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Abstract

TLR4, as an on-membrane receptor of LPS, plays a crucial part in the process of sepsis, and EGFR phosphorylation promotes cell
inflammation in response to LPS, which plays an indispensable role in modulating LPS/TLR4 signaling pathway. However, the
mechanism of interaction between TLR4 and EGFR signaling is still unclear. In addition, there is an inextricable relationship between
the activation of EGFR and the signaling pathway where Rab is located. This review mainly summarizes the research progress of the
relationship among TLR4, EGFR and members of the Rab family, especially Rabsa under LPS stimulation, which also involves other

signaling pathways of EGFR and Rab proteins.
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Introduction

Lipopolysaccharide (LPS), an abundant molecule of the
outer membrane of mostbut not all Gram-negative bacteria,
plays a vital role during host—pathogen interaction and the
pathogenesis of infection [1]. Therefore, LPS is commonly
stimulated in basic experiments to construct in vivo and
in vitro sepsis models for exploring the internal molecular
mechanism of sepsis.

Toll-like receptor 4 (TLR4), which is the most investigated
member of the Toll-like receptor family, is a crucial
receptor sensing bacterial LPS [2]. In bacterial infection,
cell surface expression of TLR4 on innate immune cells
critically regulates host responses and inflammatory
processes [3,4], moreover, its dysregulation is thought to
promote aberrant cytokine production in bacterial sepsis

[5].

Epidermal growth factor receptor (EGFR) is a member of
the tyrosine kinase receptor family, which is composed of
extracellular, transmembrane, and intracellular domains

[6]. After binding to its ligands, including epidermal
growth factor (EGF), transforming growth factor a
(TGF-a) and amphiregulin (AR), EGFR plays an essential
role in regulation of cell proliferation, differentiation and
motility [7]. We and the other researchers have previously
reported that EGFR can be transactivated by LPS, which
is required for LPS-induced NF-«B activation, in addition
that EGFR phosphorylation promotes LPS-induced TNF-a
production [8-10], and next comes cell inflammatory
response, while the EGFR reversible inhibitor erlotinib
effectively prevents LPS-induced cytokine expression in
vivo with likewise efficaciously protecting mice from LPS-
induced lethality [9,11,12]. These findings suggest the
cross-talk between TLR4 and EGFR signaling pathways,
which importantly affects the inflammatory progression
and host prognosis following bacterial infection.

Thus, it follows that understanding the TLR4/EGFR-
related signaling pathways will provide essential
information about the basic mechanisms underlying
inflammation and sepsis. In this article, we review the
literature on the mechanism underlying the cross-talk
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between TLR4 and EGFR signaling, with special emphasis
on summarizing the research progression of EGFR and
Rab protein family signaling pathways.

Interconnection between TLR4 and EGFR

The crucial link between TLR4 and EGFR is described
above, what’s more interesting is that our current finding
reveals that EGFR-dependent initiation of internalization
of TLR4 and EGFR activates a cascade of intracellular
events leading to enhanced cell surface expression of
TLR4 rather than desensitization of the cells to LPS,
which represents a shift in our understanding of the
significance of receptor endocytosis. And in this study,
we demonstrate, for the first time, that LPS also increases
the EGFR expression on the cell surface of macrophage
[13]. This may explain, at least partially, why LPS can also
increase EGFR-mediated effects such as cell proliferation
[14,15]. Most previous studies focus on the process of
receptor endocytosis or the trafficking of receptors from
the Golgi apparatus to the cell surface [16,17]. Our near-
term study provides evidence that LPS-induced early
endocytosis of TLR4 is critical for later increased cell
surface expression of TLR4. In fact, shuttling of TLR4
from the cell surface to the Golgi and back to the cell
surface occurs dynamically after LPS stimulation. These
two processes are tightly connected and mutually interact
with each other. As we block endocytosis of LPS/TLR4
complex with clathrin inhibitor chlorpromazine (CPZ) or
EGFR inhibitor PD168393, the increase of TLR4 on the
cell surface in response to LPS is significantly decreased
[13]. However, we still do not fully understand the detailed
mechanism underlying how endocytosis of TLR4 increases
transportation of TLR4 from the Golgi apparatus onto
the cell membrane. CPZ or PD168393 pretreatment does
not completely block the increase of TLR4 on the cell
surface in response to LPS. This suggests that some other
signaling pathways may also be involved in the regulation
of TLR4 surface expression besides clathrin and EGFR.
For example, one study has shown that LPS induces TLR4
internalization through clathrin-independent caveolae/
lipid raft-mediated pathways [18]. A study by Husebye et
al. suggests that in the early phases after LPS stimulation,
TLR4internalization is predominantly clathrin-dependent,
whereas clathrin-independent pathways operate at later
time points [19]. Our belief is that TLR4 endocytosis
and trafficking onto cell surface occur simultaneously in
response to LPS stimulation, and the net amount of the
cell surface expression depends on the dynamic balance
of the two processes. In addition, LPS stimulation may
not play an inflammatory role through the TLR4-EGFR
pathway under a specified condition but may induce EGFR
phosphorylation by other means to initiate downstream
inflammatory pathways. For example, LPS could trigger
the rapid phosphorylation of EGFR and subsequent ERK

