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Colorectal Cancer (CRC) is the third leading cause of cancer death in the 
world whose incidence is progressively rising in developing nations. It 
is treated with both chemotherapeutic and immunotherapeutic agents. 
Sorafenib is a broad-spectrum multikinase inhibitor proven to be effective 
in treating different types of carcinoma, including liver, thyroid, renal, and 
breast cancers. This study aimed to investigate the effect of Sorafenib against 
1,2-dimethylhydrazine (DMH)-induced CRC in mice. Mice were injected with 
DMH (20 mg/kg) over 12 weeks to induce the cancer. Mice were treated 
with Sorafenib (30 mg/Kg for 5 days). Colon tissues were examined by 
histological analysis, and gene expression level of key players involved in 
the Wnt signaling pathway were assessed using RT-PCR. Our results showed 
that Sorafenib restored the normal histology and structure of colonic tissue. 
Sorafenib downregulated the expression level of Wnt5a and Cyclin D1 and 
upregulated that of APC, GSK-3β and β catenin compared to untreated 
control. In conclusion, Sorafenib inhibits DMH-induced CRC by targeting the 
Wnt signaling pathway.
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Colorectal Cancer (CRC) is a common malignancy with high 
morbidity and mortality worldwide [1]. The incidence of new 
cases and mortality has been progressively declining for the 
past years, excluding younger adults (younger than 50 years), 
probably due to the increase in cancer screening and better 
therapeutic modalities [2]. CRC is the third most common 
cause of cancer death in both men and women in the United 
States, and it ranks second when men and women are combined 
[3]. 

Wnt ligands (Wnts) are secreted glycoproteins that activate 
the Wnt signaling pathway through the canonical or non-
canonical pathway. Important players in the Wnt canonical 
pathway are the destruction complex components comprising 
of the Adenomatous Polyposis Coli (APC), casein kinase, 
axin, Glycogen Synthase Kinase (GSK3β), and β-catenin. In 
the canonical pathway and in the absence of the Wnt ligand, 
β-catenin is sequestered within the destruction complex, 
phosphorylated by GSK3β and tagged for proteosomal 
degradation. In the presence of Wnt, β-catenin is freed from 
the complex, and it is translocated to the nucleus where it 
interacts with T-cell factor (Tcf )/lymphoid enhancer factor 1 
(Lef1) to regulate the transcription of diverse oncogenes. In 
fact, gain of function mutations in β-catenin gene are associated 
with the initiation and progression of various types of cancers, 
mainly CRC [4]. Likewise, loss of function mutations in the 
tumour suppressor genes GSK3β and APC are implicated in 
colorectal carcinogenesis. Moreover, studies have shown that 
Wnt inhibits apoptosis of colon Cancer Cell Lines (CCC) by 
blocking caspase-9 activation induced by chemotherapeutic 
drugs [1]. Consequently, various chemotherapeutic drugs have 
been synthesized to target this pathway in different solid tumors 
and hematological malignancies [5].

Sorafenib, a multikinase inhibitor, is capable of facilitating 
apoptosis, mitigating angiogenesis and suppressing tumour cell 
proliferation. Reported targets of Sorafenib include Vascular 
Endothelial Growth Factor Receptor (VEGFR), Raf family, and 
Platelet-Derived Growth Factor Receptor (PDGFR) belonging 
to the general class of tyrosine kinases [6]. Blocking growth 
signals in liver, thyroid, renal, and breast cancers underlie one 
of the key mechanisms by which Sorafenib exerts its antitumor 
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effects leading to cell death. Previous studies have shown 
that Sorafenib inhibits the Wnt/β-catenin signaling in vitro 
in HepG2 hepatoma cells [7]. Furthermore, a study by [8]. 
Sorafenib was shown to alter the Wnt signaling by decreasing 
β-catenin protein levels in HepG2 (CTNNB1-class), SNU387 
(Wnt-TGFβ-class), SNU398 (CTNNB1-mutation) and Huh7 
(Lithium-chloride-pathway activation) cell lines. It was also able 
to attenuate the expression of liver-related Wnt-targets including 
GLUL, LGR5, and TBX3 [8].

Recently, a study by [9] revealed that Sorafenib potently 
suppresses the growth of colon cancer cells in human colon 
carcinoma cell line HCT116. In this context, the present 
study aims at expanding upon our previous in vitro study and 
providing a better understanding of the potential in vivo action 
of Sorafenib in a DMH-induced CRC model in mice.

