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Abstract. Indole-3-carbinol (I3C) is an active component 
of cruciferous vegetables and markedly inhibits the growth 
of a variety of tumors. However, its role in laryngeal cancer 
remains obscure. The aim of the present study was to eluci-
date the possible mechanisms whereby I3C influences Hep-2 
laryngeal cancer cell proliferation and apoptosis. Treatment 
with I3C dose-dependently and significantly inhibited Hep-2 
cell proliferation, and at doses of 100 and 150  µM, I3C 
induced cell morphological changes and promoted apoptosis. 
Following treatment of Hep-2 cells with I3C, we found that 
the protein expression of phosphatidylinositol-3-kinase (PI3K) 
p110α, PI3K p110β, PI3K class III, p-PDK1, Akt, p-Akt and 
the downstream signaling proteins p-c-Raf and GSK3-β were 
significantly downregulated. Additionally, tumor-bearing 
mouse models were constructed using BALB/c nude mice. 
The mice were subdivided into groups: pretreated with I3C, or 
treated with I3C or an untreated control group. After 8 weeks, 
mice pretreated or treated with IC3 developed smaller tumors 
compared to the untreated control group, and the protein 
expression of PI3K p110α, PI3K class III, Akt, p-Akt and the 
downstream signaling proteins p-c-Raf and GSK3-β in the 
tumors were significantly downregulated. Furthermore, no 
harmful side effect were observed in the heart, liver and kidney 
of the I3C-treated nude mice. In conclusion, I3C inhibited 
proliferation and induced the apoptosis of laryngeal tumor 
cells both in vivo and in vitro, and exhibited low toxicity to 
normal cells. The inhibitory effects noted with I3C treatment 
may depend on decreased phosphatidylinositol-3 kinase/serine-
threonine kinase (PI3K/Akt) expression. This approach may be 

applied to the clinical treatment of laryngeal tumors and in 
drug screening.

Introduction

Laryngeal cancer is one of the leading malignant tumors 
of the head and neck and is reported to have a higher inci-
dence in highly developed countries  (1). Male patients 
are at particular risk, with an annual rate of incidence of 
~3.5‑5.5/100,000 cases. By contrast, female patients are at a 
markedly lower risk with an annual rate of 0.6/100,000 cases. 
The mortality rate among men was ~2.4/100,000 cases and 
in women, the rate was ~0.3/10 million cases (1). There are 
various options for treatment of laryngeal cancer including the 
conventional approaches of surgery, chemotherapy and radio-
therapy. However, the curative effect and rate remain poor and 
require significant improvement.

Although a number of chemotherapeutic drugs are avail-
able for the treatment of cancer, a highly effective and less 
toxic approach for treating laryngeal cancer is lacking. One 
potential resource for a new generation of therapeutics for the 
prevention and treatment of laryngeal cancer may be natural 
substances. For example, epidemiological studies suggest 
that the intake of broccoli, cauliflower and other cruciferous 
vegetables can significantly reduce the incidence of cancers of 
the bladder, pancreas, colon, lung and stomach (2-5). Indole-
3-carbinol (I3C) has recently been identified as an important 
tumoricidal component found in cruciferous vegetables and 
particularly in members of the genus Brassica (6,7). A number 
of studies have shown that I3C induces cell cycle arrest in 
the G1 phase in cancer cells (8,9), promotes apoptosis (8-10) 
and prevents tumor invasion and metastasis (11). It has been 
found that I3C promotes cell cycle arrest by downregulating 
cyclin-proteins such as cyclin D1 and cyclin E. Additionally, 
it is thought that IC3 induces apoptosis by mechanisms that 
depend on downregulation of the anti-apoptotic genes Bcl-2, 
Bcl-xL and survivin and by enhancing expression of Bax and 
by functionally activating caspase-3 and caspase-9 (9-12).

