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Background and Objective: The distribution of components in the cell membrane is not uniform,
but is organized into specific functional microdomains, known as “lipid rafts”. These lipid rafts consist
of cholesterol, sphingolipids, and various proteins. Studies have shown that lipid rafts contain multiple
proteins that are closely related to signal transduction and immune response. Furthermore, lipid rafts are
the sites where a variety of pathogens invade the cells, and are associated with the persistent infection of
some pathogens, especially Helicobacter pylori (Hp). We are going to explore a new method to treat Hp by
discussing the important role of lipid rafts in Hp persistent infection.

Methods: Papers on lipid rafts were retrieved to analyze the evolution of the definition of lipid raft,
research techniques, and studies on the correlation of lipid rafts with pathogens infecting host cells.

Key Content and Findings: Hp uses cholesterol-a-glucosyltransferase (CGT) to extract cholesterol
from the lipid rafts of host cell membrane and destroys the integrity of the lipid rafts, which contributes to
its immune escape; Using drugs to inhibit the destruction of lipid rafts by CGT can inhibit the growth of Hp
and help the body clear Hp.

Conclusions: Lipid rafts are key to persistent Hp infection, and a new field of research on pathogen-host
cell interactions and signal transduction. Researches on lipid rafts may promote a new breakthrough in the

field of treatment of Hp.
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to name a few. It is also the place where some enzymatic
reactions take place (1). The substances enclosed by the cell
membrane are not always homogenously distributed, but are
compartmentalized into a batch of special functional regions

Introduction

Cell membrane is an elastic, fluid structure composed
of a phospholipid bilayer (skeleton) and multiple other

substances that separates the intracellular and extracellular
environments. It carries out specific functions such as
barrier protection, selective permeability, endocytosis/

secretion, cell-cell recognition, and signal transduction,
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formed by high aggregation of certain substances that are
often present at low levels outside these special domains (2).
Lipid rafts are one of such functional microdomains that
contain cholesterol, sphingolipids, and proteins (3), with
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Table 1 The search terms used

(“Membrane Microdomains”[Mesh]) AND “Helicobacter
pylori”[Mesh]

(“Helicobacter pylori”[Mesh]) AND “Infections”[Mesh]
“Membrane Microdomains”[Mesh]

“Helicobacter pylori”[Mesh]

(“Helicobacter pylori”[Mesh]) AND “Disease Eradication”[Mesh]
(“Membrane Microdomains”[Mesh]) AND “Infections”[Mesh]
(“Membrane Microdomains”[Mesh]) AND “Inflammation”[Mesh]
(“Membrane Microdomains”[Mesh]) AND “Therapeutics”[Mesh]
(“Helicobacter pylori"[Mesh]) AND “Cholesterol”[Mesh]

(“Helicobacter pylori”[Mesh]) AND “Neoplasms”[Mesh]

many tumor- (4) and immunity-associated (5) molecules.
Lipid rafts are exploited by intracellular pathogens as a
gateway (6,7) to invade the cells, making it a new hot spot in
the studies on host cells and pathogen infections. At present,
researchers regard lipid rafts potential therapeutic targets
for some diseases (8) in the search for the mechanisms and
new therapies of tumorigenesis or persistent infection.

Helicobacter pylori (Hp) is a Gram-negative, health-
threatening bacterium that is estimated to have infected
more than 50% of the global population (9). In most cases,
there are no obvious clinical symptoms after infection, and
only a small number of infected people develop gastritis,
gastric ulcers, or other diseases. In severe cases, Hp can
lead to stomach cancer. It is difficult to eradicate due to
its ability to evade the immune system (10) via a variety
of mechanisms. Thus, Hp infections are often long-lived.
Recent study has revealed that persistent Hp infection is
closely associated with the development of gastric cancer, so
eradication of Hp can lower the risk of gastric cancer (11).
In 2012, the World Health Organization (WHO) classified
Hp (infection) as a class 1 carcinogen.

The clinical treatment of Hp patients has long been
dominated by antibiotics (12), but with the continuous
expansion of Hp eradication indications and the increasing
rate of drug resistance (13), it is necessary to discover
novel treatment strategies. Research on vaccines and non-
antibiotic drugs for the prevention and treatment of Hp
infection is currently the focus of the medical field. We
present the following article in accordance with the Narrative
Review reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-1000/rc).
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Methods

Relevant studies published over the last 20 years were
identified via a PubMed search using different combinations
of the following search terms: “Helicobacter pylori”, “lipid

» » o«

raft/membrane microdomain”, “infection”, “therapeutic/
treatment”, “
use are shown in 7able 1. Additional papers were identified

by reviewing reference lists of relevant publications.

cholesterol”. Most of the search formulas we

Publications with relative low credibility and non-English
publications were excluded. Data were extracted based
on their relevance to the topic instead of implementing a
systematic approach to paper selection. More details of the
method are shown in 7uble 2.