MATERIALS AND METHODS

Chemicals

DMH;1,2-Dimethylhydrazine dihydrochloride was obtained 
from ACROS Organics TM (Thermo Fisher Scientific, USA). 
Sorafenib Tosylate was purchased from Eton Bioscience Inc. 
(Catalogue Number 1100200013). All primers were purchased 
from Macrogen (South Korea), and fetal bovine serum 
(catalogue number F9665) and 2 mercaptoethanol (catalogue 
number M6250) were purchased from Sigma Aldrich (USA). 
The 100x penicillin-streptomycin solution (catalogue number 
L0022-100) was purchased from Biowest (USA). Direct-zol 
RNA Miniprep (Catalogue number: R2051) was purchased 
from Zymo Research (USA). QuantiTect® Reverse Transcription 
Kit (catalogue number: 205311) and QuantiFast® SYBR® 
Green PCR Kit (catalog # 204045) for real-time quantification 
of cDNA were obtained from QIAGEN® (USA). All other 
chemicals used were of high analytical grades. 

Animal model

Six-week-old healthy female albino Balb/c mice were obtained 
from Beirut Arab University's animal facility (18 g-20 g each). 
Mice were placed under standard laboratory conditions of 
light (12-hours), temperature (22 ± 2) °C, and humidity set at 
standard animal house levels with ad libitum access to standard 
mouse diet and tap water. They were left to adapt under these 
conditions for one week prior to starting the experiments. 
Experimental procedures were carried out according to the 
approved guidelines of the Institutional Review Board (IRB) at 
Beirut Arab University.

Colon cancer induction

A total of 24 female Balb/c mice were used in this study.  Mice 
were grouped 6 per cage. One group was used as normal control. 
The other mice groups were intraperitoneally injected with 
DMH at a dose of 20 mg/kg body weight once per week, over a 
period of 12 consecutive weeks to induce CRC. The experimental 
groups are shown in Table 1. 

Histological analysis

At the end of the treatment, the mice were fasted overnight, 
with only water access ad libitum. They were dissected under 
anaesthesia using diethyl ether. The entire large intestine from 
the ileocecal junction to the anal verge was excised, flushed 
with ice-cold PBS, and opened longitudinally. The number of 
colorectal polyps was counted by two independent observers. 
Part of the colorectal tissue was fixed in 10% formalin at room 
temperature for 24h and then sent to the Specialized Medical 
Laboratories (Beirut, Lebanon) for histological preparation and 
were stained using hematoxylin and eosin (H&E). Another part 
was directly stored at -80°C for molecular analysis.

Quantification of gene expression by RT-PCR

RNA extraction and quantification: Total RNA was extracted 
from colon homogenates using the Direct-zol RNA Miniprep 
according to the manufacturer’s protocol. Briefly, tissues were 
homogenized in 600 µl of TRI reagent and centrifuged at 
16,000 g for 30 seconds to collect the supernatant. An equal 
volume of ethanol (95%-100%) was added to the supernatant 
and transferred into Zymo-Spin IIC Column with 400 µl RNA 
wash buffer in a collection tube. Further to centrifugation, 5 µl 
DNase I, 75 µl DNA Digestion Buffer were added to the column 
matrix and incubated at room temperature for 15 minutes. 
Further to incubation, 400 µl of Direct-zol Wash Buffer was 
added to the column and centrifuged to collect the pellet; this 
step was repeated twice. After that, 700 µl of RNA wash buffer 
was added to the column and centrifuged for 2 minutes. Then, 
column was transferred into an RNase-free tube where 50 µl of 
DNase/ RNase- Free water were added to the column matrix 
and centrifuged to elute the RNA. To check for the integrity of 
the eluted RNA, samples were electrophoretically separated on 
1% agarose and visualized by UV illumination using ethidium 
bromide staining. RNA was quantified using DeNovix (Blue) 
DS-11 Spectrophotometer through its absorbance which was 
measured at 260 nm. Its purity was assessed from the 260/280 
absorbance ratio. 

cDNA synthesis: Reverse transcription was performed using 
the QuantiTect® Reverse Transcription Kit according to 

Tab. 1. Experimental design Group A Normal Control Mice did not receive any treatment. This group served as normal control

Group B DMH-injected Mice received once per week an intraperitoneal injection of DMH dissolved 
in saline at a dose of 20 mg/Kg over 12 weeks to induce CRC

Group C DMSO
Mice received DMSO (1% DMSO in PBS) by gavage for 5 consecutive days, 2 

weeks after the final DMH exposure. DMSO was used as a vehicle to dissolve 
Sorafenib

