& frontiers | Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY
Zheng Wang,
Shanghai Jiao Tong University, China

REVIEWED BY
Shun Gong,

Northern Theater General Hospital, China
Zheng He,

Qilu Hospital of Shandong University
(Qingdao), China

*CORRESPONDENCE
Zhongzhao Wang
wangzhongzhao206@sina.com
Hu Chang
changhu2@163.com
Lixue Xuan
xuanlx@hotmail.com

RECEIVED 29 March 2023
ACCEPTED 19 April 2023
PUBLISHED 01 May 2023

CITATION
Zhang K, Li Y, Kong X, Lei C, Yang H,
Wang N, Wang Z, Chang H and Xuan L
(2023) AGR2: a secreted protein
worthy of attention in diagnosis

and treatment of breast cancer.

Front. Oncol. 13:1195885.

doi: 10.3389/fonc.2023.1195885

COPYRIGHT
© 2023 Zhang, Li, Kong, Lei, Yang, Wang,
Wang, Chang and Xuan. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology

TYPE Review
PUBLISHED 01 May 2023
Dol 10.3389/fonc.2023.1195885

AGR2: a secreted protein worthy
of attention in diagnosis and
treatment of breast cancer

Ke Zhang?, Yuan Li*, Xiangyi Kong®, Chuqi Lei*, Huaiyu Yang®,
Nianchang Wang?, Zhongzhao Wang™, Hu Chang™
and Lixue Xuan™

‘Department of Breast Surgical Oncology, National Cancer Center/National Clinical Research Center
for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, China, 2Department of Cancer Prevention, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China, *Administration Office, National Cancer Center/National
Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing, China

AGR?2 is a secreted protein widely existing in breast. In precancerous lesions,
primary tumors and metastatic tumors, the expression of AGR2 is increased,
which has aroused our interest. This review introduces the gene and protein
structure of AGR2. Its endoplasmic reticulum retention sequence, protein
disulfide isomerase active site and multiple protein binding sequences endow
AGR2 with diverse functions inside and outside breast cancer cells. This review
also enumerates the role of AGR2 in the progress and prognosis of breast cancer,
and emphasizes that AGR2 can be a promising biomarker and a target for
immunotherapy of breast cancer, providing new ideas for early diagnosis and
treatment of breast cancer.
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Introduction

In 1998, Devon A.Thomson and Ronald J.Weigel of Stanford University in the United
States used suppression subtractive hybridization (SSH) to screen the homologous gene
with Xenopus anterior gradient-2 (XAG-2) from the cDNA library of estrogen receptor
positive breast cancer cell line MCF7, named hAG-2, or anterior gradient-2 (AGR2) (1).
AGR2 was only expressed in estrogen receptor positive breast cancer cell lines, but not in
estrogen receptor negative breast cancer cell lines, which attracted great attention when it
was found. Subsequently, a large number of studies showed that AGR2 was overexpressed
in more than half of cases in breast cancer, prostate cancer, pancreatic cancer, esophageal
cancer, which had a certain correlation with the development stage and pathological
characteristics of the tumor, and might be involved in the process of tumor cell metastasis,
survival, invasion and so on, indicating that AGR2 may be a new key gene related to cancer
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regulation and biomarker. The regulatory effect and mechanism of
AGR2 on tumor is an important hotspot in the field of tumor
research. The correlation between AGR2 expression and ER
positive rate of breast cancer cell lines and the ability of estradiol
to induce its expression suggests that AGR2 may mediate the
normal physiology and estrogen effect of breast cancer (2). This
article focuses on the research progress of AGR2 and the
occurrence, development and clinicopathological relationship of
breast cancer.

AGR2 gene

A clone containing AGR2 gene was isolated from human
genomic DNA library (3). The whole clone was labeled with
biotin and used as a probe for FISH analysis. Highly specific
signals were detected in chromosome region 7p21.3 of all
metaphase cells, indicating that AGR2 gene is located in the
region of human chromosome 7p21.3. The AGR2 gene spans a
region of 50 kb in genomic DNA, containing 8 exons and 7 introns,
and is mainly expressed in organs from endoderm (4). Hrstka et al.
(5) carried out chromatin immunoprecipitation assay on AGR2
promoters. Compared with the control group, the amount of AGR2
promoter that coimmunoprecipitated with ERo antibody was
approximately twofold increased, indicating that the transcription
of AGR?2 is estrogen responsive at the molecular level.

Structure of AGR2 protein

AGR?2 protein, an endoplasmic reticulum resident protein
mainly expressed in human epithelial cells, is composed of 175
amino acid sequences with a relative molecular weight of 20000 (6).
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It was assigned to the human protein disulfide isomerase (PDI)
family later than all other members. Mainly located in the
endoplasmic reticulum, PDI family proteins have 1-4 active
motifs CXXC, which can catalyze the formation and
isomerization of protein disulfide bonds, so as to stabilize
proteins, and can also be used as molecular chaperone to inhibit
protein aggregation (7). Park et al. (8) found that AGR2 is
important for the production of intestinal mucin 2 (MUC2) in
vivo by studying mouse intestinal epithelial cells. MUC2 is a
cysteine-rich glycoprotein, which forms a protective mucus gel in
the intestine. A cysteine residue in AGR2 thioredoxin-like domain
forms mixed disulfide bonds with MUC2, which is a prerequisite for
MUC?2 secretion by intestinal epithelial cells. This indicates that
AGR2 has two key properties of PDI: endoplasmic reticulum
localization and functional thioredoxin-like domain (Figure 1).
Most protein-protein interactions in mammals are driven by
linear peptide motifs. Similarly, three classical linear motifs in
AGR?2 define its core biochemical determinants (10). First, the N-
terminal hydrophobic sequence (amino acids 1-20) directs AGR2
into the endoplasmic reticulum, which contains a secretory signal
sequence that can be cutted, and the cutting site is located between
Ala20 and Lys21. Secondly, the C-terminus includes another
classical linear peptide motif, the endoplasmic reticulum retention
motif containing the tetrapeptide sequence of lysine (K), threonine
(T), glutamate (E), leucine (L), abbreviated as KTEL. This sequence
is conserved in all vertebrates from Xenopus laevis to human (11).
KTEL motif can bind to three known KDEL receptors, leading to ER
localization (12). KTEL motif has specific functions. Gupta et al.
(11) used two different cell lines, in which AGR2 induced the
expression of EGF receptor ligand amphibian glycoprotein or
transcription factor CDX2, and found that only the highly
conserved wild-type carboxy terminal KTEL motifs could produce
appropriate results. Deletion of KTEL motif will lead to AGR2

