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Abstract
Colorectal cancer (CRC) is associated with numerous genetic disorders and cellular abnormalities, and liver metastasis is a com-

mon health concern in patients with CRC. Exploring newer and more efficient therapies to block liver metastasis is pivotal for

prolonging patient survival. Therefore, small interfering RNAs (siRNAs) are expected to be remarkable tools capable of regulating

gene expression by participating in a process called RNA interference (RNAi). RNAi is a biological process among eukaryotes

wherein specific messenger RNA (mRNA) molecules are destroyed and gene expression is inhibited. This technology is a prom-

ising therapeutic agent in the treatment of CRC liver metastasis (CRLM). Nevertheless, crucial problems in siRNA therapeutics,

including inherent poor serum stability and nonspecific uptake into biological systems, must be recognized. For this reason, deliv-

ery systems are being developed in an attempt to solve these problems. Here, we discuss the utility of siRNA therapy for the

treatment of CRCLM by targeting the major metastasis-related signaling pathways. siRNA therapy has the potential to be one

of the most effective methods for CRLM treatment in the future.
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Introduction
Colorectal cancer (CRC) is closely associated with many genetic
disorders1–3 and cellular abnormalities.4–6 Liver metastasis
remains a considerable health concern of CRC throughout the
world. In 2018, there were 1.8 million confirmed cases and
881 000 deaths worldwide.7 Metastasis shortens survival time,
and liver metastasis is the most common type among distant
metastases. Approximately 19% of patients are initially diagnosed
with concurrent liver metastases.8 Although great efforts have
been employed to detect, prevent, and treat CRC during the past
decades,9–11 exploring newer and more efficient therapies to
block liver metastasis is important to prolong patients’ lives.
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Epidemiology, Risk Factors, and Treatments
for CRC Liver Metastasis
Epidemiological studies have shown that CRC is the third most
common cancer and the fourth leading cause of cancer-related
deaths worldwide.12 The incidence and mortality of CRC in
men are 25% higher than those in women. CRC has higher
rates in developed countries, especially Hungary and
Slovakia. It is predicted that there will be 2.5 million new
cases worldwide by 2035.13 The most common metastatic site
of CRC is the liver.14 The 5-year relative survival of CRC
varies according to stage, ranging from more than 90% in
stage I to less than 10% in stage IV.15

In the majority of CRC cases, westernization involving
obesity, sedentarism, poor diet, alcohol consumption, and
smoking can result in CRC. Individuals with germline MLH1
and APC mutations tend to develop CRC.10 Several risk
factors have also been studied. The increasing prevalence of
nonalcoholic fatty liver disease (NAFLD) parallels that of
obesity. Whether NAFLD is a risk factor for CRC liver metas-
tasis (CRLM) remains unclear.14

The currently employed treatments for CRC are surgery,
radiotherapy, chemotherapy, and other treatments, but there is
no valid therapy for CRLM.16 Liver resection and chemotherapy
are the gold standard treatment methods for metastatic livers.17

However, only 25% of the patients with CRLM have opportuni-
ties for liver resection. In reality, only 50% of the patients who
undergo liver resection have a 5-year survival rate. In CRC treat-
ment, chemotherapy is the primary method for prolonging the
life of patients. However, chemotherapy drugs usually lead to
serious side effects and toxicity.8 In this regard, for the develop-
ment of newer and more efficient therapies, selective targeting
may show potential to block liver metastasis.18

Small Interfering RNA (siRNA) Technology in
CRLM
Recently, RNA interference (RNAi) has received considerable
attention for its ability to block liver metastasis.19 RNAi is a
biological process that destroys specific messenger RNA
(mRNA) molecules and inhibits eukaryotic gene expression.
Small interfering RNA (siRNAs) are among the most relevant
therapeutic agents.20 In cells, siRNAs are short double-stranded
RNAs (dsRNAs) of approximately 25 nucleotides.21 RNAi
begins with siRNA cleavage catalyzed by the enzyme Dicer.
Two single-stranded (ss) RNAs are generated from the unwind-
ing of each siRNA. One ssRNA, the passenger strand, is
degraded. Another ssRNA, called the guide strand, is incorpo-
rated into the RNA-induced silencing complex (RISC). RISC
can strongly silence specific mRNAs when the guide strand
sequence is complementary to an mRNA-specific sequence,
thereby preventing the synthesis of undesired proteins.20

Moreover, long short hairpin RNA (shRNAs) can be used to
form siRNAs.22 Because of the RNAi mechanism, mRNA tran-
script sequences extracted from human genomic data can be
used to design siRNAs, which is a new way to treat cancer.

