2
are responsible for inducing NO and PGE2, respectively. In
the vehicle-treated noncolitic animals, iNOS and COX-2 im-
munoreactivities were detectable only in the epithelial cells
located in the apical side of the villi, as shown in Figure 2D.
In animals sampled 10 days after DSS administration, marked
iNOS and COX-2 immunoreactivities were evident through-
out the epithelial cells, as well as in the muscularis mucosa
and submucosa. However, immunoreactivity was particularly
noticeable in the infiltrating inflammatory cells. Administra-
tion of DIM significantly decreased the number of iNOS- and
COX-2-producing cells, when compared with the DSS-
treated group. These results suggest that infiltrating inflam-
matory cells may play a major role in the production of
excess inflammatory mediators such as NO and PGE2 in
DSS-exposed colon.

To determine the effect of DIM on major inflammatory
cytokine production in the colon, we measured the TNF-�,
IL-6, IFN-�, and IL-10 levels (Fig. 2E). After 10 days of DSS
administration, TNF-�, IL-6, and IFN-� levels had increased
significantly to 32.6 � 5.3, 2196.0 � 395.1, and 193.4 � 60.1
pg/mg of protein, respectively. This contrasted with the con-
trol group TNF-�, IL-6, and IFN-� levels of 6.5 � 1.1, 144.3
� 37.3, and 31.6 � 4.1 pg/mg of protein, respectively. DIM
administration (20 mg/kg) prevented significant increases in
TNF-�, IL-6, and IFN-� levels (10.6 � 1.1, 347.4 � 97.6,
and 60.2 � 8.7 pg/mg of protein, respectively, at day 10).
However, the IL-10 level was not significantly altered by
DIM treatment.

To gain further insight into the molecular mecha-
nisms underlying the suppression of colitis by DIM, we
measured the mRNA expression levels of iNOS, COX-2,
and inflammatory cytokines in the colon using real-time
RT-PCR. As shown in Figure 3, the mRNA level for iNOS
was significantly increased 10 days after the start of DSS
exposure. The increases in iNOS were attenuated by 65.3%
after DIM administration (20 mg/kg). In addition, the DIM
treatment-induced reduction in COX-2 mRNA expression
was shown to be statistically insignificant. DSS-induced

FIGURE 3. Colonic mRNA expression of inflammatory mediators in colons of DSS-induced colitis in DIM-treated mice. Colons in
DSS-administered DIM-treated mice and DSS-treated control mice were prepared on day 10 after DSS exposure, and real-time
RT-PCR was performed as described in Materials and Methods. Values are means � SEM (n � 5 per group). Significantly different DSS
group, *P � 0.05, **P � 0.01, and ***P � 0.001. Significant differences between the vehicle and DSS treatment groups are indicated,
#P � 0.01 and ##P � 0.001.
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mRNA expression of TNF-�, IL-6, and IFN-� also de-
creased in DIM-treated colons. Consistent with the pro-
duction of IL-10, colonic IL-10 mRNA expression was not
changed by DIM treatment.

DIM Inhibited NF-�B Activation
To investigate the cellular mechanisms by which treat-

ment with DIM attenuated DSS-induced intestinal inflamma-
tion, we evaluated the influence of DIM on the activation of
NF-�B in colonic tissues and intestinal epithelial cells, IEC-6.
NF-�B expression (p65) was detected in the nuclei of vascu-
lar endothelial and inflammatory cells, especially in the mu-
cosa and submucosa, but such positive cells were seldom
observed in the DIM-treated group (Fig. 4A). Similarly, in
colonic tissues, exposure to DSS for 7 days stimulated the
DNA-binding activity of NF-�B compared with vehicle-
treated animals, whereas treatment with DIM significantly
decreased NF-�B DNA-binding activity at day 10 (Fig. 4B).

In the healthy colon, intestinal epithelial cells form a
physical barrier separating the myriad of gut antigens from
the cells of the immune system. Moreover, intestinal epithe-
lial cells play a secondary role in maintaining immune toler-
ance, while simultaneously initiating immune responses
when potential pathogens are detected. In IBD, the line of
defense provided by the intestinal epithelial cell is breached,
resulting in an uncontrolled immune response.25-27 As intes-
tinal epithelial cells are a principal mediator of immune

responses in the gut, we sought to determine if DIM affects
NF-�B activation in intestinal epithelial cells using IEC-6
cells. Consistent with NF-�B expression and DNA binding
activity in the colon, DIM treatment blocked I�-B� degrada-
tion and NF-�B nuclear translocation (Fig. 5A) in IEC-6
cells. Moreover, reduced NF-�B DNA binding was observed
in DIM-treated IEC-6 cells (Fig. 5B).

