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Abstract

The role of LRPS, a critical receptor in the Wnt signaling pathway, remains unexplored in tongue
squamous cell carcinoma (TSCC). This study investigates the impact of LRP5 knockdown on the
biological behaviors of TSCC cell lines both in vitro and in vivo. Our findings indicate that LRP5 knockdown
significantly enhances cell proliferation, migration, and invasion in CAL27 and SCC25 cell lines. RNA-seq
analysis reveals compensatory activation of the Akt pathway, with 119 genes significantly upregulated
post-LRP5 knockdown. Elevated MMPI1 expression suggests its potential involvement in TSCC
progression. Western blot analysis demonstrates increased Akt phosphorylation, upregulated
proliferation-related PCNA, and downregulated apoptosis-related caspase-3 after LRP5 knockdown.
Down-regulation of E-cadherin and B-Catenin, proteins associated with cell adhesion and invasion,
further elucidates the molecular mechanism underlying increased cell migration and invasion. Our study
concludes that compensatory Akt pathway activation is essential for the LRP5 knockdown-induced
migration and proliferation of CAL27 and SCC25 cells. These results highlight LRP5 as a potential
therapeutic target for TSCC. Simultaneous inhibition of Wnt and Akt signaling emerges as a promising
approach for TSCC treatment.
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Introduction

Tongue squamous cell carcinoma is one of the
most common cancers in the neck and head [1], which
often results in short survival and poor prognosis,
even after surgery and chemotherapy. Cell surface
molecules can be used as good targets for anti-tumor
drugs, such as epidermal growth factor receptor
(EGFR), PD-L1, and insulin-like growth factor 1, all of
which have been successfully used in the clinical
treatment of tumors. It is much harder for resistant
cells to develop resistance against surface receptor
molecules than drug molecules. LRP5 (low-density
lipoprotein  receptor-related protein 5) is a
transmembrane protein, as a co-receptor of the WNT

signaling pathway. With the co-receptor’s LRP5/6,
the family of Frizzled (FZD) receptors interacts with
WNT ligands to activate the canonical WNT/B-
catenin signaling cascade. Deregulation of this
pathway is involved in the progression, drug
resistance, and immunity escape of several cancers [2-
4]. Therefore, LRP5 may be an ideal cell surface
molecular target to regulate the Wnt signaling
pathway in the treatment of head and neck squamous
cell carcinoma.

The WNT signaling pathway is crucial in both
head and neck cancer, including TSCC, where its
dysregulation contributes to tumor initiation,

https://www.jcancer.org



Journal of Cancer 2024, Vol. 15

3216

progression, and metastasis. Specifically in TSCC,
abnormal activation of WNT signaling fosters tumor
cell proliferation, invasion, and epithelial-
mesenchymal transition (EMT), resulting in
aggressive tumor behavior and unfavorable prognosis
[5,6]. The interaction between Wnt and Frizzled (Frz)
activates the noncanonical pathway, while the
activation of the canonical pathway requires the
involvement of Wnt co-receptors LRP5/6. The
canonical Wntl gene was initially discovered as a
preferred integration site for the mouse mammary
tumor virus in virally induced breast tumors.
Subsequently, LRP5/6 were found to play a crucial
role in Wntl-dependent tumor development in
transgenic mouse models [7-9]. In preliminary
experiments, we found that elevated expression of
LRP5 in TSCC may be associated with patient
prognosis. Thus, components of the canonical
pathway, including LRP5/6, are commonly impli-
cated in cancer progression as oncogenes. LRP5/6's
ectodomain comprises four P-propeller/epidermal
growth factor (EGF) repeats (E1-4) and three LDL
repeats (LDLR), with E1-4 serving as the binding
domain for canonical Wnt ligands and the canonical
pathway inhibitor Dkk1[10-13]. However, the
proteins binding to LDLR remain unexplored.
Activation of the canonical pathway requires the close
proximity of LRP5/6 and Frz, facilitated by canonical
Wnt ligand binding to E1-4 of LRP5/6 and the
amino-terminal cysteine-rich domain (CRD) of
Frz[14,15]. Conversely, Dkkl induces LRP5/6
internalization via its receptor Kremen, preventing
Wnt reception and inhibiting the canonical pathway.
Key components like LRP5 act as co-receptors,
transmitting WNT signals and facilitating oncogenic
processes across various cancers [16-18]. Under-
standing the complex role of WNT signaling in head
and neck cancer highlights its significance as a
potential therapeutic target against this formidable
disease.

