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Background: Liver cancer is the deadliest malignancy among common tumors.
It is the top cause of cancer-related deaths in Egypt, and it is characterized by
increasing occurrence among the population. The objective of this study was
to determine the outcome of pre-treatment of IQGAP1-shRNA on induced
mouse hepatocellular carcinoma model and evaluate the potency of this
IQGAP1-shRNA plasmid to recover hepatic cancer as a new tool of cancer
therapy. Therefore, we will use RNA interference (RNAI) technology to silence
IQGAP1 oncogene to completely recover the chemically induced models for
hepatic cancer by designing short RNAI specific for IQGAP1 gene in HCC cells
in vivo and construct new vectors suitable for this purpose. We assigned mice
into three groups: the first negative control group (NC) was injected with saline,
the second control group was injected with shRNA (shNC), the third positive
control group was injected with diethylnitrosamine (DENAA), and the fourth
group was treated with the IQGAP1-shRNA prior to its exposure to DENA.

Results: Our results revealed that the treated group with IQGAP1-shRNA with
DENA developed very few cases of hepatic cancer when compared with the
positive control group. The positive control group exhibited significant
increases in the liver function level as well as a decrease in serum albumin
levels when compared to both the treated and the negative control groups. The
altered levels of the serum a-fetoprotein as well as of the tumor necrosis
factor-alpha, and interleukin-4 in DENA-treated mice were significantly
ameliorated by IQGAP1-shRNA administration. Flow cytometer analyses have
indicated that the silencing of IQGAP1 cannot significantly modulate DENA-
induced apoptosis in the circulating blood cells. Moreover, the elevated mRNA
expression levels of IQGAPL, IQGAP3, KRas, HRas, interleukin-8, nuclear factor
kappa B, caspase-3, caspase-9 and Bcl-2, were significantly decreased by the
IQGAP1-shRNA treatment. However, the IQGAP2, DR4, DR5, p53 and BAX
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genes were found to be significantly up-regulated post-therapy. In agreement
with these findings, IQGAP1-shRNA was able to modulate the DENA-induced
histological changes in the mice liver which were represented by severe
necrosis and hydropic degenerative changes.

Conclusion: Our study revealed that IQGAP1-shRNA was able to preserve
hepatocyte integrity and the liver histological architecture through the
regulation of the expression of IQGAPs, Ras, TRAILs and IL-8 receptors, as
well as of pro-apoptotic and anti-apoptotic genes. Therefore, the silencing of
IQGAPL could be part of a promising therapeutic strategy against hepatic

cancer.
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Introduction

Patients with hepatic cancer develop resistance to
conservative chemotherapeutic treatments quickly, and surgery
signifies the only potentially therapeutic treatment.
Hepatocarcinoma (HCC) is one of the most important health-
threatening problems globally, as approximately more than fifty
million cases are recognized annually.

The IQ motif-containing GTPase-activating protein 1
(IQGAP1) is a 189 kDa highly-conserved scaffold protein
engaged in numerous cellular activities (including cell migration,
cell invasion, cell adhesion, and cell proliferation) (1). As one of its
utmost presumed partners, small GTPases team up with IQGPAL1
to control the cytoskeletal reorganization and cell connection in
cancer cells that enhance cancer development. Thus, the variation
of the mechanistic ways that connect IQGAP1 with small GTPases
could furnish cancer therapies on new foundations (2).

The IQGAP family has two other proteins (namely, IQGAP2
and IQGAP3); of these, IQGAP2 appears to possess tumor-
suppressive properties. Indeed, IQGAP1 has been reported to
rise at both the mRNA and protein levels in an assortment of
cancers, and its levels have been associated with cancer
aggressiveness (3). However, the role of IQGAP1 in tumor
development and metastasis remains unclarified (4).

Notably, the IQGAP1 knockdown prohibits the invasion of
human ovarian carcinoma HO-8910PM cells in vitro (5), and of
human breast cancerous MCE-7 cells from in vitro to in vivo
applications (6). The knockout of IQGAP1 from cells has been
shown to make B-Raf cells insensitive to the epidermal growth
factor stimulation, while a B-Raf knockdown cited that of
IQGAPI has been shown to exert higher kinase activity when
compared to free B-Raf (7). Undoubtedly, a siRNA-induced
IQGAP1 knockdown can significantly diminish the vascular
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endothelial-derived growth factor (VEGF)-stimulated
angiogenesis in vivo (8). Hebert et al. have reported that a
drop in IQGAPI levels can shorten the formation of metastases
without limiting primary or metastatic tumor growth in
IQGAPI1-knockdown and -knockout experiments conducted
on human melanoma and breast cancer cells (4). In addition,
they were able to establish that IQGAPI1-knockout cells are
significantly lacking in extravasation capacity. These data firmly
establish IQGAPI as a critical metastasis promoter acting
through the regulation of extravasation in vivo.

It has been pointed out that differentially expressed genes
emerge because of an IQGAP1 down-regulation along with
enrichment in chemotaxis and cytokine signaling, as well as a
reduction in the immune response (4).

Mechanistic analysis has DENAoted that the Cdc42/Racl
pathway might be part of the IQGAP1-mediated-pancreatic cell
proliferation and tumorigenesis (9). Furthermore, Liu et al. (9)
and Zhang et al. (10) have recently remarked that the E3
ubiquitin ligase mind bomb 1 (MIB1) can promote pancreatic
cancer progression through the suppression of tumorigenicity 7
(ST7) degradation, followed by a down-regulation of IQGAP1 in
pancreatic cancer cells (8).

The knockdown of IQGAP1 is known to block both Racl
and Cdc42, thus mediating migration and invasion of glioma
cells, and consequently putting down various other components
of the invasion process (namely, matrix metalloproteinases) (11,
12). Moreover, IQGAP1 expression seems to be suppressed by
the TGF-P signaling and myofibroblasts accompanying human
colorectal liver metastases that are characterized by a
downregulated expression of IQGAP1 (13).