Group D Sorafenib 
Treatment

Mice received Sorafenib Tosylate treatment at 30 mg/kg by gavage for 5 
consecutive days, 2 weeks after the final DMH exposure
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manufacturer’s protocol. Briefly, 1 μg of RNA samples were 
mixed with 3 μl gDNA Wipeout Buffer and 9 μL of RNase free 
water and incubated at 42°C for 2 minutes to effectively remove 
any contaminated genomic DNA in a total volume of 14 μl. 
Following genomic DNA removal, RNA samples were reverse 
transcribed using Quantiscript Reverse Transcriptase (1.5 μl), 
Quantiscript RT Buffer (6 μl), and RT Primer Mix (1.5 μl) at 
42°C for 15 minutes in a final volume of 20 μl. The enzyme was 
then inactivated at 95°C for 3 minutes and the cDNA obtained 
was stored at -80°C for later use.

RT-PCR: The expression levels of Wnt signaling genes were 
quantified by quantitative real time polymerase chain reaction 
using QuantiFast® SYBR® Green PCR Kit which includes 
a two-step cycling protocol. First, 10 μL of 2x QuantiFast 
SYBR Green PCR Master Mix (containing HotStarTaq® 
Plus DNA Polymerase, QuantiFast SYBR Green PCR Buffer 
containing Tris·Cl, KCl, (NH4)2SO4, MgCl2, and additives 
as Q-Bond®, dNTP mix (dATP, dCTP, dGTP, dTTP), SYBR 
Green dye, and ROX™ passive reference dye), 2 μl of template 
cDNA, 2 μl of each primer (1 μM) and 6 μl RNase-free 
water were mixed in a final volume of 20 μl PCR reaction 
mixture. Second, cycling was carried out with a denaturation 
step at 95°C for 5 min, followed by 45 cycles of denaturation 
at 95°C for 10 s and annealing/extension at 57°C for 30 s. 
Each RT-PCR was performed in triplicate for RT-PCR yield 
validation. Primer sets used in this study are enlisted in Table 2.  
Measurement of gene expression was done by comparative 
threshold cycle (Ct) method with Glyceraldehyde-3 Phosphate 
Dehydrogenase (GAPDH) used as a reference gene. The mean 
Ct (mCt) values were determined for each gene. ΔCt value was 
established as the difference between the Ct of gene of interest 
and the Ct of GAPDH gene. Relative gene expression was 
calculated using the 2-ΔΔCT gene dosage ratio formula (GDR) 
where:

ΔΔCt=(mCt gene of interest-mCt GAPDH) control sample-
(mCt gene of interest-mCt GAPDH) test sample. 

Statistical analysis 

All statistical analyses were performed using Microsoft Excel 

Gene Primer Sequence Product size (bp)

Wnt5a
F: 5'-CTGGCAGGACTTTCTCAAGG-3'

395
R: 5'-CTCTAGCGTCCACGAACTCC-3'

GSK3β
F: 5'-TCCATTCCTTTGGAATCTGC-3'

236
R: 5'-CAATTCAGCCAACACACAGC-3'

APC
F: 5'-TGGAAGTGTGAAAGCATTGATGGAAT GTGC-3'

348
R: 5'-CCACATGCATTACTGACTATTGTCAAG-3'

β-catenin
F: 5'-GCTGACCTGATGGAGTTGGA-3'

227
R: 5'-GCTACTTGCTCTTGCGTGAA-3'

cyclin D1
F: 5'-GGCACCTGGATTGTTCTGTT-3'

232
R: 5'-CAGCTTGCTAGGGAACTTGG-3'

GAPDH
F: 5’-TGGTGCTCAGTGTAGCCCAG-3’

111
R: 5’-GGACCTGACCTGCCGTCTAG-3’

Tab. 2. Sequence of primers used in quantitative 
real-time PCR

and SPSS. They are shown as mean ± standard deviations. 
Statistical significance was assessed using One-way ANOVA test 
and by T-test. Graphs were drawn by GraphPad prism software 
and statistical significance was reported with a p-value<0.05 
considered as significant.

RESULTS AND DISCUSSION 

Body weight changes

Upon monitoring body weight changes, it was noticed that 
DMH treatment (Group B), DMSO (Group C), and DMH 
mice treated with Sorafenib (Group D) showed significant 
reduction in body weight compared to normal control (Group 
A) (12.45 g, 11.80 g and 12.95 g versus 27.70 g, respectively 
p<0.001), as shown in Figure 1. 