ER Retention
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The structure of AGR2 protein. (A) The primary structure of AGR2 protein. The function of human AGR2 is highlighted; From left to right are signal
peptide, N-terminal internal disordered region, dimerization motif (green), thioredoxin motif (brown), peptide docking site (red) and ER retention
motif (blue). The structural domains of AGR2 determine its diverse functions. (B) Solution structure of dimer AGR2. The color coding of the

functional pattern is based on (A). Reprinted from (9). © 2020 The Author(s).
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secretion and AGR2 loss of function. When the carboxyl terminal
KDEL or KSEL is used instead of KTEL, the AGR2 function will also
be lost. However, compared with the classical KDEL sequence, the
affinity between KTEL motif and KDEL receptor is lower. This may
have a significant impact on the transport of AGR2 protein to
different compartments in cells and its corresponding functions.
AGR2 can escape the ER localization mechanism and be secreted to
play an autocrine/paracrine role (13). Dumartin et al. (14) found
that AGR2 was also located on the outer surface of pancreatic
cancer cells expressing AGR2. At the same time, AGR2 can also
exist in the extracellular space, serum and urine (15, 16), which
opens up other ways for its role in the tumor microenvironment. In
order to explore the functional significance of KTEL motif on AGR2
secretion, Fessart et al. (17) used HEK-293T cells that did not
secrete. AGR2 and used different AGR2 mutation structures, in
which KTEL motif was mutated into KDEL, K172D, K172A or stop
was inserted before KTEL (AKTEL). The results showed that the
level of extracellular AGR2 in mutant cells was at least equal to that
observed in wild-type cells. This suggests that the secretion of AGR2
protein may be independent of its KTEL motif. In conclusion,
KTEL motif is more likely to be necessary for intracellular AGR2 to
function. In addition, the KTEL motif in AGR2 also plays a
functional role in the metastasis pathway of cancer cells.
Intracellular AGR2 can promote colorectal metastasis through
KDEL-KDEL receptor-Gs-PKA axis (18).

The third key linear motif of AGR2 is CXXS motif. Classical
thioredoxin has a conserved thioredoxin fold, which is composed of
CXXC motif. CXXC motif mediates the formation of covalent
bonds with downstream proteins containing cysteine, and then is
resolved by oxidation-reduction (19). In contrast, AGR2 is part of
the thioredoxin superfamily, which contains CXXS motif and lacks
the ability of the dicysteine redox system to mediate the redox of
downstream proteins (6). Therefore, it may block the antioxidant
electron transfer system, thus creating a superoxide environment
and enhancing the maintenance of cell damage during tumor
formation (20). It contains a central and unique cysteine residue,
through which, it is thought to mediate a non-redundant reaction
when binding to the substrate (10). At the same time, this motif may
form mixed disulfides with mucin (MUC1 (8), MUC2 (21) and
MUCS5AC (22)), contributing to their secretion. Nevertheless, the
analytical nuclear magnetic resonance (NMR) of AGR2 structure
shows that AGR2 can be stable in an antiparallel way through the
Glu60-Lys64 interface and acts as a homodimer to catalyze the
CXXS motif away from the interface (23). Therefore, compared
with the typical thioredoxin motif, the dimer structure can be
regarded as having the same stoichiometric redox capacity (9).
Surprisingly, the deletion of 40 amino acids at the N-terminal of
AGR2 could improve the stability of the dimer by three orders of
magnitude (10). This suggests that the full-length AGR2 may tend
to exist as a monomer rather than a complete dimer (24). The N-
terminal plays a natural negative regulatory role to reduce the
affinity of dimer. Therefore, pharmacological operation on the
stability of AGR2 dimer is possible, because synthetic peptides
from the N-terminal disordered region can reverse regulate the
stability of AGR2 dimer, which suggests that we can develop a drug
precursor that can change the stability of AGR2 dimer. Patel et al.
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(23) found that AGR221-175 with 20 amino acids removed from
the N-terminal could significantly improve the adhesion rate of rat
breast tumor cells. In contrast, AGR241-175 lacked the 21-40
region, which not only failed to improve the cell adhesion rate,
but also showed a significantly reduced rate. The cell adhesion rates
of monomer mutant protein E60A AGR221-175 and E60A
AGR241-175 (48.3 + 4.3%, 11.5 + 0.3%) were not significantly
different from the corresponding natural dimer protein AGR221-
175 and AGR241-175 (P = 0.58, P = 0.74). This indicates that
monomer and dimer forms have similar cell adhesion properties.
Although the N-terminal 21-40 amino acids are disordered, they are
specific in the role of cell adhesion. In addition to the dimer
structure mediated by amino acids 60-64, AGR2 can also form
disulfide bond via Cysteine-81 and reorient the dimer to different
conformations (25). This homodimer triggers the activation of
unfolded protein reaction (UPR) signaling pathway through the
interaction with BiP/GRP78, and reduces ER stress-induced
cell death.

AGR2 and interaction partners

Protein-protein interaction (PPI) is important for the correct
structure and function of most protein complexes (26). Protein-
protein interaction may significantly contribute to the regulation of
key biological processes, such as cell growth, proliferation and cell
homeostasis (27). Therefore, the identification and analysis of the
physical interactions between various proteins is essential for
revealing the functions of physiological proteins and
understanding the molecular mechanisms leading to human
diseases. Existing data show that AGR2 can bind to a variety of
proteins, such as nuclear protein, cytoplasmic protein and plasma
membrane protein (28), as described in Table 1.

Fletcher et al. (30) found two proteins interacting with AGR2
by yeast two-hybrid system, GPI anchored C4.4a protein and
DAG-1 protein. Their expression in breast cancer samples was
higher than that in adjacent normal tissues, and the protein
expression in ER positive breast cancer was higher than that in
ER negative breast cancer. C4.4a protein can bind to its ligand’s
laminin 1 and 5, and is associated with galectin 3 to promote cell
metastasis (37). This associates AGR2 with GPI-anchored
receptor proteins involved in hormone reactivity, cell adhesion,
migration and metastasis. AGR2 may promote tumor metastasis
through receptor adhesion and functional regulation. At the same
time, the interaction with C4.4a and DAG-1 proteins may be a
feasible target for the intervention of estrogen responsive breast
cancer, which promotes researchers’ interest in the research of
proteins interacting with AGR2. Although C4.4a and DAG-1
proteins have not been biologically verified as real protein-
protein interactions in human cells, Kumar et al. (38) found the
interaction between newt extracellular receptor Prodl and newt
AGR2 using yeast two-hybrid system, and verified the direct signal
transduction role of AGR2 in amphibian limb regeneration.
Human CD59 protein and newt Prodl protein have 23%
homology, and both belong to Ly6 superfamily with the same
core motif CCXXXXCN (39). Therefore, it is speculated that
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TABLE 1 List of AGR2 interacting proteins validated by protein-protein interaction assays.

