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Abstract: The indole-3-carbinol (I3C) displays anti-cancer/proliferative activities against human can-
cer cells. Cellular proliferation is an event associated with the progress and its continuation. This mani-
fest is described by variation in expression and/or functions of genes that are related with cell cycle
relevant proteins. The constitutive activation of several signal transduction pathways stimulates cells
proliferation as well. The immediate stages in cancer development are accompanied by a fibrogenic re-
sponse and the progression of the hypoxic environment is in favor of survival and proliferatory func-
tions of cancer stem cells. A main part for prevention of in cancer cells death may manifest through al-
tering cell metabolism. Cellular proliferation and metastasis are reported to be supported with in-
creased generation of responsible hormones (in hormone dependent malignancies), and further promo-
tion the angiogenesis, with epithelial to mesenchymal transition. This may be facilitated by progression
of autophagy phenomenon, as well as via taking cues from neighboring stromal cells. Several signaling
pathways in association with various factors specific for cellular viability, including hypoxia inducible
factor 1, NF-kB, insulin-like growth factor 1 (IGF-1) receptor, Human foreskin fibroblasts (HFF-1),
phosphoinositide 3 kinase/Akt, Wnt, cell cycle related protein, with androgen and estrogen receptor
signaling are reported to be inhibited by I3C. These evidences, in association with bioinformatics data
represent very important information for describing signaling pathways in parallel with molecular tar-
gets that may serve as markers for early diagnosis and/or critical targets for designing and development
of novel therapeutic regimes alone or combined with drugs, to prevent tumor formation and further
progression. In particular, I3C and DIM have been extensively investigated for their importance
against numbers human cancers both in vitro and in vivo. We aimed the present manuscript, current
study, to review anticancer properties and the miscellaneous mechanisms underlying the anti-
tumorigenicity in an in-depth study for broadening the I3C treating marvel.
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1. INTRODUCTION and improvement of the patient's quality of life, in addition
to and duration of survival. However chemotherapy has led
to progression in this trend, drug resistance and related tox-
icities have remained as major limitations for improving the
overall response and survival from cancer in patients [1-4].
Drug resistance is divided into two categories as intrinsic
(which is also known as de novo type) and acquired form
[5]. The intrinsic resistance causes ineffective therapy from

initial point, due to intra tumor tissue the presence of resis-

Cancers are defined as combined uncontrollable growth
and expansion of abnormal cells which without effective and
timely therapeutic intervention cause death. Several thera-
peutic procedures including surgery, radiation, and chemo-
therapy are employed for cancer treatment, to date. The con-
clusive goal of these remedies is either treatment or prolong
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tant phenotypes of tumor cells. In other words, the acquired
form of drug resistance develops during treatment whenever
tumor cells exhibit initial responsiveness to the anticancer
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drugs which in turn further leads to ineffective therapy and
thus results is tumor growth and development [6, 7]. Indole
fits in aromatic heterocyclic organic derivatives and waving
a bicyclic structure, composing a six-membered ring which
is fused into the five-membered nitrogen-containing pyrrole
ring [8]. The epidemiological reviews and animal based in-
vestigations reported the beneficial effects of I3C and its
analogs against tumorigenesis (Fig. 1) [9]. Studies have also
provided evidences that consumption of high dietary cru-
ciferous vegetables enables consumers to attenuate cancer
risk [10-14]. Accommodating evidences attribute these
chemo-preventive effects to the antitumor activity of 13C as
well as its related metabolic side products. The relative de-
rivatives of indole were reported to limit proliferatory activi-
ties of several tumor cells (at the concentrations ranged from
50 to 100 uM), such as breast [15-18], colon [19, 20], pros-
tate [21, 22], and endometrium [23], via targeting a broad
variety of signals which and able regulate hormonal homeo-
stasis, development of cell cycle, in addition to cells growth
and survival [24-28]. Additionally, I3C has inhibited the
spontaneous or chemically-induced tumorigenesis in several
mammalian organs including, mammary glands, liver, cer-
vix, lung, along with gastrointestinal tract in animal models
[29-31]. Current pre-clinical findings are in favor of the
translational advantage of I13C in cancer development as a
therapeutic target [32], in vulvar intraepithelial neoplasia
[33] cervical dysplasia [34], revolving respiratory papilloma-
tosis [35], vulvar intraepithelial neoplasia [33], and breast
cancer [36]. In mechanistic perspective, the I3C efficacy is
raised by the interaction among their metabolic disposition
and pleiotropic fashion in vivo, which would pharmacologi-
cally be exploited to foster novel strategies or development
of newly chemo-preventive/therapeutic reagents [14, 24].
Hence, it is likely that the I3C is perhaps effective in the
tumor therapy. Regardingly, in the current review article we
aimed to focus on the paramount roles played by I3C in both
tumor therapy and pathogenesis. Accordingly, in present
review article we tried our best to address the latest reviews
discussing relevance between I3C and pathogenesis of tu-
mors. In addition, to the above fact current study was also
aimed to address the multifactorial aspects of the chemical
biology of I3C with giving a narrative overview within next
coming parts of this manuscript:

2. INDOLIC COMPOUNDS

All chemical structure containing indole rings are nomi-
nated as indolic compound. Indole, compounds are hetero-
cyclic organic with aromatic features, composing a bicyclic
structure, including a six-membered ring which is fused to a
five-membered nitrogen-containing pyrrole ring. A previous
review which has assessed 206 epidemiological studies in
parallel with 22 animal based investigations reported the
beneficiary effects of I3C against tumorigenesis of glucosi-
nolates with an indole side chain responsible for further
forming of indoles [9]. Another study has evidenced that in
taking of cruciferous vegetables is significantly associated
with attenuated risk of bladder tumor [37]. Cruciferous vege-
tables are of the main sources of a number of phytochemi-
cals, including indole derivatives, dithiolthiones, and iso-
thiocyanates. Primarily, indoles economically were consid-
ered as substantial dye stuffs (e.g., indigo) as similar as,

Mini-Reviews in Medicinal Chemistry, 2019, Vol. 19, No. 7 541

vinca alkaloids (e.g., vincristin, vinblastin) which were ini-
tially separated from Catharanthus roseus (Madagascar peri-
winkle) fitting within the active antitumor reagents that tar-
get tubulin [38]. Staurosporin, which was initially isolated
from Streptomyces staurosporeus, is a lead compound and
blueprint for the progress of kinase inhibitors. Its purified
form is employed as a promising candidate (nominated as
sunitinib and enzastaurin) and both are presently undergoing
progresses of clinical trials for tumor therapy [39-41]. The
duocarmycins feature of DNA-targeting 5,6,7-trimethoxy-
indole moieties is well linked to alkylating spirocyclopro-
pylhexadienones which binds to the minor groove of Deoxy-
ribonucleic acid DNA by sequence-selective N3-adenine
alkylation. The two well examined indoles exhibiting anti-
cancer properties. Further being consumed (from Brassica
vegetable sources), I3C is immediately converted into DIM
in stomach where by exposed by gastric acid. These indole
derivatives exert pleiotropic anticancer activities through
apoptosis induction as well as modulating of various signal-
ing pathways [42].

3. PHARMACOLOGICAL UTILIZATION OF 13C
AND DIM FOR DEVELOPMENT OF NOVEL ANTI-
TUMOR REAGENTS

Based on the view point of the mechanistic perspective,
the capability of I3C/DIM is targeting of wide range of sig-
nals underlies their antitumor effects against different cancer
cells with various genetic and cellular abnormalities. Al-
though, I3C and DIM display low to moderate tendencies
suppression of tumor cells proliferation, in vifro. The meta-
bolic instability and/or unpredictable pharmacokinetic prop-
erties are also reported for I3C, DIM in vivo [43]. The intrin-
sic nature of the I3C in acidic milieu is due to the vinyl he-
miaminal half of the indole ring [44]. This unique structural
feature of I3C potentiates this compound to be acid-
catalyzed dehydraed and further condensed to produce sev-
eral oligomeric products, such as DIM, CTr , CTet, ICZ, and
LTrl, in vivo [45-48]. The chemo-preventative effect which
reported for I13C in vivo might be, at least partially, attribut-
able to these types of acid condensation yields. Amongst
these, indolic compounds DIM stimulates apoptosis as well
as cell cycle arrest pathways in tumor cell lines via signaling
mechanisms as similar as I3C [22, 49, 50], whilst the func-
tional activities of CTr, ICZ, and LTrl are related to the
nuclear receptors, like AhR and/or ER [51, 52]. Notably
tetrameric produced form of CTet has able to suppress breast
cancer and other cancer cells growth by preventing CDK 6
along with other cell-cycle related proteins expression, five-
folds more potently than 13C [14, 53, 54].

4. PLEIOTROPIC EFFECTS OF I3C ON SIGNALING
TARGETS

The 13C has incredible capacity for both cancer preven-
tion and treatment. I3C exerts its beneficial effects via nu-
merous mechanisms (Fig. 2). Several evidences were ob-
served in favor of the reality that the anticancer properties of
I3C are as a results of its potential to target an array of sig-
naling which are governing many biological aspects, includ-
ing apoptosis, cell cycle improvement, hormonal homeosta-
sis, DNA repair, angiogenesis, and multiple drug resistance
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Fig. (1). Structure of I3C and its analogues.

[27, 28]. There with, evidences are provided that 13C func-
tions as a protective agent against breast, cervical and other
cancers [55-58]. The pharmacological properties of I3C in
various cellular events is well approved, at least in part, with
its major metabolite, DIM as the two indole compounds dis-
play high degrees of similarity in their fashion of action.
Therefore, the present section of this reviews was aimed at
providing an insight to of the rational relationship between
individual pathway targets, in addition to various 13C acti-
vated cellular responses (Fig. 3) [14].

4.1. Induction of Apoptosis

Several evidences revealed that blocking of Akt and its
relative downstream target, the nuclear factor factor-xB (NF-
kB) transcription factor, play remarkable in in favors of pro-
apoptotic action of I3C/DIM in tumor cells [16, 59, 60]. The
Akt also promotes cell survival via activating of NF-«xB
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pathway by inhibiting kappa B (IkBa) kinase degradation
with phosphorylation activities of a number pro-apoptotic
proteins such as GSK3f, Bad, Forehead transcription factors
in addition to, caspase-9, playing fundamental parts in cancer
therapy [61, 62]. Additionally NF-kB serves as a paramount
survival factor for different cancer cells by transcriptional
regulation of some antiapoptotic genes, including: Bcl-2 (B-
cell lymphoma 2), Bel-xL, survivin, p53, and p21 [63]. Fur-
thermost it has been demonstrated that I3C is able to activate
several pathways such as stress-induced mitogen-activated
protein kinases (MAPKs), p38 and ¢JNK in tumor cells [64],
as well as via constitutively active signal transducer. The
activator of transcription 3 (STAT3) that serves as a unique
transcription factor for the pancreatic cancer cells is also in
activated by I3C [65]. The effects of indole derivatives on
these pro-apoptotic constituents underlie the potency of
I3C/DIM to enhance mitochondria independent of tumor
cells apoptosis (Fig. 4) [14].
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Fig. (2). An overview of the signaling pathways targeted by indole-3-carbinol and DIM.
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Fig. (4). Therapeutic Targets of I3C and its analogues. Superscript indicates reference number.