The phosphatidylinositol-3 kinase/serine-threonine kinase 
(PI3K/Akt) signaling pathway is involved in the activation of 
anti-apoptotic mechanisms, glucose metabolism and protein 
synthesis, all of which influence cell growth and prolifera-
tion (13,14). Abnormal activation of the PI3K/Akt pathway is 
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found in many malignancies. Moreover, it is becoming 
apparent that tyrosine kinase-mediated activation of PI3K may 
be important, for example, in the context of phosphorylated 
tyrosine kinase interacting with the p85 subunit or in the 
context of mutated Ras-binding to PI3K, which leads to the 
activation of PI3K.

In addition, somatic mutations may also play an important 
role. For example, mutation in the PTEN tumor-suppressor 
gene may disrupt the ability of PTEN to switch off the PI3K 
pathway. Recently a PIK3CA mutation was found to occur in 
~30% of epithelial tumors. Abnormal activation of PI3K and 
somatic mutations can collectively drive uncontrolled growth 
and cell proliferation during the development of tumors, 
including ovarian, breast, pancreatic, lung and colon cancer or 
indeed other malignancies (13,15,16).

To the best of our knowledge there are few reports 
describing the application of I3C in the treatment of laryngeal 
cancer. Similarly, there currently exists no report concerning 
the mechanism of action of I3C and its putative relationship 
with PI3K/Akt. The present study aimed to determine the 
influence of I3C on the proliferation and apoptosis of human 
laryngeal cancer using the Hep-2 cell line and to determine the 
relevance of the PI3K/Akt signaling pathway. The main objec-
tive was to elucidate the potential tumoricidal mechanism of 
I3C and to provide a basis for tumor-targeting treatment and 
drug screening.

Materials and methods

Cell culture and preparation of I3C. The human laryngeal 
carcinoma Hep-2 cell line was obtained from the central 
laboratory at Wuhan University. Hep-2 cells were cultured in 
RPMI-1640 culture medium (Invitrogen Life Technologies 
Carlsbad, CA, USA) and supplemented with 10%  heat-
inactivated fetal bovine serum (FBS; HyClone, Logan, UT, 
USA), 100  U/ml penicillin and 20  µg/ml streptomycin in 
a fully humidified incubator at 37˚C and an atmosphere of 
5% CO2 in air. I3C (Sigma-Aldrich, St. Louis, MO, USA) was 
dissolved in dimethyl sulphoxide (DMSO) to a stock concen-
tration of 1 M, and was subsequently diluted to concentrations 
of 50, 100 and 150 µM for use in the experiments. The final 
concentration of DMSO in the I3C preparations was <0.5%. 
In order to demonstrate that the final concentration of DMSO 
did not affect the laryngeal cancer cells, Hep-2 cells cultured 
in complete medium alone, without exposure to I3C (as the 
untreated control), and thus DMSO (<0.5%), were used as the 
negative control group (0 µM).

Assay of Hep-2 cell proliferation using CCK-8 reagent. Hep-2 
cells were seeded into 96-well plates at a density of 1x103/ml in 
complete culture medium and stimulated with I3C at 0, 50, 100 
or 150 µM in replicates of 6 wells per concentration of I3C. 
An additional 6 wells contained culture medium alone as a 
blank control. After 0, 24, 48 and 72 h, cells were treated with 
10 µl of CCK-8 reagent (Dongji, Japan) and incubated at 37˚C 
for 1 h. An automatic microtitre plate reader was set to zero 
according to the blank control wells. The absorbance (A) of 
the wells was read at a wavelength of 450 nm. The percentage 
of cell proliferation inhibition was calculated according to 
the following formula: Cell proliferation inhibition (%) = 

(1 ‑ average absorbance (A) of the experimental group/average 
absorbance (A) of the control group) x 100%.

Morphological assessment of Hep-2 cells. Hep-2 cells 
were seeded into 6-well plates in complete culture medium 
containing 0, 50, 100 and 150 µM of I3C. Separate wells were 
seeded with culture medium alone, as an untreated control 
group. The experimental group, negative control group (0 µM 
of I3C) and blank control group were seeded in triplicate. After 
48 h of culture, the cells were stained with 2 µg/ml Hoechst 
33258 (Beyotime, Shanghai, China) and observed under a 
fluorescence microscope equipped with a blue filter for the 
assessment of morphological changes. The nuclei of normal 
cells were uniformly blue, and by contrast, apoptotic cells 
showed densely stained pyknosis and nuclear fragmentation.

