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� H. pylori infection transcriptionally
upregulated LRP8 expression in GC
tissues, cell lines and organoids.

� LRP8 promotes stemness and
proliferation of GC cells and
organoids via enhancing b-catenin
transcriptional activity.

� LRP8 serves as a molecular bridge,
engaged with b-catenin to form the
cagA/LRP8/b-catenin complex. This
interaction disrupts the E-cadherin/
b-catenin complex and facilitates the
nuclear translocation of b-catenin.

� LRP8 contributes to chemoresistance
in GC cells and organoids, specifically
to 5-Fluorouracil treatment.
g r a p h i c a l a b s t r a c t
a r t i c l e i n f o

Article history:
Received 1 February 2024
Revised 5 April 2024
Accepted 5 April 2024
Available online xxxx
a b s t r a c t

Introduction: Helicobacter pylori (H. pylori) infection has been associated with gastric carcinogenesis.
However, the precise involvement of LRP8, the low-density lipoprotein receptor-related protein 8, in
H. pylori pathogenesis and gastric cancer (GC) remains poorly understood.
Objectives: To investigate the potential role of LRP8 in H. pylori infection and gastric carcinogenesis.
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Methods: Three-dimensional human-derived gastric organoids (hGO) and gastric cancer organoids
(hGCO) were synthesized from the tissues obtained from human donors. In this work, multi-omics com-
bined with in vivo and in vitro studies were conducted to investigate the potential involvement of LRP8 in
H. pylori-induced GC.
Results: We found that H. pylori infection significantly upregulated the expression of LRP8 in human GC
tissues, cells, organoids, and mouse gastric mucous. In particular, LRP8 exhibited a distinct enrichment in
cancer stem cells (CSC). Functionally, silencing of LRP8 affected the formation and proliferation of tumor
spheroids, while increased expression of LRP8 was associated with increased proliferation and stemness
of GC cells and organoids. Mechanistically, LRP8 promotes the binding of E-cadherin to b-catenin, thereby
promoting nuclear translocation and transcriptional activity of b-catenin. Furthermore, LRP8 interacts
with the cytotoxin-associated gene A (CagA) to form the CagA/LRP8/b-catenin complex. This complex fur-
ther amplifies H. pylori-induced b-catenin nuclear translocation, leading to increased transcription of
inflammatory factors and CSC markers. Clinical analysis demonstrated that abnormal overexpression of
LRP8 is correlated with a poor prognosis and resistance to 5-Fluorouracil in patients with GC.
Conclusion: Our findings provide valuable information on the molecular intricacies of H. pylori-induced
gastric carcinogenesis, offering potential therapeutic targets and prognostic markers for GC.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Gastric cancer (GC) ranks third among global cancer-related
fatalities [1], in which Helicobacter pylori (H. pylori) is potentially
responsible for around half of annual cases and fatalities, particu-
larly in China [2]. H. pylori initiates a cascade of pathological pro-
cesses, including Wnt/b-catenin pathway activation and GC stem
cell proliferation [3].

The canonical Wnt/b-catenin pathway, initiated byWnt ligands,
triggers nuclear translocation of b-catenin and transcribes target
genes [4,5]. The pathophysiology of H. pylori infection is intricately
linked to sophisticated bacterial virulence mechanisms [6]. Among
these, the cytotoxin-associated gene A (CagA), a well-documented
virulence factor significantly activates the Wnt/b-catenin pathway,
leading to the induction of inflammation [7,8]. Additionally, the
recently identified virulence factor, b-ADP-heptose [9], has been
shown to possess potent capabilities in triggering inflammatory
responses.[9,10]. This promotes the differentiation and prolifera-
tion of cancer stem cells (CSCs), leading to GC progression
[11,12]. However, a comprehensive understanding of the intricate
regulatory mechanisms underlying the virulence factor of H. pylori
and the nuclear translocation of b-catenin in GC is not very well
defined.

LRP8 is initially involved in physiological cell differentiation
and lipid transport [13–15]. Recent evidence has highlighted its
involvement in proliferation, migration, stemness, and chemosen-
sitivity in various types of cancer [16–19]. However, the precise
role of LRP8 in GC remains largely unknown. In the current study,
we employed integrative methods to reveal the role of LRP8 in the
regulation of the Wnt/b-catenin pathway independent of Wnt
ligands. Furthermore, we investigated its bridge function in medi-
ating the effects of H. pylori virulence factors (CagA and b-ADP-
heptose) on stemness and inflammatory response. Our findings
shed light on the functional significance of LRP8 in H. pylori-
induced GC and offer potential therapeutic strategies for its
treatment.
Methods and materials

Cell lines and strains

The human gastric epithelial cell line GES-1 and GC cell lines
(SGC7901, MGC803, AGS, NCI-N87) were obtained from the Chi-
nese National Collection of Authenticated Cell Cultures and main-
tained in RPMI1640 medium (Gibco, Grand Island, USA)
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supplemented with 10 % Fetal Bovine Serum (Biological Industries,
Kibbutz Beit Haemek, Israel) and 1 % penicillin/streptomycin
(Gibco). The human embryonic kidney 293 cell line: HEK293T, also
from the same supplier, was cultured in DEME medium (Gibco). All
cell lines were authenticated by short tandem repeats (STR) analy-
sis and cultured in mycoplasma-free conditions at 37 �C under a
humidified atmosphere.

