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Abstract
Background: Nuclear factor-κB (NF-κB) is the major link between in�ammation and cancer. Natural
agents that inhibit this pathway are essential in attenuating in�ammation induced by cancer and/or
induced by chemotherapeutic drugs. A high intake of Brassicaceae vegetables is linked to modulating
essential pathways related to chronic diseases. In the present study, we investigated the anti-proliferative
and anti-in�ammatory effect of glucosinolates indoles; indole-3-carbinol (I3C) and 3,3-diindolylmethane
(DIM) on the in�ammatory biomarkers and miRNAs controlling the NF-κB pathway. 

Methods and Results: inoculation of Ehrlich ascites carcinoma (EAC) cells in female albino mice resulted
in a marked increase in packed cell volume and a signi�cant increase in the level of several cytokines and
in�ammatory biomarkers (NF-κB IL-6, IL-1b, TNF-α, and NO). A signi�cant elevation in the in�ammatory-
medicated miRNAs (miR-31 and miR-21) was also detected. Treatment with 5-Fluorouracil (5-FU)
signi�cantly reduces packed cell volume and the viable cell count. However, it was accompanied by a
signi�cant increase in the levels of in�ammatory markers and the expression of miR-31 and miR-21.
Although treatment with indoles signi�cantly reduced the packed cell volume and the viable cell count,
their most prominent effect was the marked reduction of all in�ammatory biomarkers compared to both
EAC untreated group and the EAC group treated with 5-FU. Moreover, their anti-in�ammatory effect was
modulated by a signi�cant decrease in miR-31 and miR-21. 

Conclusion: Our �ndings revealed that I3C and DIM have a strong anti-in�ammatory effect, implying that
their use as a co-treatment with chemotherapeutic drugs could effectively improve the anti-tumor effect
of chemotherapies.

Introduction
Cancer is a growing health problem worldwide. The high increase in life expectancy, rising urbanization,
and subsequent environmental factors, including lifestyle, have all contributed to the rise of cancer
incidence. More than two-thirds of human cancers are thought to be preventable with appropriate lifestyle
changes [1].

Chronic in�ammation is implicated in the development and progression of different types of cancer. A
variety of soluble factors and cellular signaling events play a crucial role in in�ammation. The most
important signaling pathway involved in the initiation and ampli�cation of in�ammatory responses is the
one that leads to nuclear factor- κB (NF-κB) activation [2]. Since NF-κB regulates several genes that are
activated in response to in�ammation, it may play a vital role in the in�ammatory response to infection
and tissue injury. The transcription factors in the NF-κB family control the expression of genes that code
for cytokines (like interleukin − 6 and interleukin-1b), pro-in�ammatory enzymes (ex; inducible nitric oxide
synthase, iNOs), and microRNAs that control tumor progression [2, 3]. Accordingly, developing strategies
to reduce in�ammation through modulating the NF-κB pathway could be effective in
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preventing/inhibiting the carcinogenesis process. Therefore, evaluating the anti-in�ammatory properties
of bioactive natural components has received a lot of research coverage [4].

Natural products play an essential role as a source of potent anti-cancer products. It is estimated that
almost 60% of commonly used anti-cancer agents are extracted from natural sources, including plants,
micro-organisms, and marine organisms. Clinical trials that apply nutritional supplements as
chemoprevention substances are running with promising results [5]. Cruciferous vegetables are rich in
several bioactive components, like glucosinolates and their breakdown products that include; Phenethyl
isothiocyanate (PEITC), sulforaphane (SFN), and indole-3-carbinol (I3C) and its metabolite 3,3′-
diindolylmethane (DIM) [6]. Epidemiology studies showed that higher consumption of cruciferous
vegetables, such as broccoli, cauli�ower, and brussels sprouts, diminishes the risk of cancer, neurological,
and cardiovascular diseases. As a nutritional supplement, I3C and DIM have received much attention
lately in cancer research due to their promising activity in modulating several oncogenic signaling
pathways [7]. More recently, increasing evidence has shown that indole glucosinolates can induce
epigenetic alterations, such as histone modi�cations, DNA methylation, and alternation in non-coding
RNAs (like miRNAs), which all contribute to the carcinogenesis process [8, 9]. We were interested to
further investigate the mechanism through which glucosinolates indoles (I3C and DIM) could modulate
the in�ammation process accompanied by carcinogenesis. In our study, we used the Ehrlich Ascites
Carcinoma (EAC) model, which is a well-established model of tumor biology and is a spontaneous murine
mammary adenocarcinoma. EAC is a malignant tumor that can be transplanted and is poorly
differentiated. Initially, it started out as a spontaneous breast carcinoma in a mouse model [10]. EAC
grows in both solid and ascitic forms. Since these cells lack H-2 histocompatibility antigens, they can
multiply and proliferate quickly in almost any mouse host. [11]. A local in�ammatory response arises
after intraperitoneal inoculation of Ehrlich tumor cells, and the ascitic volume and number of tumor cells
gradually increase. Ascites is most likely developed as a result of tumor-induced in�ammation, which
increases peritoneal vascular permeability; therefore, this model has been widely used in tumor
pathogenesis and chemotherapeutic studies [10, 12].