Protein
Name

Method

Interacting Domain

10.3389/fonc.2023.1195885

Influence

Reference

Endoplasmic reticulum

TMED2 Endoplasmic reticulum mammalian protein-protein Amino acid K66 and Control AGR2 dimerization (29)
interaction trap (ERMIT), coimmunoprecipitation amino acid Y111
KDELR Bimolecular fluorescence completion KTEL motif (Amino acid Identification of three human KDEL (12)
172 - 175) receptors with different specificities
Plasma membrane
DAG1 The yeast two-hybrid system - Cancer metastasis (30)
EGFR Protein immunoblots - EGEFR can be transported to the cell (31)
surface, thus affecting the cell signal
transduction
LYPD3(C4.4A) The yeast two-hybrid system - Cancer metastasis (30, 32)
EpCAM ELISA, colocalization, proximity ligation assay The structural ring of Use linear peptide motif as a tool for (24)
amino acids 131 - 135 discovering new protein-protein
(VDPSL) interactions
MUC1 coimmunoprecipitation experiments - Initiation and progress of carcinogenesis (21)
MUC2 coimmunoprecipitation experiments CXXS motif Without AGR2, mice could not produce (8)
intestinal mucin
Immature coimmunoprecipitation experiments - excessive mucus production caused by (22)
MUC5AC and allergic airway inflammation
MUC5B
Cathepsin B Two-dimensional fluorescence difference gel - Cancer metastasis (14)
(CTSB) and D electrophoresis (2D-DIGE)
(CTSD)
Cytoplasm
Reptin The yeast two-hybrid system Amino acids 104 - 111 Cancer cell growth (33)
TSG101 stable-isotope labelling by amino acids in cell culture - P53 inhibitor, leading to tumor (34)
(SILAC) analysis transformation
Ki67 SILAC analysis - Promote cell proliferation (34)
TAK1/TAB1/2 tandem affinity purification combined with liquid - Promote tumor metastasis (35)
complex chromatography tandem mass spectrometry (TAP-LC-
MS/MS)
RASSF5/STK3/4 TAP-LC-MS/MS - Consolidate the ability to inhibit (35)
apoptosis
Mitochondria
UNGI1 Immunoprecipitation - Stabilize UNG1 and enhance its enzyme (36)
activity in DNA repair

CD59 may also be a binding target of AGR2 in human and needs
to be validated in human cells in the future.

The most well characterized AGR2 binding protein is the
AAA+ superfamily protein Reptin (33). AGR2 interacts with
Reptin by forming a dispersed octapeptide loop domain
through its 104-111 amino acid residues, which is a stable
complex to regulate the ATPase activity and helicase function
of Reptin. At the same time, this study showed that Reptin could
be overexpressed in human breast cancer. Considering that the
mutation of ATP binding site of Reptin will affect its
oligomerization level, thermal stability and stability of binding

Frontiers in Oncology

with AGR2, the modification of ATP binding site is of great
significance to explore the role of Reptin-AGR2 complex in the
growth of breast cancer cells.

AGR?2 protein can specifically bind to a specific peptide motif
(TTIYY), thus driving the interaction with other proteins (40). This
motif is rich in membrane associated protein, which indicates that
AGR?2 plays a role in this kind of protein. Mohtar et al. (24) located
the dominant region of interaction with TTIYY peptide in AGR2 by
hydrogen deuterium exchange mass spectrometry. It is in the
structural ring of amino acids 131-135 (VDPSL). This intrinsic
sequence specific peptide binding activity in AGR?2 is important for
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its carcinogenic function, which has been used to mine human
protein databases to search for proteins with similar motif. If we can
find a protein corresponding to the AGR2 specific peptide motif,
which can compete with the client protein in the carcinogenic
pathway to bind AGR?2, it will help to weaken the role of AGR2 in
cancer growth and metastasis.

In addition, under normal conditions, AGR2 has been shown to
interact with subtype of uracil DNA glycosylase protein (UNGI),
which plays a key role in base excision and repair of mitochondria
(36). Guo et al. (41) observed that extracellular AGR2 directly
interacted with vascular endothelial growth factor (VEGF) and
fibroblast growth factor 2 (FGF2) and enhanced their effects,
contributing to angiogenesis and tumor growth. In addition,
AGR2 may also induce the expression of lactate dehydrogenase A
(LDHA), phosphoglycerate kinase 1 (PGK1), kallikrein 2 (HK2)
and enolase 1o. (ENOI) through the MUC1/HIF-o. pathway (42),
thus induce glycolysis of cancer cells, promote cell proliferation,
migration, invasion and tumor growth. AGR2 can target and
regulate the coactivators of Hippo signaling pathway, YAP-1 and
amphiregulin (AREG) (31). AREG may interact with epidermal
growth factor receptor (EGFR) to promote the growth of cancer
cells. In addition, AGR2 can also play a role as an inhibitor of p53
(20), making the p53-dependent cell proliferation checkpoint
ineffective. AGR2 may inhibit the phosphorylation of p53 at
Serl5 and Ser392 sites by targeting the plasma membrane,
thereby preventing cell apoptosis. At the same time, AGR2 up-
regulates dual specific phosphatase 10 (DUSP10) (43, 44), thereby
inhibiting p38 mitogen activated protein kinase (p38 MAPK) and
preventing the activation of p53. MAPK/ERK signaling pathway
may also be involved in the role of AGR2 in tumor (45). Under
physiological emergency conditions, AGR2 induced response in
MDA-MB-231 cell line can be effectively blocked by PD98059, a
specific inhibitor of ERK1/2. The purification of AGR2 binding
protein by TAP also showed that the TAK1/TAB1/2 complex in
MAPK signaling pathway might be involved in the process of AGR2
regulating tumorigenesis and metastasis (35). AGR2 also induces
tumor metastasis by regulating mTOR complex 2 (mTORC2)
pathway (46), promotes tumor cell dissemination through post
transcriptional activation of cathepsin B (CTSB) and D (CTSD)
(14), and prevents the activation of transforming growth factors 3
(TGF- B), which is involved in epithelial mesenchymal transition
(EMT) during tumor invasion and metastasis, in order to maintain
the epithelial phenotype (47). To summarize, intracellular and
extracellular AGR2 can interact with other proteins through their
intrinsic motifs and secretion functions, playing an essential role in
tumor cell growth, angiogenesis, inhibition of apoptosis, and
tissue metastasis.