H. pylori strains (P12, GFP-P12, and CagA-deficient, DCagA),
Wnt3a, and Rspodin cells were generously gifted by Prof. Thomas
[20]. The mouse-adapted H. pylori SS1 strain was a kind gift from
Prof. Marshall [21,22]. H. pylori was cultured on Columbia Agar
Base plates under microaerophilic conditions at 37 �C, with
passages every three days.
Patients

A total of 55 stomach tissue samples were collected (September
2021 to December 2022) from patients who underwent total or
partial gastric resection at the Fifth Affiliated Hospital of Zhengz-
hou University. Paired adjacent tissues more than 10 cm away
from the tumor were collected. The H. pylori-infection status of
the patients was determined by C13-urea respiratory test and
retrospective immunohistochemistry.
Animals

Male C57BL/6Cnc mice were purchased from Vital River
Laboratory (Beijing, China). 5–6 weeks-old mice were exposed to
N-Methyl-N-nitrosourea (MNU, Sigma-Aldrich, St. Louis, MO,
USA) at a concentration of 150 ppm for 5 weeks. The H. pylori
SS1 suspension with 2 � 108 CFU was administered orally to mice
7 times. Control mice were treated with an equal volume of
Brain-Heart Infusion Broth (BHI, OXOID, MA, USA) solution. All
mice were sacrificed after 18 weeks, and stomach tissues were
meticulously extracted for further analysis.
Ethics statement

All studies involving human biospecies comply with the guide-
lines and ethical standards of the Helsinki Deceleration of 1964
and the ARRIVE reporting guidelines. Also, all procedures and
experiments used in this study were approved by the Ethics
Committee of the Fifth Affiliated Hospital of Zhengzhou University
(License No: KY2020029 for the human experiments and
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KY2021028 for the animal experiments) and informed written con-
sent was obtained from all participants.

Immunohistochemistry

Immunohistochemical staining was performed according to our
previously published protocol [23]. Briefly, the anti-LRP8 primary
antibody (Supplementary Table 2) biotinylated secondary anti-
body, and horseradish enzyme-labelled streptavidin were used to
detect LRP8. Diaminobenzidine and hematoxylin were then
stained. The images were scored using the German semi-
quantitative scoring method.

Human gastric cancer patients-derived organoids(hGCO)

For the culture of hGOs and hGCOs, we adhered to the protocol
previously published [20]. Simply, tumor tissues and adjacent tis-
sues were digested into single cells and resuspended in Matrigel
(Becton, Dickinson, NJ, USA). The organoids were cultured in orga-
noid medium: Advanced DMEM/F12 Medium (Gibco) supple-
mented with 50 % Wnt3a and 25 % R-spondin conditional
medium, 100 ng/mL human Noggin (Peprotech, NJ, USA), 1 % B27
(Invitrogen, CA, USA), 1 % N-2 (Invitrogen), 4 mM Nicotinamide
(Sigma-Aldrich), 200 ng/mL human fibroblast growth factor-10
(FGF-10, Peprotech), 50 ng/mL epidermal growth factor (EGF, Invit-
rogen), 1 mM N-Acetyl-L-cysteine (Sigma-Aldrich), 1 nM Gastrin
(Tocris, MN, USA), 0.5 lM A83-01(Tocris), 10 lM Y-27632
(Sigma-Aldrich).

Small interfering RNA(siRNA)

si-RNA-LRP8 or si-NC (Jima, Shanghai, China) were transfected
with jetPRIME� reagent (Polyplus, Strasbourg, France) according
to the manufacturer’s instructions. After 48 h of incubation, the
cells were collected for subsequent experiments.

Genes overexpression

To generate organoids and GC cells with ectopic overexpression
of LRP8, we inserted the genomic sequence of human LRP8 into the
pCDH-CMV-MCS-EF1-Puro vector (youbio, China, Changsha). To
harvest viral particles, 293 T cells were transfected with 2 lg plas-
mid (psPAX2/PMD2.G/pCDH-EV or pCDH-LRP8-OV in a 1:1:1 M
ratio) using jetPRIME�, the supernatant was collected after 48 h.
Next, 8 lg/mL of polybrene (Solarbio, Beijing, China) was com-
bined with individual cells and centrifuged at 600 g for 90 min. Fol-
lowing three days, the medium was supplemented with 6lg/mL
puromycin for SGC7901 cells and 1lg/mL for organoids, the cells
and organoids that stably expressed LRP8 were obtained after
14 days.

For the exogenous expression of CagA, the hemagglutinin (HA)-
tagged CagA was inserted into the pcDNA3.1-HA plasmid and tran-
siently transfected to cells and 18 h later cells were collected for
analysis.

Stem cell sphere-forming assay

Approximately 2000 cells were seeded in 6-well ultra-low
adhesion plates (Corning, USA) with 2 mL stem cell medium:
RPMI-1640 supplemented with 20 ng/mL EGF (PeproTech),
20 ng/mL FGF (PeproTech) and 2 % B27(Invitrogen), 0.4 % bovine
serum albumin (BSA, Sigma-Aldrich) and 5 lg/mL insulin(Wan-
Bang, Beijing, China). The spheres were imaged using phase-
contrast microscopy after 7 days and the number of spheres over
100 lm in diameter was counted [24].
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H. Pylori infection

H. pylori grown on agar plates for two days were resuspended in
liquid medium (89 % BHI + 10 % FBS + 1 % antibiotics, Solarbio,
China) and incubated for 24 h, H.pylori was collected by centrifu-
gating at 4500 rpm for 8 min, then incubated with cells at a mul-
tiplicity of infection (MOI = 100) and 12 h later cells were used
for protein or RNA extraction.