activation through mobilizing calcium activity, which
underlies the microglia migration in an inflammatory
condition. Otherwise, inhibition of calcium oscillation
suppresses EGFR phosphorylation in microglia, which as a
result, depresses LPS-induced migration of microglia [20].

In addition to sepsis, TLR4/EGFR also participates in the
pathophysiological processes of tumors, cardiovascular
system diseases and other inflammations, and all of them,
to a certain extent, exist not a few common points in
molecular mechanisms, which probably provides us quite
a number of experimental ideas in research and clinical
treatments. According to Houyu Ju et al, EGFR is highly
expressed in head and neck squamous cell carcinoma
(HNSCC) and relates to cancer progression, while TLR4
is highly expressed in 50% of EGFR overexpressed
HNSCC biopsies, which correlates to worse prognosis in
patients. In HNSCC cell lines, activation of TLR4 reverses
cetuximab-induced inhibition of proliferation, migration,
and invasion. Mechanistically, inhibition of EGFR by
cetuximab leads to decreased phosphorylation of Src and
sequentially Src-medicated activation of Cbl-b, which
inhibits Cbl-b-mediated degradation of the key TLR4
adaptor protein MyD88 and activates TLR4 signaling.
The study delineates a crosstalk between EGFR and TLR4
pathways and identifies TLR4 that acts as a potential
biomarker as well as a therapeutic target in overcoming
the resistance to anti-EGFR therapy of HNSCC [21].
The highly concerned COVID-19 infection, which is very
difficult to distinguish between from EGFR tyrosine kinase
inhibitor (TKI)—associated interstitial lung disease (ILD)
with clinical and imaging presentations [22], may develop
into sepsis, when in the case of poor control. Consequently,
non-specific targeted drugs targeting EGFR for the
treatment of related pneumonia, taking vitamin C as an
example, may have potential markets [23]. Meanwhile,
these research results above remind us whether COVID-19
pathogenesis is inextricably linked to the TLR4/EGFR
pathway?

The Role of Rabsa in LPS-induced EGFR
Activation

About 70 members of Rab proteins are encoded in human
genome. Rab proteins constitute the largest family in the
Ras small GTPase superfamily, which regulates different
stages of intracellular membrane trafficking including
vesicle budding, transportation, docking and fusion [24-
26]. Members of the Rab GTPases are localized to various
intracellular compartments, where they control vesicular
trafficking through their interactions with specific
tethering proteins and the cytoskeleton. Mechanistically,
Rab protein cycles between GTP-bound active form and
GDP-bound inactive forms. Videlicet, activation of Rab
protein is facilitated by Guanine nucleotide exchange
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factors (GEFs) which stimulate GDP exchange for GTP,
whereas inactivation of Rab protein is stimulated by
GTPase activating proteins (GAPs) which promote GTP
hydrolysis. GTP-bound active Rab protein interacts with
their downstream effectors to mediate multiple biological
functions [27].