The current study aimed to investigate the anti-proliferative and anti-in�ammatory effect of indoles (I3C
and DIM), through studying the in�ammation process controlled by the NF-κB signaling pathway in the
Ehrlich Ascites Carcinoma model. This aim was ful�lled by evaluating the modulation effect of indoles
on the genes and miRNAs controlling the NF-κB pathway.The results of our study revealed the potent anti-
in�ammatory effect of I3C and DIM

Our results revealed that I3C and DIM have a potent anti-in�ammatory effect, suggesting their
involvement as co-treatment with chemotherapeutic drugs would e�ciently enhance the anti-tumor effect
of the chemotherapeutics

Material And Methods

Chemicals
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Indole-3-carbinol (I3C), 3,3-diindolylmethane (DIM), and 5-Fluorouracil (5-FU) were all acquired from
Sigma-Aldrich (Saint Louis, Mo, USA); they were dissolved in a mixture of dimethylsulfoxide (DMSO) and
corn oil and stored at 4°C in the dark. Immediately before use, I3C, DIM, and 5-FU were dissolved in
physiological saline to the required �nal concentration used for treatment.

Experimental animals
Female Swiss albino mice (Fifty mice,20-25g, 8–10 week old) were used in the present study. Mice were
housed in stainless steel cages in a controlled environment with a standard laboratory diet and free
access to water. Animal Experiment was conducted at the Animal facility unit at the National Research
Centre (NRC), Egypt, following the approval of the local animal ethics committee of NRC. The
international guidelines for laboratory animal care were strictly applied.

Induction of Ehrlich ascites carcinoma (EAC)
The parent mouse with Ehrlich ascites carcinoma (EAC) was supplied as a courtesy by the Egyptian
National Cancer Institute, Cairo University. The tumor cell line was kept viable in the ascitic form by serial
intraperitoneal (i.p.) passages of 2.5 x106 viable tumor cells in healthy female albino mice as described
by previous studies [13, 14]. Seven days after serial passages of EAC (log phase of cancer cell growth),
the EAC cells were collected from the peritoneal cavity and washed twice with phosphate buffer saline
(PBS) by centrifugation 10 min at 1200 rpm. After pellet suspension, the total number of tumor cells and
the viability of cells were assessed with the trypan blue exclusion test. Cell suspensions with high viability
(≥ 95%) were used in our experiment .

Experimental design
Fifty adult female Swiss albino mice were divided into �ve groups (10 mice each). Forty mice were
inoculated with EAC cells by intraperitoneal injection in the peritoneal cavity with 100 µl cell suspension
(2 × 106 cells) on day zero. The day after, EAC inoculated mice were divided into four groups (10 mice
each). A group of ten mice of equitable weight and age, without tumor inoculation, were housed in the
same conditions as normal control, only receiving DMSO,

Groups were listed as following: Group I and II were labeled as normal control and EAC control,
respectively. Group III (EAC + 5-�uorouracil); mice injected i.p. with EAC cells and then received two doses
of 5-�uorouracil (20 mg/kg BW) following the dose used by Yasuda et al., [15]. Group IV (EAC + I3C); mice
injected i.p. with EAC cells and orally received I3C (100 mg/kg body weight) daily for ten days. Group V
(EAC + DIM); mice injected i.p. with EAC cells and orally received DIM (50 mg/kg BW) daily for 10 days.
Doses of I3C and DIM were utilized in our experiment based on earlier �ndings by others on the potential
cytotoxic effect of I3C and DIM on different cancer types [16–20].