Together, IQGAP1 and the heterogeneous nuclear
ribonucleoprotein M (hnRNPM) have been shown to
stimulate gastric cancer cell growth, while their genetic
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depletion prompts cell cycle arrest that subsequently causes
tumor progression (14). IQGAP1 mRNA levels have been
identified as being upregulated in many malignant cell types
(15). The IQGAP1-knockdown can markedly repress colorectal
cancer (CRC) cell migration and invasion in vitro (16).
Otherwise, the cell growth, cell migration, and tumorigenesis
of CRC have been seen to be fostered by the extracellular signal-
regulated kinase pathway, which is activated by a SUMOylated
IQGAPI (17). This is in agreement with the observed
overexpression of IQGAP1 associated with the invasiveness of
CRC, and especially in advanced carcinomas in which the
invasive capability of cancer cells can be detected (18). Mo
et al. have suggested that IQGAPI is a predictive indicator and
a new therapeutic target for HCC patients (19).

Furthermore, Lin et al. have provided us with the first proof
for a significant association of IQGAPI with clear cell renal cell
carcinoma mortality. In fact, IQGAP1 down-regulation has been
shown to maintain links with network shifts consisting of 611
differentially expressed genes (20).

Similarly, Wei et al. (21) have investigated the role of
IQGAPI1 in head and neck cancer (HNC), by matrix
approaches on different models. They have indicated that
IQGAPI is vital for the effective PI3K signal and that the
IQGAPI loss can significantly diminish cancer progression in
vivo. The PI3K signaling that is originally downregulated in
HNC can be seen as upregulated in IQGAP1-knockout mice,
suggesting that IQGAPI takes part in HNC. More importantly,
high IQGAP1 levels have been associated with deprived survival
in HNC patients. As a result, drugs that target IQGAPI are
believed to be able to generate new approaches for the treatment
of HNC (22). Overall, although IQGAPI expression is not
essential for HCC growth, the gain of IQGAP1 function helps
the rapid onset and increased liver carcinogenesis (23). Other
results show that an adequate amount of IQGAP1 scaffold is
necessary to maintain the quiescent status of the liver.
Nonetheless, to the best of our information, there are no
studies focusing on the IQGAP1-knockdown involvement in
the inhibition of hepatic cancer in mice. This study aimed to
uncover new avenues for the treatment of hepatic cancer in vivo
through the silencing of IQGAP1 and the assessment of its
effects on critical inflammatory as well as pre- and antiapoptotic

signaling parameters.

Methods

Authors confirm that all methods were carried out in
accordance with relevant guidelines and regulations. Authors
confirm that all methods are reported in accordance with arrive
guidelines. The animals were kept following the National
Institute of Health (NIH) Guide for the Care and Habit of
Laboratory Animals. The Medical Research Ethics Committee
has approved this study (Project number: 12060168).
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Animals

A hundred 21-day-old male Balb/c mice were purchased from
the Animal Care Center and were kept in polycarbonate cages, in an
animal facility that is accredited by the national authority for
laboratory animal care evaluation and accreditation. All mice
were fed with an NIH-07 diet (roDENAt chow) and water ad
libitum. Before the undertaking of any tests, the animals were
allowed to acclimatize for 7 days.

Chemicals

The IQGAP1-knockdown was performed according to the
protocol reported in our previous study, with a few modifications
based on Zoheir et al. (24). The IQGAP1 sequence (NC_000015.10)
was obtained from the NCBI gene bank.

Diethylnitrosamine (DENA) was purchased from Sigma
Chemicals (St. Louis, MO, USA). The TRIzol reagent was
purchased from Invitrogen (Carlsbad, CA, USA), while the
high-capacity cDNA reverse transcription kit, the primers for
real-time PCR, and the SYBR Green Universal Master mix were
all bought from Applied Biosystems® (Foster City, CA, USA).
Antibodies specific for b-actin, IQGAP1, and p53 were
purchased from Santa Cruz Biotechnology.

Construction of shRNA-I QGAP s-P- vectors

IQGAP -targeted siRNAs vector was constructed using the
RNAi-DNA vector technique according to Promega Ribomax
Large Scale RNA Production System T7.

The oligonucleotides of the short hairpin RNA (shRNA) were
annealed and inserted into the BamHI and EcoRI sites of the RNAi-
Ready PSIREN-Retroozs Green Vector (BD Biosciences, Clontech,
CA). This plasmid encoding variant 1 of the mouse/mouse IQGAP1
was obtained from Santa Cruz Company (IQGAP1 siRNA (m) sc-
35701 SH).

The empty vector pTZU6 _ 1 was used as a negative control.
Other group of mice was treated by P- 1, QGAP -shRNA before
induction hepatic cancer with DENAA IQGAP1 -shRNA, or p-
shRNA (50ng) with LipofectamineTM2000 was directly injected
into the tumor in situ.

Experimental plan

After acclimation, the 21-day-old male Balb/c mice were
randomly divided into four experimental groups. The first
experimental group of mice was injected only with saline
(negative control NC group), the second control group was
injected with shRNA (shNC), the third experimental group of
mice was injected intraperitoneally (i.p.) with DENA (that was
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dissolved in saline) at a dose of 50 mg/kg on the experimental
days 0, 7, 14 and 21 (positive control group), and the fourth
experimental group of mice was injected with the IQGAP1-
shRNA vector and a day later they were admitted to the same
DENA-administrating protocol as the previous positive control
group (treated group). Mice were euthanized by CO,
asphyxiation and exsanguination and were subsequently
weighed and necropsied on experimental day 288 (after the
injection of DENA). Every 4 weeks, the occurrence of cancer was
examined by a measurement of the serum o-fetoprotein (AFP; a
tumor marker) and histopathology by choosing random mice
from each group. In addition to blood, the mice’ livers, lungs,
and hearts were removed, weighed, and examined to identify the
existence of any grossly visible lesion. Moreover, these livers
were dissected to separate their lobes and were subsequently cut
into 1- to 2-mm slices. A piece from each lobe was then fixed in
formalin for 48-72 h and then immersed in paraffin resulting in
a total of three paraffin blocks for each animal. Serial sections
from each block were later stained with hematoxylin and eosin
(H&E). Hepatic preneoplastic and neoplastic lesions were
categorized based on the mouse pathology.