For infecting organoid with H.pylori, organoids were cultured in
Wnt/Rspo-free medium for 4 days to induce differentiation, indi-
vidual organoids were collected using cell recovery solution (Corn-
ing) and then mixed with GFP-H. pylori before suspending in
matrigel. Following a 4-day co-culture period, RNA was extracted
for further experiments.

Real-time fluorescent quantitative PCR (RT-qPCR)

Total RNA was extracted by Trizol (Thermofish), and cDNA was
obtained according to the instructions of the HiScript II 1st Strand
cDNA Synthesis Kit (Vazamy, Nanjing, China). The qPCR mix was
prepared as SYBR Green PCR Master Mix (Vazamy). The relative
expression was calculated using the 2-DDC(t) method [25]. All pri-
mer sequences are shown in Supplementary Table 3.

Enzyme-linked immunosorbent assay(ELISA)

The ELISA experiments were performed by following the manu-
facturer’s protocol (Boster, Wuhan, China). Briefly, cell culture
supernatants were transferred to 96-well plates pre-coated with
interleukin-8 (IL-8) antibodies, after incubated with secondary
antibody and color development solution, the optical density at
450 nm (OD450nm) was measured using a multifunctional
enzyme marker and the concentration of IL-8 was determined by
referencing a standard curve.

Nuclear protein extraction

The nuclear and cytoplasmic proteins were separated from the
cells after fractionating cells using NE-PERtm Nuclear and Cytoplas-
mic extraction kit by the manufacturer’s instructions (Thermo
Fisher). Briefly, cells were lysed with the cytoplasmic protein
extraction reagents CER I and CER II, and the supernatants were
used for cytoplasmic protein precipitation. The sediments were
resuspended with ice-cold NER reagent for nuclear protein extrac-
tion. The isolated proteins were stored at �80 �C until subsequent
use.

Immunoblotting (IB)

The SDS-PAGE gels were prepared according to the kit instruc-
tions (Yase Biologicals, Beijing, China). Primary antibody (Supple-
mentary Table 4) was added and incubated overnight at 4 ℃. The
next day the secondary antibody was incubated at room tempera-
ture for 1 h. The blots were captured on camera using a Bio-RAD
exposure meter.

Co-immunoprecipitation (Co-IP)

The protein–protein interactions were identified by Co-IP
assays. To summarize, protein A/G Magnetic Beads (MedChemEx-
press, USA) and specific antibodies (Supplementary Table 2) were
mixed in 1.5 mL Eppendorf tubes and placed on the horizontal
rotator at 4 ℃ for 4 h to generate antibody-magnetic bead com-
plexes, and mouse or rabbit IgG antibodies were used as negative
control. Proteins were lysed using mild lysis buffer for 30 min, then
incubated with antibody-magnetic beads complex overnight at 4℃
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to create a protein-antibody-magnetic beads complex; then
washed and used for immunoblotting.

Immunofluorescence (IF)

Cells were fixed in 2 % paraformaldehyde and incubated with
150 lL of primary antibody and secondary antibody (Supplemen-
tary Table 2) for 1 h at room temperature, DAPI solution was used
to stain the nuclei. The target proteins were imaged using a
Confocal Laser Scanning Microscope (Carl Zeiss 880, Oberkochen,
Germany), and Pearson’s colocalization and overlap coefficients
were generated using the Image J software (version: 1.8.0.112) as
described previously [26,27].

Cytotoxicity assay

For the 5-Fluorouracil (Solarbio) sensitivity assay, cells were
incubated with medium containing different concentrations of
5-FU (0 lg/mL-500 lg/mL) for 48 h. For the proliferation curve
assay, cells were incubated with 5-FU (10 lg/mL and 50 lg /mL)
for 0, 24, 48 and 72 h. Then medium containing 10 % Cell Counting
Kit-8 (Dojindo, Japan) was replaced, and the OD450 value was
measured after incubation for 2 h in the dark. The activity of cells
was evaluated as (OD450experimental group � OD450control group)/
(OD450experimental group- OD450control group) � 100 %, and the IC50
and proliferation curves were calculated in GraphPad 9.0 software.

Cell apoptosis

Cells were treated with 5-FU (0, 10 and 50 lg/mL) for 48 h. The
Annexin V-FITC staining was performed according to the manufac-
turer’s instructions (Keygentec, Jiangsu, China) and apoptotic cells
were detected using flow cytometry (BD, AccuriTM C6). All the
experiments were repeated independently at least thrice.

Statistics

All quantitative data were statistically analyzed using the
paired Two-tailed Student’s t-test or Satterthwaite test using SPSS
25.0 (SPSS, Chicago, IL, USA) and GraphPad 9.0 software (Boston,
MA, USA), and immunohistochemistry scores were analyzed using
Wilcoxon matched-pairs signed-ranks sum test. Survival analysis
was performed using the log-rank test at the K-M plotter database.
p-value < 0.05 was considered significant.