Assay of cell apoptosis by dual staining with Annexin V and 
propidium iodide (PI). Hep-2 cells were seeded into 6-well 
plates and in complete culture medium containing 0, 50, 100 
and 150 µM of I3C, and separate wells were seeded with 
culture medium alone as an untreated control group. Each 
group was seeded in triplicate. After 48 h of culture, the cells 
were harvested by centrifugation, resuspended in binding 
buffer, and successively incubated with 5 µl Annexin V-FITC 
and 5 µl of PI (Multi Sciences, China) at room temperature for 
15 min. Apoptosis was determined by flow cytometric analysis 
using a FACSCanto™II spectrophotometer (BD Biosciences, 
San Jose, CA, USA). For the flow cytometric dot plot, 
Annexin V staining was set as the horizontal axis and PI 
staining was set as the vertical axis. Mechanically damaged 
cells were located in the upper left quadrant, apoptotic or 
necrotic cells in the upper right quadrant, dual negative and 
normal cells in the lower left quadrant and early apoptotic cells 
in the lower right quadrant of the flow cytometric dot plot.

Western blot assay of PI3K, Akt, p-c-Raf and GSK3-β expres-
sion. After 48 h of treatment with different concentrations of 
I3C, the cells were lysed in RIPA buffer to extract total cellular 
protein. Protein concentration was determined according 
to the BCA quantitative method, and 30 µg of each protein 
sample was resolved by SDS-PAGE and the protein bands 
were transferred to a nitrocellulose membrane. Following 
protein transfer, the membrane was blocked for 1 h in the pres-
ence of 5% skimmed milk proteins, following by incubation 
at 4˚C overnight with the primary antibodies (Cell Signaling 
Technology, Inc., Beverly, MA, USA) targeted against PI3K 
p110α, PI3K p110β, PI3K class  III, p-PDK1, p-Akt, Akt, 
p-c-Raf, GSK3-β and GAPDH (as an internal reference 
housekeeping protein). On the following day, the blots were 
incubated with a secondary antibody at room temperature for 
1 h, and specific protein bands were visualized by an enhanced 
chemiluminescence (ECL) assay kit (Pierce Biotechnology, 
Inc., Rockford, IL, USA).

Animal selection and breeding. Specific pathogen-free (SPF) 
female BALB/c nude mice (aged 4  weeks and weighing 
~18-20 g) were obtained from Beijing HFK Bioscience Co., 
Ltd. (China). All animal husbandry practices and experimenta-
tion were carried out under SPF conditions. Prior to initiating 
the experiment, animals were provided with conventional feed 
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for 1 week (provided by Beijing HFK Bioscience Co., Ltd). 
Following this adaptive feeding, I3C was incorporated into the 
conventional feed at a ratio of 0.5% (w/w). All elements of this 
study were approved by the local Ethics and Animal Care and 
Use Committee of Wuhan University, China.

Establishing tumor-bearing animal models in BALB/c nude 
mice. Twenty-four female BALB/c mice were randomly 
assigned to a pretreatment group, a treatment group and 
a control group (n=8 mice/group). The Hep-2 cells were 
cultured to a confluence of 80-90%, harvested by treatment 
with trypsin, and following centrifugation were resuspended 
in plasma. Hep-2 cells were adoptively transferred into mice at 
a density of 1x107 cells/ml, by injecting a 200-µl cell suspen-
sion in plasma subcutaneously into the right side of the back of 
nude mice. The pretreatment group was received the conven-
tional feed supplemented with I3C at a ratio of 0.5% (w/w) for 
2 weeks prior to adoptive Hep-2 cell transfer and then received 
to a conventional feed following injection of the tumor cells. 
The treatment group received a normal conventional diet until 
one week after adoptive transfer with the Hep-2 cells. At this 
time point, the tumors had grown to a size of 5x5 mm, and 
mice then received a feed supplemented with a 0.5% (w/w) 
ratio of I3C. Mice were continued on the I3C supplemented 
feed, until the experiment had reached the endpoint at week 8. 
Mice in the control group were fed only conventional feed. At 
the end of each week following the adoptive transfer of the 
Hep-2 cells into the mice, the long diameter (a) and the short 
diameter (b) were measured in order to calculate the volume 
using the formula: V = 1/2ab2 for statistical analysis. Eight 
weeks thereafter the mice were sacrificed, and specimens were 
collected from the tumor, heart, liver and kidney.