Histopathological examination

The mouse liver morphology was examined by
histopathology. Liver sections (of 5-micron thickness) were
fixed and stained with regular H&E stain, and then inspected
under a light microscope, and lesions were photographed with
an Olympus digital camera that was installed on the Olympus
microscope with a 1/2 X photo-adaptor of a 100x objective lens.

Quantitative analysis of altered
hepatocellular foci

Quantitative analysis of the AHF was achieved by operating
a two-dimensional evaluation method. The whole H&E staining
sections were scanned by ScanScope CS (Aperio Technologies,
Vista, CA, USA). Photos were then observed through Aperio’s
ImageScope viewer software (Aperio Technologies), on which
the quantitative analysis was performed. The number and the
volume of each focus (eosinophilic, clear, and basophilic), as well
as the total volume of the examined liver sections, were
quantified. The multiplicity of AHF was then stated as
numbers per centimeter squared, and the volume of the foci
was represented as the percentage of total liver volume (%).

RNA extraction and cDNA synthesis

Under the manufacturer’s guidelines, the total RNA from the
hepatic tissue homogenate was isolated by using the TRIzol
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reagent (Gibco, Invitrogen; Eugene, OR, USA) according to
Zoheir et al. (24),, Along with the manufacturer’s instructions
of applied Biosystems Kkit, the first-strand cDNA synthesis was
operated utilizing the high-capacity cDNA reverse transcription
kit (Applied Biosystems®; Foster City, CA, USA).

Quantification of mRNA expression via
real-time polymerase chain reaction

According to (25) the quantitative analyses of target genes’
mRNA expression were undertaken by employing RT-PCR. Briefly,
the resultant cDNA from the above preparation was exposed to
PCR amplification within 96-well optical reaction plates in the ABI
Prism 7500 System (Applied Biosystems). The employed primers in
this study were selected from the website pubmed.com (http://www.
ncbi.nlm.nih.gov/tools/primer-blast) as listed in Table 1. The RT-
PCR data were analyzed by using the relative gene expression (i.e.,
AACT or 2"*“") method, as illustrated in Applied Biosystems User
Bulletin No. 2. With respect to the AACT of the 2° AACT ethod, the
first ACT is the difference in threshold cycle between the target and
reference genes. ACT = CT{(a target gene)-CT(a reference gene).
AACT = ACT (a target sample)-ACT (a reference sample) The data
are herein presented as the fold change in gene expression, as
normalized to the endogenous reference gene (B-Actin gene) and
relatively to a calibrator.

Western blot analysis

To confirm the gene expression data, we carried out Western
blotting for the analysis of the presence of two proteins (IQGAP1
and interleukin-8; IL-8) in the liver tissue. The total proteins were
extracted from liver tissue by a method as described by (24).
Protein concentrations were measured by the Lowry method (26).
IQGAP1 and IL-8 antibodies (catalog number: sc-376021 and sc-
376750) as well as those against -actin (catalog number: sc-
47778) were diluted in PBST containing 5% non-fat milk and were
incubated overnight with the membranes at 4°C. Primary
antibodies of IQGAPI and interleukin-8 were purchased from
Invitrogen (Carlsbad, CA, USA. Primary antibodies were diluted
in TBST according to manufactured instructions. Incubation was
done overnight in each primary antibody solution, against the
blotted target protein, at 4°C. The blot was rinsed 3-5 times for 5
min with TBST. Incubation was done in the HRP-conjugated
secondary antibody (Goat anti-rabbit IgG- HRP-1mg Goat mab
-Novus Biologicals) solution against the blotted target protein for
1 hr at room temperature. The chemiluminescent substrate
(ClarityTM Western ECL substrate Bio-Rad cat#170-5060) was
applied to the blot according to the manufacturer’s
recommendation. The chemiluminescent signals were captured
using a CCD camera-based imager. Image analysis software was
used to read the band intensity of the target proteins against
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TABLE 1 Plasmid and primer sequences of mouse genes.
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Sequence (reverse) Sequence (forward) Name
Anti-sense sc-35701A: IQGAPI1 shRNA Plasmid (m)
UUCAGCAAGAUCACUGUGGtt Sense (sc-35701 SH)

UUCAGCAAGAUCACUGUGGtt
UACAACUUCAUCUUUGUGGtt

sc-35701A: CAGUGAUCUUGCUGAALtt
5c-35701B: CAGUGAUCUUGCUGAALt

sc 5701B:CCACAAAGAUGAAGUUGUALtt

R: AGCCCATAGTGGAGTGGGAT F: CTAGGCATCTTCGTCCGTCC IL-8
R: CCGTACCAGAGCGAGATGAC F: GGGGAGCTTGGAACGCTAAG Casp3
R: ACGATCACAAGGAGGAAG F: GCTGAAGAGACAATGAAC DCRI
R: CCTTTCCCCTTCCCCCATTC F: CTGGATCCAAGACCAGGGTG Bax