Results

LRP8 overexpression in GC tissues, cell lines, and organoids

The analysis of TCGA data sets revealed a significant upregula-
tion of LRP8 in GC tissues (Fig. 1A). The subgroup analysis showed
that patients older than 65 years having intestinal type of GC
according to the Lauren classification specifically have high
Fig. 1. Overexpression of LRP8 in GC tissues, cell lines and organoids A-C. LRP8 exp
database (A). Differential expression of LRP8was observed in gastric cancer patients of dif
type gastric cancer) (C). D. LRP8 mRNA expression was identified in 20 cases of canc
immunohistochemical staining of LRP8 protein was performed in cancer and adjacent tiss
55 cases of paired gastric cancer and adjacent tissues. G. Total RNA was extracted fro
determined in three independent experiments. H. Pearson correlation coefficient of LRP8
culture of human patient-derived gastric (hGO) and gastric cancer organoids (hGCO)
performed in hGO and hGCO, with DAPI (blue) indicating nuclei, scale bar: 20 lm. K. Th
(n = 50 cells). (*: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001). (For interpretation of
of this article.)
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expression of LRP8 (Fig. 1B, C). Furthermore, we verified this by
examining 55 paired samples of GC and adjacent non-cancer tis-
sues; a significant increase in both mRNA and protein levels of
LRP8 was observed in GC tissues (Fig. 1D-F). Additionally, LRP8
expression levels were significantly higher in three GC cell lines
(AGS, MGC803, and NCI-N87) compared to the normal cell line
GES-1 (Fig. 1G). Furthermore, a significant positive correlation
(R2 = 0.4007, P < 0.05) was identified between LRP8 expression
and the CSC marker POU5F1 in GC tissues (Fig. 1H).

The role of LRP8 was further explored through in vitro cultiva-
tion of normal and GC organoids, which accurately reflect the char-
acteristics of their tissue of origin. We detected a significant
upregulation of the cancer marker HER2 in cancer organoids
(Fig. S1), while hGCO exhibited considerably increased levels of
LRP8 and POU5F1 expression as compared with hGO (Fig. 1J, K).
These findings collectively underscore the significant elevation of
LRP8 expression in human GC samples, suggesting its crucial role
in the pathology of GC.
H. Pylori infection transcriptionally upregulated LRP8 expression

Analysis of two GEO datasets (GSE60662 and GSE60427)
revealed an increased expression of LRP8 in H. pylori-positive gas-
tric mucosa (Fig. 2A, B), we also detected high staining pattern of
LRP8 in 55 GC tissue compared with adjacent tissue(Fig. 2C, D).
Additionally, infection assays using H. pylori strains expressing
green fluorescent protein (GFP-Hp) indicated scattered GFP foci in
hGCO (Fig. 2E) and an increased expression of the inflammatory
factor IL-8 (Fig. 2F). In particular, LRP8 expression was increased
in H. pylori-infected organoids (Fig. 2F), and same pattern was
observed in GC cell lines SGC7901 and MGC803 exposed to
H. pylori (Fig. 2G).

To confirm these findings in vivo, 20 male C57BL/6cnc mice
were infected with the H. pylori SS1 strain. These mice developed
chronic atrophic gastritis (CAG), characterized by infiltration of
polymorphonuclear neutrophils, a reduction in the original gastric
glands, and dysplasia (Dys), marked by nuclear enlargement and
an increased nucleus-to-cytoplasmic ratio. Immunohistochemical
analysis confirmed H. pylori colonization on the mucosal surface
and within the glandular lumen. Importantly, a significant upregu-
lation of LRP8 expression was observed in tissues affected by CAG
and Dys (Fig. 2H, I). These results highlight the role of H. pylori
infection in modulating LRP8 expression.

Furthermore, we aimed to pinpoint the specific H. pylori viru-
lence factors influencing LRP8 expression. Thus, we exposed
SGC7901 cells with H. pylori P12 strains (both with and without
the CagA) for 18 h, and detected overexpression of LRP8 in all cells
with both strains (Fig. S2A). Additionally, we exogenously intro-
duced HA-CagA into cells which did not alter LRP8 levels
(Fig. S2A), suggesting an involvement of different H. pylori
virulence factors in LRP8 regulation. Therefore, we then tested
the b-ADP-heptose, derived from H. pylori was responsible for
LRP8 upregulation in hGO (Fig. S2B, C) and SGC7901 cells
ression was analyzed in gastric cancer tissues and normal mucosa from the TCGA
ferent age groups (B) as well as in different Lauren’s staging (stomach and intestinal-
er and adjacent tissues of gastric cancer patients by RT-qPCR. E. Representative
ues, with a scale bar of 100 lm. F. Immunohistochemistry scores were calculated for
m GES-1 cells and 4 gastric cancer cells and the relative expression of LRP8 was
and POU5F1 expression in 20 gastric cancer samples. I. A schematic diagram for the
. J. Immunofluorescence staining of LRP8 protein(green) and POU5F1(red) were
e mean fluorescence intensities of LRP8 and POU5F1 are shown in the scatter plot
the references to color in this figure legend, the reader is referred to the web version
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Fig. 2. H. pylori infection transcriptionally upregulated LRP8 expression A-B. Expression data of LRP8 in H. pylori-infected gastric mucosa from GSE60662 and GSE60427
databanks. C. Immunohistochemical scoring of LRP8 in 33H. pylori-positive and 22 negative GC tissues. D. Representative immunohistochemical staining of LRP8 protein and
H. pylori. E. Microscopic imaging of gastric cancer organoids infected with GFP-H. pylori for 4 days, displaying H. pylori adhesion to the organoids. F. Expression of LRP8 and
inflammatory factor IL8 in H. pylori-infected organoids detected using RT-qPCR. G. Western blot analysis of LRP8 protein expression in protein lysates from uninfected
MGC803 and SGC7901 cells and cells infected with H. pylori P12 strain for 12 and 18 h. H. Representative H&E staining and immunohistochemical staining images of LRP8 and
H. pylori (black arrow) in the gastric mucosa of mice(CAG: chronic atrophic gastritis; Dys: dysplasia). I. Immunohistochemical scoring of LRP8 in mice. (*: p < 0.05, **: p < 0.01,
***: p < 0.001, ****: p < 0.0001).
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(Fig. S2D). These results unequivocally demonstrate a pivotal role
of b-ADP-heptose in LRP8 regulation in transcription, thereby elu-
cidating a novel aspect of the pathogenic mechanisms of H. pylori..
LRP8 promotes stemness of GC cells and organoids