For the role of LRP5 in tumor cells, there are two
types of research results in the past. The first type is to
knockdown the expression of LRP5 through siRNA or
shRNA lentivirus, and it is found that knockdown the
expression of LRP5 can inhibit the growth of tumor
cells [19]. Or by overexpressing the dominant-
negative, soluble LRP5 (sLRP5) can reverse
epithelial-mesenchymal transition of tumor cells by
blocking Wnt signaling [20-22]. Activation of LRP5
gene promotes CSCs-like phenotypes, including
tumorigenicity and drug resistance in colorectal
cancer cells [23]. Interestingly, some studies have
shown that LRP5 knockdown does not slow the
proliferation and invasion of certain cells, and the
mechanism is not very clear. Ren [24] has shown that

in breast cancer, knockdown of LRP5 or LRP6
suppresses the Wnt signaling, but it increases lung
metastasis in breast cancer cells in nude mice. Maria
and her colleagues [25] find that LRP5 overexpression
inhibits cell proliferation and induces apoptosis in
HL60 cells. Some scholars [26] chose to examine the
effects of LRP5 mRNA expression on patient survival
in six different malignancies, including colorectal
adenocarcinoma, and failed to demonstrate a
significant effect. In this study, we wanted to study
the effects of LRP5 knockdown on the biological
behavior of tongue cancer cell lines and their possible
mechanisms.

According to previous studies, the activation of
canonical ~Wnt/p-catenin  signaling  promotes
invasion, proliferation, and anti-apoptosis in TSCC
cells [27-30]. Targeted inhibition of the Wnt signaling
pathway is considered promising in the treatment of
TSCC and even head and neck cancer. Certain
inhibitors of the P-catenin complex or neutralizing
antibodies to FZD/LRP receptors have been
gradually applied in some clinical trials. ICG-001 and
the second-generation compound PRI-724 that
selectively inhibit the CBP/p-catenin complex are
used in clinical trials in patients with certain solid
tumors [31]. Vantictumab [32], an anti-Frizzled-1/
2/5/7/8 antibody, is also being used in clinical trials
for certain solid tumors.

Our study found that after LRP5 knockdown in
different tongue cancer cell lines, the growth of tumor
cells was accelerated. Transcriptome sequencing
found that after CAL27 and SCC25 were transfected
with siLRP5 lentivirus, the Akt signaling pathway
was abnormally activated. Compensatory activation
of the Akt signaling pathway resulted in faster cell
growth. We speculate that on the basis of inhibiting
the Wnt signaling pathway, combined with inhibiting
the activation of the Akt signaling pathway, the dual
inhibition may limit the growth and progression of
tongue cancer cell lines in vitro and in vivo.

Materials and methods

Antibodies and reagents

The LRP5 (#5731), p-Akt (#4060), pan-Akt
(#4685), and E-cadherin (#14472) antibodies are all
manufactured by Cell Signaling Technologies
(Beverly, MA, USA). The p-mTOR (AP(0115), mTOR
(A2445), B-Actin (AC026), and PCNA (A12427) were
purchased from Abclonal (China). The pB-Catenin
(51067-2-AP) and HRP-conjugated GAPDH (HRP-
60004) are from Proteintech. The cleaved caspase-3
(ab32351) antibody is bought from Abcam
(Cambridge, UK). The Akt inhibitors included
GSK690693, AZD5363 and LY294002 and crystal
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violet are all manufactured by Beyotime (China). The