R: GCCATCCAAGGTCTCGATGT F: AGAACGACCTGACTGCCAAG Casp9
R: GCCACACGTTTCTTGGCAAT F: AGCATGCGACCTCTGTTTGA Bl-2

R: TCGTCAGCTGAGTCGTTTCC F: CACTGACGGGGAAGAGGAA DR5

R: GCATCGTCAACACCCTGTCT F: AGACACGAAACAGGCTCAGG Kras

R: TCCATGCGAAGGTCTTGGTC F: CTGACACCAGGCTCAGGACA Hras

R: TTCGCGTCCGGCTTCCTCAAG F: ATGAACTCACTGGTTTCTTGGC DR4

R: GGGTCAAGTACTGGACTG F: AGCTGTGGTTGTGGTTGG DCR2
R: GCTCTTCGCTAACGGCATT F: GCCCTGCTCCCTCATTTTCT IQGAP1
R: CTGCAAGGTGACCAGAGTGT R: TGTCACCATTCGGAACCAGG IQGAP3
R: TAGTGCAGCTTCGTCCACAG F: TAGTGCAGCTTCGTCCACAG IQGAP2

control sample beta actin (housekeeping protein) by protein
normalization on the ChemiDoc MP imager. All fold changes of
band densities were determined with normalization to B-actin, an
endogenous control. Relative protein expression was calculated as
relative density of a protein band normalized to the endogenous
control. Each experiment was conducted in triplicate and repeated
three times independently. The blots were visualized using a
chemiluminescence detection kit (ECL; Millipore), and the
densitometry scanning quantified the optical density of each band.

Cytokine secretion analysis

Supernatants obtained from the mice sera were cleaned by
centrifugation (2000 g, 10 min), and cytokine levels were measured
using commercially available ELISA kits: TNF-o. and IL-4. Cytokine
levels in the serum were estimated by the LEGENDplexTM multi-
analyte flow assay kits (BioLegend, San Diego, CA), following the
manufacturer’s instructions. Data were gathered on the MACSQuant®
Analyzer 10 (Miltenyi Biotech, Germany) and were subsequently
analyzed by the LEGENDplex Data Analysis V8 software.

Biochemical analyses

The activities of alanine aminotransferase (ALT) and
alkaline phosphatase (ALP) in the serum were measured by a
kinetic method with a kit of the BioSystem Company (Spain), as
stated in the materials and methods of (27). Total bilirubin levels
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in the serum were determined by a colorimetric procedure by
using kits of Human Gesellschaft fiir Biochemica und
Diagnostica mbH, WiesbaDENA, Germany, as described in
(27). The serum albumin level was estimated by a colorimetric
method with the use of reagent kits purchased from the
Diamond Diagnostics Company, according to (28). Serum
AFP and serum tumor necrosis factor-alpha (TNF-o) levels
were measured by a colorimetric method with kits developed by
Quantikine following the manufacturer’s instructions. Serum IL-
4 levels were assayed with a RayBio® Mice IL-4 ELISA kit. The
liver glutathione (GSH) content was determined according to
(29). The glutathione-S-transferase (GST) activity in the liver
was detected according to (30). The liver glutathione peroxidase
(GPx) activity was pinpointed, and the liver lipid peroxidation
(LPO) content was identified by measuring thiobarbituric acid
reactive substances (TBARS) according to the method of (31).
Finally, the liver superoxide dismutase (SOD) activity was
assayed by following the technique of (32).

Flow cytometer analysis

This assay was executed with Annexin V FITC and
propidium iodide (PI) to measure the apoptosis of the
circulating blood cells. The apoptotic analysis was dedicated to
discriminating between early and late apoptotic cells, as well as
necrotic cells. According to standard protocol (24) which was
modified by (33), the apoptosis of the treated and the untreated
cells was assessed through a flow cytometer instrument (BD
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Biosciences, USA). The gating of the required cell population
was carried out according to the standard procedures of the
flow cytometer.

Statistical analysis

Data were expressed as mean * standard error. One-way
analysis of variance (one-way ANOVA) was used to identify
statistically significant differences within groups. One-way-
ANOVA followed by a Tukey’s test was used in order to perform
comparisons among various groups at p < 0.05. All statistical
analyses were done with the use of the SPSS 15.0 software. *
indicated high significantly difference at P <0.01 between DENA-
induced mouse and normal control. ® indicated significantly
difference at P <0.05 between DENA-induced mouse and normal
control. © indicated significantly difference at P <0.05 between
IQGAPI-shRNA treated group and DENA-induced mouse.

Results
Histological changes

Liver histological sections of the normal group (negative
control group), the DENA-injected group (positive control
group), and the DENA-injected group treated with IQGAP1-
shRNA (treated group) are presented in Figures 1A-C.

The photomicrographs of the liver sections of the negative
control group mice revealed a normal histological structure of the
hepatic lobule. The liver of animals injected with DENA showed
severe hydropic degenerative changes and fatty change of
hepatocytes. Yet, the liver of animals injected with both DENA
and IQGAP1-shRNA presented with a nearly-normal histological
phenotype and Kupffer cell proliferation (Figures 1A-C).

Figure 1D shows the significant changes in relative liver
weight of the mice in different tested groups, recording that the
relative liver weight of the treated mice presented with a nearly-
normal percent with high significant changes compared to
DENA-induced model.

Figure 1E shows the significant changes in the histological
features which confirmed that the liver of animals injected with
both DENA and IQGAPI-shRNA presented with a nearly-
normal histological phenotype and the Altered Hepatocellular
Foci (AHF) returned back slightly close to the healthy control.

Effects on serum liver function-related
parameters

There were variations in several serum biochemical indicators

linked to liver function. The injection of DENA caused a significant
(p < 0.05) rise in total bilirubin levels and serum ALT and ALP
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activity. When mice were given IQGAP1-shRNA treatment and
subjected to DENA, these levels fell. The mice who had received
DENA responded better to the treatment with IQGAP1-shRNA in
terms of lowering their high ALT activity and total bilirubin levels.
However, the serum albumin level (Table 2) significantly decreased in
the mice that received DENA. The latter group’s low serum albumin
levels were considerably raised by IQGAP1-shRNA therapy.