Protein extraction and expression assay. Tumor speci-
mens from the sacrificed mice were cut into regularly sized 
pieces and minced using a tissue homogenizer. Immediately 
following this preparation, the cells were lysed in RIPA buffer, 
and the extracted proteins were quantified by the BCA method. 
Western blot assay was applied to detect the specific protein 
expression of PI3K, Akt, p-c-Raf and GSK3-β.

Morphological observation of the heart, liver and kidney 
tissue sections. Biopsy specimens of the heart, liver and kidney 
obtained from the nude mice were fixed in 10% formalin, 
dehydrated, embedded in wax, and sectioned into 5- to 8-µm 

specimens and pasted onto slides. Next, the specimens were 
de-waxed and stained with hematoxylin and eosin (H&E) for 
final histological evaluation under a standard light microscope.

Statistical analysis. All statistical analyses were assessed 
by the SPSS statistical software package, version 16.0 for 
Microsoft Windows (SPSS Inc., Chicago, IL, USA). Results 
are expressed as means ± standard deviation (SD). Differences 
between multiple groups were compared by ANOVA. P<0.05 
was considered to indicate a statistically significant result.

Results

Marked inhibition of laryngeal cancer cell growth following 
I3C treatment. Following the dose-dependent (50, 100 and 
150 µM) and time-dependent (24, 48 and 72 h) treatment of 
Hep-2 cells with I3C, significant differences in cell growth 
were noted between the treated and negative control groups 
(P<0.01) (Fig. 1A). In the group treated with 50 µM I3C at 
the indicated time points of 24, 48 and 72 h, the percentage 
of Hep-2 cell proliferation inhibition was 23.12, 25.21 and 
31.89%, respectively. Additionally, in the group treated with 
100 µm I3C the percentage of cell proliferation inhibition at 
24, 48 and 72 h was 51.17, 48.22 and 51.62% respectively. In 
the group treated with 150 µM I3C, the percentage of cell 
proliferation inhibition at 24, 48 and 72 h was 65.97, 87.45 and 
94.26% respectively (Fig. 1B). Inhibition of the proliferation 
of Hep-2 laryngeal carcinoma cells by I3C was highly dose-
dependent.

Induction of laryngeal cancer Hep-2 cell apoptosis following 
I3C treatment. After Hep-2 cells were treated with I3C for 
48 h, the cells were stained with Hoechst 33258 and observed 
by fluorescence microscopy. In the negative (0  µM I3C) 
and untreated control groups, Hep-2 cell nuclei displayed a 
normal and complete blue appearance. By contrast, in Hep-2 
cells treated with 50, 100 or 150 µM I3C, the cells displayed 
enhanced fragmentation or pyknosis of the nuclei, which were 
typical changes associated with cellular apoptosis. Nuclear 
pyknosis and fragmentation in Hep-2 cells were significantly 
increased by treatment with I3C in a dose-dependent manner. 
Morever, at an I3C concentration of 150 µM, the ratio of 
pyknosis was ~62±6% (Fig. 2).