Expression and regulation of AGR2

AGR?2 can participate in a variety of biological effects through
protein-protein interactions. Meanwhile, AGR2 activity can also be
regulated in a variety of ways. In breast cancer, AGR2 co exists with
estrogen receptor and is induced by estrogen (2). Li et al. (48)
deciphered that insulin-like growth factor-1 (IGF-1) significantly
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induced AGR2 in MCF7 cell line through the estrogen response
element (ERE) between -802 and -808 bp and the leucine zipper
transcription factor binding site between -972 and -982 bp on the
AGR2 promoter. Knockdown of AGR2 can reduce IGF-1-induced
cell proliferation, migration and cell cycle progression, which
indicates that AGR2 is a key regulator involved in the
development of IGF-1-induced breast cancer. However, the
expression of AGR2 is not entirely dependent on estrogen. Other
factors can also induce its expression. A study (45) showed that
under hypoxia or serum-free conditions, the expression of AGR2 in
ER negative breast cancer cell line BT20 was 8 times higher than
that in normal condition after 24 hours of culture. The expression of
estrogen receptor in MDA-MB-231 cell line was analyzed in parallel
with the induction level of AGR2. It was found that AGR2 was also
expressed when estrogen receptor was not induced. The possible
mechanism is endoplasmic reticulum stress in extreme
environment. Cells activate a series of complementary adaptive
mechanisms to respond to the increased demand for protein folding
in. This adaptive mechanism is called unfolded protein response
(UPR) (49). UPR may regulate AGR2 through IRElo and ATFe6,
which indicates the functional role of AGR2 in endoplasmic
reticulum protein balance (50). At the same time, Jung et al. (51)
found that Twistl directly stimulated the activity of AGR2
promoter, which was necessary to induce the expression of AGR2
under hypoxia, indicating that AGR2 was a downstream effector
protein of Twistl to induce the growth and metastasis of breast
cancer. Independent of estrogen, Ondrouskova et al. (52) found that
HER2 can also up-regulate AGR2 by activating the extracellular
signal regulated kinase 1/2 (ERK1/2) - Akt pathway, leading to the
proliferation of breast cancer cells, indicating that in estrogen
receptor negative breast cancer, AGR2 expression level is
significantly correlated with HER2 expression status. hnRNPL is a
protein that increases in metastatic lesions in breast cancer cells. Xiu
et al. (53) found that hnRNPL-LINC02273 complex can recruit to
the AGR2 promoter region, and epigenetically up-regulate AGR2
by enhancing local H3K4me3 and H3K27ac levels, activating AGR2
transcription and promoting cancer metastasis. The expression of
AGR2 is also regulated by a variety of miRNAs. For example, MiR-
135b-5p enhances the sensitivity of breast cancer cells to adriamycin
by targeting AGR2 (54). Circular RNA CircPVT1 mediates AGR2-
HIF-10. axis through MiR-29a-3p, promoting the growth, invasion,
migration and inhibiting apoptosis of breast cancer cells (55).
LncRNA AFAP1-ASI induces drug resistance via miR-653-5p/
AGR2 axis (56). Therefore, clarifying the upstream and
downstream proteins involved in AGR2 interactions and
regulating the activity of AGR2 proteins by intervening in related
molecular pathways is a strategy for inhibiting cancer growth
and metastasis.

In conclusion, AGR2 has a unique primary protein structure,
including secretory signal, endoplasmic reticulum retention
sequence, as well as protein disulfide isomerase active site and a
variety of protein binding sequences, which endows AGR2 with
diverse roles in breast cancer cells. Intracellular AGR2 can
promote the growth and survival of cancer cells, while
extracellular AGR2 can be defined as a microenvironment
regulator that makes cancer cells more aggressive (57).
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Intracellular AGR2, as a protein disulfide isomerase, catalyzes the
proper folding of multiple client proteins through PDI activity.
For example, AGR2 can mediate the maturation of receptors
including MUC5 and MUC2 by forming mixed disulfide bonds
(8, 22). At the same time, AGR2 is very important in endoplasmic
reticulum regulation and quality control. Overexpression of
intracellular AGR2 may represent an intermediate entity
between endoplasmic reticulum and tumor development (9).
Endoplasmic reticulum stress and UPR activation can lead to
the development of cancer (58). Under normal and basic
condition, AGR2 mainly exists in homodimers. During
endoplasmic reticulum stress, AGR2 dimers dissociate in a dose-
dependent manner and form functional complexes with
endoplasmic reticulum related degradation mechanism (ERAD)
to isolate misfolded proteins from endoplasmic reticulum (29, 59).
Conversely, if the balance between AGR2 dimer and monomer is
broken, it will lead to the activation of pro-inflammatory response
and the release of AGR2 into the extracellular environment (29),
which indicates that the breaking of the relative balance between
AGR2 dimer and monomer may be a sign of protein imbalance in
endoplasmic reticulum (60). Although AGR2 usually exists in
endoplasmic reticulum due to its protein folding and protein
balance functions, AGR2 can escape the endoplasmic reticulum
retrieval mechanism and locate in different cell compartments,
such as cytoplasm, plasma membrane and extracellular
environment, and affect downstream client proteins through
protein-protein interaction. The secretion of extracellular AGR2
in cancer may be due to the saturation of endoplasmic reticulum
receptor sites, because AGR2 is overexpressed in cancer cells (61).
Clarke et al. (62) found that AGR2 is O-glycosylated when
secreted from human and rat mammary epithelial cells, and the
O-glycosylation of AGR2 may be important for AGR2-mediated