What is the nature of lipid rafts?

In 1973, Yu et al. used the non-ionic detergent Triton
X-100 to treat cells, and discovered that it was difficult
to solubilize some components in the lysate with the
detergent (14). In 1997, Simons et al. put forward the
concept of “lipid raft” for special structures on the cell
membrane, namely, clustering of sphingolipids and
cholesterol as a lipid “raft” to which some special proteins
can be anchored. This “lipid raft” can form a liquid-
ordered (Lo) functional area on the liquid-disordered
(Ld) cell membrane for the cell to carry out specific
physiological activities (3). Subsequently, an interaction
of preferential aggregation between some of the lipids
was observed on the biomimetic model (biomembrane),
resulting in liquid-liquid phase separation (15), a
phenomenon that further supports the “lipid raft” theory.
In 2006, a conference updated the definition of lipid
raft: lipid rafts are tiny (10-200 nm), heterogeneous,
dynamic (lateral movement across the membrane,
dynamic polymerization-dissociation), cholesterol-
and sphingolipid-rich membrane nanodomains that
compartmentalize cellular life activities; they can also form
larger platforms through protein-protein interactions
and protein-lipid interactions (>300 nm) (16). The
microscopic scale of 10-200 nm is beyond the resolution
of an optical microscope, and this has delayed the
conduction of experiments for direct observation of lipid
rafts. With further studies, there is now a tendency, based
on the above definition, to regard lipid raft as a transient,
relatively ordered membrane nanodomain (17), which is in
a dynamic process of formation and dissolution (18) rather
than a long-term stable inherent structure. This means
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ltems

Specification

Date of search (specified to date, month and year)
Databases and other sources searched

Search terms used (including MeSH and free text search terms and
filters)

Timeframe

Inclusion and exclusion criteria (study type, language restrictions etc.)

Selection process (who conducted the selection, whether it was
conducted independently, how consensus was obtained, etc.)

Any additional considerations, if applicable

2021/12/07-2022/01/04
PubMed

See Table 1 for details

1973-2021

Inclusion criteria: research articles and reviews in English about
themes such as Helicobacter pylori and lipid raft. Exclusion criteria:
some papers which we considered with low reliability

Renjie Liu conducted the selection, all authors attended a meeting
to discuss the literature selection and obtained the consensus

Some papers were identified by reviewing reference lists of
relevant publications

that except the lipid composition is roughly the same,
there are different proteins in lipid rafts of different cells,
and the components on the same lipid raft also change
over time.

In what ways are lipid rafts researched?

In the process of verifying the authenticity of this
structure, scientists have constructed a wide range of
model membranes and employed numerous research
techniques to study the morphological and kinetic aspects
of lipid rafts. Baumgart er 4/. [2007] demonstrated that the
giant plasma membrane vesicles (GPMVs) induced on the
plasma membranes of cultured mammalian cells can also be
separated into micron-scale fluid phase domains, suggestive
of a non-ideal, non-randomized distribution (19)
of membrane components in living cells (19), further
corroborating the existence of lipid rafts, and providing
a classical tool to understand the formation and
kinetics of lipid rafts. Chiantia et 4/. [2006] used atomic
force microscopy (AFM) and dual-focus fluorescence
correlation spectroscopy (2fFCS) (20) and Stefl et al.
[2012] used 2fFCS and cross-linking agents (21) to study
the lipid distribution in dioleoyl phosphatidylcholine/
sphingomyelin/cholesterol (DOPC/SM/cholesterol)
model membranes. These studies have clearly confirmed
the fact that some components spontaneously aggregate in
cell membranes and liquid-liquid phase separation in the
natural state, making important contributions to improving
lipid raft-related theories. Recently, the development of

© Annals of Translational Medicine. All rights reserved.

novel techniques such as super-resolution observation
technology has brought hope to direct observation of
lipid rafts. Ando et al. [2015], for instance, studied the
distribution of sphingolipids in lipid rafts on artificial
monolayers with the help of a Raman microscope (22).
Dumitru ez /. [2018] observed the lateral structure of lipid
membrane under AFM and a toxin derivative probe (23).
Ryu et al. [2019] used epi-fluorescence microscopy (EFM)
to confirm that cholesterol infiltration into sphingolipid-
rich structural domain plays a vital role in membrane phase
separation (24). These studies on the physical properties
of lipid rafts have greatly promoted the development of
the lipid raft theory.