Mice were kept under observation for the whole experiment time. Following 24 h from the last injection
(day 11), mice from all groups were sacri�ced to collect blood samples from the retro-orbital venous
plexus of the eye for biochemical analysis. The ascitic �uids from the peritoneal cavity were completely
aspirated to evaluate the tumor volume, the cell growth inhibition percentage, assess the levels of
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different pro-in�ammatory markers, and determine the differential expression of miRNAs related to
in�ammation.

Estimation of packed cell volume and cell growth inhibition
The collected ascitic �uid from each mouse was centrifuged at 1200 rpm for 5 min, and then the tumor
volume was evaluated using a graduated conical centrifuge tube. The viability and non-viability of the
cells in the ascitic �uid were assessed by trypan blue assay. The cells that did not stain with the trypan
blue dye were considered viable, while cells that accepted the stain were non-viable. All cells were counted
using a hemocytometer, cell growth inhibition compared to the positive control group was calculated for
each treated group.

Biochemical analysis of the pro-in�ammatory biomarkers
Ascitic �uids from the peritoneal cavity were collected into aseptic tubes, and centrifuged for 20 min at
3000 rpm. Collected cells were homogenized with phosphate buffer saline (PBS) at pH 7.4, and then
centrifuged for 20 min at 3000 rpm. The supernatant was collected carefully for evaluation of various
biochemical parameters.

Estimation of nitric oxide
Nitric oxide (NO) of serum and ascitic �uid was evaluated by colorimetric assay using Griess reagent.
Griess reagent is used to measure nitrite, the stable end product of NO radicals, that is mainly used as an
indicator for nitric oxide production [21].

Estimation of interleukins
Levels of interleukin-6 (IL-6) and interleukin-1b (IL-1b) in serum and ascitic �uid, were evaluated by
enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's instructions (Bioneovan
Co., Ltd, Beijing, China).

Estimation of nuclear factor kappa B (NF- κB)
Expression of serum and ascitic �uid of NF- κB levels were determined using an enzyme-linked
immunosorbent assay (ELISA) according to the manufacturer's instructions (Sunlong Biotech Co., Ltd,
Zhejiang, China).

Estimation of tumor necrosis factor (TNF-α)
Expression of serum and ascitic �uid TNF-α levels were evaluated using ELISA according to the
manufacturer's instructions (Bioneovan Co., Ltd, Beijing, China).

Total protein quanti�cation
The protein level in the ascitic �uid was evaluated calorimetrically using a commercial kit (Biuret reagent)
according to a method described earlier [22].

RNA extraction and real-time PCR analysis
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Total RNA (including small sequence RNAs) was extracted from ascitic �uid (1× 106 cells) using
miRNeasy Kit from Qiagen (Hilden, Germany). The concentration and integrity of the extracted total RNAs
were estimated using NanoDrop1000 (Thermo Fisher Scienti�c GmbH, Dreieich, Germany) at A260/A280
nm. Complementary DNA (cDNA) was synthesized using Qiagen miScript reverse transcriptase with a
�nal volume of 20 µl at the following conditions; 37°C for one hour, then inactivation step at 95°C for 5
min to terminate the reaction. RT-PCR was performed using SYBR Green under certain cycling
circumstances; 95°C for 15 min, then 35 cycles at 94°C for 15 sec, 55°C for 30 sec, and 70°C for 30 sec. A
dissociation curve was performed at the end of each PCR run to verify ampli�cation speci�city. Relative
expression for each miRNA was estimated with the 2−ΔΔCt calculation method, where samples were
normalized to the internal control RNU6. Primers used for RT-PCR are miScript Primer Assays from Qiagen
collections as following;

miR-31_1 miScript Primer Assay (Cat# MS00003290).

miR-21_2miScript Primer Assay (Cat# MS00009079).

RNU6-2_11 miScript Primer Assay (Cat #MS00033740).