10.3389/fonc.2023.1195885

cell adhesion. AGR2 in the extracellular environment may have a
critical impact on the homeostasis of the tumor niche, which is a
microenvironment conducive to tumor growth (28). Extracellular
AGR?2 can directly interact with vascular endothelial growth factor
A through its thioredoxin motif, leading to enhanced VEGF/
VEGFR2 signal transduction to promote vascular growth (63).
Similarly, extracellular AGR2 can also directly promote the
dimerization of VEGF and FGF2 and increase the concentration
of active VEGF and FGF2 in the local environment of tumor, thus
leading to the migration and aggregation of vascular endothelial
cells and fibroblasts to the surrounding of tumor cells, and
promoting angiogenesis, providing favorable conditions for the
formation of tumor microenvironment (41). Meanwhile, AGR2
can be internalized into fibroblasts and cancer cells through
endocytosis, then it will interact with B-catenin, resulting in B-
catenin accumulation in the nucleus and regulating fibroblasts
around tumor cells to affect tumor microenvironment (TME) (64,
65). Extracellular AGR2 and ER-o can interact to induce the
expression of IGF-1, thereby promoting the proliferation,
migration and epithelial-mesenchymal transition process in
breast cancer cells and enhancing drug resistance (48). The
existence of extracellular AGR2 can transform non tumor
organs into tumor organs and enhance their growth by about 10
times, which is independent of its thioredoxin folding and
endoplasmic reticulum retention motif (17). In this context, it is
important to increase the understanding of the mechanisms and
signals of AGR2 expression, localization and function. Similarly,
future studies are needed to evaluate the complex coordination
network of AGR2 cell function, because the change of AGR2
expression may affect the function of its interacting partners in
different ways and damage the homeostasis and protein stability
(Figure 2).

& Androgen
1»—

Aromatase
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FIGURE 2

Schematic representation of AGR2 interactome. The green colored portion is the upstream activators of AGR2. The red colored portion is the
upstream inhibitors of AGR2. The blue colored portion is proteins that interact with AGR2. AGR2 interacts with different proteins in the nucleus,
cytoplasmic matrix, cell membrane, and outside of the cells to promote protein trafficking, protein homeostasis, cell signaling and proliferation,
tumor progression and metastasis, drug resistance. Understanding the cancer promoting mechanism of AGR2 protein can help us better formulate
cancer treatment strategies. Tam, tamoxifen; EBP1, ErbB3-binding protein 1; TGF-B, transforming growth factor B; ER, estrogen receptor; ERet,
endoplasmic reticulum; FOXA, forkhead box family members Al and A2; HSP90, heat-shock protein 90; YAPL, yes-associated protein 1; AREG,
amphiregulin; CTSB/D, cathepsin B and cathepsin D; C4.4A, LY6/PLAUR domain containing 3; DAG1, dystroglycan 1; Reprinted from (2). Copyright ©

2013 BioMed Central Ltd.
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The clinical association between AGR2
and breast cancer

AGR2 was found by comparing the protein differences between
ER positive and negative breast cancer cells (1). AGR2 only
expressed in ER positive breast cancer cell lines, such as MCF7,
T-47D, BT-474 and ZR-75, but not in ER negative breast cancer cell
line MDA-MB-231 (66), which attracted a lot of attention once it
was found, as described in Table 2. Later, experiments in vivo (75)
and in vitro (5) confirmed that the expression of AGR2 protein was
indeed regulated by estrogen. Fletcher et al. (30) used tissue
microarray to show that AGR2 was expressed in 83% (n = 48)
breast cancer cases, which was significantly correlated with ER
expression (P = 0.01) and negatively correlated with EGFR
expression (P = 0.009). Liu et al. (67) subsequently confirmed
that the expression of AGR2 mRNA in MCF-7 breast cancer cells
increased by 7.3 + 0.2 times in the presence of estrogen.
Immunohistochemical analysis of human breast tumors (n = 44)
revealed that there was a significant correlation between ERol
positive and AGR2 expression. Meanwhile, their research showed
AGR2 could induce metastatic phenotype in vivo. The injection of
AGR2 transfected rat mammary gland cells (Rama 37) into the
mammary fat pad of homologous rats could induce a high incidence
of lung metastasis, but the incidence of primary tumors in the rat
model did not increase, which indicated that the expression of
AGR2 may be related to metastasis. However, they did not analyze
the correlation with patient survival. In addition, in a group of 225
ER positive breast cancer patients treated with tamoxifen, the
survival rate of patients with AGR2 positive in breast cancer cells
was lower than that of patients with AGR2 negative (68). In

TABLE 2 Clinical research of AGR2 and breast cancer.

Researcher

Research Object

Research Type

10.3389/fonc.2023.1195885

contrast, 126 patients with ER negative breast cancer did not
show this relationship. Fritzsche et al. (69) studied the expression
of AGR2 in 155 cases of breast cancer samples at the mRNA and
protein levels, and confirmed that there was a significant correlation
between the expression of AGR2 and ER status, but they also found
that the expression of AGR2 was positively correlated with low cell
proliferation rate, low-grade tumors and negative lymph nodes,
indicating that AGR2 was associated with good prognosis of breast
cancer. Compared with the above two different research results, the
reason for the difference may be that the samples selected in the
study are all tumors after endocrine therapy, and the prognosis of
patients has a certain change. For example, the anti-estrogen effect
of tamoxifen may affect the expression of AGR2 and bias the
experimental results. Therefore, Barraclough et al. (70) performed
only surgical treatment in 315 patients with operable breast cancer
without adjuvant therapy including hormone therapy, and
monitored the expression of AGR2 protein and the survival rate
of patients. The results showed that after 20 years of follow-up, only
26% of patients with AGR2 positive cancer survived, while the
survival rate of patients with AGR2 negative cancer was 96%, and
the median survival time was significantly different, 68 months and
more than 216 months respectively (p<0.0001), indicating that the
presence of AGR2 in primary tumors is a possible prognostic
indicator of poor prognosis in patients with breast cancer. Phoebe
et al. (71) analyzed the main tumor mRNA data of women in the
Molecular Taxonomy of Breast Cancer International Consortium
(METABRIC) to determine AGR2 expression and disease-specific
survival. The results showed that increased tumor AGR2 mRNA
expression was associated with decreased disease specific survival
(DSS) among 1341 women (P = 0.03). Vanderlaag et al. (76)
knocked out AGR2 in breast cancer cell lines using siRNA

Conclusion Reference

Fletcher et al. 46 cDNA samples derived from breast tumor tissues Retrospective Correlated with ER expression. (30)
study Negatively correlated with EGFR expression.

Liu et al. 44 specimens from breast cancer patients Retrospective Correlated with ER expression. (67)
study Induced metastatic phenotype in vivo.

Innes et al. 225 patients with ER positive breast cancer treated with Retrospective Associated with low survival rate in ER positive (68)

tamoxifen study patients.

Fritzsche et al. | 155 breast cancer patients Retrospective Correlated with low cell proliferation rate, low (69)
study grade tumor and negative lymph node.