The analysis of Hep-2 cell apoptosis by Annexin V-PI 
double staining showed that after 48 h of treatment with 0, 50, 

Figure 1. I3C influences Hep-2 cell proliferation. (A) Hep-2 cells were treated with I3C at concentrations of 0, 50, 100 and 150 µM, for 24, 48 and 72 h. The 
proliferation of the laryngeal carcinoma cells was detected by the CCK-8 method. The absorbance values of the wells are expressed as means ± SD, **P<0.01 
vs. negative control (0 µM). (B) Relationship between the percentage of laryngeal cancer cell proliferation inhibition and different concentrations of I3C.
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100 or 150 µM I3C, the apoptosis rate was 4.9±0.85, 9.3±1.56, 
16.4±2.28 and 42.5±5.32%, respectively. For the untreated 
control the apoptosis rate was 4.3±0.76%. Additionally, when 
comparing the 50, 0 µM and the untreated control groups, 
there was no statistically significant difference in the rate of 
apoptosis. Significant increases in the apoptosis rates were 
noted in the 100 and 150 µM groups as compared with the 
0 µM and the untreated control groups (P<0.05, P<0.01). This 
showed that a concentration of 100 µM I3C induced apoptosis 
of Hep-2 cells, and a concentration of 150 µM significantly 
increased the proportion of apoptotic cells and displayed an 
apoptosis rate >40% (Fig. 3). This suggested that the propor-
tion of cells undergoing apoptosis following treatment with 
I3C was dose-dependent (Fig. 3).

Significantly reduced protein expression of PI3K/Akt in Hep-2 
cells following treatment with I3C. We examined the expres-
sion of key signaling proteins of the PI3K/Akt pathway and 

Figure 4. Western blot analysis of the expression of PI3K/Akt signaling 
pathway proteins and downstream proteins in Hep-2 cells after I3C treat-
ment. Hep-2 cells were treated with 0, 50, 100 and 150 µM of I3C following 
which the expression of key proteins of the PI3K/Akt pathway and down-
stream proteins were analyzed by western blot assay. Expression of GAPDH 
served as an internal reference control.

Figure 2. Morphological observation of Hep-2 cells treated with I3C and stained with Hoechst 33258. Hep-2 cells were treated with I3C at concentrations of 
0, 50, 100 and 150 µM for 48 h, stained with 2 µg/ml Hoechst 33258 and observed under a fluorescence microscope (x200). Separate wells were seeded with 
culture medium alone as the untreated control group.

Figure 3. FACS analysis of the effect of I3C on laryngeal cancer cell apoptosis. Hep-2 cells were treated with 0, 50, 100, 150 µM of I3C or complete culture 
medium alone (untreated control) for 48 h, and examined following Annexin V-PI double staining for the detection of the apoptotic rate. *P<0.05, **P<0.01 vs. 
negative control (0 µM).
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downstream signaling proteins associated with cancer cell 
proliferation and apoptosis. We found that in the untreated 
control and negative control groups, the protein expression of 
PI3K p110α, PI3K p110β, PI3K class III, p-PDK1, Akt, p-Akt, 
p-c-Raf and GSK3-β were all highly increased. Treatment of 
Hep-2 cells with I3C markedly decreased the protein expres-
sion of PI3K p110α, PI3K p110β, PI3K class III, p-PDK1, Akt,  
p-Akt, p-c-Raf and GSK3-β when compared with these levels 
in the untreated groups, and the decreased expression levels of 
the signaling proteins was I3C dose-dependent (Fig. 4).

Tumoricidal effects of I3C in a BALB/c nude mouse model. 
We further investigated the tumoricidal effect of I3C in 
animal model experiments. The control mouse group 
received only conventional feed. These mice subsequently 
developed tumors of a large size; at week 8; the average 
volume of the tumors was 2456.5±266.3 mm3. By contrast, 
the mean volumes of the tumors in the I3C treatment group 
and the pretreatment group were 1732.7±153.5  mm3 and 
1263.6±134.4 mm3, respectively (P<0.05). This suggests that 
I3C significantly inhibited tumor growth (P<0.05), and that 
administration of I3C prior to tumor transplantation was 
more effective than administration after transplantation of 
the tumor was established (P<0.05) (Fig. 5).