Among the Rab GTPases, Rabs which localizes to early
endosomes, the plasma membrane, and clathrin-coated
vesicles isinvolved in the control of intracellular trafficking,
largely between the plasma membrane and the endosomal
compartment [28]. Rabjs is one of the best characterized
members and one of the endosomal Rab proteins [29].
In addition to its role in endocytosis, Rabs has been
implicated in other cellular processes, such as cell adhesion
and migration, cell mitosis, autophagy, and so on [30,31].
Rabs includes three isoforms, Rabsa, Rabsb, and Rabsc
respectively. Rabsa localizes on both plasma membrane
and endocytic vesicles [32]. In its GTP-bound state, Rabsa
is membrane-associated, whereas GDP-bound Rabsa is
found in a cytosolic complex with the general Rab effector
Rab guanine nucleotide dissociation inhibitor (GDI) [33].
As an important isoform of Rabs, Rabsa plays a crucial
role in the internalization of plasma membrane proteins

and their return to the cell surface. It not only regulates
G protein-coupled receptor (GPCR) trafficking, but also
mediates junction protein localization [34,35].

Rabsaseemstobeakeymolecule mediating the circulation
of TLR4 and EGFR from the cell surfaceand backin response
to LPS. LPS induces EGFR autophosphorylation, creating
docking sites for the recruitment of its substrate EPS8
and SH2 domain-containing signaling molecules, such as
Grb2 [36,37. This is followed by activation of Ras effector
RIN1 and Rabs GTPase-activating protein (GAP) RN-TRE
[38]. RIN1 encodes a guanine nucleotide exchange factor
(GEF) domain which activates Rabs GTPases inducing
membrane ruffling and macropinocytosis, elevating GTP-
Rabs levels and governing early endosome traffic [39,40].
RN-TRE is a binding partner for the EGFR substrate Eps8
and contains a Rab family GAP homology domain for
Rabs. There is a direct interaction between RN-TRE and
GTP-bound Rabs [36,37]. In its GTP-bound form, Rabs
recruits cytosolic factors, such as EEA1 and Rabaptin-5, to
promote endosome docking and fusion. On the other hand,
recycling of Rabsa to the GDP-bound state is essential for
normal trafficking [37]. EGFR phosphorylation activates
both RIN1 and RN-TRE which work together to maintain

mémbrane

Figure 1. Signaling pathways of TLR4, EGFR and Rabsa in endotoxemia. LPS, binding to TLR4, activates
EGFR, in turn, induces Rabsa expression and activation with EPS8/RN-TRE and GRB2/RIN pathway required,
which brings about concurrent internalization of TLR4 and EGFR in the early stage of LPS challenge and subsequently
enhances translocation of TLR4 and EGFR from Golgi to cell membrane, resulting in upregulation of cell surface
TLR4 and EGFR. In certain conditions, LPS activates EGFR through mobilizing calcium activity to trigger the rapid
phosphorylation of EGFR and subsequent ERK activation.

nucleus
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the equilibrium and accelerate the circulation of GTP-
bound and GDP-bound Rabsa. In this way, Rabsa can
work constantly to transport TLR4 and EGFR from the
cell surface into early endosomes. When we inhibit the
phosphorylation of EGFR, the activation of Rabsa is
inhibited, which leads to the dysfunction of both TLR4 and
EGFR endocytosis. EGFR phosphorylation regulates the
activity of Rabsa. As shown in our research, either EGFR
inhibitor or knockdown of EPS8, GRB2, RIN1, RN-TRE
and Rabga expression effectively decreases the expression
of both EGFR and TLR4 on the cell surface induced by LPS.
The amount of TLR4 on the cell surface can to some extent
determine the intensity of the inflammatory response
induced in cells stimulated by LPS. This may explain why
EGFR inhibitor can suppress the activation of p38 and
ERK1/2, the expression of inflammatory cytokines, and
the production of ROS in response to LPS [13].

Character of Other Rab Members in
EGFR-related Signaling Pathways

Rab7 is a major regulator of a variety of intracellular
trafficking steps that includes endosomal maturation,
transporting from the late endosome to the lysosome,
endolysosomal positioning via regulation of trafficking of
cargo along microtubules, retromer-mediated trafficking,
lysosome reformation and autophagosome maturation

[41,42].