Statistical Analysis
Statistical analysis was conucted using GraphPad-Prism® Version5 for windows. The mean and
standard deviation (SD) is used to express all results, with 95% con�dence intervals. One-way ANOVA
was used for statistical analysis with normal distribution followed by Post-hoc Tukey HSD test for
comparisons between different groups. Differences with p < 0.05 were considered signi�cant as
following; #) illustrate signi�cance comparing to control, a) signi�cance comparing to EAC control, b)
signi�cance comparing to EAC + 5-FU, and c) signi�cance comparing to EAC + I3C.

Results
Evaluation of the packed cell volume and cell growth inhibition

To evaluate the anti-tumor effect of I3C and DIM, changes in the tumor volume and cell viability of treated
groups were detected (Table 1). Mice inoculated with EAC and treated with I3C or DIM showed a
signi�cant reduction in the volume of ascetic �uid compared to EAC control mice (P < 0.05). In addition,
I3C and DIM showed e�ciency in reducing cell viability, reaching 68% and 47% inhibition, respectively, in
comparison to the EAC control group. The anti-tumor effect of 5-Fu, on the other hand, was more
signi�cant regarding reduction in tumor volume or cell growth inhibition (31%), as shown in Table 1.

Table (1): Packed cell volume and cell growth inhibition in the different studied groups
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Parameters

Groups

Packed cell volume (ml) Viable cell count

(10^6 cells/ml)

Cell Growth inhibition (%)

Control EAC 9.55 ± 0.8 96.4 ± 11.2 ----

EAC + 5-FU 2.9 a ± 0.6 30.1 ± 7.01 a 31% a

EAC + I3C 5.9 a, b ± 0.9 65.6 ± 8.5 a, b 68% a, b

EAC + DIM 3.5 a,c ± 0.5 45.7 ± 6.9 a, b,c 47% a, b,c

a: signi�cance comparing to EAC control, b: signi�cance comparing to EAC + 5-FU, c: signi�cance
comparing to EAC + I3C.

Evaluation Of Pro-in�ammatory Biomarkers In Serum And Eac Samples
The levels of serum in�ammatory biomarkers (nitrite, TNF- α, NF-κB, IL-6, and IL-1b) in the various study
groups are summarised in Table (2). Statistical analysis showed a signi�cant increase in the serum levels
of all in�ammatory biomarkers in all groups inoculated with EAC compared to the normal control group.
Treatment with 5-FU showed the highest signi�cance increase in the serum levels of nitrite, TNF-α, NF-κB,
IL-6, and IL-1b compared to other groups (Table 2). Treating EAC-bearing mice with I3C or DIM was able
to signi�cantly reduce the elevation in the levels of these in�ammatory biomarkers. Mice treated with DIM
showed the mot reduction in comparison to all other EAC-bearing groups, suggesting the powerful effect
of DIM as an anti-in�ammatory.

Table (2): Serum in�ammatory biomarkers in different studied groups

Parameters

Groups

Nitrite
(µmol/l)

TNF- α (pg/ml) NF-κB (pg/ml) IL-6

(pg/ml)

IL-1b

(pg/ml)

Normal
Control

15.1 ± 0.4 78.9 ± 2.2 96.4 ± 4.8 41.3 ± 2.9 14.74 ± 4.1

EAC 41.9# ± 6.08 260.5#± 5.5 499.1# ± 3.8 105.2 # ± 3.9 37.8 #± 1.5

EAC + 5-FU 50.9 #, a ±
8.8

369.8#,a ± 6.3 601.4#,a ± 9.5 157.6 #, a ±
4.9

75.9#, a ± 2

EAC + I3C 34.1#,a, b ±
6.0

306.9#,a, b ±7.1 446.1#,a, b ± 4 101.2#, b ± 4.2 35.3#, b ± 1.4

EAC + DIM 22.9#, a, b, c ±
2

224.5#, a, b, c ±
4.3

352.7 #, a, b, c ±
6.6

88.2 #, a, b, c ±
3.9

22.8 #, a, b, c ±
3.4

#: signi�cance comparing to normal control, a: signi�cance comparing to EAC control, b: signi�cance
comparing to EAC + 5-FU, and c: signi�cance comparing to EAC + I3C.
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Concomitant with the serum results, EAC homogenate samples showed a signi�cant increase in the
in�ammatory biomarkers in mice bearing EAC and treated with 5-FU in comparison to the EAC control
group. On the other hand, treatment with I3C showed a signi�cant decrease in TNF-α, NF-κB, IL-6, and IL-
1b compared to both EAC control group and EAC group treated with 5-FU. Administration of DIM showed
the most signi�cant decrease in TNF-α, NF-κB, IL-6, and IL-1b compared to all other EAC-bearing groups
either treated with 5-FU, I3C, or non-treated (Fig. 1).