The locating and tracing of the components on lipid
rafts by tracers and fluorescent labeling techniques have
greatly enriched and simplified the methods for studying
lipid rafts. Researchers have noticed that the specific
ligand recognized by the cholera toxin B subunit (CTB) is
the ganglioside GM1 in the cell membrane (25), and GM1
is highly enriched in lipid rafts. Scientists have recently
chosen CTB as a marker molecule to trace lipid rafts, and
have carried out a lot of fruitful research (26-28). More
and more new tracing techniques have been developed,
such as fluorescently labeled gangliosides for lipid raft
imaging synthesized by Konishi ez /. in 2020 (29), and the
strategy established by Shi ez /. in 2021 for analyzing the
glycan distribution in lipid rafts and beyond (30). These
labeling and tracing techniques have greatly promoted the
study of lipid raft structures and functions, and provided
new ideas for the research of lipid raft components-
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targeted drugs (31).

Lipid rafts and persistent Hp infection

Apre there studies on both lipid rafts and infection of host
cells with pathogens?

Lipid rafts are enriched with substances that are less
common in other cell membrane regions, such as
cholesterol, in addition to proteins with distinct functions.
The proteins that have their own functions and the lipids
that form liquid-liquid phase separation make the functions
of lipid rafts complicated.

Early studies have shown that lipid raft components like
cholesterol are of great significance to the entry and survival
of influenza virus in the cell (32-34), and this finding
continues to inspire many researchers, such as Ohkura
et al., who found that the binding of influenza A virus
hemagglutinin and neuraminidase to lipid rafts promoted
it’s trafficking (35), and Verma et a/., who demonstrated
that the lipid rafts of the host cell play a leading role in the
binding and endocytosis of influenza A viruses (36). Lipid
rafts also have a place in the currently hottest field of severe
acute respiratory distress syndrome coronavirus 2 (SARS-
CoV-2) research. For instance, Fantini et 4/. concluded that
the effective action mechanism of hydroxychloroquine in
combination with azithromycin for the treatment of SARS-
CoV-2 is related to the sphingolipids GM1 on lipid rafts:
because of a structural similarity between azithromycin and
GML1 glycan part, azithromycin is able to competitively
bind the ganglioside-binding domain of the SARS-CoV-2
spike protein; hydroxychloroquine, on the other hand, is
able to saturate the virus attachment sites of ganglioside
near the coronavirus receptor of host cell membrane (37).
The combined use of these 2 drugs bidirectionally blocks
the binding of the virus to the host cell for antiviral
purposes (37). In addition, Gekara er /. showed that
Listeria monocytogenes can induce the concentration of host
cell lipid rafts via listeriolysin O (38). Fine-Coulson et a/.
also discovered that the induction of lipid raft aggregation
during infection of type II alveolar epithelial cells could
be caused by Mycobacterium tuberculosis (39). All of these
studies suggest that lipid rafts are closely associated with
pathogen-host interactions in several diseases, and studying
the mechanism of action of lipid rafts in diseases is of great
significance for the treatment of these diseases. Then, do
lipid rafts play an important role in the persistence of Hp
infection?

© Annals of Translational Medicine. All rights reserved.
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How do lipid rafts mediate signal transduction in bost cells
during persistent Hp infection?

Lipid rafts, as an important platform for signal transduction,
are capable of recruiting a variety of inflammatory
signaling-related receptors. Kwok et /. demonstrated
that Hp injects cytotoxin-associated protein (CagA) and
peptidoglycan into host cells via its type IV secretion
system binding to integrin a5B1, so that nuclear factor-
kB (NF-«B) is activated and proinflammatory cytokines
such as interleukin 8 (IL-8) (40) will be produced, while
a5B1 is localized on lipid rafts (41). In other words, Hp
induces NF-kB-dependent inflammatory response in gastric
epithelial cells through lipid rafts (Figure 14) (42). Lin et al.
pointed out that Hp can also promote the inflammation
of gastric epithelial cells by activating the expression of
high-mobility group box 1 (HMGB1) and recruiting the
receptor for advanced glycosylation end-products (RAGE)
to lipid rafts to activate the NF-«kB/IL-8 signaling pathway
(Figure 1B) (43). These findings have demonstrated that
Hp promotes the inflammatory response of the body by
recruiting inflammatory factors to lipid rafts in diverse
ways. Blouin ez 4l. also showed that proper assembly of
the interferon-y receptor (IFNGR) subunits IFNGR1 and
IFNGR2 on lipid rafts is critical for IFNG/JAK/STAT
signaling transduction, as shown in Figure 1C (44), meaning
that lipid rafts are also important platform for IFNG signal
transduction. Then, how does Hp evade the killing by these
inflammatory responses and form persistent infection of the
host cell?

Why does persistent Hp infection destruct lipid rafis?