However, treatment of DMH mice with Sorafenib (Group 
D) did not have any significant effect on bodyweight change 
compared to DMSO (Group C) or DMH groups (Group B). 

Fig. 1. Effect of Sorafenib on body weight of DMH-injected Balb/c mice. 
Bars are represented as Means ± SD (n=3). Asterisks on bars represent 

significance relative to the control. (**) corresponds to p<0.01

Polyps count

As shown in Figure 2, mice receiving DMH for 12 weeks (Group 
B) and those receiving DMH and DMSO (Group C) developed 
7.6 and 10 polyps respectively (p<0.001 and p<0.01) compared 
to control that showed none. However, Sorafenib treatment 
(Group D) induced a significant decrease by 60.52% in polyps 
count (3 polyps, p˂0.0001) compared to Group B, and by 70% 
in polyps count (p<0.0001) compared to Group C. 
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Fig. 2. Polyps count in different DMH-injected Balb/c mice groups. Bars are 
represented as Means ± SD (n=3). Asterisks on bars represent significance 

relative to the control, and lines drawn upwards represent inter-categorical 
statistical significance. (***) and (****) correspond to p˂0.001 and 

p<0.0001

Histopathological analysis

Healthy control mice showed normal histological architecture 
of the colon with their straight crypts of Lieberkühn extending 
down to the muscularis mucosa with visible numerous goblet 
cells lining the crypts (Figure 3A). Macroscopic analysis showed 
the presence of polyps in the colons of untreated DMH mice and 
were confirmed by the histological analysis showing adenoma 
(Figure 3B). In this group, there were goblet cells depletion, 
high grade dysplasia, abnormal structures in the Lieberkühn 
glands, severe leukocyte infiltration to the lamina propria, and 
neoplastic cells. Likewise, colonic tissues from DMH-injected 
mice receiving DMSO (Group C), the vehicle used to dissolve 
Sorafenib, showed damaging effects similar to those seen in 
group B (Figure 3C). In contrast, upon the treatment of DMH-
injected mice with Sorafenib, the normal architecture of the 
colon was restored, the size of colon adenomas was reduced, and 
goblet cells were regenerated with enhancement of the epithelial 
lining (Figures 3D). 

Fig. 3. Histopathological analysis of colonic tissues from all experimental 
groups; A: photomicrographs of the colon of normal mice showing normal 
colonic architecture with Crypts of Lieberkühn (CL) and many goblet cells 

(GC) (H&E × 40); B and C: colon tissues isolated from DMH mice and vehicle 
treated DMH mice showing high grade dysplasia, abnormal structures 
in the Lieberkühn glands, goblet cells depletion, and severe leukocyte 
infiltration to the lamina propria (H&E × 40); D: colon tissues isolated 

from Sorafenib-treated DMH mice where regeneration of the goblet cells, 
the epithelial linings, restoration of the normal colon architecture, and 

reduction in the size of colon adenomas were noticed (H&E × 40) 

Effect of Sorafenib on Wnt-pathway related gene 
expression

Effect of Sorafenib treatment on the expression of Wnt5a: 
As shown in Figure 4A, the expression of Wnt5a significantly 
decreased in DMH mice (Group B) and DMSO mice (Group 
C) by 2.57 and 5 folds (p<0.001 and p<0.0001) respectively, 
compared to normal control group A. Like group B, Sorafenib 
treatment (Group D) significantly decreased the expression of 
Wnt5a by 1.54-fold (p<0.001) compared to the normal group 
A. In addition, Sorafenib treatment (Group D) significantly 
attenuated the observed decrease in Wnt5a expression in Group 
C by 2.46 folds (p<0.0001). 

Effect of Sorafenib treatment on the expression of GSK-
3β: DMH (group B) induced a significant decrease in GSK-
3β expression level by 7.57 folds (p<0.05) as shown in Figure 
4B. Similarly, DMSO (Group C) induced a decrease in GSK-
3β expression level by 7.4 folds (p<0.05) compared to normal 
control group A. No significance difference was observed 
between groups B and C. As for Sorafenib treatment, it led 
to a significant increase in the expression of GSK-3β by 14 
folds (p<0.001) compared to group B. Also, compared to the 
untreated DMSO control (Group C), Sorafenib treatment 
significantly increased the expression of GSK-3β by 13.83 folds 
(p<0.001).