4.2. Induction of the Cell Cycle Arrest

Both 13C and DIM exhibit regulatory effects on G1 arrest
in cancer cells [66, 67]. Arrest of cell cycle causes enhance-
ment of the namely CDK inhibitors p21WAF1 and p27kipl1,
which is coincides with down regulation of cyclin D1 and E,
and CDKs 2, 4, and 6, that all of them are partially attribut-
able to the effects of I3C/DIM axis on modulating Spl-
promoter binding function [60, 68, 69]. Moreover, 13C and
derivatives were revealed to prevent CDK2 kinase activity
by breast cancer cells via selective changes in cyclin E com-
position, size distribution, and subcellular CDK2 proteins
complex localization [14, 70]. The of CDK4/6/cyclin D1
inhibition in parallel with CDK2/cyclin E functions caused
reduced retinoblastoma Rb, and in turn led to Rb protein
attachment to the E2 factor (E2F) transcription factor. The
sequestration of E2F inhibits the S phase genes transcription,
resulting in G1 arrest. Multiple studies have evidenced
modulatory effects of I3C on the expression gene and protein
(which serve as cell growth inhibitors), such as cdks 2 and 6
reduction, phospho-retinoblastoma protein, cyclin D1 and
enhanced expression of various cyclin-dependent kinase in-
hibitors is modulated by I3C [71-73]. Cancer cells have been
reported to inhibit the development of G1 to S phase (which
is in association with alteration of the active 90 kDa cdk2

complex to a 200 KDa inactive further I3C treatment [74].
Furthermore I3C has not affected the expression of p27 or
p21cdk inhibitors, while these effects on cdk2 yet to be ob-
served for DIM (Fig. 4) [42].

4.3. I3C and Molecular Mechanisms of Action

It has been well evidenced that I3C regulates the expres-
sion of multiple genes, including transcription factors. As
figured out in (Fig. 4), Li and research team have employed
laboratory has utilized complementary DNA (cDNA) mi-
croarray to study the impacts of I3C and DIM on the expres-
sion profile of some genes in PC3 cells [75] and found that
about 738 had been changed by more than twofold further 24
h treatment with DIM. of the detected genes 677 were down
expressed while 61 exhibited over expression. Likeness, 727
genes were altered by more than twofold and down regula-
tion were observed for 685 genes while 42 genes were
upregulated. Expression changes of genes were seen within 6
h and were more considerable when cells were treated in a
longer period. Li and group reported that I3C and DIM have
upregulated the expression of some of these genes which are
related Phase I and Phase II enzymes, applying cluster analy-
sis proposing their enhanced capacity for detoxification of
carcinogens and chemicals-detoxification. Researchers stated
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that both 13C and DIM have down regulated expression of
genes pivotally active in the regulation of several aspects
such as cell proliferation, apoptosis, cell cycle, signal trans-
duction through activation of Pol II transcription factor and
further oncogenesis. The cDNA microarray method was em-
ployed by Carter and colleagues to investigate the early
changes in gene expression profile in response to 100 uM
concentration of DIM in C33A and epidermoid cervical car-
cinoma cells (CaSki), in an immortalized HaCat cell line,
and normal HFK cell line [76]. Analyses were undertaken
further periods of 4h and 12h treatment of C33A and follow-
ing 6h treatment of CaSki, HaCat and HFK cell lines. DIM
has altered the expression of more than 100 genes with at
least by twofold. These mostly encode transcription factors
and protein molecules that are involved in signaling, stress
response and growth. Eight genes encoding Basic Leucine
Zipper Domain (bZIP domain) proteins were consistently
and robustly upregulated. Induction of stress-associated im-
mediate early DNA damage-inducible gene 153 (GADD153)
(over 50 folds in C33A) and the nuclear factor/interleukin 6
(NF-IL6) which also is known as CCAAT-enhancer-binding
proteins (or C/EBPs) (over 5 folds in C33A) which are in-
volved in down regulating of HPV oncogenes was also ob-
served. Induction of GADDI153, NF-IL6 and Activating
Transcription Factor 3 (ATF3) was corroborated with west-
ern blot method when functionally analysis. Further func-
tional analyses, DIM not only has repressed the transcription
of a luciferase gene driven with Human papillomavirus type
11 (HPV-11) the URR in C33A, CaSki, HaCat and HFK cell
lines from two-fold to 37-fold (varied from cell to cell type),
but it has also decreased endogenous levels of transcription
of HPV16 oncogenes to undetectable levels in CaSki cells.
The exogenous expression level of GADD153 or NF-IL6
was repressed transcription driven with the HPV11 URR in a
dose-dependent fashion in C33A, CaSki, HaCat and HFK
cells. The Sun’s group has performed DNA microarray stud-
ies on transformed keratinocytes and cancer cells treated
with DIM [77]. The enhancement of the stress response
genes (including GADD153, GADD34 and GADD45A, the
X-box binding protein 1 (XBP1), glucose-regulated protein
78 (GRP78), GRP94, and asparagine synthase) were con-
firmed at protein and mRNA levels in C33A cervical cancer
cells with western blotting and Real time-PCR techniques,
respectively. Moreover a Seri of these events was considered
in tumor cells such as MCF-7 and DU145. This finding was
consistent by function of more than one signal of stress re-
sponse in C33A cells treated with the 75 uM concentration
of DIM. The phosphorylation of elF20 was immediately and
transiently induced and continued with enhanced levels of
ATF4 protein. It was demonstrated that activation of inosi-
tol-requiring enzyme lo (IRElo) has rapidly increased
stress-specific splices form of the XBP-1 mRNA and in turn
persistent activation of JNK and JNK2. The caspase 12 cleav-
age was reported in DIM-exposed and DIM non-exposed
C33A cells which was not correlated with cytotoxicity. The
caspase 7 cleavage was achieved during later times, coincid-
ing with the consequence of apoptosis. Meng and colleagues
claimed that invasive breast tumor suppression and migra-
tion is achieved by I3C is accompanied by upregulation of
breast cancer type 1 susceptibility protein (BRCAI (as well
as E-cadherin/catenin complexes [78]. I3C has remarkably
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induced a dose-dependent E-cadherin cleavage three major
catenin’s (a, f and y-catenin) along with increased BRCA1
expression. The elevated QR expression was also correlated
with anticancer processes. Chen and colleagues tested the
impacts of I3C and ICZ on expression of QR in murine
Hepa-1 and human HepG2 hepatoma cell lines [79] and
demonstrated that ICZ has elevated QR function in both cell
types. Furthermore, ICZ-related QR function was higher in
Hepa-1 cell lines. Analysis of QR mRNA expression with
Real time-PCR showed a similar pattern to that was ob-
served for the enzyme activity [80]. NAG-1 is a member of
the TGF-B superfamily gene which possesses pro-apoptotic
and anti-tumorigenic properties. Lee and co-workers claimed
enhanced expression of NAG-1 that I3C and DIM [81]. DIM
has also activated transcription factor 3 (ATF3), earlier than
NAG-1. The DIM was also demonstrated to increase the
luciferase function of NAG-1 in HCT-116 cells that were
transfected with a NAG-1 promoter construct. This proposes
that it suppresses cell growth via upregulation of NAG-1 and
ATF3. The DIM-induced NAG-1 expression may play piv-
otal roles in human colorectal cancer cells as well [82].

4.4. I3C, Tumor Invasion and its Relation with Angio-
genesis

The migration and further invasion of tumor cells were
limited with I3C via regulating of the expression of several
pathway proteins related to these events, such as E-cadherin,
o, B, as well as y catenin, BRCA1 [78, 83], receptor of
CXCL12 (the CXCR4), and MMP-9 [78]. Additionally, 13C
has been confirmed to restrict the phorbol ester-activated
tube formation as well as endothelial cells proliferation, ac-
companied with reduced VEGF, along with increasing the
secretion of IL-8 and down regulation of MMP-2 and MMP-
9 [14].

4.5.13C Inversely Affects MDR

The I3C has been reported to convert the MDR AML as
well as murine melanoma cells to both doxorubicin and
Vinca alkaloids by down expression of the MDR-1 and its
gene product (the p-glycoprotein) [84-86]. Furthermore, the
ability of dietary administrated of I3C has sensitized MDR
tumors to chemotherapy drugs in in vivo [86]. Together,
these remarks are in favour of the notion that I3C might pos-
sibly be effective as a dietary remedy for the therapy of
MDR tumors [14].

5. I3C/DIM REGULATES VARIOUS RESPONSES
AND GENES EXPRESSION BY TUMOR CELLS VIA
ACTIVATION OF MANY SIGNALS

13C mediates G1 cell cycle arrest in tumor cells nonethe-
less I3C peculiar targets display identical and overlapping
impacts on LNCaP and PC3 tumor cell lines compared to
MCF-7 as androgen-responsive. I3C has attenuated. LNCaP
tumor cell lines, the expression of cdk6, reduced the cdk2-
dependent enzymatic activity, and induced the cdk inhibitors
pl6, p21 and p27 [65]. Interestingly, the I3C impacts on an-
drogen non-responsive PC3 cell lines has demonstrated ho-
mology to what was claimed in LNCaP cell lines, and ex-
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pression of both p27 and p21 was elevated while cdk6 pro-
tein and cdk6-dependent function was considerably reduced
[87]. The proliferation inhibition of breast tumor and other
tumor cells have required lower measures of I3C (100 pM).
In contrast, 13C decreased proliferation and caused G1 arrest
of human immortalized keratinocyte HaCaT cells with
higher concentrations (200, 500 Mm) [88]. Furthermore, in
Hacat cells, the cdk inhibitor p15 was increased while p19,
p21, p27 and cdk6 expression was not altered at all concen-
trations of I3C which were used [88]. The cytotoxic effects,
of I3C in tumor cells were in concert by increased cells death
and regulation of several genes and proteins is accompanied
by this response [18, 22, 59, 87, 89]. Rahman and colleagues
have demonstrated that I3C caused apoptosis and caspase-
dependent Poly ADP ribose polymerase (PARP (cleavage in
ER-negative MDA-MB-453 cell types of breast cancer. This
was in combination with activation of caspase-3, mitochon-
drial uptake of Bax, reduced Bcl-2, and on the other hand an
overall increased Bax/Bcl-2 ratio. Contrastly, the enhanced
apoptosis of Breast cancer cells were both Bax and p53-
dependent [90]. These types of finding propose that 13C per-
haps activates the innate mitochondrial signaling, although,
the pro-apoptotic impacts of I3C in tumor cells deserved to
be investigated in further studies. The mechanisms of 13C-
induced cytotoxicity in tumor cells is possibly at least, par-
tially, be associated with other responses influencing cell
proliferation and death. As an instance, I3C is able to prevent
both androgenic and estrogenic responses in cervical and
MCEF-7 cells [91-93] and enhances CYP-dependent estradiol
metabolism and thus reduces the mitogenic impacts of this
hormone [93-96]. Additionally, I3C regulates the expression
or activation of several genes varying from p53 (increased),
interferon y, NFxB (decreased), NAG-1 (increased), BRCA1
(increased), to PI3-K, (decreased) [59, 78, 97]. The I3C also
serves as AhR agonist, activating the proliferation inhibitory
signals in breast and also other tumor cells [98, 99]. More
recently it has been confirmed that I3C has induced BRCA1
and BRCA?2 in tumoral breast cells including MCF-7, T47D,
LNCaP and DU145 [93]. Employing RNA interference tech-
nology revealed that 13C-mediated anti estrogenic/anti an-
drogenic activity, and its related cytotoxicity is due to
BRCA1 and BRCA2. The induction of BRCA1 and BRCA2
by 13C is caused by activation of ER stress. Moreover, DIM
and the synthesized analysis of DIM analogs possibly are
related to important underlying mechanisms of the 13C func-
tion [100, 101].