The differential expression of miR-21 and miR-31 in EAC samples

To estimate whether the potential anti-in�ammation effect of I3C and DIM is modulated by differential
expression of two miRNAs that are documented to be involved in the in�ammation process, we evaluated
the relative expression of miR-21 and miR-31 in EAC homogenate samples from all groups inoculated
with EAC and treated with 5-FU, I3C, or DIM in comparison with EAC control group.

In parallel with our previous data on the levels of in�ammatory biomarkers, Our results revealed that the
expression of miR-31and miR-21 was markedly increased in mice inoculated with EAC and treated with 5-
FU compared to the EAC control group. However, this over-expression was signi�cantly decreased in mice
treated with I3C or DIM compared to both EAC control group and EAC + 5-FU group. Worth mentioning,
administration of DIM showed the utmost signi�cant reduction in the expression of both miR-31and miR-
21 compared to both EAC control group and mice bearing EAC and treated with 5-FU (Fig. 2). Moreover, a
signi�cant reduction in miR-21 in DIM treated group comparing to I3C treated group was detected.

Correlation between levels of NF-κB and expression of miR-31 and mi-21

We were interested in evaluating whether the change in the expression level of the miRNAs target gene
NF-κB shows a positive or negative correlation with that of the miRNAs themselves (miR-31 and miR-21).
Therefore, a pairwise Pearson's correlation was performed to evaluate the correlation between expression
of NF-κB and miR-31 and miR-21 in all mice inoculated with EAC and treated with 5-FU, IC, DIM, or served
as control. Applying this approach, we could detect a statistically signi�cant positive correlation of NF-κB
- miR-31 and NF-κB-miR-21 pairs with a mean Pearson's correlation coe�cient of 0.858 and 0.655,
respectively (Fig. 3).

Discussion
There is a strong correlation between in�ammation and cancerous lesions development at different
anatomic sites. Several studies reported that in�ammatory signaling pathways appear to induce and
facilitate carcinogenesis. In�ammatory biomarkers as cytokines, inducible nitric oxide synthase (iNOS),
and NF-κB are upregulated during chronic in�ammation. These processes work together to create a
favorable microenvironment for malignant cells to proliferate aggressively. As a result, in�ammation can
provide the required mutations and the proper environment for tumor development [23]. NF-κB signaling
is the master regulator for most in�ammatory signaling cascades, including interleukin-1 (IL-1), IL-6, IL-8,
TNF-α, and transcription of several in�ammatory mediators [24]. This can be observed in our study, where
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all mice inoculated with EAC signi�cantly showed a marked increase in levels of nitric oxide, the
in�ammatory cytokines (TNF-α, IL-1b, and IL-6), and NF-κB in serum and ascetic �uid as compared to
normal control group.

There are numerous studies on potential anti-in�ammatory agents that are designed to reduce or prevent
in�ammation, in addition to their e�ciency as anti-proliferative agents, making them promising
candidates for cancer prevention and/or therapy. Natural products have long provided front-line
pharmacotherapy for many chronic diseases. They are essential sources of biologically active
compounds and are considered a promising avenue for discovering new drugs due to easy access and
relatively low cost. Herbal remedies are used to treat acute and chronic diseases, inhibit the progression
of many chronic types of cancers, attenuate in�ammation, and modulate cell signaling pathways [25–
27].

The dietary components indole-3-carbinol (I3C) and its metabolite 3,3′-diindolylmethane (DIM), which are
derived from naturally occurring glucosinolates in the Cruciferae family, have received a lot of attention
regarding their preventive and/or therapeutic effect on various types of cancer, especially hormonal-
dependent cancers such as breast and cervical cancer [8, 28].

In the present study, the anti-proliferative effect of I3C and DIM were observed by the profound inhibition
of packed cell volume and cell viability compared to EAC control group. The effectiveness of I3C and DIM
in targeting multiple signaling pathways regulating apoptosis, DNA repair, hormonal homeostasis, and
cell cycle is largely responsible for their anti-tumor effects. I3C and DIM could trigger cell cycle arrest in
the G1 phase, preventing cells from moving from the G1 to the S phase. In a recent study, we discovered
that this cell cycle effect was mediated by a change in the expression of a panel of miRNAs that regulate
the G1/S process of the cell cycle [8].