Single-cell sequencing of the GSE134520 dataset demonstrated
that LRP8 is predominantly expressed in malignant cells, with min-
imal presence in immune cells (Fig. S3A, B). This pattern was con-
firmed by analyzing the GSE112302 dataset, which showed LRP8
enrichment in both CSCs and malignant cells(Fig. S3C, D). Addition-
ally, a positive correlation between LRP8 expression and the cancer
RNA stemness score (RNAss) in GC tissues highlighted the onco-
genic role of LRP8. (Fig. S3E). KEGG pathway analysis further impli-
cated LRP8 is involved in the cell cycle andWnt/b-catenin signaling
(Fig. S3F).

To assess LRP80s functional impact, we silenced its expression in
the MGC803 cells using specifically designed siRNAs (Fig. 3A, B),
and ectopically overexpressed it in SGC7901 cells (Fig. 3C, D).
Interestingly, we found that LRP8 knockdown significantly
decreased sphere formation efficiency of the cells but we partially
restored by supplementing stem cell medium with 20 % Wnt3a
medium (Fig. 3E, F). In contrast, LRP8 overexpression increased
sphere formation and induced large spheres in SGC7901 cells
(Fig. 3G, H). The spheroids analysis found that the elimination of
LRP8 significantly reduced the mRNA levels of key stemness mark-
ers (POU5F1, ALDH1A1, CD15, CD44) in MGC803 cells, while overex-
pression in SGC7901 cells significantly increased these markers.

Furthermore, LRP8 was overexpressed in hGCO using lentiviral
system, which was confirmed by immunofluorescence and west-
ern blot analysis (Fig. 3K-M). This overexpression led to increased
levels of POU5F1, CD44, ALDH1A1 and CD15 (Fig. 3K, M), highlight-
ing LRP80s significant role in maintaining stemness of GC cells.
LRP8 facilitates the activation of the Wnt/b-catenin pathway by
promoting nuclear translocation of b-catenin

Our investigation of LRP80s involvement in the Wnt/b-catenin
pathway revealed that silencing LRP8 in MGC803 cells did not
affect b-catenin levels, yet significantly downregulated proteins
essential for cellular proliferation, such as cyclin D1 and c-myc
(Fig. 4A). In contrast, overexpression of LRP8 resulted in a signifi-
cant upregulation of these proteins (Fig. 4B). To understand how
LRP8 activates downstream signaling without altering b-catenin
levels, we utilized the STRING database to predict interactions
between LRP8 and key Wnt/b-catenin pathway proteins, which
suggested a direct interaction between LRP8 and the b-catenin pro-
tein (encoded by CTNNB1), and a potential competitive interactions
involving LRP8 and E-cadherin (encoded by CDH1) (Fig. 4C). Our
immunofluorescence assay indicated LRP8 and b-catenin co-
localization in SGC7901 cells (Fig. 4D-F); and Co-IP experiments
further confirmed the mutual interaction between LRP8 and b-
catenin. Thus we hypothesized that LRP8 facilitate the release of
b-catenin from the b-catenin/E-cadherin complex, a crucial step
in Wnt pathway activation.

Further investigation on the b-catenin/E-cadherin complex
revealed that LRP8 overexpression led to a significant reduction
in this complex’s formation, suggesting LRP8 competes with E-
cadherin for b-catenin binding (Fig. 4H). Subsequent cell fraction-
ation showed a significant increase in nuclear b-catenin levels in
cells with ectopic overexpression of LRP8 (Fig. 4I), reinforcing the
notion that LRP8 promotes nuclear translocation of b-catenin and
thereby activating the transcription of Wnt/b-catenin target genes.
These findings suggest that LRP8 disrupts the b-catenin/E-cadherin
complex through competitively binding to b-catenin, promoting
7

b-catenin nuclear translocation and activating the Wnt/b-catenin
pathway.

H. Pylori infection induced b-catenin transcriptional activity in a
LRP8-dependent manner

Investigating the role of LRP8 in H. pylori infection, we explored
its impact on the nuclear translocation of b-catenin induced by the
virulence factor CagA. We observed that H. pylori infection elevated
nuclear b-catenin levels at 18 h post H. pylori �infection, an effect
further enhanced in the cells overexpressing LRP8 (Fig. 5A-B), as
demonstrated by cell fractionation analysis (Fig. 5C, D). We further
verified the interaction between LRP8 and CagA by co-IP analysis,
this interaction leads to the formation of a CagA/LRP8/b-catenin
complex (Fig. 5E), thereby LRP8 promotes the association between
CagA and b-catenin. Furthermore, we found that upon H. pylori
infection a significant reduction in the b-catenin/E-cadherin com-
plex formation was detected in LRP8-overexpressed cells
(Fig. 5F), highlighting the key role of LRP8 in disrupting this com-
plex. This disruption facilitates the release of b-catenin into the
cytoplasm and its subsequent nuclear translocation. Suggesting a
potential modulation of Wnt/b-catenin signaling in the context of
H. pylori infection.