Accordingly, after the discovery of RNAi and subsequent
studies, numerous cancers such as CRC,23 hepatocellular carci-
noma,24 and lung cancer25 have been treated with siRNAs.

Therapeutic Targets for siRNA-Based
Treatment of CRLM
In patients with CRC, the leading risk factor for mortality is the
high incidence of liver metastasis, and although the mechanisms
of CRLM are poorly understood, a variety of signaling pathways
are dysregulated, which has attracted much research attention
during the last few years. There are some major metastasis-related
signaling pathways, including the PI3K-AKT-mTOR, RAS-ERK,
NF-κB, Wnt/β-catenin, and TGFβ-SMAD pathways. From a the-
oretical perspective, siRNA-based treatments can be developed to
target genes that are overexpressed and promote metastasis.26 In
fact, plenty of siRNAs targeting important genes involved in the
CRLM have been exploited. Table 1 lists the siRNA targets of
metastasis-related signaling pathways in CRLM therapy, which
have been investigated in previous studies. The following sections
report a number of studies designed to provide siRNA-based
approaches for targeted CRLM gene therapies. These results
revealed that inhibition of these genes and metastasis-related path-
ways has important potential to fight CRLM.

Targeting the PI3K-AKT-mTOR Pathway
Among the various dysregulated signaling pathways, one attrac-
tive pathway is the PI3K-AKT-mTOR pathway, which belongs
to the epidermal growth factor receptor (EGFR) signaling
cascade. EGFR is a tyrosine kinase receptor (RTK) that is caus-
ally linked to the progression and metastasis of CRC. Activation
of RTK stimulates specific pathways that directly affect the pro-
liferation, migration, and survival of tumor cells. Abnormal reg-
ulation of the EGFR pathway is common in advanced CRC and
liver metastasis.38 Currently, cetuximab, an EGFR receptor
blocker, is used to treat advanced CRC with an activated
EGFR mutant. The crucial mechanism of resistance to
anti-EGFR monoclonal antibodies is activation of oncogenic
pathways downstream of EGFR. Therefore, the PI3K-AKT-
mTOR pathway has attracted attention as a candidate molecular
target.39 Protein kinase B (AKT) is one of the most crucial proto-
oncogenes. AKT is abnormally expressed in many cancers,
including CRC.40 Kang et al. demonstrated that siRNA targeting
AKT in animal models of CRLM reduces AKT2 production and
initiates apoptosis in cancer cells.27 The PI3K/AKT pathway is
significantly downregulated by targeting AKT. In addition,
cleaved caspase 9 and Bax are upregulated, which marks the
beginning of apoptosis.27 These reports indicate that
siRNA-based treatments may become a reality for CRLM.

Targeting the RAS-ERK Pathway
Abnormal activation of the RAS-extracellular signal regulated
kinase (ERK) pathway plays an important role in CRC.41
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Variations in the RAS-ERK pathway are related to the shortest
overall survival after patients are diagnosed with CRC metasta-
sis.42 KRAS mutations, which are involved in the RAS-ERK
pathway, have been shown to play important roles in colorectal
tumorigenesis. These mutations can significantly increase the
number and growth rate of tumors and even induce cancer
stem cell markers, leading to liver metastasis in a mouse xeno-
graft model.43 In one study, a direct association between recep-
tor for advanced glycation end products (RAGE) and KRAS is
found after HMGB1 exposure in CRC cells. RAGE promotes
RAS-dependent Yap1 to drive CRC stemness and develop-
ment. siRNA-mediated silencing is used to inhibit the harmful
effects of this gene, and positive results show a bright future
of the underlying target.28