alamarBlue is from thermofisher (Cleveland,
OH, USA).
Cell Culture

The CAL27 (CVCL_1107) and SCC25

(CVCL_1682) cells were cultured in high glucose
Dulbecco's modified Eagle's medium (DMEM; Gibco,
Invitrogen) with 10% fetal bovine serum (FBS;
GEMINI) and 1% penicillin-streptomycin. Cells were
purchased from Shanghai Zishi Biological Company
and identified by STR. All experiments were
performed using mycoplasma-free cells. Cells were
incubated in a humidified atmosphere at 37°C with
95% air and 5% CO2. The siLRP5 and siNC
lentiviruses were synthesized by Gcbio (Shanghai,
China) and stably transfected after puromycin
(lug/ml) was added for 7 days. The alamerBlue assay
procedure was conducted. First, cells were seeded
into a 96-well plate at 1000 cells per well. After
allowing the cells to attach and proliferate for a
specified time, 10 pl alamerBlue was added to each
well. Next, the plate was incubated for an hour. The
results were then quantified by measuring the
absorbance of the sample at 570 nm.

Wound healing assay

Cells were cultured to about 80% confluence
before FBS starvation for 24 h. A 200 pl conventional
pipette tip was used to create a scratch wound across
the cell layer, followed by rinsing with PBS twice.
Thereafter, culture was conducted in 1%
FBS-containing  DMEM. The wound width was
evaluated via Image-Pro Plus 6.0 software after 20h.

Protein extraction and western blot analysis
Cells were washed twice with cold PBS and
lysed with RIPA buffer containing PMSF at 4°C for 30
min. Then, the cells were collected and centrifuged at
4°C and 12,000 rpm for 15 min. For western blot assay,

20 pg of protein was isolated on 10% SDS-
polyacrylamide gels, and transferred onto
polyvinylidene difluoride (PVDF) membranes

(Millipore, Bedford, MA, USA). The membranes were
then blocked with TBST containing 5% fat-free milk,
and incubated overnight at 4°C with primary
antibodies against p-Akt (Ser473; 1:1000), pan-Akt
(1:1000), LRP5 (1:1000), p-mTOR (S2448; 1:1000),
mTOR (1:1000) , caspase-3 (1:500) , E-caderin (1:1000),
p-Catenin (1:1000), PCNA (1:1000), Beta-Actin
(1:1000), and GAPDH (1:1000). The membranes were
then washed with TBST, and incubated with
HRP-conjugated secondary antibodies (1:4,000) for 1 h
at room temperature. After being washed three times
with TBST, the membrane was subjected to ECL
detection using Bio-Rad chemiluminescence system

(Bio-Rad, USA). Finally, the band densities were
analyzed using Image] software (National Institutes
of Health, Bethesda, MD, USA).

Colony formation assay

For colony formation assay, Cells were plated at
500 cells per well in six-well plates in DMEM medium
plus 10% FBS. Cells were replaced with fresh medium
every two to three days. After 8 days, colonies were
fixed with paraformaldehyde, stained with crystal
violet, imaged and counted under an inverted
microscope. Each colony contains more than 100 cells.
The data represents means + standard error of three
independent wells.

Animal model

All animal protocols were approved by the
Animal Care and Use Committee at the Zhejiang
University School of Medicine and followed the NIH
Guidelines for Care and Use of Animals in Research
(NIH Publication No. 85-23, revised 1996). Female
BALB/c nude mice at 4 weeks old were purchased
from Zhejiang Academy of Medical Sciences and fed
with standard rodent chow under specific
pathogen-free (SPF) conditions. Mice were given a
subcutaneous injection of a mixture containing 2 x 106
CAL27 or 1 x 106 SCC25 cells, with each cell
resuspended in 150 pl of PBS. Mice were
anaesthetized 30 days later and sacrificed to harvest
all tumors. The tumor weight was measured. For the
mouse model of lung metastasis, female BALB/c
nude mice at 4 weeks old were used. About 1 x 106
cells in 100 ul PBS were injected into mice through the
tail vein. One months later, the left and right lungs of
each animal were fixed in 4 % paraformaldehyde and
sections were stained with haematoxylin and eosin
(H&E) for histology examination.