In addition, the modulation of LRP8 expression had a significant
impact on inflammatory response and the activity of the Wnt/b-
catenin pathway induced by H. pylori. LRP8 knockdown signifi-
cantly inhibited H.pylori-induced IL-8 (Fig. 5G) and decreased
expression of cyclin D1 and c-myc (Fig. 5H). On the contrary,
LRP8 overexpression had an opposite effect (Fig. 5H). Furthermore,
we observed an increase in the transcription of CCND1 and MYC in
response to b-ADP-heptose treatment (Fig. S2D) in SGC7901 cells.
These findings highlight a complex regulatory network involving
LRP8, H. pylori virulence factors, and the Wnt/b-catenin signaling
pathway in GC.

LRP8 promotes the proliferation and reduces the drug sensitivity of GC
cells and organoids to 5-FU

Cellular proliferation was evaluated through colony formation
and transwell assays; LRP8 knockdown revealed a decreased num-
ber of colonies in MGC803 cells (Fig S4 A, B) and cellular migration
(Fig. S4 E, F). Conversely, LRP8 overexpression significantly
increased the number of colonies (Fig. S4C, D) and migration of
SGC7901 cells (Fig. S4G, H). Notably, Wnt3a supplementation par-
tially restored cellular viability and migration in LRP8-depleted
cells (Fig. S3A, E). These findings underscore the importance of
LRP8 in GC cellular proliferation, potentially linked to the Wnt/b-
catenin pathway.

Drug resistance, particularly in GC, is a significant barrier to
effective treatment and is often associated with a poor prognosis
due to dysregulated oncogenes [28]. We also focused on LRP80s role
in influencing chemosensitivity to 5-Fluorouracil (5-FU), a corner-
stone in GC therapy. We found that LRP8-OV SGC7901 cells dis-
played increased resistance, with higher IC50 (27.64 lg/mL)
compared to it in LRP8-EV cells (11.75 lg/mL) (Fig. 6A). This was
further illustrated by proliferation assays, in which LRP8-OV cells
showed higher growth rate in the absence of 5-FU and maintained
higher resistance at lower drug concentrations (10 lg/mL)
(Fig. 6B). Flow cytometry analysis indicated that LRP8 overexpres-
sion reduced apoptosis rate in cells treated with 5-FU (Fig. 6C, D),
aligning with the upregulation of multi-drug resistance (MDR)
genes (Fig. 6E). This suggests that LRP8 may contribute to a
multi-faceted mechanism of drug resistance, including alterations
in cell survival pathways and efflux pump expression.

Leveraging the organoid model, imitating the complexity of
tumor heterogeneity and drug responses more accurately than



Fig. 3. LRP8 promotes stemness of GC cells and organoids A-B. The knockdown efficiency of LRP8 in MGC803 cells was identified by RT-qPCR(A) and western blot (B)
methods. C-D. The LRP8 overexpressed SGC7901 cell line (LRP8-OV) and control expression vector cells (LRP8-EV) were established by lentiviral infection. The expression of
LRP8 was identified by RT-qPCR and western blot method. E. Sphere formation efficiency of MGC803 cells with siLRP8 and cultured in stem cell medium for 7 days was
determined. For rescue experiments, 20 % of Wnt3a medium was added. F. The numbers of MGC803 spheroids with a diameter > 100 lm were counted (n = 3 independent
experiments). G. Sphere formation was measured H. The numbers of SGC7901 spheroids with a diameter > 100 lmwere counted (n = 3 independent experiments). I. RT-qPCR
was used to detect the expression of stemness-related genes (POU5F1, ALDH1A1, CD15, and CD44) in MGC803 spheroids transfected with siRNA targeting LRP8 (si1 and si2) or
negative control (NC) and cultured with stem cell medium (n = 3 independent experiments). J. SGC7901 cells were infected with lentivirus generated by LRP8 empty vector
(LRP8-EV) or LRP8 overexpressed vector (LRP8-OV) and cultured in stem cell medium for 3 days, and then the expression of stemness-related genes was detected (n = 3
independent experiments). K. Immunofluorescence detection of LRP8 (green) and POU5F1(red on left) or CD44 (red on right) expression in LRP8-OV or LRP8-EV GC organoids,
with a scale bar 20 lm. L. The mean fluorescence intensity of 50 organoid cells is shown in the scatter plot. M. Western blot analysis of stem cell markers of LRP8-OV gastric
cancer organoid (*: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001). (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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Fig. 4. LRP8 interacts with b-catenin to regulate Wnt/b-catenin pathway activation. A. b-catenin, c-myc, cyclin D1 and LRP8 protein expression in MGC803 cells
transfected with si-LRP8 or negative control (NC) for 48 h were analyzed by Western blotting. B. cyclin D1, and c-myc protein expression in LRP8-overexpressing (OV) and EV
SGC7901 cells(left panel) were analyzed by Western blotting. C. Protein-protein interaction networks between LRP8 and Wnt pathway proteins were generated from the
STRING database. D. Immunofluorescence staining of LRP8 (red) and b-catenin (green) in SGC7901 cells, with DAPI (blue) indicating nuclei. Scale bar, 5 lm. E-F.
Co-localization analysis of LRP8 and b-catenin using Pearson’s correlation and overlap coefficient, with results presented in a bar graph format. G. Co-immunoprecipitation
(Co-IP) assay demonstrated an interaction between LRP8 and b-catenin in LRP8-OV SGC7901 cells (IB, immunoblot). H. Co-IP assay was performed to measure the levels of
E-cadherin/b-catenin complex in LRP8-EV and LRP8-OV cells. I. Western blot analysis of the intracellular distribution of LRP8 and b-catenin in the nuclear and cytoplasmic
fractions of LRP8-EV and LRP8-OV SGC7901 cells. Histone-H3 and b-actin were used as internal controls for the nuclear and cytoplasmic proteins, respectively. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