Trampenau ez al. found that Hp has a specific affinity for
cholesterol in the process of culturing (45), and the large
amount of cholesterol (3) enriched in lipid rafts seems to
suggest a possible link between Hp and lipid rafts. Haque
et al. discovered that the lipid composition of Hp contains
an abundant number of characteristic cholesteryl glucosides
(CGs) (46). The experiments by Testerman et a/. confirmed
that exogenous cholesterol is required for the growth of
Hp during in vitro culturing (47), suggesting that Hp does
not appear to possess an enzyme for cholesterol synthesis.
So, where does the cholesterol required for the synthesis
of CGs by Hp during in vive infection come from? It
must be that, in some way, Hp obtains a profuse amount
of cholesterol for the synthesis of CGs from the host
in vivo. However, the largest cholesterol reservoir in the
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Figure 1 Signal transduction mediated by lipid rafts in persistent Hp infection. (A) Hp infects the host cell by binding to integrin a5f1

on lipid rafts and injects CagA into the host cell to activate the NF-kB/IL-8 signaling pathway and promote inflammation. (B) Hp recruits

RAGE into the lipid raft to activate the NF-kB/IL-8 signaling pathway and promote inflammation. (C) The correct assembly of IFNGR

subunits is dependent on the lipid raft integrity and essential for IFNG/JAK/STAT signal transduction. (D) Hp uses CGT to disrupt the

structure of the lipid raft on the host cell membrane, making IFNGR unable to assemble properly, which in turn frustrates IFN-y signaling,

and helps Hp evade inflammatory response. RAGE, receptor for advanced glycosylation end-products; CagA, cytotoxin-associated protein;
NF-kB, nuclear factor-kB; IL-8, interleukin 8; IFN-y, interferon-y; CGT, cholesterol-a-glucosyltransferase; Hp, Helicobacter pylori; IFNGR,

interferon-y receptor.

surrounding environment of Hp infection is the lipid rafts
in the gastric epithelial cell membrane. This seems to imply
the disruption of host cell lipid rafts by Hp.

In 2006, Wunder et 4/. identified hp0421, a gene encoding
a cholesterol-a-glucosyltransferase (CGT) that can extract
cholesterol from host cell lipid rafts, and elucidated that
CGT plays the role of extracting cholesterol from the lipid
rafts on the host cell membrane to synthesize CGs; they
also found that Hp strains whose hp0421 genes are knocked
out are more readily ingested by macrophages, and the
knockout strain stimulated T cell activations compared to
the wild strain (48). Furthermore, mice challenged with
the knockout strain were cleared of bacteria after a period
of time compared with 2 controls, namely, wild-type

© Annals of Translational Medicine. All rights reserved.

strains, and strains of CGT gene-containing plasmids (48),
suggesting that the function of CGT is important for the
immune escape of Hp, perhaps because the extraction
of cholesterol by CGT has impaired lipid rafts, and thus
inhibited phagocytosis of phagocytes and T cell-dependent
immune response.

Morey et al. found that the downstream JAK/STAT1
pathway failed to be activated by IFNG after prolonged
infection while treating Hp-infected MKN45 cells
with interferon-y (IFN-v) (49). The key factor CGT
responsible for this effect is subsequently identified through
experiments performed by knocking out the virulence genes
of Hp strains one by one (49). The mechanistic pattern is
shown in Figure 1D. As Blouin et a/. had demonstrated the
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importance of proper assembly of IFNGR on lipid rafts
for IFNG/JAK/STAT signaling (44), Morey et al. then
speculated: does Hp inhibit the inflammatory response of
the host cell by disrupting the integrity of lipid rafts and
thus affecting the correct assembly of IFNGR through
CGT extraction of cholesterol from the lipid rafts on the
host cell membrane (49)? To test this hypothesis, they
treated the cell with methyl-B-cyclodextrin (capable of
solubilizing the cholesterol in cell membranes), and found
that JAK1/STAT1 phosphorylation levels were significantly
reduced; at the same time, after protecting the integrity of
cell membrane lipid rafts via a cholesterol coating prior to
infection, the IFNG/JAK/STAT signals in the cells infected
with wild-type Hp whose CGT gene is not knocked out
can be normally transduced, and JAK1/STAT1 is normally
phosphorylated to regulate downstream gene expression.
Furthermore, by adding cholesterol to the culture system
already infected with wild-type Hp, the impaired IFNG
signaling is partially restored (49). These experiments
have confirmed that Hp can weaken the lipid raft to block
the IFNG signaling pathway, and thus achieve immune
escape. Similarly, they found that Hp also inhibits the
IFNB, IL-6, and IL-22 signal transduction of the receptors
localized on lipid rafts, as well as the downstream human
B-defensin 3 (HBD3) response, by disrupting lipid rafts (49).
Cholesterol extraction by Hg CGT from the lipid raft helps
to inhibit multiple inflammatory signaling pathways allows
for continuous, localized Hp colonization. So, are other
inflammatory signaling pathways such as NF-«B affected?
Further investigation is required.