I3C treatment significantly reduces expression of PI3K/
AKT and downstream signaling proteins in the transplanted 
tumors. We analyzed the expression of proteins related to the 
PI3K/AKT pathway and downstream signaling pathways in the 
transplanted tumors and found that increasing concentrations 
of I3C were associated with reduced expression of PI3K p110α, 
PI3K p110β, PI3K class III, p-PDK1, Akt, p-Akt, p-c-Raf and 
GSK3-β signaling proteins. The lowest signaling protein 
expression was detected in the pretreatment group, followed 

by the treatment group. As expected, the highest expression of 
the signaling proteins was found in the control group (Fig. 6).

No harmful side effects are noted in the heart, liver and 
kidney of I3C-treated nude mice. Specimens of the heart, liver 
and kidney obtained from the nude mice were sectioned and 
stained with H&E. Pathological evaluation showed that treat-
ment with I3C exerted no adverse effects on the heart, liver 
or kidney in the three groups of nude mice. No tissue damage 
such as structural degeneration or tissue necrosis was noted in 
any of the tissue specimens. These studies indicated that the 

Figure 5. Tumor growth inhibition by I3C in tumor-transplanted animals. At the indicated time-points following Hep-2 cell transplantation, the average tumor 
volume (mm3) was measured with a caliper. *P<0.05 vs. negative control. #P<0.05, I3C pretreated vs. I3C treated group (at week 8).

Figure 6. Hep-2 xenograft tumor model; I3C inhibition of tumor growth via 
the PI3K/Akt pathway. Eight weeks after tumor implantation, expression of 
proteins of the PI3K/Akt pathway in tumor tissue was analyzed by western 
blot analysis as described in Materials and methods. Expression of GAPDH 
served as an internal reference control. From left to right, the control group, 
the pretreatment group and the I3C treatment group.
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supplementation of the feed with 0.5% (w/w) I3C provoked no 
toxic side effects in any of the organs examined in the experi-
mental mice (Fig. 7).

Discussion

Indole-3-carbinol is extracted from cruciferous vegetables by 
hydrolysis of glucosinolates (6). Many previous in vitro studies 
have shown that I3C causes significant growth inhibition of 
a variety of tumor cell lines by inducing cell cycle arrest and 
apoptosis (8,10,12,17,18). However, the role of I3C in laryngeal 
cancer has remained largely unexplored. Our findings found 
that I3C significantly inhibited proliferation of Hep-2 cells and 
that I3C at a dose of 150 µM was an optimal concentration with 
the tumor inhibition rate of 65.97, 87.45 and 94.26% noted at 24, 
48 and 72 h, respectively. The inhibitory mechanism involved 
alteration of the proliferation of cancer cells and induction of  
apoptosis. We observed that a dose of 100 µM of I3C induced 
an apoptotic effect and that the apoptotic rate increased in an 
I3C dose-dependent manner. Rahman et al (10) reported that 
treatment of breast cancer cells with 30-100 µM of I3C for 
24-72 h induced apoptosis.

The PI3K/Akt pathway is associated with receptor tyrosine 
kinase signaling pathways. Mutational activation of pathway 
components can inappropriately activate PI3K and downstream 
target proteins Akt and phosphorylated Akt (p-Akt), and 
can subsequently result in phosphorylation and activation of 
mTORGSK3, mdm2, Bad, and members of the caspase family, 
that collectively play an important role in promoting tumor 
cell growth, proliferation, suppression of apoptosis, promotion 
of cellular invasion, tumor metastasis and angiogenesis (19). 
Abnormalities in the PI3K/Akt signaling pathway, in particular, 
and abnormal phosphorylation of Akt have been found to be 

closely associated with the development of tongue carcinoma 
and head and neck squamous cell carcinomas (15,20).