Changes in serum tumor markers

Table 3 shows the alteration in serum AFP levels. The
recorded percentage was found to be significantly increased in
comparison to that of the treated group and negative control
group, and serum AFP levels were found to be significantly (p <
0.05) higher in mice that had received DENA.

Effects on inflammation-related
serum markers

The recorded changes in serum TNF-o and IL-4 levels are
presented in Table 3. Serum TNF-o level were found to be
significantly (p < 0.05) elevated in the DENA-administered mice,
and IL-4 levels were found to be significantly (p < 0.05) increased
because of the administration of DENA. Moreover, the
treatment of DENA-poisoned mice with IQGAP1-shRNA
resulted in a lowering of the elevated serum TNF-o level, and
into amelioration of the higher serum IL-4 levels.

Effects on liver oxidative stress and
antioxidant defense biomarkers

The administration of DENA produced a significant decrease
in GST level. The treatment of these animals with IQGAP1-
shRNA yielded a significant (p < 0.05) upsurge in the GST content
as compared to the DENA-treated mice group. The treatment of
DENA-poisoned mice with IQGAPI-shRNA induced a
significant increase in their liver GST activity (Table 3).

In Table 3, the liver SOD activity was found to be significantly
decreased because of DENA administration. Nevertheless, the
administration of IQGAP1-shRNA was able to induce a significant
(p < 0.05) increase of the aforementioned lowered SOD activity. The
treatment with IQGAP1-shRNA was even more effective in

improving the lowered liver GSH content that was induced by DENA.

Effects on hepatic mRNA expression of
IQGAPs and Ras

The administration of DENA increased the mRNA levels of
IQGAP1, IQGAP3, HRas, and KRas, whereas downregulated
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FIGURE 1

Histopathology changes. (A) A photomicrograph of a section of control liver showing the normal structure of the hepatic lobule. The central vein lies at the
center of the lobule and intact with the hepatocytes with strong stained eosinophilic granulated cytoplasm, and distinct nuclei. In between the strands of
hepatocytes, the hepatic sinusoids are shown (B) A micrograph of liver section from mice that given DENA only showing complete destruction of the
sinusoidal architectural pattern. Hepatocellular carcinoma: a mononuclear inflammatory cell infiltrate extends from portal areas and disrupts the limiting plate
of hepatocytes, which are undergoing apoptosis (C) A micrograph of a section of positive-control liver mice that given DENA and treated with IQGAP1-
shRNAL plasmid showing improvements in the structure of liver that appeared more or less like normal one. Complete arrangement of the sinusoidal
architectural patterns, no mononuclear inflammatory cells are shown (H & E stain). (D) Relative liver weight (%) to body weight. (E) Histopathology changes in
normal, induced, and treated tissues.a indicated high significantly difference at P <0.05 between treated mouse and normal control.

TABLE 2 Liver function markers.

Treatment ALT ALP Total bilirubin Albumin
Normal control 40+2 45+3 1+0.1 40+3.5
50 mg/kg DEN 85+5.5° 90+6.5" 3.540.5% 1542.5°
50 mg/kg DEN + IQGAP-shRNA 50+3.5° 48+4.5° 1.3+0.2¢ 3343.0°

“indicated high significantly difference at P <0.01 between DEN-induced mouse and normal control. © indicated significantly difference at P <0.05 between IQGAP1-shRNA treated group
and DEN-induced mouse (n=8).

IQGAP2. However, the injection of the sShRNA modulated these Effects on hepatic mRNA expression of
genes, through a decrease of the mRNA levels of IQGAPI, IL-8 and CXCR3

IQGAP3, HRas, and KRas, and an increase of the mRNA

levels of IQGAP2, when compared to both negative control Mice treated with DENA exhibited increased hepatic IL-8
and shNC group (Figures 2A, B). and CXCR3 mRNA levels, but the treatment with IQGAPI-
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TABLE 3 Inflammatory and anti-oxidant candidates .

10.3389/fonc.2022.998247

Treatment TNF-a IL-4 AFP GST SOD
Normal control 1243.0 0.025+ 0.001 15432 5.2+1.05 0.82+0.05
50 mg/kg DEN 25+5.1° 0.5% 0.005° 75+4.5° 1.4+0.2° 0.09+0.004*
50 mg/kg DEN + IQGAP-shRNA 1543.5° 0.05+ 0.001° 20+2.8° 41405 © 0.78+0.06°

“indicated high significantly difference at P <0.01 between DEN-induced mouse and normal control. © indicated significantly difference at P <0.05 between IQGAP1-shRNA treated group

and DEN-induced mouse (n=8).

shRNA lowered these increases to levels closer to those of the
negative and shNC group (Figure 2C).

Effects on hepatic mRNA expression of
caspase-3, caspase-9, BAX, and BCL-2

The mRNA levels of caspase-3 and -9 and of BCL-2 were
found to be highly increased in DENA-treated animals, but the
mRNA levels of BAX were decreased. The animals that received
the IQGAP1-shRNA exhibit this deregulation (Figure 2D).

Effects on hepatic mRNA expression of
TRAILs (DR4 and DR5) and decoys

The expression levels of DR4 and DR5 were found to be
highly down-regulated in the positive DENA control group,
while the administration of IQGAP1-shRNA upregulated the
expression of these two genes as compared to the negative and
shNC group (Figure 2E). In addition, we found that both Decoy
RI1 and Decoy R2 were highly up-regulated in both positive
DENA control and IQGAP1-shRNA treated group if compared
with negative and shNC control. Whatever, there was significant
differences between DENA positive control and IQGAPI1-
shRNA treated group for both Decoy Rl and Decoy R2 as
shown in (Figures 2D-F).