What can we do to repair the lipid rafts affected by Hp
infection?

Morey et al. demonstrated that adding cholesterol to a co-
culture system where the cells are infected with wild-type
Hp and IFNG signaling is suppressed can up-regulate
JAK1/STAT1 phosphorylation (49), implying that the
addition of cholesterol repairs part of the lipid rafts,
allows some IFNGR to assemble properly, and unblocks
the IFNG/JAK/STAT inflammatory signaling pathway.
Are other inflammatory signaling pathways affected?
Does this phenomenon have practical significance for
the control of Hp infection? Wunder et /. demonstrated
that, by continually adding 2% cholesterol to the diets
of Hp-infected mice, the bacterial load is reduced by
more than 95% compared to cholesterol-free diets, and
in the gastric tissue samples of the mice with reduced
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bacterial loads there is massive infiltration of neutrophils
and lymphocytes, whereas no inflammatory infiltration
was observed in the tissues cut from the stomachs of
the uninfected mice that eat the food containing 2%
cholesterol (48).

Kobayashi et a/. added the cholesterol analog,
cholestenone, to the co-culture system of Hp and gastric
cancer cells, and found that it also restrains the synthesis
of CGs in Hp (50). This cholesterol analogue differs from
cholesterol in that the hydroxyl group on the third C atom
of cholesterol that can be linked to glucosides under the
influence of CGT is turned into a carbonyl group, making
CGT unable to attach the glucoside. In contrast, 2 other
cholesterol analogs, namely B-sitosterol and cholestyramine,
that modify the carbon atoms at other positions, do not
have anti-Hp activities (50). Moreover, during in vitro
experiments, the cholestenone can efficiently resist Hp
regardless of whether there is cholesterol in the system.
This effect is enhanced with increasing concentrations of
cholestenone (50). The addition of 0.5% cholestenone to
the diet can greatly reduce the bacterial load in the gastric
mucosa of C57BL/6 mice already infected with the Hp SS1
strain (50). More delightfully, cholestenone is also effective
against clarithromycin-resistant Hp strain 2460 (50). This
brings new hope to eradication therapy for Hp, which is
now plagued by rising drug resistance rates.

Kawakubo er al. discovered that the mucous cells deep
in gastric mucosa can secrete O-glycans with al,4-N
acetylglucosaminoglycan terminals. Such O-glycans have
natural anti-Hp activities, which is a key factor in the
protection of mucous cells from Hp attack (51). Then, how
is the anti-Hp effect of O-glycan achieved? Through mass
spectrometry and thin-layer chromatography (TLC), they
found that the content of CGs in Hp is significantly lowered
by adding O-glycans, meaning that the anti-Hp effect
of O-glycan is achieved by interfering with the synthesis
of CGs (51). This suggests that to resist Hp infection,
we need to prevent CGT from damaging lipid rafts first.
Nevertheless, up to now, there is still no anti-Hp drug with
repairing lipid rafts as the therapeutic target in the world.

The addition of cholesterol and O-glycans can help
clear Hp infection (50,51), and whether the mechanism
is associated with the repair of the immune pathways on
lipid rafts remains to be investigated. Recent studies have
discovered that some Hp strains resistant to multiple
antibiotics contain a very high level of CGs (52), and the
study conducted by McGee er al. confirmed that such high
levels of CGs can enhance Hp resistance to antibiotics (53).
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Qaria et al. demonstrated that removal of CGs from the
Hp surface can make some drug-resistant strains vulnerable
to antibiotics (54). Although CGs synthesis is not the only
antibiotic tolerance mechanism, CGs play a specific role in
Hp resistance to various antibiotics.

Conclusions and outlook

Lipid rafts are key to persistent Hp infection, and a new
field of research on pathogen-host cell interactions and
signal transduction. The destruction of lipid rafts is of
great Importance for understanding chronic gastritis,
peptic ulcers, and stomach cancer from Hp persistent
infection. Recent studies have revealed that lipid rafts are
the transportation hubs of multiple inflammatory pathways
(40-44), and Hp evades immune response by damaging
lipid rafts to form persistent infections (48,49). The
addition of cholestenone or O-glycan affecting lipid rafts
has a significant effect on the inhibition of Hp persistent
infection, which undoubtedly suggests that lipid rafts are
effective drug targets against persistent Hp infection,
thus important for eradicating persistent Hp infection
and reducing the resistance of drug-resistant strains to
antibiotics. The current studies suggest that cholestenone
and O-glycan can control Hp infection by hindering the
synthesis of CGs (50,51), and are therefore ideal targets for
the treatment of persistent Hp infection. But if cholestenone
and O-glycan can achieve this effect, why not use them
as anti-Hp drugs? Are the antibacterial effects of these
substances determined? What are the mechanisms that
produce the effect other than those described above? Can
they be used in combination with antibiotics to improve the
efficacy of Hp eradication therapies? Are they good or bad
for host cells? These questions all require further research
and discussion.