6. EPIGENETIC MODULATION CONCERNS

DNA is in association with a variety of basic proteins
called histones within the nucleus. Generally, histones acety-
lation with histone acetyltransferases (HATs) making the
nuclear DNA content more available for transcription factors
and in turn binding DNA and relatively gene transcription.
Deacetylation of histones by histone deacetylases (HDACs)
limits binding of transcription factors to DNA. The acetyla-
tion/ deacetylation processes of nucleus histones were pivo-
tally important cellular mechanisms in modulating of gene
transcription [102], although, HAT/HDAC activities balance
which exist in normal human cells can be disrupted in tumor
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cells. Generally, derivatives that prevent HDACs possess the
tendency for upregulation of the transcription of tumor sup-
pressing proteins promoting either differentiation or apopto-
sis in cancer transformed cells [103]. Both AITC and Sul-
foraphane (SFN) metabolites prevent HDAC activity in cul-
tured tumor cell lines and in animal models, and SFN-rich
broccoli sprouts prevented HDAC function in human
PBMNC [104-106]. The trans-placental tumor preventative
impacts 13C and other dietary regulators, involving altera-
tions in DNA promoter methylation, chromatin remodeling
and expression of imprinted genes have been evidenced [31,
107, 108].

7. CANCER INHIBITION IS ACHIEVED BY I3C AND
DIM

The DIM effects on dextran sodium sulfate (DSS)-
induced experimental model of colitis and colitis-associated
colon carcinogenesis which was caused with throughout
azoxymethane (AOM)/DSS in rodents was explored and
indicated that DIM inhibited the processes of colon tumor
genesis in AOM/DSS mice [109]. The DIM also signifi-
cantly diminished severe clinical symptoms in the colitis
model through decreasing prostaglandin E2, nitric oxide as
well as pro-inflammatory cytokines [109]. Regardingly, it
could be proposed that DIM suppresses inflammatory re-
sponse which in turn its imaging outcome is inhibiting of
tumor-genesis. Treatment with I3C was also shown to inhibit
clonogenic cancer cell growth and inducing higher levels of
basal caspase-3 and 7 activities [110]. Several research teams
have also claimed that I3C and DIM could both prevent on-
cogenesis proliferation of tumor cells and cause apoptosis in
different tumor cells [18, 19, 59, 87, 111, 112], making 13C
and DIM as potent promising compounds either for the inhi-
bition or cancer therapy. Additionally, DIM was evidenced
to facilitate its potent effects via enhancing the antitumor
potencies of chemotherapy and radiotherapy therapeutic
methods. Studies demonstrated that DIM has significantly
increased the cancer cells sensitivity to erlotinib and cisplatin
by down expression of epidermal growth factor receptor and
degradation of NF-kB signal pathway in pancreatic tumor
and squamous cells cancer cells [113, 114]. Although, ET-
743 is considered as an experimental antitumor drug with
potent antitumor activity as shown in phase II trials it has
hepatotoxic side effects. Supplementation diet with 13C in
mice prior ET-743 administration has abolished the hepato-
toxicity without any alterations in its antitumor efficacy
[115], suggesting that I3C may attenuate the unwanted ad-
verse effects of ET-743, and regardingly 13C could serve as
antitumor in combination with ET-743. DIM could also in-
duce the efficacy of radiotherapy, proposing that DIM and
radiation together are able to significantly limit primary tu-
mor growth in parallel with reducing metastasis to lymph
nodes in cancer [100, 116]. Collectively, these evidences
propose that DIM has the capability to be regarded as a
promising compound in cancer therapy in combination with
ordinary therapeutic reagents. Currently, more clinical trials
are continuously going on for determination of the effects of
DIM therapy either as a dietary supplement or in combina-
tion with conventional cancer therapy protocols in patients in
several cancer types such as prostate, breast, cervical and
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laryngeal tumors. Results of these clinical trials may deline-
ate the values of chemically inhibited liver, mammary gland,
colon, and tumorigenesis [29, 117, 118]. DIM was also re-
vealed to increase CYP1A1, 1A2, 2B, and 3A activities in
rodent liver [119, 120]. Another study showed that I3C has
up-regulated the level and function of GST [119-121] and
hence the anti-oncogenic activity of the administration of
I3C prior or simultaneously by a tumorigenic appears to be
mediated via changing in both levels and functions of Phase
I (e.g., p450 or CYP) and phase II (e.g., GST) isozymes intra/
extrahepatic tissues, leading to elevation of their capacity for
carcinogens detoxification [121]. 13C also reported to inhibit
effects of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
plus benzo(a)pyrene-induced lung carcinogenesis in A/J ro-
dent and regulated tumorigen-induced alterations at proteins
levels [122]; while other group claimed cancer promoting
function for I3C [123], which propose I3C may impose
harmful impacts in this selected cancer model. This also be
worth noting that however DIM has not genotoxic side im-
pacts that was typically observed with 13C [124], proposing
future clinical trials which seems to be essentially performed
employing DIM alone but not I3C. DIM also has limited
formation of new vessels and the proliferation of transplant-
able breast cancer in athymic rodents through enhancement
of p27Kipl and reduction cdk2 and cdk6 expression [125].
DIM also inhibited proliferation of cancer cells in mice via
reduction of uPA, MMP-9, mammalian target of rapamycin
complex 1) mTOR, (Platelet-derived growth factor D)
PDGF-D), and angiogenesis [126, 127]. A research group
found that DIM is able to induce anti-tumor functions of
erlotinib and further lead to remarkable restriction of pancre-
atic cancer cell proliferation in vitro and limit cancer growth
in an in vivo model of severe combined immunodeficiency
(SCID) mice [113]. Collectively, evidences showed that DIM
significantly inhibited growing of transgenic line of C57BL/6
mice (transgenic adenocarcinoma mouse prostate) TRAMP-
C2 mouse tumor cells proliferation in C57BL/6 rodents via
increasing apoptosis and simultaneous decreasing cellular
growth [128]. Overall all of these evidences suggesting that
both I3C and DIM are able to restrict tumor growth and de-
velopment in experimental models and propose that DIM
could be considered as a beneficial therapeutic compound for
the tumor growth inhibition in clinic as well [129].

8. CLINICAL TRIALS WITH 13C OR DIM

Multiple clinical trial investigations were undertaken to
determine both tolerance and impacts of I3C and DIM in
mankind. In a phase I trial using I3C, a number of 17 fe-
males at high risk of breast tumor cohort were enrolled. All
of studied subjects have tolerated a chronic dose of daily
13C(400 mg) for 4 weeks which was followed by a 4-week
duration with 800 mg of daily I3C [36], proposing the safety
of I3C at these doses. The 13C (400 mg daily) has elicited a
maximum protective impact if the ratio of hydroxylated es-
trogen metabolites are observed as biomarkers of chemopre-
vention [36]. In a phase II clinical trial was performed for
exploring the potential therapeutic advantages of I3C in ther-
apy of VIN therapy. Studies also reported a marked devel-
opment in symptomatology and vulvoscopic appearance of
VIN further I13C treatment [75]. Applying of I3C for the of
RRP therapy demonstrated that patients 33% entered remis-
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sion from papillomatous and exhibited requirement for sur-
gery following 13C intervention while 30% of patients dis-
played reduction in papillomatous growth that may minimize
the essence of frequent surgery, proposing I13C as a therapy
line for RRP [35]. Some other clinical trials are performing
for investigating clinical benefits of I3C/DIM in tumor suf-
fering patients and the focus of them is determination of the
impacts of I3C or DIM for therapy of tumor or cervical dys-
plasia. As stated in previous reports, I3C and DIM have the
tendency to be used as appropriate and potent anticancer
compounds either alone or combined by other conventional
therapeutics for cancers in future. The safe and free of toxic-
ity nature of DIM in healthy subjects was also confirmed in a
phase-1 trial and [130] the formulated DIM (which is B-
DIM) shown to be biologically active in pre-clinical and in
vitro as well as in vivo animal models [131, 132]. Heath EI
and coworkers indicated that formulated B-DIM has been
well tolerated. Pharmacokinetics investigations showed that
exposure to drug was dose proportional to the plasma B-
DIM [129, 133].

9. I3C FOR TREATING CANCER: EPIDEMIOLOGIC
EVIDENCES

Similarly as other compounds, cruciferous vegetables are
good sources for nutrients and phytochemicals including 13C
which may serve synergistically to aid cancer prevention [5,
103]. Epidemiological evidences showed that high intake of
Brassica vegetables protects versus carcinogenesis. Brassica
vegetables are enriching sources of glucosinolates which are
hydrolyzed during digestion to different products, such as
including I3C. Several reviews with epidemiologic subjects
suggested that relationship between 13C related to and risk of
multiple cancers are more complicated than that was previ-
ously thought [103]. Findings related to lung, colorectal,
liver, breast, leukemia and prostate cancers as six major
causes of death cancer, are summarized next parts of this
article.

9.1. Lung Cancer

Song JM and colleagues studied the efficacy of I3C
against mouse lung tumors and their findings were paralleled
with remarkable decrease in the level of pro-inflammatory
and pro-tumorigenic proteins (such as pSTAT3, plkBa and
COX-2) and cell proliferation regulatory proteins (including
pAkt, cyclin DI, CDKs 2, 4, 6 and pRB). Investigations in
premalignant bronchial cells demonstrated that anticancer
impacts of I3C combined with were higher than individual
derivatives and these impacts were mediated with targeting
cyclin D1, CDKs 2, 4 and 6 and pRB. Combination of I3C
with Sil has suppressed cyclin D1 with decreasing its mRNA
level and with increasing its proteasomes degradation. They
reported that the chemo-preventive effects of I3C and Sil in
smokers and former smokers lung cancer [134]. Li and co-
workers explored the anti-metastasis impacts related and
molecular mechanisms of I3C and DIM on hepatocellular
carcinoma (HCC) in vitro and in vivo. They have selected
two cell lines of SMMC-7721 and MHCC-97H that show
high potential of invasion. I3C and DIM has prevented the
growth, migration and invasion of these two cells in vitro.
Moreover, investigators demonstrated that I3C and DIM
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have remarkably reduced the volumes of SMMC-7721 or-
thotropic hepatic cancer and repressed lung metastasis in a
model of nude rodent and also this outcome showed that I3C
and DIM inhibited HCC cells lines metastasis with suppress-
ing cancer cells lines invasion and migration. The anti-
metastatic properties of I3C and DIM may at least, partially
be described the drugs and function of MMP2/9 with reduc-
tion of Phosphatase and tensing homolog PTEN and preven-
tion of phospho-FAK (Tyr397) [135]. In a study Song and
colleagues study, they increased a liposomal formulation of
I3C and evaluated its delivery by lung in mice and demon-
strated that intranasal administration of liposomal I3C has
potential to remarkably progress the efficacy of I3C for lung
tumor chemoprevention [136].

9.2. Colorectal Cancer

Lee and colleagues elucidated the molecular mechanism
of ATF3 induction with I3C/DIM in Colorectal Cancer Cells
(CRC) and demonstrated that I3C/DIM has stimulated the
ATF3 expression via ATF4-mediated signaling and further
induced apoptosis of these cells [137]. In study Kim and
colleagues have investigated the anti-inflammatory impacts
of I3C/DIM on experiential colitis and colitis-associated
colorectal tumorigenesis. These showed that therapy by
I3C/DIM has remarkably decreased loss of body weight,
shorted the colon, and severe lessened clinical symptoms in a
colitis model. They also were observed markedly ameliora-
tion of the disruption of the colonic architecture and remark-
able attenuation in colonic myeloperoxidase function and
production of prostaglandin and some pro-inflammatory cy-
tokines. In addition, when administrated, I3C/DIM dramati-
cally reduced the number of colon cancers in AOM/DSS
rodents [109]. In an investigation Faust and colleagues stud-
ied, a protective impact of I3C on colon tumor. In another
study Suzui reported that 13C has inhibited proliferation of
colon cancer cells and their results suggested that I3C pre-
vented the proliferation of human colon carcinoma cells,
throughout upregulation of p27KIP1 and p21CIP1-mediated
G1 cell-cycle arrest but dietary 13C promotes AOM-induced
rat colon tumorigenesis with preventing the apoptosis of co-
lon cancers [138]. Pappa and co-workers have also investi-
gated the impact of I3C/DIM and their results indicated that
the I3C/DIM compounds showed antagonistic interactions
regarding cell growth inhibition [139].