Targeting the Wnt/β-Catenin Pathway
The Wnt/β-catenin pathway is an important regulatory pathway
in CRC.44 It regulates epithelial-to-mesenchymal transition
(EMT) and intestinal stem cell (ISCs) homeostasis. In CRC,
EMT affects a variety of malignant phenotypes related to metas-
tasis. In adult intestine, the Wnt/β-catenin pathway maintains
the crypt stem cells homeostasis. Dysregulation of pathway
activity can induce tumor stem cell formation. The plasticity
and differentiation ability of tumor stem cells enable them to
better adapt to the microenvironment through metastasis.45

β-catenin is a member of the Wnt signaling pathway that pro-
motes tumor metastasis. β-catenin protein levels are raised in
70% to 80% of colon cancer cells.46 CTNNB1 encodes
β-catenin. Ganesh et al.29 evaluated the therapeutic effects of
siRNAs against CTNNB1 in vitro and in vivo. Their results
suggest that silencing CTNNB1 significantly inhibits tumor

growth. They concluded that the siRNA silencing of
CTNNB1 might be an attractive gene therapy. Moreover, in
another experiment, Rudzinski et al. focused on β-catenin,
which contributes to tumor progression.46 In this study, the
entry of anti-β-catenin siRNA, confirmed by confocal micros-
copy and western blot analysis in cultured colon cancer cells,
is negatively correlated with β-catenin protein levels.46

Although this study lacks biological functional tests on cells,
it may prove that humans may benefit from targeting
β-catenin for colon cancer therapy. In addition, Bcl-2 plays a
critical role in anti-apoptosis,47 and Bcl-2 associated athano-
gene (Bag-1) is a positive regulator of apoptosis.48

Overexpression of this regulatory gene has been found in
many tumor tissues, especially in colon cancer.49 Huang et al.
evaluated the therapeutic effects of siRNA targeting Bag-1 in
vitro. Their results suggest that silencing of Bag-1 significantly
increases the apoptosis rate. Further studies showed that
β-catenin, the major molecule in the Wnt/β-catenin pathway,
is reduced after Bag-1 was silenced.30 The authors concluded
that siRNA silencing of Bag-1 might be an attractive gene
therapy.

Targeting the NF-κB Pathway
NF-κB is a characteristic heterodimer transcription factor com-
posed of p50 and p65 that plays a central role in the metastasis
of CRC. Inactivated NF-κB/p65 is present in the cytosol and
binds to the inhibitory protein IκBα. Through a variety of extra-
cellular signals, IκB kinase (IKK) is stimulated and phosphory-
lates IκBα. The phosphorylation of IκBα leads to
ubiquitination, dissociation of the complex, and degradation
of IκBα. Activated NF-κB/p65 is subsequently translocated

Table 1. Summary of Some siRNA Targets in CRLM Treatment

Target Notes References

PI3K-AKT-mTOR pathway
AKT siRNA targeting AKT gene induces apoptosis 27

RAS-ERK pathway
RAGE siRNA targeting against RAGE inhibits cancer cell stemness and development 28

Wnt/β-catenin pathway
CTNNB1 siRNA against CTNNB1 significantly inhibits tumor growth 29

Bag-1 Inhibition of overexpressed Bag-1 in colon cancer leads to the increase of apoptosis 30

NF-κB pathway
MUC13 MUC13-specific siRNA reduces the cancer stem cells and lowers the resistance to therapy 31

IL-8 Silencing of IL-8 expression through modulation of MDR1 leads to sensitizing of CRC cells to doxorubicin 32

Rac1 Rac1 knockdown by siRNA causes suppression of migration and sensitization of colon cancer cells to
dihydroartemisinin-induced cell cycle arrest

33

TGFβ/SMAD pathway
TGF-β1 Downregulation of TGF-β1 decreases the volume and number of CRC metastatic foci and suppresses CRLM in

vivo by optimization of the immune microenvironment

22

PAR2 Application of siRNA against PAR2 inhibits the migration and EMT 34

MEGF6 siRNA against MEGF6 suppresses the EMT 35

Combined targeting
PIK3CA and
KRAS

Targeted delivery of siRNA against PIK3CA and KRAS inhibits the growth of human CRC xenograft tumor 36