Immunofluorescence assay

For immunofluorescence assay, cells were
seeded on glass coverslips in a 6-well plate and
incubated for 48 hours. Then, cells were fixed with
paraformaldehyde for 15 minutes at room
temperature and washed with PBS. After a blocking
step with normal goat serum for 60 min at room
temperature, cells were incubated with associated
antibodies (E-cad, 1:100; LRP5, 1:200; p-Akt, 1:200)
overnight at 4°C. Subsequently, slides were washed
with PBS three times and incubated with DyLight 488
or DyLight 594 second antibody for 1 hour at room
temperature. Following a double PBS wash, slides
were stained with DAPI (4',6-Diamidino-2-
Phenylindole) and examined with a fluorescence
microscope.

For immunohistochemistry assay, the tumor
tissues from the mice subcutaneous xenograft model
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were fixed with paraformaldehyde for 24 hours,
embedded in paraffin and then sectioned (4 pm) using
a RM2135 rotary microtome (Leica Geosystems). The
sections were subjected to a series of preparatory
treatments: roasted at 60°C for 2 hours, dewaxed with
dimethyl benzene, dehydrated with alcohol, and
antigen retrieval was performed with a solution. The
sections were then incubated with anti-p-Akt primary
antibody (diluted 1:200) overnight at 4-C following 1
x TBST washing. After 1 x TBST washing, the sections
were further incubated with a biotinylated secondary
antibody for 1 h before being washed and
counterstained with hematoxylin (Sigma-Aldrich).
Imaging was conducted wusing an inverted
fluorescence microscope.

Bioinformatics analysis

After mRNA was extracted from CAL27 and
SCC25 cells stably transfected with siLRP5 and siNC
lentiviruses, followed by reverse transcription to
generate cDNA, and finally the sequencing of the
cDNA was obtained. After quality control and
filtering of the raw sequencing data by Fastp software,
the data was compared to the reference genome using
Hisat2. Then the gene reads data is converted into a
standardized TPM. The probe sets without
corresponding gene symbols or the genes with
multiple probe sets were removed or averaged
respectively. The DESeq R package was used to obtain
DEGs with MARS algorithm [33]. Log2FC> 1 or
Log2FC< - 1, p-value < 0.05 were considered to
indicate statistical significance. At last, the common
up-regulated genes and down-regulated genes
between different groups were selected. We
performed gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis
of common DEGs (119 up-regulated genes) between
the siNC and siLRP5 groups. GO and KEGG
enrichment analyses were performed via an R
package called clusterProfiler[34]. The analyses were
done by enrichGO and enrichKEGG functions,
respectively [35]. The Pathview library of the
bioconductor was used to generate the Akt signaling
pathway. The fold values of significantly changed
genes were mapped by colors on native KEGG, Akt
signaling pathway, where green represents
down-regulated expression and red represents
up-regulated expression levels in relation to the
control group. A p value < 0.05 was considered
significant. The data correlating MMP1 expression
levels with the survival prognosis of head and neck
squamous cell carcinoma patients was obtained from
GEPIA [36]. The expression data of AKT1 was
obtained from proteinatlas.org and analyzed using R
language, utilizing the survminer and survival

packages for survival analysis curve plotting. The
AKT1 expression data is included in the
supplementary files.

Statistical analysis

All statistical analyses were performed using
SPSS version 19.0 (SPSS, Chicago, IL). Student’s t-test
or Analysis of Variance was used to compare group
distributions. All results were expressed as mean *
standard deviation (S. D.). A value of P less than 0.05
was considered statistically significant.

Results

Knockdown of LRP5 promotes tongue
squamous cell carcinoma CAL27 and SCC25
proliferation and migration in vitro

To study the effect of LRP5 knockdown on
tongue squamous cell carcinoma, LRP5 siRNA
lentivirus was used to transfect CAL27 and SCC25.
We evaluated the effect of LRP5 knockdown on
biological behaviors of tongue squamous cell
carcinoma cell line CAL27 and SCC25. The efficiency
of knockdown of LRP5 was evaluated by Western blot
assay. Results of Western blot assay showed that
LRP5 expression was significantly down-regulated
(Fig. 1A). Following knockdown of LRP5, increased
cell proliferation was observed in Alamarblue and
colony formation assays. (Fig. 1B-D) Moreover, cell

migration significantly elevated in the wound healing
assay (Fig. 1E, F).