DIM Administration Suppressed Colitis-associated
Colon Carcinogenesis

Finally, we examined the impact of DIM on colitis-
associated cancer. The link between chronic inflammation
and tumorigenesis has been well established for colorectal
cancer.28 Because DIM plays an important role in reducing
intestinal inflammation, we believe DIM should impact in-
flammation-induced cancer in colon tissues. To test this hy-
pothesis, we employed a mouse model of colitis-associated
cancer, injecting mice with procarcinogen AOM followed by
3 cycles of oral DSS administration.29,30 The average tumor
number per vehicle-treated mouse (32.4 � 2.3) was 3 times
greater than that in 10 and 20 mg/kg DIM-treated mice (10.3
� 1.6 and 11.4 �1.5, respectively; Fig. 6B). These results
showed that tumor incidence was suppressed in DIM-treated
mice, indicating that DIM administration reduced colitis-
associated tumor induction.

FIGURE 4. DIM attenuates NF-�B activation in DSS-induced colitis mice. (A) Colons were obtained 10 days after DSS administration
and NF-�B-p65 staining was performed as described in Materials and Methods. (B) Nuclear cell extracts were obtained from colonic
tissues of mice, and activated NF-�B was measured using an oligonucleotide-based specific ELISA as described in Materials and
Methods. Values are means � SEM (n � 5 per group). Significant differences in the DSS group are indicated, **P � 0.01 and ***P
� 0.001. The number sigh (#) represents a significant difference between the vehicle and DSS treatment groups, P � 0.001. [Color
figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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DISCUSSION
Many previous investigations have shown that DIM, a

major in vivo acid-catalyzed condensation product of indole-

3-carbinol, effectively induces apoptosis and inhibits tumor
growth in several tumor cell lines and a variety of animal
models.18–20,31–33 However, its effects on immune function,

FIGURE 5. DIM attenuates NF-�B activation in intestinal epithelial cells. (A) IEC-6 cells, rat intestinal epithelial cell line, were prein-
cubated for 1 hour with increasing DIM concentrations (0, 2.5, 5, 10, or 20 �M) and stimulated with 10 ng/mL TNF-� for 30 minutes.
Whole cell extracts were isolated and the degradation of inhibitor of �B was determined by immunoblot analysis. (B) Nuclear cell
extracts were obtained and activated NF-�B was measured using an oligonucleotide-based specific ELISA as described in Materials
and Methods. Experiments were performed in quadruplicate, with results expressed as means � SEM. Significant differences in the
DSS group are indicated, *P � 0.05, **P � 0.01, and ***P � 0.001. The number sign (#) represents a significant difference between the
vehicle and DSS treatment groups, P � 0.001.

FIGURE 6. Reduced tumor formation after DIM treatment. (A) Macroscopic features in the colon. Colons were removed at day 56
and stained with 0.2% methylene. Representative results from 10 independent animals are shown. (B) Number of tumors. Colons
were removed at day 56 to determine the numbers of macroscopic tumors. Results are expressed as means � SEM (n � 10 per
group). Significant differences in the AOM/DSS group are indicated, *P � 0.001. The number sign (#) represents a significant
difference between the vehicle and DSS treatment groups, P � 0.001. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

Inflamm Bowel Dis ● Volume 15, Number 8, August 2009 DIM in Colitis and Tumorigenesis

1171



especially inflammation, remain largely unknown. Only 1
previous study showed that DIM exerts antiinflammatory
effects in the LPS-stimulated murine macrophage cell line,
RAW264.7.21 In the present study, we elucidated for the first
time that DIM has therapeutic effects in the treatment of IBD,
an inflammatory disease, through the reduction of inflamma-
tory mediators via blockage of NF-�B activation. Further-
more, DIM treatment also inhibited tumor formation in an
AOM/DSS-induced colon cancer model.