At present, some achievements have been made in the
drug research with lipid rafts as the therapeutic target (55).
This means that it is also a very valuable research direction
to target lipid rafts in the treatment of persistent infection
of Hp. However, most of these experimental therapies
are targeting destroying pathological lipid rafts, including
examples of inflammarafts and clusters of apoptotic
signaling molecule-enriched rafts (55). Drug research
aimed at repairing damaged lipid rafts is relatively rare (55).
This means that relevant researches are also significantly
pioneering and innovative. Drugs repairing lipid rafts
in persistent Hp infection may became a supplement to
existing therapy.

© Annals of Translational Medicine. All rights reserved.

Page 7 of 9

Acknowledgments

Funding: This dissertation was funded jointly by two
projects, which are the Key R & D Project of Science
and Technology Department in Sichuan Province (No.
2021YFS0054) and the Technological Innovation R & D
Project of Chengdu Science and Technology Bureau (No.
2019-YF05-00298-SN).

Footnote

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at https://
atm.amegroups.com/article/view/10.21037/atm-22-1000/rc

Conflicts of Interest: All authors have completed the
ICMJE uniform disclosure form (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-1000/coif).
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Vereb G, Szollosi J, Matké J, et al. Dynamic, yet
structured: The cell membrane three decades after
the Singer-Nicolson model. Proc Natl Acad Sci U S A
2003;100:8053-8.

2. Mukherjee S, Maxfield FR. Membrane domains. Annu Rev
Cell Dev Biol 2004;20:839-66.

3. Simons K, Ikonen E. Functional rafts in cell membranes.
Nature 1997;387:569-72.

4. Capuano C, Paolini R, Molfetta R, et al. PIP2-dependent
regulation of Munc13-4 endocytic recycling: impact on the
cytolytic secretory pathway. Blood 2012;119:2252-62.

Ann Transl Med 2022;10(6):376 | https://dx.doi.org/10.21037/atm-22-1000


https://atm.amegroups.com/article/view/10.21037/atm-22-1000/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-1000/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-1000/coif
https://atm.amegroups.com/article/view/10.21037/atm-22-1000/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 8 of 9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Anderson HA, Hiltbold EM, Roche PA. Concentration
of MHC class IT molecules in lipid rafts facilitates antigen
presentation. Nat Immunol 2000;1:156-62.

Takeda M, Leser GP, Russell CJ, et al. Influenza virus
hemagglutinin concentrates in lipid raft microdomains
for efficient viral fusion. Proc Natl Acad Sci U S A
2003;100:14610-7.

Aybeke EN, Belliot G, Lemaire-Ewing S, et al. HS-
AFM and SERS Analysis of Murine Norovirus Infection:
Involvement of the Lipid Rafts. Small 2017. doi: 10.1002/
smll.201600918.

Sviridov D, Miller YI, Ballout RA, et al. Targeting

Lipid Rafts-A Potential Therapy for COVID-19. Front
Immunol 2020;11:574508.

Hooi JKY, Lai WY, Ng WK, et al. Global Prevalence

of Helicobacter pylori Infection: Systematic Review and
Meta-Analysis. Gastroenterology 2017;153:420-9.
Mejias-Luque R, Gerhard M. Immune Evasion Strategies
and Persistence of Helicobacter pylori. Curr Top
Microbiol Immunol 2017;400:53-71.

Kumar S, Metz DC, Ellenberg S, et al. Risk Factors

and Incidence of Gastric Cancer After Detection of
Helicobacter pylori Infection: A Large Cohort Study.
Gastroenterology 2020;158:527-36.¢7.

Kumar S, Metz DC, Kaplan DE, et al. Low Rates of
Retesting for Eradication of Helicobacter pylori Infection
After Treatment in the Veterans Health Administration.
Clin Gastroenterol Hepatol 2021;19:305-13.el.

Sugano K, Tack J, Kuipers EJ, et al. Kyoto global
consensus report on Helicobacter pylori gastritis. Gut
2015;64:1353-67.