Effect of Sorafenib treatment on the expression of APC: 
As shown in Figure 4C, the expression of APC significantly 
decreased in DMH mice (Group B) and DMSO mice (Group 
C) by 7.36 and 8.35 folds (p<0.0001) respectively, compared to 
normal control group A. on the other hand, Sorafenib treatment 
significantly increased the expression of APC by 12.53 folds 
(p<0.0001) compared to group B and by 13.52 folds compared 
to group C (p<0.0001).

Effect of Sorafenib treatment on the expression of β-Catenin: 
Figure 4D shows that DMH (Group B) was able to induce a 
significant increase in β-Catenin expression by 4.63 folds 
(p<0.0001) compared to the control (Group A) as shown 
in Figure 4D. DMSO (Group C) was also able to induce a 
significant increase in β-Catenin expression by 4.025 folds 
(p<0.0001) compared to group A. Treating DMH mice with 
Sorafenib induced an unexpected further significant increase in 
β-Catenin expression by 6.265 folds (p<0.0001) compared to 
Group C. 

Effect of Sorafenib treatment on the expression of Cyclin D1: 
DMH (Group B) induced a significant increase in Cyclin D1 
expression by 1 fold (p<0.05) compared to control (Group A) 
as shown in Figure 4E. DMSO (Group C) enhanced further 
the effect of DMH and induced further increase in Cyclin D1 
expression by 5.02 folds (p<0.001) compared to normal control. 
However, Sorafenib treatment (Group D) induced a significant 
decrease in Cyclin D1 expression by 1.65 folds (p<0.05) 
compared to its control (Group C). 

Since CRC is known as one of the common cancers worldwide 
with high mortality rates to date, and its predictable treatment 
methods are associated with a wide array of side effects [10], 
we aimed in our study to assess the antitumor potential of 
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Sorafenib against a DMH-induced mouse model of CRC. We 
evaluated the proliferation through counting the number of 
polyps, performing a histopathological analysis, and assessing 
the mRNA expression level of Wnt signaling players, namely 
Wnt5a, GSK-3β, APC, β-Catenin and Cyclin D1 genes, as 
they aid to investigate in which step of colon carcinogenesis 
Sorafenib acts. 

Colorectal carcinomas usually start as adenomatous polyps that 
are characterized by inflammation, neoplasia and hyperplasia 
[11]. Polyps are considered as beneficial intermediate 
biomarkers, which aid in studying the effects of drugs and 
compounds on chemically induced carcinogenesis [12].  In fact, 
the pro-carcinogen DMH is metabolized in the liver, then it 
reaches the colon where it produces the ultimate carcinogen 
methylazoxymethanol and Reactive Oxygen Species (ROS), 
which further alkylate DNA and initiate the development 
of colon carcinogenesis [13]. It has been shown that tumour 
induction by DMH produces adenoma-carcinoma sequence 
with histogenesis that matches the one existing in humans, and 
this is an advantage of DMH-induced animal models of CRC 
[14]. 

Our results show that Sorafenib treatment reduced the number 
of grown polyps in the colonic tissues of DMH-treated mice. 

In addition, the conserved normal colonic architecture in 
Sorafenib treated group observed by the histopathological 
investigation further validated the effective chemopreventive 
effect of Sorafenib against colorectal polyps. These findings are 
consistent with a previous study by [15], where Sorafenib exerted 
an anti-tumor effect against mouse models of Hepatocellular 
Carcinoma (HCC). 

Polyps in colonic tissues appear to emerge from genetic mutations, 
mostly in APC and β-catenin genes that are implicated in the 
Wnt signaling pathway [16]. In fact, most sporadic CRCs exhibit 
abnormal activation of the Wnt signaling pathway, which is 
considered the driver pathway of colorectal carcinogenesis [17]. 
Further, DMH is well-known to result in the aberrant activation 
of the Wnt signaling pathway [18]. In this context, our present 
study focused on assessing the Wnt signalling pathway at the 
level of the cell membrane (Wnt5a), the cytosol (APC, GSK3β 
and β-catenin) and the nucleus (Cyclin D1). Results show that 
this pathway was aberrantly activated in DMH-injected mice as 
evidenced by elevated gene expression levels of β-catenin and 
Cyclin D1 concomitant with down regulations in the tumour 
suppressor gene APC and GSK3β, compared to the control. 
These findings are consistent with previous results reported 
by [19], whereby the administration of DMH for a period of 
12-weeks triggered the highest activation of the Wnt pathway 