To further clarify the potential relationship between 
I3C-induced apoptosis and the PI3K/Akt signaling pathway 
in laryngeal cancer, we analyzed the differential expression 
of PI3K/Akt pathway-specific signaling proteins and their 
cognate downstream proteins both before and after treatment 
with I3C. Markedly decreased expression of PI3K p110α, 
PI3K p110β, PI3K class III, p-PDK1, Akt, p-Akt, p-c-Raf and 
GSK3-β in Hep-2 cells was noted following treatment with I3C 
as compared with levels in the untreated cells. This observation 
suggests that inhibition of laryngeal cancer cell proliferation 
and induction of apoptosis is closely associated with the PI3K/
Akt signaling pathway and the findings are concordant with 
those found in breast or prostate cancer (8,21).

Previous animal studies  (16,17) demonstrated that I3C 
inhibits the occurrence and development of solid tumors. 
Previous studies of cervical cancer revealed that the antitumor 
mechanism of I3C was partly dependent on the increase in 
the permeability of the tumor cell membrane, activation of 
caspase-3 and thus induction of cancer cell apoptosis (22). 
When mice with prostate cancer (TRAMP) were fed diets 
containing 1% (w/w) I3C over a period of 10 weeks, tumor cell 
apoptosis was induced (23) and Nrf2 was activated, which is 
a pathway known to regulate antioxidant signaling pathways. 
Newfield et al (24) reported that the immune response of mice 
fed with I3C could be triggered to produce the anti-proliferative 
agent 2-hydroxy estrone. Our animal experiments confirmed 
that I3C effectively inhibited the growth of laryngeal cancer 
and that I3C intervention significantly decreased laryngeal 
tumor growth in nude mice when compared with the control 
mice. It is worth noting here that the graft tumor growth rate 
was slower in the pretreatment group than that noted in the 

Figure 7. Hematoxylin and eosin (H&E) staining of the heart, liver and kidney from I3C-treated nude mice. The heart, liver and kidney sections from the three 
groups of nude mice (from left to right: the control group, the treatment group and the pretreatment group) were stained with H&E to observe and assess cell 
morphology and tissue structure (x100). 
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treated mouse group, suggesting that I3C effectively prevents 
the occurrence and development of solid tumors. This observa-
tion also suggests that I3C can be considered as an alternative 
therapeutic approach for the prevention and treatment of 
laryngeal cancer.

Consistent with the results obtained from the in  vitro 
experiments in the pretreated and treated nude mice, we found 
that the expression levels of PI3K p110α, PI3K p110β, PI3K 
class  III, p-PDK1, Akt, p-Akt, p-c-Raf and GSK3-β were 
significantly downregulated when compared with the levels 
in the control group not treated with I3C. This observation 
indicates that abnormal activation of the PI3K/Akt pathway 
may play a key role in the process of laryngeal squamous cell 
carcinoma. Our animal experiments also confirmed that I3C 
downregulated protein expression in the PI3K/Akt signaling 
pathway in the transplanted tumors.

Using I3C to treat MCF10CA1a breast cancer cells and 
homologous CF10A mammary epithelial cells, Rahman 
et al (10) found that I3C only induced MCF10CA1a breast 
cancer cell apoptosis (10), suggested that I3C was without risk 
to nontumor cells. Consistently, our experiment also confirmed 
that I3C caused growth inhibition only in the transplanted 
tumors in nude mice, and did not provoke any degenerative 
harm to the heart, liver, kidney and other organs with low 
cytotoxicity to normal cells.

In summary, our in vivo and in vitro experiments demon-
strated that I3C significantly inhibits laryngeal cancer cell 
proliferation and induces apoptosis. We suggest that the observed 
effects of I3C are likely associated with the regulation of the 
PI3K/Akt signaling pathway and dowstream protein expression. 
Due to the effective, non-toxic, natural antitumor properties, I3C 
is considered to be a likely preventive and curative candidate for 
laryngeal cancer. Additional studies are required to determine 
the underlying mechanisms whereby I3C suppresses laryngeal 
cancer at the molecular level, and to provide a theoretical basis 
for the tumoricidal and clinical utility of I3C.
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