Yu J, Fischman DA, Steck TL. Selective solubilization of
proteins and phospholipids from red blood cell membranes
by nonionic detergents. ] Supramol Struct 1973;1:233-48.
Simons K, Vaz WL. Model systems, lipid rafts, and

cell membranes. Annu Rev Biophys Biomol Struct
2004;33:269-95.

Pike L]. Rafts defined: a report on the Keystone
Symposium on Lipid Rafts and Cell Function. ] Lipid Res
2006;47:1597-8.

Sezgin E, Levental I, Mayor S, et al. The mystery of
membrane organization: composition, regulation and roles
of lipid rafts. Nat Rev Mol Cell Biol 2017;18:361-74.
Bolmatov D, Soloviov D, Zhernenkov M, et al. Molecular
Picture of the Transient Nature of Lipid Rafts. Langmuir
2020;36:4887-96.

Baumgart T, Hammond AT, Sengupta P, et al. Large-
scale fluid/fluid phase separation of proteins and lipids in

© Annals of Translational Medicine. All rights reserved.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Liu et al. Lipid rafts and Hp infection

giant plasma membrane vesicles. Proc Natl Acad Sci U S A
2007;104:3165-70.

Chiantia S, Ries J, Kahya N, et al. Combined AFM

and two-focus SFCS study of raft-exhibiting model
membranes. Chemphyschem 2006;7:2409-18.

Stefl M, Sachl R, Humpoli¢kovd J, et al. Dynamics and
size of cross-linking-induced lipid nanodomains in model
membranes. Biophys J 2012;102:2104-13.

Ando J, Kinoshita M, Cui J, et al. Sphingomyelin
distribution in lipid rafts of artificial monolayer membranes
visualized by Raman microscopy. Proc Natl Acad Sci U S
A 2015;112:4558-63.

Dumitru AC, Conrard L, Lo Giudice C, et al. High-
resolution mapping and recognition of lipid domains using
AFM with toxin-derivatized probes. Chem Commun
(Camb) 2018;54:6903-6.

Ryu YS, Yun H, Chung T, et al. Kinetics of lipid raft
formation at lipid monolayer-bilayer junction probed

by surface plasmon resonance. Biosens Bioelectron
2019;142:111568.

Dertzbaugh MT, Peterson DL, Macrina FL. Cholera toxin
B-subunit gene fusion: structural and functional analysis of
the chimeric protein. Infect Immun 1990;58:70-9.
Gonzalez Porras MA, Fogarty MJ, Gransee HM, et al.
Frequency-dependent lipid raft uptake at rat diaphragm
muscle axon terminals. Muscle Nerve 2019;59:611-8.

Tan SS, Yin Y, Lee T, et al. Therapeutic MSC exosomes
are derived from lipid raft microdomains in the plasma
membrane. ] Extracell Vesicles 2013. doi: 10.3402/jev.
v2i0.22614.

Glebov OO, Nichols BJ. Lipid raft proteins have a random
distribution during localized activation of the T-cell
receptor. Nat Cell Biol 2004;6:238-43.

Konishi M, Komura N, Hirose Y, et al. Development of
Fluorescent Ganglioside GD3 and GQ1b Analogs for
Elucidation of Raft-Associated Interactions. ] Org Chem
2020;85:15998-6013.

Shi H, Chen Y, LiY, et al. Hierarchical Fluorescence
Imaging Strategy for Assessment of the Sialylation

Level of Lipid Rafts on the Cell Membrane. Anal Chem
2021;93:14643-50.

Guan J, Zhang Z, Hu X, et al. Cholera Toxin Subunit B
Enabled Multifunctional Glioma-Targeted Drug Delivery.
Adv Healthc Mater 2017. doi: 10.1002/adhm.201700709.
Scheiffele P, Roth MG, Simons K. Interaction of influenza
virus haemagglutinin with sphingolipid-cholesterol
membrane domains via its transmembrane domain. EMBO

J 1997;16:5501-8.

Ann Transl Med 2022;10(6):376 | https://dx.doi.org/10.21037/atm-22-1000



Annals of Translational Medicine, Vol 10, No 6 March 2022

33. Keller P, Simons K. Cholesterol is required for surface
transport of influenza virus hemagglutinin. J Cell Biol
1998;140:1357-67.

34. Scheiffele P, Rietveld A, Wilk T, et al. Influenza viruses
select ordered lipid domains during budding from the
plasma membrane. ] Biol Chem 1999;274:2038-44.

35. Ohkura T, Momose F, Ichikawa R, et al. Influenza A virus
hemagglutinin and neuraminidase mutually accelerate
their apical targeting through clustering of lipid rafts. J
Virol 2014;88:10039-55.

36. Verma DK, Gupta D, Lal SK. Host Lipid Rafts Play a
Major Role in Binding and Endocytosis of Influenza A
Virus. Viruses 2018;10:650.