9.3. Liver

Wang and colleagues reviewed the I3C/derivatives
pharmacokinetics in vitro and in vivo in chronic liver dis-
eases and reported that indole derivatives not only control
transcription factors and their respective signaling, they but
also relieved oxidative stress and prevented the synthesis of
DNA to affect the function, growth and apoptosis of target
cells. Furthermore, these derivatives regulate enzymes those
are related to viral hepatitis replication, lipogenesis, as well
as the metabolism of ethanol and hepatotoxic reagents to
protect against hepatic injury. Indoles act as inhibitors for
pro-inflammatory cyto/chemokines network decrease micro-
bial induced liver injures. Indole and its derivatives, specifi-
cally I3C and DIM as phytochemicals, exert anti-fibrosis,
anti-cancer, anti-oxidant, immunomodulatory, detoxification
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and anti-inflammation impacts on hepatic protection via
pleiotropic mechanism [140]. In other study Wang and col-
leagues found that I3C therapy of cancer cells with I3C re-
pressed the AKT signaling with enhancing the expression of
phosphatase and tensing homolog PTEN in HCC xenograft
cancer and HCC cells [141].

9.4. Breast

De Santi and colleague studied the synergistic activity of
I3C, cis-platin and dox-orubicin in triple-negative breast
tumor cells and indicated that this combination synergisti-
cally inhibited cell survival as well as induced autophagy.
The namely MAP1LC3B gene was synergistically overex-
pressed in MDA-MB-231 cells which were treated with
combination of I3C and -cisplatin. Furthermore, the cyto-
toxic functions of the I3C were progressed in cells pre-
treated by cisplatin and doxorubicin. It preliminary in vitro
in ventilation has provided evidences for the potential of I3C
as a chemo-preventive compound alone or in combined with
standard protocols for triple-negative breast tumor [142]. In
an investigation Caruso showed anticancer impacts of 13C in
ERoa-positive Breast cancer cells [143] and Tin and col-
leagues confirmed essential role I3C anti-proliferative role of
I3C in human breast cancer cells. I3C has enhanced nucleo-
stemin to sequester MDM2 in a nucleolus compartment,
thereby freeing p53 to mediate induction of apoptosis. The
siRNA knockdown of nucleostemin evidenced that nucleo-
stemin is deserved for I3C for initiation of its activities, in-
cluding cellular anti-cancer responses, prevent tumor sphere
formation, and disrupt MDM2-p53 protein-protein interac-
tions. The expression of an I3C-resistant form of elastase,
which as the unique target protein of I3C inhibited the I3C
anti-cancer responses in cells and in cancer xenografts in
vivo [144]. Cevatemre and colleagues examined the cyto-
toxic function of a novel combination of fenretinide, a syn-
thetic retinoid, with 13C, a natural product especially broc-
coli and cabbage, against MCF-7 and MDA-MB-231 cell
lines. They have reported that this combined compound has
eventuated in more powerful cytotoxic activity, compared to
alone substance, to induce apoptosis [145].

9.5. Leukemia

Studies by Bai and co-workers revealed elevated cytotox-
icity of primary cells and (HL-60 and THP-1 cells) in re-
sponse to OSU-A9, as an I3C compound by improving the
antitumor potency, in a dose-dependent fashion. This I3C
derivative (OSU-A9) activates caspase PARP cleavage, and
not in processes of autophagy cell death. Pretreatment of
both AML cell lines and primary AML cells with N-
acetylcysteine and glutathione has increased their survival of
apoptosis (due to concomitant PARP cleavage). Akt hypo-
phosphorylation, implicating a prominent function of ROS in
OSU-A9 related cytotoxicity. Aantitumor application of
OSU-A9 is increased in vivo and its, intraperitoneally, ad-
ministrator suppressed the proliferation of THP-1 xenograft
cancers in euthymic nude mice without apparent toxicity.
This ROS-mediated cell death lead to the antitumor function
of OSU-A9 in leukemia cells and in primary AML cells, and
therefore could be observed in the further assessment of its
translational values in leukemia therapy [146]. Perez-Chacon
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and colleagues claimed that I3C in accompanying to F-ara-A
shows highly cytotoxic effects against CLL cell lines from
refractory patients and others with p53 deficiency. I3C also
possesses anti-leukemic properties in B-Cell Precursor Acute
Lymphoblastic Leukemia (BCP-ALL), NALM-6 cells. It
also reported to abolish doxorubicin-induced NF-kB function
as demonstrated with reduced nuclear accumulation of p65,
inhibition of IxkBa phosphorylation and its degradation, and
reduced NF-kB DNA binding function. Western blotting
indicated that doxorubicin-induced Bcl-2 proteins expres-
sions were prevented with I3C [147].

9.6. Prostate

In an investigation Watson and colleagues reported that
sulforaphane and I3C has inhibited prostate cancer by sup-
pressing prostate tumor development both in vitro and in
vivo [148]. Kim and colleagues also showed inhibitory ef-
fects for I3C and DIM on androgen-dependent pathways.
I3C and DIM were both able in modulating the effect of an-
drogen on CCL2-mediated signaling. I3C and DIM both
have the prevented promotional effects of dihydrotestoster-
one on (C-C motif) ligand 2 (CCL2) and further migration.
These finding may confirm that androgen can modulate
CCL2 and develop an inflammatory microenvironment in
prostate cancers and interestingly this process may be
blocked with I3C [149]. Chen and co-workers proposed that
I3C-DIM has potential to be administered as a promising
antitumor reagent in the clinic for inhibition and therapy of
prostate cancer [150]. Beaver and colleagues explored the
effects of I3C and DIM on HDACs on male-derived prostate
tumor cells and reported that the prevention of HDAC activ-
ity by DIM can limit proliferation of cells [151].
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Fig. (5). Activities assigned to 13C.

CONCLUSION REMARKS FUTURE AND PERSPEC-
TIVES

Indole derivatives are of the most important heterocyclic
compounds in the drug discovery researchers which con-
cerned as very important molecules, displaying fundamental
parts in cell biology. Multiple investigators are attracted to
employ indolic compounds as bioactive molecules against
microbes, tumor cells, and different types of disorders in the
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human studies, worldwide. Recently, more plant-based sub-
stances such as isoflavone, 13C, DIM, curcumin and, lyco-
pene are introduced as cancer preventative reagents, due to
their anti-anticancer activities. I13C and DIM reported as
more effective factors which serve in the limitation of car-
cinogenesis and tumor progression in in vivo models and this
has been clearly supported by several in vitro experiments.
These effects have been found to be mediated by regulation
of several intracellular signals varying, from NF-xB, Akt,
MAPK, to Wnt, Notch, and AR. Present observations which
fruits and vegetables are able to lessen the risk of tumor and
other diseases epidemiological facts for which the experi-
mental evidences have been lacked. As described above all
of the experimental studies proposing I3C as a constituent
which presents in cruciferous vegetables has incredible po-
tential for inhibition and therapy of tumor. I3C induces its
beneficial impacts via various mechanisms that are repre-
sented in Fig. (5). Although, indicating cytoprotective effects
in the normal cells, it accounts as an apoptotic compound
against cancer cells. However, an in-depth mechanistic in
vitro research programs, relevant in vivo animal model inves-
tigations, in parallel with rationally programmed novel clini-
cal trials are highly deserved to fully appreciate the values of
these “natural products” in the field of cancer therapy in
mankind, in future.

LIST OF ABBREVIATIONS

AhR = Aryl Hydrocarbon Receptor

AOM = Azoxymethane

ATF3 = Activating Transcription Factor 3

ATF3 = Transcription Factor 3

BAD = Bcl-2-associated Death Promoter

Bcl-2 = B-cell Lymphoma 2

Bcel-xL = B-cell Lymphoma-extra-large

BCP-ALL = B-Cell Precursor Acute Lymphoblastic
Leukemia

BRCA1 = Br.east Cancer Type 1 Susceptibility Pro-
tem

bZIP domain = Basic Leucine Zipper Domain

C/EBPs = CCAAT-enhancer-binding Proteins

CaSki = Epidermoid Cervical Carcinoma Cells

CCL2 = (C-C Motif) Ligand 2

CDK = Cyclin-dependent Kinase

cdks = Cyclin-dependent Kinases

cDNA = Complementary DNA

CRC = Colorectal Cancer Cells

CTet = Cyclic Tetramer

CTr = Cyclic Trimer

CXCR4 = CXCL12 Chemokine Receptor



550 Mini-Reviews in Medicinal Chemistry, 2019, Vol. 19, No. 7

CYPs
DIM
DNA
DRS
DU145
E2F

ER
GADD153
GRP78
GSH
GSK
GST
GST
HaCat
HATs
HCC
HDACs
HDACs
HFF-1
HFK
HPV-11
13C
IAP1
(674
IGF-1
IL-8
IREla
IkBa
JAK
INK
LT
MAPKs
MCF-7
MCIR
MDR
MITF

MMP
MSH
mTOR

Cytochromes P450
3,3'-Diindolylmethane
Deoxyribonucleic Acid

Death Receptor 5

Prostate

E2 Factor

Estrogen Receptor

DNA Damage-inducible Gene 153
Glucose-regulated Protein 78
Glutathione

Glycogen Synthase Kinase
Glutathione S-transferase
Glutathione S-transferases
Human Epithelial Cell Line
Histone Acetyltransferases
Human Hepatocellular Carcinoma
Histone Deacetylases

Histone Deacetylases

Human Foreskin Fibroblasts
Human Foreskin Keratinocytes
Human Papillomavirus Type 11
Indole-3-carbinol

Inhibitor of apoptosis protein 1
Indolo[3,2b]-carbazole
Insulin-like Growth Factor 1
Increased Interleukin-8
Inositol-requiring Enzyme 1a
Inhibitor of Kappa B

Janus Kinase

c-jun N-terminal Kinase

A Linear Trimer
Mitogen-activated Protein Kinases
Cancer Cell Lines From Breast
Michigan Care Improvement Registry
Multiple Drug Resistance

Melanogenesis Associated Transcription
Factor

Matrix Metalloproteinase
Melanocyte-stimulating Hormones

Mammalian Target of Rapamycin Complex
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NAG-1 = Nonsteroidal Anti-inflammatory  Drug-
activated Gene

NF-IL6 = Nuclear Factor-interleukin 6

NF-kB = Nuclear Factor-xB

PARP = Poly ADP Ribose Polymerase

PBMNC = Peripheral Blood Mononuclear Cells

PDGF-D = Platelet-derived Growth Factor D

PI3K = Phosphoinositide 3-kinase

PTEN = Phosphatase and Tensin Homolog

QR = Quinone Reductase

Rb = Retinoblastoma

RRP = Recurrent Respiratory Papillomatosis

SCID = Severe Combined Immunodeficiency

SFN = Sulforaphane

STAT3 = Signal Transducer and Activator of Tran-
scription 3

TGF-B = Transforming Growth Factor Beta

TRAFs = TNF Receptor Associated Factors

TRAMP-C2 = transgenic Adenocarcinoma Mouse Pros-
tate

URR = Upstream Regulatory Region

VEGF = Vascular Endothelial Growth Factor

VIN = Vulvar Intraepithelial Neoplasia

XBP1 = X-box Binding Protein 1

XIAP = X-linked Inhibitor of Apoptosis Protein

CONSENT FOR PUBLICATION

Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

This project was supported by a grant from the Rafsanjan
University of Medical Sciences, Rafsanjan, Iran.

REFERENCES

(1]
(2]

Gottesman, M.M. Mechanisms of cancer drug resistance. Ann. Rev.
Med., 2002, 53, 615-627.