Barraclough 315 breast cancer patients who underwent surgery Longitudinal study | A possible prognostic indicator of poor prognosis (70)

et al. without adjuvant therapy in patients with breast cancer.

Phoebe et al. Main tumor mRNA data of women in the Molecular Retrospective Correlated with low disease specific survival rate. (71)

Taxonomy of Breast Cancer International Consortium study

Kereh et al. 21 breast cancer patients Cross-sectional Associated with breast cancer metastasis. (72)
observational
study

Maarouf et al. 118 breast cancer patients Cross-sectional Promoted the metastasis and invasion of cancer (73)
study cells.

Correlated with the poor prognosis.
Lacambra 504 breast cancer patients Retrospective Significant difference of AGR2 expression rate in (74)
etal. study different molecular subtypes of breast cancer.
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technology, which not only inhibited cell growth, but also led to cell
death, and reduced the expression of survivin and c¢-Myc in ER
positive cell lines. Survivin and c-Myc are related to the metastasis
and invasion of breast cancer. Kereh et al. (72) compared the
expression of AGR2 in metastatic patients and non-metastatic
patients by counting the expression of AGR2 antibody on ELISA
through cross-sectional observation study, and found that the
average value of metastatic AGR2 was significantly higher than
that of non-metastatic patients, 3.77 ng/dl and 1.76 ng/dl
respectively (P <0.01), which also confirmed that AGR2
expression was associated with breast cancer metastasis. Maarouf
et al. (73) also used ELISA method to evaluate the concentration of
AGR2 in serum samples of breast cancer patients and healthy
controls with or without metastasis. The results showed that the
average value of AGR2 in healthy control group was 2.93 + 0.42 ng/
ml (n = 56), that in breast cancer group was 5.62 + 0.87 ng/ml (n =
118), and that in breast cancer metastasis group was 13.7 + 3.2 ng/
ml (n = 23). AGR2 in patients with metastatic breast cancer was
significantly higher than that in healthy controls (p<0.0001). These
studies showed that in patients with ER positive breast cancer,
AGR?2 significantly promoted the metastasis and invasion of breast
cancer cells, and was positively correlated with the poor prognosis
of patients.

When considering molecular stratification, Lacambra et al. (74)
retrospectively analyzed the immunohistochemical data of 504
breast cancer patients, and found that the expression rate of
AGR2 in luminal A (n=226) was 50.4%, in luminal B (n=191)
was 50.3%, in HER2-OE (n=40) was 35%, and in triple negative
diseases was 4.3% (basal-like breast cancer, BLBC was 4.8%,
unclassified was 3.8%). The positive rate of AGR2 in different
molecular subtypes was significantly different (p<0.001). The
expression of AGR2 was positively correlated with the expression
of ER, PR and androgen receptor (AR), and negatively correlated
with the expression of EGFR (p=0.002) and CK5/6 (p<0.001). These
results further verified the data previously, showing that AGR2 was
overexpressed in ER positive breast cancer. Interestingly, another
research (77) revealed that the low expression of AGR2 is associated
with the low overall survival of luminal A and the worst relapse free
survival of basal-like breast cancer (BLBC). On the other hand, the
high expression of AGR2 leads to worse overall survival and relapse
free survival in luminal B patients and HER2 positive patients. A
study (78) aimed to identify biomarkers of HER2 dependent breast
cancer by proteomic methods found that AGR2 was overexpressed
in more than 40% of HER2 positive breast cancer. The knockout of
AGR2 resulted in enhanced invasion of MDA-MB435 cells. In the
survival analysis of HER2 subgroup, it was found that in HER2
positive breast tumors, AGR2 expression was significantly increased
at both mRNA and protein levels. In addition, in estrogen and
progesterone receptor negative and HER2 positive cases, the
increased expression of AGR2 was significantly correlated with
the worse prognosis of patients (52, 79), indicating that AGR2 may
be related to HER2 signal transduction.

So far, AGR2 participates in various tumor processes, such as
differentiation, proliferation, migration, invasion and metastasis
(80), and plays an important role in the progress and prognosis
of breast cancer through its overexpression and non-canonical
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localizations. With the deepening of research, we found that the
high expression of AGR2 marks the possible metastasis of breast
cancer, which is one of the indicators of poor prognosis of breast
cancer patients. However, its specific role in each molecular subtype
of breast cancer has not yet been clarified. In different molecular
subtypes, the level of AGR2 expression is related to the prognosis of
patients, which should be further explored. Therefore, it is necessary
to carry out more retrospective and prospective studies to clarify the
molecular function and clinical role of AGR2, taking into account
the heterogeneity and complexity of breast cancer molecules and
the impact of breast cancer chemotherapy (Table 2).

AGR2 and biomarker

AGR2, as a promising biomarker, has aroused great interest
because of its increased expression pattern in precancerous lesions,
primary tumors and metastatic tumors, which is used to detect the
most common cancers (81). As a secretory molecule, extracellular
AGR?2 can be detected in several biological fluid, including serum,
plasma and urine, so it is a promising non-invasive biomarker. Meta
analysis of 20 studies including 3285 patients showed that the
increased expression of AGR2 was associated with poor overall
survival in patients with solid tumors, especially breast cancer (82).
Compared with primary breast tumors, the expression of a novel
long non coding RNA called LINC02273 in metastatic lesions was
significantly increased. When LINC02273 is combined with AGR2,
it can be used as an independent prognostic factor to predict overall
survival in patients with breast cancer (53). Maarouf et al. (73)
confirmed that AGR2 could be detected in the serum of untreated
breast cancer patients, and the level of AGR2 in patients was
significantly higher than that in healthy individuals. In addition,
the amount of AGR2 was significantly higher in patients with
metastasis. Interestingly, extracellular AGR2 is not only clinically
relevant in human tumors, but also significantly correlated with
malignant mammary tumor (MMT) progression (P = 0.0007),
distant tumor metastasis (P = 0.002) and poor overall survival (P
=0.0158) in dogs (83). In conclusion, we emphasize that AGR2 can
be found in the body fluid of cancer patients, and its expression level
can be distinguished from that of normal patients, which means
that AGR2 may be used as a cancer marker for diagnosis or
prognosis. It has certain reference value to infer whether the
patient has a primary tumor and whether the tumor has
metastasized based on the expression level of AGR2. At the same
time, the combination of AGR2 and other biomarkers may be a
promising strategy to improve the accuracy of early breast cancer
detection (84). However, since AGR2 is not specific to breast, it
cannot be used alone for early cancer detection as a serum
biomarker, and needs to be integrated into the diagnostic score.
So far, the detection of AGR2 protein level by enzyme-linked
immunosorbent assay (ELISA) and the detection of AGR2 mRNA
level by RT-PCR have extensive practical basis in the clinical
detection of AGR2 (15, 85). However, these methods have
expensive and complex equipment, so we are looking forward to
developing simple, efficient and sensitive methods for detecting
AGR2. Aptamers are small fragments of nucleotides or protein
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peptides that are designed to bind to target molecules with
specificity and high affinity (40). Multiple peptide aptamers are
screened out by using the combined phage peptide library, which
can recognize some epitopes of AGR2. The microarray composed of
these peptide aptamers can be used to quantify AGR2 in clinical
samples, providing a new and effective method for the
determination of clinical markers. Hu et al. (86) showed a simple
optical aptamer sensor for detecting AGR2 protein based on gold
nanoparticles (AuNPs) and magnetic separation. The designed
aptamer sensor is effective, sensitive and has low detection limit,
which was successfully completed by using ultraviolet-visible
molecular absorption spectrometry (UV-Vis). Lan et al. (87) used
AGR aptamer coupled with a cytosine base sequence as Ag cluster
template (MA@AgNCs) for targeting intracellular AGR. MA@
AgNCs shows the maximum fluorescence peak at 565 and has
87.43%), small size, good
biocompatibility, low toxicity and good stability. In addition,