Effects on hepatic mRNA expression of
P53 and NF-K B

The expression of P53 was down regulated in DENA treated
animals but NF-K B, was up regulated. The animals that received
the IQGAP1-shRNA modulated these two genes, (Figure 2F).

Effects on hepatic protein expression of
IQGAP1 and IL-8

Both IQGAP1 and IL-8 were highly expressed in the DENA-
treated (positive control) group, but in the treated group, we
were able to identify a potent decrease of the IQGAP1 protein
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levels only when compared to those of the negative control
group (Figure 3).

IQGAP1-knockdown and apoptosis in the
circulating blood cells

The underlying mechanisms of the herein attempted
IQGAPI1-knockdown on the circulating blood cells were
determined by employing flow cytometer. In the present study,
the early apoptotic, late apoptotic, and necrotic cells were
annotated with Annexin V, Annexin V/PI, and PI,
respectively. We identified an increased number of early and
late apoptotic cells in the positive control group when compared
with both the treated and negative control groups (Figure 4). In
the DENA-treated group, late apoptosis was accompanied by an
increase in necrotic cell numbers, and this was the case in the
other two groups. The number of these cells was found to be
greater than that of the early apoptotic circulating blood cells
(p < 0.05).

Discussion

Discover a new tool for the prevention of hepatic cancer in
vivo through the silencing of IQGAP1 mRNA and the
evaluation of its effects on serious inflammatory as well as
pre- and antiapoptotic signaling parameters was our aim of
this study.

Hepatic cancer is a common malignancy of the digestive
system that affects human health (34). Liver cancer is one of the
most common malignancies globally, and the patient survival
rate remains poor. The control of liver disorders is challenging
for modern medicine (35). In order to treat HCC, new surgical
procedures are paired with radiotherapy and/or chemotherapy;
nonetheless, the overall survival rate of HCC patients is not
improved by using these treatments. Therefore, the discovery of
novel approaches aiming to cure HCC with improved survival
rates is necessary to address this issue. IQGAPI1 acts as an
oncogenic regulator. IQGAP1 is oncogenic and its up-
regulation leads to the induction of liver cancer so the
inhibition or knockdown of the expression of IQGAPI is a
significant reason for prevention of the initiation and

frontiersin.org


https://doi.org/10.3389/fonc.2022.998247
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zoheir et al. 10.3389/fonc.2022.998247
A B
> 1QGAP1 a N :
u a 35
c 3 HIQGAP2 5 ] ==HRAS
2 25 - =1QGAP3 “HKRAS a
o 25 |
8 2
3 21
@ 159 1.5 A
o 14 |
& 1
05 05 - ¢
0 0 ; : ; )
NC ShNC 50 mg/kg DEN 50 mg/kg DEN NC ShNC  50mg/kg DEN 50 mg/kg DEN
<1QGAPL- =1QGAPL-
shRNA shRNA
C
4.5 - "
& & miL-8
Q2 351
2 5 B CXCR3 a
o
a 25 -
3 24
2 15 ¢ ¢
Q
O 14
0 - ; ! :
NC ShNC S0mg/kgDEN 50 mg/kg DEN -
1QGAPL-shRNA
D
57 a ENC
c 34 a mShNC
.g 55 ™50 mg/kg DEN
v o 1
o M50 mg/kg DEN + IQGAP1-shRNA
Q 2
x
w
g 154
[}
O 1.
F
0.5 25 4
0 - c
o 2
Caspase-3 Caspas-9 BCL-2 BAX ‘D
%]
o
E al1s5 4
7 - P
@ -
c S :
2 o
a
o 0.5
S
a
x
i 0
2 pS3 NF-kB
Q
O
TRAILL (DR4) TRAIL2(DRS)  DcoyR1 DcoyR2
FIGURE 2

The RT-gPCR validation of mRNA expression for IQGAPL, IQGAP2, IQGAP3, KRas, HRas, IL-8, CXCR3, caspase-3, caspase-9, Bcl-2, BAX, DR4
(TRAIL1), DR5 (TRAIL2), DecoyR1, DecoyR2, p53, and NF-kB (A-F) in liver tissue among groups of control, DENA and IQGAP1-shRNA plasmid.
NC; normal control and ShNC; IQGAP1-shRNA control. ? indicated high significantly difference at P <0.01 between DENA-induced mouse and
normal control. ® indicated significantly difference at P <0.05 between DENA-induced mouse and normal control. € indicated significantly
difference at P <0.05 between IQGAP1-shRNA treated group and DENA-induced mouse. Error bars represents standard error of mean (SEM).
Means comparisons were performed by using One-Way ANOVA test.

development of hepatic cancer (5). Therefore, the mechanism
regulating the knockdown of IQGAP1 could provide a new tool
for the biological treatment of HCC. New advances have shown
that IQGAPs exhibit an irregular expression in HCC tissues and
that their deregulation contributes to the HCC initiation and
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progression. Researchers have suggested that IQGAPI is
oncogenic, and its upregulation leads to the induction of liver
cancer, while IQGAP2 acts as a suppressor gene (36, 37).