Arl4c Arl4c silencing by using specific siRNAs reduces the tumor growth in vivo 37
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into the nucleus where it activates target gene transcription.
Constitutively activated NF-κB is involved in the invasive
behavior of CRC.50 MUC13 is a transmembrane mucin glyco-
protein overexpressed in many cancers. MUC13 is responsible
for activation of the NF-κB pathway via 2 distinct pathways,
resulting in the upregulation of BCL-xL (BCL-extra-large).
One pathway promotes tumor necrosis factor (TNF)-induced
NF-κB activation, and the other promotes genotoxin-induced
NF-κB activation. Moreover, elevated cytoplasmic MUC13
and NF-κB levels facilitate CRC metastasis. Silencing of
MUC13 lowers the resistance of CRC cells to cytotoxic drugs
and inflammatory signals, reduces chemotherapy-induced
cancer stem cells, impends xenograft growth in vivo by a spe-
cific siRNA, and induces tumor regression combined with 5-flu-
oruouracil. Hence, CRLM treatment can be accelerated by a
combination therapy with chemotherapy and MUC13 antago-
nism.31 Du et al. showed that inhibition of IL-8 by siRNA mod-
ulates multidrug resistance 1 (MDR1) via IKK-β/p65 signaling
and sensitizes tumor cells to doxorubicin in CRC cells.32 Rac1
is overexpressed in colon carcinoma. It is closely associated
with the progression and metastasis of colon cancer. Rac1
also plays an important role in activating NF-κB-mediated tran-
scription. Han et al. reported that Rac1 siRNA suppresses the
NF-κB pathway. It was observed that colon cancer cells are sen-
sitized to dihydroartemisinin-induced cell cycle arrest and cell
migration is inhibited.33

Targeting the TGFβ/SMAD Pathway
Transforming growth factor β1 (TGF-β1) is a tumor-related
growth factor that inhibits systemic immune function and host
immunosurveillance.51 SMADs are trimeric proteins that form
the main intracellular substrates of activated TGF-β receptors.
An increasing number of studies in metastatic models of CRC
suggest that targeting the TGF-β pathway reduces metastasis.
The process is possibly mediated by direct action on tumor
cells and by interference with the pernicious intercellular com-
munication occurring in the tumor microenvironment. It is well
known that levels of TGF-β are elevated in patients with
advanced CRC. In addition, high levels of circulating TGF-β
are precursors of liver metastasis after CRC resection.52 It
was shown that siRNA against TGF-β1 leads to reduction of
volume and number of CRC metastatic foci and inhibition of
CRLM in vivo by downregulation of TGF-β1 expression, inhib-
iting the formation of tumor-associated macrophages and
improving the immune microenvironment.22 TGF-β also medi-
ates EMT in tumor cells.34 TGF-β-mediated EMT is found to be
related to protease-activated receptor 2 (PAR2) after 5-FU treat-
ment. siRNA-mediated knockdown of PAR2 suppresses cell
migration.34 Multiple epidermal growth factor-like domain
protein 6 (MEGF6) promotes CRC metastasis by inducing
EMT through the TGFβ/SMAD signaling pathway.35 The use
of siRNA directed against MEGF6 in human colorectal cell
lines results in the downregulation of the target, inhibition of
cell proliferation, and promotion of apoptosis.35

Combined Targeting
A comprehensive multidisciplinary approach is now the back-
bone of successful outcomes in CRLM treatment.17 Given
that a variety of signaling pathways are involved in CRLM, tar-
geting 2 or more signaling pathways may be more effective.
KRASmutations are found in approximately 40% of cases resis-
tant to anti-EGFR antibodies.39 In one study, the downregula-
tion of PIK3CA and KRAS via cetuximab-complexed and
endoribonuclease-prepared specific siRNA pools interfere
with the growth of human CRC xenograft tumors.36 In addition,
known downstream factors, such as p-ERK, p-AKT, and
c-MYC, are decreased. Accordingly, antibody-endoribonuclease-
prepared-siRNA complexes may be used as a new treatment
option for mutations in EGFR signaling. In addition, the expres-
sion of ADP-ribosylation factor (ARF)-like 4c (Arl4c) is
increased in tissue specimens from patients with CRC compared
to that in nontumor regions.37 In HCT116 CRC cells, Arl4c
mRNA levels increase upon activation of Wnt/β-catenin or epi-
dermal growth factor/Ras signaling. Arl4c-depleted cancer cells
inhibit Rac activity and prevent its nuclear localization. Cells
with Arl4c knockdown show decreased migration, invasion,
and proliferation capabilities both in vitro and in vivo.37 To
further confirm the function of this gene in CRC, Fujii et al.
used siRNA targeting Arl4c genes in HCT116 cell-derived
tumors in immunodeficient mice.37 These injections suppress
tumor growth in vivo. These data suggest that Arl4c is a novel
therapeutic target.