B. Liu, I. Bukhari, F. Li et al. Journal of Advanced Research xxx (xxxx) xxx

9



Fig. 5. H. pylori infection induced b-catenin transcriptional activity in a LRP8-dependent manner. A. Immunofluorescence staining of b-catenin in LRP8-EV and LRP8-OV
SGC7901 cells infected with H. pylori P12 for 18 h, showing the intracellular distribution of b-catenin, white arrow points to the b-catenin foci in the nucleus. The scale bar
represents 5 lm. B. Semi-quantitative analysis of b-catenin nuclear localization using Pearson’s correlation and the overlap coefficient, presented as bar graphs. C-D.Western
blot analysis of the intracellular distribution of LRP8 and b-catenin in the nuclear and cytoplasmic fractions of LRP8-EV and LRP8-OV SGC7901 cells after an 18-hour infection
with H. pylori P12 strain. Grayscale values of the bands in Figure D were obtained using Image J software. E. Co-immunoprecipitation (Co-IP) was performed to measure the
levels of LRP8 and b-catenin in pcDNA3.1-HA-CagA plasmid transfected LRP8-EV and LRP8-OV SGC7901 cells. Proteins were collected and co-incubated with HA antibody-
conjugated magnetic beads. F. Co-IP assay was performed to measure the levels of E-cadherin/b-catenin complex in LRP8-EV and LRP8-OV cells after infection with H. pylori
P12 strains for 18 h. G. ELISA measurement of IL-8 cytokine production in culture supernatants from LRP8 knockdown MGC803 and LRP8-OV SGC7901 cells infected with H.
pylori for 18 h (n = 3 independent experiments). H.Western blot analysis of b-catenin, cyclin D1 and c-myc expression in protein lysates from LRP8 knockdown MGC803(left)
and LRP8-overepressing (OV) SGC7901 cells (right) infected with H. pylori P12 strain for 18 h. I. RT-qPCR analysis of POU5F1 expression in H. pylori-infected MGC803 cells
with LRP8 knockdown and LRP8-overexpressing SGC7901 cells for 18 h (n = 3 independent experiments). (*: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001).
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Fig. 6. LRP8 overexpression reduces the drug sensitivity of gastric cancer cells to 5-FU in vitro A. Cell viability was measured using the CCK8 method in LRP8-EV and OV
SGC7901 cells treated with different concentrations of 5-Fluorouracil (5-FU) for 48 h. The half inhibition concentrations (IC50) values were calculated using GraphPad
software. B. Proliferation curves were plotted for LRP8-EV and OV SGC7901 cells treated with different concentrations of 5-FU (0, 10 and 50 lg/mL). C. Flow cytometry assay
was performed to detect apoptotic cells in LRP8-EV and OV cells treated with 5-FU at different concentrations (0, 10 and 50 lg/mL). D. The proportion of apoptotic cells was
quantified (n = 3). E. RT-qPCR was used to determine the expression levels of multidrug resistance (MDR) genes (MDR-1, DCK, MRP1, BRCP, RRM1, and RRM2) in LRP-EV and OV
cells (n = 3). F. Representative micrographs of LRP8 EV and OV gastric cancer organoids treated with different concentrations of 5-FU. G. Number of organoids over 50 lm
diameter. H. Kaplan-Meier survival curves were generated for gastric cancer patients in different LRP8 expression groups after 5-FU treatment. (*: p < 0.05, **: p < 0.01, ***:
p < 0.001, ****: p < 0.0001).
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traditional 2D cultures, we evaluated the impact of LRP8 on 5-FU
sensitivity in organoids generated from tissues obtained from vari-
ety of clinical cases. LRP8 overexpressing in hGCO demonstrated
increased size and number, indicating a resistance to 5-FU-
induced cytotoxicity, compared with the control group (Fig. 6F, G).

A subgroup survival analysis highlighted the clinical implica-
tions of LRP8 expression levels in GC patients undergoing 5-FU-
based chemotherapy (Fig. 6H). Patients with higher expression of
LRP8 exhibited significantly shorter median survival times
(9.2 months) compared to those with lower expression levels
(31 months), underscoring the prognostic value of LRP8 in predict-
ing chemotherapy outcomes (Table S4). These findings collectively
point the critical role of LRP8 in modulating 5-FU chemosensitivity
in GC, suggesting its utility as both a biomarker for chemotherapy
response and a potential therapeutic target to overcome drug
resistance.
Discussion

We explored the complex molecular pathways involved in H.
pylori infection-induced gastric carcinogenesis. We found that
LRP8, which is upregulated in response to H. pylori infection both
in laboratory cell cultures and mice, plays a crucial role in promot-
ing stemness in GC cells and organoids by enhancing the transcrip-
tional activity of b-catenin. LRP8 can be identified as an oncogene
induced by H. pylori infection. This groundbreaking study estab-
lishes a novel connection between H. pylori infection and the initi-
ation and progression of GC.