Patricia Gomez-Suaga et al. describe that leucine-rich
repeat kinase 2 (LRRK2) delays degradative receptor
trafficking by impeding late endosomal budding through
decreasing Rab7 activity with a concomitant deficit in
Rab7-mediated membrane trafficking events, which
leads to a delay in the trafficking of the EGFR out of
late endosomes that become aberrantly elongated, and
a delay in degradation of the EGFR [41]. Interestingly,
the effects of pathogenic LRRK2 can be rescued by
overexpressing wild-type CIN85 (cbl-interacting protein
of 85 kDa) and dynamin 2 (dyn2), while inhibiting the
interaction of CIN85—dyn2 prevents exit of the EGFR out
of late endosomes [43], similarly to what is observed when
expressing a Rab7 dominant-negative mutant or knocking
down Rab7 [44]. Leucine-rich repeat kinase1 (LRRK1)
phosphorylates the conserved S72 residue within the
switch II region of Rab7 (as a substrate of LRRK1), which
increases the association of Rab7y with its effector RILP
in turn and results in enhanced minus-end transport of
EGFR-containing endosomes through a dynein-dependent
mechanism [45,46], while the hyperactivation of LRRK1
kinase stimulates the motility of EGFR-containing
endosomes toward the nucleus and causes the immature
perinuclear clustering of EGFR-containing endosomes,
which cannot fuse with lysosomes [47].

Tumour suppressor phosphatase and tensin homologue
(PTEN), as a core regulator of PI3-kinase signalling
network, controls endocytic trafficking of EGFR by
promoting late endosome maturation, which means that
PTEN is required for efficient transition of ligand-bound
EGFR from early to late endosomes. Complementarily,
PTEN dephosphorylates Rab7 and regulates its localization
to the late endosomal membranes, which is critical for
endosome maturation [48].

Wang et al. find that CD44s splice isoform attenuates
endocytosis-mediated EGFR degradation, thus sustaining
downstream Akt signaling, while Rab7a acts as a major
downstream target for CD44s in mediating EGFR
degradation [49].

Rab7,asasubstrate of Srckinase, is tyrosine phsphorylated
at Y183 residue, which is physiologically regulated by
EGF, inhibits the degradation of EGFR and sustains AKT
signaling [25], meanwhile, Rab7 is supposed to sustain
Akt survival signal by preventing Hspgo dependent EGFR
degradation [50].

Rab7b, highly similar to Rab?y, is involved in the regulation
of transport to degradative compartments in the endocytic
pathway [51]. Interestingly, expression of a Rab7b
dominant-negative mutant or silencing of Rab7b in HeLa
cells does not alter EGF or EGFR degradation, while Rab7b
promotes degradation of the receptor TLR4, unlike EGFR,
is not only destined for the degradative multivesicular late
endosomes but also to other compartments, such as the
Golgi apparatus, from where it can recycle to the plasma
membrane [19]. Therefore, Rab7b could impair TLR4
cycling between the Golgi and endosomes, which may
affect the degradation and regulate the function of this
receptor [52].

Amongst Rab GTPases, Rab1, the mammalian homologue
of yeast protein transport 1 (Ypt1), is a central regulator
of dynamic membrane trafficking between endoplasmic
reticulum (ER) and Golgi apparatus in the secretory
pathway. Beyond their classical vesicular transport
functions, Rab1 proteins also regulate expression of cell-
surface receptors, cell migration, and nutrient sensing
[53]. There are two Rab1 isoforms, to wit, Rabia and Rab1b
which share 92% amino-acid sequence homology with most
differences in the carboxyl terminus. Rabia and Rab1b are
mainly expressed at the ER and the Golgi membrane, and
are also detected in lipid rafts [54] and autophagosomes
[55]. A recent work provides strong evidence that Rabia
activation is crucial for the production of proinflammatory
cytokines IL-1p and IL-18 in macrophages and subsequent
lung inflammatory injury during sepsis. Rabia regulates
the release of IL-1p and IL-18 via priming macrophages
by up-regulating pro-I1L-1f3 and pro-IL-18 expression and
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stimulating TLR4/NF-kB signaling by promoting TLR4
trafficking from ER to cell membrane and activates [56].