In the healthy gut, the mucosal immune system ensures
a balance between pro- and antiinflammatory mediators and
thereby allows for effective defense against luminal patho-
gens. However, at the same time, the mucosal immune sys-
tem prevents a devastating immune reaction directed against
the huge amount of harmless luminal antigens, such as food
components and nonpathological bacteria.1 In IBD, this im-
munological balance is severely impaired and shifted toward
the proinflammatory side.2,3 The chronic mucosal inflamma-
tion in IBD is caused by hyperactivation of immune cells,
which produce high levels of proinflammatory cytokines like
TNF-�, IL-6, and IFN-�, resulting in colonic tissue dam-
age.2,3,9–11 Although the pathogenesis of DSS-induced colitis
appears to be T-cell-independent,34 cytokine production plays
a major role in the development of colitis in this model.35,36

In fact, it has been shown that cytokines are important me-
diators of inflammation.37 Elevated production of proinflam-
matory cytokines is found in the inflamed colons of patients
with IBD, as well as in animals with DSS colitis.35,36,38

Further evidence for the involvement of these cytokines came
from the observation that antibodies against TNF-� and IL-12
reduced the severity of the disease in animals with DSS-
induced colitis, as well as in patients with CD.39,40 Thus,
reduction of proinflammatory cytokine production appears to
be an effective approach to the prevention and treatment of
IBD. In the present study the colons of DIM-administered
mice exhibited significantly lower amounts of proinflamma-
tory cytokines such as TNF-�, IL-6, and IFN-�, compared
with those from vehicle-administered animals, and were pro-
tected from DSS-induced colitis. This finding suggests that
the inflammation protection observed in DIM-treated mice
may, in part, be the result of reduced cytokine production.

NF-�B was identified as 1 of the key regulators in
inflammation. Its activation is markedly induced in IBD pa-
tients. Through its ability to promote the expression of vari-
ous proinflammatory genes, NF-�B strongly influences the
course of mucosal inflammation.41,42 These previous obser-
vations suggest that DIM may exert an antiinflammatory
effect by blocking the NF-�B signaling pathway, and this has
been the mechanism most commonly proposed in the past to
explain the biological effectiveness of DIM.21,32,43–45 In this
study, we noted a remarkable suppression of NF-�B DNA
binding activity in DIM-treated IEC-6 cells stimulated by
TNF-�, as well as in colonic tissues challenged by DSS.

These results strongly suggest that DIM suppressed inflam-
matory reactions in DSS-induced colonic inflammation by
inhibiting NF-�B activation and indicate that suppressed pro-
duction of NO, PGE2, and proinflammatory cytokines such as
IL-6, TNF-�, and IFN-� in DIM-treated colons might be the
result of inhibited NF-�B activation. In addition, the role of
NF-�B activation in tumor development has been demon-
strated using various animal models, including a mouse
model of colitis-associated cancer.46 Deletion of I�-B kinase
(IKK�) in intestinal epithelial cells leads to a dramatic de-
crease in tumor incidence in such models, whereas deletion of
IKK� in myeloid cells in these mice results in decreased
tumor size through diminished expression of proinflamma-
tory cytokines that act as tumor growth factors.46 These
results highlight the ability of NF-�B to link inflammation
and cancer and provide additional evidence for the specific
inactivation of NF-�B as a promising means by which to
attenuate the formation of inflammation-associated tumors.

How DIM suppresses the DNA binding activity of
NF-�B is unclear. Staub et al.47 demonstrated that DIM was
rapidly transferred to the nuclear and membrane fractions of
MCF-7 breast cancer cells and then was slowly metabolized
by P450 oxidation to hydroxylated products that are conju-
gated with sulfate. They also observed DIM partitioned di-
rectly into isolated nuclei. Within 30 minutes of the treatment
of MCF-7 cells with 3H-DIM, up to 40% of the dose had
accumulated in the nuclei. DIM seems to be directly associ-
ated with the bilipid membranes since DIM is recovered in
the membrane pellet following centrifugation (100,000g) af-
ter homogenization and disruptive sonication of the isolated
nuclei. This finding indicates that the partitioning of DIM into
membranes may contribute to its biological activities. Impor-
tantly, a massive increase in the localized concentration of
DIM in nuclei may be in part responsible for its biological
activity.

In conclusion, our findings suggest that DIM has po-
tential applications in the treatment of IBD and inflammation-
associated tumors.
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