H. pylori is recognized as a class I carcinogen and is the primary
risk factor for intestinal-type GC [29]. In our study, we identified an
upregulation of LRP8 in gastric tissues infected with H. pylori, par-
ticularly pronounced in cases of intestinal-type GC. This finding
hints at a potential link between LRP8 expression and GC progres-
sion. H. pylori infection induces several tissue changes, including
inflammation, DNA damage, abnormal cell proliferation, and the
activation of stem cell-like traits through the Wnt/b-catenin sig-
naling pathway, all of which are pivotal in advancing GC
[9,10,30–34]. CagA, is known to disrupt the E-cadherin/b-catenin
complex, thereby activating the Wnt/b-catenin pathway in AGS
cells [7]. However, in this study did not observe a direct interaction
between CagA and E-cadherin in vitro, suggesting the possibility of
CagA engage with other cellular components; thus we uncovered
the formation of CagA/LRP8/b-catenin complexes. This suggests
that LRP8, found both on the cell membrane and intracellularly,
serves as an ‘‘anchor” that enables the initial interaction between
CagA and b-catenin, promoting b-catenin’s nuclear translocation
in GC cells. We observed that high LRP8 expression markedly
enhances nuclear localization of b-catenin. In short, LRP8 upregula-
tion facilitates increased nuclear translocation of b-catenin, leading
to enhanced transcription of target genes.

LRP8, a key component of the LDL receptor family, plays a com-
plex role in cancer, with its involvement in tumor progression and
response to treatment varying across different cell types [35–38],
while previous studies have highlighted the upregulation of LRP8
by miR142 and mycophenolic acid in GC cells [39,40]. In the
current study we introduce a novel regulator of LRP8—b-ADP-
heptose, a virulence factor of H. pylori, distinct from the
well-known CagA. We propose a model wherein b-ADP-heptose,
produced at the onset of H. pylori infection, leads to LRP8 upregu-
lation. This upregulation facilitates nuclear translocation of
b-catenin either directly by LRP8 or indirectly by serving as a
molecular bridge that strengthens the interaction between CagA
and b-catenin. Consequently, this creates a positive feedback loop
that amplifies the virulence effects of H. pylori, significantly
boosting its transcriptional influence on the target genes of
12
Wnt/b-catenin pathway. Intriguingly, high expression of LRP8
might continue to increase b-catenin transcription even after erad-
icating H. pylori infection, offering a possible explanation for the
progression to GC in some patients despite successful H. pylori
eradication therapy [41]. This model highlights the intricate rela-
tionship between H. pylori infection, LRP8 expression, and b-
catenin signaling in GC pathogenesis, pointing to LRP8 as a critical
factor in the cancer development.

Our study delves into the implications of LRP8 expression for
the treatment and prognosis of patients with gastric cancer, uncov-
ering that those with LRP8-overexpressing GC tumors have dimin-
ished long-term survival rate, particularly noticeable in patients
undergoing 5-FU chemotherapy. The challenge of chemoresistance
is a significant barrier to effective patient care, often attributed to
the presence of cancer cells with stem-like properties that are
inherently resistant to treatment, enabling their survival and pro-
liferation [42–46]; The role of H. pylori infection and consequent
inflammation in promoting stem-like characteristics in cancer cells
has been a focus of various models explaining this phenomenon.
Given the heterogeneity of GC, employing robust in-vitro models
to study the properties of CSC is critical [47]. Recent progress in
this area includes the use of tumor spheroids [48] and gastric orga-
noids [20], which are enriched with epithelial stem cells. These
models serve as effective tools for pathogenesis studies and drug
screening, accurately replicating the tumor microenvironment
and facilitating the development of personalized treatment strate-
gies [49,50].

Our findings reveal that LRP8 overexpression in GC cells leads to
enhanced cell proliferation, increased sphere size and formation
efficiency in GC organoids, and elevated expression of stemness
markers in both GC spheroids and organoids. Moreover, we discov-
ered that LRP8 overexpression significantly reduces 5-FU-induced
apoptosis and decreases the sensitivity of hGCO to 5-FU, highlight-
ing the role of LRP8 in promoting 5-FU resistance in GC cells. This is
corroborated by organoid RNA-seq studies that identify LRP8
upregulation in 5-FU-resistant hGCO [51]. The impact of LRP8 on
chemoresistance has also been observed in other cancer cell lines,
including Huh7 and H460[18,52].

Taking into account the crucial role of LRP8 in cellular prolifer-
ation and its influence on cancer cell resistance to treatment, tar-
geting LRP8 could present novel therapeutic opportunities to
overcome GC. This approach has the potential to improve the effi-
cacy of existing treatments and improve patient outcomes by
addressing the root causes of chemoresistance.
Conclusion

This study uncovers the bridging role of LRP8 in mediating the
synergistic action between between b-ADP-heptose derived from
H. pylori and CagA, thus amplifying their virulence effects. Events
involving LRP8 not only provide insights into the complex molecu-
lar mechanisms underlying GC pathogenesis but also highlight its
potential role as a therapeutic target in H. pylori infection and GC
development. These findings offer valuable implications for poten-
tial therapeutic strategies for combating H. pylori-associated gas-
tric carcinogenesis.
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