Khandany, B.K.; Hassanshahi, G.; Khorramdelazad, H.; Balali, Z.;
Shamsizadeh, A.; Arababadi, M.K.; Ostadebrahimi, H.; Fatehi, A.;
Rezazadeh, M.; Ahmadi, Z. Evaluation of circulating concentra-
tions of CXCL1 (Gro-a), CXCL10 (IP-10) and CXCL12 (SDF-1)
in ALL patients prior and post bone marrow transplantation.
Pathol. Res. Pract., 2012, 208, 615-619.

Sheikhrezaei, Z.; Heydari, P.; Farsinezhad, A.; Fatemi, A.; Fala-
hati-Pour, S.K.; Darakhshan, S.; Karimabad, M.N.; Darekordi, A.;
Khorramdelazad, H.; Hassanshahi, G. A new indole derivative de-



Anti-cancer Potency of Indole-3-carbinol Derivatives

[10]

[11]

[12]

[13]

[17]

creased SALL4 gene expression in acute Promyelocytic leukemia
cell line (NB4). Iran. Biomed. J.,2018, 22, 99.

Moosavi, S.R.; Khorramdelazad, H.; Amin, M.; Fatahpoor, S.;
Moogooei, M.; Karimabad, M.N.; Paghale, M.J.; Vakilian, A.;
Hassanshahi, G. The SDF-1 3'A genetic variation is correlated with
elevated intra-tumor tissue and circulating concentration of
CXCLI12 in glial tumors. J. Mol. Neurosci., 2013, 50, 298-304.
Goldie, J.H. Drug resistance in cancer: A perspective. Cancer
Metastas. Rev., 2001, 20, 63-68.

Phuah, N.H.; Nagoor, N.H. Regulation of microRNAs by natural
agents: New Strategies in cancer therapies. BioMed. Res. Intl.,
2014, 804510, 17.

Karimabad, M.N.; Mahmoodi, M.; Jafarzadeh, A.; Darehkordi, A.;
Hajizadeh, M.R.; Khorramdelazad, H.; Falahati-pour, S.K.; Has-
sanshahi, G. The novel Indole-3-formaldehyde (2-AITFEI-3-F) is
involved in processes of apoptosis induction? Life Sci., 2017, 181,
31-44.

Karimabad, M.N.; Mahmoodi, M.; Jafarzadeh, A.; Darehkordi, A.;
Hajizadeh, M.R.; Khorramdelazad, H.; Sayadi, A.R.; Rahmani, F.;
Hassanshahi, G. Evaluating of OCT-4 and NANOG was differen-
tially regulated by a new derivative indole in leukemia cell line.
Immunol. Lett., 2017, 190, 7-14.

Steinmetz, K.A.; Potter, J.D. Vegetables, fruit, and cancer preven-
tion: a review. J. Am. Diet. Assoc., 1996, 96, 1027-1039.

Cohen, J.H.; Kristal, A.R.; Stanford, J.L. Fruit and vegetable in-
takes and prostate cancer risk. J. Natl. Cancer. Inst., 2000, 92, 61-
68.

Higdon, J.V.; Delage, B.; Williams, D.E.; Dashwood, R.H. Cru-
ciferous vegetables and human cancer risk: Epidemiologic evi-
dence and mechanistic basis. Pharmacol. Res., 2007, 55, 224-236.
Minich, D.M.; Bland, J.S. A review of the clinical efficacy and
safety of cruciferous vegetable phytochemicals. Nutr. Rev., 2007,
65,259-267.

Verhoeven, D.T.; Goldbohm, R.A.; van Poppel, G.; Verhagen, H.;
van den Brandt, P.A. Epidemiological studies on brassica vegeta-
bles and cancer risk. Cancer Epidemiol. Biomark. Prev., 1996, 5,
733-748.

Weng, J.R.; Tsai, C.H.; Kulp, S.K.; Chen, C.S. Indole-3-carbinol as
a chemopreventive and anti-cancer agent. Cancer Lett., 2008, 262,
153-163.

Hong, C.; Firestone, G.L.; Bjeldanes, L.F. Bcl-2 family-mediated
apoptotic effects of 3,3'-diindolylmethane (DIM) in human breast
cancer cells. Biochem. Pharmacol., 2002, 63, 1085-1097.

Howells, L.M.; Gallacher-Horley, B.; Houghton, C.E.; Manson,
M.M.; Hudson, E.A. Indole-3-carbinol inhibits protein kinase
B/Akt and induces apoptosis in the human breast tumor cell line
MDA MB468 but not in the nontumorigenic HBL100 line. Mol.
Cancer Ther.,2002, 1,1161-1172.

Katdare, M.; Osborne, M.P.; Telang, N.T. Inhibition of aberrant
proliferation and induction of apoptosis in pre-neoplastic human
mammary epithelial cells by natural phytochemicals. Oncol. Rep.,
1998, 5,311-315.

Rahman, K.M.; Aranha, O.; Sarkar, F.H. Indole-3-carbinol (I3C)
induces apoptosis in tumorigenic but not in nontumorigenic breast
epithelial cells. Nutr. Cancer, 2003, 45, 101-112.

Frydoonfar, H.R.; McGrath, D.R.; Spigelman, A.D. Inhibition of
proliferation of a colon cancer cell line by indole-3-carbinol. Colo-
rectal. Dis., 2002, 4,205-207.

Hudson, E.A.; Howells, L.M.; Gallacher-Horley, B.; Fox, L.H.;
Gescher, A.; Manson, M.M. Growth-inhibitory effects of the
chemopreventive agent indole-3-carbinol are increased in
combination with the polyamine putrescine in the SW480 colon
tumour cell line. BMC. Cancer, 2003, 3, 2.

Frydoonfar, H.R.; McGrath, D.R.; Spigelman, A.D. The effect of
indole-3-carbinol and sulforaphane on a prostate cancer cell line.
ANZ. J. Surg., 2003, 73, 154-156.

Nachshon-Kedmi, M.; Yannai, S.; Haj, A.; Fares, F.A. Indole-3-
carbinol and 3,3'-diindolylmethane induce apoptosis in human
prostate cancer cells. Food Chem. Toxicol., 2003, 41, 745-752.
Leong, H.; Firestone, G.L.; Bjeldanes, L.F. Cytostatic effects of
3,3'-diindolylmethane in human endometrial cancer cells result
from an estrogen receptor-mediated increase in transforming
growth factor-alpha expression. Carcinogenesis, 2001, 22, 1809-
1817.

[33]

[35]

[36]

[37]

[40]

[42]

Mini-Reviews in Medicinal Chemistry, 2019, Vol. 19, No. 7 551

Aggarwal, B.B.; Ichikawa, H. Molecular targets and anticancer
potential of indole-3-carbinol and its derivatives. Cell. Cycle, 2005,
4,1201-1215.

Aggarwal, B.B.; Shishodia, S. Molecular targets of dietary agents
for prevention and therapy of cancer. Biochem. Pharmacol., 2006,
71,1397-1421.

Kim, Y.S.; Milner, J.A. Targets for indole-3-carbinol in cancer
prevention. J. Nutr. Biochem., 2005, 16, 65-73.

Rogan, E.G. The natural chemopreventive compound indole-3-
carbinol: State of the science. In vivo, 2006, 20, 221-228.

Sarkar, F.H.; Li, Y. Indole-3-carbinol and prostate cancer. J. Nutr.,
2004, 134,3493s-3498s.

Bradlow, H.L.; Michnovicz, J.; Telang, N.T.; Osborne, M.P. Ef-
fects of dietary indole-3-carbinol on estradiol metabolism and
spontaneous mammary tumors in mice. Carcinogenesis, 1991, 12,
1571-1574.

Jin, L.; Qi, M.; Chen, D.Z.; Anderson, A.; Yang, G.Y.; Arbeit,
J.M.; Auborn, K.J. Indole-3-carbinol prevents cervical cancer in
human papilloma virus type 16 (HPV16) transgenic mice. Cancer
Res., 1999, 59,3991-3997.

Yu, Z.; Mahadevan, B.; Lohr, C.V.; Fischer, K.A.; Louderback,
M.A.; Krueger, S.K.; Pereira, C.B.; Albershardt, D.J.; Baird, W.M.;
Bailey, G.S.; Williams, D.E. Indole-3-carbinol in the maternal
diet provides chemoprotection for the fetus against transplacental
carcinogenesis by the polycyclic aromatic hydrocarbon
dibenzo[a,l]pyrene. Carcinogenesis, 2006, 27,2116-2123.

Lee, M.M.; Gomez, S.L.; Chang, J.S.; Wey, M.; Wang, R.T.;
Hsing, A.W. Soy and isoflavone consumption in relation to prostate
cancer risk in China. Cancer Epidemiol. Biomark. Prev., 2003, 12,
665-668.

Naik, R.; Nixon, S.; Lopes, A.; Godfrey, K.; Hatem, M.H.; Mona-
ghan, J.M. A randomized phase II trial of indole-3-carbinol in the
treatment of vulvar intraepithelial neoplasia. Intl. J. Gynecol. Can-
cer, 2006, 16, 786-790.

Bell, M.C.; Crowley-Nowick, P.; Bradlow, H.L.; Sepkovic, D.W.;
Schmidt-Grimminger, D.; Howell, P.; Mayeaux, E.J.; Tucker, A.;
Turbat-Herrera, E.A.; Mathis, J.M. Placebo-controlled trial of in-
dole-3-carbinol in the treatment of CIN. Gynecol. Oncol., 2000, 78,
123-129.

Rosen, C.A.; Bryson, P.C. Indole-3-carbinol for recurrent respira-
tory papillomatosis: Long-term results. J. Voice, 2004, 18, 248-253.
Reed, G.A.; Peterson, K.S.; Smith, H.J.; Gray, J.C.; Sullivan, D.K.;
Mayo, M.S.; Crowell, J.A.; Hurwitz, A. A phase I study of indole-
3-carbinol in women: Tolerability and effects. Cancer Epidemiol.
Biomark. Prev., 2005, 14, 1953-1960.

Michaud, D.S.; Spiegelman, D.; Clinton, S.K.; Rimm, E.B.; Wil-
lett, W.C.; Giovannucci, E.L. Fruit and vegetable intake and inci-
dence of bladder cancer in a male prospective cohort. J. Natl. Can-
cer Inst., 1999, 91, 605-613.

Johnson, 1.S.; Armstrong, J.G.; Gorman, M.; Burnett, J.P. Jr. The
vinca alkaloids: A new class of oncolytic agents. Cancer Res.,
1963, 23, 1390-1427.

Omura, S.; Iwai, Y.; Hirano, A.; Nakagawa, A.; Awaya, J.;
Tsuchya, H.; Takahashi, Y.; Masuma, R. A new alkaloid AM-2282
OF Streptomyces origin. Taxonomy, fermentation, isolation and
preliminary characterization. J. Antibiot.(Tokyo), 1977, 30, 275-
282.

Barrios, C.H.; Liu, M.C.; Lee, S.C.; Vanlemmens, L.; Ferrero,
J.M.; Tabei, T.; Pivot, X.; Iwata, H.; Aogi, K.; Lugo-Quintana, R.
Phase III randomized trial of sunitinib versus capecitabine in pa-
tients with previously treated HER2-negative advanced breast can-
cer. Breast. Cancer Res. Treat., 2010, 121, 121-131.

Mina, L.; Krop, I.; Zon, R.T.; Isakoff, S.J.; Schneider, C.J.; Yu, M.;
Johnson, C.; Vaughn, L.G.; Wang, Y.; Hristova-Kazmierski, M. A
phase II study of oral enzastaurin in patients with metastatic breast
cancer previously treated with an anthracycline and a taxane con-
taining regimen. Invest. New Drugs, 2009, 27, 565-570.