37. Fantini J, Chahinian H, Yahi N. Synergistic antiviral effect
of hydroxychloroquine and azithromycin in combination
against SARS-CoV-2: What molecular dynamics studies
of virus-host interactions reveal. Int ] Antimicrob Agents
2020;56:106020.

38. Gekara NO, Weiss S. Lipid rafts clustering and signalling
by listeriolysin O. Biochem Soc Trans 2004;32:712-4.

39. Fine-Coulson K, Reaves BJ, Karls RK, et al. The role
of lipid raft aggregation in the infection of type II
pneumocytes by Mycobacterium tuberculosis. PloS One
2012;7:¢45028.

40. Kwok T, Zabler D, Urman S, et al. Helicobacter exploits
integrin for type IV secretion and kinase activation. Nature
2007;449:862-6.

41. Kansau I, Berger C, Hospital M, et al. Zipper-like
internalization of Dr-positive Escherichia coli by epithelial
cells is preceded by an adhesin-induced mobilization of
raft-associated molecules in the initial step of adhesion.
Infect Immun 2004;72:3733-42.

42. Hutton ML, Kaparakis-Liaskos M, Turner L, et al.
Helicobacter pylori exploits cholesterol-rich microdomains
for induction of NF-kappaB-dependent responses and
peptidoglycan delivery in epithelial cells. Infect Immun
2010;78:4523-31.

43. Lin HJ, Hsu FY, Chen WW, et al. Helicobacter pylori
Activates HMGB1 Expression and Recruits RAGE into
Lipid Rafts to Promote Inflammation in Gastric Epithelial
Cells. Front Immunol 2016;7:341.

44. Blouin CM, Hamon Y, Gonnord P, et al. Glycosylation-

Cite this article as: Liu R, Chen Y, Yang L, Bie M,
Wang B. Role of lipid rafts in persistent Helicobacter pylori
infection: a narrative review. Ann Transl Med 2022;10(6):376.
doi: 10.21037/atm-22-1000

© Annals of Translational Medicine. All rights reserved.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 9 of 9

Dependent IFN-I'r Partitioning in Lipid and Actin
Nanodomains Is Critical for JAK Activation. Cell
2016;166:920-34.

Trampenau C, Miiller KD. Affinity of Helicobacter
pylori to cholesterol and other steroids. Microbes Infect
2003;5:13-7.

Haque M, Hirai Y, Yokota K, et al. Lipid profile of
Helicobacter spp.: presence of cholesteryl glucoside as a
characteristic feature. J Bacteriol 1996;178:2065-70.
Testerman TL, McGee DJ, Mobley HL. Helicobacter
pylori growth and urease detection in the chemically
defined medium Ham’s F-12 nutrient mixture. J Clin
Microbiol 2001;39:3842-50.

Whunder C, Churin Y, Winau F, et al. Cholesterol
glucosylation promotes immune evasion by Helicobacter
pylori. Nat Med 2006;12:1030-8.

Morey P, Pfannkuch L, Pang E, et al. Helicobacter
pylori Depletes Cholesterol in Gastric Glands to Prevent
Interferon Gamma Signaling and Escape the Inflammatory
Response. Gastroenterology 2018;154:1391-404.¢9.
Kobayashi J, Kawakubo M, Fujii C, et al. Cholestenone
functions as an antibiotic against Helicobacter pylori by
inhibiting biosynthesis of the cell wall component CGL.
Proc Natl Acad Sci U S A 2021;118:¢2016469118.
Kawakubo M, Ito Y, Okimura Y, et al. Natural antibiotic
function of a human gastric mucin against Helicobacter
pylori infection. Science 2004;305:1003-6.

Jan HM, Chen YC, Yang TC, et al. Cholesteryl a-D-glucoside
6-acyltransferase enhances the adhesion of Helicobacter
pylori to gastric epithelium. Commun Biol 2020;3:120.
McGee DJ, George AE, Trainor EA, et al. Cholesterol
enhances Helicobacter pylori resistance to antibiotics and
LL-37. Antimicrob Agents Chemother 2011;55:2897-904.
Qaria MA, Kumar N, Hussain A, et al. Roles of
Cholesteryl-o-Glucoside Transferase and Cholesteryl
Glucosides in Maintenance of Helicobacter pylori
Morphology, Cell Wall Integrity, and Resistance to
Antibiotics. MBio 2018;9:01523-18.

Sviridov D, Mukhamedova N, Miller YI. Lipid rafts as a
therapeutic target. ] Lipid Res 2020;61:687-95.

(English Language Editor: J. Jones)

Ann Transl Med 2022;10(6):376 | https://dx.doi.org/10.21037/atm-22-1000