Fig. 4. Effect of Sorafenib on the expression level of Wnt5a; (A): GSK3β; (B): APC; (C): β-catenin; (D): and Cyclin D1; (E): genes. Expression levels of treated 
and control groups were normalized to their respective GAPDH. Fold expression was determined relative to the control. All bars represent mean of three 
determinations ± SD. (*), (**), (***), and (****) on bars and on lines drawn upwards, that represent inter-categorical statistical significance, correspond 

to p<0.05, p<0.01, p<0.001, and p<0.0001, respectively
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compared to longer periods, indicating its activation at early 
stages of colorectal carcinogenesis. More specifically, our results 
did not show significant alterations in Wnt5a expression level 
indicating that DMH activated the Wnt signaling pathway 
through affecting its cytosolic and nuclear key players rather 
than its cellular membrane components. With respect to 
Sorafenib administration, results showed that this drug induced 
significant downregulations in the expression level of Cyclin 
D1 and β-catenin, as well as significant upregulations in the 
expression level of APC and GSK3β compared to the control. 
Interestingly, similar patterns were obtained upon comparing 
the effect of Sorafenib to that of the vehicle group (DMSO), 
implying that the observed anti-tumor effect is solely mediated 
by Sorafenib and not the vehicle. Our results are consistent with 
a previous study by [8] who found that Sorafenib suppresses the 
Wnt signaling in different cell lines in vitro and in a xenograft 
model of nude mice treated with Sorafenib which presented a 
reduced HepG2 tumor growth. Similarly, a recent study showed 
that Secretory Clusterin  (sCLU) mediates GSK3β/β-catenin 
activation, thereby contributing to the malignant behavior 
and Cancer Stem Cell (CSC) phenotype of HCC cells upon 
Sorafenib treatment [4]. Another recent study showed that 
GSK-3β is overexpressed in HCC cells after Sorafenib treatment 
where the overexpression of GSK-3β confers HCC cell colony 
formation and xenograft tumor growth [20]. 

Our results pertaining to β-catenin expression are in concordance 
with a study done by [21] which showed that after 24 h of 
sorafenib treatment, the level of β-catenin was upregulated in 
SMMC-7721, MHCC-97H, and SK-Hep1 HCC cell lines; 
hence, these results suggest that the overexpression of β-catenin 
is closely correlated with sorafenib resistance in HCC. Another 
study by [22] demonstrated that HIF-2α was involved in 
sorafenib resistance via the regulation of β-catenin/c-Myc-
dependent pathways under hypoxic conditions in HCC. Further, 
it is important to note that our findings suggest that Sorafenib 
upregulated β-catenin expression at the transcriptional level only; 
however, they may not necessarily imply that the protein level 
of β-catenin is also elevated because various post-transcriptional 
and post-translational modifications can affect its protein level.  

Compared to other treatments that affect CRC by various 
anti-proliferative mechanisms, our results concerning the 
effectiveness of the Sorafenib are similar to those revealed by [23] 
who reported an inhibitory effect of Taxifolin on Wnt signaling 
in DMH-induced mice. In their study, Taxifolin inhibited Wnt 
signaling by down-regulating the levels of regulatory metabolites 
such as TNF-α, COX-2, and Cyclin-D1. Other drugs that are 
empirically proven to exert their antitumor effects against CRC 
via inhibiting the Wnt signaling pathway include Vantictumab 
which binds to frizzled receptor, Tankyrase inhibitors that 
prevent β-catenin stabilization, and PORCN inhibitors that 
block Wnt secretion [24]. 

Finally, it is worthy to mention that the present findings are 
further corroborated by our previous research study where 
Sorafenib exerted selective cytotoxicity against colon cancer 
cells in HCT116 [9]. In that study, the antitumor activity 
of Sorafenib was shown to be independent of ROS level and 
p53 expression, thereby warranting further investigations on 
Sorafenib’s mechanism of action. Collectively, the present 
findings suggest that Sorafenib exerts its antitumor effects 
against CRC via targeting the Wnt signaling pathway at its 
transcriptional level. 

CONCLUSION

In conclusion, the findings of our study suggest that Sorafenib 
effectively reduces colorectal tumour occurrence and progression 
in DMH-induced mouse model of CRC. The possible 
mechanisms proposed here show that the antitumor effect of 
Sorafenib is mediated through modulating the Wnt pathway 
which suppressed tumour cells proliferation and progression. 
The major limitation in this study is that our findings regarding 
Sorafenib’s ability to target the Wnt/β-catenin signaling 
pathway were merely based on mRNA levels. Therefore, further 
investigations at the protein level are needed in future studies.
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