LRP5 knockdown promotes CAL27 and
SCC25 proliferation and invasion in vivo

The lung metastasis nude mice model and
subcutaneous tumor model were established, the
proliferation and invasion ability of tumor cells in vivo
was evaluated after LRP5 knockdown. The results
showed that knockdown of LRP5 increased the
metastatic nodules of lungs (Fig. 2A, B). The
hematoxylin and eosin staining of lung slides also
suggested a marked increase in the area of lung
metastasis in the siLRP5 group (Fig. 2A). Compared to
those of control xenografts, LRP5 knockdown
accelerated the tumor growth in nude mice by weight
over a period of 30 days in the subcutaneous tumor
model. (Fig. 2C, D).

Akt pathway is activated by LRP5 knockdown

To further investigate the mechanisms of LRP5
knockdown, RNA-seq was performed. The
differentially expressed genes (DEGs) after LRP5
knockdown were obtained (logFC =1, p < 0.05) (Fig.
3A, B). Then DEGs of the two cell lines CAL27 and
SCC25 were crossed, and 119 up-regulated DEGs
(Table S1) were obtained after LRP5 knockdown (Fig.
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3C). Using functional enrichment analysis, it was
obtained that the Akt signaling pathway was
compensatory activated compared to the control
group in both cell lines (Fig. S1). Using bioinformatic
tools, we found 25 genes that were significantly
upregulated in both cell lines. The heatmap displays
15 representative commonly upregulated genes (Fig.
3D). It has been reported in the literature that the
expression of MMP1 is increased in tongue squamous
cell carcinoma and is associated with the survival and
prognosis of patients [37-39]. They [37] found that
knocking down MMP1 can reduce the proliferation
and invasion of the tongue squamous cell carcinoma
cell line FADU, and also lead to decreased
phosphorylated Akt. Additionally, we have analyzed
the correlation between MMP1 expression levels and
the prognosis of head and neck squamous cell
carcinoma patients through database analysis (with
tongue squamous cell carcinoma comprising the
majority, approximately 252%, from GDAC
Firehose). We found that high expression of MMP1

and AKT1 is associated with lower survival chances
in patients with head and neck squamous cell
carcinoma compared to low expression (Fig. 3E, F).
PCR verified that MMP1 was indeed elevated after
LRP5 knockdown (Fig. 4A). The results of western
blot assay showed that the phosphorylation of Akt
was increased, the expression of proliferation-related
PCNA was increased, and the apoptosis-related
protein caspase3 was decreased (Fig. 4B-E). We also
found that the protein E-cadherin and p-Catenin
related to cell adhesion and invasion were
down-regulated, which further proved the molecular
mechanism of increased cell migration and invasion
(Fig. C, E). Furthermore, in immunofluorescence
staining assay, we observed that the fluorescence
intensity of p-Akt increased after LRP5 knockdown,
while that of E-cadherin decreased (Fig. 4F, G). In the
in vivo subcutaneous tumor xenografts model, the
intensity of p-Akt immunohistochemical staining was
significantly greater in the siLRP5 group than in the
control group (Fig. 5A-D).
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Figure 1. LRP5 knockown promoted the proliferation and migration of CAL27 and SCC25 cells. (A) Western blot assay showed the expression of LRP5 was
down-regulated after cells were transfected with lentivirus and selected with | ug/ml puromycin for 7 days. (B and C) Cell proliferation was measured by alamarBlue and colony
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Cell-based experiments were repeated three times with triplicate wells each. (*P <0.05, **P <0.001, *** P <0.0001)
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female BALB/c nude mice through the tail vein (the siLRP5 group, n = 6; the siNC group, n = 6). One months later, the haematoxylin and eosin staining of lung paraffin sections
showed that siLRP5 group had more lung metastasis nodules than siNC group in both CAL27 and SCC25 cells. The red arrows indicate tumor cells metastasized to the lungs.
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Compensatory Akt activation is required for
LRP5 knockdown-induced cell proliferation
and migration