siRNA in Clinical Settings for CRLM
Treatment
To date, the number of clinical trials of RNAi-based therapies
has grown rapidly. Most DNA sequences in the genome are
transcribed into noncoding transcripts. Hence, RNA therapies
can expand the range of drug targets.20 In addition to cancer,
it has been applied to treat multiple diseases, such as hypercho-
lesterolemia, cardiovascular diseases, inflammatory bowel
disease, and familial amyloid polyneuropathy.53–56 Table 2
lists clinical trials of siRNA therapeutics in CRLM, and these
data from the clinical trials enrich the knowledge and experi-
ence and pave the way for a successful application of siRNA
in CRLM therapy.

Targeting VEGF and KSP
For CRLM, a 2 siRNA molecules formulation, ALN-VSP02,
targeting VEGF and kinesin spindle protein (KSP), was used
in the first human clinical trial. The results showed that the
drug is detected in tumor biopsies, mRNA cleavage in the
liver is mediated by siRNA, and pharmacodynamic target
downregulation and antitumor activity are present. In the trial,
ALN-VSP02 was administered through the IV route biweekly
and was safe and well tolerated (clinicaltrials.gov identifier
number: NCT00882180, NCT01158079).57 These data can be
recognized as a milestone in siRNA treatment in humans.
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Targeting PKN3
Atu027 contains siRNAs that target protein kinase N3 (PKN3).
PKN3 is expressed in the vascular endothelium, and silencing
PKN3 has been shown to inhibit local tumor invasion and metas-
tasis to lymph nodes and lungs in mouse cancer models. A phase
1 clinical trial of the drug was conducted and showed a favorable
safety profile in patients with advanced solid cancer (clinical-
trials.gov identifier number: NCT00938574).58

Targeting PLK1
In a phase 1 clinical trial, another new drug, TKM 080301 (clin-
icaltrials.gov identifier number: NCT01437007), which is a
product of lipid nanoparticle-formulated (LNP) siRNA
against the polo-like kinase-1 (PLK1) gene, was investigated
in patients with CRLM. PLK1 plays a crucial role in the pro-
gression of various cancers.59–61 In metastatic hepatocellular
carcinoma, the PLK1-mediated pathway is aberrant and
affects the fate of metastatic cells.62 Downregulation of PLK1
in proliferating cancer cells leads to mitotic arrest and apoptosis.
Unfortunately, the trial enrolled only one participant, and no
results were posted.

Targeting Cblb
Peripheral blood mononuclear cells (APN401) transfected with
siRNA were used in a phase 1 trial in patients with recurrent or
metastatic solid tumors that could not be treated by surgery, includ-
ing CRC (clinicaltrials.gov identifier number: NCT03087591).
APN401 is an autologous cell therapy that uses RNAi technology
to inhibit the immune checkpoint Cblb. Although this trial has
been completed, the results have not been reported.

Targeting GSTP1
NBF-006 was designed for patients with CRC. It consists of
siRNA that inhibits glutathione S-transferase P1(GSTP1).
Abnormal GSTP1 expression is associated with multiple tumor
types. In CRC, it promotes the proliferation, invasion, and metas-
tasis of cells.63 Phase 1 clinical trial is conducted by intravenous

infusion of NBF-006 into patients (clinicaltrials.gov identifier
number: NCT03819387). This trial is currently ongoing.