According to the present results, the anti-proliferative effect of 5-Fu was more prominent than that
detected by I3C or DIM (Table 1). 5-Fluorouracil is a �uorinated pyrimidine with intense anti-cancer
activity based on its ability to interfere with nucleotide metabolism, as well as RNA and DNA synthesis,
leading to the suppression of DNA replication [28]. The most restrictions of 5-FU are its chemo-resistance,
rapid elimination from the body, the need to use high doses to achieve a signi�cant effect, and the
induction of severe in�ammatory responses [29]. Many in�ammatory mediators and cytokines play
crucial role in the control and modulation of patients' responses to 5-FU therapy. Several studies reported
that the toxicity induced by 5-FU was accompanied by elevated expression of cytokines (IL-1β, IL-6, TNF-
α), EGFR, and the level COX-2 stimulated by NF-κB [30, 31]. Chang et al. reported that 5-FU causes the
release of reactive oxygen species (ROS) and pro-in�ammatory cytokines, such as IL-1β, IL-6, and TNF-α,
resulting in the activation of in�ammatory response [32]. These results agree with our study, where we
observed that the potent anti-tumor effect detected by 5-FU was in parallel with a concomitant increase in
the levels of the in�ammatory biomarkers NO, TNF-α, IL-6, IL-1b, and NF-κB in both serum and ascetic
�uid. Stimulation of systemic in�ammation by chemotherapies could be attributed to tissue damage and
cell apoptosis as a result of the cytotoxicity effect, and also the elevation of reactive oxygen species
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through inducing the myeloperoxidase enzymes (MPO), a neutrophil marker [33–35]. Alternative
therapeutics that can impair the side effects of 5-FU, without affecting treatment e�ciency are urgently
needed.

According to our study, administration of I3C or DIM was able to reduce the systemic in�ammation state
detected in EAC bearing mice. A signi�cant reduction in the levels of in�ammatory markers in serum and
ascetic �uids was reported, especially with EAC bearing mice treated with DIM. The effectiveness of DIM
over I3C could be linked to the instability and low molecule half-life of I3C and its rapid clearance by the
kidneys, as well as its rapid inactivation due to metabolic enzymes, low molecular weight, low water
solubility, gastrointestinal tract instability.

On the other hand, DIM has a greater stability compared to I3C after oral ingestion. As a result, I3C must
be taken at a much higher amount and can undergo unpredictable chemical reactions in the stomach
environment [36, 37]. Therefore, DIM is thought to be largely responsible for the detected chemo-
preventive/therapeutic effects of indoles [8, 38]. The potent anti-in�ammatory effect of DIM could be
attributed to its ability to attenuate the DNA-binding activity of NF-κB by blocking the phosphorylation of
IκB. In the study by Kim et al. [39], The DIM inhibitory effect on NF-κB signaling contributed to the
signi�cant reduction in the expression of COX-2 and iNOS in DIM-treated BV microglia. This study
suggested that the inhibition of IκB phosphorylation is the mechanism through which DIM could
attenuate microglial hyperactivity and eventually protect against in�ammation state that mediate
neurodegeneration [39].

Among several dysregulated signaling pathways, NF-κB is the leading cell signaling pathway known to
malfunction in numerous malignancies and the most crucial pathway involved in initiating and
developing in�ammatory responses [40]. The inactivated form of NF-κB is present in the cytoplasm
binding with inhibitory protein (IκB) family members. In case of in�ammation, IκB kinase phosphorylates
IκB, which induces its degradation, and eventually the liberation of NF-κB [41]. As a result, NF-κB reaches
the nucleus and stimulates the expression of genes involved in in�ammation. IL-1, IL-6, TNF-, monocyte
chemoattractant protein-1 (MCP-1), C-X-C motif chemokine ligand-1, and − 10 (CXCL1 and CXCL10) are
among the pro-in�ammatory cytokines or chemokines encoded by the majority of these genes. [40, 42].
Several transcription factors, including NF-κB, have binding sites in the promoter region of the iNOS gene.
Activation of NF-κB will directly enhance the expression of iNOS [43]. Therefore, NF-κB is considered the
primary regulator of the in�ammation signaling pathway.