To determine the functional role of Akt
activation in the LRP5 knockdown-induced migration
and proliferation of tongue squamous cell carcinoma,
cells were treated with Akt inhibitors LY294002,
GSK690693 and AZD5363. As shown in Fig. 6A-E, the
treatment of CAL27 and SCC25 with GSK690693 and
AZD5363 inhibited cell proliferation and migration.
Among them, the effect of GSK690693 was the most
obvious. As shown in Fig. 6F-1, the expression of
phosphorylated Akt was reduced under the action of
LY294002. Interestingly, under the action of Akt
inhibitors GSK690693 and AZD5363, the expression of
p-Akt increased instead. This is consistent with
literature reports. It is generally believed that
GSK690693 and AZD5363 block the transmission of
Akt signaling, making p-Akt accumulate in cells in

compensation [40-44]. The phenomenon of increased
levels of p-Akt upon addition of AKT inhibitors such
as GSK690693 or AZD5363 may be due to a
mechanism known as "feedback activation". In this
scenario, AKT inhibitors suppress the activity of the
AKT signaling pathway, leading cells to generate a
self-regulatory response, attempting to restore the
activity of the AKT signaling pathway by increasing
p-Akt levels. This feedback mechanism may result in
elevated p-Akt levels, despite the overall suppression
of AKT signaling pathway activity. We detected
p-mTOR by western blot and found that GSK690693,
AZD5363, and LY294002 did inhibit the expression of
p-mTOR, which is a downstream molecule of Akt
signaling (Fig. 6F and 6H; Fig. S2). Therefore, it seems
that the compensatory activation of Akt pathway is
required for LRP5 knockdown-induced migration and
proliferation of CAL27 and SCC25 cells (Graphical
Abstract).
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Discussion

In this study, the researchers investigated the
role of LRP5 in tongue squamous cell carcinoma
(TSCC) and its potential as a therapeutic target. They
found that knockdown of LRP5 in TSCC cell lines
resulted in increased cell growth, which was
attributed to the compensatory activation of the Akt
signaling pathway. These findings suggest that
inhibiting the Wnt signaling pathway alone may not
be sufficient to limit the growth and progression of
TSCC and that combined inhibition of both the Wnt
and Akt pathways may be necessary.

In addition to its role in promoting cell survival
and growth, Akt is also known to be involved in
mediating resistance to various anti-tumor therapies
[45]. Indeed, many studies have reported that

treatment with chemotherapy, radiation, or targeted
therapies can lead to compensatory activation of Akt
in cancer cells, which in turn promotes their survival
and resistance to treatment. For instance, one study
showed that treatment with the chemotherapy drug
cisplatin led to upregulation of Akt in ovarian cancer
cells, which was associated with increased resistance
to the drug [46]. Similarly, in melanoma cells,
treatment with the BRAF inhibitor vemurafenib was
found to induce compensatory activation of Akt,
which was shown to be involved in resistance to the
drug [47]. Other studies have reported similar
findings in various types of cancer, including breast,
prostate, and pancreatic cancer. For example, in breast
cancer cells, treatment with the anti-estrogen drug
tamoxifen was found to induce Akt activation, which
was associated with increased survival and resistance
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to the drug [48]. In prostate cancer cells, treatment
with the androgen receptor antagonist enzalutamide
was found to upregulate Akt signaling, which was
shown to be involved in the development of
resistance to the drug [49]. Together, these findings
suggest that Akt plays a critical role in mediating
resistance to various anti-tumor therapies, and that

targeting this pathway may represent a promising
strategy to overcome treatment resistance and
improve patient outcomes [50]. Further studies are
needed to fully elucidate the molecular mechanisms
underlying compensatory Akt activation in cancer
cells and to identify new therapeutic targets for the
treatment of cancer.
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Figure 4. LRP5 knockdown induced compensatory activation of the Akt signaling pathway. (A) Quantitative PCR verified that MMPI increased after LRP5
knockdown in both CAL27 and SCC25 cell lines. (B and D) After knockdown of LRPS5, p-Akt expression significantly increased. In addition, the expression of apoptosis-related