Targeting EphA2
The Ephrin type-A receptor 2 (EphA2) gene is upregulated in
many cancers. Although its main functions are not fully under-
stood, tumor-based models suggest that it plays an important
role in proliferation, survival, migration, invasion, and angio-
genesis.64 siRNA-EphA2-DOPC is currently in a phase 1 clin-
ical trial, where it is administered intravenously to patients with
advanced or recurrent solid tumors, including CRLM (clinical-
trials.gov identifier number: NCT01591356).65

Targeting RRM2
CALAA-01 is a siRNA drug used to treat solid tumors. It con-
tains siRNA that inhibits the expression of the M2 subunit of
ribonucleotide reductase (RRM2). RRM2 is crucial for DNA
replication and cell division and is overexpressed in multiple
tumor types.66 CALAA-01 was administered intravenously.
Nevertheless, the phase 1 clinical trial was terminated
because of dose-limiting toxicity and other side effects (clinical-
trials.gov identifier number: NCT00689065).67

Targeting MYC
DCR-MYC inhibits the oncogene MYC and is designed for a
variety of cancers such as solid tumors, multiple myeloma,
and lymphoma. MYC is considered an important oncogenic
target owing to its function in angiogenesis and metastasis.68

Data from a phase 1 clinical trial showed that DCR-MYC has
satisfactory clinical and metabolic responses (clinicaltrials.gov
identifier number: NCT02110563).69 However, the clinical
trial was terminated based on the sponsor’s decision.

Challenges of siRNA Technology
For the use of siRNA in treatment, the challenges include the
intrinsic lack of serum stability, nonspecific uptake, difficulty
in reaching the required siRNA levels, and activation of the

Table 2. Summary of siRNA Therapies in CRLM Clinical Trials.

Intervention Target Administration route Status Phase ClinicalTrials.gov Identifier

Drug: ALN-VSP02 VEGF and KSP IV Completed (2011)
Completed (2012)

Phase 1 NCT00882180
NCT01158079

Drug: Atu027 PKN3 IV Completed (2012) Phase 1 NCT00938574
Drug: TKM 080301 PLK1 Catheter Completed (2012) Phase 1 NCT01437007
Biological: APN401 Cblb IV Completed (2020) Phase 1 NCT03087591
Drug: NBF-006 GSTP1 IV Recruiting Phase 1 NCT03819387
Drug: siRNA-EphA2-DOPC EphA2 IV Active, not recruiting Phase 1 NCT01591356
Drug: CALAA-01 RRM2 IV Terminated (2012) Phase 1 NCT00689065
Drug: DCR-MYC MYC IV Terminated (2016) Phase 1 NCT02110563
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immune response.27,70 These challenges necessitate the develop-
ment of more efficient delivery systems. Different delivery mate-
rials have been developed and are mainly divided into 2
categories: viral and nonviral vectors. Viral vectors have high
target specificity and transfection efficiency but may cause
serious potential unknown effects when repeatedly applied to
the body.71 Among nonviral vectors, polymers and lipids are
widely studied because they are biocompatible and able to
carry or deliver siRNAs.72–76 Exosomes are cell-derived vesicles
that are regarded as cell-created drug delivery systems that partic-
ipate in siRNA delivery.77,78 At the same time, routes of admin-
istration are considered a solution to the issues brought about by
siRNA. Local delivery, such as the intravitreal or intranasal
routes, is the current administration of most siRNAs in clinical
trials, and systemic delivery is also under consideration.79

Some researchers have introduced the oral (PO) route because
of its convenience and ease of multiple dosing.27,80,81 Another
point of note is the toxicity of the drug. The 4 major sources
of toxicity include immunogenic reactions to siRNA, toxicity
of excipients, unintended siRNA activity, and on-target siRNA
activity in nontarget tissues. Modifications of delivery systems
may solve the problem of immunogenic reactions.82 In

comparison, excipient chemicals also have toxic effects, which
have troubled nanoparticle drug formulation and are related to
dose-limiting toxicities in many studies.83 Restricting the excip-
ients to a smaller number may be an important method. Off-target
siRNA silencing can be eliminated by massive testing to amelio-
rate overlaps between the gene of concern and the target sites. To
avoid siRNA activity in nontarget tissues, highly disease-
selective genes are carefully identified, and delivery routes are
modified.82 For clinical applications, efficient and safe delivery
systems and convenient routes of administration have important
effects on the use of siRNA.