It is reported that in macrophages, Rab20, associated
with early endocytic organelles, mainly localizes in the
Golgi complex and early endosomes, and its expression
induces the formation of enlarged endosomes. Of
importance whereas both endocytic uptake of transferrin
and macropinocytosis are not affected by the expression
of the wild-type and dominant-negative forms of Rab20,
Rab20 knockdown accelerates EGF—stimulated endocytic
trafficking to LAMP-2—positive compartments and
degradation of EGFR [57].

Furthermore, Ras and Rab interactor 1 (RIN1) enhances
clear cell renal cell carcinoma (ccRCC) cell growth,
migration and invasion abilities in vitro and promotes
tumor growth and metastasis in vivo by activation of EGFR
signaling through interacting with Rab2s [58]. Strikingly,
Jeong et al. demonstrate that Rab25 increases 1 integrin
levels and subsequent activation of EGFR and upregulation
of vascular endothelial growth factor (VEGF)-A expression,
leading to increased Snail expression, epithelial-to-
mesenchymal transition and cancer cell invasiveness [59].

Hsieh et al’s study suggests that the expression of
RAB38 may be associated with EGFR status since RAb38
is upregulated in cases of NSCLC associated with an active
EGFR mutation, compared with those associated with
wild-type EGFR [60].

Overexpression of Rab11-FIP2 (a member of a family
of Rab11-binding proteins) may result in suppression of
the internalization of EGFR in COS-7 cells [61] as well as
promoting PI3K/AKT activation and migratory capacities
of AGS/FIP2 cells induced by EGF in gastric cancer, which
can be inhibited by LY294002 (an inhibitor of PI3K/AKT)
[62].

It is reported that Rab21 enhances the degradation of
EGFR through accelerating its internalization in both
EGF-independent and EGF-dependent manners, resulting
in attenuating EGF-mediated mitogen-activated protein
kinase (MAPK) signaling [63].

Chua et al. suggest that Rab31 inhibits, but overexpression
enhances, EGFR trafficking to the late endosomes, likewise,
the effect of Rab31 silencing can be specifically rescued by
overexpression of a silencing-resistant form of Rab31. And
interestingly, the loss of early endosome antigen 1 (EEA1)
or GAPex5 (a Rab31 guanine nucleotide exchange factor)
reduces the interaction of Rab31 with the EGFR and its
effect on EGFR trafficking [64].

A recent study demonstrates that the extensive
characterization of early endosomes in breast cancer cells

identifies a Rabg-modulated enlarged early endosomal
compartment as the site of prolonged and increased EGFR
activation by comparing MDA-MB-231 breast cancer cells
with noncancerous MCF10A cells [65].

Conclusions

Taken together, the expression of TLR4 and EGFR
increases on the cell membrane after LPS stimulation.
Although there is no direct correlation between TLR4
and EGFR, both may use the same intracellular transport
mechanism, which results that the exact mechanism
of the interaction between EGFR and TLR4 remains
to be further explored. Rab proteins, involved in the
regulation of membrane trafficking, is inseparable from
intracellular trafficking and degradation of EFGR. And
our own study elucidates a novel mechanism that Rabsa
plays an important role in promoting macrophage surface
expression of TLR4 and EGFR after LPS stimulation. In
addition to Rabsa, various other members of Rab family,
such as Rab7a, Rab8a, Rabia, etc, are also involved in
the signaling pathways and cascades initiated by EGFR
in inflammation. Over and above that, there are plenty
of studies on tumors regarding the relationship between
EGFR and the Rab family, while existing similarities in
the occurrence and development between tumors and
inflammation, which suggests whether we can refer from
these results to excavate new mechanisms of Rab proteins
and EGFR in inflammation, thereby carrying on in-depth
exploration of the mechanism and clinical targeted therapy
of sepsis.
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