excellent quantum yield (QY=

synthetic MA@AgNCs shows a high specificity in recognizing
breast cancer cells. Graham et al. (88) designed a porous silicon
based (PSi) aptamer that detected AGR2 by real-time monitoring
the reflectivity changes of PSi nanostructures, with high selectivity
and sufficient sensitivity. The emergence of aptamers provides a
new research platform for efficient and rapid identification of
AGR2, showing a good application prospect.

AGR2-related drug resistance in
breast cancer

The incidence of ER positive breast cancer is the highest,
accounting for about 75% of all cases of breast cancer (89). ER
positive breast cancer usually responds well to endocrine therapy
(ET). Endocrine therapy inhibits estrogen signal transduction in
cancer cells, prevents their proliferation (cell inhibitory effect) and
induces cell apoptosis (cell killing effect) (90). Although most ER
positive breast cancer patients initially respond well to endocrine
therapy, drug resistance will develop over time (acquired
resistance), or some patients will not respond to endocrine
therapy from the beginning (new resistance) (91). Therefore, ET
resistance is an important clinical challenge in the treatment of
breast cancer. Clinical studies (5, 92) had shown that the increased
expression of AGR2 could mediate the resistance of tamoxifen as an
estrogen agonist. Therefore, AGR2 level can be used to predict the
resistance to tamoxifen and poor treatment response. Hrstka et al.
(93) made tumor cells sensitive to tamoxifen by inhibiting the
PDPK1-AKT pathway, which helped to exhaust the level of AGR2
protein, confirming the above view. Zamzam et al. (94) divided 224
ER positive breast cancer patients into three groups. Group 1 was
sensitive to tamoxifen. Group 2 and group 3 were resistant to
tamoxifen, and the level of AGR2 protein in all patients was mainly
detected by ELISA. After 5 years of follow-up, they found that
compared with group 1, the serum AGR2 level in group 2 and group
3 was significantly increased. This indicated that although ER
expression itself was the main predictor of endocrine therapy
response, the expression of AGR2 was closely related to the
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resistance of ER positive breast cancer patients to endocrine drugs
(95), and serum AGR2 has potential availability as a biomarker for
noninvasive early detection of tamoxifen resistance by ELISA. In
addition to tamoxifen, Li et al. (48) found that the level of
endogenous AGR2 was positively correlated with the resistance to
fulvestrant in MCF-7 and T47D cells. The knockdown of AGR2 in
MCE-7 cells strongly enhanced the G1 phase arrest and accelerated
the degradation of ERo. induced by fulvestrant. They also found that
fulvestrant not only induced ER to enter the nucleus, but also
caused AGR?2 to relocate to the outer edge of the cell. This might be
due to the conformational changes induced by fulvestrant and the
subsequent phosphorylation of endoplasmic reticulum releasing
AGR2 bound to ER. After treatment with fulvestrant, most of the
ER entered the nucleus and released the bound AGR2. In addition,
AGR2 can also communicate with HIF-1q, leading to hypoxia
induced adriamycin resistance (96). The knockdown of AGR2 in
MCEF-7 cells led to the inhibition of adriamycin resistance induced
by HIF-10, while the increase of AGR2 level in MDA-MB-231 cells
could enhance adriamycin resistance. A methyltransferase METTL3
may modify MALAT1 protein through N6 methyladenosine
(m6A), recruit E2F1 and activate the expression of downstream
AGR2, thus promoting the adriamycin resistance in breast cancer
(97). Maarouf et al. (73) observed that the expression of AGR2 in
tumor was negatively correlated with the aging marker p16. AGR2
induced the reproliferation of aging cells by activating AKT and
mTORC?2 signal transduction, leading to chemotherapy resistance.
Whether it is by stabilizing HIF-1o to mediate the multiple drug
resistance of breast cancer cells (96), or by promoting the
localization of EGFR in the cell membrane, enhancing the EGFR
signal to cause cancer cell proliferation (31), or by inhibiting the cell
survival p38 MAPK pathway, inhibiting the activation of p53
transcription, and increasing the drug resistance of tumor cells to
DNA damage drugs (43), it shows that the overexpression of AGR2
plays an important role in the treatment of breast cancer resistance.

Potential therapeutic targets in
breast cancer

With the gradual deepening of research, the key regulation of
AGR2 in cancer is gradually clear. It can be used as a cytoplasmic
protein or through secretory form, mediate inflammatory response
and external stimuli, regulate endoplasmic reticulum stress, affect
the activity of p53, so as to regulate the survival, adhesion and
metastasis of tumor cells, enhance the malignant transformation of
tumor and promote the resistance of cancer cells to drugs.
Therefore, AGR2 is an important target for cancer treatment.