protein cleaved caspase-3 decreased. (C and E) Western blot showed that the expression

of the cell cycle-related protein PCNA increased, which verified the accelerated cell

proliferation. In addition, the expression of adhesion-related proteins E-cad and B-catenin decreased. (F and G) By immunofluorescence staining, in the siLRP5 group, the cells had

less E-cad fluorescence, but stronger fluorescence expression of p-Akt compared to the s

iNC group. ( scale bar = 10 pm)
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In Ren's paper [24], knocking down LRP5 or
LRP6 promoted lung metastasis of breast cancer cells
in a nude mouse model. They found that under
conditions of reduced LRP5/LRP6, Wnt5a strongly
activates the non-canonical pathway, leading to
elevated p-c-jun and promoting tumor cell metastasis.
Wnt3a can activate canonical Wnt signal transduction
[51,52]. Therefore, different tumors may rely on the
canonical or non-canonical Wnt signal pathway,
which may lead to different roles of LRP5 in different
tumors. For example, some literature reports that
Wntba inhibits tumor growth [53,54]. Other studies
have found that Wnt3a not only promotes tumor
metastasis through the Wnt/-catenin signal but also
induces Rho kinase and PLC-dependent cell
migration by activating PLC [52,55]. It can be seen that
under different ligands and receptor combinations,
the canonical or non-canonical Wnt signal pathway

can act synergistically or alone on tumor cells.

The findings of this study are also consistent
with previous research that has shown the complexity
of signaling pathways in cancer and the potential for
compensatory activation of other pathways when one
is inhibited. This highlights the importance of
understanding the mechanisms of action of potential
therapeutic targets and the need for combination
therapies that target multiple pathways. The
researchers used siRNA knockdown of LRP5 to
investigate its role in TSCC. While this is a common
method of gene knockdown, it has limitations and can

result in off-target effects. The researchers
acknowledged this limitation and performed
transcriptome  sequencing to investigate the

downstream effects of LRP5 knockdown. This
approach helped to validate the findings of the study
and provide insights into the mechanisms of action.
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Overall, this study provides important insights into ~ pathways. However, further research is needed to
the role of LRP5 in TSCC and highlights the potential =~ validate these findings and investigate the potential
for combination therapies that target multiple  for clinical translation.
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Figure 6. Akt inhibitors inhibited cell proliferation and migration caused by knockdown of LRP5. (A-C) About 500 cells were plated in six-well plates. Akt
inhibitors (LY294002 = 1 pM; GSK690693 = | uM; and AZD5363 = | pM) or DMSO were added to the siLRP5 group and cultured for 3 days, and then replaced with normal
complete medium without inhibitors. 5 days later, the cells were fixed and stained with crystal violet. Akt inhibitors can significantly inhibited the colony formation of tumor cells

https://www.jcancer.org



Journal of Cancer 2024, Vol. 15

3225

after LRP5 knockdown. Among them, GSK690693 showed the most obvious inhibitory effect, and LY294002 had the worst effect. (D and E) Cells in different groups were
pretreated with DMSO or Akt inhibitors (LY294002 = 1 uM; GSK690693 = | pM; and AZD5363 = | uM) for 3 hours. Then, wound healing experiments were carried out. Akt
inhibitors also inhibited the migration of tumor cells after LRP5 knockdown by wound healing assay. (F-I) Western blot showed that Akt inhibitors increased the expression of
cleaved caspase-3 and inhibited the expression of p-mTOR. Interestingly, GSK690693 and AZD5363 increased p-Akt accumulation in cells. However, LY294002 decreased the
expression of p-Akt. GSK is the abbreviation of GSK690693. AZD is the abbreviation of AZD5363. LY29 is the abbreviation of LY294002. (*P <0.05, **P <0.001, *** P <0.0001,

et P <0.00001)
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