MiRNAs are vital transcriptional regulators implicated in the regulation of several genes. Studies have
reported that miRNAs are involved in the progression of different malignancies and are considered
signi�cant factors in cancer pathogenesis [44–46]. Furthermore, the initiation of the cancer-induced
in�ammatory processes is also controlled by miRNAs that could regulate the NF-κB signaling pathway
[47]. miRNAs are vital transcriptional regulators implicated in the regulation of NF-κB signaling pathway
by negatively or positively regulating genes involved in cancer initiation, progression, metastasis, and
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also drug resistance. As a result, miRNAs have been implemented as molecular therapeutic targets and
markers for cancer diagnosis and prognosis [48].

Controlling the expression of miRNA is a powerful incentive for tumor therapy. miR-21 and miR-31 are
oncogenic miRNAs that regulate various downstream effectors associated with cancer and are reported
to be elevated in many in�ammation-associated diseases [48]. miR-21 is one of the most consistently
upregulated oncomiRs in human cancers and is strongly associated with tumor progression, it is
commonly utilized as a diagnostic, prognostic, and metastasis biomarker for various types of cancer and
also as a potential therapeutic target [49]. miR-21 expression is regulated by NF-κB by binding to its
element site in the NF-κB promoter [50]. miR-31 is also positively correlated to in�ammatory disease-
associated neoplastic transformation. MiR-31 mediates in�ammatory signaling and is directly regulated
by the activity of NF-κB [51]. Yan et al., [52] reported that NF-κB could signi�cantly induce miR-31 and its
target, protein phosphatase 6 (ppp6c), the critical factor for epidermal hyperplasia. Moreover, Upregulated
miR-31 can target and suppress STK40, a known negative regulator of NF-κB, causing an activation of
the NF-κB pathway and eventually enhancing the in�ammatory response [53, 54]. This correlation
between NF-κB activation and the upregulation of miR-31 and miR-21 expression was detected in our
present study in all mice inoculated with EAC. The levels of miR-31 and-21 were signi�cantly up regulated
whenever the NF-κB level and the in�ammation state were signi�cantly high. On the other hand,
repression of NF-κB level and alleviation of in�ammation was accompanied by a reduction in the level of
miR-31 and miR-21. This correlation was statistically con�rmed by Pearson's correlation coe�cient,
where differential expression of miR-31 and miR-21 was positively correlated with the expression of NF-
κB.

Conclusion
Treatment of Ehrlich ascites tumor with indole glucosinolates (I3C or DIM) were able to reduce the
proliferation of tumor cells, attenuate the increase in in�ammatory cytokines, suppresses the activation
of NF-κB, and inhibits the expression of interleukins associated with the NF-κB pathway, consequently
reduce the in�ammation state. This study also revealed that I3C and DIM exert their anti-in�ammatory
effect via attenuating the abnormal elevation of the miRNAs in�ammatory mediators miR-31 and miR-21.
These results suggest that the administration of indole glucosinolates (I3C or DIM) as co-treatment with
chemotherapeutic drugs would e�ciently enhance the anti-tumor effect of the chemotherapeutics by
suppressing tumor cell proliferation and, most importantly, attenuate the in�ammation state that is
evolved from tumor cell proliferation and/or chemotherapeutic administration.
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Figure 1

Levels of EAC pro-in�ammatory biomarkers in different studied groups a: signi�cance comparing to EAC
control, b: signi�cance comparing to EAC + 5-FU, and c: signi�cance comparing to EAC + I3C.

Figure 2

The relative expression of the miRNA-31 and miRNA-21 in EAC- bearing mice. Expression levels of
miRNAs are normalized to RNU6. Statistically signi�cant differences between groups were evaluated
using ANOVA and post-hoc Tukey HSD test for comparisons. a: signi�cance comparing to EAC control, b:
signi�cance comparing to EAC + 5-FU, and c: signi�cance comparing to EAC + I3C.
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Figure 3

Pearson correlation coe�cient for the expression level of the miR-31, miR-21 and NF-κB. *Correlation is
signi�cant at the 0.05 level/** correlation is signi�cant at the 0.01 level.