Ahmad, A.; Biersack, B.; Li, Y.; Kong, D.; Bao, B.; Schobert, R;
Padhye, S.B.; Sarkar, F.H. Targeted regulation of PI3K/Akt/m
TOR/NF-kappaB signaling by indole compounds and their deriva-
tives: mechanistic details and biological implications for cancer
therapy. Anticancer Agents Med. Chem., 2013, 13,1002-1013.
Reed, G.A.; Arneson, D.W.; Putnam, W.C.; Smith, H.J.; Gray, J.C.;
Sullivan, D.K.; Mayo, M.S.; Crowell, J.A.; Hurwitz, A. Single-
dose and multiple-dose administration of indole-3-carbinol to



552

[46]

[47]

(48]

[49]

[52]

[55]

[56]

[57]

[58]

Mini-Reviews in Medicinal Chemistry, 2019, Vol. 19, No. 7

women: pharmacokinetics based on 3,3'-diindolylmethane. Cancer
Epidemiol. Biomarkers. Prev., 2006, 15,2477-2481.

Grose, K.R.; Bjeldanes, L.F. Oligomerization of indole-3-carbinol
in aqueous acid. Chem. Res. Toxicol., 1992, 5, 188-193.

Anderton, M.J.; Jukes, R.; Lamb, J.H.; Manson, M.M.; Gescher,
A.; Steward, W.P.; Williams, M.L. Liquid chromatographic assay
for the simultaneous determination of indole-3-carbinol and its acid
condensation products in plasma. J. Chromatogr. B. Analyt. Tech-
nol. Biomed. Life Sci., 2003, 787,281-291.

Anderton, M.J.; Manson, M.M.; Verschoyle, R.D.; Gescher, A.;
Lamb, J.H, Farmer PB, Steward WP, Williams ML: Pharmacoki-
netics and tissue disposition of indole-3-carbinol and its acid con-
densation products after oral administration to mice. Clin. Cancer
Res., 2004, 10, 5233-5241.

De Kruif, C.A.; Marsman, J.W.; Venekamp, J.C.; Falke, H.E.;
Noordhoek, J.; Blaauboer, B.J.; Wortelboer, H.M. Structure eluci-
dation of acid reaction products of indole-3-carbinol: Detection in
vivo and enzyme induction in vitro. Chem. Biol. Interact., 1991, 80,
303-315.

Stresser, D.M.; Williams, D.E.; Griffin, D.A.; Bailey, G.S. Mecha-
nisms of tumor modulation by indole-3-carbinol. Disposition and
excretion in male Fischer 344 rats. Drug Metab. Dispos., 1995, 23,
965-975.

Abdelrahim, M.; Newman, K.; Vanderlaag, K.; Samudio, I.; Safe,
S. 3,3'-diindolylmethane (DIM) and its derivatives induce apoptosis
in pancreatic cancer cells through endoplasmic reticulum stress-
dependent upregulation of DRS. Carcinogenesis, 2006, 27, 717-
728.

Rahman, K.W.; Li, Y.; Wang, Z.; Sarkar, S.H.; Sarkar, F.H. Gene
expression profiling revealed survivin as a target of 3,3'-
diindolylmethane-induced cell growth inhibition and apoptosis in
breast cancer cells. Cancer Res., 2006, 66, 4952-4960.

Herrmann, S.; Seidelin, M.; Bisgaard, H.C.; Vang, O. Indolo[3,2-
b]carbazole inhibits gap junctional intercellular communication in
rat primary hepatocytes and acts as a potential tumor promoter.
Carcinogenesis, 2002, 23, 1861-1868.

Liu, H.; Wormke, M.; Safe, S.H.; Bjeldanes, L.F. Indolo[3,2-
b]carbazole: a dietary-derived factor that exhibits both antiestro-
genic and estrogenic activity. J. Natl. Cancer Inst., 1994, 86, 1758-
1765.

Weng, J.R.; Omar, H.A.; Kulp, S.K.; Chen, C.S. Pharmacological
exploitation of indole-3-carbinol to develop potent antitumor
agents. Mini-Rev. Med. Chem., 2010, 10, 398-404.

Brandi, G.; Paiardini, M.; Cervasi, B.; Fiorucci, C.; Filippone, P.;
De Marco, C.; Zaffaroni, N.; Magnani, M. A new indole-3-carbinol
tetrameric derivative inhibits cyclin-dependent kinase 6 expression,
and induces G1 cell cycle arrest in both estrogen-dependent and es-
trogen-independent breast cancer cell lines. Cancer Res., 2003, 63,
4028-4036.

Moore, R.W.; Fritz, W.A.; Schneider, A.J.; Lin, T.M.; Branam,
AM.; Safe, S.; Peterson, R.E. 2,3,7,8-Tetrachlorodibenzo-p-dioxin
has both pro-carcinogenic and anti-carcinogenic effects on neu-
roendocrine prostate carcinoma formation in TRAMP mice. Toxi-
col. Appl. Pharmacol., 2016, 305, 242-249.

Poindexter, K.M.; Matthew, S.; Aronchik, I.; Firestone, G.L. Coop-
erative antiproliferative signaling by aspirin and indole-3-carbinol
targets microphthalmia-associated transcription factor gene expres-
sion and promoter activity in human melanoma cells. Cell. Biol.
Toxicol., 2016, 32, 103-119.

Lawrie, T.A.; Nordin, A.; Chakrabarti, M.; Bryant, A.; Kaushik, S.;
Pepas, L. Medical and surgical interventions for the treatment of
usual-type vulval intraepithelial neoplasia. Cochrane. Database.
Syst. Rev., 2016, 1, Cd011837.

Adwas, A.A.; Elkhoely, A.A.; Kabel, A.M.; Abdel-Rahman, M.N.;
Eissa, A.A. Anti-cancer and cardioprotective effects of indol-3-
carbinol in doxorubicin-treated mice. J. Infect. Chemother., 2016,
22,36-43.

Chinni, S.R.; Sarkar, F.H. Akt inactivation is a key event in indole-
3-carbinol-induced apoptosis in PC-3 cells. Clin. Cancer Res.,
2002, 8, 1228-1236.

Rahman, K.W.; Sarkar, F.H. Inhibition of nuclear translocation of
nuclear factor-{kappa}B contributes to 3,3'-diindolylmethane-
induced apoptosis in breast cancer cells. Cancer Res., 2005, 65,
364-371.

[62]
[63]

[64]

[67]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

Karimabad et al.

Bellacosa, A.; Kumar, C.C.; Di Cristofano, A.; Testa, J.R. Activa-
tion of AKT kinases in cancer: Implications for therapeutic target-
ing. Adv. Cancer Res., 2005, 94, 29-86.

Yoeli-Lerner, M.; Toker, A. Akt/PKB signaling in cancer: A func-
tion in cell motility and invasion. Cell. Cycle, 2006, 5, 603-605.
Aggarwal, B.B. Nuclear factor-kappaB: The enemy within. Cancer
Cell., 2004, 6,203-208.

Weng, J.R.; Tsai, C.H.; Kulp, S.K.; Wang, D.; Lin, C.H.; Yang,
H.C.; Ma, Y.; Sargeant, A.; Chiu, C.F.; Tsai, M.H.; Chen, C.S. A
potent indole-3-carbinol derived antitumor agent with pleiotropic
effects on multiple signaling pathways in prostate cancer cells.
Cancer Res., 2007, 67, 7815-7824.

Lian, J.P.; Word, B.; Taylor, S.; Hammons, G.J.; Lyn-Cook, B.D.
Modulation of the constitutive activated STAT3 transcription factor
in pancreatic cancer prevention: Effects of indole-3-carbinol (I3C)
and genistein. Anticancer Res., 2004, 24, 133-137.

Hwang, J.W.; Jung, J.W.; Lee, Y.S.; Kang, K.S; Indole-3-carbinol
prevents H(2)O(2)-induced inhibition of gap junctional intercellular
communication by inactivation of PKB/Akt. J. Vet. Med. Sci.,
2008, 70, 1057-1063.

Li, Y.; Chinni, S.R.; Sarkar, F.H. Selective growth regulatory and
pro-apoptotic effects of DIM is mediated by AKT and NF-kappaB
pathways in prostate cancer cells. Front. Biosci., 2005, 10, 236-
243.

Staudt, L.M. Oncogenic activation of NF-kappaB. Cold Spring
Harb. Perspect.,2010, 2,2000109.

Garikapaty, V.P.; Ashok, B.T.; Tadi, K.; Mittelman, A.; Tiwari,
R.K. Synthetic dimer of indole-3-carbinol: Second generation diet
derived anti-cancer agent in hormone sensitive prostate cancer.
Prostate, 2006, 66, 453-462.

Garikapaty, V.P.; Ashok, B.T.; Tadi, K.; Mittelman, A.; Tiwari,
R.K. 3,3'-Diindolylmethane downregulates pro-survival pathway in
hormone independent prostate cancer. Biochem. Biophys. Res.
Commun., 2006, 340, 718-725.

Falasca, M.; Selvaggi, F.; Buus, R.; Sulpizio, S.; Edling, C.E. Tar-
geting phosphoinositide 3-kinase pathways in pancreatic cancer--
from molecular signalling to clinical trials. Anticancer Agents.
Med. Chem., 2011, 11,455-463.

Karin, M. Nuclear factor-kappaB in cancer development and pro-
gression. Nature, 2006, 441, 431-436.

Lugman, S.; Pezzuto, .M. NFkappaB: A promising target for natu-
ral products in cancer chemoprevention. Phytother. Res., 2010, 24,
949-963.

Karin, M.; Cao, Y.; Greten, F.R.; Li, Z.W. NF-kappaB in cancer:
from innocent bystander to major culprit. Nat. Rev. Cancer, 2002,
2,301-310.

Li, Y.; Li, X.; Sarkar, F.H. Gene expression profiles of I3C- and
DIM-treated PC3 human prostate cancer cells determined by cDNA
microarray analysis. J. Nutr., 2003, 133,1011-1019.

Carter, T.H.; Liu, K.; Ralph, W. Jr.; Chen, D.; Qi, M.; Fan, S.;
Yuan, F.; Rosen, E.M.; Auborn, K.J. Diindolylmethane alters gene
expression in human keratinocytes in vitro. J. Nutr., 2002, 132,
3314-3324.

Sun, S.; Han, J.; Ralph, W.M. Jr.; Chandrasekaran, A.; Liu, K.;
Auborn, K.J.; Carter, T.H. Endoplasmic reticulum stress as a corre-
late of cytotoxicity in human tumor cells exposed to diin-
dolylmethane in vitro. Cell. Stress Chaperones, 2004, 9, 76-87.
Meng, Q.; Qi, M.; Chen, D.Z.; Yuan, R.; Goldberg, 1.D.; Rosen,
E.M.; Auborn, K.; Fan, S. Suppression of breast cancer invasion
and migration by indole-3-carbinol: Associated with up-regulation
of BRCA1 and E-cadherin/catenin complexes. J. Mol. Med.(Berl).,
2000, 78, 155-165.

Chen, Y.H.; Yang, D. Differential effects of vegetable-derived
indoles on the induction of quinone reductase in hepatoma cells. J.
Nutr. Sci. Vitaminol.(Tokyo)., 2002, 48, 477-482.

Lee, 1.J.; Han, F.; Baek, J.; Hisatsune, A.; Kim, K.C. Inhibition of
MUCI expression by indole-3-carbinol. Intl. J. Cancer, 2004, 109,
810-816.

Lee, S.H.; Kim, J.S.; Yamaguchi, K.; Eling, T.E.; Baek, S.J. In-
dole-3-carbinol and 3,3'-diindolylmethane induce expression of
NAG-1 in a p53-independent manner. Biochem. Biophys. Res.
Commun., 2005, 328, 63-69.