The first antibody developed against AGR2 is a mouse
monoclonal antibody, called 18A4, which has been proved to
inhibit the growth of breast cancer cells in vitro (98). Subsequent
studies produced a humanized version of this antibody, 18A4Hu I,
and reported that it inhibited the growth of AGR2 positive ovarian
cancer xenografts (99). The AGR2 monoclonal antibody aims to
specifically target the extracellular AGR2, without affecting the
intracellular AGR2 retention protein associated with endoplasmic
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reticulum (100). Recently, in a preclinical mouse model of lung
cancer, 18A4 antibody has been shown to improve survival and
prevent AGR2 induced tumor progression by regulating p53 and
MAPK pathways, without any toxic effect on major organs (101,
102). A study by Cocce et al. (103) based on the transcription factor
FOXA1, membrane receptor LYPD3 and its ligand AGR2,
identified a new target pathway for endocrine therapy of drug-
resistant breast cancer. They showed that inhibiting the activity of
this pathway with blocking antibodies against LYPD3 or AGR2
inhibited the growth of endocrine therapy resistant breast cancer in
the preclinical model, and again provided the basis for the
development of humanized antibodies against AGR2. Jung et al.
(51) found that Twistl is a new transcription factor that controls the
expression of AGR2, and AGR2 is a key factor in Twist] mediated
breast cancer cell proliferation and migration. Therefore, targeting
ER and Twistl pathway at the same time may be enough to inhibit
AGR2 and improve the survival rate of breast cancer patients.
Considering the difference of AGR2 expression levels in different
breast cancer patients, Zhang et al. (104) divided samples
from patients with breast cancer into the high and low AGR2
expression subgroups. They found that patients with relatively
AGR2 low expression exhibited immune “hot” tumors and
immunosuppressive phenotype with high abundance of tumor
immune cell infiltration, while patients with AGR2 high
expression displayed opposite immunological characteristics,
lacking immune cell infiltration. The outcome suggests that breast
cancer patients with relatively AGR2 low expression may be more
suitable for the treatment of immunotherapy, while the AGR2 high
expression subgroup can firstly inhibit the expression of AGR2 by
monoclonal antibody and transform poor immunogenic (cold)
tumors into highly immunogenic and well-infiltrated (hot)
tumors, which provides a personalized immunotherapy strategy
for breast cancer based on AGR2. At the same time, bispecific
antibodies (BsAb) have gradually become popular. In breast cancer,
although PD-1/PD-L1 inhibitors have been proved to be more
effective and less toxic than chemotherapy, immune related adverse
events (irAE) have been observed, and in some cases, they may be
related to irreversible organ damage or death (105). If AGR2
antibody and PD-1/PD-L1 inhibitors are combined to form a
bispecific antibody, taking advantage of the increased expression
of AGR2 in tumor cells, AGR2 antibody targets the tumor
microenvironment and guides PD-1/PD-L1 inhibitors to enrich in
the tumor bodies, thus reducing the non-specific over-activation of
the immune system and maintaining the original or even additional
tumor killing effect. Roy et al. (106) designed and synthesized BsAb
AGR2xPD1, which showed higher anti-tumor response compared
with the group of 18A4HU monoclonal antibody (mAb), the group
of PD1 mAb and the combination treatment group of 18A4HU
mAb and PD1 mAb. Wang et al. (107) focused their research on
inhibiting AGR2 expression on proteasome inhibitors. They found
that proteasome inhibitor MG132/bortezomib inhibited AGR2
expression at both mRNA and protein levels by activating
autophagy. The combination of proteasome inhibitor and
bevacizumab could enhance the anti-tumor efficiency of
bevacizumab by decreasing the expression level of AGR2 and
reducing its role in tumor cell angiogenesis. However, autophagy
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plays a dual role in tumor cell survival during chemotherapy and
cancer gene targeting therapy, which means that cells can also
recycle organelles to provide an energy supply by activating
autophagy, leading to drug resistance (108). Therefore, more
studies are needed in the future to prove the potential inhibitory
effect of proteasome inhibitors alone or in combination with
targeted drugs on the growth and metastasis of breast cancer and
the benefits of clinical transformation. In addition to ER positive
breast cancer, in HER2 positive breast cancer, ER signal
transduction may also act as an escape pathway (109), leading to
resistance to HER2 therapy. Therefore, blocking AGR2 directly may
be an option for patients with HER2 positive breast tumors (52).
The development and application of AGR2 targeted monoclonal
antibodies, selective peptides and microRNAs can inhibit the
growth and migration of breast cancer cells and enhance drug
sensitivity (110). Zhang et al. (111) designed a hexapeptide based on
the combination of AGR2 with the largest subunit of RNA
Polymerase II (RNAPII) in a peptide motif dependent manner,
which interfered with RNAPII by competitively destroying the
AGR2-RNAPII complex, leading to RNAPII dysfunction and
accompanied by the activation of DNA damage response in early
tumor lesions, and proved to be effective in the treatment of breast
cancer. It is worth mentioning that because the key linear motif of
AGR2 protein exists in CXXS motif rather than in CXXC motif,
AGR2 protein is more likely to form a homodimer to attain the
same redox capacity. The stability of the dimer can be changed by
studying a drug precursor to mediate the disorder region at the N-
terminal of the protein, thus affecting the function of AGR2 in
breast cancer. In the near future, it has a good prospect to test and
apply AGR2 antibody in clinical trials and clinical patients.

Conclusion

In the past few years, AGR2 protein has aroused great interest in
oncology. Its various carcinogenic properties and pathological
effects mainly depend on the specificity of its cellular or
extracellular localization. Intracellular AGR2 is a catalyst for the
protein balance of endoplasmic reticulum to meet the secretory
needs of cancer cells, while extracellular AGR2 is involved in the pro
cancer signal transduction of epithelial tumorigenesis, ECM
remodeling, inflammatory response and angiogenesis. In addition,
this secreted AGR2 can be found in the body fluid of cancer
patients, and the expression level can be distinguished from
normal patients, which indicates that AGR2 can be used as a
marker for diagnosis, prognosis and drug resistance. Diagnostic
tools such as microfluidic detection devices or biosensors can be
developed to detect AGR2 specifically and sensitively. Combining
AGR2 with other tumor markers can improve the sensitivity of
breast cancer diagnosis, which is one of the hot spots that clinicians
need to pay attention to in the future. So far, therapeutic strategies
targeting AGR2 have shown promising results. For example, by
constructing the bispecific antibodies of AGR2 antibody and
immune checkpoint proteins, it can play its role in tumor tissue
with maximum target concentration, which is a clinical
transformation direction to improve the efficacy and reduce side
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effects. However, we also need to study the changes of key genes in
AGR2 related signaling pathways, and better understand the
upstream and downstream molecular mechanisms of AGR2. The
in-depth understanding of the mechanism of AGR2 is of great
significance for the study of the mechanism of tumor occurrence
and development, as well as the early diagnosis, treatment and
prognosis of AGR2 as a molecular target in clinic.
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