Discussion
CRC is one of the most widespread cancers, with high mortality
rates worldwide. During the course of CRC, metastases occur in
more than half of patients. Approximately one-fifth of patients
with CRC are diagnosed with synchronous liver metastases,
and in the coming 2 to 3 years, other 25% to 30% of patients
with CRC will develop liver metastases.84 The treatments avail-
able for patients with liver metastases are less effective than
those for patients without metastases. Newer and less invasive

Figure 1. Schematic diagram of the siRNA-mediated downregulation of genes related to colorectal cancer liver metastasis signaling pathways.
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therapies are necessary based on the current treatments, includ-
ing surgery, radiotherapy, and chemotherapy. Among these
new treatments, siRNA therapy has attracted considerable
attention. siRNAs have been studied for the treatment of
CRLM by targeting the CRLM-promoting genes in many
studies. Five classical pathways, the PI3K-AKT-mTOR,
RAS-ERK, NF-κB, Wnt/β-catenin, and TGFβ-SMAD path-
ways, have been found to be involved in CRLM (Figure 1).
Therefore, silencing the genes involved in metastasis-related
pathways, which are important and connected to clinical set-
tings, has contributed to precision treatment of CRLM and
may reduce patient mortality.

A multi-step tumorigenesis model is the basis of the tradi-
tional paradigm of CRLM.85 The common steps involved are
proliferation, epithelial-mesenchymal transition, angiogenesis,
and cell migration.86–88 Proliferation is the basis of tumor
metastasis. Therefore, the majority of siRNA therapies for
CRLM affect the proliferation of tumor cells by regulating
the cell cycle, promoting apoptosis, and inhibiting tumor stem
cells. Other studies have attempted to influence tumor metasta-
sis by altering EMT, tumor cell migration, or the tumor micro-
environment. Contemporarily, treatment is usually ineffective
when a single drug is used. Therefore, effective treatments
require blocking 2 or more steps of metastasis. The goal can
be realized by combining 2 or more targets or therapeutic
methods that incorporate a variety of mechanisms. In this
case, combining siRNA with an antibody or chemotherapeutic
drug in the same delivery system may produce a better thera-
peutic effect. It is also important to identify additional
metastasis-related molecules.

In clinical settings, siRNA-based therapies for CRLM are in
progress. A series of targets have been explored, and clinical
trials have been conducted to determine their efficacy and
safety, to make the clinical application of siRNA as soon as pos-
sible. However, it is worth noting that the targets involved in
these clinical trials are focused on applications in solid
tumors and not exclusively in CRLM. At the same time, all clin-
ical trials were phase 1 trials, in which relatively few partici-
pants were enrolled. These 2 factors may interfere with the
results of siRNA therapies for CRLM. Therefore, developing
specific targets for CRLM and conducting corresponding clini-
cal trials could produce more accurate results regarding siRNA
therapies. To identify specific targets, we need to combine the
findings of basic research on metastasis-related signal pathways
and CRLM pathogenesis.

siRNA therapy is expected to expand the range of drug
targets, because most DNA sequences in the human genome
are transcribed into nonprotein-coding transcripts.89

Simultaneously, with progress in the molecular biological
basis of malignant tumor metastasis, it is possible to design
individualized treatment plans using siRNA therapy, which
will make the treatment more targetable and benefit more
patients with cancer.

Nevertheless, some limitations restrict the therapeutic appli-
cation of siRNAs. To solve their intrinsically poor serum stabil-
ity, efficient delivery systems and appropriate routes of

administration have been investigated to protect siRNA. To
ensure safety, many strategies, including identifying key
genes and restricting excipients, have promoted the develop-
ment of siRNA in CRLM therapy. At the same time, in vivo
experiments, clinical trials, and corresponding evaluation crite-
ria regarding the efficacy and safety of siRNAs are urgently
needed.

Limitations
Several therapeutic targets for the siRNA-based treatment of
CRLM were not discussed in this review. Only therapeutic
targets linked with corresponding signaling pathways in
CRLM therapy were discussed in the hope of providing inspi-
ration to explore more powerful targets from the perspective
of metastasis-related signaling pathways.

Conclusion
We have identified therapeutic targets associated with
metastasis-related signaling pathways for siRNA-mediated
treatment of CRLM. This technology has shown therapeutic
effects not only in vivo but also in clinical trials. We expect
to translate this promising technology into clinical treatment
by overcoming the current challenges.
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