Chatterji, U.; Riby, J.E.; Taniguchi, T.; Bjeldanes, E.L.; Bjeldanes,
L.F.; Firestone, G.L. Indole-3-carbinol stimulates transcription of
the interferon gamma receptor 1 gene and augments interferon re-



Anti-cancer Potency of Indole-3-carbinol Derivatives

[90]

[91]

[94]

[96]

[97]

[99]

[100]

[101]

[102]

sponsiveness in human breast cancer cells. Carcinogenesis, 2004,
25,1119-1128.

Tutt, A.; Ashworth, A. The relationship between the roles of BRCA
genes in DNA repair and cancer predisposition. Trends Mol. Med.,
2002, 8, 571-576.

Arora, A.; Seth, K.; Kalra, N.; Shukla, Y. Modulation of P-
glycoprotein-mediated multidrug resistance in K562 leukemic cells
by indole-3-carbinol. Toxicol. Appl. Pharmacol., 2005, 202, 237-
243.

Arora, A.; Shukla, Y. Modulation of vinca-alkaloid induced P-
glycoprotein expression by indole-3-carbinol. Cancer Lett., 2003,
189,167-173.

Christensen, J.G.; LeBlanc, G.A. Reversal of multidrug resistance
in vivo by dietary administration of the phytochemical indole-3-
carbinol. Cancer Res., 1996, 56, 574-581.

Chinni, S.R.; Li, Y.; Upadhyay, S.; Koppolu, P.K.; Sarkar, F.H.
Indole-3-carbinol (I3C) induced cell growth inhibition, G1 cell cy-
cle arrest and apoptosis in prostate cancer cells. Oncogene, 2001,
20,2927-2936.

Matsuzaki, Y.; Koyama, M.; Hitomi, T.; Kawanaka, M.; Sakai, T.
Indole-3-carbinol activates the cyclin-dependent kinase inhibitor
p15(INK4b) gene. FEBS Lett., 2004, 576, 137-140.

Takada, Y.; Andreeff, M.; Aggarwal, B.B. Indole-3-carbinol sup-
presses NF-kappaB and IkappaBalpha kinase activation, causing
inhibition of expression of NF-kappaB-regulated antiapoptotic and
metastatic gene products and enhancement of apoptosis in myeloid
and leukemia cells. Blood, 2005, 106, 641-649.

Ge, X.; Fares, F.A.; Yannai, S. Induction of apoptosis in MCF-7
cells by indole-3-carbinol is independent of p53 and bax. Antican-
cer Res., 1999, 19,3199-3203.

Ashok, B.T.; Chen, Y.G.; Liu, X.; Garikapaty, V.P.; Seplowitz, R.;
Tschorn, J.; Roy, K.; Mittelman, A.; Tiwari, R.K. Multiple molecu-
lar targets of indole-3-carbinol, a chemopreventive anti-estrogen in
breast cancer. Eur. J. Cancer Prev., 2002, 11(Suppl 2), S86-93.
Meng, Q.; Yuan, F.; Goldberg, I.D.; Rosen, E.M.; Auborn, K.; Fan,
S. Indole-3-carbinol is a negative regulator of estrogen receptor-
alpha signaling in human tumor cells. J. Nutr., 2000, 30, 2927-
2931.

Fan, S.; Meng, Q.; Auborn, K.; Carter, T.; Rosen, EM. BRCA1
and BRCA2 as molecular targets for phytochemicals indole-3-
carbinol and genistein in breast and prostate cancer cells. Br. J.
Cancer, 2006, 94, 407-426.

Grubbs, CJ.; Steele, V.E.; Casebolt, T.; Juliana, M.M.; Eto, L.;
Whitaker, L.M.; Dragnev, K.H.; Kelloff, G.J.; Lubet, R.L. Chemo-
prevention of chemically-induced mammary carcinogenesis by in-
dole-3-carbinol. Anticancer Res., 1995, 15, 709-716.

Michnovicz, J.J.; Bradlow, H.L. Induction of estradiol metabolism
by dietary indole-3-carbinol in humans. J. Natl. Cancer Inst., 1990,
82,947-949.

Jellinck, P.H.; Michnovicz, J.J.; Bradlow, H.L. Influence of indole-
3-carbinol on the hepatic microsomal formation of catechol estro-
gens. Steroids, 1991, 56, 446-450.

Hsu, J.C.; Zhang, J.; Dev, A.; Wing, A.; Bjeldanes, L.F.; Firestone,
G.L. Indole-3-carbinol inhibition of androgen receptor expression
and downregulation of androgen responsiveness in human prostate
cancer cells. Carcinogenesis, 2005, 26, 1896-1904.

Traber, P.G.; Chianale, J.; Florence, R.; Kim, K.; Wojcik, E.; Gu-
mucio, J.J. Expression of cytochrome P450b and P450e genes in
small intestinal mucosa of rats following treatment with phenobar-
bital, polyhalogenated biphenyls, and organochlorine pesticides. J.
Biol. Chem., 1988, 263, 9449-9455.

Chen, I.; Safe, S.; Bjeldanes, L. Indole-3-carbinol and diin-
dolylmethane as aryl hydrocarbon (Ah) receptor agonists and an-
tagonists in T47D human breast cancer cells. Biochem. Pharmacol.,
1996, 51, 1069-1076.

Li, Y.; Kong, D.; Ahmad, A.; Bao, B.; Sarkar, F.H. Antioxidant
function of isoflavone and 3,3'-diindolylmethane: Are they impor-
tant for cancer prevention and therapy? Antioxid. Redox. Signal.,
2013, 19, 139-150.

Safe, S.; Papineni, S.; Chintharlapalli, S. Cancer chemotherapy
with indole-3-carbinol, bis(3'-indolyl)methane and synthetic ana-
logs. Cancer Lett., 2008, 269, 326-338.

Mei, S.; Ho, A.D.; Mahlknecht, U. Role of histone deacetylase
inhibitors in the treatment of cancer (Review). Int. J. Oncol., 2004,
25,1509-1519.

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

Mini-Reviews in Medicinal Chemistry, 2019, Vol. 19, No. 7 553

McNaughton, S.A.; Marks, G.C. Development of a food composi-
tion database for the estimation of dietary intakes of glucosinolates,
the biologically active constituents of cruciferous vegetables. Br. J.
Nutr., 2003, 90, 687-697.

Myzak, M.C.; Karplus, P.A.; Chung, F.L.; Dashwood, RH. A
novel mechanism of chemoprotection by sulforaphane: Inhibition
of histone deacetylase. Cancer Res., 2004, 64, 5767-5774.

Lea, M.A.; Rasheed, M.; Randolph, V.M.; Khan, F.; Shareef, A.;
desBordes, C. Induction of histone acetylation and inhibition of
growth of mouse erythroleukemia cells by S-allylmercaptocysteine.
Nutr. Cancer, 2002, 43,90-102.

Myzak, M.C.; Hardin, K.; Wang, R.; Dashwood, R.H.; Ho, E.
Sulforaphane inhibits histone deacetylase activity in BPH-1, LnCaP
and PC-3 prostate epithelial cells. Carcinogenesis, 2006, 27, 811-
819.

Ghoshal, K.; Li, X.; Datta, J.; Bai, S.; Pogribny, 1.; Pogribny, M.;
Huang, Y.; Young, D.; Jacob, S.T. A folate- and methyl-deficient
diet alters the expression of DNA methyltransferases and methyl
CpG binding proteins involved in epigenetic gene silencing in liv-
ers of F344 rats. J. Nutr., 2006, 136, 1522-1527.

Dolinoy, D.C.; Weidman, J.R.; Waterland, R.A.; Jirtle, R.L. Mater-
nal genistein alters coat color and protects Avy mouse offspring
from obesity by modifying the fetal epigenome. Environ. Health
Perspect., 2006, 114, 567-572.

Kim, Y.H.; Kwon, H.S.; Kim, D.H.; Shin, E.K.; Kang, Y .H.; Park,
J.H.; Shin, HK.; Kim, J.K. 3,3'-diindolylmethane attenuates colo-
nic inflammation and tumorigenesis in mice. Inflamm. Bowel. Dis.,
2009, /5,1164-1173.

Moiseeva, E.P.; Almeida, G.M.; Jones, G.D.; Manson, M.M. Ex-
tended treatment with physiologic concentrations of dietary phyto-
chemicals results in altered gene expression, reduced growth, and
apoptosis of cancer cells. Mol. Cancer Ther.,2007, 6,3071-3079.
Sarkar, F.H.; Rahman, K.M.; Li, Y. Bax translocation to mitochon-
dria is an important event in inducing apoptotic cell death by in-
dole-3-carbinol (I3C) treatment of breast cancer cells. J. Nutr.,
2003, 133,2434s-2439s.

Zhang, J.; Hsu, B.AJ.; Kinseth, B.A.M.; Bjeldanes, L.F.; Firestone,
G.L. Indole-3-carbinol induces a G1 cell cycle arrest and inhibits
prostate-specific antigen production in human LNCaP prostate car-
cinoma cells. Cancer, 2003, 98, 2511-2520.

Ali, S.; Banerjee, S.; Ahmad, A.; El-Rayes, B.F.; Philip, P.A;
Sarkar, F.H. Apoptosis-inducing effect of erlotinib is potentiated by
3,3'-diindolylmethane in vitro and in vivo using an orthotopic
model of pancreatic cancer. Mol. Cancer Ther., 2008, 7, 1708-
1719.

Ali, S.; Varghese, L.; Pereira, L.; Tulunay-Ugur, O.E.; Kucuk, O.;
Carey, T.E.; Wolf, G.T.; Sarkar, F.H. Sensitization of squamous
cell carcinoma to cisplatin induced killing by natural agents. Can-
cer Lett., 2009, 278,201-209.

Donald, S.; Verschoyle, R.D.; Greaves, P.; Colombo, T.; Zucchetti,
M.; Falcioni, C.; Zaffaroni, M.; D'Incalci, M.; Manson, M.M.;
Jimeno, J. Dietary agent indole-3-carbinol protects female rats
against the hepatotoxicity of the antitumor drug ET-743 (trabec-
tidin) without compromising efficacy in a rat mammary carcinoma.
Intl. J. Cancer,2004, 111,961-967.

Singh-Gupta, V.; Banerjee, S.; Yunker, C.K.; Rakowski, J.T.;
Joiner, M.C.; Konski, A.A.; Sarkar, F.H.; Hillman, G.G. B-DIM
impairs radiation-induced survival pathways independently of an-
drogen receptor expression and augments radiation efficacy in
prostate cancer. Cancer Lett., 2012, 318, 86-92.

Verhoeven, D.T.; Verhagen, H.; Goldbohm, R.A.; van den Brandt,
P.A.; van Poppel, G. A review of mechanisms underlying anticar-
cinogenicity by brassica vegetables. Chem. Biol. Interact., 1997,
103,79-129.

Kojima, T.; Tanaka, T.; Mori, H. Chemoprevention of spontaneous
endometrial cancer in female Donryu rats by dietary indole-3-
carbinol. Cancer Res., 1994, 54, 1446-1449.

Manson, M.M.; Hudson, E.A.; Ball, H.W.; Barrett, M.C.; Clark,
H.L.; Judah, D.J.; Verschoyle, R.D.; Neal, G.E. Chemoprevention
of aflatoxin Bl-induced carcinogenesis by indole-3-carbinol in rat
liver--predicting the outcome using early biomarkers. Carcino-
genesis, 1998, 19, 1829-1836.

Stresser, D.M.; Bailey, G.S.; Williams, D.E. Indole-3-carbinol and
beta-naphthoflavone induction of aflatoxin B1 metabolism and cy-



554  Mini-Reviews in Medicinal Chemistry, 2019, Vol. 19, No. 7

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

tochromes P-450 associated with bioactivation and detoxication of
aflatoxin B1 in the rat. Drug Metab. Dispos., 1994, 22, 383-391.
Bradfield, C.A.; Bjeldanes, L.F. Effect of dietary indole-3-carbinol
on intestinal and hepatic monooxygenase, glutathione S-transferase
and epoxide hydrolase activities in the rat. Food Chem. Toxicol.,
1984, 22,977-982.