For years, the medical community has called chronic or life-
threatening diseases “hopeless,” but now, gene therapy offers
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Protein expression of both IQGAP1 and IL-8 in liver tissues by western blot. # indicated high significantly difference at P <0.01 between DEN-
induced mouse and normal control. © indicated significantly difference at P <0.05 between IQGAP1-shRNA treated group and DEN-induced
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hope to those looking for relief from hundreds of different
diseases. The use of RNAi is one of the most promising cancer
therapies and our way to wellness. As mRNA is employed in
place of protein therapy nowadays, RNAs are used as medication
to treat genetic disorders, autoimmune diseases, cancer,
infectious diseases, and other ailments (37). In this study, we
have methodically estimated the mechanisms and functions of
the IQGAP1- shRNA in a mouse model of HCC and discussed
the existing gaps and the future direction for studies on liver
cancer-related IQGAP1-shRNA. Consequently, our study was
planned to assess the potential preventive effects and the
mechanism of action of IQGAP1-shRNA against DENA-
induced HCC. Moreover, this application aimed at
determining the outcome of inhibiting the IQGAP1 gene and,
consequently, its effect upon II-8 and its receptor family genes,
caspases (3 and 9), BAX, Bcl-2, and TRAIL-induced apoptosis in
the mouse liver cancer. The study also aimed to delineate the
mechanism of such modulations (a result of oxidative stress,
modulations in the antioxidant defense mechanisms, and/or
apoptosis). IQGAPI is an inducer gene for cancer, and it has
been reported to induce liver cancer in both humans and
animals. Several studies have reported that the connections of
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IQGAP1 with multiple cellular proteins have been shown to
regulate several cellular functions (38). The upregulation of
IQGAPI1 has been recorded in a variety of human cancers,
including female-specific tumors (gynecological malignancies)
(39), pulmonary cancer (40), pancreatic cancer (41), hepatic
tumors, CRC (42), and gastric cancer (43). Moreover,
intracellular processes involved in cell differentiation, cell
proliferation, and cancer transformation are influenced by
IQGAPI interactions with external signals (44). IQGAP1 is
thought to work synergistically in cell adhesion, migration,
proliferation, angiogenesis, and metastasis. IQGAPI on the cell
membrane may make adherent junctions less effective, which
would encourage the dissociation and spread of tumor cells
(45). The efficacy of IQGAP1 silencing using shRNA as an
innovative therapeutic target for curing mouse hepatic cancer
induced by DENA was investigated. This study was conducted
in order to elucidate the role of IQGAP in mouse hepatic
cancer progression and its relation with pro-apoptotic and
antiapoptotic genes, such as the TNF-related apoptosis-
inducing ligand (TRAIL) family genes, BAX, Bcl-2, caspase-3
and -9, IL-8, and CXC3, and other factors. The DENA-induced
mouse liver cancer was utilized as a surrogate model for hepatic
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Flow cytometry analysis using Annexin V FITC and propidium iodide (Pl) for apoptosis measurements. Apoptosis of the untreated (A), DENA
injected (B), and IQGAP1-shRNA vector treated circulating cells in the blood stream were measured in mice (C). Charts in each column

represent cells underwent early, late apoptosis, and necrosis.

cancer. The most recent research confirms IQGAPI’s
involvement in liver cancer invasion. The up-regulation of
IQGAPI in tumor cells as opposed to healthy cells has also
been demonstrated (46). In light of the fact that IQGAPI is
overexpressed in tumors and consequently modulates signaling
pathways involved in cell transformation, cell proliferation,
and metastasis, Johnson and Henderson have proposed that
IQGAP1 is a critical component of oncogenesis (44). The
present data demonstrate that both the IQGAP1 protein and
mRNA expression are down-regulated following treatment
with IQGAP1-shRNA. Moreover, the histopathological,
biochemical, and cytokine assays have shown that IQGAP1
depletion leads to a significant reduction in cell proliferation.
These findings are in agreement with those of previous studies
that have suggested that an IQGAPI1-knockdown could
attenuate cell growth (47). Our data provide direct evidence
that treatment with IQGAP1-shRNA can significantly suppress
the DENA-induced liver histopathological changes, increased
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MPO activity, increase MDA content, and inflammatory
cytokine production.

The TRAIL signaling pathway is a well-established target for
the treatment of liver cancer. Once the cells are stimulated by
IQGAP1-shRNA, DR4 and DR5 are known to be activated and
to subsequently trigger the transcription and release of pro-
apoptotic genes (48). In the current study, we found that
IQGAP1-shRNA can markedly attenuate the DENA-induced
liver cancer development through modulation of TRAIL, IL-8
receptors, and other apoptotic factors. Growing evidence
suggests that IQGAPs regulate TRAILs, IL-8, CXCR3, decoy
receptors, as well as the NF-xB signaling pathway. The activation
of IQGAP1 could lead to the activation of the Ras signaling
pathway and the inhibition of IQGAP2, TRAIL family, and NF-
KB signaling pathway. Our study has shown that the IQGAP1-
knockdown regulates the expression of the aforementioned
genes. The IQGAP1-knockdown modulated the liver function,
interleukins, antioxidants, apoptosis, and the matrix degradation
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of the DENA-induced carcinogenetic process by activating both
the IQGAP2 and TRAIL family genes that are capable of
modulating IL-8 and its receptors.