Kassie, F.; Anderson, L.B.; Scherber, R.; Yu, N.; Lahti, D,
Upadhyaya, P.; Hecht, S.S. Indole-3-carbinol inhibits 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone plus benzo(a)pyrene-
induced lung tumorigenesis in A/J mice and modulates carcinogen-
induced alterations in protein levels. Cancer Res., 2007, 67, 6502-
6511.

Oganesian, A.; Hendricks, J.D.; Pereira, C.B.; Orner, G.A.; Bailey,
G.S.; Williams, D.E. Potency of dietary indole-3-carbinol as a
promoter of aflatoxin Bl-initiated hepatocarcinogenesis: results
from a 9000 animal tumor study. Carcinogenesis, 1999, 20, 453-
458.

Doppalapudi, R.S.; Riccio, E.S.; Rausch, L.L.; Shimon, J.A.; Lee,
P.S.; Mortelmans, K.E.; Kapetanovic, LM.; Crowell, J.A.; Mirsalis,
J.C. Evaluation of chemopreventive agents for genotoxic activity.
Mutat. Res., 2007, 629, 148-160.

Chang, X.; Tou, J.C.; Hong, C.; Kim, H.A.; Riby, J.E.; Firestone,
G.L.; Bjeldanes, L.F. 3,3"-Diindolylmethane inhibits angiogenesis
and the growth of transplantable human breast carcinoma in
athymic mice. Carcinogenesis, 2005, 26, 771-778.

Kong, D.; Banerjee, S.; Huang, W.; Li, Y.; Wang, Z.; Kim, HR.;
Sarkar, F.H. Mammalian target of rapamycin repression by 3,3'-
diindolylmethane inhibits invasion and angiogenesis in platelet-
derived growth factor-D-overexpressing PC3 cells. Cancer Res.,
2008, 68, 1927-1934.

Kong, D.; Li, Y.; Wang, Z.; Banerjee, S.; Sarkar, F.H. Inhibition of
angiogenesis and invasion by 3,3'-diindolylmethane is mediated by
the nuclear factor-kappaB downstream target genes MMP-9 and
uPA that regulated bioavailability of vascular endothelial growth
factor in prostate cancer. Cancer Res., 2007, 67,3310-3319.
Nachshon-Kedmi, M.; Fares, F.A.; Yannai, S. Therapeutic activity
of 3,3'-diindolylmethane on prostate cancer in an in vivo model.
Prostate, 2004, 61, 153-160.

Sarkar, F.H.; Li, Y. Harnessing the fruits of nature for the devel-
opment of multi-targeted cancer therapeutics. Cancer Treat. Rev.,
2009, 35, 597-607.

Reed, G.A.; Sunega, J.M.; Sullivan, D.K.; Gray, J.C.; Mayo, M.S.;
Crowell, J.A.; Hurwitz, A. Single-dose pharmacokinetics and toler-
ability of absorption-enhanced 3,3'-diindolylmethane in healthy
subjects. Cancer Epidemiol. Biomarkers. Prev., 2008, 17, 2619-
2624.

Bhuiyan, M.M.; Li, Y.; Banerjee, S.; Ahmed, F.; Wang, Z.; Alj, S.;
Sarkar, F.H. Down-regulation of androgen receptor by 3,3'-
diindolylmethane contributes to inhibition of cell proliferation and
induction of apoptosis in both hormone-sensitive LNCaP and in-
sensitive C4-2B prostate cancer cells. Cancer Res., 2006, 66,
10064-10072.

Li, Y.; Wang, Z.; Kong, D.; Murthy, S.; Dou, Q.P.; Sheng, S.;
Reddy, G.P.; Sarkar, F.H. Regulation of FOXO3a/beta-catenin/
GSK-3beta signaling by 3,3'-diindolylmethane contributes to inhi-
bition of cell proliferation and induction of apoptosis in prostate
cancer cells. J. Biol. Chem., 2007, 282,21542-21550.

Heath, E.I; Heilbrun, L.K.; Li, J.; Vaishampayan, U.; Harper, F.;
Pemberton, P.; Sarkar, F.H. A phase I dose-escalation study of oral
BR-DIM (BioResponse 3,3'- Diindolylmethane) in castrate-
resistant, non-metastatic prostate cancer. Am. J. Transl. Res., 2010,
2,402-411.

Song, J.M.; Qian, X.; Molla, K.; Teferi, F.; Upadhyaya, P.; G, O.S.;
Luo, X.; Kassie, F. Combinations of indole-3-carbinol and silibinin
suppress inflammation-driven mouse lung tumorigenesis by modu-
lating critical cell cycle regulators. Carcinogenesis, 2015, 36, 666-
675.

Li, W.X,; Chen, L.P.; Sun, M.Y; Li, J.T.; Liu, H.Z.; Zhu, W. 3'3-
Diindolylmethane inhibits migration, invasion and metastasis of
hepatocellular carcinoma by suppressing FAK signaling. Oncotar-
get, 2015, 6,23776-23792.

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

Karimabad et al.

Song, J.M.; Kirtane, A.R.; Upadhyaya, P.; Qian, X.; Balbo, S.;
Teferi, F.; Panyam, J.; Kassie, F. Intranasal delivery of liposomal
indole-3-carbinol improves its pulmonary bioavailability. Int. J.
Pharm., 2014, 477,96-101.

Lee, S.H.; Min, K.W.; Zhang, X.; Baek, S.J. 3,3'-diindolylmethane
induces activating transcription factor 3 (ATF3) via ATF4 in hu-
man colorectal cancer cells. J. Nutr. Biochem., 2013, 24, 664-671.
Suzui, M.; Inamine, M.; Kaneshiro, T.; Morioka, T.; Yoshimi, N.;
Suzuki, R.; Kohno, H.; Tanaka, T. Indole-3-carbinol inhibits the
growth of human colon carcinoma cells but enhances the tumor
multiplicity and volume of azoxymethane-induced rat colon car-
cinogenesis. Intl. J. Oncol., 2005, 27, 1391-1399.

Pappa, G.; Strathmann, J.; Lowinger, M.; Bartsch, H.; Gerhauser,
C. Quantitative combination effects between sulforaphane and 3,3'-
diindolylmethane on proliferation of human colon cancer cells in
vitro. Carcinogenesis, 2007, 28, 1471-1477.

Wang, S.Q.; Cheng, L.S.; Liu, Y.; Wang, J.Y.; Jiang, W. Indole-3-
Carbinol (I3C) and its Major derivatives: Their pharmacokinetics
and important roles in hepatic protection. Curr. Drug. Metab.,
2016, 17, 401-409.

Wang, X.; He, H.; Lu, Y.; Ren, W.; Teng, K.Y.; Chiang, C.L.;
Yang, Z.; Yu, B.; Hsu, S.; Jacob, S.T. Indole-3-carbinol inhibits
tumorigenicity of hepatocellular carcinoma cells via suppression of
microRNA-21 and upregulation of phosphatase and tensin ho-
molog. Biochim. Biophys., 2015, 1853, 244-253.

De Santi, M.; Galluzzi, L.; Lucarini, S.; Paoletti, M.F.; Fraternale,
A.; Duranti, A.; De Marco, C.; Fanelli, M.; Zaffaroni, N.; Brandi,
G. The indole-3-carbinol cyclic tetrameric derivative CTet inhibits
cell proliferation via overexpression of p21/CDKNIA in both es-
trogen receptor-positive and triple-negative breast cancer cell lines.
Breast Cancer Res., 2011, 13, R33.

Caruso, J.A.; Campana, R.; Wei, C.; Su, C.H.; Hanks, A.M.;
Bornmann, W.G.; Keyomarsi, K. Indole-3-carbinol and its N-
alkoxy derivatives preferentially target ERalpha-positive breast
cancer cells. Cell. Cycle, 2014, 13,2587-2599.

Tin, A.S.; Park, A.H.; Sundar, S.N.; Firestone, G.L. Essential role
of the cancer stem/progenitor cell marker nucleostemin for indole-
3-carbinol anti-proliferative responsiveness in human breast cancer
cells. BMC Biol., 2014, 12, 72.

Cevatemre, B.; Ari, F.; Sarimahmut, M.; Oral, A.Y.; Dere, E.;
Kacar, O.; Adiguzel, Z.; Acilan, C.; Ulukaya, E. Combination of
fenretinide and indole-3-carbinol results in synergistic cytotoxic ac-
tivity inducing apoptosis against human breast cancer cells in vitro.
Anticancer Drugs, 2013, 24, 577-586.

Bai, L.Y.; Weng, J.R.; Chiu, C.F.; Wu, C.Y.; Yeh, S.P.; Sargeant,
A.M.; Lin, P.H.; Liao, Y.M. OSU-A9, an indole-3-carbinol deriva-
tive, induces cytotoxicity in acute myeloid leukemia through reac-
tive oxygen species-mediated apoptosis. Biochem. Pharmacol.,
2013, 86, 1430-1440.

Perez-Chacon, G.; Martinez-Laperche, C.; Rebolleda, N.; So-
movilla-Crespo, B.; Munoz-Calleja, C.; Buno, 1.; Zapata, J.M. In-
dole-3-carbinol synergizes with and restores fludarabine sensitivity
in chronic lymphocytic leukemia cells irrespective of p53 activity
and treatment resistances. Clin. Cancer Res., 2016, 22, 134-145.
Watson, W.G.1.; Beaver, M.L.; Williams, E.D.; Dashwood, H.R.;
Ho, E. Phytochemicals from cruciferous vegetables, epigenetics,
and prostate cancer prevention. Aaps. J., 2013, 15,951-961.

Kim, E.-K.; Kim, Y.S.; Milner, J.A.; Wang, T.T. Indole-3-carbinol
and 3', 3'-diindolylmethane modulate androgen's effect on CC
chemokine ligand 2 and monocyte attraction to prostate cancer
cells. Cancer Preven. Res., 2013, 419,2012.

Chen, D.; Banerjee, S.; Cui, Q.C.; Kong, D.; Sarkar, F.H.; Dou,
Q.P. Activation of AMP-activated protein kinase by 3, 3'-
diindolylmethane (DIM) is associated with human prostate cancer
cell death in vitro and in vivo. PloS One, 2012, 7, e47186.

Beaver, L.M.; Yu, T.-W.; Sokolowski, E.I.; Williams, D.E.; Dash-
wood, R.H.; Ho, E. 3, 3’-Diindolylmethane, but not indole-3-
carbinol, inhibits histone deacetylase activity in prostate cancer
cells. Toxicol. Appl. Pharmacol., 2012, 263, 345-351.



	Molecular Targets, Anti-cancer Properties and Potency of SyntheticIndole-3-carbinol Derivatives
	Abstract:
	Keywords:
	1. INTRODUCTION
	2. INDOLIC COMPOUNDS
	3. PHARMACOLOGICAL UTILIZATION OF I3CAND DIM FOR DEVELOPMENT OF NOVEL ANTITUMORREAGENTS
	4. PLEIOTROPIC EFFECTS OF I3C ON SIGNALINGTARGETS
	Fig. (1).
	Fig. (2).
	Fig. (3).
	Fig. (4).
	5. I3C/DIM REGULATES VARIOUS RESPONSESAND GENES EXPRESSION BY TUMOR CELLS VIAACTIVATION OF MANY SIGNALS
	7. CANCER INHIBITION IS ACHIEVED BY I3C ANDDIM
	8. CLINICAL TRIALS WITH I3C OR DIM
	9. I3C FOR TREATING CANCER: EPIDEMIOLOGICEVIDENCES
	Fig. (5).
	CONCLUSION REMARKS FUTURE AND PERSPECTIVES
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