TNF-0. is known to induce the expression of matrix
metalloproteinase and to increase their activity. In fact, IL-6
and TNF-o not only destroy the matrix but also inhibit the
repair of the matrix (48). In our study, we found that the
knockdown of IQGAPI1 induces the production of pro-
inflammatory cytokines that were otherwise suppressed by the
DENA-induced liver cancer, through the activation of TNF-o
and interleukins. Apoptosis, or programmed cell death, is a path
with well-defined morphological features. The proteolytic
cleavage of cellular proteins by caspases (a class of cysteine-
dependent aspartate-directed proteases) results in the expression
of distinctive apoptotic characteristics. Not all caspases are
engaged in cell death; some have other roles to play in the
body. Many physiological functions (such as tissue homeostasis)
rely on naturally occurring cell death. Apoptosis dysregulation is
linked to a variety of illnesses, including cancer. Apoptosis-
regulating proteins, however, can be used as targets for drug
development and the delivery of novel cancer treatments (47).
During apoptosis, the cell survival factors Bcl-2 and Bcl-xL are
also cleaved (48). Caspases are triggered during apoptosis via
two pathways: (i) the cross-linking of death receptors in
response to external (extracellular) stimuli and (ii) the release
of apoptogenic substances from the mitochondria in response to
internal (intracellular) signaling. The endoplasmic reticulum
stress-induced apoptosis and the caspase-independent
apoptosis are two further apoptotic mechanisms that exist
(49). The TNF-receptor superfamily includes several plasma
membrane receptors that can initiate external apoptotic
signaling. In fact, the TNF-receptor-1 (TNF-R1), the death
receptor-3, the TNF-related apoptosis-mediating protein, the
TNF-related apoptosis-inducing ligand receptor-1 (TRAIL-R1
or DR4), the TRAIL-R2 (DR5), and the DR6 are members of this
family. The binding of the receptor interaction protein, the third
protein capable of interacting with the TNF-R-associated death
domain protein, is known to activate the transcription factor
NF-xB, thus causing antiapoptotic genes to transcribe and
promote cell survival (49-52). In our study we observed that
DENA increased TNF-o levels and downregulated the
expression of the TRAIL receptors (DR4 and DR5) in liver
cells, leading to the establishment of a higher necrosis level and,
consequently, to the induction of liver cancer. However, the
IQGAP1-shRNA treatment modulated this pathway by inducing
the expression of DR4 and DR5, and by inhibiting TNF-o
secretion. It has been proposed that the Bcl-2 protein family’s
pro-apoptotic members are essential regulators of the opening of
the mitochondrial permeability transition pore. The proteins of
the Bcl-2 family are placed or translocated to the outer
mitochondrial membrane and include both antiapoptotic (e.g.,
Bcl-2) and pro-apoptotic (e.g., BAX) members. The Bcl-2 family
proteins are capable of regulating the release of cytochrome c by
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modulating the permeabilization of the inner and/or the outer
mitochondrial membrane (52). The phosphorylation and the
dephosphorylation of Bcl-2 family members might play an
important role in the regulation of their function (53). Other
proteins known to be controlled by Bcl-2 family proteins include
certain caspases (namely, caspase-2, -3, and -9) as well as the
apoptosis-inducing factor (AIF) (33).

Some types of cell death are difficult to categorize under
“apoptosis” or “necrosis,” and there is evidence of controlled cell
death with necrotic or non-apoptotic morphology. Given that
apoptosis is a natural aspect of life, it is not surprising that it might
be involved in the pathogenesis of a variety of disorders. Normally,
apoptosis removes undesired, wounded, or virus-infected cells, but
when this process is disrupted, it could result in illness. Cancer is
one of the disorders linked to apoptosis suppression. Excessive cell
proliferation and/or inadequate apoptosis could result in the
accumulation of too many cancer cells. Defective apoptosis and
malignant cell development are known to be caused by the
upregulation of antiapoptotic proteins and inactivating
mutations in pro-apoptotic genes (54). Several factors can
activate the tumor suppressor gene p53. Many genes involved in
cell cycle arrest or apoptosis (such as BAX, caspase-9, Fas, and
DR5) are regulated by p53 (55). p53 has been recently shown to
directly trigger the pro-apoptotic protein BAX, which in turn
causes apoptosis (56).

Nowadays, most anticancer drugs in use eliminate target
cells by stimulating apoptosis through receptor-mediated and/or
mitochondrial-mediated mechanisms. Greater knowledge of the
processes of apoptosis and apoptosis resistance has opened new
possibilities for the creation of novel anticancer drugs. Most cells
produce TRAIL, which interacts with cell surface death receptors
DR4/5. However, because most normal cells also express decoy
receptors (DcR1 and DcR2), they appear to be resistant to
TRAIL-induced apoptosis (56).

Thanks to NF-kB overexpression, the NF-kB-induced
expression of numerous antiapoptotic genes (such as those of
Bcl-2, Bcl-xL, and c-IAP-2) has been observed in different types
of cancers (57). In our model, we found that the IQGAP1-shRNA
can modulate the upregulation of NF-xB induced by DENA, which
is believed to have led to the initiation of the observed mouse
hepatic caner. The role of IQGAP1 in HCC has been reported in
vivo by several authors (58). Future apoptosis-based therapeutics
with fewer side effects may be made possible by patient-specific
profiles of genetic adaptations related to apoptosis (59, 60).

There are two opinions to investigate the importance of
measuring apoptosis in nucleated blood cells as an indicator of
cancer induction or suppression. The first opinion suggested
that the elevation of the circulating reactive oxygen species
(ROS) in blood stream which is accompanied by membrane
pathology in cancer. Thus, the authors reported that the
characteristic changes in cell shape of blood cells in cancer and
treated-cancer cells are of value for interpreting the membrane
alterations during apoptosis (61, 62). The second opinion
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suggested that apoptosis in peripheral blood cells was activated
in 33% of breast cancer patients (63). Based on these two
suggestions, we investigated apoptosis of the circulating blood
cells in the cancer-induced mice to agree or disagree with this
suggested phenomenon. Our results were apposite to these two
old suggested theories and the apoptotic induction in all groups
was not happen in the blood cells, so we cannot use the
circulating blood’s apoptosis as a prognostic or a diagnostic
marker in liver cancer. The basic idea behind all these
interventions is the careful stimulation of apoptosis in
transformed cells; an important concept that could lead to the
development of new therapeutic agents that are more active and/
or less toxic than the ones currently in use.

Conclusion

IQGAPI regulates the expression of other IQGAPs, Ras,
TRAILs, IL-8 receptors, and many members of the pro- and the
antiapoptotic networks. Through modulation of these genes, the
silencing of IQGAP1 can improve liver function and act as an
antioxidant and anti-inflammatory event and, consequently,
prevent the induction of hepatic cancer by outer effectors (e.g.,
chemicals, radiation, etc.). Thus, the silencing of IQGAP1 could
be a promising therapeutic tool against HCC.
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